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iNtRoDUCtioN 

The decision making process for patients with obstructive coronary artery disease requiring revas-

cularization is evolving. Historically, patients with the most complex coronary artery disease were 

preferentially treated by surgical revascularization; however technological advances in percutaneous 

therapy have ensured that some of these patients can now receive equally effective treatment with 

percutaneous coronary intervention (PCI). Intertwined with these developments are a lower thresh-

old to investigate patients with symptoms suggestive of coronary artery disease, an increasingly 

elderly population in need of revascularization, the changing dynamics of the doctor-patient rela-

tionship, and a greater emphasis on guideline driven patient care. Consequently decisions regarding 

revascularization are now more complex than ever before. 

Myocardial revascularization is only considered appropriate, “when the expected benefits, in terms of 

survival or health outcomes (symptoms, functional status, and/or quality of life) exceed the expected neg-

ative consequences of the procedure.”1 Therefore the question is no longer simply whether coronary 

lesions can be dealt with technically, it must now be combined with an equally important consider-

ation as to whether this is the most appropriate treatment for the patient in question. Coupled with 

is the greater involvement of patients in clinical decision making, reiterating the importance of trans-

parency. It is clearly apparent therefore that methods to effectively risk stratify patients undergoing 

revascularization are important to ensure patients receive appropriate individualised treatment. 

The importance of these concepts is further emphasised by their central presence in three recent 

consensus documents developed to guide myocardial revascularization on both sides of the Atlantic. 

These comprise of: (i) the 2009 appropriateness guidelines for coronary revascularization from the 

joint American Colleges;1 (ii) the 2009 focused update on coronary revascularization by the American 

College of Cardiology and the American Heart Association;2 and (iii) the 2010 guidelines for myocar-

dial revascularization by the joint task force of the European Society of Cardiology and the European 

Society of Cardiothoracic Surgeons.3-4 

On the background of this expanding decision making process and the increasing use of PCI to treat 

complex disease, the primary goals of this thesis were to: 

(i) Analyse current and newly developed tools available to stratify risk in patients undergoing PCI; 

(ii) Assess the impact of clinical factors, coronary anatomy, and coronary stents on clinical outcomes; 

(iii) Investigate the benefits and risks of current coronary stents and explore the potential future 

developments of these devices;

(iv) Assess the long-term outcomes in patients with complex disease treated with PCI using drug-

eluting stents.

Part 1 of this thesis starts by taking a step back from assessing risk in patients undergoing revascular-

ization, and discusses which patients should actually be revascularized. After establishing that there 

is a need for revascularization, aspects of the device most responsible for revolutionizing interven-

tional cardiology, the coronary stent, are reviewed in Part 2. The field of coronary stents is rapidly 
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changing, and whilst Chapter 2.1 is devoted to currently established stents, Chapter 2.2 explores the 

new stent technology on the horizon, whilst one of the major ongoing concerns with these devices, 

stent thrombosis, is examined in Chapter 2.3. 

Part 3 introduces the concepts and tools available to individualise the assessment of patients in 

need of revascularization. Following on from this, Part 4, which includes Chapters 4.1 to 4.7 exam-

ines established and newly proposed risk models to assess patients undergoing PCI. In particular, 

Chapters 4.1to 4.3 focus on the euroSCORE and the SYNTAX score, whilst Chapters 4.4 and 4.5 report 

evaluation of the newly developed ACEF and Clinical SYNTAX score when applied to the respective 

LEADERS and ARTS-II populations. The current status of clinical and angiographic risk assessment in 

patients with left main lesions is discussed in Chapter 4.6, with a validation of the newly proposed 

Global Risk Classification in left main patients from the SYNTAX trial reported in Chapter 4.7.

Part 5 (Chapters 5.1-5.3) focuses on assessing the impact of clinical factors on outcomes after PCI. 

Chapter 5.1 demonstrates the changing risk profile of patients enrolled in coronary stent trials, whilst 

Chapters 5.2 and 5.3 respectively examine the influence of age, and body mass index on clinical 

outcomes.  

Part 6 includes a series of studies assessing the impact of coronary anatomy, as quantified using 

the SYNTAX score, on outcomes after PCI. Chapters 6.1 and 6.2 report 1-year outcomes according 

to the SYNTAX score from the respective all-comers LEADERS, and RESOLUTE patient populations. 

Similarly, Chapter 6.3 reports outcomes according to the SYNTAX score in a population of patients 

who all presented with acute myocardial infarction from the STRATEGY and MULTI-STRATEGY studies. 

Continuing this theme, Chapter 6.4 includes a patient level meta-analysis of 1-year outcomes from 

over 6500 patients with a SYNTAX score who were enrolled in contemporary coronary stent trials. Fol-

lowing this, Chapters 6.5 and 6.6 report longer term follow-up according to the SYNTAX score, with 

Chapter 6.5 reporting 2-year outcomes from the LEADERS study, and Chapter 6.6 reporting 5-year 

outcomes from the SIRTAX study.  Part 6 is concluded by Chapter 6.7, which assesses the long-term 

impact of the completeness of revascularization in patients with complex disease who are treated 

by PCI or surgery. 

Moving forward, Part 7 assesses the influence of stent type on outcomes in those treated by PCI. The 

section is opened by the 3- and 4-year outcomes of the SPIRIT II study, which assessed the paclitaxel- 

and everolimus-eluting stents. Following this are the results from studies assessing newer generation 

stents including the zotarolimus-eluting Resolute stent (Chapter 7.3), the novolimus-eluting ElixirD-

ESyne stent (Chapter 7.4) and the biolimus-eluting stent BioMatrix stent (Chapters 7.5 and 7.6). 

The final section Part 8, focuses on the long-term outcomes of patients with complex disease who 

were treated with drug-eluting stents. Chapters 8.1-8.3 all report 5-year outcomes from the ARTS-II 

registry; in particular whilst Chapter 8.1 reports outcomes from the full registry, Chapter 8.2 and 8.3 

respectively report outcomes in more specific sub-groups of patients, namely those with proximal 

left anterior descending artery disease and diabetes mellitus. Chapter 8.4 assesses the long-term 
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outcomes in patients from the RESEARCH and T-SEARCH registries who had left main disease, whilst 

the thesis concludes with Chapter 8.5, which reports the 5-year outcomes of patients with chronic 

total occlusions from the RESEARCH registry. 

ReFeReNCeS

 1. Patel MR, Dehmer GJ, Hirshfeld JW, Smith PK, Spertus JA. ACCF/SCAI/STS/AATS/AHA/ASNC 2009 Appropri-

ateness Criteria for Coronary Revascularization: a report by the American College of Cardiology Foundation 

Appropriateness Criteria Task Force, Society for Cardiovascular Angiography and Interventions, Society of 

Thoracic Surgeons, American Association for Thoracic Surgery, American Heart Association, and the Ameri-

can Society of Nuclear Cardiology Endorsed by the American Society of Echocardiography, the Heart Failure 

Society of America, and the Society of Cardiovascular Computed Tomography. J Am Coll Cardiol. 2009;53:530-

553.

 2. Kushner FG, Hand M, Smith SC, Jr., King SB, 3rd, Anderson JL, Antman EM, Bailey SR, Bates ER, Blankenship JC, 

Casey DE, Jr., Green LA, Hochman JS, Jacobs AK, Krumholz HM, Morrison DA, Ornato JP, Pearle DL, Peterson 

ED, Sloan MA, Whitlow PL, Williams DO. 2009 focused updates: ACC/AHA guidelines for the management of 

patients with ST-elevation myocardial infarction (updating the 2004 guideline and 2007 focused update) and 

ACC/AHA/SCAI guidelines on percutaneous coronary intervention (updating the 2005 guideline and 2007 

focused update) a report of the American College of Cardiology Foundation/American Heart Association 

Task Force on Practice Guidelines. J Am Coll Cardiol. 2009;54:2205-2241.

 3. Wijns W, Kolh P, Danchin N, Di Mario C, Falk V, Folliguet T, Garg S, Huber K, James S, Knuuti J, Lopez-Sendon 

J, Marco J, Menicanti L, Ostojic M, Piepoli MF, Pirlet C, Pomar JL, Reifart N, Ribichini FL, Schalij MJ, Sergeant 

P, Serruys PW, Silber S, Sousa Uva M, Taggart D, Vahanian A, Auricchio A, Bax J, Ceconi C, Dean V, Filippatos 

G, Funck-Brentano C, Hobbs R, Kearney P, McDonagh T, Popescu BA, Reiner Z, Sechtem U, Sirnes PA, Ten-

dera M, Vardas PE, Widimsky P, Alfieri O, Dunning J, Elia S, Kappetein P, Lockowandt U, Sarris G, Vouhe P, von 

Segesser L, Agewall S, Aladashvili A, Alexopoulos D, Antunes MJ, Atalar E, Brutel de la Riviere A, Doganov 

A, Eha J, Fajadet J, Ferreira R, Garot J, Halcox J, Hasin Y, Janssens S, Kervinen K, Laufer G, Legrand V, Nashef 

SA, Neumann FJ, Niemela K, Nihoyannopoulos P, Noc M, Piek JJ, Pirk J, Rozenman Y, Sabate M, Starc R, Thiel-

mann M, Wheatley DJ, Windecker S, Zembala M. Guidelines on myocardial revascularization: The Task Force 

on Myocardial Revascularization of the European Society of Cardiology (ESC) and the European Association 

for Cardio-Thoracic Surgery (EACTS). Eur Heart J. 2010;31:2501-2555.

 4. Guidelines on myocardial revascularization. Eur J Cardiothorac Surg. 2010;38 Suppl:S1-S52.

Scot BW.indb   17 01-03-11   11:56



Scot BW.indb   18 01-03-11   11:56



PARt i
the Need for Revascularization

Scot BW.indb   19 01-03-11   11:56



Scot BW.indb   20 01-03-11   11:56



Chapter 1
Stable Angina: medical therapy vs. PCi vs. 
CABG

Oxford Textbook of Interventional Cardiology  
1st Edition, p219-234

Scot Garg, Joanna Wykrzykowska, Patrick W. Serruys

Scot BW.indb   21 01-03-11   11:56



Scot BW.indb   22 01-03-11   11:56



23

Stable Angina: Medical therapy vs. PCI vs. CABG  Chapter 1

   Introduction   
 Coronary artery disease (CAD) represents a wide 
 spectrum of underlying anatomical disease ranging 
from near normal, minor single-vessel disease (SVD), 
to extensive triple-vessel disease. Its presentation is 
similarly variable, from a single episode of chest pain to 
acute coronary syndrome (ACS) or even death. The 
aim of treatment in CAD is to relieve symptoms and 
improve quality of life, reduce cardiovascular (CV) 
events, and prolong survival. There have been vast 
improvements in management over the years, following 
a greater understanding of the underlying pathophysi-
ology, the identifi cation and appropriate management 
of risk factors, development of new medication, and 
advances in revascularization techniques, both percuta-
neous and surgical. These developments have resulted 
in a move towards an anatomic treatment for CAD even 
though it is the minor lesion, so-called vulnerable 
plaque, which is suggested as the most likely culprit for 
mortality. Nevertheless, in those patients presenting 
with ACS or ST-elevation myocardial infarction the 
long-term benefi ts of percutaneous coronary interven-
tion (PCI) have been confi rmed in multiple randomized 
trials (    1    ) ; however, debate surrounds the ideal manage-
ment of the majority of patients who have angina, and 
who have not experienced any previous CV events or 
had an interventional procedure, so-called stable CAD.     

   Medical therapy versus mechanical 
revascularization   
 Medical therapy which encompasses lifestyle modifi ca-
tion, risk factor reduction, and pharmacological therapy 
(antiplatelet and antianginal) has a strong evidence base 
and clearly has a central role in the management of every 
patient with CAD. Intuitively it would seem apparent 
that PCI would be the ideal treatment for every patient, 
however the current evidence taken at face value would 
tend to suggest otherwise. The largest trial to date com-
paring PCI (and best medical therapy) with best medical 
therapy (BMT) was the COURAGE trial (Clinical 
Outcomes Utilizing Revascularization and Aggressive 
Drug Evaluation) whose publication has been well pub-
licised and debated amongst general  cardiologists, inter-
ventional cardiologists, and the general public. This trial, 
which recruited only 6.4% of the 35 539 patients who 
were assessed for entry, reported at median follow-up of 
4.6 years no signifi cant difference in the primary event 
rate (death or non fatal MI) with PCI compared with 
BMT (19.0% vs. 18.5%; 95% confi dence interval [CI], 
0.87–1.27; p = 0.62) (    2    ) . This added to the evidence from 
earlier meta-analyses in 2000 (3)  and 2005 (4)  both of 
which concluded that PCI improved symptoms but did 
not reduce mortality or the incidence of CV events. 
There is no doubt that PCI helps relieve symptoms (    2    ,    3    ,    5    )  
but what is its true effect on mortality and morbidity, 
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and can these general conclusions be applied to all 
groups of patients? The importance of this issue cannot 
be overstated given the vast resources that are spent on 
managing these patients who comprise 85% of the PCI 
workload in the United States (    2    ) . Most importantly a 
recent meta-analysis which included the COURAGE 
data and comprised 7915 patients found a 20% reduc-
tion in all cause death amongst the PCI-treated patients 
compared with BMT (271 deaths vs. 335 deaths; odds 
ratio [OR], 0.80; 95% CI, 0.64–0.99; p = 0.263) (    6    ) . 

 It is essential to consider some of the limitations of 
the previous trials which have been performed compar-
ing the two groups. They have all suffered from the low 
risk (    7    )  of the population being studied, and have been 
under-powered to detect a signifi cant mortality differ-
ence. In addition, mean follow-up time has been just 
under 4 years, which may be too short to detect mor-
bidity in the BMT group, whilst those in the PCI group 
may experience peri-procedural events which will be 
detected on short-term follow-up. Importantly in the 
COURAGE trial the rate of spontaneous MI (not peri-
procedural) in the BMT group was higher than in the 
PCI arm (119 vs. 108), but peri-procedural MIs were 
much higher in the PCI group (35 vs. 9). Peri-procedural 
MIs are not benign and do affect prognosis (    8    ) , some of 
these may occur through trying to achieve the ‘perfect’ 
angiographic appearance, when simpler less compli-
cated procedures may produce the same symptomatic 
benefi t, at a lower risk. The advantages of PCI are 
 further reduced by high cross over rates, ranging from 
6–44%, from BMT to PCI although this is a reality of 
the chronic nature of CAD rather than a ‘fault’ of the 
trials. The benefi t of PCI has also been hampered by the 
trials being performed before the drug eluting stent 
(DES) era. It is well documented that restenosis, which 
is reduced signifi cantly by DES compared with bare 
metal stent (BMS) or balloon angioplasty (POBA), is not 
a benign phenomenon and can present as an acute MI 
in between 9.5–19.4% of cases (    9    ) . 

 The presence of ischaemia affects clinical outcome 
but amongst the trials there is considerable variation in 
the objective evidence of ischaemia required for patient 
enrolment, with some simply relying on symptoms and 
angiographic evidence of stenosis. PCI is very effective 
at relieving the subjective symptoms of ischaemia. 
Evidence from the nuclear subset of the COURAGE 
trial which looked at 313 patients who had myocardial 
perfusion imaging before, and 6–18 months post rand-
omization, would suggest that it is also more effective 
than BMT at relieving objective ischaemia. In this sub-
set of patients those having PCI and BMT had a greater 
reduction in signifi cant myocardial ischaemia than 

BMT controls (p = 0.004), and this translated clinically 
into a signifi cantly lower rate of death and MI in these 
patients (13.4% vs. 24.7%, p = 0.037). Also of note were 
the zero rates of death and MI in those patients having 
no evidence of residual ischaemia at 6–18 months, 
compared with a rate of 39.3% in those with grater than 
10% residual ischaemia. In summary, PCI with BMT 
has been shown to be better than BMT at relieving sub-
jective and objective ischaemia, and this has translated 
into better clinical outcomes. The SWISS II study 
showed similar benefi ts in the presence of proven silent 
ischaemia (    10    ) . Future trials need to ensure that the 
degree of myocardial ischaemia is accurately assessed to 
guarantee the validity of the conclusions reached. 

 In the ‘real world’ aggressive medical therapy is 
 frequently diffi cult to implement because real-world 
patients experience side effects from therapy, and may 
subsequently be non-compliant with medication, or 
lifestyle advice. The COURAGE trial has shown what 
can be achieved in the ideal world with reductions in 
blood pressure, LDL cholesterol, smoking rates, and 
improvements in diet, and exercise; however, these 
require additional resources and the manpower which 
most healthcare providers are simply unable to deliver. 

 In summary, medical therapy plays an important part 
in the management of patients with CAD, and the role 
of revascularization should be considered to be comple-
mentary to BMT which is central to management. PCI 
should be considered if BMT fails to control symptoms 
in those patients who are deemed to be at a low risk of 
CV events, whilst in those who are at higher risk, revas-
cularization with either PCI or coronary artery bypass 
grafting (CABG) and BMT must be considered early.    

   Risk stratifi cation   
 From the previous discussion it is apparent that risk 
stratifi cation plays a vital role in helping guide the man-
agement of patients with CAD. It also has an important 
role in providing patients, and their relatives, with 
answers to questions they may have about the likely 
course of their condition and their prognosis, and can 
also help inform other health professions planning 
other treatments and procedures. 

 Which patients are at high risk of events? The 
European Society of Cardiology defi nes those patients 
with an annual CV risk of >2% as high risk, <1% as low 
risk, and between 1–2% intermediate risk, and recom-
mends that risk stratifi cation takes into consideration:    

    1.  Clinical evaluation of the patient   
 A clinical evaluation of the patient is essential in all cases 
and can provide information with regards prognosis, 
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and the following factors—although by no means 
exhaustive—are all associated with an increased risk of 
adverse prognosis in those with stable CAD:  

   ◆  History of diabetes mellitus, hypercholesterolaemia, 
hypertension, and renal impairment.  

   ◆  Severity of angina presentation.  

   ◆  Current smoking.  

   ◆  Examination fi ndings suggestive of peripheral vascular 
disease, or signs of left ventricular (LV) dysfunction.  

   ◆  An abnormal ECG (previous MI, left bundle branch 
block, left anterior hemiblock, LV hypertrophy, atrial 
fi brillation, and second- or third-degree heart block).         

    2.  Response to stress testing   
 Stress testing provides additional information regard-
ing the patient’s risk, and currently numerous different 
non-invasive stress tests are available, which are able to 
provide prognostic information obtained not only from 
the presence or absence of ischaemia, but also from the 
degree and severity of ischaemia, the exercise capacity, 
and the ischaemic threshold. 

 There are no randomized trials comparing individual 
stress tests, and issues other than the patient’s physical 
and functional ability to exercise, or the presence of an 
abnormal ECG such as availability, local expertise, and 
preference of the referring physician do have an infl u-
ence on which test is ultimately used.  Table  14.1   lists 
the criteria on non-invasive stress testing which suggest 
a high risk of CV events and subsequently indicate the 
need for revascularization. Currently multisliced CT 
scanning provides an anatomical assessment of CAD, 
with limited data available on its correlation with induc-
ible ischaemia; however, with further evaluation in 
progress this may change. Whichever test is used, a nor-
mal result doesn’t exclude the presence of CAD or the 
risk of future events.      

    3.  An assessment of left ventricular function   
 LV function is the most important marker of prognosis 
in those patients with CAD. Studies have shown that 
mortality is inversely proportional to LV function, and 
in those with an LV ejection fraction <35%, the annual 
risk of mortality is in excess of 3% (    11    ) .     

      Table 14.1  Prognostic variables and criteria indicating a high risk of cardiovascular events amongst various 
non-invasive stress tests  

  Modality  Prognostic variables  Criteria for high risk of CV events  Annual mean CV 
event rate in normal 
test  

 Echocardiography  LVEF at rest 
 LVEF on exercise 

 LVEF <35% at rest 
 LVEF <35% on exercise 

 

 Stress 
echocardiography 

 Number of resting WMA 
 Number of inducible WMA with 
stress 

 WMA (involving >2 segments) developing at: 
 ◆  A low dose of dobutamine (≤10mg/kg/min) or 
 ◆ At a low heart rate (<120bpm) 
 Stress echocardiographic evidence of extensive 
ischaemia 

 <0.5% (    11    )   

 Exercise testing  Exercise-induced angina 
 Exercise capacity 
 BP response to exercise 
 Changes in ST segment 
 Exercise-induced ischaemia 

 High-risk Duke treadmill score (< −10)  *    Low Duke score 
(>4) 0.25% (annual 
mortality)  

 Myocardial 
perfusion imaging 

 Large stress-induced perfusion 
defects 
 Defects in multiple coronary 
arteries 
 Transient post stress LV dilation 
 Lung uptake with Tl-201 

 Stress-induced: 
 ◆ Larger perfusion defect (particularly if anterior) 
 ◆ Multiple perfusion defects of moderate size 
 ◆ Moderate perfusion defect with LV dilation or 
increased lung uptake (Tl-201) 
 Large, fi xed perfusion defect with LV dilation or 
increased lung uptake (Tl-201) 

 0.7% (    67    )   

  * The Duke treadmill score equals the exercise time in minutes minus (5× the ST-segment deviation, during or after exercise, in millimetres) minus 
(4× the angina index, which has a value of ‘0’ if there is no angina, ‘1’ if angina occurs, and ‘2’ if angina is the reason for stopping the test) (    68    ) .   

 BP, blood pressure; LVEF, left ventricular ejection fraction; Tl-201, thallium-201; WMA, wall motion abnormality.  
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    4.  An assessment of the coronary anatomy   
 Coronary anatomy provides valuable information in 
assessing the patient’s risk of CV events, and in particu-
lar the extent, severity, and location of the disease are 
important factors which infl uence prognosis. A simple 
risk assessment can be based on the number of coro-
nary arteries involved, which is supported by data 
from the CASS medical registry which showed that 
12-year survival was 91%, 74%, 59%, and 50% in those 
with normal, single-, double-, or triple-vessel disease 
respectively (    12    ) , furthermore survival rates were poorer 
in those with a combination of two- or three-vessel disease 
and a left main stem (LMS) lesion. Early data has shown 
the poor prognosis in LMS lesions treated medically (    13    ) , 
and the improved survival with revascularization, which 
at the time of publication was predominantly CABG, in 
those with triple-vessel disease, two-vessel disease which 
includes the proximal left anterior descending artery 
(LAD), or two- or three-vessel disease and a positive 
exercise test (    14    ) . 

 It has been argued that coronary angiography is inap-
propriate in those patients who are deemed low risk 
after non-invasive testing in view of the risk of the pro-
cedure, and the small chance that repeat revasculari-
zation is required. 

 Once the patient has been risk stratifi ed, and a deci-
sion reached to proceed with mechanical revasculariza-
tion, the patient must be evaluated with respect to their 
suitability for PCI or CABG. This decision is often com-
plex and requires a multidisciplinary team approach, 
with the cardiologist, interventional cardiologist, and 
cardiac surgeon all participating in the discussion. The 
last two decades have provided us with a large body of 
evidence to guide these complex decisions, and in the fol-
lowing section we will review the available data on stent-
ing in multivessel disease (MVD) and CABG, including 
the most recent evidence from the SYNTAX, FAME, 
and CARDIA trials.       

   Mechanical revascularization: PCI 
versus CABG   
 After its introduction in the 1960s, CABG become the 
accepted treatment for MVD (    15    ) ; however, advances 
made in the percutaneous treatment of stable CAD 
from POBA to stenting with initially BMS (    16    )  and now 
DES (    17    –    19    ) , have made PCI a progressively more attrac-
tive alternative ( Fig.  14.1  ). All randomized clinical trials 
to date, whether performed in the early days with POBA 
or more recently with BMS or DES, show no mortality 
difference between PCI and CABG (    20    –    22    ) . However the 
advantage of CABG over PCI in terms of restenosis rate 

and the need for re-intervention has progressively nar-
rowed, especially in some patient subsets.     

   Pre-DES era: balloon angioplasty and bare 
metal stenting versus CABG   
 The six randomized trials comparing POBA to CABG 
are summarized in  Table  14.2  , together with the results 
at the longest published follow-up. In 1995, prior to the 
publication of the BARI trial, a 3-year meta-analysis 
was published of the other fi ve trials which found no 
difference in the rates of death and non-fatal MI (CABG 
vs. POBA HR 1.03; 95% CI 0.81–1.32; p = 0.81) (    20    ) .  

 In view of the superior results with stenting compared 
with POBA ( Fig.  14.2  ) (    16    ) , fi ve subsequent randomized 
trials compared BMS to CABG in MVD. These fi ve tri-
als are summarized in  Table  14.3   together with results at 
the longest published follow-up. The ARTS-I study was 
the largest of these trials and enrolled 1205 patients with 
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     Fig. 14.1  Event-free survival at 1 year follow-up in the CABRI, 
ARTS-I, and ARTS-II studies showing a reduction in the difference in 
outcomes between CABG compared with balloon angioplasty, 
bare-metal stenting, and drug-eluting stents. Reproduced from 
Serruys, PW, ARTS I – the rapamycin eluting stent; ARTS II – the 
rosy prophecy.  Eur Heart J  2002;  23 :757–9 by permission of Oxford 
University Press.    
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MVD that had an equivalent baseline chance for com-
plete revascularization. There was no difference between 
the two groups in either the prespecifi ed primary end-
point of major adverse cardiac and cerebrovascular 
events (MACCE) at 1 year, or mortality at 5 years (8% 
vs. 7.6%; p = 0.83). However, when compared with 
CABG the rates of repeat revascularization were higher in 
the stenting group both at 1-year (16.8% vs. 3.5%) and 
5-year (30.3% vs. 8.8%; p <0.001) follow-up (    15    ,    23    ) .   

 A meta-analysis of all fi ve trials showed similar MACCE 
rates and higher repeat revascularization rates in the PCI 
group at both 1- and 5-year follow-up (    22    ,    24    ,    25    ) . The only 
study that has been at variance with these randomized 

trial results has been the New York Cardiac Registry (    26    )  
which looked retrospectively at risk-adjusted outcomes 
in 60 000 patients undergoing PCI or CABG. Risk 
adjusted survival was signifi cantly higher in the CABG 
group (HR 0.64; 95% CI 0.56–0.74) with the difference 
being most pronounced in patients with three-vessel 
disease and proximal LAD disease. The criticism of this 
registry is that risk adjustment is likely to be impossible 
and that clinical judgement could not be adjusted for in 
this complex cohort of patients (J. Daemen, N. Kukreja, 
and P.W.J.C. Serruys, personal correspondence).     

   The DES era—the game is getting closer   
 Randomized trials comparing DES and BMS have 
shown a reduction in the restenosis rates with DES. In 
addition, DES use has expanded to more complex 
patients and lesions including patients with MVD, which 
comprise close to 40% of PCI patients. The effectiveness 
of these devices has been shown in ‘real world’ registries 
such as RESEARCH and T-SEARCH (    27    ) . ARTS-II was 
the fi rst CABG-PCI registry/trial to evaluate the per-
formance of DES specifi cally in MVD against CABG. It 
prospectively collected data on 607 patients with MVD 
treated with DES (    28    )  who were then compared to his-
torical CABG control from ARTS-I. One-year follow-up 
showed that PCI with DES was non-inferior to CABG 
with respect to MACCE rates. The rates of repeat revas-
cularization, although lower than in the BMS arm of 
ARTS-I, were still signifi cantly higher than in the his-
torical CABG controls. These results were maintained at 
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     Fig. 14.2  The improved event-free survival in the Benestent I and 
II trials with the use of a bare-metal stent (Benestent I stent) or 
a heparin-coated stent (Benestent II) compared to only balloon 
angioplasty (Benestent balloon). The event-free survival, however, is 
much greater with a sirolimus-eluting stent.    

      Table 14.2  Results at longest reported follow-up in the six randomized trials of balloon angioplasty versus coronary 
artery bypass surgery  

  Study  Year  No. of 
patients 

 Longest reported 
follow-up (years) 

 Death   POBA vs. CABG  MI   POBA vs. CABG  Re-intervention 
 POBA vs. CABG  

 CABRI (    69    )   1994  1054  1  3.9% vs. 2.7%  
 p = NS 

 p=NS  33.6% vs. 6.5%  
 p <0.001  

 ERACI (    70    )   1993  127  3  4.7% vs. 9.5%  
 p = 0.5 

 7.8% vs. 7.8%  
 p = 0.8 

 37% vs. 6.3%  
 p <0.001  

 RITA (71  )   1993  1011  6.5  7.6% vs. 9.0%  
 p = 0.51 

 10.8% vs. 7.4%  
 p = 0.08 

 44.3% vs. 10.8%  

 EAST (72  )   1994  392  8  20.7% vs. 17.3%  
 p = 0.40 

 –  65.3% vs. 26.5%  
 p <0.001  

 BARI (73  )   1991  1829  10  71.0% vs. 73.5%  
 p = 0.18 

 16.4% vs. 16.6%  
 p = NS 

 76.8% vs. 20.3%  
 p <0.001  

 GABI (74  )   1994  359  13  25% vs. 21.9%  
 p = 0.64 

 4.3% vs. 5.6%  
 p = 0.6 

 82.9% vs. 58.8%  

  CABG, coronary artery bypass grafting; NS, not signifi cant; POBA, balloon angioplasty;     BARI, Bypass Angioplasty Revascularization Investigation; CABRI, 
Coronary Angioplasty versus Bypass Revascularization Investigation; EAST, Emory Angioplasty versus Surgery Trial; ERACI, Argentine Randomized Trial of 
Percutaneous Transluminal Coronary Angioplasty versus Coronary Artery Bypass Surgery in Multivessel Disease; GABI, German Angioplasty Bypass Surgery 
Investigation; RITA, Randomized Intervention Treatment of Angina.  
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      Table 14.3  Results at longest reported follow-up in fi ve randomized trials of bare metal stenting versus coronary 
artery bypass surgery  

  Study  Year  No. of 
patients 

 Longest reported 
follow-up (years) 

 Death   PCI vs. CABG  MI   PCI vs. CABG  Re-intervention 
 PCI vs. CABG  

 AWESOME (75  )   2000  142  3  24% vs. 27%  
 p = NS 

 –  –  

 ARTS-I (    23    )   2001  1205  5  8.0% vs. 7.6%  
 p = 0.83 

 9.5% vs. 6.4%  30.3% vs. 8.3%  
 p <0.001  

 ERACI-II (76  )   2001  450  5  7.1% vs. 11.5%  
 p = 0.18 

 2.8% vs. 6.2%  
 p = 0.13 

 28.4% vs. 7.2%  
 p = 0.0002  

 MASS-II (77  )   2003  611  5  15.5% vs. 12.8%  
 p = NS 

 11.2% vs. 8.3%  32.2% vs. 3.5%  

 SOS (78  )   1999  988  6  10.9% vs. 6.8%  
 p = 0.022 

 –  –  

  CABG, coronary artery bypass grafting; NS, not signifi cant; PCI, percutaneous coronary intervention;     ARTS-I, Arterial Revascularization Therapy Study; 
AWESOME, Angina With Extremely Serious Operative Mortality Evaluation; ERACI-II, Argentine Randomized Study: Coronary Angioplasty with Stenting 
versus Coronary Bypass Surgery in Multivessel Disease; MASS-II, Medicine, Angioplasty or Surgery Study for multivessel coronary artery disease; SOS, Stent 
or Surgery  

3-year follow-up with equivalent survival without 
MACCE (80.6% vs. 83.8%, p = 0.21) and lower freedom 
from repeat revascularization with PCI (85.5% vs. 
93.4%, p <0.001). In ERACI-III which prospectively 
added a 205 patient cohort to the ERACI-II population, 
PCI with DES had a lower MACE rate than an historical 
CABG group (freedom from MACE was 88% vs. 80.5%; 
p = 0.038) (    29    ) . One observational study in 1680 patients 
confi rmed these fi ndings with equivalent MACCE rates 
in a non-diabetic population with two-vessel disease (    30    ) . 
However, again the New York registry of 17 400 patients 
appeared to contradict these results showing lower mor-
tality rates for CABG at 18 months post procedure 
(adjusted survival of 96% vs. 94.6%; p = 0.003). Notably 
the difference was smaller than with a similar registry for 
BMS and the same concern regarding inability to adjust 
for all confounding risk factors remained.     

   SYNTAX, FAME, and CARDIA—results of the 
randomized trials: more answers but also 
more questions   
 Some of these earlier controversies in data interpreta-
tion are fi nally being partially resolved following the 
results of three major randomized trials presented 
in 2008 of DES versus CABG in patients with MVD. In 
addition, these trials also attempted to defi ne more 
clearly which specifi c patient populations benefi t from 
CABG or PCI. 

 Synergy between percutaneous coronary intervention 
with TAXus and cardiac surgery (SYNTAX) is a pro-
spective, multicentre, multinational, randomized trial 

of all-comers design. It recruited 1800 patients with the 
goal to assess the best revascularization treatment for 
patients with de novo triple-vessel or LMS disease by 
randomizing them to either stenting with a paclitaxel-
eluting Taxus® stent (Boston Scientifi c, Natick, USA) 
or CABG and also keeping a registry of those patients 
who were eligible for only PCI or only CABG (    31    ) . The 
trial design was unique in that it employed the angio-
graphic scoring system of lesion severity called the 
‘SYNTAX score’ (    32    ) . The patients recruited in SYNTAX 
are a unique study group in the PCI fi eld, given their 
exceptionally complex anatomy and advanced disease. 
The average SYNTAX patient received 4.6 stents com-
pared to the average 1.5 stents implanted in everyday 
practice. In addition, the patient profi le included 33% 
with >100mm stented length, 84% with bi/trifurca-
tions, 22% with chronic total occlusions, and 39% with 
LMS disease. Some of the sickest patients in the trial 
were not eligible for surgery and were treated with DES. 
The main results are summarized in  Table  14.4  . One of 
the most interesting results came from the SYNTAX 
score subgroup analysis which showed that PCI but not 
surgical outcomes were infl uenced by the angiographic 
SYNTAX score (lesion complexity). Analysis showed 
non-inferior results of PCI to CABG in patients with a 
SYNTAX score up to 32, whilst CABG was superior in 
those with a SYNTAX score above 32. Further analysis 
of the data will be required together with longer-term 
follow-up. The complexity of the patient population 
in this study certainly makes the data generalizable; 
however, one has to keep in mind that the surgery and 
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complex PCI in this study was performed in highly 
selected centers of excellence in Europe and the United 
States who were used to high volumes of complex 
patients and cases.  

 The CARDIA (Coronary Artery Revascularisation in 
Diabetes) study randomized 510 diabetic patients with 
MVD or complex SVD to treatment with either CABG 
(n = 254) or PCI (n = 256; 71% DES). The primary 
outcome—death, MI and stroke—was comparable 
between CABG and PCI at 1 year (10.2% vs. 11.6%; 
p = 0.63), whilst repeat revascularization was signifi -
cantly higher in the PCI group with a rate of 9.9% vs. 
2.0% for CABG (p = 0.001). Similar results were seen in 
the DES subgroup analysis with no difference in the 
primary endpoint (CABG vs. DES PCI, p = 0.98) and 
higher repeat revascularization with DES compared 
to CABG group. Stroke, however, was more prevalent 
in the CABG group (    33    ) . The results of the Future 
Revascularization Evaluation in patients with Diabetes 
Mellitus; Optimal Management of Multivessel Disease 
(FREEDOM) trial which is enrolling at least 2000 dia-
betic patients with MVD randomized to CABG versus 
multivessel stenting with DES are eagerly awaited. 

 Lastly, the Fractional fl ow reserve versus Angiography 
for Multivessel Evaluation (FAME) trial offers another 
approach to MVD treatment. It incorporates the idea of 
revascularizing the territory which has evidence of 
reversible ischaemia and uses the fractional fl ow reserve 
(FFR) measurement as a gold standard for the haemo-
dynamic signifi cance of the lesion. The premise of the 
study is based on the result that deferral of PCI based 
on the FFR cut-off point of 0.75 has been associated 
with favorable outcomes in patients with MVD (    34    )  and 
that only lesions with inducible ischaemia benefi t from 
invasive mechanical revascularization over medical 

therapy. FAME enrolled 1005 patients with at least two 
vessels with >50% lesions randomized to either angio-
graphic guided, or FFR-guided stenting using an FFR cut 
off value of 0.8. The main results are shown in  Fig.  14.3   
There was a 35% reduction in overall MACE which was 
achieved without prolonging the procedure, (p = 0.51) 
and approximately one-third of angiographically 
 signifi cant lesions were found not to be haemodynami-
cally signifi cant by FFR. In addition the FFR-guided 
stenting strategy lead to a signifi cant reduction in contrast 
use (272 ± 133mL vs. 302 ± 127; P <0.001) and a signifi -
cant cost saving ($5332 vs. $6007, p <0.001) compared to 
the angiographic-guided stenting (    35    ) .      

   Lesion subsets   
 The previous section has been a general discussion com-
paring PCI and CABG. In the next section we have con-
centrated on six commonly encountered lesion subsets.    

   Single-vessel disease   
 Patients having revascularization have significantly 
lower 1-year mortality with SVD when compared with 
those having MVD; in fact the RITA trial showed this 
trend was maintained at 4.7 years follow-up (5.8% vs. 
3.9%). In addition, those with SVD having revasculari-
zation have lower rates of MI and cardiac death com-
pared to MVD, and also have better angina control at 
1 and 3 years, compared to those with MVD having the 
same type of revascularization (    21    ) . 

 At present, approximately 4% of CABG is performed 
for SVD, however previously the rates were much 
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     Fig. 14.3  The adverse event rates at one year from the 1005 
patients in the FAME study showing improved outcomes with the 
use of an FFR-guided strategy (    35    ) .    

      Table 14.4  12-month results from the SYNTAX study (    31    )   

  Events at 1 year  PCI 
 N = 903 (%) 

 CABG 
 N = 897 (%) 

 P-value  

 MACCE  160 (17.8)  109 (12.1)  0.002  

 Death/CVA/MI  69 (7.6)  69 (7.7)  0.98  

 All-cause death  39 (4.3)  31 (3.5)  0.37  

 MI  43 (4.8)  29 (3.2)  0.11  

 CVA  5 (0.6)  20 (2.2)  0.003  

 Repeat 
revascularization 

 124 (13.7)  53 (5.9)  <0.001  

  CVA, stoke; MACCE, major adverse cardiovascular and cerebrovascular 
events (all-cause death, CVA, MI, and repeat revascularization); 
MI, myocardial infarction.  
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higher, for example in the New York surgical registry of 
over 29 000 patients the rate of single-vessel CABG was 
8.7% (    36    ) . These initial high rates of surgical revasculari-
zation are the result of the early trials which showed a 
distinct advantage for CABG compared with medical 
therapy in patients with specifi c SVD—namely a sig-
nifi cant proximal LAD lesion (    37    ) ; in fact in the previ-
ously mentioned New York registry 74.3% (n = 1917) 
of patients having single-vessel CABG, had proximal 
LAD disease. It is not surprising therefore that most 
data on the outcomes of revascularization in patients 
with SVD has concentrated on those with a signifi cant 
proximal LAD lesion. 

 Two registries have concurred with the initial trials 
regarding surgical revascularization in those with sig-
nifi cant proximal LAD disease; the New York registry 
was by far the larger containing 3-year outcome data on 
23 808 patients (PCI = 21 231, CABG = 2577) with 
SVD. At follow-up those patients with SVD not includ-
ing an LAD lesion had a much better survival with PCI 
than CABG (95.3% vs. 92.4%, p = 0.003); however, if 
there was a >70% LAD lesion, CABG conferred a sig-
nifi cantly better prognosis. (96.6% vs. 95.2%, p = 0.01). 
Irrespective of the type of revascularization there was 
no signifi cant difference between outcomes in those 
with SVD in the non-proximal LAD. In fact any patient 
with a proximal LAD lesion, whether with single-, 
double-, or triple-vessel disease did better with CABG. 
The Duke registry was much smaller, containing 9263 
patients (medical therapy 2449; PCI 2924; CABG 3890), 
but concluded similar results at mean 5.3-year follow-up. 
Patients with SVD, including those with SVD and a 
mid/distal LAD lesion <75% severity, had better sur-
vival with PCI compared with CABG, whilst those with 
SVD due to a proximal LAD lesion >95% tended to do 
better with CABG. 

 It is, however, important to accept the limited clinical 
applicability of this data in the current era. Two main 
factors which may have infl uenced outcome were stent 
usage, which was only 11.8% in the New York registry, 
and usage of left internal mammary artery (LIMA) 
grafts. The Duke registry ran from 1984–1990 and the 
New York registry from 1993–1995, and although there 
is no comment on LIMA usage, in the 1980s studies 
reported rates of LIMA use of approximately 15% (    37    ) , 
whilst in the late 1990s rates of over 90% have been 
reported (    38    ) . The relevance of low or even moderate use 
of the LIMA graft is the fact that they have signifi cantly 
higher patency at follow-up, and confer a long term 
survival benefi t when compared with saphenous vein 
grafts (    39    ,    40    ) . 

 In recent years two meta-analyses have been pub-
lished examining outcomes in patients with proximal 
LAD disease randomized to either PCI or surgical revas-
cularization; Kapoor  et al . concentrating on any surgi-
cal technique (    41    ) , whilst Aziz  et al . examined specifi cally 
those having the minimally invasive direct coronary 
artery bypass (MIDCAB) (    42    ) . In both studies patients 
tended to be young with a total mean age of 58.9 years, 
and with well-preserved ejection fractions (mean of 
61.4%). The PCI technique varied in both, but of note 
the usage of DES was low, comprising of only 18.8% in 
Kapoor  et al .’s study. 

 Kapoor  et al . showed no differences in procedural 
stroke or MI, whilst Aziz  et al . showed no difference in 
MI, and stroke at maximum follow-up. In both studies 
angina relief was signifi cantly greater after CABG than 
after PCI, and following on from this, repeat revascu-
larization was signifi cantly less after CABG than after 
PCI; with results maintained to 5 years in Kapoor  et al .’s 
study (7.3% vs. 33.5%, p <0.0001). Results from both 
studies showed that no signifi cant difference in survival 
amongst patients assigned to either CABG or PCI, this 
extending out to 5 years in Kapoor  et al .’s study. The 
excellent long-term prognosis of both treatments is fur-
ther enhanced following the publication of Goy  et al .’s 
randomized study comparing bare-metal stenting with 
LIMA grafting for proximal LAD lesions, which showed 
no mortality difference at 10-year follow-up (PCI 8% 
vs. CABG 4%; p = 0.4) (    43    ) . 

 So what can be concluded from the evidence pre-
sented? Many clinicians would have no hesitation for 
contemplating PCI for a single-vessel lesion (excluding 
proximal LAD) and registry data would support that 
in the current absence of randomized data—which is 
unlikely to ever be available. With regards proximal 
LAD lesions, data has shown no signifi cant difference in 
mortality between PCI and CABG (up to 10 years) and 
the fi nal decision should therefore be infl uenced by 
other factors such as patient preference, operator skill, 
and lesion characteristics.     

   Bifurcation lesions   
 Coronary artery bifurcations are at an increased risk for 
the development of coronary atherosclerosis because of 
turbulent fl ow and low shear stress, and have long 
posed a problem for interventional cardiologists. 
Despite advances in PCI they are associated with higher 
rates of MACE, restenosis, and a lower probability of 
success when compared to single-vessel intervention. 
Currently there is no randomized data comparing the 
treatment of patients with only bifurcation lesions 
between PCI and CABG; however, 1310 patients (657 
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CABG, 653 PCI), comprising 72.8% of the total cohort 
in the SYNTAX study had a bifurcation lesion. 

 Of the previous published studies most specifi ed the 
number of vessels diseased, as opposed to the precise 
lesion type, and therefore did not include a separate 
subset of patients with bifurcation lesions, or report the 
percentage of lesions which were bifurcation lesions. 
The ARTS-II study did have a bifurcation subset which 
comprised approximately 34% of the total cohort; how-
ever the study compared PCI in these patients with PCI 
in non-bifurcation lesions. The results showed no signifi -
cant difference in 1-year MACCE between PCI in the 
bifurcation and non-bifurcation lesions (13.3% vs. 11.0%, 
p = 0.46) (    44    ) ; which is comparable with the MACCE in 
the surgical arm of ARTS-I (12.2%), which included 188 
(31%) patients who had bifurcation lesions (    15    ) . 

 There is a lack of randomized data at present to point to 
whether PCI or CABG is appropriate for non-LMS bifur-
cation lesions; however interventionalists are moving 
away from mandatory complex bifurcation stenting tech-
niques towards the provisional T-stenting techniques (    45    )  
in view of recent studies showing similar outcomes 
between the two techniques, and only a low requirement 
of side-branch stenting in the single-stent strategy (    46    ) . 
This is important as some would argue that bifurcation 
lesions should simply be regarded as high-risk single-
vessel lesions, and treated accordingly, whilst being 
aware of the extent of the myocardium at risk, i.e. how 
large and important is the side branch? The ARTS-II 
data show similar MACCE in dealing with bifurcation 
lesions compared to a surgical cohort, and therefore the 
decision with regards revascularization technique 
should be based on the same arguments as previously 
discussed with SVD, namely patient preference, opera-
tor skill, lesion characteristic, and extent of myocar-
dium at risk.     

   Chronic total occlusions   
 Chronic total occlusions remain the most challenging 
aspect of a complete revascularization strategy. They 
are present in up to 20% of patients but their proce-
dural success rate has been the lowest of all inter-
ventional procedures, 60–70% (with conventional 
techniques), and reaches 98% on the second attempt 
only in most experienced hands (    47    ) . Use of novel tech-
niques such as retrograde technique (    48    ) , dedicated wires 
(Miracle series and Confi enza), smaller balloons with 
very low crossing profi les (1mm in diameter) and other 
dedicated devices (Tornus, laser and blunt dissection 
devices) has improved acute procedural success, how-
ever, it has not reduced the likelihood of complications 
(such as perforation and dissection). 

 Multidetector CT has been very helpful in predicting 
interventional success as the assessment of lesion length 
and degree of calcifi cation is more accurate than with 
angiography (    49    ) . Even with better acute outcomes, long-
term patency of chronic total occlusions remains low 
and has improved only somewhat with the use of 
DES (    50    –    52    ) . In the PRISON II trial restenosis rates in 
chronic total occlusion lesions were 11% with sirolimus-
eluting stents and 41% with BMS (p = 0.001) (    50    ) . The 
ability to achieve complete revascularization in patients 
with a combination of MVD and chronic total occlu-
sion whilst challenging is also of the utmost importance 
as it confers a long-term survival benefi t (    53    –    55    ) .     

   Diabetes   
 Diabetic patients present a particular challenge for all 
revascularization strategies given the extent of their cor-
onary disease, its aggressive nature, and other comor-
bidities. The long-term survival in diabetics after both 
PCI and CABG is lower than in non-diabetics (    56    ,    57    ) . 
Until recently, based on BARI trial experience where 
mortality was 19% with CABG and 35% with PCI in 
diabetics (HR 1.87; p = 0.00249), CABG has usually 
been advocated as the preferred revascularization strat-
egy for diabetic patients. However, as BMS and DES 
were introduced the mortality difference between 
CABG and PCI has been eliminated, and now only the 
difference in the need for repeat revascularization has 
remained. In the ARTS-I trial amongst diabetics there 
was no mortality difference between PCI with BMS, 
and CABG (6.3 vs. 3.1%; p = 0.294); however, there was 
a 20% absolute difference in freedom from repeat revas-
cularization in favour of CABG. The 3-year follow-up 
of the ARTS-II trial looking at outcomes in diabetic 
patients showed that this difference in freedom from 
MACCE and target-vessel revascularization has nar-
rowed signifi cantly since the introduction of DES, such 
that there was no signifi cant difference between the 
MACCE in ARTS-II and the CABG arm of ARTS-I 
(p = 0.09). The incidence of death, CVA, and MI was 
signifi cantly lower in ARTS-II than in ARTS-I PCI 
(adjusted OR, 0.67; 95% CI, 0.27–1.65) and was similar 
to that of ARTS-I CABG (    25    ) . The analysis of this and 
other similar trials has been limited by the post hoc 
nature of the substudy. 

 The first dedicated trial of CABG versus PCI in 
 diabetics using 70% DES was recently published (    33    ) . As 
previously noted, there was no difference in the primary 
outcome of MACE at 1 year ( Fig.  14.4  ). Overall repeat 
revascularization was higher in the stenting group 
(9.9% vs. 2%) and also in the DES subgroup compared 
to the CABG group, but the absolute difference has 
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narrowed to only 7% in favour of CABG. With further 
improvements in DES technology, this difference is 
likely to become even smaller, and the higher incidence 
of stroke in diabetic patients undergoing CABG may 
offset its benefi t in terms of lower repeat revasculariza-
tion rates.      

   Chronic renal insuffi ciency   
 Chronic renal insuffi ciency often complicates diabetes 
and is also a risk factor for accelerated CAD. In addi-
tion, patients with moderate renal insuffi ciency are at 
risk for worsening of disease both after contrast admin-
istration during complex PCI and during CABG. To 
our knowledge the only study to date that looked spe-
cifi cally at long-term outcomes of patients with moder-
ate renal disease is ARTS-I (    58    ) . At 5 years, there was no 
signifi cant difference between the two groups in terms 
of mortality (14.5% vs. 12.3%, p = 0.81), or combined 
endpoint of death, cerebrovascular accident, or MI 
(30.4% in the stent group vs. 23.3% in the CABG group, 
p = 0.35). The rate of repeat revascularization was 
18.8% in the stent group and 8.2% in the surgery group 
(p = 0.08). The event-free survival at 5 years was 50.7% 
in the stent group and 68.5% in the surgery group (p = 
0.04). Larger prospective analysis of these patients with 
and without concomitant diabetes will be helpful in 
determining the relative risks of the two revasculariza-
tion approaches.     

   Low and high body mass index (BMI) or the 
obesity paradox   
 Another group of patients that probably merits further 
investigation is the underweight and overweight group. 
In ARTS-I trial obese patients treated with bypass 

surgery had a significant advantage over low BMI 
patients in terms of freedom from MACE and repeat 
revascularization (    59    ) . For patients who had been rand-
omized to undergo CABG, there was a significant 
decrease in repeat revascularization procedures in obese 
patients (p = 0.03). Major adverse cardiac or cerebrov-
ascular event rates were signifi cantly lower for patients 
who were obese (11%) or overweight (16%) compared 
with patients who had a normal BMI (24%; p = 0.008). 
No such effect of BMI was observed on outcomes of 
treatment with stents. In the ARTS-II trial, BMI had no 
effect on outcomes of stenting with sirolimus-eluting 
stents (    60    ) . These results contrast with fi ndings of the 
BARI trial where obesity conferred signifi cant increased 
risk in the surgical group (    61    ,    62    ) . On the other hand 
another found a U-shaped relationship with a BMI of 
30 being optimal (    63    ) .      

   Risk–benefi t and cost–benefi t analysis of 
choosing between PCI and CABG   
 Whilst clinical trial evidence shows that both CABG 
and PCI increase health-related quality of life (HRQL), 
in the long term CABG has a greater HRQL, and lower 
repeat revascularization rate, especially compared to 
bare-metal stenting (    64    ) . This deferred benefi t, however, 
occurs at the expense of higher morbidity and delayed 
relief from pain in the time period immediately post 
procedure. Thus a decision regarding the procedure 
choice for a particular patient should be carefully 
weighed. Recently performed analysis based on ARTS 
study data using risk–benefit acceptability curve 
(RBAC), showed that the average patient has a risk of 
0.7 for an additional revascularization procedure  during 
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the 3-year period after the index PCI procedure, in 
exchange for being pain free within 1 month of the ini-
tial treatment. Specifi cally, there is a risk of 0.96 clinical 
events at 3 years, including a risk of 0.57 for repeat PCIs 
and 0.33 for additional CABG events (    65    ) . Similar analy-
sis further stratifi ed by other patient characteristics such 
as SYNTAX score will need to be performed in the cur-
rent DES era. The SYNTAX trial may raise a further 
issue of the increased risk of stroke in CABG patients in 
exchange for the higher risk of repeat revascularization 
events with PCI (    31    ) . 

 Assuming the advantageous risk–benefi t ratio, the 
issue of cost-effectiveness of the PCI versus CABG is an 
important one from a societal standpoint. In the BARI 
trial initial PCI costs were lower than CABG costs, 
 however, at 5-year follow-up given the need for repeat 
procedures in the PCI group the cost difference has 
narrowed. At 10–12 years there was no economic advan-
tage of one procedure over the other (    66    ) . In the ARTS-I 
trial at 1 year PCI was less expensive, however, at 3 years 
whilst a cost saving was still present, it was signifi cantly 
reduced in the stent arm due to repeat procedures (    64    ) . 
Similar cost analysis will be needed in the SYNTAX and 
FREEDOM trials given the high costs of DES, and often 
wide spread use of glycoprotein IIb/IIIa inhibitors and 
novel antithrombin agents in the PCI arm.      

   Summary   
 A large proportion of patients with CAD have stable 
symptoms. Patients must undergo risk stratifi cation 
using available resources and expertise to determine 
who requires additional revascularization. In those 
deemed low risk, symptoms can be appropriately con-
trolled with medication with no detriment to long-term 
prognosis. Those patients who are high risk, or not con-
trolled with medical therapy, should undergo revascu-
larization, although the ideal form of revascularization 
is yet to be determined. 

 Whilst over the last decade we have accumulated a lot 
of evidence regarding outcomes of PCI versus CABG in 
the treatment of MVD, it is only recently that trials such 
as SYNTAX are starting to provide us with scores and 
tools in terms of anatomic and clinical patient charac-
teristics that will allow us to better individualize the 
treatment choice for each patient. The SYNTAX score is 
one such tool that may facilitate better decision making 
in complex cases. This tool, however, still requires both 
retrospective and prospective validation in larger cohorts 
of patients.   
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STATE-OF-THE-ART PAPERS

Coronary Stents
Current Status

Scot Garg, MB, CHB, Patrick W. Serruys, MD, PHD

Rotterdam, the Netherlands

Coronary artery stents revolutionized the practice of interventional cardiology after they were first introduced in
the mid-1980s. Since then, there have been significant developments in their design, the most notable of which
has been the introduction of drug-eluting stents. This paper reviews the benefits, risks, and current status of
Food and Drug Administration-approved drug-eluting stents. (J Am Coll Cardiol 2010;56:S1–42) © 2010 by the
American College of Cardiology Foundation

In 1964, Charles Theodore Dotter and Melvin P. Judkins
described the first angioplasty (1). Thirteen years later,
Andreas Grüntzig performed the first balloon coronary
angioplasty (2), a revolutionary treatment that lead to the
birth of a new specialty, interventional cardiology. Since
that first procedure, there have been extensive developments
and advances that have culminated in percutaneous coronary
intervention (PCI) being 1 of the most frequently per-
formed invasive medical procedures in clinical practice
today.

Coronary stents, which were first developed in the mid-
1980s (3), have ultimately replaced “plain old balloon
angioplasty” (POBA) as the preferred method of perform-
ing PCI, after the observed improvements in angiographic
and clinical outcomes seen with their use (4,5). The major-
ity of PCI procedures now involve a coronary stent, and
therefore, interventional cardiologists are faced with a wide
choice of coronary stents to implant. This choice ranges
from conventional bare-metal stents (BMS) and drug-
eluting stents (DES) that are widely used in contemporary
practice to newer stents such as DES with biodegradable
polymers, DES that are polymer-free, DES with novel
coatings, dedicated bifurcation stents, self-expanding stents,
and biodegradable stents.

Part 1 of this review discusses the current status of
coronary stents and examines some of the unresolved issues
surrounding their implantation in contemporary practice.
Part 2 will review the vast array of new coronary stents that
are currently undergoing evaluation in pre-clinical and
clinical trials.

The Need for Coronary Stents
and the Early Period

There is no dispute that POBA was a pioneering treatment;
however, its success was hindered by the problems of acute
vessel closure and restenosis (4–6). These problems lead to
the development of a second revolutionary treatment, the
coronary stent, which was first implanted by Sigwart et al. (3)
in 1986 (Fig. 1) (7). This bare metal, self-expanding stent,
known as the “Wall” stent was able to provide a scaffold that
prevented acute vessel closure and late constrictive recoil (3).
Although these initial stents proved effective as “bailout”
devices in cases of abrupt or threatened vessel closure,
thereby reducing rates of emergency coronary artery bypass
surgery (CABG) (8), development was ultimately hampered
by the risk of subacute thrombotic coronary artery occlusion,
which was observed in up to 18% of cases within 2 weeks of
implantation (9). This novel, stent-specific hazard
prompted the use of complex anticoagulation regimens that
were associated with increased bleeding and prolonged
hospitalization (10). Overall, the early success and compli-
cation rates seen with these initial coronary stents were not
always competitive with those of routine POBA.

Coronary stenting only became a widely accepted tech-
nique after the publication of the landmark BENESTENT
(Belgian Netherlands Stent) trial (11) and the STRESS
(Stent Restenosis Study) (12), together with evidence indi-
cating that stenting was safe in the absence of anticoagula-
tion therapy with the use of dual antiplatelet therapy
(DAPT) (13–15) and/or adequate stent deployment (16).

By 1999, coronary stenting was performed in 84.2% of
PCI procedures (17); however, despite their obvious advan-
tages, there were associated problems and concerns. Most
notably, and in addition to the risk of subacute thrombosis,
which has already been alluded to, an iatrogenic problem
emerged in the form of in-stent neointimal hyperplasia
(18–20). This intrastent growth of scar tissue, which was
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the result of proliferation and
migration of vascular smooth
muscle cells, and as demon-
strated in Figure 2 was directly
linked to stent implantation, re-
sulted in restenosis rates of 20%
to 30% (21). It was the attempts
to minimize this in-stent neoin-
timal hyperplasia, and thereby
reduce rates of repeat revascular-
ization, that ultimately lead to
the development of another rev-
olutionary treatment: the DES.
The dramatic reduction in reste-
nosis rates seen with the use of
these DES compared with BMS
(22–26) has been the major driv-
ing force behind the exponential
growth of PCI as a treatment for
patients with coronary artery dis-
ease (CAD). After the outstand-
ing results from the early pivotal
trials with DES, there was an
increased confidence to use PCI,
so that its use has expanded to
lesions subsets that were only
previously considered suitable for
CABG (27–29). This increased
confidence lead to a rapid and
unprecedented uptake in their
use, so that by 2005, 80% to 90%
of all revascularization proce-
dures in the U.S. were performed
using a DES (30). In 2006, con-
cerns were raised over the safety
profile of these stents (31–33),
resulting in an immediate world-
wide downturn in their use.
These concerns proved a vital
stimulus to focus research, and
have ultimately lead to the devel-
opment of newer stents and im-
proved safety, resulting in a re-
surgence in the use of DES;
however, current rates (�75%)
are still below those of 2005 (34).

DES Initial Phase:
“The Rosy Period”

Sirolimus-eluting stents (SES).
In the late 1990s, numerous pre-
clinical studies reported that siroli-
mus (previously called rapamycin),

a macrolide antibiotic that was approved for use as an immu-
nosuppressant to prevent organ rejection, was able to inhibit

the cytokine- and growth-factor–mediated proliferation of
lymphocytes and smooth muscle cells, resulting in reduced
neointimal proliferation (Fig. 3) (35–38). Despite its promise,
problems remained over the ability to locally deliver sirolimus
at an appropriate and sustained concentration necessary to
inhibit neointimal proliferation. Failures with both oral admin-
istration and local delivery using special delivery balloons led to
the development of a coronary stent with a drug coating, the
DES. The first human DES implant was performed by J.
Eduardo Sousa in Sao Paulo in December 1999 at the start of
the 2 first-in-man studies that recruited a total of 45 patients
and reported minimal in-stent neointimal proliferation
through to 12-month follow-up (39–41). This research cul-
minated in the development and commercial launch of the
stainless steel Cypher SES (Cordis, Warren, New Jersey), the
specification of which is summarized in Table 1. The Cypher
SES was initially evaluated in the pivotal RAVEL (Random-
ized Study With the Sirolimus-Coated Bx Velocity Balloon-
Expandable Stent in the Treatment of Patients With De Novo
Native Coronary Artery Lesions) study, which randomly as-
signed 238 patients with relatively low risk lesions to treatment
with the Cypher SES or BMS controls. At 1-year follow-up,
the rate of binary stenosis was 0.0% and 26.6% for patients
treated with Cypher SES and BMS, respectively (42). These
results were subsequently confirmed in the much larger
SIRIUS (Sirolimus-Eluting Stent in De-Novo Native Coro-
nary Lesions) trial that enrolled 1,058 patients with more
complex lesions than were seen in the RAVEL study. This
study again demonstrated significantly lower rates of target
lesion revascularization (TLR) and major adverse cardiovascu-
lar events (MACE) after treatment with the Cypher SES
compared with BMS controls at 9-month, 2-year, and now
5-year follow-up (43–45).

After these initial randomized studies, which ultimately
lead to regulatory approval, the performance of the Cypher
stent has been assessed in: 1) different patient types, for
example, diabetic patients; 2) different clinical settings,
including primary PCI for ST-segment elevation myocar-
dial infarction (STEMI); and 3) different lesion types
including chronic total occlusions (CTO), saphenous vein
grafts (SVG), small coronary vessels, and complex lesions.
The results of the most important randomized controlled
trials comparing SES and BMS in these different clinical
settings are summarized in Table 2 (42–75). As clearly
demonstrated, when compared with BMS, the use of SES
results in significant reductions in angiographic in-stent late
loss, in-stent angiographic (binary) restenosis, and repeat
revascularization at both short- and long-term follow-up,
with results consistent across numerous different patient and
lesion types. Furthermore, meta-analyses of patient data
from the initial approval trials reaffirms the sustained
advantage of SES over BMS in terms of reduced repeat
revascularization, together with comparable rates of death
and myocardial infarction (MI) at long-term follow-up
(Table 3) (22–26,76).

Abbreviations
and Acronyms

ACS � acute coronary
syndrome

BMS � bare-metal stent(s)

CABG � coronary artery
bypass grafting

CAD � coronary artery
disease

CI � confidence interval

CoCr � cobalt chromium

CTO � chronic total
occlusion

DAPT � dual antiplatelet
therapy

DES � drug-eluting stent(s)

EES � everolimus-eluting
stent(s)

FDA � Food and Drug
Administration

HR � hazard ratio

ISA � incomplete stent
apposition

ISR � in-stent restenosis

IVUS � intravascular
ultrasound

MACE � major adverse
cardiovascular events

MI � myocardial infarction

MVD � multivessel disease

PCI � percutaneous
coronary intervention

PES � paclitaxel-eluting
stent(s)

POBA � plain old balloon
angioplasty

RR � relative risk

SES � sirolimus-eluting
stent(s)

ST � stent thrombosis

STEMI � ST-segment
elevation myocardial
infarction

SVG � saphenous vein
graft

TLR � target lesion
revascularization

TVR � target vessel
revascularization

UPLMS � unprotected left
main stem

ZES � zotarolimus-eluting
stent(s)
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In addition to randomized data, registries have evaluated
the performance of the Cypher stent in the setting of the
real-world. The first of these registries was the single-center
RESEARCH (Rapamycin-Eluting Stent Evaluated at Rot-
terdam Cardiology Hospital) registry, which enrolled 508
consecutive patients who were treated with the Cypher SES

irrespective of lesion complexity. Running concurrently with
the RESEARCH registry was the multicenter ARTS-II
(Arterial Revascularization Therapies Study) registry, which
assessed the Cypher stent in 607 patients with 2- and
3-vessel CAD. Results from both registries at short- and
long-term follow-up, which now extends to 4 and 5 years,

  March 1986 restenosis post balloon angioplasty

  WALLSTENT 

  Immediate results post stenting

  11-year follow-up

A

B

D

C

Figure 1 First Human Coronary Stent Implantation, March 1986

(A) A restenotic lesion after balloon angioplasty. (B) The self-expanding WALLSTENT. (C) Immediate results after stenting.
(D) Angiographic results at 11-year follow-up. Reproduced with permission from Carrie et al. (7).

Figure 2 Pathway Leading to In-Stent Restenosis After Stent Implantation

S3JACC Vol. 56, No. 10 Suppl S, 2010 Garg and Serruys
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respectively, for the RESEARCH and ARTS-II registries
(Fig. 4) (77), mirrors those from other registries and the
previously noted randomized studies and meta-analyses, by
continuing to demonstrate significantly lower rates of

Figure 3 Sirolimus

(A) The chemical structure of the macrocylic lactone group of antiproliferative
drugs. (B) The mode of action of sirolimus: sirolimus binds to the FK-binding
protein 12 (FKBP12), which in turn inhibits the mammalian target of rapamycin
(mTOR) pathway. This subsequently prevents the downregulation of the cell
division kinase inhibitor p27kip1, thereby inhibiting cell division between phases
G1 and S1 of the cell cycle. Sirolimus has a wide dose range, is cytostatic as
opposed to cytotoxic, and has additional anti-inflammatory properties through
its inhibition of interleukin-2, which reduces T- and B-cell activation. DNA �

deoxyribonucleic acid.
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MACE and TLR after the use of the Cypher SES com-
pared with historical BMS controls (77–81).
Paclitaxel-eluting stents (PES). The TAXUS PES (Bos-
ton Scientific, Natick, Massachusetts) was developed almost
simultaneously with the SES, gaining regulatory approval �12
months later (Table 1, Fig. 5). Its evaluation has followed a

pattern similar to that of the SES, and its first assessment, in
the randomized TAXUS I study, reported no binary restenosis
at 6-month follow-up (82). Subsequent randomized studies,
the most important of which are summarized in Table 4, have
demonstrated a significantly lower rate of late loss, angio-
graphic binary restenosis, and repeat revascularization with

Rates of Death, MI, and TLR From Recent Meta-Analyses of DES Compared to BMSTable 3 Rates of Death, MI, and TLR From Recent Meta-Analyses of DES Compared to BMS

First Author (Ref. #) Number of Patients Longest Follow-Up, yrs Death (DES vs. BMS) MI (DES vs. BMS) TLR (DES vs. BMS)

SES vs. BMS

Stettler et al. (22) 8,646 (4,643 SES, 4,003 BMS) 4 HR: 1.0 HR: 0.81* HR: 0.3†

Stone et al. (24) 1,748 (878 SES, 870 BMS) 4 6.7% vs. 5.3% 6.4% vs. 6.2% 7.8% vs. 23.6%†

Kastrati et al. (26) 4,958 (2,486 SES, 2,472 BMS) 5 6.0% vs. 5.9% 9.7% vs. 10.2%‡ HR: 0.43§†

PES vs. BMS

Stettler et al. (22) 8,330 (4,327 PES, 4,003 BMS) 4 HR: 1.03 HR: 1.0 HR: 0.42†

Stone et al. (24) 3,513 (1,755 PES, 1,758 BMS) 4 6.1% vs. 6.6% 7.0% vs. 6.3% 10.1% vs. 20.0%†

Other

Stettler et al. (22) 8,970 (4,643 SES, 4,327 PES) 4 HR: 0.96 HR: 0.83* HR: 0.70*

Kirtane et al. (76), on-label HR: 1.05 HR: 1.03 HR: 0.54†

Kirtane et al. (76), off-label 9,470 (4,867 DES, 4,603 BMS) 5 HR: 0.84 HR: 0.83 HR: 0.42†

Differences nonsignificant unless indicated. *p � 0.05. †p � 0.001. ‡Combined death or MI. §Combined death, MI, or TVR.
DES � drug-eluting stent(s); HR � hazard ratio; PES � paclitaxel-eluting stent(s); TVR � target vessel revascularization; other abbreviations as in Table 2.

Figure 4 Long-Term Clinical Outcomes of SES, BMS, and CABG in ARTS I and II

Long-term clinical outcomes compared for patients treated with sirolimus-eluting stents (SES [red lines]), bare-metal stents (BMS [blue lines]), and coronary artery
bypass graft surgery (CABG [black lines]) in the ARTS (Arterial Revascularization Therapy Studies) I and II (77). Kaplan-Meier estimates for freedom from (A) death,
(B) death, cerebrovascular accident (CVA), and myocardial infarction (MI), (C) repeat revascularization, and (D) overall major adverse cardiovascular and cerebrovascular
events (MACCE). Reproduced with permission from Serruys et al. (77).
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PES compared with BMS that is consistent across different
patient groups including those with simple lesions, STEMI,
lesions in the unprotected left main stem (UPLMS), and
complex lesions (57,82–96). In addition, patient-level meta-
analysis of the initial PES approval trials has confirmed the
comparable safety and superior efficacy of PES compared with
BMS out to 4-year follow-up (Table 3) (22,24).

In a fashion similar to the SES, the TAXUS PES stent
has been assessed in an unrestricted single-center registry
that used the PES as the default stent for all PCI in 576
consecutive real-world patients. Two-year results from the
T-SEARCH (Taxus Stent Evaluated at Rotterdam Cardi-
ology Hospital) registry demonstrate similar efficacy in
terms of suppression of neointimal growth and reduction of
restenosis when compared with historical controls treated
with SES (97,98).

TAXUS EXPRESS VERSUS TAXUS LIBERTÉ. The first PES to
be approved by the Food and Drug Administration (FDA)
was the TAXUS PES Express stent. This was subsequently
superseded by the TAXUS PES Liberté stent, which was

designed to be more deliverable and conformable and to
provide a more homogenous drug distribution (99). Table 1
summarizes the main physical properties of both stents,
both of which have the same polymer and dose of paclitaxel;
however, the Liberté stent has a more uniform cell geometry
(Fig. 6) (99), allowing more enhanced and uniform drug
delivery, thinner struts (97 �m vs. 132 �m), a smaller
profile, and separate stent designs depending on stent
diameter. Stents with a diameter of 2.25 to 2.5 mm have a
2-cell design, whereas stents with a diameter �2.75 mm
have a 3-cell design. The superiority of the Liberté stent was
confirmed through the multicenter noninferiority TAXUS
ATLAS (TAXUS Liberté-SR Stent for the Treatment of
De Novo Coronary Artery Lesion) clinical trial, which
enrolled 871 patients treated with the TAXUS Liberté stent
who were compared with a historical population of patients
treated with the TAXUS Express-SR stent from the
TAXUS IV and V trials (99). In spite of similar inclusion
criteria, patients receiving the Liberté stent had treatment
for significantly more complex baseline lesions. Neverthe-
less, the primary end point of 9-month target vessel revas-
cularization (TVR) occurred in 7.0% and 8.0% of patients
treated with the Express and Liberté stents, respectively,
achieving the pre-specified criteria for noninferiority (p �
0.049). There were no significant differences in other
clinical outcomes.

Two additional multicenter studies confirmed the im-
proved outcomes with the newer Liberté stent. These were
the TAXUS ATLAS Small Vessels study and the TAXUS
ATLAS Long Lesions study.

The TAXUS ATLAS Small Vessels study, which com-
pared the performance of the 2.25-mm TAXUS Liberté
stent in 261 patients with 75 historical controls from the
TAXUS V study who had had a lesion treated with a single
2.25-mm TAXUS Express stent (100). In addition to
meeting the noninferiority primary end point of 9-month
in-segment diameter stenosis, compared with the Express
stent, the Liberté stent was shown to significantly reduce
the rate of 9-month angiographic restenosis (18.5% vs.
32.7%, p � 0.02) and TLR at 12 months (6.1% vs. 16.9%,
p � 0.004). Moreover, at 3-year follow-up, the use of the
TAXUS Liberté led to a significant reduction in TLR
(10.0% vs. 22.1%, p � 0.008) and MACE (19.5% vs.
32.4%, p � 0.03), together with a numerically lower
composite of death/stroke and MI (6.5% vs. 7.4%, p �
0.79) (101).

The TAXUS ATLAS Long Lesions study compared the
performance of the 38-mm long TAXUS Liberté stent in
150 patients with lesions between 26 mm and 34 mm in
length with that of 145 historical control patients from the
TAXUS IV and V studies with similar length lesions treated
with a least 1 Express stent (100). In addition to meeting
the noninferiority primary end point of 9-month in-
segment diameter stenosis, compared with the Express
stent, the Liberté stent was also shown to significantly
reduce the risk of MI at both 12-month follow-up (1.4% vs.

Figure 5 Paclitaxel

(A) The chemical structure and (B) mode of action of paclitaxel, an extract
derived from the bark of the Taxus brevifolia (Pacific Yew) tree. Paclitaxel inhib-
its smooth muscle cell proliferation through the stabilization of microtubules,
and thereby inhibits cell division.
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6.5%, p � 0.002) and 3-year follow-up (2.9% vs. 10.4%,
p � 0.01). Moreover, at 3-year follow-up, the use of the
Liberté stent led to a 78% reduction in cardiac death (1.5% vs.
6.7%, p � 0.03), with no reported stent thrombosis (ST) (101).
SES versus PES. Several randomized studies, which are
summarized in Table 5, have formally compared outcomes
between patients treated with SES or PES for: 1) unselected
patients populations; 2) specific patient groups such as
diabetic patients or patients with STEMI; and 3) specific
lesion types such as UPLMS lesions, long lesions, or lesions
in small vessels (102–117). Of note, results at short-term
angiographic follow-up demonstrate superior reductions in
late loss and binary restenosis with the use of SES; however,
long-term angiographic follow-up, which is limited to the
SIRTAX (Sirolimus Eluting Versus Paclitaxel Eluting
Stents for Coronary Revascularization) study, indicates a
greater delayed late loss with SES in that, at 5 years, there
was no longer a significant difference in late loss between
SES and PES (107). With respect to clinical outcomes, a
meta-analysis of 16 randomized trials of SES versus PES,
which included 8,695 patients and, where possible, patient-
level data, reported significant reductions in TLR (hazard
ratio [HR]: 0.74, 95% confidence interval [CI]: 0.63 to
0.87, p � 0.001) and ST (HR: 0.66, 95% CI: 0.46 to 0.94,
p � 0.02) with SES, whereas no significant differences in
death (HR: 0.92, 95% CI: 0.74 to 1.13, p � 0.43), or MI
(HR: 0.84, 95% CI: 0.69 to 1.03, p � 0.10) were noted at
a median of 2-year follow-up (118).
Angiographic measures of DES effectiveness. As sug-
gested by the discussion in the preceding text, angiographic
measures such as late lumen loss and binary angiographic

stenosis are commonly used surrogates of clinical effective-
ness in DES trials (119). Of the 2, binary angiographic
stenosis appears a more favorable variable as it requires a
single measurement and not, as in the case of late loss, 2
separate measurements several months apart. In addition,
the relationship between late loss and TLR is dependent on
vessel size, with more late loss being accommodated in
larger vessels before triggering a TLR (so-called headroom);
conversely, binary angiographic stenosis is independent of
vessel size (120).

The relationship between late loss and the risk of binary
restenosis has been described as monotomic; in other words,
incremental changes in late loss are associated with a
predictable increased risk of binary restenosis (121). Con-
versely, a curvilinear relationship has been described be-
tween late lumen loss and TLR, namely, the increased risk
of TLR is not linear over the entire range of late lumen loss
(122). Using data from the TAXUS IV trial, Ellis et al.
(122) demonstrated that the normally low risk of TLR is
only significantly increased once late lumen loss reaches a
threshold �0.5 to 0.6 mm. This nonlinear relationship
serves to explain why significant differences in late loss
during follow-up do not invariably translate into differences
in clinical outcomes. For example, in the REALITY (Com-
parison of the Cypher Sirolimus Eluting and the Taxus
Paclitaxel Eluting Stent Systems Trial), the significantly
higher late lumen loss at 8 months with PES (PES vs. SES:
0.31 mm vs. 0.09 mm, p � 0.001) did not translate into any
significant difference in restenosis rate (PES 11.1% vs. SES
9.6%, p � 0.31) or TLR (PES 6.1% vs. SES 6.0%, p �
0.99) at 12 months (105). Moreover, because of this

A B

C D

TAXUS Express TAXUS Liberté

Figure 6 TAXUS Express and TAXUS Liberté Stents

(A and B) The difference in stent strut distribution between the TAXUS Express and TAXUS Liberté stents. Reproduced with permission from Turco et al. (99). (C and D)
Computer simulations illustrating the more uniform drug distribution achieved with the TAXUS Liberté stent. Blue indicates areas of low paclitaxel concentration, whereas
red indicates areas of high paclitaxel concentration. Image courtesy of Boston Scientific, Natick, Massachusetts.
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relationship, late lumen loss is regarded as having only
limited use in isolation in the assessment of clinical effec-
tiveness among different DES, particularly if absolute levels
are low.
Benefits of DES. Extensive data exist confirming the
benefits of DES in terms of reduced rates of restenosis
compared with BMS. Results from the largest meta-analysis
to date, which included �18,000 patients from 38 DES
trials, indicated a reduction in TLR of 70% (p � 0.0001)
with the use of SES, and 58% (p � 0.001) with the use of
PES, when compared with BMS out to 4 years of follow-up
(Table 3) (22). This corresponded to a number needed to
treat, to prevent a single revascularization, of only 7 and 8
patients for SES and PES, respectively. Several other similar
meta-analyses have also been performed, and their results
are summarized in Table 3 (23–26).

Importantly, these impressive results are not only con-
fined to the select patients treated for on-label indications,
but also have consistently been reproduced in registries and
randomized controlled trials that have included those with
patients receiving DES for off-label indications (76,78,123).
Of note, a recent large meta-analysis by Kirtane et al. (76) that
included �9,000 patients suggests that the benefit in terms of
reduced restenosis from DES use appears to be at least as great
as in patients treated for off-label indications (HR: 0.46, 95%
CI: 0.34 to 0.52, p � 0.01) as opposed to on-label indications
(HR: 0.54, 95% CI: 0.48 to 0.62, p � 0.01).
Risks of DES. MORTALITY. The concerns that DES in-
creased mortality stemmed from the presentation and pub-
lication of 4 studies. 1) A meta-analysis performed by
Nordmann et al. (31) using aggregate trial data from 17
randomized studies of patients treated with SES, PES, and
BMS that demonstrated a statistically significant increase in
noncardiac mortality between 2 and 3 years after SES
implantation. 2) The single-center BASKET-LATE (Basel
Stent Kosten Effektivitats Trial), which randomly assigned
746 unselected patients to either SES or BMS, and reported
a higher rate of death and MI between 7 and 18 months
after the index PCI among patients treated with SES
compared with BMS (adjusted HR: 2.2, p � 0.03). No
significant difference was seen in the rates of ST or
thrombosis-related events between groups; however, ulti-
mately the study was underpowered to detect ST events, and
limited angiographic evidence was available to confirm that
events were actually due to ST (124). 3) The pooled analysis
of published data from the Cypher SES trials, RAVEL,
SIRIUS, E-SIRIUS (European-Sirolimus-Eluting Stent in
De-Novo Native Coronary Lesions), and C-SIRIUS
(Canadian-Sirolimus-Eluting Stent in De-Novo Native
Coronary Lesions) by Camenzind et al. (32), that showed a
statistically significant 2.4% increased risk of death and
Q-wave MI with the use of SES compared with BMS (6.3%
vs. 3.9%, p � 0.03). Much criticism was directed at the use
of the peculiar end point of death and Q-wave MI, and the
use of aggregate trial data. A subsequent analysis of the
same studies by Spaulding et al. (23) using patient-level data

indicated that there were no significant differences in
death/MI between groups (11.4% SES vs. 10.1% BMS, p �
0.4). 4) The 3-year results of SCAAR (Swedish Angiogra-
phy and Angioplasty Registry), which reported results from
�20,000 patients treated with BMS or DES between 2003
and 2004, and demonstrated a higher overall risk of death
for patients receiving DES (adjusted relative risk [RR]: 1.18;
95% CI: 1.04 to 1.35) (33). Subsequent extended analyses to
incorporate data from 2005, however, demonstrated a 31%
reduction in events during the first 6 months with DES, and
no difference in events between DES and BMS during
long-term follow-up. That may have been the result of DES
use increasing from 22% to 53% of PCI procedures from 2003
to 2005, together with operators traversing the learning curve
with DES, and thereby selecting lesions and patients more
appropriately, and being more meticulous with ensuring ade-
quate stent deployment, and compliance to DAPT (125).
Most recently, data from the registry, extended to include new
patients treated in 2006 and now including just under 48,000
patients, showed a similar long-term incidence of death or MI
among DES and BMS patients. Moreover, DES were also
shown to have a reduced rate of restenosis among high-risk
patients (125,126).

In the aftermath of these studies, which caused wide-
spread concern, several patient-based meta-analysis were
performed that reassuringly demonstrated the overall com-
parable outcomes between DES and BMS in terms of death
and MI, at both short- and long-term follow-up (Table 3).
The largest of these studies, by Stettler et al. (22), reported
a similar risk of death for patients treated with SES, PES,
or BMS; the risk of MI, although comparable between PES
and BMS (p � 0.99), was significantly lower with SES
compared with BMS (p � 0.03) (22). Additional meta-
analyses were performed at a similar time by Stone et al.
(24), Spaulding et al. (23), Kastrati et al. (26), and Mauri et
al. (25), and now more recently by Kirtane et al. (76). All
reiterated the safety of DES by demonstrating the absence
of any significantly increased risk of death and/or MI with
the use of DES compared with BMS.

In addition to the data from randomized controlled trials,
observation data comparing DES to BMS have been pub-
lished from numerous registries, which in total include
�400,000 patients. The largest single registry published to
date includes 262,700 patients from the Medicare registry
and demonstrates lower rates of adjusted and unadjusted
death, MI, and repeat revascularization after treatment with
DES compared with BMS out to 30 months of follow-up
(123). A similar advantage in favor of DES was also
reported by Kirtane et al. (76) in a meta-analysis of �30
registries, which included �180,000 patients followed up
for 12 to 48 months. These data reflect some of inherent
differences between randomized studies and observation
studies, which provide a better reflection of real-world
practice and, owing to the large numbers of patients
recruited, may be able to detect differences in infrequent
events. Conversely, however, they can be affected by a
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selection bias and/or incomplete risk adjustment due to
unmeasured baseline population differences, factors that
may account for the previously noted reductions in mortality
and MI.
Off-label indications. The current on-label indications for
DES use, as approved by the U.S. FDA are limited to
simple lesions: for SES, de novo lesions �30 mm in length
in native coronary arteries with reference vessel diameters of
2.5 to 3.5 mm, and for PES de novo lesions �28 mm in
native coronary arteries 2.5 to 3.75 mm in diameter. It
follows that off-label indications represent a higher-risk
population with more complex lesion morphologies and
unstable clinical presentations.

One of the criticisms of early DES trials was that they
enrolled stable patients treated with DES for on-label
indications. For example, the meta-analyses by Stettler et al.
(22), Stone et al. (24), Spaulding et al. (23), Kastrati et al.
(26), and Mauri et al. (25) included patients who were
treated for essentially stable de novo lesions, which had a
mean lesion length of 23 to 24 mm, a mean vessel diameter
of 2.7 mm, and were suitably treated with an average of 1.2
to 1.4 stents. There were concerns that the comparative
results between DES and BMS seen in these studies did not
reflect real-world practice in which 70% to 75% of DES are
implanted for off-label indications (127,128).

Unfortunately, the lack of any dedicated trials comparing
off-label DES and BMS added to these concerns, and the
FDA Circulatory System Devices Advisory Panel that met
in December 2006 concluded that there was a need for a
comprehensive assessment of the safety and efficacy of
off-label DES use (129). This prompted numerous studies,
many of which were observational, that ultimately demon-
strated that the use DES for off-label indications was
associated with poorer clinical outcomes in terms of death,
MI, and repeat revascularization when compared with DES
use for on-label indications (127,130–132). Of equal im-
portance are the results from registries and randomized
controlled trials that suggest that, for off-label indications,

the use of a DES is no worse than the use of a BMS
(76,133–136), with some studies, such as the Medicare and
STENT (Strategic Transcatheter Evaluation of New Ther-
apies) registry actually demonstrating significantly improved
outcomes with the use of a DES (123,131). These findings
suggest that the overall poor outcome with off-label use is
most likely related to patient or lesions characteristics, rather
than to specific shortcomings of DES.
ST. ST has emerged as 1 of the major safety concerns with
stenting in today’s clinical practice (Fig. 7). Fortunately, it is
a rare, but it remains a devastating unpredictable event that
has a significant morbidity and mortality (137); the clinical
consequences are highly dependent on the myocardial area
at risk, its viability, the degree of recruitable collaterals, and
the speed of reperfusion therapy. The overall prognosis from
ST is poor: 10% to 30% of patients with definite ST will die,
whereas a proportion will experience an unexpected out-of-
hospital death.

Early anecdotal reports of ST occurring in the months
and years after implantation of a DES (138–140) were
substantiated by subsequent studies reporting an annual risk
of ST ranging from 0.2% in post-marketing surveillance
registries, to 0.5% in trials of multivessel PCI (141–144).
The infrequent nature of ST, together with concerns re-
garding mortality among patients treated with DES, lead to
large collaborative meta-analyses, performed using the stan-
dardized Academic Research Consortium (ARC) defini-
tions, that demonstrated similar rates of overall ST between
DES and BMS (Table 6) (22–26,145). In particular, no
difference between DES and BMS was seen for early ST
(�30 days) or late ST (30 days to 1 year); however,
significantly higher rates of very late ST (�1 year) were seen
with DES. Furthermore, registry data from the Rotterdam-
Bern group (n � 8,146), the SCAAR (Swedish Angiogra-
phy and Angioplasty Registry) registry (n � 21,717), and
the Pinto Slottow et al. registry (n � 8,000) have all
indicated that the risk of very late ST persists at an annual
rate of between 0.36% and 0.6%/year to at least 5 years after

Figure 7 Stent Thrombosis

(A) Drug-eluting stent implantation in the proximal left anterior descending artery, complicated by (B) stent thrombosis
occurring 7 months later, shortly after discontinuation of dual antiplatelet therapy. (C) Gross pathology example of stent thrombosis.
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DES implantation (146 –150). The results at 2-year
follow-up from both the ARRIVE (The TAXUS Peri-
Approval Registry: A Multi-Centre Safety Surveillance) and
the STENT registry indicate that the risk of ST is higher
for patients treated with DES for off-label indications
compared with on-label indications (130,131).

Uncertainty exists over the exact cause of ST; however,
numerous factors have been implicated in increasing the risk
of a ST event (Table 7). Of note, data from large-scale
registries demonstrate that the multivariate predictors of ST
change during follow-up (146,147,151,152). In addition to
the early cessation of DAPT, numerous other procedural-
related factors such as stent undersizing, lesion length �28
mm, dissection, multiple stent implantation, calcification,
and small vessel diameter have been shown to be important
factors in the development of early/late but not very late ST
(151,152). Conversely, patient factors such as previous

brachytherapy and renal failure appear to be more influential
in very late ST. This variation in the cause of ST may
explain the relatively higher rates of early ST when com-
pared with late/very late ST. For example, in the Dutch
Stent registry of 21,009 patients, 437 patient had docu-
mented ST of which 32.0%, 41.2%, 13.3%, and 13.5% was
categorized as acute, subacute, late, and very late ST,
respectively (151).

Two of the most prominent device concerns with the use
of DES that deserve additional consideration are their
ability to potentially delay endothelialization and induce
hypersensitivity reactions through the presence of a drug
polymer.

IMPAIRED ENDOTHELIALIZATION BY ANTIPROLIFERATIVE

DRUGS. The antiproliferative properties of DES impair
and/or delay endothelialization so that blood is exposed to
thrombogenic stent struts, potentially precipitating ST
(138,153–156). Animal studies using scanning electron
microscopy have previously demonstrated a greater area of
exposed stent struts with the use of DES (SES 3.08 mm2,
PES 3.54 mm2) compared with BMS (0.12 mm2) (157).
More recently, human studies using optical coherency
tomography have also demonstrated differences between
different types of DES, with the second generation
zotarolimus-eluting stent (ZES) having significantly lower
rates of uncovered stent struts when compared with SES at
both overlapping sites (0.06% vs. 5.4%) and nonoverlapping
sites (0.03% vs. 8.7%) (158). Similar results have been
reported by Kim et al. (159), whereas Barlis et al. (160)
demonstrated a higher rate of near complete (�95%) strut
coverage in a stent with a biodegradable polymer when
compared with a stent with a durable polymer (SES [89.3%
vs. 63.3%, p � 0.03]). Incomplete strut coverage can also be
demonstrated on angioscopy, and has been seen as late as 2
years after implantation of SES (161,162). The restitution
of a healthy but not hyperproliferative endothelial lining
remains a target of ongoing current research.

Precipitants of Stent ThrombosisTable 7 Precipitants of Stent Thrombosis

Precipitant of Stent Thrombosis

Patient factors Percutaneous coronary intervention for acute coronary
syndrome/ST-segment elevation myocardial
infarction

Diabetes mellitus

Renal failure

Impaired left ventricular function

Premature cessation of dual anti-platelet therapy

Clopidogrel nonresponsiveness

Prior brachytherapy

Lesion characteristics Lesion/stent length

Vessel/stent diameter

Complex Lesions (bifurcation lesions, chronic total
occlusions)

Procedural factors Inadequate stent expansion

Incomplete stent apposition

Stent deployment in necrotic core

Device factors Hypersensitivity to drug coating or polymer

Incomplete endothelialization

Stent design

Rates of Overall, Early, Late, and Very Late Stent Thrombosis From Recent Meta-Analyses Comparing DES to BMSTable 6 Rates of Overall, Early, Late, and Very Late Stent Thrombosis From Recent Meta-Analyses Comparing DES to BMS

First Author (Ref. #) No. of Patients
Longest

Follow-Up, yrs
Overall ST,

DES vs. BMS
Early ST,

DES vs. BMS
Late ST,

DES vs. BMS
Very Late ST,
DES vs. BMS

SES vs. BMS

Spaudling et al. (23)* 1,748 (878 SES, 870 BMS) 4 3.6% vs. 3.3% 0.5% vs. 0.5% 0.3% vs. 1.3%† 2.8% vs. 1.7%

Stettler et al. (22)* 8,646 (4,643 SES, 4,003 BMS) 4 HR: 1.00 HR: 1.02 HR: 1.14 HR: 1.43

Stone et al. (24)‡ 1,748 (878 SES, 870 BMS) 4 1.2% vs. 0.6% 0.5% vs. 0.1% 0.1% vs. 0.5% 0.6% vs. 0.0%†

Kastrati et al. (26)‡ 4,958 (2,486 SES, 2,472 BMS) 5 HR: 1.09 — — 0.6% vs. 0.05%†

PES vs. BMS

Stettler et al. (22)* 8,330 (4,327 PES, 4,003 BMS) 4 HR: 1.38 HR: 0.95 HR: 1.61 HR: 3.57

Stone et al. (24)‡ 3,513 (1,755 PES, 1,758 BMS) 4 1.3% vs. 0.9% 0.5% vs. 0.6% 0.2% vs. 0.1% 0.7% vs. 0.2%†

Mauri et al. (25)* 2,797 (1,400 PES, 1,397 BMS) 4 3.2% vs. 3.5% 0.5% vs. 0.5% 0.9% vs. 0.9% 1.8% vs. 2.1%

Other

Stettler et al. (22)* 8,970 (4,643 SES, 4,327 PES) 4 HR: 0.71§ HR: 1.05§ HR: 0.68§ HR: 0.39§

Roukoz et al. (145)‡ 10,727 (5.534 DES, 5,193 BMS) 5 1.4% vs. 1.3% 0.8% vs. 0.9% 0.3% vs. 0.4% 0.7% vs. 0.1%†

Difference nonsignificant unless indicated. Stent thrombosis defined by *Academic Research Council definitions or †p � 0.05. ‡study protocols. §SES vs. PES.
Abbreviations as in Tables 2 and 3.
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POLYMER. Conventionally, DES are coated with perma-
nent polymers that facilitate drug release and remain long
after drug elution is complete. These permanent polymers
can cause delayed healing, impaired stent strut endothelial-
ization, and a hypersensitivity reaction, which can culminate
in ST (153,157,163–165) Data from histopathology studies
also indicate that these nonerodable polymers can precipi-
tate ST by inducing localized vascular inflammation, hy-
pereosinophilia, thrombogenic reactions, and apoptosis of
smooth muscle cells (164–166). Of note, the Cypher SES is
coated in a nonerodable poly(ethylene co-vinyl acetate) and
poly(n-butyl methacrylate) polymer that has been shown to
induce granulomatous and hypersensitivity reactions in
animal models and humans (167,168). Similarly, the first-
generation TAXUS PES stent has a durable poly(styrene-
b-isobutylene-b-styrene) polymer that is associated with
medial necrosis, positive remodeling, and excessive fibrin
deposition, which likely contribute to the deleterious patho-
logic changes that can be seen with the TAXUS stent (168).

The potential of these first-generation stents to cause
ST due to a permanent polymer has led to extensive
research into developing new polymers. These develop-
ments have led to the second-generation DES that have
more biocompatible nonerodable polymers, which have
been shown in animal studies to have a greater degrees of
re-endothelialization compared with first-generation
stents (157). Research has also led to the design of the
newer DES that are described in Part Two of this article,
and have biodegradable polymers, novel coatings, or are
completely polymer free.

DURATION OF ANTIPLATELET THERAPY. Although the
clinical value and cost effectiveness of long-term clopidogrel
(up to 12 months) with BMS after PCI for acute coronary
syndrome (ACS) is well established (169–171), the optimal
duration of DAPT after DES implantation remains an issue
of contention. Central to the discussion are repeated studies
that demonstrate that premature (�1 year) discontinuation
of DAPT is 1 of the most significant independent predictors
of ST (142,151,172,173), with poor patient compliance,
surgery, bleeding complications, poor patient education,
allergy to clopidogrel, and cost the most frequently cited
reasons for cessation (146,172). It was this association
between “early” discontinuation of DAPT and ST that led
guidelines’ authorities and the U.S. FDA advisory panel to
recommend 12-month DAPT after DES implantation for
all patients without contraindications and bleeding risk
(128,174). However, these recommendations were made in
the absence of any prospective randomized trials evaluating
whether prolonged DAPT actually reduced rates of ST.

This association of cessation of DAPT and ST is com-
plicated by studies that demonstrated that discontinuation
of clopidogrel is only a major independent predictor of ST
in the first 6 months after PCI, and not beyond. The
median time interval for a ST event after the discontinua-
tion of clopidogrel has been shown to be 9 days (interquar-

tile range 5.5 to 22.5) within the first 6 months of the PCI,
compared with 104.3 days (interquartile range 7.4 to 294.8)
for the period after (173,175). Further complicating the
issues are a lack of randomized data and reliance on
observational studies, some of which indicate that discon-
tinuing clopidogrel after 6 months does not increase the risk
of ST (175,176), whereas others demonstrate that long-
term DAPT might be associated with reductions in death
and MI (177,178). Other important facts to consider are
that �1% of patients who discontinue DAPT experience a
ST (179), whereas ST events commonly occur among
patients who are still receiving DAPT (173). For example,
in the Rotterdam-Bern study, 87% of patients with early ST
and 23% of patients with late ST were still taking DAPT at
the time of the event (146). Further clouding matters is a
possible hyperthrombotic rebound phenomena after clopi-
dogrel discontinuation. That has been suggested by, among
others, Ho et al. (180), who observed a clustering of adverse
events in the 90-day period after the cessation of clopidogrel
in 3,137 ACS patients who were treated either medically or
with PCI.

Current registry data assessing long-term use of DAPT
show conflicting results. Park et al. (181) reported no benefit in
terms of reduced clinical outcomes or ST events in 2,851
patients treated with DES who received DAPT for �12
months. More recently, however, the smaller TYCOON
(Two-Year Clopidogrel Need Study) registry has reported
more positive results among 443 patients treated with DES
who received DAPT for 12 months (n � 173) or 24 months
(n � 274). At 4-year follow-up, there was no difference in
clinical outcomes; however, significantly lower rates of very
late ST (2% vs. 0%, p � 0.03) and overall ST (3% vs. 0.4%,
p � 0.02) were seen in the group receiving prolonged
DAPT. A major limitation of the study was failure to assess
the potentially adverse effects of prolonged DAPT in these
patients (182).

It is hoped that several on-going randomized trials will
provide additional data to help establish the optimal dura-
tion of DAPT. The ISAR-SAFE (Intracoronary Stenting
and Angiographic Results: Safety And Efficacy of 6 Months
Dual Anti-platelet Therapy After Drug Eluting Stenting)
study and the OPTIMIZE (Optimized Duration of
Clopidogrel Therapy Following Treatment With the
Endeavor Zotarolimus-Eluting Stent (ZES) in the
“Real-World”) study are both currently randomizing
patients treated with DES to either standard therapy of
12 months of DAPT or shorter periods of DAPT ranging
from 3 months (OPTIMIZE) or 6 months (ISAR-SAFE)
(183,184). Conversely, the DAPT (Dual Anti-Platelet
Therapy Trial) will compare outcomes of �20,000 patients
treated with BMS and DES who are randomly allocated to
DAPT therapy for either 12 or 30 months (185).

These concerns may be rendered immaterial if the initial
promise from newer antiplatelet agents, which have recently
been assessed in randomized controlled trials, is maintained
(Fig. 8). Prasugrel represents a novel antiplatelet agent
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that is a more effective inhibitor of the P2Y12 platelet
adenosine diphosphate receptor, compared with both
ticlopidine and clopidogrel. This results in its antiplatelet
activity peaking 60 min after oral administration, com-
pared with 2 to 6 h with clopidogrel (186). In the recent
TRITON–TIMI 38 (Trial to Assess Improvement in
Therapeutic Outcomes by Optimizing Platelet Inhibition
with Prasugrel–Thrombolysis In Myocardial Infarction
38) trial that randomized �13,000 patients with ACS, use
of prasugrel was associated with a significant reduction in
the primary end point (a composite of cardiac death/
nonfatal MI/nonfatal stroke), and rates of MI, TVR, and
ST (p � 0.001 for all), when compared with standard
therapy with clopidogrel. Of note, the risk of major life-
threatening and fatal bleeding was significantly higher with
prasugrel (187). A pre-specified substudy analysis involving
�12,000 patients who received a stent reported significantly
reduced rates of ST in patients receiving prasugrel (1.13%
vs. 2.35%, HR: 0.80, p � 0.03), with at least as great a

reduction in ST seen in patients treated with a DES (HR:
0.36) compared with a BMS (HR: 0.52) (188).

Ticagrelor is a cyclopentyl triazolopyrimidine and func-
tions as an orally active reversible inhibitor of the platelet
adenosine diphosphate receptor P2Y12. In the recently
published PLATO (Platelet Inhibition and Patient Out-
comes) study, use of ticagrelor compared with clopidogrel in
18,624 patients with ACS resulted in a 16.0% reduction in
the primary end point, which was a composite of death from
vascular causes, MI, or stroke (9.8% vs. 11.7%, HR: 0.84;
95% CI: 0.77 to 0.92; p � 0.001). Moreover, rates of ST
among patients receiving a stent were also significantly
lower in those treated with ticagrelor compared with clopi-
dogrel (1.3% vs. 1.9%, p � 0.009). Rates of major bleeding
were comparable; however, patients treated with ticagrelor
had high rates of non-CABG–related major bleeding (4.5%
vs. 3.8%, p � 0.03), which included more instances of fatal
intracranial bleeding (189,190). Conversely, patients treated
with ticagrelor had a lower risk of CABG major bleeding,
which is the likely consequence of its reversibility that
enables it to dissipate before surgery.

CLOPIDOGREL RESISTANCE/NONRESPONDERS. In recent
times, resistance to aspirin and/or clopidogrel, which may
occur in as many as 44% of patients (191,192), has emerged
as a potential risk factor for adverse cardiac events, partic-
ularly ST (193–195). The underlying mechanism of this
nonresponsiveness is not completely understood, but is
likely to occur through a combination of clinical, cellular,
and genetic factors, together with potential drug interac-
tions (196).

The assessment of clopidogrel resistance has been ad-
vanced after developments in patient tests. Importantly,
several studies in patients undergoing elective or urgent PCI
have reported a correlation between the reactive platelet
response to adenosine diphosphate, assessed using the
point-of-care assay VerifyNow (Accumetrics, San Diego,
California), and clinical outcomes ranging from periproce-
dural MI to 1-year MACE (197–201). These results indi-
cate the potential importance of platelet function testing;
however, in the absence of large-scale clinical trials, these
tests can only be regarded as research tools at present.

Despite the potential to identify patients with clopidogrel
resistance, no definitive treatment has been fully established,
and in view of the potentially fatal consequences, this
represents a major clinical problem. Simple measures in-
clude ensuring adequate patient compliance and evaluating
possible drug interactions. Additional strategies that have
been suggested include the following. 1) Use an increased
maintenance dose of clopidogrel of 150 mg/day, which may
improve clinical outcomes without significantly increasing
bleeding (202,203). This treatment for clopidogrel resis-
tance is currently being assessed in the randomized
GRAVITAS (Gauging Responsiveness With A VerifyNow
assay—Impact on Thrombosis and Safety) study (204).
Further anecdotal support for this strategy is provided by

Figure 8 Activation of Clopidogrel, Prasugrel, and Ticagrelor

Clopidogrel, prasugrel, and ticagrelor are all absorbed from the gut. Ticagrelor
is active immediately, and binds in a reversible fashion to the P2Y12 receptor
on the platelet. Prasugrel is first hydrolyzed by esterases, before undergoing
hepatic CYP-mediated oxidation to produce the active metabolite that binds
irreversibly to the P2Y12 receptor on the platelet for the duration of the plate-
let’s life. Clopidogrel requires 2 oxidation steps within the liver before binding
irreversibly to the P2Y12 receptor.
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the PCI cohort in the randomized CURRENT–OASIS 7
(Clopidogrel Optimal Loading Dose Usage to Reduce
Recurrent Events–Optimal Anti-platelet Strategy for Inter-
ventions) study, which has recently reported the safety and
clinical benefits of administering 150 mg/day clopidogrel for
7 days after PCI in patients with ACS or STEMI treated
before PCI with a 600-mg loading dose of clopidogrel. The
use of the higher dose of clopidogrel led to significant
reductions in both definite ST and MI at 30-day follow-up,
without any significant increase in stroke or major, fatal, or
CABG-related bleeding (205,206). 2) Use additional anti-
platelet agents such as glycoprotein IIb/IIIa inhibitors
during PCI, and cilostazol, a phosphodiesterase III inhibi-
tor, during maintenance (207–209). 3) Use alternative
P2Y12 receptor antagonists such as prasugrel or ticagrelor.
Operator technique. The importance of operator tech-
nique in ensuring adequate stent deployment cannot be
overstated in maximizing the benefit and minimizing the
risk associated with stent implantation. Specifically, subop-
timal or incomplete stent expansion is associated with
increased rates of restenosis and TVR, and is a possible
precipitant of ST (16,151,210–212).

One of the most common causes of suboptimal stent
deployment is stent undersizing, which is aggravated by the
use of direct stenting, and by relying solely on coronary
angiography to assess stent size together with the underuse
of intravascular ultrasound (IVUS). Previous studies dem-
onstrate that reference vessel diameters vary significantly
depending on the method of measurement used. For exam-
ple, Briguori et al. (213) reported a difference between
IVUS and angiography of �1.0 mm in 71% and 49% of
cases with vessel size diameters �2.75 mm and �2.75 mm,
respectively.

As alluded to, IVUS has an important role to play in
optimizing stent implantation that extends beyond just
minimizing the risk of stent undersizing. Intravascular
ultrasound is considerably more accurate than angiography
in determining in-stent dimensions, identifying incomplete
stent apposition (ISA), and stent-edge dissections.

CLINICAL IMPLICATIONS. Studies indicate that the main
clinical consequences of stent underexpansion are restenosis,
ST, and stent fracture.
RESTENOSIS. In BMS studies, minimum stent area was
identified as the single most powerful predictor of in-stent
restenosis (ISR), with an inverse correlation between post-
procedural minimum stent area and both angiographic
restenosis and TVR (214,215). After the arrival of DES and
the subsequent reduction in TVR, less importance was given
to adequate stent deployment. Importantly, observational
studies have indicated that not only is minimum stent area
still an independent predictor of ISR in patients having
DES, but also that the rate of stent underexpansion with
DES may be as high as 30% (216–218). This finding
reiterates the importance of maximizing final minimal stent
area/diameter with noncompliant balloon inflation, thereby

reducing suboptimal stent deployment, which may result in
improved clinical outcomes. Unfortunately, at present, no
randomized data exist investigating this with DES.
ST. Minimum stent area and suboptimal stent expansion
represent major post-procedural predictors of ST (211,219,220).
Retrospective data from Fuji et al. (211) indicate that lesions
leading to ST after successful implantation of a SES stent
more often have stent underexpansion, a small minimum
stent area, and a residual edge stenosis. The importance
of IVUS assessment after stent deployment is reaffirmed
by registry data from �7,000 patients treated with BMS
indicating that only approximately one-fifth of patients
experiencing subacute ST had an optimum PCI result as
assessed by IVUS. Moreover, analysis of these throm-
bosed stents indicates inadequate lumen dilation (final
lumen �80% reference lumen), edge dissection, ISA, and
plaque prolapse in 78%, 17%, 9%, and 4% of cases,
respectively (221).

Incomplete stent apposition can be acute if detected at
the time of the procedure, or late if detected at follow-up
(Fig. 9) (222). Acute ISA can resolve itself, or if detected at
the time of stent implantation, can be treated immediately
with balloon dilation. Late ISA can be persistent (present
after procedure and at follow-up) or acquired, if only
detected on follow-up (223). Some studies (219) but not all
(224,225) have suggested that ISA is associated with an
increased risk of ST. Moreover, a recent meta-analysis has
demonstrated that the risk of late acquired ISA is signifi-
cantly higher for DES compared with BMS (OR: 4.36, 95%
CI: 1.74 to 10.94), whereas the risk of late/very late ST is
significantly higher for patients with ISA when compared

Figure 9 Stent Malapposition

Stent malapposition is seen from the 11 o’clock to 9 o’clock position using
Fourier domain optical coherence tomography (Terumo Corp., Tokyo, Japan).
Reproduced with permission from Okamura et al. (222).
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with patients who do not have ISA (OR: 6.51, 95% CI: 1.34
to 34.91) (226).

This difference in ISA between DES and BMS may be
due to the effect of the antiproliferative drug on the vessel
wall, causing positive remodeling, or a result of the decrease
in plaque volume behind the stent struts (227). It has also
been demonstrated using optical coherence tomography in
patients before PCI and at 9-month follow-up that lesions
with plaque rupture, thrombus, lipid-rich plaque, and thin-
capped fibroatheroma have a greater incidence of ISA than
do patients not having those features at baseline (83% vs.
30%, p � 0.001) (228).

It remains unclear exactly how ISA leads to ST. It may be
the result of chronic inflammation and delayed healing,
causing tissue necrosis and erosion around the stent (153).
The link between inflammation, ISA, and ST has been
reaffirmed by a histopathology study of ST eosinophil
counts demonstrating that not only is very late ST associ-
ated with a greater degree of inflammation than other types
of ST (early, late, BMS), but also eosinophil counts appear
to correlate with the degree of ISA (167). Finally, ISA may
serve as a trigger for thrombosis by allowing fibrin and
platelet deposition behind stent struts (229).
Stent fracture. Stent fracture remains an uncommon late
complication of DES implantation (230,231) whose true
incidence among first-generation DES remains unknown;
however, rates of 1% to 2%, 1% to 7.7%, and as high as 29%
have been reported in randomized, observational, and au-
topsy studies, respectively (232–235). Notably, the majority
of stent fractures have been reported with the Cypher SES,
whereas stent fractures with TAXUS PES and BMS have
been seen very rarely. This difference may be related to the
increased radio-opacity of the Cypher SES, its closed cell
design, and/or the greater neointimal coverage seen with the
PES and BMS that may strengthen and stabilize the struts
to withstand the mechanical forces that result in stent
fracture. Overall, stent fractures can range from a single
strut fracture (grade I) through to multiple strut fractures
(grade V).

There are a number of suspected causes for stent fractures
that include both mechanical and lesion-based factors.
MECHANICAL FACTORS. Stent fracture may be the conse-
quence of an excessive mechanical vessel wall stress that
occurs from extreme repetitive contraction and flexion of the
vessel (233). Of note, this may actually be a protective
mechanism for stress relief within the vessel.
LESION FACTORS. Predictors for stent fractures have in-
cluded lesions located in the right coronary artery and/or
lesions in very tortuous or severely calcified vessels. Addi-
tional factors increasing the risk of stent fracture include
implantation of long and/or overlapping stents (Fig. 10),
underlying diffuse disease, SVG, and treatment of CTO
(230,235–237). In a recent autopsy study, longer stent
length, use of the Cypher stent, and longer stent duration
were all identified as independent predictors of stent frac-
ture (235).

Patients with stent fractures may remain asymptomatic;
however, they may present with ACS, ST, or recurrent
angina due to clinical restenosis; overall, 70% to 80% of
patients with a stent fracture will present with ISR or ST
(230,231,233,238). The extent of symptoms appears to be
related to the grade of the stent fracture, with few symptoms
occurring as a result of grade I to grade IV stent factures,
whereas grade V stent fractures are associated with the most
adverse clinical events (235). There are no data on definitive
treatment; however, repeat PCI, which is the current
preferred strategy, appears to provides prompt symptom
relief (230,231). Some suggest treatment using a short stent,
together with extending DAPT beyond 12 months (239).
Coronary artery aneurysms. Coronary artery aneurysms
are a rare complication of stenting, whose true incidence,
clinical course, and treatment are largely unknown (Fig. 11).
Nevertheless, studies report an incidence between 0.3% and
6.0% after DES and BMS implantation (240). There are a
number of postulated causes for these coronary artery
aneurysms, some of which are specific for DES. In general,
mechanical causes include the use of oversized balloons or
stents, high-pressure balloon inflations, and atherectomy—
all of which can cause residual dissection and deep arterial
wall injury eventually leading to aneurysm formation
(241–243). Of note for DES, the elution of antiproliferative
drugs and/or presence of a polymer can lead to delayed
re-endothelialization, inflammatory changes in the medial
wall, ISA, and hypersensitivity reactions, all of which can
result in coronary artery aneurysm formation (240). Data on
coronary aneurysms are derived mainly from case reports
indicating a variable clinical course that is similar irrespec-
tive of whether the aneurysm is after BMS or after DES
implantation. In particular, aneurysms have been detected
from as early as 3 days after DES implantation (244) and as
late as 9 years after BMS implantation (245).

Coronary artery aneurysms can be associated with reste-
nosis (246), whereas turbulent and sluggish blood flow in
the area of the aneurysm, coupled with a metallic stent, can
predispose patients to the risk of ST and/or distal emboli-
zation (247,248). Currently, there are no definitive data on
the best management of patients with coronary artery
aneurysms, treatment of which is complicated by some
aneurysms resolving spontaneously (249), whereas others
lead to life-threatening complications. In addition to the use
of long-term DAPT to minimize the risks of ST, therapeu-
tic options that can be considered include the use of coils
and cardiac surgery.

Second-Generation DES

The initial coronary stents were composed of 316L stainless
steel since this material is radio-opaque and provides ade-
quate radial strength to maintain arterial scaffolding with
minimal acute recoil. An alternative to stainless steel is
cobalt chromium (CoCr), which exhibits superior radial
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strength and improved radio-opacity, allowing for thinner
stent struts that may reduce restenosis (250–252). Thinner
struts can also lead to a reduction in device profile and,
hence, an improvement in stent deliverability to the target
lesion. The 2 second-generation DES that are currently
approved by the U.S. FDA utilize CoCr, and elute “limus”
drugs with the aid of more biocompatible polymers than are
found on the first-generation DES.
Endeavor ZES. The second-generation Endeavor ZES
(Medtronic, Minneapolis, Minnesota) uses the CoCr Driver
stent platform loaded with a permanent “biomimetic” phos-
phorylcholine polymer (Table 1), which although not biode-
gradable is biostatic and biocompatible, being a natural com-
ponent of the cell membrane. The polymer, which releases
�95% of the sirolimus analogue, zotarolimus, within 14 days
of stent deployment, causes less inflammation compared with
the polymers on the Cypher SES stent.

Both animal studies and in vivo studies using angioscopy
and optical coherence tomography have shown a greater
endothelial coverage of struts with ZES compared with SES
and PES (157,253–255). Angioscopy has demonstrated
levels of neointimal coverage with ZES that are superior to

that SES and comparable to that seen with BMS (253).
Similarly, the mean percentage of covered struts seen by
optical coherency tomography 3 months after implantation
of ZES, SES, and BMS has been reported in separate
studies as 99.9%, 85%, and 99.9%, respectively (254,255).

Clinical data on ZES are available from the Real-World
E-Registry, and from numerous other trials ranging from the
first-in-man ENDEAVOR I study to randomized trials com-
paring ZES to BMS, SES, and PES (Table 8) (256–269).
Data from the “all-comers” E-Registry at 12 months of
follow-up, and a pre-specified subgroup of patients who had
extended follow-up for 2 years in the E-Five (Endeavor
Stent Registry) study, demonstrate comparable outcomes
between the randomized ENDEAVOR studies and real-
world patients.

The superiority of ZES compared with BMS was demon-
strated in the 1,197-patient, randomized ENDEAVOR II
study, which reported significantly lower in-stent late loss and
angiographic binary restenosis at 9-month follow-up with
ZES, together with significantly lower TLR out to 5 years of
follow-up. Rates of death, MI, and ST remained comparable
between both stents throughout follow-up (258,259).

A B

C D

Figure 10 Stent Fracture

(A) A long, diffusely diseased left anterior descending artery is treated with 3 sirolimus-eluting stents (white arrows). (B) The initial angiographic result is excellent; how-
ever, at (C) 3-months’ follow-up, an irregular appearance is seen, and is the result of (D) 4 stent fractures (black arrows) occurring adjacent to regions of stent overlap
(red lines). Reproduced with permission from Popma et al. (236).
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In the comparison with other DES, data have indicated a
relatively poorer performance of ZES compared with PES and
SES at short-term follow-up, as indicated by significantly
higher late loss and numerically greater TLR (260,264).
Results at longer follow-up have been more reassuring after the
observed reductions in the absolute difference in TLR between
ZES and SES/PES. For example, in the ENDEAVOR III
study, the 2.8% absolute difference in TLR between ZES and
SES at 1 year was reduced to 1.6% at 5 years (260,262),
whereas in the ENDEAVOR IV study, the absolute difference
in TLR between ZES and PES was 1.3% and 0.5% at 1 year
and 3 years, respectively (264,265). Although at only medium-
term follow-up, these results suggest the absence of the
“late-catch” phenomenon with ZES.

Conflicting results have been observed when comparing
ZES to SES and PES for early and late ST; however,
despite this, a consistent benefit has been seen with ZES in
terms of reduced very late ST (Fig. 12). Although these
current trials are underpowered to detect differences in ST,
these inconsistencies with ZES serve to reaffirm data that
indicate the lack of association between in-stent late loss
and ST (270); moreover, they reiterate the complex
pathophysiology underlying ST. The only adequately
powered study that will provide definitive data on the
safety and efficacy between ZES and SES is the fully
enrolled PROTECT (Patient Related Outcomes With
Endeavor Versus Cypher Stenting Trial) study. This study
has randomly assigned 8,800 “all-comers” patients to treat-
ment with either the ZES or SES, and will report a primary
end point of definite/probable ST at 3-year follow-up (271).

Xience V everolimus-eluting stent (EES). The Xience V
EES (Abbott Vascular, Santa Clara, California) consists
of the Multilink Vision CoCr platform with a nonerod-
able biocompatible polymer and 100 �g/cm2 everolimus,
a synthetic derivative of sirolimus (40-O-[2-hydroxyethyl]-
rapamycin). The 6- to 8-�m-thick polymer is composed of
acrylic and fluorinated polymers and releases �80% of the
drug within 30 days, with nearly all the drug released within
4 months (Table 1). This stent is also marketed by Boston
Scientific as the Promus stent. In the U.S., the Abbott supply
agreement for the Promus stent continues until 2012 when the
Promus stent will be replaced by the Promus Element stent.

Clinical data consist of both real-world registries, and
randomized trials comparing EES to BMS and PES.
Results have consistently demonstrated the safety and effi-
cacy of the EES, together with low rates of ST out to
long-term follow-up (Table 9) (272–282).

In brief, the randomized SPIRIT (Clinical Evaluation of
the Xience V Everolimus Eluting Coronary Stent System)
II, III, IV studies and the COMPARE (Second-
Generation Everolimus-Eluting and Paclitaxel-Eluting
Stents in Real-Life Practice) study have all compared EES
and PES. Two-year follow-up of the SPIRIT II study was
the first study to demonstrate “delayed” restenosis with
everolimus, a phenomenon previously observed with other
DES (283,284); however, this did not appear to have any
detrimental effect on clinical outcomes. In fact, at 3-year
follow-up, a greater absolute difference in cardiac death, MI,
TLR, and MACE in favor of EES was observed when
compared with results at both 1- and 2-year follow-up

A

C

B

Figure 11 Coronary Artery Aneurysms

A coronary aneurysm (white arrows) is seen on (A) coronary angiography and on (B) cross-sectional and (C) longitudinal intravascular
ultrasound. The aneurysm has led to extensive stent malapposition (B and C). Reproduced with permission from Alfonso et al. (246).
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(Fig. 13) (275). Similarly, in the larger SPIRIT III study,
the benefit of EES over PES increased during follow-up,
and at 3 years, use of EES lead to significant reductions in
target vessel failure, target lesion failure, and MACE (278).
Recently, 2 important randomized studies assessing EES
have reported 12-month outcomes. The SPIRIT IV study,
which enrolled 3,690 patients, represents the largest ran-
domized trial comparing 2 DES; and the COMPARE
study, which recruited 1,800 patients, was the first random-
ized all-comers trial of the EES (279,281). Both studies
demonstrated significantly superior efficacy and safety with
EES compared with PES. In addition, whereas nonsignifi-
cantly lower rates of ST have been observed in the SPIRIT

II and III studies, the SPIRIT IV and COMPARE studies
were the first to demonstrate a significant reduction in ST
between 2 DES. At 12-month follow-up, rates of definite/
probable ST for EES and PES were 0.29% versus 1.06%
(p � 0.003), and 0.7% versus 2.6% (p � 0.002) in the
SPIRIT IV and COMPARE studies, respectively.

Some have suggested that the superiority of EES has only
been demonstrated because it has not been compared with
the SES, which historically is regarded as the most effica-
cious first-generation DES (22,105,106). Important data on
this issue will be provided by the EXCELLENT (Efficacy
of Xience/Promus Versus Cypher in Reducing Late Loss
After Stenting) study, which plans to randomize 1,400

Figure 12 Rates of Stent Thrombosis Comparing ZES to SES or PES

Rates of early/late and very late definite/probable stent thrombosis in randomized trials comparing the Endeavor zotarolimus-eluting stent (ZES [blue bars]) to either the
sirolimus-eluting stent (SES [red bars]) or paclitaxel-eluting stent (PES [green bars]). Rates of early/late stent thrombosis are consistently higher with the ZES; however,
conversely, very late stent thrombosis rates are consistently lowest with ZES. No differences are significant. ARC � Academic Research Consortium.

The Most Prominent Randomized Trials and Registries of the Second-Generation EESTable 9 The Most Prominent Randomized Trials and Registries of the Second-Generation EES

Trial (Ref. #) No. of Patients
Follow-Up,

Months

In-Stent Late
Lumen Loss

(EES vs.), mm

Binary
In-Stent

Restenosis
(EES vs.), %

Death
(EES vs.), %

Myocardial
Infarction

(EES vs.), %

Target Lesion
Revascularization

(EES vs.), %
MACE

(EES vs.), %

Definite/
Probable ST
(EES vs.), %

SPIRIT FIRST
(272,273)

EES (n � 27) vs.
BMS (n � 29)

6 0.10 vs. 0.87* 0.0 vs. 25.9† 0.0 vs. 0.0 3.8 vs. 0.0 3.8 vs. 21.4‡ 7.7 vs. 21.4 0.0 vs. 0.0

60 — — 0.0 vs. 7.4 8.3 vs. 0.0 8.3 vs. 28.0‡ 16.7 vs. 28.0 0.0 vs. 0.0

SPIRIT II
(274,276)

EES (n � 223) vs.
PES (n � 77)

6 0.11 vs. 0.36* 1.3 vs. 3.5 0.0 vs. 1.3 0.9 vs. 3.9 2.7 vs. 6.5 2.7 vs. 6.5 0.5 vs. 1.3

48 — — 4.9 vs. 9.9 3.6 vs. 7.5 5.9 vs. 12.7 7.7 vs. 16.4 1.0 vs. 3.0

SPIRIT III
(277,278)

EES (n � 669) vs.
PES (n � 333)

8§/12� 0.16 vs. 0.30† 2.3 vs. 5.7 1.2 vs. 1.2 2.8 vs. 4.1 3.4 vs. 5.6 6.0 vs. 10.3† 1.1 vs. 0.6

36 — — 2.6 vs. 4.1 3.7 vs. 6.3 5.4 vs. 8.9‡ 9.1 vs. 15.7† 1.3 vs. 1.7

SPIRIT IV (279) EES (n � 2,458) vs.
PES (n � 1,229)

12 — — 1.0 vs. 1.3 1.9 vs. 3.1† 2.5 vs. 4.6†‡ 4.2 vs. 6.9*‡ 0.3 vs. 1.1†

SPIRIT V (280) EES (n � 2,663) 12 — — 1.7 3.5 1.9 5.3 0.65

24 — — 3.0 4.4 3.0 7.5 0.79

COMPARE
(281)

EES (n � 897) vs.
PES (n � 903)

12 — — 2.0 vs. 1.6 2.8 vs. 5.3† 2.0 vs. 5.3* 6.2 vs. 9.1† 0.7 vs. 2.6†

Differences nonsignificant unless indicated. All trial acronyms are listed in the Online Appendix. *p � 0.001. †p � 0.05. ‡Ischemia driven. §Angiographic follow-up. �Clinical follow-up.
EES � everolimus-eluting stent(s); other abbreviations as in Tables 2 and 3.
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patients to treatment with either EES or SES (285). The
study will also investigate the optimal duration of DAPT by
comparing outcomes in patients randomly assigned to 6
months or 12 months of DAPT.

The Xience PRIME EES, which represents the latest
development of the Xience V stent, has recently gain regulatory
approval in Europe. This modified EES has a CoCr platform;
however, this is mounted on a new enhanced stent delivery
system that enables the stent to be more flexible and deliver-
able. Furthermore, the stent balloon has higher rate burst
pressures, and shorter balloon tapers to minimize the risk of
edge dissections. The stent is being evaluated in the prospec-
tive, multicenter, nonrandomized SPIRIT PRIME study in
500 patients at 75 hospital centers, with the aim of gaining
U.S. FDA approval.

Issues of Today

Role of BMS in Contemporary Practice

Despite the benefits of DES, there is still a role for BMS in
the management of patients with CAD. Although reports

indicate that DES are used in �75% of PCI procedures in
the U.S. (34), their use varies widely from hospital to
hospital, and in some U.S. states, DES use is actually less
than BMS use. For example, recent data indicate that only
49% of PCI cases in Arkansas used a DES, with rates
dropping down to 35% for rural hospitals (286). Irrespective
of the specific reasons for this disparity, this report confirms
the BMS are still used in contemporary practice. Ultimately,
the decision to implant a BMS is guided by both clinical and
economic factors.
Clinical justification for stent selection. The overall net
clinical benefit of a stent can be summarized after consid-
ering the stent’s beneficial and adverse effects. The benefits
of DES are their significant reduction in repeat revascular-
ization compared with use of a BMS, whereas their adverse
effects relate to the increased risk of very late ST and the
requirement for prolonged DAPT (22–26). Importantly,
the net benefit cannot be assessed by simply determining the
difference between these 2 outcomes, as they both have a
different incidence and clinical consequence. For example,
in a study by Stone et al. (287), the rate of ST and TLR was

Figure 13 Clinical Outcomes in the SPIRIT II Trial

The delayed restenosis observed with the XIENCE V everolimus-eluting stent (EES [white lines]) between 1 year and 2 years may explain the reduction in the absolute
difference in (A) cardiac death, (B) myocardial infarction (MI), (C) ischemic target lesion revascularization (TLR), and (D) ischemic major adverse cardiovascular events
(MACE) seen between EES and the TAXUS paclitaxel-eluting stent (PES [red lines]) at 2-year follow-up. However, events rates remained lower with EES, and a much
larger absolute difference between both stents was observed at 3-year follow-up. Reproduced with permission from Garg et al. (275). HR � hazard ratio.
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3.1% (DES:BMS 1.4:1) and 12.3% (DES:BMS 0.47:1),
respectively, whereas the rate of death and MI within 7 days
for these events was 91.1% for ST and 3.5% for TLR.
Therefore, to assess the overall net clinical benefit, actual
mortality must be considered. Extensive data exist to con-
firm that DES not only significantly reduce restenosis
compared with BMS, but do so without increasing the risk
of mortality or MI. Thus, the overall net clinical benefit
favors DES.

It must be appreciated, however, that this benefit in favor
of DES is not universal, and in certain patients and lesions
this net benefit may ultimately favor a BMS. The advantage
of a DES in terms of reducing restenosis is dependent on
lesion characteristics, and the observed benefit is greater in
lesions at higher risk for restenosis. For example, the
absolute difference in rates of repeat revascularization be-
tween DES and BMS for lesions in vessels �3 and �3 mm
in diameter in the BASKET trial at 3-year follow-up was
9.1% and 2.0%, respectively (288). Similarly, in the Ontario
registry, Tu et al. (289) reported a significantly lower rate of
TVR with the use of DES compared with BMS among
diabetic patients who had lesions that were �20 mm long in
vessels �3 mm in diameter (DES vs. BMS 7.2% vs. 17.6%,
HR: 0.38, 95% CI: 0.24 to 0.60, p � 0.001; number needed
to treat to prevent TVR � 10). Conversely, no significant
different in TVR was seen between DES and BMS when
patients were not diabetic and had lesions �20 mm long in
vessels �3 mm in diameter (DES vs. BMS 5.3% vs. 5.9%,
HR: 0.87, 95% CI: 0.52 to 1.47, p � 0.61; number needed
to treat to prevent TVR � 167) (289). The risk of ST is also
variable and may be increased for patients who are not
willing to, or are unlikely to, comply with DAPT, or for
patients awaiting elective surgery (146,172). Therefore, for
patients whose risk of restenosis is relatively low (i.e.,
nondiabetic, large vessel �3 mm in diameter), and/or the
risk of ST is relatively high (inability to comply with
long-term DAPT), a BMS maybe more appropriate. Ulti-
mately, an evaluation of the overall risk/benefit ratio should
play a key role in the clinical decision whether to implant a
BMS or DES.
Cost effectiveness. Unfortunately, the discussion of stent
selection cannot be made without considering the cost
effectiveness of both therapies, in view of the additional
initial expense associated with using a DES. Numerous
cost-effectiveness analyses have been performed with con-
flicting results. Of note, many studies group patients treated
with different DES together as 1 population, which ulti-
mately can affect the accuracy of cost-effectiveness calcula-
tions for individual stents.

Some studies indicate that DES may be cost effective or
even cost saving with specific patients, such as those who
have lesions with a high risk for restenosis such as diabetic
patients, long lesions, and lesions in vessels with small
diameters. In the BASKET study, for example, DES were

more effective and less expensive for vessels �3.0 mm
diameter. For vessels �3.0 mm diameter, although the
overall cost per quality-adjusted life-year gained was
€39,641 ($59,392), subgroup analysis revealed that the cost
per quality-adjusted life-year gained was €6,863 ($10,282)
for off-label use, €3,471 ($5,200) for lesions �24 mm in
length, and €300 ($450) for patients �65 years of age (290).
Conversely, other studies report an incremental cost-
effectiveness ratio of �200,000 Canadian dollars per
quality-adjusted life year—indicating DES are not cost
effective (291).

Importantly, the use of angiographic follow-up in ran-
domized controlled trials and a short period of follow-up are
2 major factors that can bias results in favor of DES.
Nevertheless, a recent systematic review evaluated 19 dif-
ferent cost-effectiveness studies that mainly reported results
at 1 year, and concluded that the cost effectiveness of DES
was unfavorable compared with that of BMS. That was
primarily because, although the use of DES was associated
with a higher initial cost (€700 [$1,060]), they did not
increase life expectancy, produced only a small relative
reduction in rates of repeat procedures, and led to only a
short duration of improved quality of life (291).

Further data suggesting DES are not cost effective come
from analysis at 1 year of the outcomes from patients in
France enrolled in the TYPHOON (Trial to Assess the Use
of the Cypher Stent in Acute Myocardial Infarction Treated
With Balloon Angioplasty), which reported the mean ag-
gregate 1-year costs were €1,142 ($1,711) higher per patient
in the SES group compared with the BMS group. The
incremental cost-effectiveness ratio was €7,321 ($10,972)
per TVR avoided (292).

By restricting follow-up to 1 year, previous cost-
effectiveness studies have the potential to miss accounting
for the costs incurred with very late ST, thereby introducing
bias against BMS. To investigate the impact of long-term
follow-up, Bischof et al. (293) performed an analysis using
a Markov model to speculate on the cost effectiveness of
using DES in the U.S. Medicare setting at 1 to 3 years of
follow-up. Their results suggested that DES were not cost
effective compared with BMS when used in unselected
patients with CAD in the setting of Medicare (293).

In the United Kingdom, the National Institute of Clin-
ical Excellence has taken into account the differences in cost
between DES and BMS, and the differences in the risk of
restenosis for specific lesions. Therefore, they have recom-
mended DES in cases where lesions are �15 mm in length,
in vessels �3.0 mm in diameter, provided the cost difference
between BMS and DES is £300 or less (€330 [$500]) (294).

The increasing development of DES in the developing
world and the expiry of the patent for sirolimus are both
likely to lead to reductions in the cost of DES, completely
altering the cost-effectiveness evaluations that have previ-
ously been performed.
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Diabetes Mellitus

Diabetic patients are known to have an aggressive form of
atherosclerosis with less favorable long-term survival after
PCI compared with that of nondiabetic patients. Moreover,
diabetes mellitus is frequently identified as an independent
predictor of ISR (295,296), although the underlying mech-
anisms for this are poorly understood. Implicated factors
include the greater degree of the vascular inflammation and
endothelial dysfunction seen in diabetic patients (297,298)
together with poor glycemic control (299) and insulin
resistance that can aggravate restenosis through the direct
growth factor-like effect of insulin on vascular smooth
muscle and neointimal cells (300).
BMS versus DES. REGISTRY DATA. The most recent reg-
istry data come from the MDACR (Massachusetts Data
Analysis Center Registry) and the SCAAR registry, which
have reported results for 5,051 and 19,004 diabetic patients,
respectively. The MDACR, which reported the results of
propensity-matched diabetic patients treated with either
BMS or DES, demonstrated significantly lower rates of
death, MI, and repeat revascularization with DES at 3-year
follow-up (301). The SCAAR registry only assessed pa-
tients treated with DES and demonstrated that, overall,
patients with diabetes were at higher risk of restenosis
compared with nondiabetic patients. Interestingly, this was
only true for patients treated with SES and ZES; the rate of
restenosis for patients treated with PES was not influenced
by diabetic status. Ultimately, no mortality difference was
demonstrated between the different DES (302).

RANDOMIZED DATA. The evaluation of diabetic patients with
the use of DES is hampered by the distinct lack of dedicated
randomized trials. At present, only 10 randomized trials
enrolling 1,662 patients have been conducted with DES to
specifically assess outcomes in diabetic patients: 4 Cypher SES
versus BMS, 5 Cypher SES versus TAXUS PES, and 1
Cypher SES versus ZES (49–53,102–104,303–308). There
are no dedicated randomized trials assessing the performance
of EES in diabetics, and data are derived from the diabetic
patient subgroup (n � 1,185; 786 EES, 399 PES) of the
SPIRIT IV trial (279) and the diabetic subgroup of the
SPIRIT V study, which randomly assigned 324 patients to
EES (n � 215) or PES (n � 104) (309). Similarly, the only
data comparing ZES and PES are derived from 477 diabetic
patients (241 ZES, 236 PES) in a subgroup analysis of the
ENDEAVOR IV study (310).

SAFETY. Pooled analyses of diabetic subgroups from ran-
domized trials comparing SES to BMS and PES to BMS
among diabetic patients have demonstrated conflict results.
Spaulding et al. (23) reported significantly higher mortality
with the use of SES compared with BMS at 4-years
follow-up (12.2% vs. 4.4%, p � 0.004); however, the
authors acknowledge that this result may have been a play of
chance, particularly in view of the small number of actual
deaths in the diabetic subgroup (SES 23 vs. BMS 10). At

the same length of follow-up, Kirtane et al. (311) reported
comparable mortality between PES and BMS (PES 8.4%
vs. BMS 10.3%, p � 0.61), and reassuringly, a collaborative
network analysis by Stettler et al. (312) that included 3,850
patients demonstrated no significant difference in mortality
between SES, BMS, and PES in the treatment of diabetic
patients who received DAPT for �6 months.

Among different DES, no differences in mortality or MI
have been noted. A recent meta-analysis (313) of 5 dedi-
cated randomized trials comparing SES to PES—the
ISAR-DIABETES (Intracoronary Stenting and Angio-
graphic Results: Do Diabetic Patients Derive Similar Benefit
From Paclitaxel-Eluting and Sirolimus-Eluting Stents?),
DES-DIABETES (Drug-Eluting Stents in Patients With
Diabetes Mellitus), and DiabeDES (Diabetes and Drug
Eluting Stent) trials, and studies by Kim et al. (303) and
Tomai et al. (307)—that in total enrolled 1,069 patients,
with follow-up of as long as 2 years, reported no significant
difference between SES and PES with respect to mortality
(OR: 0.78, 95% CI: 0.30 to 2.07) or the risk of MI (OR:
0.88, 95% CI: 0.33 to 2.38). No significant differences in
mortality, MI, or ST were reported at 12-month follow-up
between either ZES and PES, or between EES and PES in
the SPIRIT IV study. In the SPIRIT V diabetic cohort,
treatment with EES led to a significantly lower risk of the
composite of cardiac death/MI (3.7% vs. 9.6%, p � 0.04),
which was driven by the significantly lower rate of MI with
EES (309). The rate of ST was 0.0% for EES and 1.9% for
PES.

EFFICACY. Clinical data indicate the superior performance
of the SES with respect to BMS and both PES and ZES.
The 4 dedicated randomized trials comparing SES to BMS
(DECODE [A Randomized Study With the Sirolimus-
Eluting Bx Velocity Balloon-Expandable Stent in the
Treatment of Diabetics Patients With Native Coronary
Artery Lesions], SCORPIUS [German Multicenter Ran-
domized Single Blind Study of the CYPHER Sirolimus-
Eluting Stent in the Treatment of Diabetic Patients With
De Novo Native Coronary Artery Lesions], DESSERT [Di-
abetes Drug-Eluting Sirolimus Stent Experience in Restenosis
Trial], and DIABETES [Diabetes and Sirolimus-Eluting
Stent]) have collectively enrolled �600 patients, and have all
demonstrated significant reductions in their primary end point
of in-segment late loss at between 6 and 9 months of
follow-up. Furthermore, although not powered to detect dif-
ferences in clinical outcomes, they have also all shown signif-
icant reductions in TLR at follow-up of between 8 and 48
months.

Similarly, 4 of the 5 dedicated randomized trials compar-
ing SES to PES have demonstrated significant reductions in
in-segment late loss for SES compared with PES. With
respect to reintervention, no significant difference has been
shown in any of the individual trials apart from the
DES-DIABETES study, which reported a somewhat un-
expected 75% reduction in reintervention at 2 years for SES
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compared with PES (SES 3.5% vs. PES 11%, OR: 0.25,
95% CI: 0.08 to 0.77, p � 0.004). Meta-analysis of these 5
trials, which include a total of 1,069 patients with follow-up
of as long as 2 years, has indicated that overall treatment
with SES is associated with significant reductions in reste-
nosis (OR: 0.29, 95% CI: 0.18 to 0.47) and reintervention
(OR: 0.47, 95% CI: 0.28 to 0.77), compared with PES (313).

The DiabeDES III study is the only randomized com-
parison involving treatment with ZES. This study randomly
allocated 127 diabetic patients to either ZES or SES, and
demonstrated significantly lower late lumen loss with SES
(0.14 mm vs. 0.74 mm, p � 0.001) at 10-month follow-up
(308). In the subgroup of diabetic patients returning for
angiographic follow-up in the ENDEAVOR IV study (n �
86), a trend toward higher in-stent late loss was seen in
patients treated with ZES compared with SES (0.81 vs.
0.56, p � 0.073), whereas no notable differences in 1-year
TLR were seen (310). Similarly, in the SPIRIT IV study,
despite significant reductions at 1 year in TLR, TVR,
MACE, and target vessel failure among nondiabetic pa-
tients treated with EES compared with PES, no significant
differences in any of these outcomes were seen among
diabetic patients (279). In the SPIRIT V study, EES was
shown to be noninferior and subsequently superior to PES
with respect to in-stent late loss at 9 months (0.19 mm vs.
0.39 mm, pnoninferority �0.0001, psuperiority � 0.0001); rates
of repeat revascularization remained comparable between
both stents (309). Some of these results are at variance with
the meta-analysis by Kastrati et al. (313), and therefore,
reiterate that there is presently no clear evidence to indicate
that “limus”-based DES are superior to paclitaxel in the
treatment of coronary lesions in diabetic patients.
DES versus CABG for diabetic patients. The CARDia
(Coronary Artery Revascularization in Diabetes Trial) is the
only randomized trial comparing the management of dia-
betes with multivessel disease (MVD) between CABG and
PCI; however, because of poor recruitment, it was discon-
tinued early after enrolling only 510 of the desired 600
patients, and is therefore largely underpowered. The ulti-
mately negative noninferiority trial found no significant
difference in 1-year mortality (3.2% PCI vs. 3.3% CABG,
p � 0.83) or the 1-year composite clinical end point of
death, nonfatal MI, or nonfatal stroke (10.2% for PCI vs.
11.8% for CABG); however, repeat revascularization was
required more frequently in the PCI group (9.9% vs. 2.0%,
p � 0.001). Although PCI was performed with DES in
only 71% of cases, even these patients had higher rates of
repeat revascularization when compared with CABG (7.3%
vs. 2.0%, p � 0.013) (314).

More recently, the SYNTAX (Synergy Between Percu-
taneous Coronary Intervention With Taxus and Cardiac
Surgery) study, although not a dedicated randomized trial of
diabetic patients, did enroll 452 diabetic patients (221
CABG, 231 PCI). Results demonstrated a higher rate of
major adverse cardiovascular and cerebrovascular events
(MACCE) for patients treated with PCI that was mainly

driven by significant higher rates of repeat revascularization.
Overall, the presence of diabetes increased mortality for
both revascularization strategies (315). Further information
about the optimal treatment for diabetic patients with
MVD will be known with the results of the ongoing
FREEDOM (Future Revascularization Evaluation in Pa-
tients With Diabetes Mellitus: Optimal Management of
Multivessel Disease) trial (316).

STEMI

Invasive reperfusion therapy has improved the prognosis of
patients with STEMI (317,318), and new recommendations
from the American College of Cardiology/American Heart
Association (ACC/AHA) indicate that DES are a reasonable
alternative to BMS for these patients (319). There have been
concerns, however, that the use of DES in this setting may
predispose to a higher risk of ST (143,320,321), which may
result from the following: 1) the trapping of thrombus behind
stent struts and subsequent thrombus resolution, which can
lead to an increased risk of ISA; 2) the protrusion of stent struts
into underlying necrotic core due to overlying plaque rupture;
3) a delay in arterial healing (e.g., greater incomplete stent strut
endothelialization and persistent fibrin deposition) that has
been recognized at the culprit site in patients with STEMI
compared with patients treated for stable angina (322); and 4)
high risk of adverse events for patients noncompliant to
DAPT, as suggested by results from the PREMIER (Prospec-
tive Registry Evaluating Myocardial Infarction: Events and
Recovery) study, which reported a significantly increased 11-
month mortality among the 13.6% of patients who discontin-
ued DAPT 30 days after their revascularization for ACS or
STEMI (172).

Clinical data on outcomes from primary PCI are limited
at present by the short duration of follow-up in most
studies. The largest randomized primary PCI trial to date,
the HORIZONS-AMI (Harmonizing Outcomes With
Revascularization and Stents in Acute Myocardial Infarc-
tion) study, has reported angiographic data and clinical
outcomes at 13 and 24 months, respectively, among 3,006
STEMI patients treated with PES or BMS. At 13 months,
there were significant reductions in in-stent late loss and
binary restenosis with PES (91). At 24 months of clinical
follow-up, the use of PES was associated with significant
reductions in the respective primary and second efficacy end
point of ischemia-driven TLR (p � 0.001) and ischemic
TVR (p � 0.001). In addition, there were no significant
differences at 24 months between PES and BMS in the
primary safety end point, a composite of death, MI, stroke
or ST (PES 11.0% vs. BMS 11.2%, p � 0.90), or all-cause
mortality, cardiac death, reinfarction, or definite/proba-
ble ST (92).

A previous meta-analysis by Kastrati et al. (323) of 2,786
patients undergoing primary PCI reported no significant
difference in terms of death, MI, or ST between BMS or
DES, and significant reductions in the risk of reintervention
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with DES (HR: 0.38, 95% CI: 0.29 to 0.50, p � 0.001).
Unfortunately, follow-up was limited to 2 years (323).

More recently, Brar et al. (324) performed a much larger
meta-analysis of 13 randomized trials that included 7,352
patients followed up for a maximum of 2 years. Results
again demonstrate no significant difference between BMS
and DES in terms of mortality (RR: 0.89, 95% CI: 0.70 to
1.14), MI (RR: 0.82, 95% CI: 0.64 to 1.05), and ST (RR:
0.97, 95% CI: 0.73 to 1.28), whereas the use of DES led to
a significant reduction in repeat TVR (RR: 0.44, 95% CI:
0.35 to 0.55, p � 0.001). Notably, this benefit in reduced
TVR was consistent in patients irrespective of whether
DAPT was given for �6 months or �6 months, or whether
follow-up was for 1 year or �1 year. Another important
observation was that the benefit seen with DES treatment
was greater for patients at highest risk of restenosis (324). A
concurrent meta-analysis of 18 registries that included
�26,000 patients was performed by the same group, and
has shown similar results, with comparative outcomes in
terms of death and MI between DES and BMS and
significant reductions in terms of repeat revascularization
with DES at up to 3-year follow-up (324).

Long-term follow-up data (�4 years) that are available
from 1 registry and 4 randomized studies have shown
conflicting results. The randomized TYPHOON study, the
PASEO (Paclitaxel or Sirolimus-Eluting Stent Versus Bare
Metal Stent in Primary Angioplasty) study, and the
STRATEGY (Single High-Dose Bolus Tirofiban and
Sirolimus-Eluting Stent Versus Abciximab and Bare Metal
Stent in Myocardial Infarction) study, which all randomly
assigned STEMI patients to treatment with either DES and

BMS, have all shown positive results in favor of using DES
with respect to reduced rates of repeat revascularization, and
comparable safety at between 4- and 5-year follow-up
(58,62,64). Specifically, the TYPHOON study, which ran-
domly allocated 715 STEMI patients to treatment with
either BMS or SES, demonstrated no significant differences
in rates of death, cardiac death, and MI at 4-year follow-up,
whereas rates of TLR and TVR were significantly lower in
the SES group. With respect to ST, although the overall
rate was comparable between groups (SES 3.6% vs. BMS
4.0%, p � 0.82), very late ST was numerically higher with
SES (2.0% vs. 0.8%) (Fig. 14) (64). These results need to be
interpreted with caution, considering the extensive exclu-
sion criteria used during enrollment (only 35% of screened
patients were enrolled) (63) and that complete follow-up
was available for only 70% of patients.

At variance with these results are data from a large
single-center registry of 1,738 patients by Kukreja et al.
(325) and the 5-year follow-up results of the 619-patient
PASSION (Paclitaxel-Eluting Stent Versus Conventional
Stent in Myocardial Infarction With ST-Segment Eleva-
tion) randomized trial (95). Kukreja et al. (325) reported no
overall significant differences between DES (SES, n � 185;
PES, n � 1,022) and BMS (n � 531) in all-cause mortality
(BMS 16.4% vs. SES 11.4% vs. PES 12.9%) or repeat
revascularization (8.0% vs. 7.0% vs. 6.9%, respectively) at a
median follow-up of 1,185 days. Moreover, although there
were no differences in overall, early, or late ST rates, there
were no cases of very late ST in the BMS group compared
with a rate of 2.7% and 0.9%, respectively, in the SES group
(p � 0.001) and the PES group (p � 0.03).

Figure 14 Rates of Stent Thrombosis Comparing DES to BMS

Rates of early/late and very late definite stent thrombosis (ST) in randomized trials comparing paclitaxel-eluting stents (green bars) and sirolimus-eluting stents (red
bars) to bare-metal stents (blue bars) among patients undergoing primary percutaneous coronary intervention at long-term follow-up. Although no differences are signifi-
cant, the rates of early/late ST are numerically higher with bare-metal stents, whereas the rates of very late ST are numerically greater with drug-eluting stents. ARC �

Academic Research Consortium.
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Similarly, in the PASSION study, which had consi-
derably fewer exclusion criteria compared with the
TYPHOON study and enrolled 60% of patients who were
screened, no significant differences were observed in overall
MACE, mortality, reinfarction, and TLR between patients
treated with PES or BMS out to 5-year follow-up. Overall
rates of definite/probable ST were comparable (PES 3.9%
vs. BMS 3.4%, p � 0.85); however, rates of late/very late ST
were approximately 3 times higher among patients treated
with PES (3.2% vs. BMS 1.1%, p � 0.09) (Fig. 14). Again,
these results must interpreted with caution considering the
relatively small sample size and the lack of power to detect
differences in ST.

Multivessel CAD

The debate over the optimal method of revascularizing
patients with MVD has raged for many years and continues
to this day. The importance of this patient subgroup cannot
be under estimated considering the increasing age and
multiple comorbidities of patients currently being investi-
gated for CAD, and the correspondingly higher number of
patients with MVD ultimately requiring revascularization
(326). Historically, CABG has been the accepted treatment
for MVD (327); however, advances in the percutaneous
treatment of CAD have made PCI a more attractive
alternative (28,77,328). Despite this, observational data
from real-world practice indicate that for two-thirds of
patients with complex CAD, cardiac surgery remains the
preferred method of revascularization, findings that have
been supported by a recent prospective randomized trial
(28,329).
BMS versus CABG. A meta-analysis of the 4 randomized
trials comparing outcomes at 5-year follow-up in patients
with MVD treated with either a BMS or CABG showed a
similar rate of the composite of death, stroke, and MI (PCI
16.7% vs. CABG 16.9%; HR: 1.04, 95% CI: 0.86 to 1.27,
p � 0.69); a numerically higher rate of stroke with CABG
(PCI 3.1% vs. CABG 3.9%; HR: 1.16, 95% CI: 0.73 to
1.83, p � 0.54); and a significantly higher rate of repeat
revascularization with the use of a BMS (29.0% vs. 7.9%;
HR: 0.23, 95% CI: 0.18 to 0.29; p � 0.001) (330). A much
larger meta-analysis by Bravata et al. (331) that included 23
randomized controlled trials comparing PCI (POBA or
BMS; n � 5,019) with CABG (n � 4,944) showed that
despite a significantly higher rate of procedure-related
stroke after CABG (1.2% vs. 0.6%, p � 0.002), and more
frequent repeat revascularization after PCI (absolute risk
difference 24% at 1 year and 33% at 5 years), there was no
difference in survival between percutaneous and surgical
intervention. More recently, Hlatky et al. (332) performed a
collaborative analysis using patient data from trials compar-
ing POBA and BMS to CABG and reported somewhat
similar findings, with significantly higher stroke rates at 90
days after CABG, significantly higher repeat revasculariza-
tion after PCI, and no overall significant difference in terms

of mortality at a median of 5.9 years of follow-up (PCI 15%
vs. CABG 16%, HR: 0.91, 95% CI: 0.82 to1.02, p � 0.12).
BMS versus DES. The development of DES led to
significant reductions in the rates of restenosis and repeat
revascularization when compared with BMS. Consequently,
if PCI is selected, there is little debate over whether to use
a DES or a BMS; in fact, some would argue that patients
with MVD where a DES cannot be used should be offered
surgical revascularization. Currently, no dedicated prospec-
tive randomized trials have been performed comparing DES
and BMS for patients specifically with MVD, and data
supporting the use of DES in these patients, as opposed to
BMS, come from the extrapolation of data from registries,
nondedicated trials, and subgroup analyses. The ARTS-II
study recruited 607 patients with 2- or 3-vessel disease
treated with DES, who were then compared with patients
with 2- or 3-vessel disease treated with BMS who were
recruited in the ARTS-I study. At 5-year follow-up, there
was no significant difference in survival (DES 94.5% vs.
BMS 92.0%), whereas the use of DES led to significant
reductions in repeat revascularizations (20.8% vs. 30.9%,
p � 0.001) and overall MACCE (27.5% vs. 41.5%, p �
0.001) (Fig. 4) (77).

At variance with these results is the risk-adjusted out-
comes among 60,000 patients undergoing PCI or CABG in
the New York cardiac registry (333). Results suggested a
significantly higher risk-adjusted survival among the CABG
group (HR: 0.64, 95% CI: 0.56 to 0.74), with the difference
being most pronounced in patients with 3-vessel disease and
proximal left anterior descending artery disease. Complete
risk adjustment was impossible to achieve, particularly as
clinical judgment could not be adjusted for in this complex
cohort of patients.
DES versus CABG. Data comparing the outcomes in
patients with MVD treated with DES and CABG were
initially derived from the addition of DES arms to the initial
BMS-CABG trials, to allow a comparison of outcomes
between DES and historical CABG cohorts. This was
performed in the ARTS-II study, which at 5 years again
demonstrated no significant difference in survival between
DES and CABG (DES 94.5% vs. CABG 92.6%), but
significantly higher rates of repeat revascularization (20.8%
vs. 9.0%, p � 0.001) and MACCE (27.5% vs. 21.1%, p �
0.02) with the use of DES (Fig. 4) (77). A similar approach
was performed in the ERACI-III (Argentine Randomized
Study: Coronary Angioplasty With Stenting Versus Coro-
nary Bypass Surgery in Multi-vessel Disease) study, which
added 225 DES patients to the 500 patients (225 BMS, 225
CABG) in the ERACI-II study. At 1-year follow-up,
freedom from adverse events was significantly greater
among patients treated with DES (88.0% vs. 80.5% CABG,
p � 0.038), whereas at 3-year follow-up, event rates were equal
(77.3%, p � 1.0). This convergence was largely driven by the
significantly higher TVR in the PCI cohort at 3 years (5.8% vs.
14.2%, p � 0.002). Of note, mortality was highest in the
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cohort treated with CABG at both 1-year follow-up (3.1% vs.
7.6%, RR: 0.41, 95% CI: 0.17 to 0.97) and 3-year follow-up
(5.7% vs. 9.8%, RR: 0.59, 95% CI: 0.31 to 1.14) (334).

Observation data, again from the New York cardiac
registry, of 17,400 patients reported similar rates of unad-
justed survival at 18 months between DES and CABG in
patients with 3-vessel (93.7% vs. 93.4%, p � not significant)
and 2-vessel (95.0% vs. 94.9%, p � not significant) disease.
However, after adjustment of variables that are difficult to
adjust for, such as the judgment of the treating physician,
outcomes in favor of CABG were obtained (94.0% vs.
92.7%, p � 0.03; and 96.0% vs. 94.6%, p � 0.003 for 3- and
2-vessel disease, respectively) (335,336).

The only randomized data comparing DES to CABG in
patients with MVD comes from the previously discussed
CARDia trial, and the SYNTAX (Synergy Between Per-
cutaneous Coronary Intervention With Taxus and Cardiac
Surgery) study (28,314). The SYNTAX study was a large,
prospective, multicenter, “all-comers” trial that assessed
outcomes in 1,800 patients with either left main (705
patients: PCI 357, CABG 348) or 3-vessel disease (1,095
patients: PCI 546, CABG 549) randomly allocated to
treatment with either PCI (with PES) or CABG (28). The
all-comers study design and the use of the SYNTAX score
allowed the study to address the important limitations of
previously conducted randomized trials comparing PCI and
CABG. These limitations included patient selection; for
example, in studies comparing BMS to CABG, only 4% of
those initially screened were eventually randomized (330),
with a common exclusion being patients with impaired left
ventricular function (327). Second, all patients with MVD
are not the same, and the previous trials did not include any
methods of categorizing the extent of MVD or the lesion
complexity to allow results to be put into context and
stratified according to disease severity.

Among patients with triple-vessel disease, the overall
respective rates of death (4.1% vs. 6.5%; p � 0.07), cardiac
death (2.3% vs. 4.5%; p � 0.05), stroke (2.3% vs. 1.7%; p �
0.47), MI (2.8% vs. 6.1%; p � 0.009), repeat revascular-
ization (7.5% vs. 17.4%; p � 0.001), and MACCE
(14.4% vs. 23.8%; p � 0.001) favored CABG at 2-year
follow-up. Moreover, as shown in Figure 15, when
outcomes are stratified according to disease complexity
using the SYNTAX score, outcomes between PCI and
CABG are only comparable among patients in the lowest
SYNTAX score tercile (�22) (337).

UPLMS Disease

Using PCI for UPLMS disease was deemed inappropriate
according to the 2009 ACC/AHA appropriateness criteria
for coronary revascularization, which was in line with
guidelines from the U.S. and Europe that both gave PCI for
UPLMS a Class III indication for patients suitable for
CABG (338,339). However, despite these guidelines, in
2006, approximately one-quarter of UPLMS disease was
still treated by PCI (329). More recently, a white paper that

includes a comprehensive review of the literature was
published in this Journal, and suggests that in specific
patients and lesions, PCI may offer a suitable alternative to
CABG (340). Following on from this, the 2009 focused
update on PCI published by the ACC/AHA has upgraded
PCI for UPLMS to a Class IIb indication, and it may be
considered for appropriate patients, namely, those with
coronary anatomy that is associated with a low risk of
procedural complication if treated by PCI and/or clinical
conditions that predict an increased risk of adverse surgical
outcomes (319). Unfortunately, current studies assessing
outcomes in UPLMS stenting are limited by being largely
observational with relatively short follow-up.
BMS versus DES. In brief, at present there is only 1
randomized trial comparing outcomes between DES and
BMS for PCI of UPLMS (96). Erglis et al. (96) enrolled
103 patients randomly assigned to PCI with either PES or
BMS and reported, as expected, that at 6-month follow-up,
the use of DES leads to significant reductions in repeat
revascularization when compared with BMS without expos-
ing patients to any additional risk of death, MI, or ST.
Further comparisons between BMS and DES in UPLMS
PCI, from largely nonrandomized, observational studies
with follow-up ranging from 6 months to 3 years, report
similar findings. These results, however, must be taken in
the context of the observational nature of the studies
involved and the subsequent limitations that encompasses,
such as patient selection and a lack of statistical power to
demonstrate differences in events and ST (340).
SES versus PES. Three studies have assessed the out-
comes of UPLMS PCI between patients treated with SES

Figure 15 MACCE Among Patients With
Triple-Vessel Disease in the SYNTAX Trial

The rates of major adverse cardiovascular and cerebrovascular events (MACCE
[a composite of death, stroke, myocardial infarction, and repeat revasculariza-
tion]) at 2-year follow-up among patients with triple-vessel disease treated with
percutaneous coronary intervention (PCI [blue bars]) or coronary artery bypass
graft surgery (CABG [red bars]) in the SYNTAX trial. For patients with a SYNTAX
score between 0 and 22, PCI offers a suitable alternative to CABG (339).
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and PES (113,341,342). The 607-patient ISAR-LEFT
MAIN (Intracoronary Stenting and Angiographic Results:
Drug-Eluting Stents for Unprotected Coronary Left Main
Lesions) study represents the only dedicated randomized
study, and at 1 year, there was no significant difference in
the primary end point, a composite of death, MI, or TLR,
between SES or PES (PES 13.6% vs. SES 15.8%, p � 0.44)
(113). In addition, angiographic restenosis at 6- to 9-month
follow-up (PES 16.0% vs. SES 19.4%, p � 0.30), mortality
(PES 10.7% vs. SES 8.7%, p � 0.64), and UPLMS-specific
TLR (PES 9.2% vs. SES 10.7%, p � 0.47) at 2-year
follow-up, together with ST were all comparable between
SES and PES. Longer follow-up is available from subgroup
analyses of the DELFT (Drug-Eluting Stent for Left
Main) registry and MAIN-COMPARE (Revascularization
for Unprotected Left Main Coronary Artery Stenosis:
Comparison of Percutaneous Coronary Angioplasty Versus
Surgical Revascularization) registry. At 3-year follow-up,
both studies demonstrated similar adjusted rates of death,
MI, and TVR, and comparable ST (341,342).
PCI versus CABG. Consistent with the previous discus-
sion on MVD, PCI in patients with UPLMS has shown
similar safety outcomes, and consistently higher rates of
repeat revascularization compared with CABG. The non-
randomized MAIN-COMPARE registry that enrolled
2,240 patients (1,138 CABG and 1,102 who had PCI: 318
BMS, 784 DES) is the largest single study comparing PCI
to CABG to date. At 3-year follow-up, outcomes among a
propensity-matched cohort of patients were comparable in

terms of death (HR: 1.18 for PCI, 95% CI: 0.77 to 1.80,
p � 0.45) and MACCE (HR: 1.10 for PCI, 95% CI: 0.75
to 1.62, p � 0.61), whereas repeat revascularization was
significantly higher in the PCI group (HR: 4.76, 95% CI:
2.80 to 8.11, p � 0.001), with DES performing much better
than BMS (26). At 5-year follow-up, overall results were
unchanged (343). Of note, similar findings have also been
reported out to 3-year follow-up in a meta-analysis of 3,773
patients with UPLMS undergoing revascularization by PCI
or CABG (344).

The UPLMS subgroup from the SYNTAX trial (357
PCI, 348 CABG) represents the largest cohort of patients
randomized to either PCI or CABG. In the overall UP-
LMS group at 2 years, 22.9% and 19.3% of patients treated
with PCI and CABG, respectively, reached the primary end
point of MACCE (p � 0.27), a composite of mortality
(PCI 5.6% vs. CABG 6.2%, p � 0.77), MI (5.5% vs. 4.1%,
p � 0.45), stroke (0.9% vs. 3.7%, p � 0.01), and repeat
revascularization (17.3% vs. 10.4%, p � 0.01).

The stratification of outcomes according to the SYN-
TAX score has demonstrated that for patients with scores
between 0 and 32, PCI with PES may be safer and as
efficacious as CABG, whereas for patients with scores �33,
CABG offers a safer and more efficacious treatment, albeit
at a higher risk of stroke (Fig. 16). In the overall SYNTAX
study population, 421 of the 1,212 patients with UPLMS
disease had a SYNTAX score between 0 and 32, indicating
that approximately one-third of patients with UPLMS are
suitable for PCI (345).

Figure 16 MACCE Among Patients With Left Main Disease in the SYNTAX Trial

The rates of safety (death, stroke, and myocardial infarction [MI]) and efficacy (major adverse cardiovascular and cerebrovascular events [MACCE], a composite of death,
stroke, MI, and repeat revascularization) among patients with left main disease treated with percutaneous coronary intervention (PCI [blue bars]) or coronary artery
bypass graft surgery (CABG [red bars]) in the SYNTAX trial. For SYNTAX scores between 0 and 32, PCI appears to be as safe and efficacious as CABG; for scores of 33
and above, CABG is superior (347).
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The results from the SYNTAX trial have fuelled the
debate with respect to the management of UPLMS disease,
and prompted the first dedicated UPLMS trial, the
EXCEL (Evaluation of Xience Prime Versus Coronary
Artery Bypass Surgery for Effectiveness of Left Main
Revascularization) study, which will randomize 2,500 pa-
tients to revascularization with either the Xience V PRIME
EES or CABG. The trial aims to commence enrollment in
late 2010 (346).

CTO

CTOs are encountered in �15% to 30% of patients referred
for coronary angiography, and generally regarded as 1 of the
few remaining challenges for interventional cardiologists
(347). They are associated with lower procedural success
rates compared with nonocclusive lesions, with inability to
cross the CTO with a wire as the most commonly cited
reason for procedural failure (347).

Successful percutaneous recanalization of a CTO, com-
pared with a failed attempt, offers the benefit of a reduction
in symptoms, improved left ventricular function, and im-
proved survival (348–351). For example, the 376-patient
multicenter TOAST-GISE (Total Occlusion Angioplasty
Study–Società Italiana di Cardiologia Invasiva) study re-
ported significant reductions in mortality (1.05% vs. 7.23%,
p � 0.005), and a greater rate of angina-free survival (88.7%
vs. 75.0%, p � 0.008) among patients with successful
CTO-PCI compared with patients who had an unsuccessful
CTO-PCI attempt at 12-month follow-up (348). The
long-term prognostic benefits of successful versus unsuc-
cessful CTO intervention at both 5- and 10-year follow-up
have also been demonstrated by Hoye et al. (351) (93.5 vs.
88.0%, p � 0.02) and Suero et al. (350) (73.5% vs. 65.1%,
p � 0.001), respectively. In contrast, however, Prasad et al.
(352), who reviewed outcomes over 25 years in a single center,
reported that an unsuccessful procedure was not an indepen-
dent predictor of long-term mortality; whereas de Labriolle et
al. (353) also reported that patients with a successful CTO
procedure had no survival benefit compared with patients
having an unsuccessful procedure.
DES versus BMS. After successful recanalization of a
CTO, studies demonstrate consistent improvements in
clinical outcomes after implantation of a DES compared
with a BMS that have been predominantly driven through
reductions in repeat revascularization (66–69,354–360).

Randomized data are limited to the PRISON II (Primary
Stenting of Totally Occluded Native Coronary Arteries II)
study and the GISSOC II-GISE (Gruppo Italiano di
Studio sullo Stent nelle Occlusioni Coronariche II–Società
Italiana di Cardiologia Invasiva) study, which both com-
pared outcomes of patients with a CTO treated with BMS
or SES. The use of SES compared with BMS led to
significant reductions in TLR and TVR, and comparable
rates of death, MI, and ST at follow-up ranging from 6
months (PRISON II), to 24 months (GISSOC II-GISE),
and out to 5 years (PRISON II) (Table 2) (66–69).

Numerous registries have also reported data from CTO
subgroups, and results demonstrate a consistent significant
reduction in TLR and MACE after use of DES compared
with BMS at short-term follow-up of between 6 and 18
months (357–360). At longer-term follow-up, and consis-
tent with the randomized studies, De Felice et al. (360)
reported the maintenance of this advantage with DES out
to 3 years among 283 patients treated with SES/PES (n �
124) or BMS (n � 159). Conversely, no significant differ-
ences in TLR or MACE were observed among 140 patients
(SES 76, BMS 64) in the CTO subgroup of the RE-
SEARCH registry at either 3- or 5-year follow-up
(361,362).

A recent meta-analysis of all these studies, which in-
cluded �4,000 patients with a CTO treated with either a
DES (n � 2,390) or BMS (n � 2,004), confirms the
superiority of DES in terms of significantly improved
efficacy and comparable safety compared with BMS at a
mean of 22 months of follow-up (363). It is noteworthy that
a strong trend toward a higher rate of ST was observed in
the DES-treated cohort (RR: 2.79, 95% CI: 0.98 to 7.97,
p � 0.06).

SVG

SVGs have a limited durability; however, they are still
frequently used as conduits in CABG. Their subsequent
failure due to atherosclerosis is the most common cause of
recurrent ischemia in surgically revascularized patients. Un-
fortunately, the optimal method of repeat revascularization
in these patients is not clearly established. Repeat surgical
revascularization exposes patients to an increased risk of
morbidity and mortality compared with their primary op-
eration, without evidence of prognostic gain (364,365).
Moreover, PCI for SVG is associated with suboptimal
results due to high rates of periprocedural MI and high rates
of restenosis requiring TLR (366). The high rates of peri-
procedural MI are thought to relate to the poor development of
fibrous caps in the SVG atheroma (367) that increases the
likelihood of embolization during stent implantation. The
incidence of these periprocedural MIs is reduced after the use
of embolic protection devices (368–370); however, despite
this, and their class I recommendation for use when tech-
nically feasible (174), analysis of the ACC National Car-
diovascular Data Registry suggests that they are used in only
�22% of SVG PCI (371).

Unlike native vessel lesions, the clear clinical benefits of
DES over BMS have been slow to materialize in patients
with SVG. Currently there is a paucity of data investigating
the benefits of BMS over DES, and what data are available,
are largely retrospective (372).
Randomized data. There have been only 2 small dedi-
cated, randomized studies comparing DES to BMS in SVG
intervention, which in total have included 155 patients
(74,75,373). At short-term follow-up of 6 and 18 months,
respectively, both the single-center RRISC (Reduction
of Restenosis in Saphenous Vein Grafts With Cypher
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Sirolimus-Eluting Stent) trial, and the multicenter SOS
(Stent or Surgery) study reported, as expected, significant
reductions in binary restenosis and TLR after use of DES
compared with BMS, together with comparable rates of
death and MI (74,373). Long-term data to a median of 32
months are only available in the RRISC trial, and demon-
strates catch-up in the repeat revascularization rates in
patients treated with DES (75). Moreover, there was a
significant increase in late mortality among patients treated
with SES as compared with patients treated with BMS
(29% vs. 0%, p � 0.001) (75). Because of their small sample
sizes, both studies were very underpowered to detect true
differences in clinical events.
Registry data. Twenty registries have reported results in
patients with SVG PCI, including a total of 5,172 patients
(3,091 DES, 2,081 BMS), with outcomes reported between
6 and 34 months of follow-up. Results have been inconsis-
tent, with some reporting advantages for DES over BMS,
(131,374–378), and some reporting no difference (379–382).
The largest study to date, a subgroup of the large multi-
center STENT study, has recently reported 2-year propen-
sity score matched outcomes for 1,000 patients treated with
DES or BMS. At 9-month follow-up, the use of DES was
associated with significantly reduced rates of MACE (14%
vs. 21%, p � 0.001), a lower composite of death or MI
(8.7% vs. 14%, p � 0.006), and a lower rate of TVR (HR:
0.36, p � 0.001) and ST (HR: 0.22, p � 0.009). At 2 years,
DES-treated patients had significantly better survival,
whereas significant reductions in overall MACE and TVR
were only noted after adjustment (383).

All trials are summarized in a recently published system-
atic review (372), which concluded that in comparison to
BMS, DES are safe (with the exception of the RRISC trial),
and offer consistently reduced late loss and angiographic
stenosis. Definitive data are still needed and will be partly
obtained from the results of 3 on-going randomized mul-
ticenter prospective trials. In the absence of these data,
however, for the time being, current results suggest that
DES offer an advantage over BMS in terms of reduced
restenosis and the need for TLR.

ISR

The introduction of DES led to a significant reduction in
the rates of restenosis; however, they have not been able to
eliminate it, resulting in a minority of patients returning
with symptoms ranging from the gradual recurrence of
angina pectoris to acute presentations with ACS (384,385).
Numerous factors have been suggested as the underlying
mechanism of this ISR, and these include: 1) biological
factors such as resistance to antiproliferative drugs and
hypersensitivity reactions; 2) mechanical factors such as
stent fractures, polymer peeling, and nonuniform stent strut
distribution or drug deposition; and 3) technical factors,
including incomplete stent expansion, geographical miss,
and barotraumas to unstented segments.

BMS ISR. Historically, numerous therapies have been
used in the management of ISR after BMS implantation
including POBA, atherectomy, and repeat stenting. Al-
though all these modalities produced satisfactory imme-
diate results, their utilization was hindered by a frequent
need for a subsequent repeat revascularization procedure.
To address this problem, vascular brachytherapy was
introduced as an adjunctive therapy after successful
POBA, with subsequent randomized studies confirming
that this combination was highly effective at reducing the
high rates of repeat TVR after treatment of BMS ISR
(386,387). The use of brachytherapy soon fell out of
favor, however, not only because of procedural logistics
such as the expensive equipment, but also because of
results at long-term follow-up, which raised concerns
over ST and demonstrated a reduction in efficacy over
time with subsequent delayed restenosis and a late TVR
catch-up response (388). Perhaps the most important
factor, however, in the downfall of brachytherapy was the
emergence of DES.

Several studies have compared the performance of
DES with brachytherapy in patients with BMS ISR. All
studies, ranging from nonrandomized pilot studies to the
large randomized SISR (Sirolimus-Eluting Stents Versus
Vascular Brachytherapy for In-Stent Restenosis) study
and the TAXUS V ISR study (PES vs. brachytherapy),
which individually enrolled �400 patients, have shown a
consistent benefit with treatment using DES (SES or
PES) compared with brachytherapy (389 –395). Of note,
at long-term follow-up in the TAXUS V ISR study, a
greater absolute difference in TLR was seen at 2-year
follow-up in favor of PES (9-month �TLR 7.6% vs.
24-month �TLR 11.5%), without any compromise on
safety (392). Similarly, in the SISR study, the significant
reduction in TLR with the use of SES that was observed at
12 months was maintained out to 3-year follow-up (394).

Concurrent with the comparison between DES and
brachytherapy, DES have also been compared with
POBA in the treatment of ISR after BMS implantation.
The first of such studies was the ISAR-DESIRE (Intra-
coronary Stenting and Angiographic Results: Drug-
Eluting Stents for In-Stent Restenosis) study that ran-
domly assigned 300 patients with BMS ISR to treatment
with SES, PES, and POBA (116). At 6-month follow-
up, treatment with DES had led to significantly lower
rates of in-segment angiographic stenosis (POBA 44.6%
vs. SES 14.3% vs. PES 21.7%, p � 0.05 for SES and PES
vs. POBA), whereas at 12 months, use of DES led to
significantly lower rates of TVR (POBA 33% vs. SES 8%
vs. PES 19%, p � 0.05 for SES and PES vs. POBA).
Overall, rates of mortality and MI were comparable
through to 12-month follow-up. A secondary analysis
compared outcomes between stents, and demonstrated no
significant difference between SES and PES in the rate of
angiographic restenosis (p � 0.19), whereas use of SES
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lead to significantly lower rates of TVR compared with
PES (p � 0.02).

This advantage of DES over POBA appears to be
preserved long-term, as indicated by the results of the
RIBS-II (Restenosis Intra-stent: Balloon Angioplasty Ver-
sus Elective Sirolimus-Eluting Stenting) study that ran-
domly allocated 150 patients with BMS ISR to treatment
with SES or POBA. At 1-year follow-up (12% vs. 31%, p �
0.005) and 4-year follow-up (24% vs. 35%, p � 0.02),
treatment with SES had led to a significantly lower rate of
MACE, with comparable rates of death, MI, and ST. Of
note, SES implantation was shown to be an independent
predictor of event-free survival (396,397).
DES ISR. ISR with DES is likely to become an increasing
problem, considering the expanding use of DES in contem-
porary practice. At present, it is estimated that there are
�200,000 cases of DES ISR annually in the U.S. alone (398).
Despite this, however, the optimal treatment strategy for this
condition remains to be established. The lessons learned from
the treatment of BMS ISR suggest that the most appropriate
treatment lies with repeat stenting, rather than with brachy-
therapy and POBA, and this is further supported by the more
focal nature of DES ISR, which is a somewhat easier mor-
phological pattern to treat compared with BMS restenosis
(399). Other treatment options besides stenting include surgi-
cal revascularization for extreme cases and the use of more
novel therapies such as drug-eluting balloons, which are
discussed in more detail in Part 2 of this supplement.

If stenting is selected, a question that remains under discus-
sion is whether DES ISR should be treated with a DES
eluting the same antiproliferative drug or a different class of
drug. That has recently been investigated in the ISAR-
DESIRE II study, which randomly allocated 450 patients with
ISR after SES implantation to treatment with repeat SES
implantation or PES (117). At 6-month angiographic follow-
up, there were no significant differences in late loss (SES 0.40
mm vs. PES 0.38 mm, p � 0.85) or binary restenosis (19.6%
vs. 20.6%, p � 0.69). Similarly, at 12-month clinical follow-up,
rates of death, MI, TLR, and ST were also all comparable
between treatment strategies. Therefore, patients with SES
ISR can be equally effectively treated with repeat SES implan-
tation or PES; however, it is not known whether these results
are applicable to ISR occurring after implantation of a second-
generation DES. Importantly, the late loss observed after SES
implantation was considerably higher than that seen in other
studies of SES (Tables 2 and 5), suggesting that patients
experiencing SES ISR may be hyporesponsive to the antipro-
liferative effects of SES. It follows that further investigation is
required into the problem of ISR after DES implantation to
establish a definitive treatment strategy.

Conclusions

Coronary stents are an essential component of contempo-
rary percutaneous revascularization. The introduction of
DES led to significant reductions in restenosis, and al-

though their use is associated with an increased risk of late
ST, no additional risk of mortality has been demonstrated.
The improved outcomes with DES have led to expanding
indications for PCI, which is now an accepted treatment for
diabetic patients and patients with complex CAD. The
persisting concerns over ST have led to improvements in
stent design, and although the second-generation DES have
demonstrated early improvements in safety, great anticipa-
tion remains over the newer stent technology, which is
explored in Part 2: Looking Forward.
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ARRiVe The TAXUS Peri-Approval Registry: A Multi-Centre Safety Surveillance 130

ARtS- ii Arterial Revascularization Therapies Study Part II 77, 80-81

BASKet-LAte Basel Stent Kosten Effektivitats Trial 124, 288
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CARDiA Coronary Artery Revascularization in Diabetes Trial 314
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Second-Generation Everolimus-Eluting and Paclitaxel-Eluting Stents in 
Real-Life Practice
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C-SiRiUS Canadian-Sirolimus-Eluting Stent in De-Novo Native Coronary Lesions 47

CURReNt oASiS-7
Clopidogrel Optimal Loading Dose Usage to Reduce Recurrent Events/
Optimal Anti-Platelet Strategy for Interventions
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DAPt Dual Anti-Platelet Therapy Trial 185
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A Randomized Study With the Sirolimus-Eluting Bx Velocity Balloon-
Expandable Stent in the Treatment of Diabetic Patients With Native 
Coronary Artery Lesions
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DeLFt Drug-Eluting Stent for Left Main 341

DeS-DiABeteS Drug-Eluting Stents in Patients With Diabetes Mellitus 102, 103

DeSSeRt Diabetes Drug-Eluting Sirolimus Stent Experience in Restenosis Trial 52

DiabeDeS Diabetes and Drug-Eluting Stent 306

DiABeteS Diabetes and Sirolimus-Eluting Stent 49–51

e-FiVe Endeavor Stent Registry 268, 269

eNDeAVoR i-iV Endeavor Stent Evaluation Studies 256-265

e-SiRiUS European-Sirolimus-Eluting Stent in De-Novo Native Coronary Lesions 48

eRACi
Argentine Randomized Study: Coronary Angioplasty With Stenting 
Versus Coronary Bypass Surgery in Multi-Vessel Disease

334

eXCeL Evaluation of Xience Prime Versus Coronary Artery Bypass Surgery 346

eXCeLLeNt
Efficacy of Xience/Promus Versus Cypher in Reducing Late Loss After 
Stenting for Effectiveness of Left Main Revascularization 
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FReeDom
Future Revascularization Evaluation in Patients With Diabetes Mellitus: 
Optimal Management of Multivessel Disease
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GiSSoC ii-GiSe 
 Gruppo Italiano di Studio sullo Stent nelle Occlusioni Coronariche 
II&ndash;Società Italiana di Cardiologia Invasiva

69

GRAVitAS
Gauging Responsiveness With A VerifyNow assay - Impact on Thrombosis 
And Safety

204

HoRiZoNS-Ami
Harmonizing Outcomes With Revascularization and Stents in Acute 
Myocardial Infarction

91, 92

iSAR-DeSiRe 
Intracoronary Stenting and Angiographic Results: Drug-Eluting Stents for 
In-stent Restenosis

116, 117

iSAR-DiABeteS
Intracoronary Stenting and Angiographic Results: Do Diabetic Patients 
Derive Similar Benefit From Paclitaxel-Eluting and Sirolimus-Eluting 
Stents?

104

iSAR-LeFt mAiN
Intracoronary Stenting and Angiographic Results: Drug-Eluting Stents for 
Unprotected Coronary Left Main Lesions

113

iSAR-SAFe
Intracoronary Stenting and Angiographic Results: Safety and Efficacy of 6 
Months Dual Anti-Platelet Therapy After Drug-Eluting Stenting

184

iSAR-SmARt 3
Intracoronary Stenting and Angiographic Results: Drug-Eluting Stents to 
Abrogate Restenosis in Small Arteries Trial

115

LoNG DeS ii
Comparison of Sirolimus-Eluting Stent, Paclitaxel-Eluting Stent and Bare 
Metal Stent in the Treatment of Long Coronary Lesions

114
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mAiN ComPARe
Revascularization for Unprotected Left Main Coronary Artery Stenosis: 
Comparison of Percutaneous Coronary Angioplasty Versus Surgical 
Revascularization

27, 342, 343

mDACR Massachusetts Data Analysis Center Registry 301

miSSioN!
A Prospective Randomized Controlled Trial to Evaluate the Efficacy of 
Drug-Eluting Stents Versus Bare-Metal Stents for the Treatment of Acute 
Myocardial Infarction

55, 56

oPtimiZe
Optimized Duration of Clopidogrel Therapy Following Treatment With 
the Endeavor Zotarolimus-Eluting Stent (ZES) in the “Real-World”

183

PASeo
Paclitaxel or Sirolimus-Eluting Stent Versus Bare Metal Stent in Primary 
Angioplasty

57,58

PASSioN
Paclitaxel-Eluting Stent Versus Conventional Stent in Myocardial 

Infarction With ST-Segment Elevation
93-95

PLAto A Study of Platelet Inhibition and Patient Outcomes 189

PRemieR
Prospective Registry Evaluating Myocardial Infarction: Events and 
Recovery

172

PRiSoN ii Primary Stenting of Totally Occluded Native Coronary Arteries II 66-68

PRoSit
Prospective Randomized Trial of Sirolimus Versus Paclitaxel-Eluting Stent 
System Trial

111, 112

PRoteCt Patient Related Outcomes With Endeavor Versus Cypher Stenting Trial 271

RAVeL
Randomized Study With the Sirolimus-Coated Bx Velocity Balloon-
Expandable Stent in the Treatment of Patients With De Novo Native 
Coronary Artery Lesions

42, 46

ReALitY
Comparison of the Cypher Sirolimus-Eluting and the Taxus Paclitaxel-
Eluting Stent Systems Trial

105

ReSeARCH Rapamycin-Eluting Stent Evaluated at Rotterdam Cardiology Hospital 78, 79

RiBS-ii
Restenosis Intra-Stent: Balloon Angioplasty Versus Elective Sirolimus-
Eluting Stenting

396, 397

RRiSC
Reduction of Restenosis in Saphenous Vein Grafts With Cypher Sirolimus-
Eluting Stent

74, 75

SCAAR Swedish Angiography and Angioplasty Registry 33, 126, 302

SCANDSteNt The Stenting Coronary Arteries in Non-Stress/Benestent Disease 72, 73

SCoRPiUS
German Multicenter Randomized Single Blind Study of the CYPHER 
Sirolimus-Eluting Stent in the Treatment of Diabetic Patients With De 
Novo Native Coronary Artery Lesions

53

SeSAmi
Sirolimus-Eluting Stent Versus Bare-Metal Stent in Acute Myocardial 
Infarction

59, 60

SeS-SmARt
Sirolimus-Eluting Versus Uncoated Stents for Prevention of Restenosis in 
Small Coronary Arteries

70, 71

SiRiUS Sirolimus-Eluting Stent in De-Novo Native Coronary Lesions 43-45

SiRtAX
Sirolimus-Eluting Versus Paclitaxel-Eluting Stents for Coronary 
Revascularization

106,107

SoRt-oUt ii
Danish Organization on Randomized Trials With Clinical Outcome II 
Paclitaxel Versus Sirolimus in Everyday Clinical Practice

108

SoRt-oUt iii
Prospective Randomized Comparison of Zotarolimus-Eluting and 
Sirolimus-Eluting Stents in Patients With Coronary Artery Disease

267

SoS Stent or Surgery 373

SPiRit trials 
Clinical Evaluation of the Xience V Everolimus-Eluting Coronary Stent 
System 

272-280
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SiSR
Sirolimus-Eluting Stent With Vascular Brachytherapy for the Treatment of 
In-Stent Restenosis From Bare Metal Stents

393, 394

SteNt Strategic Transcatheter Evaluation of New Therapies 131, 383

StRAteGY
Single High-Dose Bolus Tirofiban and Sirolimus-Eluting Stent Versus 
Abciximab and Bare-Metal Stent in Myocardial Infarction

61, 62

StReSS Stent Restenosis Study 12

SYNtAX
Synergy Between Percutaneous Coronary Intervention With Taxus and 
Cardiac Surgery

28

tAXi
Comparison Between Paclitaxel and Sirolimus Stents in the Real World of 
Interventional Cardiology

109,110

tAXUS i, ii, iV, V, Vi TAXUS evaluation studies 82-90

tAXUS AtLAS
TAXUS Liberté-SR Stent for the Treatment of De Novo Coronary Artery 
Lesions

99-101

tRitoN timi 38
Trial to Assess Improvement in Therapeutic Outcomes by Optimizing 
Platelet Inhibition With Prasugrel-Thrombolysis In Myocardial Infarction

187, 188

t-SeARCH Taxus-Stent Evaluated at Rotterdam Cardiology Hospital 97, 98

tYCooN Two-Year Clopidogrel Need Study 182

tYPHooN
Trial to Assess the Use of the Cypher Stent in Acute Myocardial Infarction 
Treated With Balloon Angioplasty

63, 64

ZeSt
Comparison of Sirolimus- and Paclitaxel-Eluting Stents Versus 
Zotarolimus-Eluting Stents in Real World Practice

266
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Coronary Stents
Looking Forward

Scot Garg, MB, CHB, Patrick W. Serruys, MD, PHD

Rotterdam, the Netherlands

Despite all the benefits of drug-eluting stents (DES), concerns have been raised over their long-term safety, with
particular reference to stent thrombosis. In an effort to address these concerns, newer stents have been devel-
oped that include: DES with biodegradable polymers, DES that are polymer free, stents with novel coatings, and
completely biodegradable stents. Many of these stents are currently undergoing pre-clinical and clinical trials;
however, early results seem promising. This paper reviews the current status of this new technology, together
with other new coronary devices such as bifurcation stents and drug-eluting balloons, as efforts continue to
design the ideal coronary stent. (J Am Coll Cardiol 2010;56:S43–78) © 2010 by the American College of
Cardiology Foundation

Part 1 has highlighted the impressive clinical benefits seen
following the introduction of drug-eluting stents (DES);
however, in parallel, it also serves to highlight the safety
concerns associated with their use, which have predomi-
nantly centered around stent thrombosis (ST) (1–3). The
cause of ST is clearly multifactorial, and in addition to
patient and lesion factors, a portion of blame has been
attributed to the stent polymer (4), which has subsequently
become a focal area for new research and stent development.

The second-generation DES have more biocompatible
polymers, and although they have already demonstrated
impressive safety results at medium-term follow-up (5–7),
additional improvements are anticipated from the newer
metallic durable polymer DES that have been developed.
Despite this, however, concerns persist over the presence of
a nonerodable polymer, which remains exposed to the
coronary artery environment long after its useful function
has been served. These concerns appear justified in light of
evidence from animal and human studies, which suggest
that these nonerodable polymers can cause persistent arterial
wall inflammation and delayed vascular healing, both of
which may subsequently have a role in precipitating ST and
delayed restenosis (8–11).

The findings from these studies accelerated the develop-
ment of DES coated with biodegradable polymers. These
stents offer the attractive combination of controlled drug
elution in parallel with biodegradation of the polymer into
inert monomers. Therefore, after biodegradation is com-
plete, only a bare-metal stent (BMS) remains, thereby

reducing the long-term risks associated with the presence of
a permanent polymer (12).

In recent times, an extension of this concept has been the
development of DES that are completely free of polymer,
and of BMS coated in novel coatings. Finally, completely
biodegradable magnesium and polymeric stents have been
developed, which completely disappear once vascular heal-
ing has taken place.

In Part 2, this new stent technology, together with other
coronary devices such as bifurcation stents and drug-eluting
balloons that are all currently undergoing investigation in
pre-clinical and clinical trials, is reviewed. This new stent
technology encompasses a wide range of devices, and
although not a definitive classification, devices in the fol-
lowing discussion have been grouped together along similar
types of polymer. It must be acknowledged, however, that
this classification does not cater for all possibilities.

Metallic DES With Durable Polymers

Numerous new durable polymer metallic DES are under
development. These stents build on the knowledge and
experiences gained from the first- and second-generation
DES described in Part 1, while utilizing new polymer
technology, antiproliferative agents, and metal stent plat-
forms in a bid to improve clinical outcomes and safety
(Table 1) (13–17).
New polymer technology: Endeavor Resolute. The En-
deavor Resolute zotarolimus-eluting stent (ZES) (Medtronic,
Santa Rosa, California) is the next version of the Endeavor
ZES and is currently undergoing clinical evaluation. This ZES
consists of the Driver cobalt chromium stent platform and a
Biolinx polymer—a blend of 3 different polymers: the hydro-
phobic C10 polymer to control drug release; the biocompatible
and hydrophilic C19 polymer; and polyvinyl pyrrolidone to
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allow an early burst of drug release
(18). The polymer allows delayed
drug release, such that at least 85%
of the zotarolimus is released
within 60 days, with the remainder
being released within 180 days
(Fig. 1) (18,19). Ultimately, this
delayed release is intended to
match the delayed healing times
seen in complex lesions. Evalua-
tion of the stent in the 139-patient
multicenter, nonrandomized, first-
in-man (FIM) RESOLUTE
(Evaluation of the new generation
zotarolimus-eluting coronary stent
system) study demonstrated an
angiographic in-stent late loss of
0.22 mm at 9-months follow-up
and respective rates of major
adverse cardiovascular events
(MACE), target lesion revascu-
larization (TLR), and any defi-
nite/probable ST of 8.6%, 0.7%,
and 0.0% at 12-month follow-
up, and 11.6%, 1.6%, and 0.0%
at 3-year follow-up (13,20,21).

Further evaluation of the Reso-
lute stent has taken place in the
RESOLUTE All-Comers trial,
which enrolled 2,300 patients who
were randomized in a 1:1 ratio to
treatment with either the Resolute
ZES or the Xience V (Abbott
Vascular, Santa Clara, California)
everolimus-eluting stent (EES).
At 12-months clinical follow-up
in a predominantly off-label popu-
lation, the Resolute ZES was
found to be noninferior to EES
with respect to the primary clinical
end point of target lesion failure,
a composite of cardiac death, tar-
get vessel myocardial infarction
(MI), and clinically indicated
TLR (ZES 8.2% vs. EES 8.3%,
pnoninferiority �0.001). In addition,
in a subgroup of patients who were
randomized to 13-month angio-
graphic follow-up, ZES was again
found to be noninferior to EES with
respect to the powered angiographic
secondary end point of in-stent di-
ameter stenosis (ZES 21.65 �
14.42% vs. EES 19.76 � 14.64%,
p,noninferiority � 0.04). Considering
the complex patient population, the

Abbreviations
and Acronyms

BDS � biodegradable stent

BE � balloon-expandable

BMS � bare-metal stent(s)

BVS � bioresorbable
vascular scaffold

C.E. � Conformité
Européene

DAPT � dual antiplatelet
therapy

DEB � drug-eluting balloon

DES � drug-eluting stent(s)

EES � everolimus-eluting
stent(s)

EPC � endothelial
progenitor cell

FDA � Food and Drug
Administration

FIM � first in man

ISR � in-stent restenosis

IVUS � intravascular
ultrasound

IVUS-VH � intravascular
ultrasound-virtual
histology

MACE � major adverse
cardiovascular events

MI � myocardial infarction

NES � novolimus-eluting
stent(s)

OCT � optical coherence
tomography

PCI � percutaneous
coronary intervention

PES � paclitaxel-eluting
stent(s)

PF � polymer-free

PLA � poly-L-lactide

PLGA � 50:50 poly
DL-lactide-co-glycolide

PLLA � poly-L-lactic acid

SES � sirolimus-eluting
stent(s)

SE � self-expanding

ST � stent thrombosis

TLR � target lesion
revascularization

TVR � target vessel
revascularization

ZES � zotarolimus-eluting
stent(s)
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overall rate of ST was low at 2.3% and 1.5% for ZES and EES,
respectively (p � 0.17) (22).
New antiproliferative agents: Elixir DESyne novolimus-
eluting stent (NES). The Elixir DESyne NES (Elixir
Medical, Sunnyvale, California) consists of: 1) a cobalt
chromium stent platform (Figs. 2A and 2B); 2) a durable
poly(n-butyl methacrylate) polymer, which is similar to that
found on the Cypher sirolimus-eluting stent (SES) (Cordis,
Warren, New Jersey); and 3) a drug coating of novolimus,
which represents a new antiproliferative mammalian target
of rapamycin (mTOR) inhibitor, which is a metabolite of
sirolimus, that has been specifically developed for the stent.
This modified mTOR inhibitor has a similar efficacy to
currently available agents; however, it has both a lower drug
dose (NES 5 �g/mm of stent length vs. ZES 10 �g/mm)
and polymer load (polymer thickness �3 �m vs. 4.1 �m on
ZES) compared with other first- and second-generation
DES, and therefore is conceivably safer.

The feasibility of using novolimus on a DES has been
assessed in the 15-patient FIM EXCELLA (Elixir Medical
Clinical Evaluation of the Novolimus-Eluting Coronary
Stent System) study, which reported an angiographic

in-stent late loss of 0.31 � 0.25 mm, and a percentage
volume obstruction on intravascular ultrasound (IVUS)
of 6.0 � 4.4% at 8-month follow-up, together with no
MACE through 12 months (14) and 1 MACE event at
24 months (15).

Further assessment of the NES has been performed in the
single-blind, prospective EXCELLA-II study, which random-
ized 210 patients to treatment with either NES (n � 139)
or ZES (n � 71) (23). At 9-month follow-up, the primary
end point of angiographic in-stent late loss was measured at
0.11 � 0.32 mm and 0.63 � 0.42 mm in patients treated
with NES and ZES, respectively (pnoninferiority �0.0001,
psuperiority �0.0001). During clinical follow-up, there were
no significant differences between stent groups in the
device-orientated composite end point (NES 2.9% vs. ZES
5.6%, p � 0.45) or its individual components of cardiac
death, target vessel MI, and clinically indicated TLR. The
rate of ST was comparable between both groups (23).
New metal stent platforms: platinum chromium Element
stent platform. A platinum chromium alloy forms the basis
of the new Element stent platform (Boston Scientific,
Natick, Massachusetts), which has been combined with

Figure 1 The Endeavor Resolute Stent

(A) The chemical structure of the 3 components of the BioLinx polymer system. The hydrophobic C10 polymer is based on hydrophobic butyl methacrylate to provide
adequate hydrophobicity for zotarolimus. The hydrophilic C19 polymer is manufactured from a mixture of hydrophobic hexyl methacrylate, and hydrophilic vinyl pyrrolidi-
none and vinyl acetate monomers, to provide enhanced biocompatibility. The hydrophilic polyvinyl pyrrolidinone increases the initial drug burst and enhances biocompat-
ibility. (B) The drug release pattern of zotarolimus; �85% is released within the first 60 days, with drug elution complete by 180 days. (C) A comparison of the relative
arterial concentrations of zotarolimus in the porcine coronary artery model at various times post-implantation of the Endeavor and Endeavor Resolute stents. The
Endeavor stent maintains effective drug levels through the initial loading of arterial tissue with zotarolimus during the first 2 weeks of elution. Conversely, the Endeavor
Resolute stent sustains an effective drug level in the tissue through continued, sustained elution. B and C are reproduced with permission from Meredith et al. (18) and
Udipi et al. (19), respectively.
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everolimus on the Promus Element (Boston Scientific)
EES, and gained the Conformité Européene (C.E.) mark in
November 2009 (Figs. 2C and 2D). The Element platform
is also available combined with paclitaxel on the TAXUS
Element (Boston Scientific) paclitaxel-eluting stent (PES),
which received C.E. mark in May 2010. Platinum chro-
mium offers distinct advantages over stainless steel and
cobalt chromium; the alloy is twice as dense as iron or cobalt
chromium, and therefore has much greater radio-opacity. In
addition, its increased radial strength enables thinner stent
struts, which has been shown to reduce clinical and angio-
graphic restenosis (24,25).

The Promus Element, which has a strut thickness of 81
�m compared with 96 �m for the TAXUS Liberté, has
been compared with the cobalt chromium Promus EES
(Boston Scientific) in 1,532 patients in the randomized
multicenter PLATINUM (A Prospective, Randomized,
Multicenter Trial to Assess an Everolimus-Eluting Coro-
nary Stent System [PROMUS Element] for the Treatment
of up to Two De Novo Coronary Artery Lesions) clinical
trial. Two parallel subtrials will also evaluate the Promus
Element stent in small vessels and in long lesions. The trial
completed enrolment in September 2009, and results will be
used to support U.S. Food and Drug Administration (FDA)
approval.

The TAXUS Element stent is currently undergoing
evaluation in the ongoing PERSEUS (A Prospective Eval-
uation in a Randomized Trial of the Safety and Efficacy of
the Use of the TAXUS Element Paclitaxel-Eluting Coro-
nary Stent System for the Treatment of De Novo Coronary
Artery Lesions) clinical trial program, which has so far
reported results from 2 parallel studies in patients with
single, de novo lesions (16,17). These 2 studies are:

1. The noninferiority PERSEUS Workhorse trial, which
randomized, in a 3:1 ratio, 1,262 patients with lesions
less than 28 mm long, in vessels between 2.75 and 4.00
mm in diameter, to treatment with the TAXUS Element
(n � 942) or the TAXUS Express PES (n � 320) (16).
At 9-month angiographic follow-up, there was no sig-
nificant difference in late loss between the Element and
Express stents (Element 0.34 � 0.55 mm vs. Express
0.26 � 0.52 mm, p � 0.33). The rate of the primary end
point of target lesion failure at 12 months was 5.6%, and
6.1% for Element and Express stents, respectively (p �
0.78), which reached the pre-specified criteria for non-
inferiority. In addition, there were no significant differ-
ences in the clinical end points of MACE, mortality,
MI, and ST.

2. The superiority PERSEUS Small Vessel trial, which
compared the TAXUS Element stent to historical BMS
controls in patients with lesions �20 mm in length, in
vessels between 2.25 and 2.75 mm in diameter (17).
Overall, the study enrolled 224 patients treated with the
Element stent, who were compared with 125 lesion-
matched historical controls treated with a BMS from the
TAXUS IV study. Results at 9 months follow-up dem-
onstrated a significantly lower primary end point of
in-stent late loss with the Element stent compared with
the BMS stent (0.38 � 0.51 mm vs. 0.80 � 0.53 mm,
p � 0.001). At 12-month follow-up, the rates of target
lesion failure and MACE were both significantly lower
with the Element stent, whereas safety end points and
ST were comparable between both stents.

Overall, these initial, promising studies of the Element
stent demonstrate its superiority to the BMS Express stent,

C

A B

D

Figure 2 Examples of New Durable Polymer Metallic Stents

(A, B) The cobalt chromium Elixir DESyne novolimus-eluting stent crimped (A) and expanded (B). A is reproduced with permission from Costa et al. (14).
(C, D) The platinum chromium everolimus-eluting Element stent crimped (C) and expanded (D). Images C and D are courtesy of Boston Scientific.
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and noninferiority to the PES Express stent with respect to
efficacy, with no apparent safety concerns. Further evalua-
tion continues.

DES With Biodegradable Polymers

At present, numerous DES with biodegradable polymers
are available commercially in Europe, with several others
undergoing concurrent clinical trials. The physical proper-
ties of these stents, together with angiographic follow-up
results from FIM studies or randomized trials, are summa-
rized in Table 2 (26–41). Interest has focused on these
stents because initially after implantation, they theoretically
may offer the antirestenotic benefits of a standard DES,
whereas once the polymer has biodegraded, they specula-
tively may offer the safety benefits of a BMS.

There are many challenges remaining for this new poly-
mer technology, which include, among others, establishing
the optimal biocompatibility, composition, formulation, and
degradation time of the polymer. In addition, attention
must be paid to the pharmacokinetics of the antiproliferative
agent released by the degradation of the polymer, and the
variation in polymer degradation time, which can be affected
by production factors such as the use of long polymer
chains, decreased polymer hydrophobicity, and greater poly-
mer crystalinity, together with physical and biological envi-
ronmental factors (42).

The most important remaining question, however, is
whether this new technology will lead to improved clinical
outcomes. It must be stressed that the clinical advantage of
stents with biodegradable polymers is currently hypotheti-
cal. Unfortunately, present studies of these stents are limited
by short-term follow-up, and although results have been
promising, definitive data on the long-term benefits are
currently lacking. Importantly, evidence indicates that poly-
mer breakdown can be associated with a significant inflam-
matory reaction, which at times can create an acidic envi-
ronment. Moreover, complications may also occur as a
result of a persistent immune response to monomer break-
down products (43). These sequelae of polymer breakdown
reiterate the need for large-scale clinical trials with long-
term follow-up to determine whether stents with biode-
gradable polymers are as safe as, let alone safer than, stents
with durable polymers.

Despite the aforementioned uncertainties, numerous bio-
degradable polymer stents have been developed.
Sirolimus based. SUPRALIMUS STENT. The Supralimus
stent (Sahajanand Medical Technologies, Gujrat, India) is a
stainless steel sirolimus-eluting stent (SES) with a biode-
gradable polymer mix of poly-L-lactide (PLA), poly vinyl
pyrrolidone, poly lactide-co-caprolactone, and poly lactide-
co-glycolide (PLGA). Approximately one-half of the siroli-
mus has eluted by day 9, with elution being complete within
48 days; the polymer, on the other hand, completely
biodegrades within 7 months. The stents’ clinical effective-
ness and safety was initially demonstrated in the 100-patient

SERIES I (Study of the Supralimus Sirolimus Eluting Stent
in the Treatment of Patients With Real World Coronary
Artery Lesions) FIM study, which reported a rate of
in-stent angiographic restenosis of 0.0% and a late loss of
0.09 � 0.37 mm at 6-month follow-up. At 30 months, the
rate of target vessel revascularization (TVR) was 4%, with
no reported definite ST (26). Similar clinical effectiveness
and safety have been reported at 6-month follow-up in
the larger eSERIES multicenter registry, which included
over 1,100 patients (44).

Recently, the Supralimus stent has been compared to the
Infinnium PES (Sahajanand Medical Technologies), which
also has a biodegradable polymer, and a BMS in the
randomized, multicenter PAINT (Percutaneous Interven-
tion With Biodegradable-Polymer Based Paclitaxel-
Eluting, Sirolimus-Eluting, or Bare Stents for the Treat-
ment Of De Novo Coronary Lesions) study of 274 low-risk
patients. Results demonstrated that compared with BMS
controls, the 2 DES stents had significantly lower late loss
and significantly lower rates of TVR and MACE at 9- and
12-month follow-up, respectively. In addition, the Suprali-
mus SES stent was shown to have a significantly lower late
loss compared with the Infinnium PES; however, this did
not translate into any difference in clinical outcomes (39).

Further evaluation of the stent is continuing in the ongoing
SERIES III noninferiority trial that aims to randomize 400
patients to treatment with either the Xience V EES (Abbott
Vascular) stent or the Supralimus SES stent, with the primary
end point of 9-month in-stent late loss.

EXCEL STENT. The stainless steel Excel stent (JW Medical
Systems, Weihai, China) is coated with sirolimus and a
poly-L-lactic acid (PLLA) biodegradable polymer, which
completes degradation in 6 to 9 months. Recent data from
the CREATE (Multi-Center Registry Trial of EXCEL
Biodegradable Polymer Drug-Eluting Stent) registry in over
2,000 patients has reported a rate of MACE of 3.1% at 18
months follow-up, and most encouragingly, a rate of ST of
0.87%, despite 80.5% of patients discontinuing clopidogrel
at 6 months (27).

NEVO STENT. The NEVO stent (Cordis) is an open-cell,
cobalt chromium stent, with a PLGA biodegradable poly-
mer that elutes sirolimus. Uniquely, the polymer and siroli-
mus are contained within reservoirs, which eliminates the
need for a surface polymer coating, thereby reducing tissue–
polymer contact by over 75% (Fig. 3). This principle of
using reservoirs for drug elution in combination with a
PLGA biodegradable polymer is not new, and has previ-
ously been utilized on the similarly designed paclitaxel-
eluting CoStar stent (Conor MedSystems, Palo Alto,
California).

The CoStar stent was initially assessed in the PISCES
(Paclitaxel In-Stent Controlled Elution Study), FIM Costar I
(Cobalt Chromium Stent With Antiproliferative for Resteno-
sis), and EuroStar (European cobalt STent with Antiprolifera-
tive for Restenosis) studies, which not only established the
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optimal release kinetics for paclitaxel (10 �g/30 days; ablumi-
nal direction), but also demonstrated satisfactory binary in-
stent restenosis (ISR) rates and in-stent late loss (45–47).
Unfortunately, disappointing results were subsequently re-
ported in the first randomized assessment of the CoStar stent,
which was ultimately shown not to be noninferior to PES.
Specifically, the CoStar II study enrolled 1,700 patients who
were randomized to percutaneous coronary intervention (PCI)
with the CoStar stent (n � 989) or the TAXUS PES (Boston
Scientific) (n � 686) (48). (Twenty-five patients were de-
registered prior to randomization due to a failure to confirm
angiographic inclusion criteria at the time of the index PCI.)
At 8 months, the rate of MACE was CoStar 11.0% versus
PES 6.9% (p � 0.005), which was driven by the significantly
higher rate of TVR with the CoStar stent (8.1% vs. 4.3%, p �
0.002). Moreover, angiographic follow-up at 9 months re-
ported respective late losses for the CoStar and PES of 0.49
mm and 0.18 mm, respectively (p � 0.0001). Explanations for
these results, which are in contrast to the previous CoStar
studies, include among others, the learning curve for new
device implantation by the investigators; changes in the man-
ufacturing process during the trial that may have affected the
paclitaxel release kinetics; and the small number of patients in
the earlier studies. Of great importance and relevance to the
NEVO stent is that in an attempt to maximize long-term
safety, the dose of paclitaxel, which has a narrow therapeutic
window, on the CoStar stent may have been too small to
inhibit neointimal proliferation. Conversely, in the NEVO
stent, the sirolimus dose and release kinetics are similar to those
found on the Cypher (Cordis) SES, thus ensuring that drug

elution is complete within 90 days. In addition, the highly
hemo- and biocompatible polymer is also fully bioabsorbed
within the same period, leaving a BMS.

The stent has so far only been evaluated in the NEVO-
RES I (NEVO RES-ELUTION) study, which was a
randomized, multicenter, noninferiority study comparing
the NEVO stent to the TAXUS Liberté PES stent in 394
patients with single de novo coronary artery lesions. At
6-month angiographic follow-up, the primary end point of
in-stent late lumen loss was significantly lower in patients
treated with the NEVO stent (0.13 mm vs. 0.36 mm, p �
0.0001); a superiority that was preserved irrespective of
diabetes status, lesion length, or vessel diameter (28).
Clinical end points at both 6 months and 12 months were
numerically lower in the NEVO-treated group, although
these differences did not reach significance. The rate of ST
was 0.0% and 1.1% (p � 0.24) in patients treated with the
NEVO and PES stent, respectively.

Future trials of this promising stent technology are
planned for 2010. In particular, the NEVO II study has
commenced and will randomize 2,500 “all-comers” to treat-
ment with either the NEVO stent or the Xience V EES
stent, with clinical follow-up planned annually out to 5
years. Similar long-term follow-up is also planned for 1,300
U.S. patients enrolled in the nonrandomized NEVO III
study.
Biolimus A9 based. Biolimus A9 is a highly lipophilic
sirolimus analogue that has been combined with an ablu-
minal PLA biodegradable polymer on a number of different
stent platforms. The polymer biodegrades within 6 to 9

Reservoirs for 
polymer and drug

DES                                                             
BMS            

8 DAY8 DAY 30 DAY30 DAY 60 DAY60 DAY 90 DAY90 DAY

A

B

Figure 3 The NEVO Stent Design

(A) The NEVO cobalt chromium stent, which has an open-cell design and unique reservoirs that
contain a biodegradable polymer and sirolimus mix that (B) completely biodegrades within 90 days.
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months, and its abluminal location ensures more targeted
tissue release and reduced systemic exposure. The different
stent platforms utilizing this combination have all had
encouraging clinical results, as described later.

BIOMATRIX STENT. The Biomatrix stent (Biosensors,
Morges, Switzerland) was shown to be noninferior for
MACE, a composite of cardiac death, MI, and ischemia-
driven TVR at 12-month follow-up when compared with
the Cypher SES among the 1,707 patients enrolled in the
randomized, all-comers LEADERS (Limus Eluted from A
Durable versus Erodable Stent coating) trial (Biomatrix
10.6% vs. Cypher 12.0%, p � 0.37) (29). More recently, the
preservation of this noninferiority has been confirmed at
2-year follow-up (49). Of note, the stent’s PLA polymer is
expected to have completely biodegraded by 9 months
(Fig. 4), and therefore, even though the study is not
adequately powered to detect differences in ST events, it is
promising to observe the occurrence of fewer very late ST
events (�1 year) with the Biomatrix stent (0.2% vs. 0.5%)
(49). Further promising data in support of a biodegradable
polymer were obtained in an optical coherence tomography
(OCT) substudy, which demonstrated a higher rate of near
complete (�95%) strut coverage with the Biomatrix stent

when compared with the Cypher SES at 9-months
follow-up (89.3% vs. 63.3%, p � 0.03) (50).

NOBORI STENT. The Nobori stent (Terumo, Leuven, Bel-
gium) utilizes the same PLA polymer and the same anti-
proliferative agent as the aforementioned BioMatrix Flex
stent. Physically, both stent platforms are identical, the only
differences being the delivery system, delivery balloon, and
the stent coating process. The BioMatrix stent is coated by
an automated autopipette proprietary technology, whereas
the Nobori stent is not coated using an automated process.
The Nobori stent has so far been compared with the Cypher
SES and TAXUS PES with promising results. In the
NOBORI CORE study, the reported late loss at 9-month
follow-up between the 99 patients randomized to treatment
with either the Nobori stent or the Cypher SES was 0.10
mm, and 0.12 mm, respectively (p � 0.66) (51). Moreover,
treatment with the Nobori stent also appeared to result in a
significantly better recovery of endothelial function (52).
This finding has subsequently been reconfirmed by Hamilos
et al. (53) who demonstrated normal vasodilation after
implantation of the Nobori stent, in line with other second-
generation DES and BMS, compared with the paradoxical
vasoconstriction observed following implantation of first-
generation DES.

Following on from this, the Nobori I study randomized
243 patients to treatment with either the Nobori stent (n �
153) or the TAXUS PES stent (n � 90). Results at 9
months among the 86% of patients returning for follow-up
demonstrated noninferiority, and subsequent superiority, of
the Nobori stent with respect to late loss when compared
with the TAXUS PES stent (0.11 mm vs. 0.32 mm,
pnoninferiority �0.001, psuperiority � 0.001). Similarly, the rate
of Academic Research Consortium (ARC)-defined ST at
9-month follow-up was also lower with the Nobori stent
(0.0% vs. 2.2%) (31). Overall, the evaluation of the Nobori
stent has so far been performed in over 3,000 patients, and
encouragingly, no episodes of very late ST have been reported.
Further assessment of the stent is underway, including ran-
domized comparisons in “real-life” populations with the
Xience V EES in the COMPARE 2 (n � 2,700) and
BASKET PROVE 2 (n � 2,400) studies; and the Cypher
Select SES in SORT-OUT IV study (n � 2,400) (54).

AXXESS STENT. The structural properties of the self-
expanding, conical-shaped nitinol Axxess (Devax, Lake
Forest, California) bifurcation stent are summarized in
Table 2. The stent, which is deployed by withdrawing a
covering sheath, is ideally placed at the level of the carina,
thereby allowing continued easy access to both distal
branches, which can be provisionally treated with PCI if
required. The stent was first assessed in the 139 patient
Axxess Plus registry, which reported successful implantation
of the device in the main branch in 93.5% of cases; however,
80% and 42% of patients, respectively, required 2 or 3
additional stents to cover the lesion. Two-thirds of the 9
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Figure 4 The BioMatrix Flex Stent

(A) The stainless steel BioMatrix Flex stent. (B) The elution pattern of Bioli-
mus A9 (BA9) and the corresponding biodegradation pattern of the poly-lactic
acid (PLA) polymer.
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device failures occurred due to improper positioning of the
stent, either proximal or distal to the carina. At 6-month
follow-up, in-stent late loss was 0.09 mm, whereas ISR and
TLR were 4.8% and 7.5%, respectively (55). Further eval-
uation of the device has been performed in the prospective
DIVERGE (Drug Eluting Stent Intervention for Treating
Side Branches Effectively) study, which recruited 302 pa-
tients, of whom 21.7% and 64.7% required additional
stenting of 1 or both branches, respectively. At 9-month
follow-up, the rate of MACE was 7.7%, TLR 6.4%, and ST
1% (32).

XTENT CUSTOM NX STENT. The XTENT Custom NX
stent (Xtent, Menlo Park, California) was a unique cus-
tomizable DES that had a modular design made up of
multiple 6-mm segments that were interdigitated, allowing
for separation at each 6-mm segment (Fig. 5). These
features enabled the length of the stent to be customized to
the lesion length at the treatment site. The stent was
available with either 6 or 10 segments, allowing the
placement of up to 36 mm or 60 mm of stent, respec-
tively. The potential benefits of this customization were
the ability to treat long lesions without overlapping
stents, and improving stent apposition and lesion cover-
age, while maintaining vessel conformability. The stent’s
safety and efficacy were confirmed both clinically and
angiographically in the CUSTOM I, II, and III studies
(33,34). Despite its C.E. mark, the lack of randomized data,
coupled with the firm’s financial difficulties unfortunately
lead to Xtent going into liquidation in August 2009.
Myolimus. MYOLIMUS-ELUTING STENT. The myolimus-
eluting Elixir stent (Elixir Medical, Sunnyvale, California)
is a thin strut cobalt chromium stent coated with a PLA
polymer without any underlying primer coating. The poly-
mer facilitates elution of the new macrocylic lactone, my-

olimus, which is produced by replacement of the oxygen on
C32 of the macrocylic ring, and has a comparable potency,
in terms of inhibition of smooth muscle cells, to sirolimus.
The FIM study enrolled 15 patients, and at 6 months
angiographic follow-up, in-stent late lumen loss, binary
restenosis, and percentage neointimal volume obstruction
were 0.15 mm, 0.0%, and 1.4%, respectively. Clinical events
out to 9 months consisted of 1 MI; there was no death,
TLR, or ST (38). A second, single-arm multicenter registry
that recruited 30 patients has also been completed. Half of
the patients had angiographic follow-up at 6 months,
whereas the remaining returned at 12 months. Late lumen
loss and percentage neointimal volume obstruction were
0.08 mm and 3.2%, and 0.13 mm and 5.4% at 6 and 12
months, respectively; there was no binary restenosis. Clin-
ical events, assessed at 12 months, demonstrated no mor-
tality or ST; there were, however, 2 MIs and 2 TLRs (56).
Paclitaxel. INFINNIUM STENT. The Infinnium stent (Sa-
hajanand Medical Technologies) is a stainless steel stent
coated with paclitaxel, and a heparinized polymer blend of
PLA, PLGA, and polyvinyl pyrrolidine. The stent’s efficacy
and safety were confirmed in 103 low-risk patients enrolled
in the SIMPLE II (Safety and Efficacy of the Infinnium
Paclitaxel-Eluting Stent) multicenter registry (40). A more
extensive evaluation of the stent compared with the Suprali-
mus stent and a BMS control was performed in the
previously described PAINT study (39).

JACTAX STENT. The JACTAX Liberté PES stent (Boston
Scientific) is a stainless steel PES stent, which has a novel
abluminal PLA polymer, known as the Juxtaposed Ablumi-
nal Coating technology (JAC). This polymer has a micro-
drop structure, such that the 16-mm JACTAX stent has
2,700 microdots, each containing 3.4 ng of polymer (total

BA

Interdigitation                           SeparationBA

6mm segment

Figure 5 The Xtent

(A) The XTENT Custom NX DES System, which is composed on 6-mm separate segments that are interdigitated, and can be separated (B) in vivo
using a specialized delivery stent to enable the stent length to be customized once the lesion has been crossed. Image courtesy of Xtent Inc.
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9.2 �g) (Fig. 6). The polymer is only applied to the outer
surface of the stent, thereby ensuring that there is minimal
polymer, with little, if any, strut-to-strut or balloon-to-strut
polymer interaction. The thickness of the polymer (�1 �m)
is approximately 18 times less than that found on the
TAXUS Liberté stent, whereas the corresponding polymer
mass is 100 times less. Paclitaxel is combined with the
polymer in a 1:1 ratio and subsequently released in a
controlled manner over 90 days, whereas the polymer is fully
resorbed within 6 to 9 months. The JACTAX stent is
currently being evaluated with a coating of either low-dose
(LD) or high-dose (HD) paclitaxel; nevertheless, the high-
dose preparation still only contains 1/10 of the dose of
paclitaxel as found on the TAXUS Liberté stent. Prelimi-
nary analysis of OCT data from the OCTDESI study
suggests that the use of a lower dose of paclitaxel has no
significant adverse effect on the stent’s overall performance.
In the OCTDESI (Optical Coherence Tomography Drug
Eluting Stent Investigation) study, Guagliumi randomized
60 patients to treatment with the JACTAX LD, JACTAX
HD, and TAXUS Liberté stents, and reported a compara-
tive proportion of uncovered stent struts, and neointimal
volume among all 3 stents at 6 month follow-up (57).

Individually, the high-dose stent has been assessed in the
JACTAX (Juxtaposed Abluminal Coating TAXUS) HD FIM

study, which enrolled 103 patients who received a JACTAX
HD stent, and angiographic results were then compared with
217 historical matched controls treated with the TAXUS
Liberté stent from the ATLAS study (58). The study demon-
strated lower rates of in-stent late loss (0.33 mm vs. 0.39 mm,
p � 0.36) and binary restenosis (5.2% vs. 9.2%, p � 0.22) with
the JACTAX HD stent compared with the TAXUS Liberté
stent at 9 months follow-up. In addition, the rate of the
primary end point of MACE (a composite of cardiac death,
MI, and ischemia-driven TVR) was 7.8%, meeting the pre-
specified criteria for noninferiority; there were no deaths,
Q-wave MIs, or ST during follow-up (41). Clinical evaluation
of the JACTAX LD stent is currently being performed in the
ongoing JACTAX LD DES trial, which is randomizing 130
patients to treatment with either the JACTAX LD stent or the
TAXUS Liberté stent. The primary end point of MACE at 9
months is expected to be reported in 2010.

SYNERGY STENT. The SYNERGY stent (Boston Scientific) is
currently being investigated in the 291 patient multicenter
EVOLVE trial. Two doses of everolimus (PROMUS-like,
113 �g/20 mm stent; and half-PROMUS, 56 �g/20 mm
stent) delivered on an Element stent using an ultrathin rollcoat
abluminal bioerodable polymer (PLGA) are being compared
to the PROMUS Element stent. The primary clinical end

Figure 6 The JacTAX Stent Polymer

Scanning electron microscopy showing the microdrop structure of the Juxtaposed Abluminal Coating (JAC)
coating technology in use on the JACTAX Liberté stent (Boston Scientific).
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point is target lesion failure at 30 days, while the primary
angiographic end point is 6-month in-stent late loss (35).

Nonpolymeric DES

One step further from DES with biodegradable polymers
are DES that are completely polymer free. The perceived
advantages of these stents include: 1) avoiding the adverse
effects of a polymer’s presence long term; 2) improved
healing; 3) improvement to the integrity of the stent’s
surface, as no polymer is present that can be peeled off
(59,60); and 4) offering the possibility of a shorter duration
of dual antiplatelet therapy (DAPT).

Despite the absence of a polymer, these stents are still
able to elute antiproliferative drugs in a controlled manner.
This is achieved by either:

1. Dissolving the antiproliferative agent into a nonpoly-
meric biodegradable carrier on the stent’s surface.

2. Impregnating the antiproliferative agent in pure form onto
the porous surface of the stent. There were initial concerns
that a porous surface would have an adverse effect on
long-term outcomes; however, this has not been substanti-
ated by the results of specific clinical studies (61).

3. Attaching the antiproliferative agent directly to the stent
surface using either covalent bonding or crystallization/
chemical precipitation.

Current clinical studies of polymer-free stents are limited,
and at present, only the YUKON DES (Translumina,
Hechingen, Germany) is available commercially in Europe,
whereas several others are undergoing FIM clinical studies.
The physical properties of these stents, together with angio-
graphic follow-up results from FIM studies or randomized
trials, are summarized in Table 3 (62–65). The polymer-free
DES currently undergoing investigation include:
YUKON DES. The polymer-free, stainless steel YUKON
DES (Translumina) offers the unique ability to customize the
dose of rapamycin in the catheter lab. The stent has a
microporous surface, which functions as a drug reservoir,
removing the requirement of a polymer (66). The stent consists
of 2 components, the pre-mounted stent in a disposable
coating cartridge, and a coating device (Fig. 7). For stent
coating, the cartridge holding the stent system is placed into a
specific coating device, and a 1-ml drug reservoir containing
dissolved rapamycin in a pre-defined volume is connected to
the cartridge. Initial studies have established that the optimal
concentration of rapamycin to prevent restenosis and TLR is
2% (67). The coating process, which takes approximately 8
min, is initialized by the advancement of the drug into a
mobile, positionable ring containing 3 jet units, which allow for
uniform delivery of the drug into 2-�m-deep pores on the
stent’s surface. After the coating has been sprayed, the stent
surface is dried by removing the solvent with pressured air,
leaving a uniform layer and a sirolimus-coated stent that is
available for immediate use. P
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After complete drug release, the remaining microporous
surface appears to favor the adhesion of endothelial cells.
This was initially suggested by angiographic follow-up data,
(61) and more recently confirmed by OCT, which have
demonstrated significantly greater neointimal thickening
and stent strut coverage with the YUKON stent compared
with SES at 3-month follow-up (68).

Clinical data comes from the randomized ISAR–TEST
(Intracoronary Stenting and Angiographic Restenosis–Test
Equivalence Between 2 Drug-Eluting Stents) study and a
“real-world” registry, which collectively have included over
400 patients treated with this 2% rapamycin concentration.
Results indicate noninferiority of the YUKON stent when
compared with PES at 9- to 12-month follow-up (65,69).
Notably, long-term data from an angiographic observational
study of 1,331 patients have recently reported a significantly
lower change in late loss between 6 to 8 months and 2 years
for the YUKON stent, when compared with SES and PES
(YUKON 0.01 � 0.42 mm, SES 0.17 � 0.50 mm, and
PES 0.13 � 0.50 mm, p � 0.001) (70). This important
observation suggests that these polymer-free stents may not
be subject to the “late-catch up” phenomena that has been
reported with permanent polymer DES, and appears to be
worse in those stents using “limus”-based antiproliferative
coatings (71–73). It is interesting to note that between the
2 stents eluting sirolimus, the lower absolute late loss at both
6 months and 2 years was seen with the conventional SES.
This is consistent with the aforementioned OCT data,
indicating greater neointimal hyperplasia with the YUKON
stent, and is likely to be related to the rapid release of
sirolimus. This, together with the late loss observed with the
YUKON stent, is similar to the performance of the EN-
DEAVOR ZES, which also has a rapid drug release
pattern, high late loss at short-term follow-up, and has been
less susceptible to delayed restenosis compared with other
limus DES (7,74). Clinically, use of the YUKON stent, as

with ZES, may lead to less very late ST; however, definitive
data are lacking.
BioFreedom. The BioFreedom stent (Biosensors) is a
316L stainless steel, polymer-free stent, coated with Bioli-
mus A9 (Fig. 8A). Pre-clinical studies in the porcine model
have reported lower injury scores; lower numbers of struts
with fibrin, granulomas, and giant cells; significantly lower
percentage diameter stenosis, and greater endothelialization
with the BioFreedom stent when compared with SES at
180-day follow-up (75). In addition, pharmacokinetic studies
have demonstrated the complete absence of Biolimus A9 in the
surrounding myocardium, neointima, and on the stent itself by
180 days. Similarly, blood concentrations of Biolimus A9 have
been reported to peak 120 min after implantation, before
rapidly declining such that they are barely detectable at 90 days,
and undetectable at 180 days (76).

The first cohort of the FIM study of the BioFreedom stent
recruited 75 relatively low-risk patients with de novo lesions
that were less than 14 mm in length, and in coronary vessels
that were between 2.25 and 3.00 mm in diameter. Patients
were randomized to treatment with either a standard-dose
BioFreedom stent (15.6 �g/mm), a low-dose BioFreedom
stent (7.8 �g/mm), or a TAXUS PES. At 4-month follow-up,
there were no MACE or ST events with either the standard-
dose BioFreedom stent or the TAXUS PES. The MACE rate
for the low-dose stent was 8.0%. Angiographic follow-up at 4
months revealed a significantly lower in-stent late loss with
both BioFreedom stents compared with PES (BioFreedom
standard dose vs. low dose vs. TAXUS; 0.08 mm vs. 0.12 mm
vs. 0.37 mm, p � 0.0001 and p � 0.002, respectively). A
second cohort of 105 patients randomized to the same 3 arms
has completed recruitment, with 12-month follow-up results
available in late 2010 (63).
VESTAsyn sirolimus-eluting stent. This stainless steel
stent (VESTAsyn, MIV Therapeutics, Atlanta, Georgia)
has a nano-thin microporous hydroxyapatite surface coating

Sterile 
air

Syringe

Stent Coating Machine Single use sterile cartridge

Stent 
delivery
system

YUKON stent

Connection to stent 
coating machine

Ring with 
3 spray units

Figure 7 Schematic Diagram of the YUKON Stent Coating Machine

The stent is inserted into a sterile single-use cartridge, which is then placed in the stent coating machine. The syringe, which contains the desired antiproliferative drug
at the appropriate dose, is used to inject the drug, which is then sprayed uniformly over the stent using the ring of 3 spray units. Finally, the stent is dried using sterile
pressurized air.
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impregnated with a low dose (55 �g) of polymer-free
sirolimus (Figs. 8B and 8C). Pre-clinical studies indicate
that this low dose of sirolimus, which is made possible by
the hydroxyapatite platform, results in reduced signs of
delayed vascular healing, thus indicating less local toxicity
and a faster healing response (77). The elution of sirolimus
is complete within 3 months, whereas the hydroxyapatite is
stable over 4 months, and has a total lifetime of 9 to 12
months, after which it is expected to completely dissolve.

The stent has so far been assessed in the VESTASYNC I
(Hydroxyapatite Polymer-Free Sirolimus-Eluting Stent for the
Treatment of Single De Novo Coronary Lesions) FIM clinical
trial in 15 patients, with encouraging results (64). Angio-
graphic follow-up at 4 and 9 months demonstrated effective
reductions in late loss and intimal hyperplasia, and no evidence
of any late-catch up using either quantitative coronary angiog-
raphy (QCA) or IVUS. At 1-year follow-up, there were no
reported clinical events (64), whereas at 3 years follow-up, 1
patient had undergone a TLR (78).

Further evaluation is planned in more complex patient
groups in the VESTAsyncII study, which will enroll 75
patients randomized 3:1 to either the VESTAsyn SES or a
control BMS, with a primary end point of late loss at
8 months follow-up (78).
Amazonia Pax. The Amazonia Pax stent (Minvasys, Ge-
nevilliers, France) is the only polymer-free stent that is
made of cobalt chromium, and elutes paclitaxel. The stent
has an open-cell design, with 73-�m-thick struts, which are
coated with a 5-�m-thick abluminal coating of polymer-

free paclitaxel at a dose of 2.5 �g/mm2. The pure paclitaxel
is applied using a microdrop spray crystallization process.
This consistent coating ensures that 98% of the drug is
eluted within 30 days, and ensures that by 45 days all that
remains is a bare-metal cobalt chromium stent.

Clinical evaluation is ongoing. The multicenter Pax A study
randomized 30 patients to treatment with either the Amazonia
stent or the TAXUS PES (62). At 4 months, the respective
in-stent late lumen loss and percentage neointimal volume
obstruction for the Amazonia and PES were 0.77 mm versus
0.42 mm (p � 0.20), and 19% versus 6% (p � 0.08). There
were no deaths or ST events; however, 2 patients treated with
PES had a TLR, whereas 1 patient in the Amazonia arm had
a post-procedural MI, and another had a TLR.

The ongoing Pax B study is a prospective multicenter
registry that will enroll 100 patients. The primary end point
is angiographic in-stent late lumen loss at 9-month follow-
up, with results anticipated in late 2010 (79).

DES With Durable Polymers Versus
Biodegradable Polymer Versus Polymer Free

Presently, the ISAR-TEST 3 (Intracoronary Stenting and
Angiographic Restenosis Investigators–Test Efficacy of
Rapamycin-Eluting Stents With Different Polymer Coat-
ing Strategies) represents the only comparison of 3 stents
with different types of polymer and the same antiprolifera-
tive drug (80,81). This noninferiority study randomized 605

Figures 8 Scanning Electron Microscopy of the Surface of the BioFreedom Stent and of the VESTAsync Stent

(A) BioFreedom stent and (B and C) the VESTAsync stent. The rough surface (B) of the hydroxyapatite
coating of the VESTAsyn stent is smoothed over (C) following the addition of 0.6 �m coating of sirolimus.
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patients to rapamycin-eluting stents with either a durable
polymer (n � 202), a biodegradable polymer (n � 202), or
a stent that was polymer free (n � 201). At 6- to 8-month
angiographic follow-up, the biodegradable polymer stent
met its pre-specified criterion for noninferiority in terms of
in-stent late lumen loss (0.23 mm vs. durable polymer 0.17
mm, pnoninferiority �0.001); whereas the polymer-free stent
failed to achieve noninferiority (0.47 mm vs. 0.17 mm,
pnoninferiority � 0.94) (Fig. 9). Despite these results, clinical
outcomes at 1 year demonstrated a similar safety profile for
the 3 stents; however, efficacy appeared numerically inferior
with the polymer-free stent, and comparable between the
biodegradable and durable polymer stents. At 2 years
follow-up, clinical outcomes remained comparable in terms
of rates of mortality, MI, and stent thrombosis. The rate of
TLR was also comparable between all 3 stents; however, the
absolute increase in TLR between 1- and 2-year follow-up
was notably higher with the biodegradable polymer and
durable polymer stents, when compared with the polymer-
free stent (�2.5% vs. �2.5% vs. �0.5%). Paired angio-
graphic follow-up was available in 69% of patients, and
demonstrated a delayed in-stent late lumen loss of 0.17,
0.16, and �0.01 mm for biodegradable polymer, durable
polymer, and polymer-free stents, respectively (p � 0.001).
Importantly, these results indicate that not only are biode-
gradable polymer stents still susceptible to the delayed
restenosis observed previously with durable polymer stents
(71–73), but they also indicate that polymer free stents are
less prone to this unwanted long-term phenomenon. This

observation is consistent with that previously reported by
Byrne et al. (70), and warrants additional investigation.

Dual Polymer-Free (PF) DES Versus Durable
Polymer SES Versus Durable Polymer ZES

The failure of polymer-free stents to demonstrate non-
inferiority compared with durable polymer stents in the
ISAR-TEST 3 prompted interest in dual PF DES. This
approach, which was aimed at improving the antirest-
enotic performance of polymer-free stents through the use
of a second antiproliferative agent that targeted a different
part of the cell cycle, was evaluated in the ISAR–TEST-2
(Intracoronary Stenting and Angiographic Restenosis–Test
Efficacy of Three Limus Eluting Stents-2) study (82,83).
This study randomized 1,007 patients to treatment with
SES (n � 335), ZES (n � 339), or a dual PF DES (n �
333) that eluted sirolimus and the antioxidant probucol,
which has previously been shown to reduce neointimal
hyperplasia (84). The rate of the primary end point of binary
restenosis at 6- to 8-month follow-up was dual PF DES
11.0%, ZES 19.3% (p � 0.001 vs. dual PF DES), and SES
12.0% (p � 0.68 vs. dual PF DES). Clinical outcomes at
1-year follow-up demonstrated comparable safety in terms
of mortality, MI, and ST between the 3 stents; however,
rates of TLR were significantly lower with the dual PF DES
stent compared with ZES (dual PF DES 6.8% vs. ZES
13.6%, p � 0.001), and comparable with SES (dual PF
DES 6.8% vs. SES 7.2%, p � 0.83).

Figure 9 Results From the ISAR–TEST-3 study

In the ISAR–TEST-3 study, patients were treated with sirolimus-eluting stents that either had a durable polymer,
a biodegradable polymer, or were polymer free. TLR � target lesion revascularization.
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At 2-year follow-up, safety clinical outcomes remained
comparable among the 3 groups (83). Similar to the 1-year
results, rates of TLR were significantly lower with dual PF
DES compared with ZES (p � 0.006), and comparable
between dual PF and SES. Moreover, as seen in the
ISAR–TEST-3, the absolute increase in TLR between 1-
and 2-year follow-up was notably higher with the durable
polymer SES compared with the dual PF SES (�3.5% vs.
�0.9%, p � 0.009). Likewise, paired angiographic
follow-up demonstrated a significantly greater increase in
in-stent binary restenosis with the durable SES compared
with the dual PF SES (�6.6% vs. �2.9%, p � 0.002).
Overall, this study demonstrated that dual PF DES offer a
reduction in delayed restenosis compared with first-
generation DES, while maintaining a comparable safety
profile. Importantly, this reduction in delayed restenosis
with the polymer-free stent is consistent with other studies
such as ISAR–TEST and ISAR–TEST-3 (70,80,81), sug-
gesting these stents may hold promise for the future.

Stents With Novel Coatings

The physical properties of these stents with novel coatings,
together with angiographic follow-up results from FIM
studies or randomized trials, are summarized in Table 4
(85–87).
Catania stent. This cobalt chromium, modified open-cell
stent (CeloNova BioSciences, Newnan, Georgia) is unique
because its surface is modified by a 40-nm-thick coating of
the NanoThin Polyzene-F polymer (standard DES polymer
thicknesses are 5.3–16 �m). Polyzene F is a biocompatible,
biostatic, proprietary formulation of poly[bis(trifluoroethoxy)-
phosphazene], which has anti-inflammatory, bacteria-
resistant, and pro-healing qualities. Furthermore, the coating
ensures that the stent has a very low surface thrombogenicity,
which can potentially reduce ST. The FIM ATLANTA
(Assessment of The LAtest Non-Thrombogenic Angioplasty
stent) study reported a 6-month late lumen loss of 0.6 mm,
whereas at 12-month follow-up, there were no reported deaths
or MI, and a clinically driven TLR rate of 3.6% in the 55
patients treated with the Catania stent (85). No ST was
observed, despite DAPT being given for only 30 days. In
addition, OCT, which was performed in 15 patients, showed
that 99.5% of struts were fully covered at 6 months (88).

Recent registry data have also demonstrated the absence of ST
events at 6 months follow-up among 94 patients with acute
coronary syndrome who were treated with the Catania stent
and received only 30 days of DAPT (89). Ongoing evaluation
is taking place in the ATLANTA-II prospective registry,
which has enrolled 300 patients, 14% of whom presented with
ST-elevation MI. At 1-year follow-up, the cumulative rate of
MACE was 8.8%, with individual rates of cardiac death, MI,
and TLR of 2.5%, 0.7%, and 6.5%, respectively. DAPT was
again given for only 30 days, and the rate of ST was 0.7% due
to 2 cases of subacute ST (90).
Titan-2 stent. The Titan-2 stent (Hexacath, Rueil-
Malmaison, France) is a stainless steel stent coated in
titanium-nitride oxide (Fig. 10), which has been shown to
inhibit platelet aggregation, minimize fibrin deposition,
reduce inflammation, and promote healing. The TiNOX
(Randomized Comparison of a Titanium-Nitride-Oxide–
Coated Stent With a Stainless Steel Stent for Coronary
Revascularization) study randomized 92 patients to treat-
ment with either a BMS or a BMS coated with titanium-
nitride oxide, and reported a significant reduction in late loss
(0.55 vs. 0.90, p � 0.03) at 6-month follow-up. Clinical
evaluation demonstrated significantly reduced MACE,
which was driven primarily by a reduction in TLR, with the
titanium-coated stent at 6-month follow-up (86), with
more recent results indicating preservation of this out to
5-year follow-up (91). Additional studies include the

Metallic Stents With Novel Coatings That Are EitherCurrently Available Outside the U.S., or Undergoing Clinical EvaluationTable 4 Metallic Stents With Novel Coatings That Are Either
Currently Available Outside the U.S., or Undergoing Clinical Evaluation

Stent (Manufacturer)
(Ref. #) Coating

Stent
Platform

Strut
Thickness, �m Study

No. of Patients
(Study/Control)

Angiographic
Follow-Up,
Months

Late Loss, mm
(vs. Control)

Binary
Restenosis,%
(vs. Control)

Current
Status

Catania stent (CeloNova
Biosciences) (85)

Polyzene F CoCr 65–74 FIM n � 55 6 0.60 6.8 C.E.

TiNOX stent (Hexacath)
(86)

Titanium Nitride-
oxide

SS 90 RCT (vs. BMS) n � 92 (45/47) 6 0.55 vs. 0.90* 15 vs. 33 C.E.

Genous stent
(OrbusNiech) (87)

CD34� antibody SS 100 RCT (vs. PES) n � 193 (98/95) 6–12 1.14 vs. 0.55† NA C.E

All differences are not significant unless stated. *p � 0.05; †p � 0.001.
Abbreviations as in Tables 1 and 2.

Figure 10 The Stainless Steel Titan-2-Stent

Image courtesy of Hexacath, France.
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TITAX-AMI (A Prospective, Randomized Trial Compar-
ing TITAN-2 Stent and TAXUS-Liberte Stent in Acute
Myocardial Infarction) trial, which randomized 425 patients
with ST-elevation MI to treatment with either the Titan-2
stent or the TAXUS PES stent. At 2-year follow-up, there
were significant reductions in MACE, cardiac death, MI,
and ST with the use of the Titan-2 stent. In addition,
despite the absence of an antiproliferative drug, the rate of
TLR was still numerically lower with the Titan-2 stent
(9.3% vs. 10.4%, p � 0.9) (92). Three-year outcomes from
registry data have also demonstrated favorable results for the
Titan-2 stent compared with the TAXUS PES with respect
to significantly lower MACE and the absence of ST (93).

In contrast to these encouraging results, the Titan-2 stent
failed to demonstrate noninferiority when compared with
the ZES Endeavor stent in the randomized 300-patient
TIDE (Randomized Trial Comparing Titan- vs. Endeavor-
stents) study (94). At 6-month angiographic follow-up,
in-stent late lumen loss was 0.64 mm and 0.47 mm for the
Titan-2 stent and ZES, respectively (pnoninferiority � 0.54).
Of note, differences in late lumen loss were more pro-
nounced in patients with diabetes, small vessel disease, and
over age 65 years. Nevertheless, clinical outcomes assessed at
1 year were comparable.
Genous Bio-engineered R-stent. This bare-metal stain-
less steel stent (OrbusNeich, Fort Lauderdale, Florida) is
unique in containing on its luminal surface immobile CD34
antibodies (Fig. 11). In pre-clinical studies, these antibodies
were able bind to endothelial progenitor cells (EPCs),
resulting in a rapidly formed, functional endothelial cover-
ing of the stent’s struts, which ultimately has the potential to
reduce ST and restenosis. Unfortunately, the CD34�
markers that are used to phenotype EPCs are nonspecific,
and are shared by other hematopoietic stem cells. Therefore,
it is possible for the EPC capture stent to sequester other
bone marrow cell lines such as smooth muscle progenitor
cells, which in turn can lead to neointimal proliferation

(95,96). This is reflected in published clinical studies that
have shown low rates of ST despite only 1 month of DAPT;
however, late loss at 6-month follow-up has repeatedly been
above 0.6 mm (97–99). Recent data from the TRIAS
(TRI-stent Adjudication Study) HR study, which is the
only randomized trial published so far, reported a late loss as
high as 1.14 � 0.64 mm, and an overall higher target vessel
failure with the Genous stent compared with the TAXUS
PES (87). Encouragingly, preliminary data at 2-year
follow-up demonstrated a lower absolute increase in TLR
between 1 and 2 years in those treated with EPC stent
compared to PES (100). This may reflect regression of late
loss with the EPC stent, as was previously observed in the
HEALING II (Healthy Endothelial Accelerated Lining
Inhibits Neointimal Growth) study in which late loss fell by
16.9% between 6 and 18 months, and/or it may reflect late
catch-up with PES (73,98). Additional promising data
come from the 5,000 patients enrolled in e-HEALING
registry, which reported rates of MACE, MI, and ST at
1-year follow-up of 7.7%, 1.7%, and 1.0%, respectively
(101).

A new application of the EPC capture technology has
been to use it to enhance vessel healing in association with
DES technology in a Combo Stent (OrbusNeich), which
incorporates EPC capture technology together with ablu-
minal low-dose sirolimus and a biodegradable polymer.
Data from histology and OCT at 28-day follow-up in the
porcine model indicate that this combination stent pro-
motes endothelialization while also reducing neointimal
formation and inflammation, when compared with the
standard SES and Genous EPC stent (102). Overall, the
Combo Stent offers the potential to improve vascular
healing while still maintaining effective control over neoin-
timal proliferation. The REMEDEE (Randomized Evalu-
ation of an Abluminal sirolimus coated Bio-Engineered
Stent) FIM study has been initiated, and aims to randomize
180 patients to treatment with either the Combo Stent or

Figure 11 The Genous Stent

(A) Schematic representation of the endothelial progenitor cell (EPC) capture technology. The CD-34 antigens on the surface of the EPCs attach to
the anti-CD-34 antibodies on the stent’s surface, promoting endothelialization. (B) The stainless steel Genous stent. B courtesy of OrbusNeich.
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the TAXUS Liberté PES, with a primary end point of late
loss at 9-month follow-up (37).

The late loss of the 3 novel coated stents described in the
previous text ranges from 0.55 to 1.14 mm. Although the
results for the Catania and Titan-2 stents are superior to
conventional BMS, they are, none the less, inferior to the
majority of the currently available DES. A late loss of
approximately 0.50 to 0.60 mm has been reported as the
threshold above which a TLR is triggered (103), and this
may explain the superior results at short-term follow-up of
the Titan-2 stent compared with BMS, and its comparable
TLR with PES (86,93). The current studies of these
“novel-coated” stents are limited by their small sample size,
and it is too early to comment as to whether the absence of
an antiproliferative coating will hamper their long-term
development.

Biodegradable Stents (BDS)

Fully BDS offer several potential advantages over con-
ventional bare or drug-coated metallic stents. These
include potential reductions in adverse events such as ST,
because drug elution and vessel scaffolding are only
provided by the stent until the vessel has healed, and as
such, no triggers for ST, such as nonendothelialized stent
struts, or drug polymers are present long term. The
absence of these foreign materials may also reduce the
requirements for long-term DAPT, reducing the risk of
associated bleeding complications. Physiologically, the
absence of a rigid metallic casing can facilitate the return
of vessel vasomotion, adaptive shear stress, late luminal
enlargement, and late expansive remodeling.

Additional long-term advantages of using BDS include
an improvement in future treatment options, as PCI or
surgical revascularization can be performed in areas of
previous stenting without restriction. Furthermore, BDS
can negate some of the other problems associated with use
of permanent metallic stents such as the covering of side
branches, overhang at ostial lesions, and the “blooming
effect” seen when using noninvasive imaging techniques
such as computed tomography angiography or MRI (104).
Finally, BDS can help eliminate the concerns that a minor-
ity of patients have at the thought of having “an implant in
their bodies for the rest of their lives” (105).

The current BDS are composed of either a polymer or a
metal alloy. Numerous different polymers are available, each
with a different chemical composition and subsequent bio-
absorption time. The most frequently used polymer in the
current generation of BDS is PLLA, which is already used
in numerous clinical items, such as resorbable sutures,
soft-tissue implants, orthopedic implants, and dialysis me-
dia. The PLLA is metabolized via the Krebs cycle over a
period of approximately 12 to 18 months, into small, inert
particles of carbon dioxide and water, which are then
phagocytosed by macrophages (Fig. 12) (106).

Despite the advantages, there are 3 major hurdles to using
a polymer as the backbone to a coronary stent, namely, the
lack of radio-opacity, which necessitates radio-opaque stent
markers; the reduced radial force as compared with stainless
steel, necessitating thicker stent struts; and the reduced
ability of the stents to be deformed.

BDS were first implanted in animals as early as 1980;
however, despite the impressive results of these early stents,
namely, minimal thrombosis, moderate intimal hyperplasia,
and a limited inflammatory response, the technology failed
to develop (107). This was primarily due to an inability to
manufacture an ideal polymer that could limit inflammation
and restenosis (108). As described earlier, the inherent
limitations of DES have been the major driving force
behind the current development of BDS. At present, no
BDS has either the C.E. mark or U.S. FDA approval;
however, the numerous stents that are currently undergoing
pre-clinical and clinical trials are summarized in Table 5
(36,109–116), and a selection of stents are described in
detail in the following text.
PLLA stents. THE IGAKI-TAMAI STENT. The bare Igaki-
Tamai PLLA coronary stent (Kyoto Medical Planning Co.

Figure 12 The Metabolism of PLLA

(A) The metabolism of poly-L-lactic acid (PLLA) biodegradable stents. Hydrolysis
of PLLA results in the loss of molecular weight, and reduction in strength and
mass; ultimately the PLLA is metabolized into lactic acid, carbon dioxide (CO2)
and water (H2O). (B) Bioabsorption curves for a bioabsorbable material: molec-
ular weight is lost first, followed by strength and then mass. Therefore, the
stent loses its biomedical importance long before significant mass loss has
occurred.
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Ltd., Kyoto, Japan) degraded over 18 to 24 months and was
the first fully BDS to undergo evaluation in humans. The
stent was mounted on a standard angioplasty balloon and,
uniquely, was both thermal self-expanding and balloon
expandable. The initial self-expansion occurred following
the use of heated contrast (up to 70°C) in the delivery
balloon, whereas the final self-expansion of the stent oc-
curred at 37°C in the 20 to 30 min after stent deployment
(Fig. 13).

The FIM study of the Igaki-Tamai stent (15 patients, 19
lesions, 25 stents) demonstrated no MACE or ST events
within 30 days, and 1 repeat PCI at 6-month follow-up.
Encouragingly, the loss index (late loss/acute gain) was 0.48,
which was comparable to BMS, and demonstrated for the
first time that BDS did not induce excess intimal hyperpla-
sia. Furthermore, IVUS imaging demonstrated no signifi-
cant stent recoil at day 1, and as expected from the
properties of PLLA, continued stent expansion was ob-
served in the first 3 months of follow-up. The mean stent
cross-sectional area increased from 7.42 � 1.51 mm2 at
baseline to 8.18 � 2.42 mm2 (p � 0.086) at 3 months, and
8.13 � 2.52 mm2 at 6 months (109).

A second larger study in 50 elective patients (63 lesions,
84 stents) reported favorable long-term clinical results at 3-
and 10-year follow-up, which currently represents the long-
est available evaluation of a BDS. The study demonstrated
the complete absence of stent struts on IVUS at 3-years
follow-up, together with a mean angiographic diameter
stenosis of 25%. At 10-year clinical follow-up, survival rates
free from death, cardiac death, MACE, and TLR were
89%, 98%, 60%, and 76%, respectively (110). In total, there
were 3 ST events: 1 subacute event occurring at day 5,
possibly due to inadequate heparinization at the time of PCI

Figure 13 The Igaki-Tamai Stent With Gold Markers

A marker is shown in the insert.
Photograph courtesy of Kyoto Medical Group, Japan.
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(111), and 1 subsequent late and very late ST event. The
angiographic and IVUS appearances of the stent struts out
to 10-year follow-up are shown in Figure 14 (117).

Despite the impressive results, the failure of the stent to
progress was primarily centered on the use of heat to induce
self-expansion. There were concerns that this could cause
necrosis of the arterial wall leading to excessive intimal
hyperplasia (118), or increased platelet adhesion leading to
ST (119). None of these concerns were substantiated in the
initial studies; however, only low-risk patients were en-
rolled. Currently, the stent is only available in Europe for
peripheral use; however, there are plans to review its use in
coronary arteries. At present, the stent has no drug coating,
and although early studies of the stent coated in the tyrosine
kinase antagonist ST 638 or paclitaxel showed promising
results, they have been confined to non-human studies
(120,121).

ABBOTT VASCULAR BIORESORBABLE VASCULAR SCAFFOLD

(BVS). The Abbot Vascular everolimus-eluting BVS (Abbott
Vascular) is the only PLA BDS that is currently undergoing

clinical trials. The device, which is fully absorbed over 2
years, has a backbone of PLLA, which is subsequently
coated in a thin layer of a 1:1 mixture of an amorphous
matrix of poly-D,L-lactide (PDLLA) and 8.2 �g/mm of the
antiproliferative drug everolimus. The PDLLA enables
controlled release of everolimus, such that 80% has been
eluded by 30 days, which is similar to that seen on the
Xience V EES. Encouragingly, studies also indicated that
the BVS has comparable acute vessel recoil to the EES,
inferring similar initial radial strength (122). The natural
loss of polymer mass through bioabsorption, however,
which approximates to 30% after 1 year and to 60% after 18
months, ensures that this radial strength is not maintained
long term (Fig. 15). Although the stent is radiolucent, 2
platinum markers at each end allow easy visualization on
angiography and other imaging modalities.

The first BVS device (Revision 1.0) had a strut thickness
of 150 �m and a crossing profile of 1.4 mm, and consisted
of circumferential out-of-phase zigzag hoops, with struts
linked together directly or by thin and straight bridges

Figure 14 Coronary Angiograms and IVUS Images From a Right Coronary Artery Stented With an Igaki-Tamai Stent

The right coronary artery was stented with an Igaki-Tamai stent in August 2000 and followed-up for 10 years. (A to C) Baseline intravascular ultrasound (IVUS) images taken
using a Boston Scientific Ultracross 30 MHz IVUS catheter, and the corresponding angiogram. The stent struts (ss), which were 0.17 mm thick at baseline, are seen in A and C,
together with the gold stent markers (sm), and a calcium deposit (cd) (9 o’clock, A). In B, 4 struts located at the 2, 9, 10, and 11 o’clock positions are visible, at a side branch
(sb). The mean luminal area and mean vessel area in the stented segment were measured to be 13.06 mm2 and 27.59 mm2, respectively. (D to F) IVUS images at 4-month
follow-up (f/u). The stent markers (sm), stent struts (ss), and a calcium deposit (cd) are all seen. Mean luminal area and mean vessel area were 14.00 mm2 and 31.68 mm2,
respectively. (G to I) IVUS images at 9-year follow-up. The stent markers (sm) and calcium deposit (cd) are still visible 9 years after the procedure. Struts are not visible,
although some highly echogenic signals may represent the remnants of some struts (10 to 11 o’clock, H). The mean luminal area, and vessel area on IVUS analysis are similar
to the results at 4-month follow-up (13.7 and 26.7 mm2, respectively). Reproduced with permission from Onuma et al. (117).
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(Fig. 16A). The stent had to be kept stored below �20°C to
prevent physical aging of the polymer and to ensure device
stability, which was both inconvenient and limited shelf life to
8 weeks.

Following encouraging pre-clinical studies (123), the safety
and feasibility of the first-generation BVS implant was assessed
in 30 low-risk patients with de novo coronary lesions who were
enrolled in the prospective, open-label, multicenter FIM
ABSORB (A Bioresorbable Everolimus-Eluting Coronary
Stent System for Patients With Single De-Novo Coronary
Artery Lesion) study (112,113,124,125). The study plans to
assess clinical outcomes on an annual basis out to 5 years,
and so far, results are available out to 3 years follow-up.
In addition, at 6 months and 2 years, to gain a greater
understanding of in vivo changes to the implanted device
and local vasculature, multimodality intravascular imaging
was performed using IVUS, intravascular ultrasound-virtual
histology (IVUS-VH), palpography, and OCT.

The study demonstrated clinical safety of the BVS as
there was only 1 ischemia-driven major adverse event
(non–Q-wave MI) at 6 months, whereas no MACE events

were reported in the following 30 months. Of note, no ST
has been observed out to 3 years follow-up (125). Angio-
graphic follow-up at 6 months demonstrated a late loss of
0.44 mm, which although comparable to values from the
early DES studies (126), and somewhat lower than histor-
ical values for BMS (�0.8 mm) (127), is still notably higher
than that observed with the Xience V EES (0.11 mm)
(128). Reassuringly, there was no significant increase in
delayed late loss from 6 months to 2 years among the 19
patients who returned for angiographic follow-up
(p � 0.23). The 6-month late loss represented a combina-
tion of neointimal hyperplasia, which was comparable to
that observed with the Xience V EES (127), and a reduction
in scaffold area, which occurred through a combination of
acute and chronic scaffold recoil, and nonuniform vessel
support (Fig. 17). Chronic scaffold recoil, which occurred as
a consequence of the loss of radial strength with bioresorp-
tion, represents a new phenomenon that is not observed
with nonabsorbable metallic stents.

The results from multimodality imaging during
follow-up helped confirm bioresorption of the implant.
Direct confirmation was made by observing the absence of
stent struts using IVUS and OCT at baseline and follow-up
(Fig. 18). Indirect confirmation involved documenting be-
tween baseline and follow-up: 1) the reduction in hypere-
chogenicity; 2) the significant increase in strain pattern on
palpography; 3) the change in plaque composition on
IVUS-VH, and 4) the return of vasoactivity following
administration of methyl-ergometrine maleate or acetylcho-
line (113,129,130).

Importantly, the ABSORB study not only demonstrated
the feasibility and safety of using a biodegradable scaffold,
but it also provided vital data that have lead to important
design modifications to the device. This second-generation
device, Revision 1.1, utilizes the same polymer, and has the
same total absorption time of approximately 2 years; how-
ever, a change in the processing procedure has ensured that
it is able to provide radial support for longer. Of note, the
new design has in-phase zigzag hoops linked by bridges,
which allows for a more consistent drug application

Mass loss

Mechanical integrity

Full biodegradation

Radial strength

Everolimus
elution

1 3 2 YrsMonths6

Figure 15 The Bioabsorption and Drug
Release Pattern of the BVS Device

The early loss of radial strength has been addressed with
the new Revision 1.1 BVS stent (data on file at ABBOTT Vascular).

Figure 16 The BVS Device

(A) The first-generation BVS device, Revision 1.0. (B) The second-generation device, Revision 1.1. There is a clear change in the device design with the out-of-phase
zigzag pattern connected directly or by straight bridges (A, Revision 1.0) being replaced by the in-phase hoops linked by straight bridges (B, Revision 1.1).
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(Fig. 16B) (113) and, as recently confirmed by OCT, more
uniform strut distribution and vessel wall support (131).
Stent security has been improved, reducing the likelihood of
stent dislodgement, which occurred in 2 patients in Cohort
A of the ABSORB study; 1 stent was successfully retrieved,
whereas 1 was deployed in a non–target vessel. Finally, from
a practical aspect, the stent can now be stored at room
temperature. The device is currently being assessed in the
recently enrolled 101-patient Cohort B ABSORB trial.
Preliminary results of the first 45 patients who returned for
angiographic follow-up at 6 months are very encouraging,
and suggest that the medium-term performance of the
device has been improved following changes in the manu-
facturing process and geometry of the Revision 1.1 (114).
Specifically, at 6 months, late lumen loss was 0.19 mm,
which was notably lower than that seen with the Revision
1.0, and on a par with that commonly seen with DES.
Further to that, intravascular imaging in the form of
IVUS-VH and OCT both demonstrated minimal device
shrinkage with follow-up, which previously had been im-
plicated in the disappointing late loss seen in Cohort A. In
addition, the absence of any significant change in
IVUS-VH signal or strut core area on OCT during
follow-up reaffirmed the improved mechanical integrity of
the device. Finally, clinical event rates were low, with only 1
patient experiencing an MI and 1 patient experiencing a
TLR; of note, there were no ST events according to
protocol or ARC. Longer follow-up is ongoing.

Currently recruiting is the ABSORB EXTEND multi-
center single-arm registry, which aims to eventually recruit
1,000 patients, while in the pipeline for the future is a
pivotal noninferiority trial of the BVS versus a DES.

THE REVA STENT: POLY (IODINATED DESAMINOTYROSYL-

TYROSINE ETHYL ESTER) CARBONATE STENT. The REVA
stent (REVA Medical, San Diego, California) is a poly(io-
dinated desaminotyrosyl-tyrosine ethyl ester) carbonate
stent that degrades into water, carbon dioxide, and ethanol,
leaving iodinated desaminotyrosyl-tyrosine, which is ab-
sorbed and excreted from the body (Fig. 19). The stent,
which is radio-opaque because of the iodination of the
desaminotyrosine ring (Fig. 20), has a resorption time of
approximately 36 months. The first version lacked an
antiproliferative coating and had a slide and locking design
that provided both flexibility and strength. This design
eliminated hinge points and therefore minimized polymer
strain by over 75%, thereby preventing deformation and
weakening of the polymer during stent deployment. Fol-
lowing stent deployment, the locking mechanism main-
tained the acute lumen gain and functioned to provide
additional support to the stent during vessel remodeling.
Data indicate minimal acute stent recoil, and radial force
that is comparable to a BMS (132).

Following successful preclinical trials, 27 patients with de
novo lesions were enrolled in the RESORB (REVA Endo-
vascular Study of a Bioresorbable Coronary Stent) FIM
study. The study demonstrated good acute reductions in
diameter stenosis following stent deployment, together with
minimal vessel shrinkage at follow-up. However, focal
mechanical failures driven by polymer embrittlement led to
a higher than anticipated rate of TLR (66.7%) between 4-
and 6-month follow-up. Interestingly, the degree of neoin-
timal hyperplasia was similar to a BMS (36).

A redesign of the stent has ensued, resulting in the
second-generation ReZolve stent (REVA Medical) (Fig. 20C).

Late Loss = 0.87 mm Late  Loss = 0.10 mm Late Loss = 0.44 mm

SPIRIT -First
ML Vision  Stent

SPIRIT -First
Xience V Stent

ABSORB
BVS Stent

∆ Vessel Area    = -1.9% ∆ Vessel Area    = +1.2% ∆ Vessel Area    = -0.4%

∆ Stent Area      = -2.0% ∆ Stent Area      = -0.3% ∆ Stent Area      = -11.7%

∆ Lumen Area   = -29.4% ∆ Lumen Area   = -7.2% ∆ Lumen Area   = -16.6%

NIH Area (mm2) = 1.98 NIH Area (mm2) = 0.50 NIH Area (mm2) = 0.30

% VO                 = 28.1% % VO                 = 8.0% % VO                 = 5.5%

Figure 17 A Comparison of the Temporal Changes in Quantitative Coronary Angiographic
and Intravascular Ultrasound Parameters Seen in the SPIRIT First and ABSORB Studies

A comparison of the late loss, and the changes in vessel area, stent area, lumen area, neointimal hyperplasia area (NIH) and percentage volume obstruction
(%VO) between baseline and follow-up between the bare-metal Multi-Link Vision Stent, the everolimus-eluting Xience V stent, and the biodegradable BVS device.
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This stent has a more robust polymer, a spiral slide and lock
mechanism to improve clinical performance, and a coating
of sirolimus. The sirolimus elution is such that 80% is eluted
by 30 days, and 95% is eluted by 90 days. Successful
pre-clinical trials have been performed, and clinical trials are
anticipated to commence in late 2010 (133).

IDEAL POLY(ANHYDRIDE ESTER) SALICYLIC ACID STENT.

The 8-F compatible, balloon expandable radio-opaque
IDEAL BDS (Bioabsorbable Therapeutics, Menlo Park,
California) is unique in that its backbone consists of
poly-anhydride ester together with salicylic acid, and an 8.3
�g/mm coating of sirolimus (Fig. 21). This combination
ensures that the stent is able to provide both antiprolifera-
tive and anti-inflammatory properties. On release, salicylic
acid is absorbed into the vessel wall, and this is likely to
account for the reduction in inflammation seen with this
polymer, when compared with a BMS or Cypher SES
(134). Sirolimus, which is present in a surface area dose that
is approximately 25% of that found on the Cypher stent, is

eluted over 30 days, whereas complete stent degradation
occurs over 12 months. The stent’s radial strength at
implant is significantly greater than both a BMS and
Cypher stent; however, this decreases with bioabsorption,
such that by approximately 60 days, it is equal to the Cypher
stent.

The 12-month follow-up of 11 patients enrolled in the
FIM Whisper study was completed in July 2009. Prelimi-
nary results confirmed the stent’s safety and radial strength,
with no evidence of acute or chronic recoil, however,
insufficient neointimal suppression was noted (115). This is
likely to be the consequence of the rapid elution of siroli-
mus, coupled with an inadequate initial dose.

A second-generation stent has been developed with a
higher dose of sirolimus and a slower drug release pattern.
Furthermore, the stent design has been optimized, which has
resulted in a reduced crossing profile (6.0-F compatible), and
thinner struts (175 �m). Pre-clinical porcine coronary implants
and a FIM study are anticipated in 2010 (115).

OTHER PLLA BDS. Arterial Remodeling Technologies
(A.R.T) (Noisy le Roi, France), Tissue Gen (Dallas, Texas),
Elixir Medical, and OrbusNeich are all developing PLLA
BDS; however, these stents have yet to progress beyond
pre-clinical trials to date (135–137).
Biodegradable metallic stent technology. ABSORBABLE

METALLIC STENT. The balloon-expandable AMS-1 BDS
(AMS-1, Biotronik, Berlin, Germany) is composed of 93%
magnesium (approximate weight of 3.0 � 10 mm is 3 mg)
and 7% rare earth metals (Fig. 22). The stent has a high
mechanical strength; and has notable other properties that
are comparable to stainless steel stents, such as low elastic

*

#

#

#
6-months

2-years

Lumen- corrugated

Lumen - smooth

Struts absorbed

Struts absorbed

Non-apposed struts

Baseline

Figure 18 The Serial Changes Seen
on OCT in the ABSORB study

At baseline, several unapposed struts can be seen crossing the side branch
(#). At 6-month follow-up, the unapposed stent struts have been absorbed,
and the lumen has a corrugated appearance, whereas at 2-years follow-up, the
lumen is smooth, and there is little evidence to suggest that there has been a
stent implanted in this location in the past. Reprinted with permission from
Serruys et al. (113).

Figure 19 The Metabolism of Tyrosine-Polycarbonate Stents

Initially, hydrolysis of the tyrosine-polycarbonate produces iodinated
desaminotyrosyl-tyrosine ethyl esters (I2DTE), and releases carbon dioxide.
I2DTE is hydrolyzed into iodinated desaminotyrosyl-tyrosine (I2DT) and ethanol.
Cleavage of I2DT produces tyrosine and iodinated desaminotyrosine (I2DAT),
which enters the Krebs cycle.
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recoil (�8%), a high collapse pressure (0.8 bar), and
minimal shortening after inflation (�5%) (116). Pre-clinical
assessment indicates the AMS-1 is rapidly endothelialized,
with magnesium degrading within 60 days into inorganic
salts with little associated inflammatory response (138).
Furthermore, the negative charge that the degradation
produces ensures that the stent is hypothrombogenic (139).

The PROGRESS AMS (Clinical Performance and An-
giographic Results in Absorbable Metal Stents) study was a
multicenter, nonrandomized, prospective study assessing
the efficacy and safety of the AMS-1 stent in 63 patients (71
stents) with single de novo lesions. At 12-month follow-up,
there were no deaths, MIs, or ST, thus confirming the
stent’s safety; in addition, there was also return of vessel
vasoreactivity. The rate of MACE (a composite of cardiac
death, nonfatal MI, and clinically driven TLR) was 23.8%
and 26.7% at 4 and 12 months follow-up, respectively, and
therefore, the study achieved its primary end point; how-
ever, the rate of TLR (clinically and nonclinically driven)
was a disappointing 39.7% at 4-month and 45.0% at
12-month follow-up (116). Additional data from both
IVUS and QCA indicate that the in-stent late loss of 1.08
mm at 4 months was the result of the stent having a lower
initial radial force compared with a conventional metallic
stent, and the rapid loss of this radial force as a consequence
of early, rapid AMS-1 stent degradation. Other factors
contributing to the luminal loss seen at follow-up were
thickening of extra stent tissue (13.5%) and neointimal
formation (41%) (140).

Reassuringly, angiography and IVUS at long-term
follow-up in 8 patients who did not experience an event at
4 months has shown that no evidence of either later recoil or
the late development of neointima. In fact, in some patients,
evidence was seen of neointimal regression and/or an
increase in vessel and lumen volume (140).

Importantly, the results from this initial study have been
utilized to improve the stent’s design. Modifications have
centered on prolonging stent degradation time and enabling
drug elution, thereby reducing restenosis that was partly due
to negative remodeling, and partly due to an excessive
healing response. The new-generation stents consist of the
AMS-2 and -3.

The AMS-2 stent use a different magnesium alloy,
resulting in the stent having a higher collapse pressure and
also a slower degradation time. Furthermore, there has been
a reduction in the strut thickness from 165 �m to 120 �m;
an alteration to the stent’s surface; and to improve radial
strength, a change in the cross-sectional shape of the strut,
from a rectangle to a square. These changes have had the
desired effect in pre-clinical trials (141).

The AMS-3 stent (DREAMS � Drug Eluting AMS)
is a modification of the AMS-2 stent, and is designed
with the aim of reducing neointimal hyperplasia by
incorporating a bioresorbable matrix for controlled re-
lease of an antiproliferative drug. The drug and its release
kinetics are under investigation; however, the stent will
be assessed in the BIOSOLVE-I FIM study planned for
late 2010 (141).

Figure 20 The REVA Stent

(A) The first-generation REVA stent with the slide and lock design. (B) A demonstration of the stent’s radio-opacity due to the iodination of the tyrosine molecules.
(C) The second-generation ReZolve REVA stent with the spiral slide and lock design. (D, E) X-ray appearance 1 month after deployment of the first-generation stent (D)
and second-generation stent (E) demonstrating a greater number of stent struts with the second-generation stent following modifications to the stent polymer. Images
provided courtesy of REVA Medical Inc.
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Self-Expanding (SE) Stents

SE stents were the first stents to be implanted in coronary
arteries (142), being quickly followed by balloon-expandable
(BE) stents, such that both technologies were used with
similar frequency in the early days of coronary stenting. SE
stents are made from nitinol, an alloy of nickel and titanium,
which is uniquely suited for this purpose given its shape

memory; biocompatibility; fatigue resistance; and superelas-
tic qualities that allow it to withstand large amounts of
recoverable strain.

In addition to comparable outcomes, SE stents offer
distinct advantages over BE stents, such as a lower incidence
of edge dissections (143,144), reduced rates of side-branch
occlusion and no-reflow (144), and positive remodeling
(144). Furthermore, animal data suggest that SE stents offer
the ability to prevent immediate vessel wall injury, which
may eventually translate into a reduction in neointimal
hyperplasia and a larger lumen area (145). Some of the
drawbacks associated with the use of SE stents are related
to their mechanical properties; for example, precisely
matching stent size to vessel size is hindered by the
continued outward radial force that SE stents exert after
deployment, leading to negative chronic recoil, and a
subsequently larger vessel at follow-up. In addition, SE
stents are housed within a delivery catheter that ensures
stent security; however, these catheters can be cumber-
some to use, and have an associated learning curve.
Importantly, the delivery profile of these stents is dictated
by strut dimensions, as opposed to the balloon profile in
BE stents. Finally, placement accuracy of SE stents is
complicated by stent foreshortening on expansion, and/or

A
Salicylic acid - Adipic acid - Salicylic acid

Sirolimus 
+ 

Salicylic acid - Adipic acid - Salicylic acid 

Salicylic acid - Adipic acid - Salicylic acid

Polylactide anhydride
+ 

Salicylic acid -Sebacic acid - Salicylic acid

200µ
m

Top coat

Under coat

Drug

Core

B

Figure 21 The Poly (Anhydride Ester) Salicylic Acid IDEAL Stent

(A) The stent strut in cross section indicating the location of the anti-proliferative drug sirolimus, and the 2 salicylate polymers. (B) The gross appearance of the stent.

Figure 22 The Absorbable Metallic Stent
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forward spring movements of the stent from the delivery
system once deployment commences.

Unfortunately, the arrival of DES led to a loss of interest
among stent companies in pursuing the development of
SE-stents, and they were largely abandoned for coronary use.
Recently, however, there appears to have been a resurgence of
interest in this technology for niche coronary settings following
new stent designs that have incorporated thinner struts, a drug
coating, and improved delivery systems.

At present SE stents are being investigated for use in
patients with the following.
Bifurcation lesions. There is optimism that nitinol SE-
dedicated bifurcation stents, which include the Axxess
(Devax), Stentys (Stentys SAS, Clichy, France), and Cap-
pella Sideguard (Cappella, Auburndale, Massachusetts),
will lead to improved outcomes in the treatment of bifur-
cation lesions, because of their ability to conform more
optimally than a conventional BE-stent to the angulated
anatomy (Table 6, Fig. 23) (32,55,146–162).
Vulnerable plaque. MIs commonly result from disruption
of thin-cap fibroatheromas (163). It follows that pre-
emptive treatment of these lesions involves preventing cap
rupture and promoting endothelialization. Understandably,
BE-stents are not well suited to these delicate lesions owing
to the high radial forces required for their deployment.
Conversely, SE stents offer the advantage of not inducing
vessel injury during implantation, thereby minimizing the
risk of embolizing necrotic material and thrombus distally.
In the long term, the lack of strut penetration into necrotic
core may reduce the risk of ST, which may occur through
the substantially delayed arterial healing that occurs when
struts penetrate the necrotic core (164,165). The vProtect
Luminal Shield (Prescient Medical, Doylestown, Pennsyl-
vania) SE stent (Fig. 24A) has been shown in animal studies
to promote vascular healing, and importantly, to achieve
complete endothelialization of the stented vessel segment
within 7 days (166). Furthermore, data from the FIM study
have demonstrated that the “shield” can induce plaque
remodeling and has a positive vascular healing profile as
demonstrated on IVUS. Currently, the stent is being as-
sessed in the prospective, randomized SECRITT I (San-
torini Criteria for Investigating and Treating Thin Capped
Fibroatheroma Trial) pilot study, which is evaluating the
safety and feasibility of stenting a vulnerable plaque with the
vProtect Luminal Shield compared with a medically treated,
nonstented (control) group (167).
Lesions in small-diameter vessels. The use of BE stents
in vessels with small diameters is inherently associated with
a risk of edge dissection, owing to the high pressures
required for optimal stent implantation. Both inadequate
stent strut apposition and stent expansion are subsequent
risks for ST and restenosis. For lesions located in small-
sized vessels, the use of an SE stent, which can minimize
barotrauma and the risk of edge dissections, therefore offers
distinct advantages. The Cardiomind Sparrow (Cardiom-
ind, Sunnyvale, California) is a small-profile nitinol SE-

stent that is designed specifically for lesions in small-
diameter vessels (2.00 to 2.75 mm) (Figs. 24B and 24C)
(168). The stent, which has a strut thickness of 61 �m, is
pre-loaded on an 0.014-inch guidewire, with 2 to 3 cm of
radio-opaque guidewire at the distal end enabling position-
ing within the vessel. The stent is deployed through a
dedicated Sparrow delivery system that facilitates electroly-
sis of mechanical latches holding down each end of the
stent. The electric current required for release of each latch
is �0.2 mA, and release occurs within 20 s. The CARE I
(Cardiomind Sparrow DES Trial) feasibility study was
performed in 21 patients with de novo lesions in vessels of
2.0 to 2.5 mm diameter. At 6-month follow-up, a 13% rise
in stent volume index was observed together with a binary
restenosis rate of 20%. There was no ST at 30 days, and 2
MACE events through to 24-months follow-up (169).

The next-generation Sparrow stent has a strut thickness
of 67 �m, and is coated in a 4-�m-thick layer of sirolimus
at a dose of 6 �g/mm, and an 8-�m-thick biodegradable
PLA/PLGA polymer. It is currently being assessed in the
CARE-II study that will randomize 220 patients with
lesions �20 mm in length, in vessels between 2.00 and 2.75
mm in diameter to treatment with the bare-metal Cardio-
mind Sparrow, the drug-coated Cardiomind Sparrow, or a
BMS. Interim results at 8-months follow-up are expected in
2010 (170).

Dedicated Bifurcation Stents

Bifurcation lesions continue to pose a challenge to today’s
interventional cardiologist. In spite of the frequent occur-
rence of bifurcation lesions, the optimal procedural strategy,
which maintains both main- and side-branch patency,
remains to be established. Historically, a 2-stent strategy
was considered the ideal method of dealing with a bifurca-
tion lesion as this produced the best angiographic result;
however, data from multiple randomized studies (171–176)
and 3 recent meta-analyses indicate that a provisional
main-branch stenting strategy is as efficacious as a 2-stent
strategy (177–179). A caveat to this, however, is the wide
anatomical variation of bifurcation lesions, such that those with
a large side branch supplying an extensive myocardial territory,
or a side branch with extensive disease may not be suited for a
provisional T-stenting technique. Moreover, in those situa-
tions where a 2-stent strategy is required, debate continues over
which stenting technique to use (176,180,181). Besides requir-
ing operator skill and experience, these conventional stenting
techniques for bifurcation lesions have a number of other
limitations, including: 1) the inability to completely scaffold the
side-branch ostium; 2) distortion of the main-branch stent
following side-branch dilation; 3) the difficulty of maintaining
access to the side branch throughout the procedure; 4) failure
to wire the side branch through the main-branch stent; and

S67JACC Vol. 56, No. 10 Suppl S, 2010 Garg and Serruys
August 31, 2010:S43–78 Coronary Stents: Looking Forward

Scot BW.indb   113 01-03-11   11:57



114

S
um

m
ar

y
of

th
e

M
ai

n
C

ha
ra

ct
er

is
ti

cs
an

d
Tr

ia
l
R

es
ul

ts
of

C
ur

re
nt

ly
A

va
ila

bl
e

D
ed

ic
at

ed
B

ifu
rc

at
io

n
S

te
nt

s
Ta

bl
e

6
S

um
m

ar
y

of
th

e
M

ai
n

C
ha

ra
ct

er
is

ti
cs

an
d

Tr
ia

l
R

es
ul

ts
of

C
ur

re
nt

ly
A

va
ila

bl
e

D
ed

ic
at

ed
B

ifu
rc

at
io

n
S

te
nt

s

S
te

nt
Ty

pe
(C

om
pa

ny
)

(R
ef

.
#
)

D
ev

ic
e

P
ro

fil
e

S
te

nt
M

at
er

ia
l

D
ru

g
C

oa
ti

ng
S
B

P
ro

te
ct

io
n

O
st

ia
l
S
B

C
ov

er
ag

e
S
tu

dy
N

am
e*

N
o.

of
P

at
ie

nt
s

(F
ol

lo
w

-U
p,

M
on

th
s)

A
dd

it
io

na
l

S
te

nt
in

g,
%

M
B

/
S
B

B
in

ar
y

In
-S

te
nt

R
es

te
no

si
s

%
M

B
/
S
B

LL
L,

m
m

M
B

/
S
B

M
A

C
E,

%
D

ea
th

,
%

M
I, %

TL
R

,
%

B
al

lo
on

-e
xp

an
da

bl
e

st
en

ts

A
nt

ar
es

†
(T

ri
R

em
e

M
ed

ic
al

)
(1

4
8

)
6

-F
S
S

—
�

�
FI

M
(T

O
P

st
ud

y)
3

9
(1

)
N

A
N

A
N

A
5

.9
0

.0
5

.1
2

.9

In
va

te
c

Tw
in

-R
ai

l(
In

va
te

c)
(1

4
9

)
6

-F
S
S

—
�

�
/�

FI
M

(D
ES

IR
E)

1
5

(7
)

1
7

/2
3

N
A

N
A

1
4

.3
0

.0
0

.0
1

4
.3

M
ul

ti-
Li

nk
Fr

on
tie

r†
(A

bb
ot

t
Va

sc
ul

ar
)

(1
5

0
)

7
-F

S
S

—
�

�
/�

R
eg

is
tr

y
1

0
5

(6
)

4
0

/4
3

2
5

.3
/—

0
.8

4
/0

.3
4

1
7

.1
0

.0
3

.8
1

3
.3

N
ile

C
ro

co
†

(M
in

va
sy

s)
(1

5
1

)
6

-F
C
oC

r
—

�
�

/�
R

eg
is

tr
y

9
3

(6
)

N
A

N
A

N
A

1
2

.0
2

.0
0

.0
9

.4

N
ile

P
ax

†
(M

in
va

sy
s)

(1
5

2
)

6
-F

C
oC

r
A

bl
um

in
al

P
ac

lit
ax

el
�

�
/�

FI
M

1
0

2
(3

0
)

—
/2

7
N

A
N

A
1

.0
1

.0
1

.0
0

.0

P
et

al
(B

os
to

n
S
ci

en
tifi

c)
(1

5
3

,1
5

4
)

7
-F

P
tC

r
P

ac
lit

ax
el

�
�

FI
M

(P
et

al
Tr

ia
l)

2
8

(1
2

)
2

8
/2

5
1

0
/1

0
0

.4
1

/0
.1

8
1

4
.8

0
.0

3
.7

7
.4

S
id

eK
ic

k
(Y

-M
ed

)
(1

5
5

)
5

-F
C
oC

r
—

�
�

/�
FI

M
1

7
(2

–3
)

4
0

‡
N

A
N

A
5

.8
0

.0
5

.8
0

.0

S
LK

-V
ie

w
†

(A
dv

an
ce

d
S
te

nt
Te

ch
)

(1
5

6
)

8
-F

S
S

—
�

�
R

eg
is

tr
y

8
1

(4
)

1
4

/2
5

2
8

.7
/3

7
.7

1
.1

/0
.8

1
3

1
.0

1
.3

2
.5

2
1

.3

Tr
yt

on
†

(T
ry

to
n

M
ed

ic
al

)
(1

5
7

)
6

-F
C
oC

r
—

N
A

�
�

FI
M

(T
ry

to
n

I)
3

0
(6

)
3

9
/—

0
/0

0
.2

5
§

/0
.1

7
9

.9
3

.3
�

6
.6

6
.6

S
el

f-e
xp

an
di

ng
st

en
ts

A
xx

es
s

(D
ev

ax
)

(3
2

,5
5

)
7

-F
N

iti
no

l
A

bl
um

in
al

B
io

lim
us

A
9

�
�

R
eg

is
tr

y
(D

IV
ER

G
E)

3
0

2
(9

)
6

4
.7

‡
2

.3
/4

.8
0

.2
9

/0
.2

9
7

.7
0

.7
4

.3
4

.3

S
id

eg
ua

rd
†

(C
ap

pe
lla

)
(1

5
8

,1
5

9
)

6
-F

N
iti

no
l

—
N

A
�

�
FI

M
(S

id
eg

ua
rd

I&
II)

9
3

(1
2

)
N

A
1

2
/2

5
0

.2
1

/0
.5

8
1

2
.0

1
.2

�
3

.6
7

.2

S
te

nt
ys

†
(S

te
nt

ys
)

(1
6

0
,1

6
1

)
7

-F
N

iti
no

l
P

ac
lit

ax
el

�
�

/�
FI

M
(O

P
EN

I)
4

0
(3

¶
,6

#
)

9
/1

3
2

5
/1

4
0

.8
3

§
5

.1
0

.0
2

.5
2

.5

*A
ll

m
ul

tic
en

te
r

st
ud

ie
s;

†
C
.E

.m
ar

k;
‡

no
t

sp
ec

ifi
ed

ho
w

m
an

y
in

m
ai

n
br

an
ch

(M
B

)
or

si
de

br
an

ch
(S

B
);

§
pr

ox
im

al
m

ai
n

br
an

ch
;�

ca
rd

ia
c

de
at

h;
¶

cl
in

ic
al

fo
llo

w
-u

p;
#

an
gi

og
ra

ph
ic

fo
llo

w
-u

p.
A

da
pt

ed
fr

om
A

bi
za

id
et

al
.(

1
6

2
).

LL
L

�
la

te
lu

m
en

lo
ss

;M
I�

m
yo

ca
rd

ia
li

nf
ar

ct
io

n;
TL

R
�

ta
rg

et
le

si
on

re
va

sc
ul

ar
iz

at
io

n;
ot

he
r

ab
br

ev
ia

tio
ns

as
in

Ta
bl

es
1

an
d

2
.

S68 Garg and Serruys JACC Vol. 56, No. 10 Suppl S, 2010
Coronary Stents: Looking Forward August 31, 2010:S43–78

Scot BW.indb   114 01-03-11   11:57



115

Coronary Stents –Looking Forward  Chapter 2.2

5) side-branch jailing. A consequence of these limitations has
been the development of numerous dedicated bifurcation
stents, which are summarized in Table 6.

These bifurcation stents can be broadly divided into 3
groups (Figs. 23 and 25):

1. Stents that facilitate provisional side-branch stenting and
maintain direct access to the side branch after main-
branch stenting. These stents consist of a pre-formed
main-branch stent with side ports to facilitate access to
the side branch. Examples include: Antares (TriReme
Medical Inc., Pleasanton, California), Invatec Twin-rail
(Invatec, Brescia, Italy), Multi-Link Frontier (Abbott
Vascular), Nile Croco (Minvasys), Petal (Boston Scien-
tific), SLK-view (Advance Stent Technologies, Pleasan-
ton, California), StenTys (StenTys), and Y-Med Side-
Kick (Y-Med, San Diego, California).

2. Stents designed to treat the side branch first. These
stents are designed for those bifurcation lesions with
significant side-branch disease; a second stent is required
for the main branch. Examples include: Sideguard (Cap-
pella, Auburndale, Massachusetts), and Tryton (Tryton
Medical, Newton, Massachusetts).

3. Conical stents for the geometry of the ostium. These
may require additional stents to be implanted in the main
branch or side branch. Examples include the Axxess
stent.

The newer generation of dedicated stents have significantly
improved from the initial attempts at bifurcation stents that
were difficult to deploy, had large crossing profiles, and had
poor trackability. The evaluation of these stents, which is
summarized in Table 6 (32,55,148–161), is limited to small-
sized studies with short follow-up, many of which have not
been published in peer-reviewed journals.

Figure 23 Self-Expanding Dedicated Bifurcation Stents

(A) Axxess, (B) Sideguard, and (C) Stentys.

Figure 24 Self-Expanding Stents

(A) The vProtect Luminal Shield stent. (B, C) The CardioMind Sparrow stent. (B) Illustrates the flexibility of the Sparrow stent delivery system, whereas (C) demonstrates the smaller
profile of the Sparrow stent compared with a conventional balloon-expandable stent, and a 6-F guiding catheter. (B, C) Reprinted with permission from Chamie et al. (168).
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Although device success has been high, studies have
reported rates of additional stenting of up to 40%. More-
over, the early devices were bare metal, and subsequent rates
of restenosis were similar to those observed with PCI of
bifurcation lesions using BMS (182). The consequently
high rates of MACE and TLR have prompted second-
generation devices that elute antiproliferative drugs and
have different stent designs, each with their own associated
learning curve. The evaluation of these newer devices is
ongoing, and although results appear more promising,
randomized trials against conventional DES are still lack-
ing. Conceptually, these dedicated stents would seem the
answer to the problem of treating bifurcation lesions;
however, clinical evidence is currently absent to support
their use as first-line devices in these complex lesions.

Drug-Eluting Balloons (DEBs)

DEBs represent a new coronary device that may provide
“healthy” future competition for DES, particularly in spe-
cific lesions where DES cannot be delivered or have
unproven results such as ISR, torturous vessels, small
vessels, and long, calcified lesions.

The development of these devices, which are able to
locally deliver antiproliferative drugs without the associated
limitations of DES, have in part been stimulated by the
previously discussed problems of DES, such as ST and ISR.
Moreover, additional impetus has been gained following the
discovery that long-lasting antiproliferative effects do not
require sustained drug release. For example, the most

commonly used agent in DEB is paclitaxel, which is rapidly
taken up by vascular smooth muscle cells and retained in
these tissues for up to 1 week, resulting in a prolonged
antiproliferative effect (183–185).

Potential advantages of DEBs, besides their use in ISR,
include the absence of a polymer, which may decrease
chronic inflammation, reducing the trigger for ST. This risk
of ST may also be reduced by the absence of a rigid stent
casing, which not only removes the presence of foreign stent
struts, but also allows the original coronary anatomy to be
maintained following PCI in tortuous lesions and small
vessels, thereby diminishing abnormal flow patterns. The
absence of metal struts, and local drug delivery can also
diminish the need for prolonged DAPT.

It is important to acknowledge that DEBs cannot over-
come some of the mechanical problems previously associ-
ated with angioplasty using noncoated balloons, such as
acute recoil. In addition, it remains unclear whether the
previous problem of late negative remodeling will occur with
DEBs.

At present, several DEBs are undergoing clinical evalu-
ation, with most studies assessing their performance in the
treatment of ISR, de novo lesions, and bifurcation lesions
(186–197).

All current devices use paclitaxel with a typical dose of
3 �g/mm2 of balloon surface. The main difference between
devices is the formulation used to coat the balloon, which
ultimately facilitates drug transfer. The different formula-
tions in use are:

F

E

D

C

B

A

Figure 25 Balloon-Expandable Dedicated Bifurcation Stents

(A) Antares, (B) Invatec Twin-Rail, (C) Multi-Link Frontier, (D) Nile Croco/Pax, (E) Petal, (F) Tryton.
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1. Paclitaxel with iopromide coating (Paccocath Technol-
ogy). This proprietary drug matrix, which is applied to
the balloon of an angioplasty catheter, increases the
solubility and transfer of paclitaxel such that more than
80% of the drug is released during a single 1-min balloon
inflation, with 10% to 15% of the released paclitaxel
being delivered to the vessel wall (196). This technology
is currently used on the Paccocath (Bayer, Leverkusen,
Germany) and SeQuent Please (B. Braun, Melsungen,
Germany) DEBs. In addition, the Coroflex DEBlue
consists of a cobalt chromium BMS pre-mounted on a
SeQuent Please DEB (B. Braun).

2. Paclitaxel with FreePac hydrophilic formulation. Free-
Pac is a proprietary natural coating that frees and
separates paclitaxel molecules and facilitates their ab-
sorption into the wall of the artery. It is applied to the
balloon of an angioplasty catheter, reducing total drug
elution time to 30 to 60 s. Importantly, it permits balloon
inflation to be maintained beyond 60 s without addi-
tional drug release. This technology is in use on the
IN.PACT Falcon DEB (Invatec).

3. Paclitaxel without any formulation. Several different
devices elute paclitaxel without any formulation.

The DIOR DEB (Eurocor, Bonn, Germany) is loaded
with 3 �g/mm2 of paclitaxel in its microporous balloon
surface. The balloon is triple-folded, which protects the
drug from early wash-off during insertion and tracking. A
60-s balloon inflation results in the elution of a clinically
effective dose of paclitaxel. Approximately 35% of the drug is
eluted after the first 20-s inflation, with another 35% released
following a second similar inflation. An extension to the
DIOR balloon is the MAGICAL system, which uses a cobalt
chromium BMS on the DIOR DEB. Finally the GENIE
(Acrostak, Winterthur, Switzerland) is a liquid drug delivery
catheter available in various diameters and shaft lengths. After
determining the vessel diameter and lesion length, the balloons
are inflated with diluted paclitaxel.

DEBs have been assessed for 3 main clinical indications:

1. ISR. The assessment of DEBs in patients with ISR has
shown consistent results in favor of DEBs when com-
pared with noncoated balloon angioplasty or stenting
with DES. In 2006, Scheller et al. (186) published the
results of the PACCOCATH ISR I (Paclitaxel-Coated
Balloon Catheter for In-Stent Restenosis) trial that
randomized 52 patients with angina and a single rest-
enotic coronary artery lesion to treatment with a
paclitaxel-eluting DEB or standard angioplasty balloon.
At 6-month follow-up, the primary end point of in-
segment late lumen loss was significantly lower in the
paclitaxel-eluting balloon group compared with the un-
coated balloon group (0.03 � 0.48 mm vs. 0.74 � 0.86
mm, p � 0.002). Similarly, binary restenosis and MACE
were also significantly lower in the DEB group (186).
Two-year outcomes of these patients, pooled with a

similar number of patients who were of equal risk and
who were enrolled in the PACCOCATH ISR II trial,
demonstrated continued superiority of the DEB com-
pared with standard angioplasty. Specifically, treatment
with the DEB resulted in significantly lower late lumen
loss, binary restenosis, and TLR (187).
Further assessment of DEBs in the management of ISR
came in the multicenter PEPCAD II (Paclitaxel-Eluting
PTCA-Balloon Catheter in Coronary Artery Disease)
study, which randomized 131 patients to treatment with
the SeQuent Please DEB or the TAXUS PES (188). At
6-month follow-up, the primary end point of in-segment
late lumen loss was significantly lower in the DEB group
(0.17 � 0.42 mm vs. 0.38 � 0.61 mm, p � 0.03),
whereas DEB-treated patients also had a trend for a
lower rate of binary restenosis (7% vs. 20%, p � 0.06). At
12-month follow-up, the rate of MACE for the DEB
and PES was 9% and 22%, respectively (p � 0.08),
which was largely driven by the greater need for TLR
with PES (6% vs. 15%, p � 0.15). Overall, the study
demonstrated that the DEBs were well tolerated, safe,
and at least as efficacious as PES in patients with ISR.

2. De novo lesions. The assessment of DEBs for de novo
lesions has been less extensive, and results are somewhat
inconsistent when compared with the superiority of
DEBs in the treatment of ISR. The SeQuent Please
DEB was assessed for the treatment of de novo lesions
with a reference vessel diameter of 2.25 to 2.8 mm in the
120-patient multicenter, prospective PEPCAD I regis-
try. Of note, approximately one-third of the patients
required additional stenting with a BMS following use of
the DEB. At 6-month follow-up, the late lumen loss in
patients treated with only a DEB was 0.18 mm, com-
pared with 0.73 mm in those receiving both DEB and
BMS. Similarly, binary restenosis rates were 5.5% and
44.8%, respectively. Although this study suggested the
safety and efficacy of the SeQuent Please, the poor
performance of the combination of DEB and BMS was
concerning and likely to be secondary to geographic
mismatch (189).
Further evaluation of the DEBs in de novo lesions came
in the noninferiority PEPCAD III study, which random-
ized 637 patients with stable/unstable angina to treatment
with a Cypher SES or the Coroflex DEBlue (BMS/
DEB combination) (B. Braun) (190). At 9-month
follow-up, the in-stent late lumen loss (0.41 mm vs. 0.16
mm, p � 0.001) and ISR (10.0% vs. 2.9%, p � 0.01)
were both significantly higher in the BMS/DEB arm
compared with SES. Although mortality was comparable
between groups, treatment with a BMS/DEB lead to
significantly higher rates of MI, TLR, TVR, and ST
(p � 0.05 for all) at 9 months follow-up.
Some have suggested that the failure to prove noninfe-
riority in PEPCAD III was the result of using the
Cypher SES as the control arm, particularly as the late
loss in the BMS/DEB arm is somewhat comparable to
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that seen with PES. However, in the PICCOLETO
(Paclitaxel-Eluting Balloon versus Paclitaxel-Eluting
Stent in Small Coronary Vessel Disease) study, which
randomized 57 patients with stable or unstable angina
and small coronary vessels (�2.75 mm) to PCI with the
DIOR DEB or PES, a similarly poor performance was
seen in the DEB arm (191). At 6 months follow-up,
percentage diameter stenosis (the primary end point) was
significantly worse in those treated with DEB compared
with PES (43.6 � 27.4% vs. 24.3 � 25.1%; p � 0.029).
Similarly, binary restenosis and minimal lumen diameter
were also significantly worse with the DEB. Although
clinical outcomes were comparable in terms of death and
MI, there was still a trend towards higher TLR with the
DEB.
More promising data on the use of locally delivered pacli-
taxel have been reported by Herdeg et al., who randomized
204 patients to treatment with either a PES, BMS, or a
BMS followed by local delivery of fluid paclitaxel using the
GENIE device. At 6 months follow-up, late lumen loss was
significantly lower in the BMS/GENIE group compared
with the BMS-only group (0.61 mm vs. 0.99 mm,
p � 0.0006), and noninferior compared with PES (0.61
mm vs. 0.44 mm, pnoninferiority � 0.02). Similarly, TLR
rates were 13.4%, 22.1%, and 13.4% for patients treated
with BMS/GENIE, BMS only, and PES, respectively
(192).
The evaluation of the SeQuent Please is continuing in 2
further studies of patients with de novo lesions. The
multicenter PEPCAD IV DM plans to enroll 160
diabetic patients, whereas the PEDCAD CTO will
enroll 50 patients with a chronic total occlusion (193).

3. DEB for bifurcation lesions. The use of DEBs in
combination with BMS in bifurcation lesions has been
assessed in several studies, the largest of which enrolled
120 patients. In principle, the use of a DEB in the side
branch may reduce the likelihood of restenosis, thereby
reducing the requirement for side-branch stenting. Al-
though within the main branch, the use of a DEB in
combination with a BMS is needed to achieve a result
comparable with DES.
The DEBIUT (Drug Eluting Balloon in Bifurcation
Trial) registry enrolled 20 patients with bifurcation
lesions, who sequentially had the main branch and then
the side branch treated with a DIOR balloon, followed
by provisional stenting of only the main branch using a
BMS. At 4-month follow-up, there were no MACE
events; however no angiographic data were reported
(194). The second DEBIUT study was considerably
larger; randomizing 120 patients, the majority of whom
had side-branch involvement, to 1 of 3 treatment arms:
BMS � plain balloon angioplasty (POBA), BMS �
Dior DEB, or PES � POBA (197). All balloon infla-
tions prior to stenting were performed in the main
branch and side branch; all lesions were treated using the
provisional T-stent technique, and post-stenting kissing

balloon dilation was performed using a plain balloon. At
6-months angiographic follow-up, rates of main-branch
binary restenosis were lowest (not significant) in those
treated with the DEB. In the side branch, rates of binary
restenosis and late loss were also numerically lower in the
DEB arm compared with those treated with BMS �
POBA; however, both measurements were inferior to
those receiving PES. There were no overall significant
differences in clinical outcomes between all 3 arms;
notably, there were no ST events in the DEB and BMS
arms compared with a rate of 2.5% in the PES arm.
The PEPCAD V study enrolled 28 patients with bifur-
cation lesions, the majority of which were Medina class
011 or 111. Both branches were treated with the Se-
Quent Please, followed by provisional stenting of the
main branch with a BMS; 14% of side branches even-
tually received a stent. At 9-month follow-up, although
there were significant reductions in both main-branch
and side-branch late lumen loss, and only 1 TLR, of
concern were the 2 late ST events in patients receiving
DEB and BMS in the main branch (195).

Overall, DEBs have been shown to be effective in ISR;
however, the comparison with DES in de novo lesions has
produced inconsistent results. Currently, no DEBs have
FDA approval, and many issues remain to be resolved
before these devices can become fully accepted by regulatory
authorities.

Conclusions

The previous discussion highlights the wealth of new stent
technology, and only time will tell which is the most
appropriate design for the ideal coronary stent. It is clear
that no single stent design and polymer type will be suitable
for all patients and lesion types. Therefore, a more individ-
ualized choice of stent, taking into account patient charac-
teristics such as the ability to take long-term DAPT, and
lesion characteristics such as presence or not of a bifurcation
lesion will be important factors influencing stent selection.
Reassuringly, the new stent technology appears to allow
interventional cardiologists to make these choices, and there
is great anticipation that this will result in improved
long-term clinical efficacy and safety.
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APPENDIX

For a list of all study acronyms and their definitions, please see Appendix I in
the online version of this article; and for a list of all study devices and their
manufacturers, please see Appendix II in the online version of this article.
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Appendix  i trial Acronyms
 trial Acronyms trial Reference

ABSoRB
A bioresorbable everolimus-eluting coronary stent system for patients 
with single de-novo coronary artery lesions

112-114, 125

AtLANtA Assessment of The Latest Non-Thrombogenic Angioplasty stent 85, 88, 90

CARe Cardiomind Sparrow DES Trials 169

CoStAR Cobalt Chromium Stent With Anti-proliferative for Restenosis 46, 48

CReAte Multi-Center Registry of Excel Biodegradable Polymer Drug Eluting Stents 27

CUStom XTENT studies 33, 34

DeBiUt Drug Eluting Balloon in Bifurcation Trial 194, 197

DeSiRe Double versus Single balloon stent delivery systems for bifurcation lesions 149

DiVeRGe Drug Eluting Stent Intervention for Treating Side Branches Effectively 32

euroStAR The European cobalt Stent with Anti-proliferative for Restenosis trial 47

eVoLVe
Randomised comparison of the standard and low dose SYNERGY 
everolimus eluting stent with the PROMUS Element stent.

35

eXCeLLA
Elixir Medical Clinical Evaluation of the Novolimus-Eluting Coronary Stent 
System

14, 15, 23

HeALiNG-ii Healthy Endothelial Accelerated Lining Inhibits Neointimal Growth 97-99

iSAR-teSt
Intracoronary Stenting and Angiographic Restenosis–Test Equivalence 
Between 2 Drug-Eluting Stents

65

iSAR-teSt 2
Intracoronary Stenting and Angiographic Restenosis – Test Efficacy of 
Three Limus Eluting Stents

82, 83

iSAR-teSt 3
Intracoronary Stenting and Angiographic Restenosis Investigators – Test 
Efficacy of Rapamycin-eluting Stents with Different Polymer Coating 
Strategies

80, 81

JACtAX Juxtaposed Abluminal Coating TAXUS stent study 41

LeADeRS Limus Eluted from A Durable versus Erodable Stent coating 29, 30

NeVo-ReS NEVO RES-ELUTION 28

NoBoRi NOBORI stent trials 31, 51, 54

oCtDeSi The Optical Coherence Tomography Drug Eluting Stent Investigation 57

oPeN
Stentys coronary bifurcation stent system for the Percutaneous Treatment 
of de novo lesions in native bifurcated coronary arteries

160, 161

PACCoCAtH iSR Paclitaxel-Coated Balloon Catheter for In-Stent Restenosis 186, 187

PAiNt
Percutaneous Intervention with biodegradable-polymer based paclitaxel-
eluting, sirolimus-eluting, or bare stents for the treatment of de novo 
coronary lesions

39

PePCAD Paclitaxel-Eluting PTCA-Balloon Catheter in Coronary Artery Disease
 188-190, 193, 
195

PeRSeUS
A Prospective Evaluation in a Randomized Trial of the Safety and Efficacy 
of the Use of the TAXUS Element Paclitaxel-Eluting Coronary Stent System 
for the Treatment of De Novo Coronary Artery Lesions

16, 17

PiCCoLeto
Paclitaxel-eluting balloon versus paclitaxel-eluting stent in small coronary 
vessel disease

191

PiSCeS The Paclitaxel In-Stent Controlled Elution Study 45

PLAtiNUm
A Prospective, Randomized, Multicenter Trial to Assess an Everolimus-
Eluting Coronary Stent System [PROMUS Element] for the Treatment of up 
to Two De Novo Coronary Artery Lesions

35

PRoGReSS AmS
Clinical Performance and Angiographic Results in Absorbable Metal Stents 
study

116, 140
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 trial Acronyms trial Reference

RemeDee
Randomized Evaluation of an Abluminal sirolimus coated Bio-Engineered 
Stent

37

ReSoLUte
Evaluation of the new generation zotarolimus-eluting coronary stent 
system

13, 18, 20-22

ReSoRB REVA Endovascular Study of a Bioresorbable Coronary Stent 36

SeCRitt
Santorini Criteria for Investigating and Treating Thin Capped 
Fibroatheroma Trial

167

SeRieS 
Study of the Supralimus® Sirolimus Eluting Stent in the treatment of 
patients with real world coronary artery lesions

26, 44

SimPLe Safety and Efficacy of the Infinnium Paclitaxel-Eluting Stent 40

tiDe Randomized Trial Comparing Titan vs. Endeavor-stents. 94

tiNoX
Randomized Comparison of a Titanium-Nitride-Oxide–Coated Stent With 
a Stainless Steel Stent for Coronary Revascularization

86, 91

titAX-Ami
A Prospective, Randomized Trial Comparing TITAN-2® Stent and TAXUS-
Liberte® Stent in Acute Myocardial Infarction

92, 93

toP TMI Ostial Preservation 148

tRiAS-HR TRI-stent Adjudication Study 87, 100

VeStASYNC
Hydroxyapatite Polymer-Free Sirolimus-Eluting Stent for the Treatment of 
Single De Novo Coronary Lesions

64, 78

WHiSPeR FIM study of the IDEAL Poly (Anhydride Ester) Salicylic acid stent 115
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Appendix ii Devices and manufacturers
Device manufacturer
Adsorbable metal Stent (AmS) Biotronik, Berlin, Germany

Amazonia PAX Minvasys, Genevilliers, France

Antares TriReme Medical Inc., Pleasanton, CA, USA

Axxess Devax, Lake Forest, CA, USA

BioFReeDom Biosensors, Morges, Switzerland

Biomatrix Flex Biosensors, Morges, Switzerland

Bioresorbable Vascular Scaffold (BVS) Abbott Vascular, Santa Clara, CA, USA

Cardiomind Sparrow Cardiomind Inc, Sunnyvale, CA, USA

Catania CeloNova Biosciences, Newnan, GA, USA

Combo stent Orbus Neich, Fort Lauderdale, Fl, USA

Coroflex DeBlue B.Braun, Melsungen, Germany

Cypher Cordis, Johnson and Johnson, Warren, NJ, USA

DioR Eurocor, Bonn, Germany

elixir DeSyne Elixir Medical, Sunnyvale, CA, USA

eNDeAVoR Medtronic, Santa Rosa, CA, USA

eNDeAVoR Resolute Medtronic, Santa Rosa, CA, USA

excel JW Medical System, Weihai, China

GeNie Acrostak, Winterthur, Switzerland

Genous Orbus Neich, Fort Lauderdale, Fl, USA

iDeAL Bioabsorbable Therapeutics, Inc. Menlo Park, Ca, USA

igaki-tamai Kyoto Medical Planning. Co. Ltd., Kyoto, Japan

iN.PACt Falcon Invatec S.r.l., Brescia, Italy

infinnium Sahajanand Medical, Gujrat, India

invatec twin-Rail Invatec S.r.l., Brescia, Italy

JacPro Boston Scientific, Natick, MA, USA

JACtAX Boston Scientific, Natick, MA, USA

Labcoat element Boston Scientific, Natick, MA, USA

multi-Link Frontier Abbott Vascular, Santa Clara, CA, USA

NeVo Cordis, Johnson and Johnson, Warren, NJ, USA

Nile Croco Minvasys, Genevilliers, France

Nile Pax Minvasys, Genevilliers, France

NoBoRi Terumo, Leuven, Belgium

Paccocath Bayer AG, Leverkusen, Germany

Petal Boston Scientific, Natick, MA, USA

Promus element Boston Scientific, Natick, MA, USA

ReVA Generation i REVA Medical, Inc., San Diego, CA, USA

ReZolve REVA Medical, Inc., San Diego, CA, USA

SeQuent Please B.Braun, Melsungen, Germany

Sideguard Cappella, Auburndale, MA, USA

SideKick Y-Med, San Diego, CA, USA

SLK-View Advance Stent Technologies, Pleasanton, CA, USA

Stentys Stentys SAS, Clichy, France

Supralimus Sahajanand Medical, Gujarat, India

SYNeRGY Boston Scientific, Natick, MA, USA

tAXUS Liberté Boston Scientific, Natick, MA, USA

tAXUS element Boston Scientific, Natick, MA, USA
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Device manufacturer
tiNoX Hexacath, Rueil-Malmaison, France

tryton Tryton Medical, Newton, MA, USA

VeStAsync MIV Therapeutics, Atlanta, GA, USA

vPRoteCt Prescient Medical, Inc., Doylestown, PA, USA

Xience V Abbott Vascular, Santa Clara, CA, USA

XteNt Xtent Inc, Menlo Park, CA, USA

Yukon Translumina, Hechingen, Germany
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Stent Thrombosis
David R. Holmes, JR, MD,* Dean J. Kereiakes, MD,† Scot Garg, MD,§
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Intense investigation continues on the pathobiology of stent thrombosis (ST)
because of its morbidity and mortality. Because little advance has been made in outcomes
following ST, ongoing research is focused on further understanding predictive factors as well as
ST frequency and timing in various patient subsets, depending upon whether a drug-eluting stent
or bare-metal stent has been implanted. Although the preventive role of antiplatelet therapies
remains unchallenged, new data on genomics and variability in response to antiplatelet therapy,
as well as the effects of novel therapeutic agents and duration of therapy, have become available.
The goal remains identification of patients at particularly increased risk of ST so that optimal
prevention strategies can be developed and employed.

Prior to the development of coronary artery stents,
interventional cardiologists focused on procedural
dissection-related acute vessel closure and late reste-
nosis. Stents, particularly drug-eluting stents (DES),
significantly ameliorated these problems. Unfortu-
nately, by delaying endoluminal healing of the angio-
plasty site, stent thrombosis (ST) can occur. Thus,
interest from the scientific community as well as
regulatory agencies and the public is now focused on
ST because of the associated incidences of death
(�20% to 40%), myocardial infarction (�50% to 70%)
and repeat revascularization (1–7).

Definitions
Early reports of ST utilized varying definitions, mak-
ing comparisons among different datasets challenging
(8–10). Uniform definitions were subsequently devel-
oped by the Academic Research Consortium (ARC)
incorporating timing as well as diagnostic certainty
(Table 1) (11). Although ARC definitions added
uniformity, they remain an imperfect balance of sen-
sitivity and specificity: “definite” ST is highly specific
but likely underestimates true frequency, whereas
“possible” ST, although more sensitive, lacks diagnos-
tic certainty. Most contemporary studies exclude the
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category of “possible” ST and select the end points of
“definite” or “probable” ST to provide a balance of specificity
and sensitivity.

Pathophysiology of ST

The pathophysiology of ST includes stent-, procedure-, and
patient-related factors (Table 2). ST can occur with either
bare-metal stents (BMS) or DES (8–10,12). Early events may
be related to residual target lesion thrombus or dissection,
stasis, stent underexpansion, or a combination of these (13).
Following DES deployment, late incomplete stent apposition
(ISA) demonstrated by intravascular ultrasound, due to the
gradual dissolution of thrombus or positive arterial remodeling,
has not been convincingly linked to adverse outcomes (14).
Late ST may be more frequently related to incomplete healing
and/or inadequate neointimal coverage. Serial angioscopic,
optical coherence tomography, and evaluations at autopsy
suggest that stent endothelialization is delayed or incomplete
with DES (15–17). Although a correlation has been observed
between uncovered DES struts and ST, endoluminal mural
thrombus may be present despite neointimal coverage and may
reflect underlying inflammation related to the drug-delivery
polymer. The role of inflammation in vessel remodeling, ISA,
and very late ST is supported by the preponderance of
inflammatory cells associated with ISA (18). Histopathologic
differences (the prevalence of eosinophils, giant cells, and
fibrin) among DES platforms have been observed; this may
reflect unique responses to the specific polymer/drug. Finally,
very late atherothrombosis within a previously deployed stent
may be related to the intercurrent development of yellow
plaque and plaque rupture (19,20). This point was emphasized
in an analysis of histopathological findings of new in-stent

lesions that developed beyond 5 years. These tissues, which
were obtained using directional coronary atherectomy, did not
display persistent peri-stent inflammation; rather, there were
findings of acute, unstable coronary lesions (21).

Clinical evidence for a relationship between underlying
vascular inflammation and ST has been found in patients
with ruptured plaque. Risk of ST is directly related to the
acuity of the index clinical syndrome preceding stenting.
Patients presenting with an acute coronary syndrome (ACS)
have a several-fold increased risk for ST regardless of stent
type compared with patients with stable symptoms (22–24).
Possible histopathologic mechanisms include the thin fi-
brous cap that characterizes vulnerable plaque, abundant
inflammatory cells, and a necrotic lipid core. In registry
series, ST beyond 6 to 12 months following ACS treatment
is more frequent with DES (vs. BMS) (25–27). DES struts
imbedded in the necrotic lipid core demonstrate incomplete
healing and reduced neointimal coverage compared with
struts imbedded in adjacent fibro-calcific stable plaque.

In contrast, the theory that neointimal thickness, as
reflected by in-stent late lumen loss, may “protect” against
ST has been dispelled by both recent clinical trials and a
recent meta-regression meta-analysis (28) in which stents
with lower late lumen loss demonstrated both a lower
incidence of target lesion revascularization and ST (29,30).

Table 1

ARC Definition of ST to Standardize ST
and Ensure Unified Assessment Across Trials

Term Definition

“Definite” ST The highest level of certainty
Either angiographic or post-mortem evidence of

thrombotic stent occlusion

“Probable” ST Any unexpected death within 30 days of stent implantation,
or any myocardial infarction in the territory of the
implanted stent irrespective of time

“Possible” ST Any unexplained death beyond 30 days until the
end of follow-up

Early ST ST occurring in the first 30 days after stent implantation

Late ST ST occurring between 1 month and 1 yr after
stent implantation

Very late ST ST occurring beyond 1 yr

ARC � Academic Research Consortium; ST � stent thrombosis.

Table 2

Selected Multifactorial Causes of ST

Precipitant of Stent Thrombosis

Stent factors Hypersensitivity to drug coating or polymer
Incomplete endothelialization
Stent design
Covered stents (64,65)

Patient factors PCI for acute coronary syndrome/ST-segment
elevation MI

Diabetes mellitus
Renal failure
Impaired left ventricular function
Premature cessation of dual antiplatelet therapy
Aspirin nonresponsiveness
Clopidogrel nonresponsiveness
Glycoprotein IIb/IIIa inhibitors
Prior brachytherapy
Malignancy
Saphenous vein graft disease

Lesion characteristics Lesion/stent length
Vessel/stent diameter
Complex lesions (bifurcation lesions,

chronic total occlusions)
Saphenous vein graft target lesion
Stasis

Procedural factors Inadequate stent expansion/sizing
Incomplete stent apposition
Stent deployment in necrotic core
Residual edge dissection

MI � myocardial infarction; PCI � percutaneous coronary intervention; ST � stent thrombosis.
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Nevertheless, both histopathologic and invasive imaging
studies following ST identify that DES deployment in
yellow, vulnerable, or ruptured plaque appears to be associ-
ated with incomplete endothelialization, less neointima
formation, and a greater subsequent risk for late or very late
ST (17,18). Finally, the physical presence of endothelial
coverage may not confer functional integrity, and chronic
vascular/endothelial dysfunction may contribute to very late
ST (31,32).

Predictors of ST
Predictors of early and late ST following stenting have been
studied in registries and post hoc analyses from clinical trials
(33,34) and may be categorized into those related to the:
1) stent; 2) patient; 3) procedure; and 4) type and duration
of antiplatelet therapy (Table 2).

ST in BMS Versus DES
The frequency of ST has been evaluated in clinical trials,
“real-world” registries, and meta-analyses. The quality and
applicability of data vary by study; most studies did not
employ routine angiographic follow-up, but instead moni-
tored death, myocardial infarction (MI), and repeat revas-
cularization (which may or may not be related to ST). Using
these surrogates is confounded because coronary athero-
thrombosis is progressive, and the portion of events related
to the stented versus nontarget site changes over time.

Randomized Clinical Trials

Kirtane et al. (7) identified 9,470 patients from 22 random-
ized clinical trials (RCTs) and 182,901 patients from 34
observational studies that compared the first generation
Cypher (Cordis, Warren, New Jersey) sirolimus-eluting
stent (SES) and Taxus (Boston Scientific, Natick, Massa-
chusetts) paclitaxel-eluting stent (PES) with BMS. In
RCTs, at 2.9 years, the hazard ratio (HR) (DES vs. BMS)
for mortality was 0.97 (p � 0.72). For the 12 trials that
evaluated “off-label” versus “on-label” indications, the mor-
tality HR was 0.84 (p � 0.24) at 1.5 years. No differences in
MI were observed comparing DES with BMS (HR: 0.95,
p � 0.54) regardless of the indication for stenting. A
substantial reduction in target vessel revascularization
(TVR) was observed with DES (HR: 0.45, p � 0.001)
irrespective of follow-up duration; this was particularly marked
with “off-label” DES indications (HR: 0.38, p � 0.001).

These findings are similar to another analysis of 28 RCTs
involving 10,727 patients treated with DES or BMS in
which no differences in mortality were observed between
stent types either at 1 year (relative risk [RR]: 0.91, p �
0.47) or beyond (RR: 1.03, p � 0.79) (6). Using the original
per protocol definitions, however, ST was observed beyond

1 year in 0.7% DES-treated versus 0.1% BMS-treated
patients (RR: 4.57, p � 0.006).

Observational Studies

In observational studies including 169,595 subjects, there
was a significant mortality reduction with DES (HR: 0.78,
p � 0.01) (7). Survival varied substantially depending on
follow-up duration, study size, and covariate adjustment.
Following multivariable adjustments, DES continued to be
associated with a mortality reduction (HR: 0.79, p � 0.001)
as well as fewer subsequent MIs (HR: 0.91, p � 0.01) and
TVRs (HR: 0.54, p � 0.01).

Patient Subgroups

Meta-analyses comparing DES versus BMS have also been
performed in patients with either ST-segment elevation
myocardial infarction (STEMI) or diabetes. In 13 RCTs
involving 7,352 STEMI patients, no reduction was ob-
served in mortality (3.7% DES vs. 4.3% BMS, RR: 0.89,
p � 0.36) or recurrent MI (3.5% DES vs. 3.8% BMS, RR:
0.82, p � 0.12) (27). TVR was reduced by DES (7.7% vs.
11.5%, RR: 0.44, p � 0.001). In 18 registry studies
including 26,251 STEMI patients, the pooled treatment
effect demonstrated a 32% mortality reduction at 1 year with
DES (RR: 0.68, p � 0.01) (35). Beyond 1 year, mortality
remained lower with DES but was not statistically signifi-
cant (RR: 0.89, p � 0.45). No differences in recurrent MI
were observed. Finally, TVR was reduced by DES at both 1
and 2 years (RR: 0.71; p � 0.01). In the Massachusetts
State Database of 7,217 patients treated with DES or BMS
using propensity score matching techniques for STEMI or
non-STEMI, adjusted 2-year clinical outcomes demon-
strated reduced mortality (10.7% vs. 12.8%; p � 0.02) and
recurrent MI (8.8% vs. 10.2%; p � 0.09) following DES
(36). The mortality reductions observed in these nonran-
domized registries may reflect the effect of confounding due
to covariate imbalance despite attempts at adjustment. For
example, a mortality difference favoring DES was evident
prior to hospital discharge in the Massachusetts State
experience (36).

In diabetic patients, periprocedural as well as late adverse
clinical outcomes (including ST) appear to be increased with
DES and BMS. In 35 trials including 3,852 patients with
and 10,947 without diabetes, no mortality differences were
observed by stent type in diabetic patients who received dual
antiplatelet therapy (DAPT) for �6 months (37). Improved
TVR rates were seen with DES. In an analysis of 9 trials
involving 1,141 patients treated with DES or BMS with
follow-up �6 months, no difference in mortality was
observed by stent type (2.4% DES vs. 2.3% BMS, odds ratio
[OR]: 1.05, p � 0.91). Of note, DES was associated with
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reductions in MI (3.5% vs. 7.2%, OR: 0.48, p � 0.02) and
TLR (8% vs. 27%, OR: 0.23, p � 0.00001) (38).

Summary

Surrogate markers (death or MI) have been used for ST in
multiple meta-analyses involving both RCT and observa-
tional data. Several conclusions regarding these outcomes
following DES versus BMS can be drawn:

f RCT and observational data differ regarding the fre-
quency of reported clinical outcomes.

f Although RCTs have demonstrated similar incidences
of death and MI for both stent types, observational (real-
world) datasets demonstrate an apparent reduction in mor-
tality favoring DES.

f Both RCTs and observational studies demonstrate a
substantial reduction in TVR with DES.

Comparison of true ST rates (not surrogate outcomes)
between BMS and DES is more difficult. Given the low
incidence occurrence of ST (0.5% to 1% per year), RCTs
have not included ST as a primary end point. In a meta-
analysis of RCTs (6), ST at 1 year was similar for DES and
BMS. Beyond 1 year, the risk of ST appeared greater with
DES. An additional meta-analysis of 28 RCTs involving
5,612 DES and 7,639 BMS patients demonstrated no
difference in ST by stent type to 15 months (OR: 0.86, p �
0.48) (39). In a meta-analysis of 13 RCTs restricted to
primary percutaneous coronary intervention (PCI), ST was
observed with similar frequency to 1-year follow-up (2.7%
DES, 2.6% BMS) (35), and similar results were seen in the
4 studies of outcomes beyond 1 year. In observational
studies of primary PCI, ST was lower at 1 year following
DES (RR: 0.52, p � 0.01) but not significantly different at
2 years (35). Finally, in studies confined to diabetic patients,
a pooled analysis of RCTs of PES versus BMS demon-
strated a similar rate of ST (1.4% vs. 1.2%) at 4 years (40).

Class Effect Analyses
Whether ST rates vary among different DES remains
controversial. In a network meta-analysis (12), ST was
higher following PES versus SES. Similar observations
were noted in other series (5,41). In contrast, in the
5-year follow-up of the randomized SIRTAX (Sirolimus-
Eluting Stent Compared With Paclitaxel-Eluting Stent
for Coronary Revascularization) trial of PES versus SES,
ST was observed in 4.1% and 4.6% of patients, respec-
tively (p � 0.74) (42). The SPIRIT IV (Clinical Evalu-
ation of the Xience V Everolimus Eluting Coronary Stent
System in the Treatment of Patients with De Novo
Native Coronary Artery Lesions IV) RCT compared
Xience V everolimus-eluting stents (Abbott Vascular,

Santa Clara, California) with Taxus Express PES (29).
At 1 year, definite/probable ST occurred less frequently
following Xience V (0.3% vs. 1.1%; p � 0.003). Likewise,
the COMPARE (Second-Generation Everolimus-
Eluting and Paclitaxel-Eluting Stents in Real-Life Prac-
tice) study of 1,800 real-world patients found that defi-
nite/probable ST at 1 year was less frequent following the
Xience V versus the Taxus Liberté (0.7% and 2.6%,
respectively; p � 0.002) despite similar DAPT compli-
ance (30). In addition, a landmark analysis at 1 to 3 years
from the Endeavor IV trial (Randomized, Controlled
Trial of the Medtronic Endeavor Drug-Eluting Coronary
Stent System Versus the Taxus Paclitaxel-Eluting Cor-
onary Stent System in De Novo Native Coronary Artery
Lesions) demonstrated a relatively lower incidence of very
late (�1 year) ST with Endeavor zotarolimus-eluting
stents (Medtronic, Minneapolis, Minnesota) versus
Taxus DES (0.1% vs. 1.5%, respectively; p � 0.004) (43).
Although these trials suggest a relative increased risk for
ST associated with the Taxus Express or Liberté PES to
�1 year, in comparison with either everolimus- or
zotarolimus-eluting stents, results vary (44), and each was
underpowered for ST as a primary end point. Thus, there
are no adequately powered RCTs for definitive conclu-
sions regarding the relative risk of ST among currently
available DES.

Summary

Despite the number of meta-analyses involving patients
treated with BMS and DES, it is difficult to draw definitive
conclusions regarding relative risks for ST. Although no
single trial has adequate power to evaluate ST as a primary
end point, several broad conclusions may be reached:

f There appear to be differences in ST frequency between
RCTs and registries, probably reflecting differences in
complexity and acuity of patient cohorts.

f There is no appreciable difference in ST rates to 1 year
between DES and BMS.

f Beyond 1-year follow-up, a small but definite increased
risk for very late ST accompanies DES.

f There may be differences in frequency of ST among
different DES, the magnitude of which is difficult to
discern.

f Although DAPT compliance for �6 months is associ-
ated with adverse outcomes following DES, its optimal
duration awaits definition by adequately powered, prospec-
tive RCTs. Current recommendations for �12 months
DAPT are based on landmark analyses, which may be
confounded by statistical bias.
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Prognosis Following ST
Infarction due to ST may differ from de novo native-vessel
infarction in that it is associated with larger thrombus
burden, more frequent distal embolization, and less success-
ful catheter-based PCI reperfusion (45–47). Many patients
with ST present with STEMI, and in a series of 431 definite
ST cases, subsequent death or recurrent ST occurred in 18%
by 30-day follow-up (46). Such patients remain at increased
risk for recurrent ST, recurrent MI, and death for up to 3
years. Thus, efforts should be made to ensure optimal stent
expansion (including intravascular ultrasound guidance if
available) as well as adequate treatment of residual intimal
dissection during primary PCI for ST.

Prevention of ST
By virtue of the adverse clinical consequences typically
associated with ST, including death and MI, preventive
strategies have assumed a position of central importance. It
must be remembered that such strategies carry risks of their
own, most prominently bleeding, which can also have severe
clinical consequences. The risk-benefit ratio of these pre-
ventive strategies must be considered relative to the risk of
ST for each individual patient.

DAPT
The focus on DAPT has grown in parallel with concerns
regarding ST. A consensus science advisory regarding
DAPT for DES-treated patients (48) recommended: 1)
DAPT for at least 1 year; 2) deferring elective surgical
procedures for 1 year; 3) continuing 81 mg aspirin daily if
thienopyridine therapy must be stopped; 4) discussing need
for DAPT with the patient before the procedure; 5)
educating patients and health care providers regarding
DAPT compliance; and 6) consulting with the cardiologist
prior to surgical procedures. Lacking adequately powered
RCTs with ST as a primary end point, strategic approaches
to extended DAPT have developed from observational
studies.

In a prospective observational cohort of 6,816 successful
DES patients, the incidence, timing, and relationship of ST
to duration of clopidogrel therapy were analyzed during
4-year follow-up (49). “Definite” ST was observed in 1.2%
of patients, with the greatest risk early after index PCI. The
“protective” effect of clopidogrel was largely confined to the
first 6 months. The Bern/Rotterdam Registry of 8,146 DES
patients found no significant differences in ST between
treatment with clopidogrel for 12 months versus 3 to 6
months (5). However, a large, prospective, single-center
registry of DES versus BMS patients (50) found that
DES-treated patients who discontinued clopidogrel within

6 months of stenting had an increased risk of death or MI
during follow-up, whereas DES-treated patients who re-
mained compliant with clopidogrel at both 6- and 12-
month follow-up enjoyed a survival advantage over BMS-
treated patients irrespective of the clopidogrel treatment
status of BMS patients. The risk of adverse clinical out-
comes including death appeared greatest for patients under-
going primary DES PCI for STEMI who were noncom-
pliant with clopidogrel during the first 30 days post-
procedure (50).

Although clopidogrel noncompliance was raised in 2 regis-
tries (5,51), subsequent analyses using the population-
attributable risk percentage methodology suggested that 68%
to 85% of ST observed could not be attributed to clopidogrel
compliance alone (52). The relative importance of “other”
factors such as clopidogrel resistance, polymer hypersensitivity,
and drug–drug interactions has been supported by studies
showing that discontinuation of clopidogrel within the first
6 months, but not thereafter, is a strong predictor of increased
ST (53). Finally, extended duration DAPT may also influence
nontarget site–related ischemic events. Indeed, late follow-up
in both BMS and DES suggests that extended duration
DAPT exerts a salutary effect, at least in part, mediated by
suppression of nontarget site events (54). The question of
efficacy versus safety of extended duration DAPT (12 vs. 30
months) is being evaluated in a �20,000-patient RCT.
Conversely, the ISAR-SAFE (Intracoronary Stenting and
Antithrombotic Regimen: Safety and Efficacy of 6 Months
Dual Antiplatelet Therapy After Drug-Eluting Stenting)
and OPTIMIZE (Effect of Image Optimization With
Contrast on the Diagnostic Accuracy of Dobutamine Echo-
cardiography in Coronary Artery Disease) studies are both
currently randomizing patients treated with DES to stan-
dard 12- or 3-month (OPTIMIZE) versus 6-month
(ISAR-SAFE) DAPT (55). Finally, preliminary data, al-
though underpowered, suggest no additional benefit of
DAPT beyond 1 year in patients free from major adverse
cardiovascular events to 1 year (56).

DAPT-compliant patients who experience ST should be
considered for evaluation of aspirin and/or clopidogrel
resistance with appropriate modification in the oral platelet
inhibitor therapy regimen. Roughly one-fourth of patients
undergoing stenting may be “resistant” to the platelet-
inhibiting effects of clopidogrel (57,58). Furthermore, pa-
tients who respond inadequately to one agent (either aspirin
or clopidogrel) are more likely to be hyporesponsive to the
other agent, and the risk of ischemic events appears greatest
in patients with “dual” resistance (59,60). Resistance to
clopidogrel can be related to genetic variation in 1 or more
of the cytochrome P450 hepatic enzymes required to con-
vert clopidogrel from prodrug to active metabolite, partic-
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ularly the reduced-functioning CYP2C19*2 allele (61).
Although risk for stent thrombosis is greatest in homozy-
gotes (2% to 14% of population), heterozygotes (25% to
30% of population) appear to have a variable but increased
risk for ischemic events as well (62). Nevertheless, it has
been suggested that the CYP2C19*2 genotype accounts for
only �12% of clopidogrel response variability (63), which in
turn may not be overcome by increasing the dosage (64).
Alternate strategies such as switching to prasugrel (not
influenced by genetic polymorphisms) (65) or the use of a
“triple” antiplatelet regimen that includes aspirin, clopi-
dogrel, and cilostazol, may be more attractive (66). The
latter has been demonstrated to provide significantly higher
levels of measured platelet aggregation inhibition in
clopidogrel-resistant patients compared with 150 mg daily
clopidogrel (66). Finally, multiple drug–drug interactions
may exist that modify clopidogrel metabolism/conversion
(67). The coadministration of clopidogrel with proton
pump inhibitors (especially omeprazole) (68), lipophilic
statins (especially atorvastatin) (69), calcium channel block-
ers (especially amlodipine) (70), or warfarin (71) may reduce
clopidogrel conversion from prodrug to active metabolite via
the CYP2C19, CYP3A4/5, or CYP2C9 enzyme paths.
Although concomitant administration of proton pump in-
hibitors with either clopidogrel or prasugrel has been
associated with a reduction in measured platelet inhibition
(72), the clinical relevance of this interaction remains
unclear. Observational data are discrepant and confounded,
and 1 RCT involving 3,600 clopidogrel-treated patients
demonstrated no difference in cardiovascular outcomes by
omeprazole treatment (73). This interaction, as well as the
issue of the interaction of clopidogrel responsiveness as a
function of genetic polymorphisms, is the subject of current
expert consensus documents by the American College of
Cardiology/American Heart Association.

Preventive Strategies
Although the importance of DAPT has been emphasized, it
may be impossible to predict long-term compliance in a
specific patient. In 10,778 SES-treated patients over 2 years,
definite ST was observed at 30 days in 0.34%, at 1 year in
0.54%, and at 2 years in 0.77% (74). In patients who
discontinued both aspirin and thienopyridine 31 to 180 days
following stent deployment, ST was 1.76% versus 0.1% with
continued compliance (p � 0.001); at 366 to 548 days, the
rates were 2.1% and 0.14%, respectively (p � 0.004). Other
studies analyzing death and/or MI over time after treatment
with DES or BMS stratified by duration of DAPT found
clopidogrel therapy �12 months was associated with reduc-
tion in death or death/MI in DES- but not BMS-treated
patients (75). Similarly, in the TYCOON (Two-Year Clo-

pidogrel Need) registry, DES-treated patients receiving
clopidogrel for 24 months had improved cumulative survival
versus patients discontinuing clopidogrel after 12 months
(76). Preliminary results from an underpowered randomized
trial suggested no benefit of extended DAPT beyond 1 year
(56); conclusive recommendations await the result of ongo-
ing, adequately powered RCTs. Finally, 1 of the most
important observations made in the TRITON–TIMI 38
(Trial to Assess Improvement in Therapeutic Outcomes
by Optimizing Platelet Inhibition With Prasugrel–
Thrombolysis In Myocardial Infarction 38) trial was that
ST occurred in 2.4% of clopidogrel-treated versus 1.1% of
prasugrel-treated patients at 14.5 months (HR: 0.48; p �
0.0001) (77). How much of prasugrel benefit can be
ascribed to a higher level of platelet inhibition (vs. clopi-
dogrel) or to the lack of influence of genetic polymorphisms
(CYP2C19*2) on prasugrel pharmacokinetics is unknown.

Among patients with STEMI, the potential benefits of
triple antiplatelet therapy (aspirin, thienopyridine, and
cilostazol) were available in 4,203 DES STEMI patients;
2,569 received aspirin plus clopidogrel, whereas 1,634 re-
ceived aspirin, clopidogrel, and cilostazol (78). Although ST
was not a primary end point, patients on triple therapy had
reduced mortality and major adverse cardiac events versus
those on DAPT alone, perhaps mediated in part by a
reduction in ST.

New Stent Design and ST
The potential for durable polymers to influence local arterial
injury and repair has been known for �10 years (79).
Increasing attention has been paid to the potential effect of
polymers on subsequent hypersensitivity and inflammation
(80–85). Concerns about the effect of polymers on vascular
repair have driven efforts to either design DES with biode-
gradable polymers or develop nonpolymeric drug delivery.
The LEADERS (Limus Eluted from A Durable vs. ERod-
able Stent coating) trial randomized patients to the conven-
tional “biostable” durable polymer (Cypher) SES or the
Biomatrix (Biosensors, Morges, Switzerland) biolimus A9-
eluting stent with a biodegradable polylactic acid polymer
(85). At 2-year follow-up, the respective rate of definite ST
was similar for the 2 stents (2.5% vs. 2.2%). Finally,
completely bioresorbable stent platforms are currently un-
dergoing clinical trials. Angiographic follow-up at 2 years in
the ABSORB (A Bioabsorbable Everolimus-Eluting Cor-
onary Stent System for Patients With Single De-Novo
Coronary Artery Lesions) trial of an everolimus-eluting
platform demonstrated complete stent resorption, arterial
healing, and apparent restoration of normal vascular func-
tion (86) with no ST at 3 years (87).
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Conclusions
ST with either DES or BMS remains catastrophic and,
although infrequent, occupies a central place in the risk-benefit
equation of PCI. The timing of ST between DES and BMS
differs, occurring more frequently earlier after BMS but con-
tinuing later after DES. This may relate to delayed endothe-
lialization that has been documented with DES. Factors
associated with ST may be categorized into several groups: 1)
the stent, including its geometry, polymer, and drug; 2) the
patient, including clinical presentation and comorbid condi-
tions; 3) the procedure, including residual dissection or incom-
plete expansion; and 4) the extent and duration of antiplatelet
therapy and the patient-specific response to this therapy.
Improved understanding of these factors will facilitate identi-
fication of optimal preventive strategies.

Reprint requests and correspondence: Dr. David R. Holmes, Jr.,
Division of Cardiovascular Diseases and Internal Medicine, Mayo
Clinic, 200 First Street SW, Rochester, Minnesota 55905. E-mail:
holmes.david@mayo.edu.
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KEY POINTS

• Changes in the demographic of patients presenting in need of revascularization, advances in 

percutaneous and surgical revascularization techniques, and results from contemporary studies 

of percutaneous versus surgical revascularization have all  made it imperative that patients are 

assessed as individuals prior to selection of treatment strategy. 

• Coronary revascularization must be appropriately tailored taking into account a patient’s co-

morbidities, coronary anatomy and personal preferences.

• Risk stratification plays an important role in the assessment of patients undergoing revascular-

ization.

• Risk models can be used to assist physicians in risk stratifying patients in need of revasculariza-

tion. They can be broadly divided into those assessing patients on the basis of their clinical co-

morbidities, their coronary anatomy, or a combination of the two.

• The increasingly active involvement of patient’s in the decision making process has ensured that 

the final verdict regarding the modality of revascularization is made only after appropriate dis-

cussions have taken place between all interested parties. 

INTROdUCTION

Revascularization of patients with coronary artery disease (CAD) has progressed exponentially since 

Andreas Grüntzig performed the first balloon angioplasty in 1977.1 These developments which have 

been fuelled by new technology have blurred the boundary between what is considered exclusively 

surgical disease, and what can be treated percutaneously. Consequently, there is a greater need than 

ever to tailor revascularization appropriately, taking into considering a patient’s co-morbidities, coro-

nary anatomy and personal preferences. This chapter will explore the increasing requirement for a 

more individualized assessment of patients undergoing revascularization, and then review the risk 

models currently available to assist in this stratification process. Finally, risk stratification from an 

individual patient’s perspective will be discussed. 

SECTION I: THE NEEd FOR INdIVIdUALIZEd PATIENT ASSESSMENT

Three major confounding factors have made it imperative that patients are assessed as individuals 

prior to the selection of revascularization strategy. 

PATIENT CO-MORbIdITIES

The demographics of patients presenting to tertiary care services in need of revascularization are 

changing. This has been largely the consequence of increased longevity of the general population, a 

lower threshold to investigate patients presenting with symptoms suggestive of obstructive coronary 
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disease, and increased resources making revascularization via by percutaneous coronary interven-

tion (PCI) or coronary artery bypass surgery (CABG) more accessible. Together with increased age, 

patients in need of revascularization are now more likely to have co-morbidities such as diabetes, 

hypertension, and hyerlipidaemia.2-3 These factors are all implicated in accelerating the progression 

of CAD, and consequently patients are more likely to present with more extensive CAD. The Arterial 

Revascularization Therapies Studies (ARTS) Part I and II were separated by a time period of 5-years and 

despite both studies having the same inclusion criteria, patients in ARTS-II had a significantly greater 

incidence of risk factors, and overall increased disease complexity (table 1-1).4 

Patient co-morbidities must be taken into consideration when assessing patients for revasculariza-

tion as they have the potential to significantly influence patient outcomes, moreover they may have 

a different impact depending on the underlying revascularization strategy selected. Of note, Legrand 

et al demonstrated that patient age was a significant independent predictor of major adverse cardio-

vascular and cerebrovascular (MACCE) events in patients enrolled in the ARTS-I and II studies who 

were treated with CABG, but not PCI.5 In a collaborative patient level analysis of ten randomized 

Table 1-1: The changing baseline demographics of patients enrolled in drug-eluting stent trials

All Comers Studies Complex Disease Studies
SiRtAX8 LeADeRS9 ARtS-i10 ARtS-ii11 SYNtAX12

Year(s) of enrolment 2003-2004 2006-2007 1997-1998 2003 2005-2007

Stent type DES DES BMS DES DES

Demographics
   Age, years (mean±SD) 62±11 65±11 61±10 63±10 65±10

   Diabetes, % 20 24 19 26 26

   Hypertension, % 61 73 45 67 69

   Hypercholesterolemia, % 59 67 58 74 78

   Previous myocardial infarction, % 29 33 44 34 32

   Left ventricular function, % 
(mean±SD)

57±12 56±12 61±12 60±12 59±13

Lesion Characteristics (per patient)
    Multi-vessel disease, % 59 23 96 100 92

    Bifurcation lesions, % 8 22 35 34 72

    Total occlusions, % 19 12 3 17 24

    SYNTAX Score (mean±SD) 12±7 14±9 - 21±10 28±12

    Mean number of diseased lesions 1.4 1.5 2.8 3.6 3.6*

Procedural Characteristics (per 
patient)
    Mean number of stents 1.2±0.5 1.3±0.7† 2.8±1.3 3.7±1.5 4.6±2.3

    Total stent length, mm (mean±SD) 25.9±15.5 24.7±15.5† 47.6±21.7 72.5±32.1 86.1±47.9

*Treated lesions
† Per lesion; SD, standard deviation; DES, drug-eluting stent; BMS, bare-metal stent
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trials of patients with multi-vessel disease (MVD) treated with PCI (using BMS) and CABG Hlatky et al 

demonstrated comparable rates of the 5-year mortality amongst both treatment groups in patients 

without diabetes.6 Importantly, amongst diabetics, mortality was significantly higher in patients 

treated with PCI, even after multi-variate adjustment (Figure 1-1). The clear importance of patient 

co-morbidities is highlighted by their central presence in risk models used in contemporary practice 

to assist in decision making; which are discussed in Section II.

TECHNOLOgICAL AdVANCES 

The introduction in 2002 of drug eluting stents (DES) revolutionized the practice of interventional 

cardiology which was driven primarily through their dramatic reduction in rates of repeat revascu-

larization.7 The impressive results seen with the use of DES promptly resulted in an expansion in 

the indications for PCI, such that bifurcation lesions, chronic total occlusions and MVD were increas-

ingly treated with PCI, where previously these lesion subsets were deemed more appropriate for 

surgical revascularization. Evidence of this expansion can be seen in the changing baseline lesion 

Figure 1 

Figure 1-1: Cumulative survival curve of long-term mortality stratified according to diabetic status amongst 
patients with multi-vessel disease who were randomized to treatment with percutaneous coronary inter-
vention or coronary artery bypass graft surgery. The importance of diabetic status on outcomes are high-
lighted not only by the higher mortality amongst diabetics compared to non-diabetics, but also by the 
greater impact diabetic status had on patients treated with PCI compared to CABG. Reprinted with per-
mission from Hlatky MA, Boothroyd DB, Bravata DM, et al. Coronary artery bypass surgery compared with 
percutaneous coronary interventions for multivessel disease: a collaborative analysis of individual patient 
data from ten randomised trials. Lancet. 2009;373(9670):1190-1197.
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characteristics of patients enrolled in ‘all-comers’ PCI studies such as SIRTAX (Sirolimus-eluting and 

Paclitaxel-eluting stents for coronary revascularization trial),8 LEADERS (Limus Eluted from A Durable 

versus ERodable Stent coating study)9 and in studies of complex (triple vessel disease [3VD], and/

or left main [LM]) CAD such as ARTS-I,10 ARTS-II11 and the SYNergy between percutaneous coro-

nary intervention with TAXus and cardiac surgery (SYNTAX) study (table 1-1).12 Further evidence in 

support of this change come from assessments of ‘real-world’ clinical practice which indicate that 

approximately one-third of patients with complex disease are now treated with PCI.13 Coupled 

with this expanding use of PCI which was driven largely through the beneficial effects of DES, the 

introduction of lower profile balloons and new guide-wires, are other advances which include new 

adjunctive pharmacological therapies and the increasing availability of percutaneous extracorporeal 

circulatory support (Figure 1-2).14-15 From a technical point of view therefore the majority of coro-

12F pump motor 
Inlet area 

Outlet area 9F 

A 

C 

B 
Figure 2 

Figure 1-2: Devices that are increasingly available to provide assistance during high-risk PCI include percu-
taneous extra-corporeal circulatory support devices such as: (A, B) the TandemHeart® and (C) the Impella 
device. (A) The TandemHeart® removes oxygenated blood from the left atrium and returns this blood into 
the peripheral arterial circulation; with the (B) aid of a centrifugal pump. Reprinted from EuroIntervention, 
with permission from Europa (modified).78 (C) The Impella left ventricular assist device is a miniaturized ro-
tary blood pump, which is placed retrograde across the aortic valve, and aspirates (inlet area) up to 2.5l/min 
of blood from the left ventricular cavity, and subsequently expels (outlet area) this blood into the ascending 
aorta. Reprinted with permission from Valgimigli M, Steendijk P, Serruys PW, et al. Use of Impella Recover(R) 
LP 2.5 left ventricular assist device during high-risk percutaneous coronary interventions; clinical, haemo-
dynamic and biochemical findings. EuroIntervention 2006;2(1):91-100.
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nary lesions can now be addressed with PCI, however, this approach may not always be appropriate, 

necessitating the need for individual patient selection.

CLINICAL TRIAL RESULTS

Randomized trials comparing CABG and PCI have been centered on two major patient groups: 

those with isolated proximal left anterior descending artery lesions, and those with complex disease 

namely 3VD and/or LM disease. Taking the results of these studies at face-value, and irrespective 

of which patient group has been assessed, results at short- and long-term follow-up suggest that 

there are no differences in the hard clinical outcomes of death, and MI between patients treated with 

Table 1-2: A summary of meta-analyses reporting long-term outcomes in patients with isolated proximal 
LAD disease or multi-vessel disease randomized to percutaneous or surgical revascularization.

Study 
[Ref]

No. of 
patients
(PCi/CABG)

PoBA/
BmS/
DeS 
(%)

Follow-
up 
(months)

Death
(PCi vs. 
CABG)

mi
(PCi vs. 
CABG)

Stroke
(PCi vs. 
CABG)

Repeat
revascularization
(PCi vs. CABG)

mACCe
(PCi vs. 
CABG)

isolated Proximal 
LAD

Aziz et 
al16

1952
(1300/652)

0/91/9 34
2.9% vs. 
3.4%

2% vs. 
1.1%

2.4% vs. 
3.5%

14.3% vs. 4.4%*
21.4% 
vs. 
11.1%*

Kapoor 
et al17

1210
(633/577)

22/59/19 60
9.4% vs. 
7.2%

NA NA 33.5% vs. 7.3%* NA

multi-vessel disease

Bravata 
et al20

9963
(5019/4944)

56/42/2 60
9.3% vs. 
11.3%

0.6% vs. 
1.2%*

11.9% 
vs. 
10.9%

46.1%  vs. 40.1%  
vs. 9.8%*¶

-

Daemen 
et al19

3051
(1518/1533)

4/96/0 60
8.5% vs. 
8.2%

2.5% vs. 
2.9%

6.6% vs. 
6.1%

25.0% vs. 6.3%*
34.2% 
vs. 
19.6%*

Hlatky 
et al6

7812
(3923/3889)

63/37/0 5.9
10.0% vs. 
8.4%

16.7% vs. 
15.4%†

- 24.5% vs. 9.9%* †
36.4% 
vs. 
20.1%*

*p<0.001
†composite with death
¶ Balloon angioplasty vs. PCI vs. CABG
PCI, percutaneous coronary intervention
CABG, coronary artery bypass grafting
MI, myocardial infarction
NA, not available
MACCE, major adverse cardiovascular and cerebrovascular events (a composite of death, stroke, MI, and 
repeat revascularization)
POBA, balloon angioplasty; BMS, bare metal stent; DES, drug eluting stent.
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PCI or CABG (table 1-2).6,16-20  Undisputedly CABG has been associated with a clear and consistent 

significant reduction in rates of repeat revascularization. 

Importantly, these studies all have several notable limitations which restrict the ability to extrapolate 

their results to routine clinical practice, and subsequently this reinforces the need to assess patients 

individually before selecting revascularization therapy.

a. The inclusion criteria have commonly excluded (through patient assessment) patients with 

impaired left ventricular function, LM disease, and multiple co-morbidities. Moreover, although 

these studies have been assessing patients with MVD, this extent of CAD was actually seen in 

only around one third of patients. Overall, only approximately 5-10% of all potential patients 

were enrolled, and therefore the comparable outcomes observed in these studies, and subse-

quent meta-analyses, can only be applied to a fraction of those patients in need of revasculariza-

tion. It must be appreciated however that this patient selection was necessary to enable ethical 

randomization, (i.e. to ensure that patients were suitable for both PCI and CABG) however para-

doxically by eliminating those patients at highest risk, it comes as no surprise that subsequent 

mortality was comparable. Of note, clinical outcomes have rarely been reported, other than in 

the Bypass Angioplasty Revascularization Investigation (BARI) study21-22 and SYNTAX study12 of 

the sizeable proportion of patients with complex disease who were screened, but not enrolled in 

the randomized arm of the study. 

b. Clinical results have been presented for all patients en masse irrespective of their disease sever-

ity. There is a wide variation in the complexity of disease, and not all 3VD disease is the same, as 

highlighted by the important results of the SYNTAX study12 which are discussed below.  

Overall considering these limitations, these early randomized trials of PCI versus CABG indicate 

somewhat paradoxically that if patients are selected appropriately, comparable outcomes are achiev-

able irrespective of the modality of revascularization eventually selected. Moreover in this group of 

patients with comparable outcomes, patient choice plays an important factor in determining the 

overall treatment strategy, as discussed further in Section III.

SYNTAX TRIAL

The SYNTAX trial, which currently represents the largest assessment of treatment with PCI or CABG 

in patients with complex disease, represents an important study which clearly indicates the impor-

tance, and potential benefits of assessing patients at an individual level. 

The study aimed to supply evidence to support the already established, but non-evidence based, 

practice of performing PCI in patients with complex disease,13 and also sought to identify which 

patients should only be treated with CABG. The study design attempted to address the limitations of 

the earlier trials described above, and in doing so it was anticipated that the results would be more 

relevant to everyday clinicians. Specifically: 
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• To ensure results were applicable to routine practice the study was designed as ‘an all-comers’ 

trial such that there were no specific inclusion criteria, other than the need to have 3VD or LMS 

disease (in isolation or with CAD). Exclusion criteria were minimal and limited to prior revascu-

larization, recent MI, or those requiring concomitant cardiac surgery.23 In contrast to the earlier 

studies 70.9% of eligible patients were enrolled.  

• The previously indicated problem of reporting outcomes from all patients with complex CAD 

together, irrespective of disease severity, was addressed in the SYNTAX study through the utiliza-

tion of the newly developed SYNTAX score (SXscore)(table 1-3), which enabled CAD complexity 

to be quantified. 

• To ensure assessment of patients on an individual level, all patients eligible for enrollment were 

discussed at a ‘Heart-Team’ conference where an interventional cardiologist and cardiac surgeon 

carried out a careful and through review of the patient in terms their anginal status, co-mor-

bidities, and coronary anatomy, using the respective Braunwald score, euroSCORE and SXscore 

(discussed in Section II). The consensus reached from this meeting was subsequently used to 

Table 1-3: The SYNTAX score algorithm

1. Arterial Dominance 

2. Arterial segments involved per lesion

3. Diameter stenosis

Total occlusion
Significant lesions (50-99%)

Adverse  Lesion Characteristics 
4.. Total occlusion 

i.   Number of segments involved

ii   Age of the total occlusion (>3 months)

iii. Blunt Stump

iv. Bridging collaterals

v.  First segment beyond the occlusion visible by antegrade or  retrograde filling 

vi. Side branch involvement

5. Trifurcation

i.   Number of segments diseased

6. Bifurcation

i.   Medina Type

ii.  Angulation between the distal main vessel and the side branch <70o

7. Aorto-ostial lesion

8. Severe tortuosity 

9. Length >20mm

10. Heavy calcification

10. Thrombus 

12. Diffuse disease/small vessels

i. Number of segments with diffuse disease/small vessels

The angiographic components of the SYNTAX score. The characteristics above are scored for each lesion 
greater than 50% diameter stenosis, and added to together to provide the total SYNTAX score. Full defini-
tions of all variables are published38-39 and available online (www.syntaxscore.com).  
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allocate the patient into one of the three arms of the trial. In total 3075 patients were enrolled 

into:

1. Randomized group (1800 patients [58.5%]: 897 CABG, 903 PCI) – these patients had CAD which 

was suitable for treatment with PCI or CABG.  The mean SXscore of this group was 26.1 and 28.8 

in patients treated with CABG and PCI respectively. 

2. CABG registry (1077 patients [35.0%]) – these patients had CAD that was considered unsuitable 

for PCI, clearly reflected in the high mean SXscore for this group of 37.8.

3. PCI registry (198 patients [6.4%]) – these patients were deemed unsuitable for CABG. The com-

monest reason for this decision was the presence of multiple co-morbidities24 reflected in the 

mean euroSCORE of patients in this group which was 2 points higher than the mean in random-

ized group (5.8 vs. 3.8).  

Overall the study failed to meet the pre-specified primary endpoint of non-inferiority in terms of 

12-month major adverse cardio- and cerebrovascular events (MACCE), a composite of death, stroke, 

MI and repeat revascularization (17.8% vs. 12.4%, p=0.002). This was driven by significantly lower 

rates of repeat revascularization with CABG (13.5% vs. 5.9%, p<0.0001). Moreover, consistent with 

prior studies of MVD, there were no significant differences in the overall safety endpoints of death, MI 

or death/stroke/MI out to 12-months follow-up. Results at two-year follow-up, which are considered 

hypothesis generating in view of the failure to reach the primary endpoint, are somewhat similar to 

earlier results with comparable rates of death (PCI 6.2% vs. CABG 4.9%, p=0.24) and the composite of 

death/stroke and MI (10.8% vs. 9.6%, p=0.44), whilst significantly higher rates of repeat revasculariza-

tion (17.4% vs. 8.6%, p<0.001) and overall MACCE (23.4% vs. 16.3%, p<0.001) were seen with PCI.25
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P=0.63 

Figure 3 

Figure 1-3: Two year rates of major adverse cardiovascular and cerebrovascular events (a composite of 
death, stroke, myocardial infarction and repeat revascularization) amongst the 1800 patients randomized 
to PCI or CABG in the SYNTAX study, stratified according to SYNTAX score. Of note, clinical outcomes were 
comparable between PCI and CABG in those with a SXscore of 0-22, trended in favor of CABG in those with 
a SXscore of 23-32, and were significantly lower with CABG in those with a SXscore ≥33.25   
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As indicated earlier analysis of all patients irrespective of disease severity does not provide adequate 

information for clinicians, who day-to-day are faced with patients with a wide variation of CAD com-

plexity. To address this limitation of earlier studies, patient outcomes in the SYNTAX study were strati-

fied according to terciles of the SXscore. As shown in Figure 1-3, clinical outcomes between patients 

treated with PCI and CABG were similar in those in the low SXscore group, trended in favor of CABG 

in the intermediate group, and were significantly lower in the CABG group amongst patients in the 
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Figure 1-4: The evidence supporting the use of the SYNTAX score as a tool to assist in revascularization deci-
sions. (Above) In patients with three-vessel disease, the rate of major adverse cardiovascular and cerebro-
vascular (MACCE, a composite of death, stroke, myocardial infarction and repeat revascularization) at 2-year 
follow-up was only comparable between patients treated with PCI (yellow) and CABG (blue) for SYNTAX 
scores of 0-22; for all other SYNTAX scores outcomes were significant better following CABG.26 (Below) In pa-
tients with left main disease clinical outcomes were comparable between patients treated by PCI or CABG 
for all SYNTAX scores, apart from those above 32, when outcomes were significantly better with CABG.27
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highest SXscore group. The intermediate group was further sub-divided into a 3VD cohort, where 

outcomes were lower with CABG, and into a LM cohort, where outcomes were comparable between 

PCI and CABG (Figure 1-4).26-27

These results reiterate the importance of assessing patients when selecting revascularization strat-

egy. The SYNTAX study was able to identify those patients in whom either PCI or CABG was appropri-

ate, and perhaps more importantly the group of patients in whom CABG was the optimal treatment. 

Considering the distribution of CAD in the SYNTAX study, overall one-third of patients with 3VD/

LM disease were deemed to have CAD that could be treated safely and effectively with PCI or CABG, 

whilst in remaining two-thirds, CABG remained the standard of care. Whilst these results were con-

sistent with what was already practiced;13 the validation of the SXscore importantly facilitates a more 

objective assessment of patients by physicians as discussed in Section II. 

SECTION II: INdIVIdUAL ASSESSMENT – FROM A PHYSICIAN’S PERSPECTI VE

There is no disputing the need and potential benefits of selecting revascularization strategy follow-

ing an individualized patient assessment or risk stratification. Risk stratification is performed routinely 

and subconsciously by physicians in everyday clinical practice and is in essence behind all clinical 

decisions made by a physician. Stratification of risk is vital when assessing patients for revasculariza-

tion as this treatment is only considered appropriate when, “the expected benefits, in terms of survival 

or health outcomes (symptoms, functional status, and/or quality of life) exceed the expected negative 

consequences of the procedure”.28 Section I has already discussed the factors which have increased the 

importance of this risk stratification in contemporary practice. Section II will describe the currently 

available methods of risk stratifying patients.   

QUALITATIVE  VS. QUANTITATIVE RISK ASSESSMENT

Qualitative risk stratification is subjective and relies on a clinician’s experience, however advan-

tageously for an individual’s perspective this assessment has the greatest sensitivity as all factors 

relevant to assessing risk in that particular individual can be considered, rather than the select list of 

variables included in a risk model. Moreover, this subjective qualitative assessment also allows risk to 

be calculated and tailored to the expertise of the physician performing the procedure, as opposed 

to a clinician in another region who may use different techniques, and have different equipment 

available. Finally this assessment does not require a calculator or computer, and can be ‘computed’ 

sub-consciously very quickly.  The major disadvantages of this method of risk assessment are its 

dependence on an operator’s prior experience, and its high inter-observer variability. 

Quantitative risk stratification can be performed using a variety of risk models which incorporate 

clinical variables which have been sourced from large patient databases.29-36 These risk models 

largely incorporate objective variables ensuring adequate reproducibility of the score; however 
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those models such as the American College of Cardiology/American Heart Association (ACC/AHA) 

lesion score37 or the SYNTAX score38 which include angiographic variables continue to have docu-

mented intra- and inter-observer variability.39-40 In addition to their role in the risk stratification of 

individual patients, these quantitative risk models have increasing use in the wider context of overall 

healthcare. They can provide a vital measure of overall patient care, and can help identify future 

directions to further improve outcomes. Clinical governance and the increasing requirement to pub-

lically report clinical performance (and complications) have also propelled the need to risk stratify 

patients thereby allowing a useful comparison of performance to be made between clinicians (and 

institutions) and the standards dictated by regulatory authorities.41 In addition calculation of risk 

using accepted risk models can aid clinicians who are faced with an increasing need to be able to 

justify their clinical decisions to peers, regulatory bodies, and patients.

In comparison to the qualitative risk models, the use of a finite number of variables results in these 

model lacking the sensitivity to accurately predict risk in an individual, such that they are more apt 

at predicting risk for a population of patients with similar co-morbidities. The number of variables 

included in the model must strike a balance between sufficient numbers to enable a meaningful 

prediction of risk to be calculated; however the number must not be excessive so as to prevent use 

in routine practice. In addition, a minimal number of variables reduces the chances of colinearity 

between independent variables, which can result in redundant information being collected,34 whilst 

also increasing the chances of ‘over-fitting’ the model, and thereby reducing the overall accuracy of 

the results.42 

The applicability of a risk model to contemporary practice must also take into consideration the time 

when the model was developed. Risk models rely on large patient databases to derive appropriate 

weighting factors for variables in the model to enable the final calculation of risk. It follows that they 

are developed using retrospective information which may no longer be relevant in the era when 

the model is being used. The European System for Cardiac Operative Risk Evaluation (euroSCORE) 

for example was developed in 1999, however there have been calls for its recalibration as repeated 

evaluations indicate that it over-estimates risk by a factor of 2-3, which has largely been attributed 

to improvements in surgical techniques, and lower peri-operative mortality in the decade following 

its construction.43-44 The Society of Thoracic Surgeons (STS) score is also derived from a large patient 

database, however unlike the euroSCORE, the STS calculator is being periodically recalibrated to 

ensures its results are applicable to contemporary practice.45 

RISK MOdELS IN CONTEMPORARY PRACTICE

Numerous risk models are available to assist clinicians in stratifying risk amongst patients undergo-

ing revascularization. Some models are appropriate for patients prior to the selection of revascu-

larization strategy, whilst some have only been validated in patients undergoing one form of treat-

ment. Nevertheless the various models can largely be categorized according to the variables (clinical, 

angiographic or combination of both) which are used in the overall estimation of risk. table 1-4 
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summarizes the different risk models used in contemporary practice, and they are described in more 

detail below. 

CLINICAL bASEd SCORES

These risk scores only incorporate clinical variables, and do not require any data from the angiogram. 

They offer the advantage of being able to be computed relatively quickly, usually at the bedside, and 

principally include variables which are not subject to user interpretation, thereby ensuring excellent 

reproducibility. 

euroSCoRe

The additive euroSCORE30 is a clinical risk score calculated using 17 different clinical variables (table 

1-5), which has been used since 1999 to predict in-hospital, and long-term mortality in patients 

undergoing cardiac surgery.30,46-47 Early validation studies however suggested that it under-esti-

mated risk in those at highest risk, resulting in the development of the logistic euroSCORE, which 

uses the same clinical variables, however it requires the use of an on-line calculator (available at 

www.euroscore.org) to quantify risk.31 

In addition to its assessment and validation in patients undergoing surgical revascularization, the 

euroSCORE has also been evaluated in numerous studies of patients undergoing PCI,12,48-52 the 

majority of which specifically enrolled patients with LM disease.12,48-51 Of note, all studies, irrespec-

tive of disease severity, have been demonstrated the euroSCORE to be an independent predictor of 

mortality49,52 and/or MACCE at follow-up ranging from 1- to 3-years.12,48-51 Importantly those studies 

Table 1-4. Summary of contemporary and newly developed risk models for assessment of risk in patients 
undergoing revascularization. 

Risk model
Number of variables 
used to calculate score

Validated in PCi / CABG

Clinical Angiographic  PCi CABG
euroSCORE 12,29-31,46-53 17 0 + +

Mayo Clinic Risk Score 32,54,66 17 0 + +

ACEF 34 3 0 - +

National Cardiovascular Database Registry risk 
model35 8 0 + -

AHA/ACC Lesion classification 37,55-58 0 11 (per lesion) + -

SYNTAX score 4,12,26-27,38-39,48,53,57-58,60-65 0 11 (per lesion) + +

Society of Thoracic Surgery score 36,45,54,67  40 2 - +

Global Risk Classification 68 17 11 (per lesion) + +

Clinical SYNTAX score 69 3 11 (per lesion) + -

PCI, percutaneous coronary intervention
CABG, coronary artery bypass grafting surgery
ACEF, age, creatinine and ejection fraction
AHA/ACC, American Heart Association/American College of Cardiology
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which also included a surgical control group, such as the SYNTAX study, the MAIN-COMPARE study, 

and the registry by Rodés-Cabau et al,  also demonstrated that the euroSCORE was an independent 

predictor of MACCE in surgical patients.48,50,53  

Specifically in the SYNTAX study, which represents the only randomized study assessing the euroS-

CORE, the additive euroSCORE was shown to be an independent predictor of MACCE at 1-year 

follow-up irrespective of the method of revascularization (OR: 1.21; 95% CI [1.12-1.32], p<0.001) in 

705 patients undergoing LM revascularisation.48 Similarly at intermediate follow-up of 23-months, 

Rodés-Cabau et al identified a euroSCORE ≥9 as the best predictor of MACCE after PCI and CABG 

Table 1-5. The components of the euroSCORE, and relevant weighting factors of the additive and logistic 
euroSCOREs.30-31

Patient    Characteristics Additive Logistic
β coefficient

Age Per 5 years or part thereof over the age of 60 years 1 0.07

Gender Female 1 0.33

Chronic Pulmonary 
Disease

Long-term use of bronchodilators or steroids for 
respiratory disease

1 0.49

Peripheral arteriopathy
*Claudication, carotid stenosis>50%, previous or 
planned intervention on the abdominal aorta, limb 
arteries or carotids

2 0.66

Neurological 
dysfunction

Severely affected mobility or day to day function 2 0.84

Previous cardiac surgery Previous opening of the pericardium 3 1.00

Serum creatinine Pre-operatively greater than 200micromol/l 2 0.65

Active endocarditis Antibiotic therapy at time of surgery 3 1.10

Critical preoperative 
state

*Preoperative cardiac arrest, ventilation, renal failure, 
inotropic support, intra-aortic balloon pump use, 
ventricular arrhythmia

3 0.91

Cardiac related factors
Unstable angina Rest pain requiring iv nitrates 2 0.57

Left ventricular function
Moderate (30-50%)
Poor (<30%)

1
3

0.42
1.09

Recent MI Within 90 days 2 0.55

Pulmonary 
hypertension

Systolic pulmonary pressure>60mmHg 2 0.77

Operation related factors

Emergency
Operation performed before the start of next working 
day

2 0.71

Other than isolated 
CABG

Major cardiac procedure other than or in addition to 
CABG

2 0.54

Surgery on thoracic 
aorta

3 1.16

Post infarct septal 
rupture

4 1.46

Constant β0 -4.79

*Any of the following
The logistic euroSCORE can be calculated at www.euroscore.org.
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amongst 249 octogenarians with LM disease.50 In the MAIN-COMPARE registry which enrolled over 

1500 patients with LM disease followed up for a median of 3.1 years, the euroSCORE has been identi-

fied as an independent predictor of death/MI/stroke irrespective of revascularization strategy.53   In 

addition in the same registry a euroSCORE ≥6 has been shown to be an independent predictor of 

mortality following either PCI or CABG.49 

The ability of the euroSCORE to identify patients at high risk of adverse events is not confined to 

those with LM disease. Romagnoli et al have previously reported that the euroSCORE is an indepen-

dent predictor of in-hospital mortality amongst over 1100 patients, 70% of whom had single vessel 

disease. Moreover, the C-statistic for the prediction of in-hospital mortality using the euroSCORE in 

this population was 0.91.52 

In summary, whilst acknowledging that most of these studies have been non-randomized observa-

tional studies, the findings do suggest that the euroSCORE is a valuable tool in the individual assess-

ment of risk prior to the selection of revascularization strategy. Furthermore these data also indicate 

that the euroSCORE has little utility in helping determine treatment strategy, as the risk of adverse 

events from a high euroSCORE is similarly high following either PCI or CABG. 

Table 1-6. The Mayo Clinic Risk Score 32

Variable Points
Age, years See below 

Creatinine, mg/dl See below 

Left ventricular ejection fraction % See below  

Pre-procedural shock 9 

Myocardial infarction < 24 hours 4  

Congestive heart failure on presentation
 (without acute MI or shock)

3 

Peripheral vascular disease 2 

Mayo Clinic Risk Score Sum of the. above

The Mayo Clinic Risk Score.32 Congestive heart failure (CHF) is not entered in patients presenting with myo-
cardial infarction (MI) or shock. If creatinine is unavailable: 1 point is added if the patient is male or has CHF. 
If ejection fraction is unavailable: 1 point is added if the patient has CHF. For all other variables, if a risk factor 
is unknown, no points are added. 
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mayo Clinic Risk Score (mCRS)

The MCRS represents a clinical based risk score, incorporating seven variables (table 1-6), which was 

initially developed to predict in –hospital mortality in patients undergoing PCI, however subsequent 

validation has also been performed in patients undergoing CABG.32,54 In PCI patients the score was 

initially validated in 7,457 patients from the Mayo clinic database with resulting C-statistics of 0.74 

and 0.89 for the prediction of MACE and procedural death, respectively.32 A subsequent larger exter-

nal validation performed in over 300,000 patients from the National Cardiovascular Data Registry 

demonstrated a good predictive ability of MCRS, with a C-statistic of 0.885 for the prediction of in-

hospital mortality.33  In patients undergoing CABG, a  strong association has been demonstrated 

between the MCRS and mortality, however the overall performance has been shown to be inferior to 

the Society of Thoracic Surgery (STS) score.54 

Table 1-7: The National Cardiovascular Database 

Variable Scoring Response Categories

Age <60 ≥60, <70 ≥70, <80 ≥80

    Weighted score 0 4 8 14

Cardiogenic shock No Yes

     Weighted score 0 25

Prior CHF No Yes

     Weighted score 0 5

Peripheral vascular disease No Yes

     Weighted score 0 5

Chronic lung disease No Yes

     Weighted score 0 4

GFR (ml/min) <30 30-60 60-90 >90

     Weighted score 18 10 6 0

NYHA Class iV No Yes

     Weighted score 0 4

PCi Status (Stemi) Elective Urgent Emergent Salvage

     Weighted score 12 15 20 38

PCi Status (no Stemi) Elective Urgent Emergent Salvage

     Weighted score 0 8 20 42

Registry risk model.35

CHF, congestive cardiac failure; GFR, glomerular filtration rate; NYHA, New York Heart Association; PCI, per-
cutaneous coronary intervention; STEMI, ST-elevation myocardial infarction.
The risk of in-hospital mortality is derived using Figure 1-5
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These results suggest that the MCRS can be used to assess risk in patients undergoing revascularisa-

tion; however validated outcomes are limited to only in-hospital mortality. Additional studies assess-

ing the impact of the MCRS in patients randomised to PCI and CABG remain outstanding. 

Age, Creatinine, ejection Fraction (ACeF) Score

The ACEF score represents a newly developed risk model which uses just three clinical variables: 

patient age, ejection fraction (%) and serum creatinine to predict in-hospital mortality in patients 

undergoing elective CABG.34 The three variables are combined using a simple formula [patient age/

ejection fraction (%)] + [1 if creatinine >2mg/dl]. The only published data thus far comes from a single 

institution and includes the initial data set of 4557 patients, and a subsequent validation series of 

4091 patients. Nevertheless results demonstrated a similar accuracy and calibration for the predic-

tion of in-hospital mortality with the ACEF score when compared with other more complicated surgi-

cal risk scores such as the euroSCORE and the Cleveland Clinic Score. 

The current data, although limited to a single centre, indicates a role for the ACEF score in the assess-

ment of risk in patients undergoing CABG; however the precise role of the ACEF score in assessing 

patients undergoing revascularization (PCI or CABG) will only be defined following its evaluation in 

patients undergoing PCI. 
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Figure 1-5: The predicted risk of in-hospital mortality using the National Cardiovascular Database Registry 
risk score described in Table 1-7.35
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National Cardiovascular Database Registry (NCDR) CathPCi Risk Prediction Score

The NCDR CathPCI risk prediction score is the most contemporary clinical based risk model currently 

available. It incorporates information from eight clinical variables (table 1-7) which are assigned 

appropriate weighted values, and then added together to give a final score which can be translated 

into a risk of in-hospital mortality (Figure 1-5).35 The score was developed using data from over 

180,000 patients from the voluntary US NCDR database, and validated in over 400,000 patients from 

the same database who underwent PCI between March 2006 and March 2007. Of note, the C-statistic 

for the prediction of in-hospital mortality was consistently above 0.90 for in-hospital mortality, whilst 

a lower, but nevertheless adequate C-statistic of 0.83 was seen for 30-day mortality.

There are as yet no data on the use of this model in patients undergoing CABG, however it worth 

acknowledging that a number of variables used in the NCDR model are also used in the euroSCORE. 

Moreover, the large numbers of patients which have been used to validate the NCDR model, and the 

high discriminatory ability certainly indicate that it may become an important risk tool for patients 

undergoing revascularization in due course. 

ANgIOgRAPHIC-bASEd SCORES 

Two major angiographic based scores have been developed, both of which are independent of patient 

clinical variables, being calculated using only angiographic data. As alluded to earlier, this introduces a 

subjective element to the assessment of risk,39-40  and consequently introduces a degree of intra- and 

inter-observer variability, which is notably absent from the clinical scores described above.  Finally 

these scores can only be computed after diagnostic coronary angiography has been performed, 

thereby moving assessment further down the treatment pathway.

ACC/AHA Lesion classification

The ACC/AHA lesion classification which was initially devised in 1986 and modified in 1990, uses 11 

angiographic variables to categorize lesions into four groups: Type A, B1, B2 and C. Historical studies 

prior to the arrival of DES indicated that that ACC/AHA lesion classification did have a prognostic 

impact on early and late outcomes.37,55 In contemporary practice evaluation of the ACC/AHA lesion 

classification is limited to retrospective registries, the largest of which is the German Cypher regis-

try, which enrolled over 6,700 patients with approximately 8,000 lesions. At 6-month follow-up no 

definite relationship was identified between clinical outcomes and ACC/AHA lesion class.56  These 

results are at variance to the positive relationship identified between ACC/AHA lesion class and clini-

cal outcomes in smaller studies of patients with more complex disease.57-58 

Specifically Valgimigli et al reported that a higher ACC/AHA lesion score (derived by assigning 1, 2, 

3 and 4 points to Type A, B1, B2 and C lesions respectively) correlated with poor clinical outcomes 

amongst 306 patients with three vessel disease undergoing PCI with DES.57 More recently Capo-

danno et al demonstrated that the ACC/AHA lesion score predicted both cardiac death (p=0.001) 

and MACE (p=0.02) at 1-year follow-up amongst 255 patients with LM undergoing PCI with DES.57 
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Of note, in this study the ACC/AHA lesion score was also found to be an independent predictor of 

cardiac death, but not MACE. 

SYNtAX Score

The SXscore represents a comprehensive angiographic scoring system which allows the complexity 

of CAD to be quantified.38-39 Both lesion location and adverse lesion characteristics are used in calcu-

lation which can be performed using either a downloadable calculator or the SXscore website (www.

syntaxscore.com)(table 1-3). The score, which uses several historical anatomical scores as its base, 

was initially devised specifically for the SYNTAX trial as a means to ‘force’ the cardiologist and cardiac 

surgeon to study the coronary angiogram in detail.  At that time, it was also hypothesized that the 

SXscore may also correlate with clinical outcomes.38   

Table 1-8: A summary of the results of the most prominent studies which have assessed the impact of the 
SYNTAX score on clinical outcomes in patients undergoing PCI. 

Study Name No. of 
patients

(FUP, 
mths)

mACe, %

(tercile 1 vs. 
2 vs. 3)

Death, %

(tercile 1 vs. 
2 vs. 3)

mi, %

(tercile 1 vs. 
2 vs. 3)

Repeat 
revascularization, 
%
(tercile 1 vs. 2 
vs. 3)

independent 
predictor
mortality mACe

All-Comers Population

LEADERS61 1397 (12)
7.8 vs. 8.9 vs. 
15.4*

1.5 vs. 2.1 vs. 
5.6*

4.3 vs. 4.9 
vs. 5.9

4.7 vs. 6.1 vs. 8.7†¶ + +

SIRTAX63 848 (60)
12.5 vs. 21.2 
vs. 24.2*

6.3 vs. 8.1 vs. 
11.8

3.1vs. 8.7vs. 
8.1†

9.4 vs. 15.7 vs. 
15.7†¶

- +

Complex disease 

ARTS-II4 607 (60)
19.9 vs. 29.9 
vs. 32.9*

2.4 vs. 7.5 
vs. 6.5

3.3 vs. 7.0 
vs. 7.0

13.9 vs. 22.6 vs. 
24.6†‡

NA +

SYNTAX12 903 (12)
13.6 vs. 16.7 
vs. 23.4*

2.0 vs. 3.3 vs. 
8.0*

2.7 vs. 4.9 
vs. 7.0

11.5 vs. 12.1 vs. 
16.8 

NA NA

Left Main disease
SYNTAX LM 
cohort59 

357 (12)
7.7 vs. 12.6 
vs. 25.4*

0.9 vs. 1.0 vs. 
9.7*

 1.7 vs. 2.9 
vs. 7.5

7.7 vs. 9.7 vs. 17.2† NA +

CUSTOMIZE 
registry58 

255 (12)
7.4 vs. 21.4 
vs. 20.4

2.5 vs. 1.1 vs. 
13.1§

NA NA + +

MAIN-
COMPARE53 819 (36)

4.6 vs. 9.4 vs. 
11.4†║

 NA NA NA - -

Rotterdam 
registry 62  

148 (48)
46.2 vs. 55.1 
vs. 69.6†

NA NA NA + -

†<0.05 
*<0.01
¶Clinically indicate-target lesion revascularization, 
‡All revascularization
§Cardiac death
║MACE defined as death/M/stroke 
NA, not reported
FUP, follow-up
Mths, months
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The score was first used prospectively in the SYNTAX trial, and has since been calculated in a num-

ber of different clinical trials both in elective and acute patients, with simple or complex disease, 

followed-up for between 1- and 5-years.4,12,53,57-63  The main results from these studies at maximum 

follow-up are shown in table 1-8.  In all studies irrespective of follow-up duration, a higher SXscore 

tercile has consistently been associated with the poorest outcomes,4,12,53,57-63 moreover several stud-

ies also identified the SXscore to be an independent predictor of MACE4,57-61  and/or mortality58,61-62 

in patients undergoing PCI. Overall these results support the role of the SXscore in risk stratifying 

patients following diagnostic coronary angiography. 

Importantly prospective data from the SYNTAX trial, and retrospective analysis of the CUSTOMIZE 

registry, both of which included a surgical control arm, have also provided evidence which supports 

the use of the SXscore in helping determine revascularization strategy. This expanded role stems from 

the identification of the SXscore as an independent predictor of MACCE for patients undergoing PCI, 

whilst no similar relationship has been demonstrated in patients treated with CABG. In the SYNTAX 

study the rate of MACCE amongst patients with 3VD/LM disease undergoing PCI was 19.4%, 22.8% 

and 28.2% for SXscore terciles low, intermediate and high, which contrasts with respective rates 

amongst CABG patients of 17.4%, 16.4% and 15.4%. This flat relationship amongst CABG patients 

is somewhat expected as bypass anastomoses are inserted distal to underlying complex disease. In 

practice these results suggest patients with a high SXscore have significantly better outcomes, and 

a lower risk of events following CABG compared to those having PCI. In patients with a low SXscore 

both treatment modalities offer comparable outcomes, whilst in the intermediate group, CABG offers 

superior outcomes in patients with 3VD, whilst comparable outcomes are seen in LM patients (Fig-

ures 1-3 & 1-4).26-27 A similar relationship was seen in the CUSTOMIZE registry where rates of MACE 

amongst LM patients treated with PCI and CABG for those with a SXscore ≤34 were 8.1% and 6.2% 

(p=0.46) respectively, compared to 32.7% and 8.5% (p<0.001) for those with SXscore >34.  

The absence of any relationship between the SXscore and events rates amongst surgical patients is 

further supported by Lemesle et al who reported outcomes amongst 320 patients undergoing CABG 

stratified according to SXscore tercile. At 1-year follow-up rates of death/stroke/MI 9.4%, 7.5%, and 

10.4% in patients in respective low, intermediate and high SXscore terciles (p=0.75).64 In contrast, 

Birim et al identified the SXscore to be an independent predictor of 1-year MACCE amongst a cohort 

of 148 patients undergoing CABG.65 The small sample size and retrospective design may have influ-

enced the results, which have not yet been repeated, or fully explained. 

A positive correlation has been reported between the SXscore and the ACC/AHA lesion score, how-

ever more detailed analysis indicates that the SXscore has a superior discriminative ability for both 

cardiac death (SX score 0.83 vs. 0.76 ACC/AHA)58 and MACCE (SXscore 0.73 vs. ACC/AHA 0.56).57

In summary, in the short period of time since its introduction the SXscore has been evaluated in 

a number of different studies which all suggest that it has a role to play in risk stratifying patients 

undergoing revascularization.  In addition, results from those studies which have included a surgi-
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cal treatment arm, have provided evidence to indicate the SXscore also has a utility in assisting in 

important revascularization decisions in those patients with CAD.

COMbINEd RISK SCORES

The previous discussion has reviewed risk models which rely on either clinical or angiographic vari-

ables. There is no disputing that for a complete individualized patient assessment both factors must 

be taken into consideration. Moreover current evidence indicates that clinical- and angiographic-

based risk models may be better suited to predict different patient outcomes. Clinical based scores 

appear to be better at predicting clinical end points such as death or MI, whilst angiographic-based 

scores appear to be superior for the prediction of angiographic success, and the risk of repeat revas-

cularization. Of note, Peterson et al observed only a minimal improvement in the ability of the NCDR 

CathPCI risk score to predict in-hospital mortality following the inclusion of angiographic variables.35 

These findings are in line with previous reports which demonstrated that the MCRS was superior to 

the ACC/AHA lesion classification in the prediction of death/stroke/MI/emergent CABG, but inferior 

for the prediction of angiographic failure.66 

These differential outcomes according to the variables assessed in the risk model have raised interest 

in combined risk models, which assess risk by considering both clinical and angiographic variables. 

In view of this several combined clinical and angiographic risk scores have been developed. Other 

than the Society of Thoracic Surgery score (STS), the newer combined scores have yet to be validated 

in large patients populations, such that outcome data are currently confined to small, retrospective 

studies, with limited follow-up. The most prominent combined risk scores include:

Society of thoracic Surgery (StS) Score

The STS score predicts the risk of operative mortality and morbidity after cardiac surgery, and 

is calculated by means of an online calculator that requests information on forty clinical and two 
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angiographic variables (presence of LM lesion and number of vessels diseased).36,45 As alluded to 

earlier, and unlike the euroSCORE, the STS score undergoes periodic re-calibration, which is vital to 

ensure that its results remain applicable to contemporary practice. In comparison with other clinical 

based models in patients undergoing CABG, the STS score has been shown to be superior to both the 

MCRS,54 and the euroSCORE.67 Importantly, however there has been no evaluation of the STS score in 

patients undergoing PCI or any comparison between the STS score and angiographic-based scores. 

Consequently the role of the STS score in the assessment of patients undergoing revascularization is 

confi ned to those in whom surgical revascularization has already been selected.

euroSCoRe-SYNtAX 

The euroSCORE and the SXscore are the most extensively studied risk models in patients undergoing 

revascularization. Moreover, combining both scores should off er the potential to harness the positive 

aspects of each, namely the ability of the euroSCORE to identify patients at high risk of adverse events 

irrespective of treatment modality, and the ability of the SXscore to assist in establishing optimal revas-

cularization strategy.

Whilst the principal behind combining both scores is simple, the method of actually combining both 

into an eff ective risk model has been harder to establish. In the SYNTAX study simply sub-dividing 

patients in SXscore tertiles by a euroSCORE above or below the median failed to demonstrate a con-

sistent and understandable relationship. This may in part have been due to the small numbers of 

patients in each sub-group.

A more recent suggestion, which appears to hold promise, has been described by Capodanno et 

al, who developed a Global Risk Classifi cation (GRC). The GRC categories patients into low, medium 

and high risk using a matrix which incorporates a patient’s euroSCORE, which is sub-divided into the 

historically defi ned groups of low (0-2), intermediate (3-5) and high risk (≥6), and their SXscore, which 

is divided into low, intermediate and high terciles (Figure 1-6).68 The GRC has so far only been applied 

to a population of 255 patients undergoing LM revascularization, for which SXscores were calculated 

retrospectively. At 2-year follow-up the rates of cardiac death in patients in low, intermediate and 

high SXscores terciles were 3.9%, 5.4% and 21.9%, whilst rates of 1.6%, 16.0% and 31.4% were seen 

in low, intermediate and high GRC groups. Additional results indicate that the GRC had a greater dis-

criminatory ability when compared with other risk scores, including the euroSCORE and the SXscore, 
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for the prediction of in-hospital and 2-year mortality. Overall the study reiterated the importance of 

considering both clinical and angiographic variables in the assessment of overall risk, and provided a 

combined scoring system which requires additional validation in a large patient group.  

Clinical SYNtAX Score (CSS) 

The Clinical SYNTAX score (CSS) was borne out of the need to include a clinical component to the 

angiographic SXscore.69 The CSS score incorporates, as its clinical component, the ACEF score34  

which has been modified by replacing serum creatinine (which originally received one point if it 

was >2mg/dl), with a weighted score linked to the creatinine clearance. This modification was imple-

mented to improve the discrimination of risk, which was previously observed when a similar modi-

fication was incorporated into the euroSCORE.70 The CSS is calculated by multiplying the SXscore 

with this modified ACEF score (Figure 1-7). Currently the CSS has only been evaluated in patients 

enrolled with complex disease who were enrolled in the ARTS-II study. Nevertheless at 5-year follow-

up, amongst patients with triple vessel disease, the CSS was shown to have a superior discriminative 

ability compared to the SXscore and ACEF in the prediction of both mortality (CSS 0.80 vs. SXscore 

0.70 vs. ACEF 0.73) and MACCE (CSS 0.67 vs. SXscore 0.64 vs. ACEF 0.59).69 Further evaluation is neces-

sary to validate this score in a larger, more diverse patient population.
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Figure 1-8: The change in Seattle Angina Questionnaire angina frequency during follow-up of the SYNTAX 
study and the COURAGE study.74.76 All therapies lead to a reduction in angina frequency; however the im-
provement is greatest following surgical revascularization. Importantly the difference between PCI and 
CABG in the SYNTAX study is not considered clinically significant; moreover it is considerably less than the 
difference between PCI and optimal medical therapy (OMT) and OMT alone in the COURAGE study.
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SECTION III: INdIVIdUAL ASSESSMENT – FROM A PATIENT’S PERSPECTIVE

The above discussions have focused entirely on the factors physicians must take into account when 

making revascularization decisions. Importantly however, in the era of increased patient choice 

and transparency, and a greater patient involvement in decision making, it is vital to also consider 

aspects from a patient’s perspective through the assessment of health related quality of life (QoL).  

This patient oriented approach is all the more important given the comparable rates of mortality and 

MI that have been reported amongst patients with complex disease treated with PCI or CABG at both 

short-, and long-term follow-up (table 1-2).4,6,12,19,25,71 

Unfortunately data on this key topic are limited to only a handful of studies which have assessed PCI 

in patients receiving DES. Of note, early studies comparing PCI (with BMS) and CABG have indicated 

a trend towards improved QoL outcomes with CABG; however these results have largely driven by 

higher rates of repeat revascularization with BMS, a phenomenon addressed following the intro-

duction of DES.7 For example the SOS (Stent or Surgery) study reported favorable health related 

QoL with CABG compared to PCI in terms of reduced angina frequency and physical limitation at 

6-months, with the superior reduction in angina frequency maintained out to 12-months.72  Similarly 

at 12-months follow-up in the MASS II study, patients treated with CABG had a greater improvement 

in health related QoL compared to those treated with PCI and medical therapy.73

Data on QoL from patients treated with DES and CABG are limited to the 12-month results from the 

SYNTAX study and 3-year results from the ARTS-II study.74-75  Encouragingly results from the SYNTAX 

study indicate that despite recruitment of a very complex patient population, treatment with PCI or 

CABG does lead to a significant improvement in QoL compared to baseline. Moreover, consistent 
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Figure 1-9: The temporal change in the SF-36 physical and mental component during follow-up after re-
vascularization with either PCI or CABG in the SYNTAX study. Importantly at 1-month a significantly better 
outcome for both parameters was noted in those treated with PCI, however by 12-months this difference 
had eroded such that both treatments were comparable.74
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with earlier studies the greatest improvement in QoL is seen in those treated with CABG compared 

to PCI.  It is noteworthy that the difference in the Seattle Angina Questionnaire angina frequency 

between both groups, which was 1.7 at 6- and 12-months is less than that deemed to be clinically rel-

evant, and also less than that observed in other studies such as SoS (3-point difference at 12-months), 

and COURAGE (3-6 point difference)(Figure 1-8).76 Similarly, data from the ARTS-II study indicates the 

absence of any significant difference in angina status between patients treated with DES and CABG 

from as early as 1-month after the index procedure through to 3-year follow-up; of note, treatment 

with BMS lead to consistently higher rates of angina.75 

Although these results appear to indicate that QoL after revascularization with PCI or CABG is largely 

comparable, it must be stressed that these results are based on study populations, and as with the 

risk models discussed previously, individual patients will have may have different concerns, not cap-

tured in these evaluations of QoL. For example some patients may be more willing to accept the 

increased chances of a repeat procedure with PCI as this treatment allows them to return to normal 

activity promptly after the procedure, conversely others may be content with the longer convalesce 

from CABG, as this offers a suitable trade off with the subsequently lower risk of repeat revasculariza-

tion.77 Interestingly, in the SYNTAX study physical limitations, QoL and treatment satisfaction were all 

significantly better with PCI compared to CABG at 1-month, however by 6-months these differences 

were comparable (Figure 1-9).  

Clearly an individual patient’s views on these issues cannot be captured in a questionnaire, but 

through a frank discussion between patient, cardiologist and cardiac surgeon. Therefore in patients 

where PCI or CABG is an equally valid revascularization technique, the thoughts, and concerns of indi-

vidual patients must also be considered before deciding on the optimal revascularization strategy.  

CONCLUSIONS

The face of revascularization is changing as result of a greater numbers of patients with co-morbidi-

ties presenting with more extensive coronary artery disease in need of revascularization. Concurrent 

with this have been the advances in PCI and surgical technology, which have lead to a blurring of 

the classical divisions between which patients and coronary lesions are suitable exclusively for PCI or 

CABG. This welcome change has increased the importance of assessing patients as individuals tak-

ing into consideration their co-morbidities, angiographic findings, and ultimately where appropriate, 

their personal preferences prior to establishing a treatment strategy. To aid physicians in quantifying 

this risk numerous risk models have been developed, each incorporating different clinical and angio-

graphic parameters. The importance of these models in contemporary practice is in part emphasized 

by their inclusion for the first time in society guidelines on myocardial revascularization.79,80 Unfortu-

nately, however, no validation has been performed of all models in the same patient population, and 

thereby no one model can be recommended above another.  Nevertheless, the evidence indicates 

that risk stratification, irrespective of how it is performed, plays an important role in the assessment 

of patients undergoing revascularization. 
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Interventional Cardiology 

Coronary angioplasty: do we need to EuroSCORE? 

Scot Garg and Patrick Serruys*  
 
An effective risk score for patients undergoing coronary angioplasty is yet to be established. In this article we 
discuss the merits of using the EuroSCORE risk model for assessing these patients, and propose a potential 
modification to the system. 

 
Percutaneous coronary intervention (PCI) is 
increasingly being used in the management of 
complicated cases of coronary artery disease, 
some of which would previously have only been 
treatable with surgery. In 1995 cardiac surgeons 
developed the EuroSCORE risk model (Table 1) 
to predict postoperative mortality among 
patients undergoing open-heart surgery. 
Romagnoli et al. have now assessed whether this 
widely-used and validated scoring system for 
cardiac surgery is applicable to patients receiving 
PCI.1   
  The paper by Romagnoli et al. is relevant to 
current practice because as yet no effective and 
robust risk model for PCI has been established, 
despite the undeniable importance of risk 
stratifying these patients. In the short-term, a 
risk model provides clinicians with additional 
information to help establish the most 
appropriate treatment strategy for each 
individual, and also enables patients to make a 
better-informed decision about their treatment. 
In the long-term, risk models can be used to 
measure the success of treatment and to help 
improve standards of care. In terms of clinical 
governance, and the public reporting of an 
individual consultant’s performance, the risk 
stratification of patients is imperative to ensure 
clinicians receive a fair evaluation. The use of 
risk models has become more important with 
the increasing need for clinicians to justify 
clinical decisions to their peers and patients 
alike. 

The main finding from the prospective study 
by Romagnoli et al in 1,173 consecutive patients 
treated with PCI in a single centre is that the 
EuroSCORE system was an independent 
predictor of in-hospital mortality (P = 0.002). 
The model had an area under the receiver-
operating characteristics curve of 0.91 (95% CI 
0.86–0.97) for identifying patients at risk of 
death during their index hospitalization. Given 
that the EuroSCORE system does not consider 
coronary anatomy, it is not surprising that the 
model did not effectively determine procedural 
success (area under the receiver-operating 
characteristics curve 0.56, 95% CI 0.47–0.64). 
This finding is important when assessing the 
usefulness of the study in real terms. The major 
limitation of the EuroSCORE and other scoring 
systems is that they determine the risk of the 
procedure, but not the potential benefits to the 
patient, or the chances of procedural success.  

There is an overlap of risk factors in patients 
undergoing cardiac surgery and those receiving 
PCI; therefore, risk models, such as the 
EuroSCORE system or the Mayo Clinic risk 
score (MCRS)2 that only consider patient 
characteristics, can be applied to individuals 
having either treatment. Although this 
application of risk models might seem practical, 
there is a danger that these scoring systems will 
become too generalized and consequently not 
very useful. 

There has been a trend towards the 
development of simple scoring systems for coro- 
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Patient Characteristics                                                                                                    Score                                                                                                                
Age Per 5 years or part thereof over the age of 60 years  1 

Gender Female 1 

Chronic Pulmonary Disease Long-term use of bronchodilators or steroids for respiratory disease 1 

Peripheral arteriopathy *Claudication, carotid stenosis>50%, previous or planned interven-
tion on the abdominal aorta, limb arteries or carotids 2 

Neurological dysfunction Severely affected mobility or day to day function 2 

Previous cardiac surgery Previous opening of the pericardium 3 

Serum creatinine Pre-operatively greater than 200micromol/l 2 

Active endocarditis Antibiotic therapy at time of surgery 3 

Critical preoperative state *Preoperative cardiac arrest, ventilation, renal failure, inotropic sup-
port, intra-aortic balloon pump use, ventricular arrhythmia 3 

Cardiac related factors 

Unstable angina Rest pain requiring iv nitrates 2 

Left ventricular function Moderate (30-50%) 
Poor (<30%) 

1 
3 

Recent MI Within 90 days 2 

Pulmonary hypertension Systolic pulmonary pressure>60mmHg 2 

Operation related factors 

Emergency Operation performed before the start of next working day 2 

Other than isolated CABG Major cardiac procedure other than or in addition to CABG 2 

Surgery on thoracic aorta  3 

Post infarct septal rupture  4 

 
*Any of the following                              MI, myocardial infarction. CABG, coronary artery bypass grafting  

 
Table 1. The various factors required to calculate the EuroSCORE. The additive score is simply an 

addition of each factor to give a predicted mortality (%) from cardiac surgery. The logistic EuroSCORE uses 
the same parameters but requires a more complex calculation, and was developed because the additive score 
tended to under estimate risk in those deemed at the highest risk.6 

-nary artery disease, but we should question 
whether this is the ideal approach, given the 
complexities of the condition being assessed.    
   One of the initial ‘selling points’ of the Eu-
roSCORE model was its simple calculation, 
but now—with the abundance of computers 
available in the clinical setting—is this simplic-
ity still needed? In the paper by Romagnoli et 
al., patients were stratified as being low-risk 
(EuroSCORE 0–2), medium-risk (EuroSCORE 
3–5), or high-risk (EuroSCORE ≥6), but this 
categorization is imprecise and there is an 
inherent risk in over-simplifying risk assess-
ment.  

  As mentioned, the EuroSCORE model and 
other currently-available scoring systems do 
not incorporate an assessment of the coro-
nary anatomy. Surely the central aim of any 
complete patient risk model is to improve 
patient care and provide optimum treatment 
at the lowest risk If so, intuition tells us that 
this goal cannot be achieved without consid-
ering both patient and disease characteristics. 
For example, irrespective of patient factors, 
chronic total occlusions have long been asso-
ciated with a lower chance of procedural suc-
cess, and a higher risk of complications when 
compared with less complex lesion.3 Unsur-

prisingly, therefore, the addition of lesion 
characteristics to the MCRS resulted in better 
prediction of procedural success than the use 
of the MCRS alone.4 Interventional cardiolo-
gists subconsciously risk score coronary le-
sions, on the basis of their personal experi-
ence, because they have developed a ‘feel’ for 
what they can and cannot treat. Clearly, this 
system is open to interpretation and is cer-
tainly not a substitute for a robust risk model. 
The categorization of patients into single, 
double, or triple-vessel disease carries the 
same problems. 
  In 2005 a new angiographic scoring system  
—the SYNTAX score—was devised by Sianos 
et al.5 This score does not take patient charac-

teristics into account, and relies solely on 
coronary anatomy and lesion characteristics, 
enabling complex anatomy to be quantified, 
and results in a score that can be used to aid 
treatment decisions. The prospective value of 
the SYNTAX score is yet to be established, 
but initial results are promising.  
  We propose that some form of combination 
score is required—the EuroSCORE compo-
nent assessing mortality risk and the SYNTAX 
score indicating disease complexity. Such a 
model could be used by a heart team—
comprising a cardiologist and a cardiac sur-
geon—to best advise each individual patient 
about their optimum management strategy.  
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Abstract
Aims: The SYNTAX™ score has been designed to better anticipate the risks of percutaneous or

surgical revascularisation, taking into account the functional impact of the coronary circulation with all its

anatomic components including the presence of bifurcations, total occlusions, thrombus, calcification, and

small vessels. The purpose of this paper is to describe the baseline assessment of the SYNTAX™ score in

the Syntax randomised trial, the corelab reproducibility, the potential difference in score assessment

between the investigator and the corelab, and to ascertain the impact on one-year outcome after either

percutaneous coronary intervention (PCI) or coronary artery bypass surgery (CABG) in patients with

complex coronary artery disease.

Methods and results: To assess the reliability of Syntax™ scoring, 100 diagnostic angiograms from the

Syntax trial were randomly selected and assessed independently by two observers. Intra-observer variability

was assessed by analysing 91 sets of angiograms after an interval of at least eight weeks by one of the

observers. Clinical outcomes in the randomised cohort of the Syntax trial up to one year are presented with

stratification by tertile group of the SYNTAX™ score. The weighted kappa value for the inter-observer

reproducibility on the global score was 0.45, while the intra-observer weighted kappa value was 0.59. The

SYNTAX™ score as calculated by investigators consistently underscored the corelab score by 3.4 points. When

the Syntax randomised cohort was stratified by tertiles of the SYNTAX™ score, there were similar or non-

significantly different MACCE rates in those with low or intermediate scores; however in the top tertile the MACCE

rate was greater in those receiving PCI compared to CABG.

Conclusions: The SYNTAX™ score is a visual coronary score with an acceptable corelab reproducibility that

has an impact on the one-year outcome of those having PCI, whereas it has no effect on the one-year

outcome following surgical revascularisation. The SYNTAX™ score tool is likely to be useful in a wide range

of patients with complex coronary disease.
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Introduction
In previously published randomised trials including 2 and 3-vessel

disease, patient selection or exclusion criteria resulted in only 2-

12% of the patients screened being randomised1. During the initial

debate on the design of the Syntax study, it was argued that despite

the fact that patients with two or three vessel disease have been

included in previous randomised trials, in the "real world" surgeons

were often confronted with more complex anatomy and

comorbidities. Therefore, the all-comer approach became the

cornerstone of the Syntax trial, reducing exclusion criteria to a

minimum (previous intervention, acute myocardial infarction and

concomitant cardiac surgery)2.

The anatomic heterogeneity in the patients enrolled in previous

randomised trials renders their interpretation difficult. For example,

a patient with 3-vessel disease and multiple lesions in each vascular

territory (including long lesion, bifurcation and total chronic

occlusion) was pooled together with a patient with three focal

lesions in the mid-portions of each coronary artery. Both were

conventionally named “3-vessel disease”, despite the fact that the

first patient represents a greater therapeutic challenge for the

interventional cardiologist, and has a completely different prognosis

compared to the second patient regardless of the revascularisation

strategy. Thus the interpretation of the results of previously

conducted randomised trials is severely limited by the absence of

grading of the severity of coronary artery disease, and by the lack of

comparison of lesion complexity based on pretreatment

angiographic criteria3.

In the Syntax trial, the decision to refer the patient for either

surgery or percutaneous coronary intervention (PCI) was the

result of a pretreatment consensus reached between the cardiac

surgeon and the interventional cardiologist. In this so called

“Heart-Team Conference” the surgeon and interventional

cardiologist fully assessed anginal status, comorbidities, coronary

anatomy and left ventricular function. Although other scoring

systems, such as the Braunwald, NYHA or CCS classification

could be used to assess angina status; whilst the EuroSCORE and

Parsonnet score could be used to assess the patient history,

comorbidities, pulmonary and cardiovascular function4,5, there

was no available comprehensive score to describe – in detail – the

coronary anatomy. Therefore, the SYNTAX™ score has been

designed to better anticipate the risks of percutaneous or surgical

revascularisation, taking into account the functional impact of the

coronary circulation with all its anatomic components, including

bifurcations, total occlusions, thrombus, calcification, small

vessels etc. The SYNTAX™ score was not initially devised to

predict short or long term prognosis, but was a score designed to

allow a detailed objective assessment, and therefore comparison

of the coronary anatomy between one patient and another. During

the heart-team conference, the calculation of the SYNTAX™ 

score became pivotal in the selection of the revascularisation

strategy. As a result of the heart-team conference the population

was subdivided into three groups: patients judged to be only

eligible for cardiac surgery, patients eligible for PCI, and patients

potentially amenable to both types of revascularisation.

In designing the SYNTAX™ score, the authors’ selected six pre-

existing classifications or scores to create a complex algorithm,

mixing anatomical and functional characteristics that might increase

the risk and complexity of percutaneous or surgical treatment. (see

appendix – online as supplementary data at www.eurointervention.org)

At the time of the design, it was not known whether the complexity of

the coronary anatomy, as described by the score, would have an

impact on the outcome of surgery. The purpose of the present paper

is to describe the baseline assessment of the SYNTAX™ score, the

corelab reproducibility, the potential difference in the score

assessment between the investigator and the corelab, and to

ascertain the impact of the score on the short- and long-term

outcome of PCI and coronary artery bypass graft surgery (CABG). At

the time it was designed it was anticipated that the prospective,

blind, raw SYNTAX™ score would be retrospectively weighted,

based on the short- and long-term outcomes of the Syntax trial.

Methods

The Syntax trial

The design of the Syntax trial has been described in detail

elsewhere6. Between March 2005 and April 2007, 4337 patients

were screened leading to randomisation of 1,800 patients with LM

and/or 3VD to CABG (n=897) or PCI with TAXUS Express2 (n=903)

at one of 23 sites in the US (n=245) and 62 sites in Europe

(n=1555). Almost 30% of screened patients were found to be

amenable for only one treatment option and were enrolled in either

the CABG (n=1077) or PCI (n=198) nested registries, while 9.4% of

patients were not willing to participate or had a treatment

preference.

Assessment of coronary angiograms

To assess the reliability of Syntax scoring, we randomly selected 100

diagnostic angiograms from the Syntax trial. All the angiographic

variables pertinent to calculating the SYNTAX™ score were obtained

by reviewing the diagnostic angiograms acquired before the

procedure. Those films were assessed independently by two corelab

technicians who were blinded to the clinical baseline characteristics,

procedural data and clinical outcomes. In case of disagreement, the

opinion of the third observer, a supervising cardiologist, was obtained

and the final decision was made by consensus. To assess intra-

observer variability, 91 sets of angiograms were analysed at least

eight weeks later by one additional observer who remained blinded

to the results of the first analysis.

SYNTAX™ score and angiographic analysis

Each coronary lesion producing >50% luminal obstruction lumen in

vessels ≥1.5 mm was separately scored and summated to provide

the overall SYNTAX™ score which was calculated using dedicated

software that integrates (a) the number of lesions with their specific

weighting factors based on the amount of myocardium distal to the

lesion according to the score of Leaman et al7, and (b) the

morphologic features of each single lesion, as reported in the

appendix. An example of SYNTAX™ score calculation in one

subject is shown in Figure 1.
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Figure 1. An example of Syntax scoring.

Statistical analysis

The degree of agreement was measured as a weighted kappa

statistics that reflect the agreement between two or more

observations using weight to quantify the relative difference

between categories8,12. It is usual to consider kappa values greater

than 0.75 to represent excellent agreement beyond chance; values

below 0.40 to represent a poor agreement beyond chance, and

values between 0.40 and 0.75 to represent fair to good agreement

beyond chance. The reproducibility of Syntax scoring was

evaluated by calculating the intra-observer and inter-observer

variability, which was defined as the difference between the

corresponding measurements expressed as a percent of their

mean. All variables were expressed as mean±standard deviation or

median and range. A 2-tailed P value of <0.05 was considered to

indicate statistical significance. The incidence of events over time

was studied with the use of the Kaplan-Meier method, whilst log-

rank tests were applied to evaluate differences between the

treatment groups. Patients lost to follow-up were considered at risk

until the date of last contact, at which point they were censored.

Results

Corelab reproducibility

At the corelab, the value of the first measurement was, on average,

30.3 versus 29.2 for the second measurement, with an SD of 11.5 and

11.3, respectively. The mean of the differences (measure of precision)

was 2.1 with a SD of 9.1 (measure of accuracy), which reflects the

core laboratory inter-observer variability. As shown in Table 1, the

weighted kappa value for the observations of the global score was

0.45, while the weighted kappa value for the number of lesions was

0.59. The values of weighted kappa was 0.82 for the diagnosis of total

occlusions, 0.41 for bifurcation lesions and 0.63 for ostial lesions.

Inconsistency in the scoring was mainly due to the presence of lesions

in small vessels and at bifurcations. The weighted kappa for tertile

partitioning of Syntax score (0-22, 23-32, 33-) was 0.52.

Table 2 represents the weighted kappa values for intra-observer

reproducibility. The weighted kappa value for the global score was

0.59, while the weighted kappa value for the number of lesions,

total occlusions and bifurcation lesions was 0.71, 0.85 and 0.68,

respectively. The weighted kappa for tertile partitioning of Syntax™

score (0-22, 23-32, 33-) was 0.61.

Lesion 1

Segment 5: 5x2 . . 10
+Bifurcation 
type 1,0,0 . . . . . . . . 1
+Heavy 
calcification . . . . . . 2

Lesion 1 
score:. . . . . . . . . 13

Lesion 2

Segment 6:
3.5x2 . . . . . . . . . . . 7
+Bifurcation 
type 1,0,0 . . . . . . . 1
+Angulation
<70 . . . . . . . . . . . . 1
+Heavy 
calcification . . . . . . 2

Lesion 2 
score:. . . . . . . . . 11 

Lesion 3

Segment 11:
1.5x5 . . . . . . . . . . 7.5
Age of T.O 
is unknown . . . . . . . 1
+Blunt stump. . . . . 1
+Side-branch. . . . . 1
+Heavy 
calcification . . . . . . 2

Lesion 3 
score:. . . . . . . 12.5

Lesion 4

Segment 1:
1x5 . . . . . . . . . . . . . 5
Age of T.O 
is unknown . . . . . . . 1
+Blunt stump. . . . . 1
+Side branch . . . . . 1
First segment
visualised 
by contrast 4 . . . . . 2
+Heavy 
calcification . . . . . . 2

Lesion 4 
score:. . . . . . . . . 12

Total score: . . . . 48.5

Table 1. Inter-observer reproducibility.

Total SYNTAX™ score in classes of 10
Observer 2

Frequency 0-10 11-20 21-30 31-40 41-50 51-60 61-70 Total

0-10 3 0 0 0 0 0 0 3

11-20 0 9 2 2 0 0 0 13

21-30 0 6 18 11 1 1 0 37

31-40 0 1 14 9 1 2 0 27

41-50 0 1 2 7 4 1 0 15

51-60 0 0 1 1 1 0 0 3

61-70 0 0 0 0 0 0 2 2

Total 3 17 37 30 7 4 2 100

K=0.45 (SE 0.072). The inter-observer difference in SYNTAX™ score calculation at the corelab when the scores are sub-divided into categories of 10 points (0-10, 11-

20).
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SYNTAX™ score – corelab scoring vs on-site

scoring

Figure 2 shows the SYNTAX™ score in the CABG registry, the

randomised cohorts and the PCI registry; average values as well as

ranges are shown for the corelab and the site. The following

observations can be made from these data: 1) the CABG registry has

the highest score (37.8±13.3), the second highest group is the PCI

registry with an average score of 31.6±12.3, whilst the randomised

cohorts had intermediate scores of around 28-29, almost 10 points

below the level of the CABG registry; 2) the investigators consistently

underscored the corelab score by 3.4 points; 3) as expected by

design, the score in the two randomised cohorts are comparable,

(29.1±9.1 for CABG vs. 28.4± for PCI cohort, p=0.19).

SYNTAX™ score according to treatment groups

Figure 3 shows the distribution of the SYNTAX™ score in the PCI

registry, the CABG registry and the cohort randomised to surgery or

PCI. The score distribution in these different subgroups is more or

less Gaussian. The Gaussian curves of the SYNTAX™ score for

patients randomised to CABG and PCI are almost superimposable.

The distribution of the score for the PCI registry is shifted rightward

Table 2. Intra-observer reproducibility.

Total SYNTAX™ score in classes of 10

Frequency 0-10 11-20 21-30 31-40 41-50 51-60 71-80 Total

0-10 0 1 0 0 0 0 0 1

11-20 2 24 11 2 0 0 0 39

21-30 0 6 19 4 0 0 0 29

31-40 0 1 4 5 2 0 0 12

41-50 0 1 1 1 3 2 0 8

51-60 0 0 0 0 0 1 0 1

71-80 0 0 0 0 0 0 1 1

Total 2 33 35 12 5 3 1 91

K=0.59 (SE 0.069). The intra-observer difference in SYNTAX™ score calculation at the corelab when the scores are sub-divided into categories of 10 points (0-10, 11-20)

Figure 2. Bar graph of raw SYNTAX™ scores in each cohort of the

Syntax trial: a comparison between Corelab assessment and site

reporting. CABG: coronary artery bypass graft; RCT: randomised

controlled trial; PCI: percutaneous coronary intervention.

CABG: Coronary artery bypass graft; RCT: randomised controlled trial; 

PCI: percutaneous coronary intervention 
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Figure 3. SYNTAX™ score distribution in the registries and in the

randomised cohorts.
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with a mean value of 31.6±12.3, and the distribution of the

SYNTAX™ score in the CABG registry is shifted even further to the

right with a peak value of 37.8±33.3. When the scores of the

randomised patients were divided into tertiles, the upper boundary of

the lowest tertile is 22, the second tertile ranges from 23 to 32, and

the lower boundary for the highest tertile is equal or greater than 33.

SYNTAX™ score and outcome at one year

As previously reported6 – and demonstrated in Figure 4A and 4B –

there was no difference in outcome amongst patients randomised to

surgery between those who had low, intermediate or high scores;

the major adverse cardiovascular and cerebrovascular event

(MACCE) rates at one year was 14.4%, 11.7% and 10.7% for low,

intermediate and high scores respectively (p=0.38). In those

randomised to PCI there is a significant separation (log rank p value

0.007) of the cumulative event rate curves between patients with

low, intermediate and high scores; with respective MACCE rates at

12 months of 13.5%, 16.6%, and 23.3%.

These data would suggest that patients with a low SYNTAX™ score,

regardless of the presence of left main stem or 3-vessel disease,

have comparable outcomes after revascularisation with PCI or

CABG (Figure 5A-C); furthermore, the MACCE rate in this

SYNTAX™ score cohort is not influenced by diabetic status9.

Therefore, the selected revascularisation strategy in this group of

patients will depend on individual patient characteristics, patient

preference and the physician choice.

Patients with 3-vessel disease and intermediate SYNTAX™ scores

had, irrespective of their diabetic status, a higher MACCE rate
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following PCI than after bypass surgery6,9. Ultimately, the final

selection of treatment in this group will depend on patient

characteristics and comorbidity; however, PCI remains a valid

option for those patients with left main disease who do not have

diabetes. (Figure 5 B and 6) The MACCE rate in patients with high

scores (≥33), with or without diabetes, is significantly higher in

patients having PCI compared to CABG, and therefore it is inferred

that PCI typically is limited by a higher repeat revascularisation rate

and might be considered as surgical candidates.(Figure 5C)

Discussion
The present report underscores the important prognostic value of

the SYNTAX™ score. When the general principles of analysis (i.e.

the heart-team decision, SYNTAX™ score, and diabetic status) are

applied to the entire enrolled population (n=3,075), it appears that

numerically one-third of all the patients could reasonably be treated

by PCI, whilst two-thirds of the patients might be referred to surgery,

with the caveat that the present assessment is based on the result of

one-year outcome. It has been repeatedly demonstrated that

Kaplan Meier curves related to the outcome of surgery or PCI

diverge with time, and based on the 5-year outcome the current

partition in surgical and PCI candidates might be reviewed more

conservatively in the near future3,10,11. This conclusion is based on

the prospective, and thus blind and unbiased, evaluation of the

SYNTAX™ score prior to randomisation by a blinded corelab who

were unaware of the clinical status of the patient.

Overall, in the registries and in the randomised cohorts, the

evaluation of the score by the corelab was somewhat more

stringent, and the score was numerically higher than those

calculated by the participating site. The critical question remains as

to whether this potentially powerful prognostic index, at least for

PCI, is a reproducible parameter. As with any visual and categorical

parameter, reproducibility should be assessed by Kappa statistics.

In the present study, the Kappa parameters for inter- and intra-

observer reproducibility of the global SYNTAX™ score were superior

to 0.40 but inferior to 0.70, which indicate fair to good agreement8;

obviously there is room for improvement. The reproducibility of the

score in the future will likely improve with the quality of angiography,

Figure 4A. Kaplan-Meier estimates of MACCE rate up to 12 months in

the cohort randomised to CABG treatment stratified by tertile of

SYNTAX™ score. There are no statistically significant differences

between the 3 curves (p=0,38). Figure 4B. Kaplan-Meier estimates of

MACCE rate to 12 months in the cohort randomised to PCI treatment

stratified by tertile of SYNTAX™ score. Each curve separates at

12 months with statistical significance by log-rank test (p=0.007).
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Figure 5A-C show side-by side Kaplan-Meier curves for patients either

with left main or in patients with 3-vessel disease, according to the

tertiles of the SYNTAX™ score in the overall population.
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the standardisation of the angiographic views acquired during

diagnostic imaging, the provision of a SYNTAX™ score tutorial with

examples based on real images, operator training, the use of

objectively quantified parameters (e.g. stenosis, severity and

length), consensus between highly qualified observers (technician

or interventional cardiologist) and user-friendly software facilitating

on-line correction. In addition, taking into account the fact that

angiograms performed in the SYNTAX trial and registry may have

been of higher quality than in the routine clinical practice, it would

be very important to evaluate the reproducibility of SYNTAX score in

a “real world” practice.

Kappa statistics are a generally accepted method of evaluating

agreement between observers and are most useful when

observations are frequent and have a Gaussian distribution

(Figure 3). It is well known that visual estimates of lesion

characteristics are less accurate in comparison to quantitatively

derived parameters, as has been demonstrated in previously

conducted variability and quality control studies. Beauman and

Vogel12 compared visual estimations of lesion severity, to

quantitative analyses of percent diameter stenosis of coronary and

phantom obstructions. Quantitatively assessed coronary arteries

comprising a 50% diameter stenosis and 50% phantom stenosis

recordings were visually scored in ranges from 15 to 80 percent,

and 30 to 95 percent respectively. Determination of the reference

diameter showed that only 41% of the estimations were within 10 %

of the range of the quantitatively derived diameter.

Another study in 50 lesions13 reported an inter-observer agreement

of 73% for stenosis length (defined as the length of that portion of the

stenosis that had a >30% reduction in luminal diameter using the

adjacent normal vessel diameter as a ‘yardstick’ or unit) and 64% for

lesion eccentricity (defined as asymmetrically positioning in one or

more views), resulting in kappa values of respectively 0.38 and 0.25.

The Cardialysis corelab in 1993 reported14 the level of agreement in

inter-observer observation made on 151 lesions: 79 % for lesion

eccentricity, 71% for branch point involvement, 86% for location in a

bend, 98% for presence of thrombus, 90% for presence of

calcification and 75 % for the lesion type according to the ACC / AHA

classification. These results were largely confirmed in a second

evaluation reported in 199615. Another study of 403 coronary lesions

using the kappa statistics showed an excellent agreement for type C

lesions (k=0.85); good agreement for TIMI flow (k=0.73), ABC

classification (k=0.48), angulation (k=0.48) and side branch

(k=0.40); and poor agreement for eccentricity, tortuosity, lesion

calcification, and in the distinction of discrete, diffuse and tubular

lesion length. The SYNTAX™ score analysed in its constituent

components largely confirmed the results previously reported.

An issue of essential relevance, which contributes to the poor

agreement within and between investigators, is a clear description

of the definitions of lesion characteristics being assessed. Length of

lesion can be interpreted, for example, as the length of plaque

related to the pre-defined size of the catheter on the image. An

alternative definition is the length where the lumen diameter has a

stenosis > 70%, or >50%, or >30%. This can then be expressed in

absolute diameters, or in terms of normal lumen diameter ratio.

Lesion length can also be defined as the calliper measurement of

the distance from the proximal to the distal shoulder of the lesion in

the projection that best elongates the stenosis. For the SYNTAX™

score <10 and >20 mm were deliberately chosen as cut-off points

for lesion length because these leave the least room for variation in

interpretation.

A panel assessment gives a substantial improvement in inter- and

intra-observer agreement. It is clear that the weighted sum of several

simultaneous observations eliminates the most extreme

disagreements, whereas the assessor working in isolation can develop

his own interpretation and thus deviate from the original definitions.

Serial observations as in pre-readings, with knowledge of the results

of the first observer’s judgement, may result in higher kappa values

for qualitatively assessed lesion characteristics. The mechanism of

improved agreement in case of pre-reading, however, differs from

improved agreement following panel assessment. In serial readings,

the first assessment is dominant and respected by the second

reviewer, who tends to comply, resulting in an improved outcome.

So far the assessment of the SYNTAX™ score, as a prognostic

index, has been only reported in the ARTS-II registry. Valgimigli et

al16 specifically divided the population with 3-vessel disease in

tertiles according to SYNTAX™ score and reported the outcome

separately. It is noticeable that the MACCE rate in the highest tertile

of the ARTS-II trial (SYNTAX™ score >26) at one year is 21.5%,

which is identical to the MACCE rate observed in the highest tertile

of the Syntax trial (SYNTAX™ score ≥33) in the subgroup of the 3-

vessel disease (Figure 5C).

In the Syntax study, and in the subgroups of patients with 3-vessel

disease and/or left main disease, the prognostic value of the

SYNTAX™ score is even more significant. Irrespective of their

diabetic status, the one-year outcome of all patients with left main

and/ or 3-vessel disease with a SYNTAX™ score less than 22 was

comparable between those randomised to PCI or surgery6. Patients

with 3-vessel disease with intermediate or high scores, with or

without diabetes, had significantly lower repeat revascularisation

rates with surgical revascularisation than with percutaneous

treatment. However, non-diabetic patients with an intermediate

score and a left-main lesion (isolated or not) have an excellent

outcome with PCI when compared to surgery. The take-home

message is that in an all-comer population of left-main and 3-vessel

disease, numerically one-third of these patients could be legitimately

treated by PCI and that two thirds of patients might be referred to

surgery. This initial assessment will have to be re-evaluated after

medium-term follow-up out to five years. In addition, the cut-off of

low, intermediate and high Syntax score classification should be

further standardised and re-evaluated in the other cohort to establish

robustness of this scoring system in prediction of outcomes.

Finally, we should emphasise that the analysis of the outcome was

related to the raw data of the score which was based on an arbitrary

ranking of the complexity of the lesions. The impact of certain

anatomic parameters (tortuosity, ostial lesion etc.) on predicted

outcome may have been overestimated or underestimated and

should be re-evaluated on the basis of the actual outcome at one

year. The process of simplifying and weighting the SYNTAX™ score

will be a retrospective exercise, based on complex statistical

analysis, and will again need to be prospectively tested on a
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different patient population. It might be more straight-forward to

combine a prognostic index of mortality such as the EuroSCORE,

with the descriptive coronary score of the Syntax trial, to provide

more accurate risk assessment on the outcome.

The data presented in this report are the result of post-hoc

subgroup analyses. It was based on a tertile division of the entire

study population with the partitioning criteria being subsequently

applied to subgroups of patients with either main stem or 3-vessel

disease. None of the subgroup analyses (with SYNTAX™ score

tertile defined a posteriori) were prespecified or statistically

powered. It should be emphasised that the global hierarchical

statistical hypothesis of non-inferiority of PCI as compared to

surgery for treatment of left main and/ or 3-vessel disease was not

confirmed; therefore, the observational data provided in the present

report are hypothesis generating, and should be further validated in

order to be formally incorporated in guidelines on appropriateness

of revascularisation for left main or 3-vessel disease17.

References

1. Hoffman SN, TenBrook JA, Wolf MP, Pauker SG, Salem DN, Wong

JB. A meta-analysis of randomized controlled trials comparing coronary

artery bypass graft with percutaneous transluminal coronary angioplasty:

one- to eight-year outcomes. J Am Coll Cardiol 2003; 41(8):1293-1304.

2. Ong AT, Serruys PW, Mohr FW, Morice MC, Kappetein AP, Holmes DR,

Jr., Mack MJ, van den Brand M, Morel MA, van Es GA, Kleijne J, Koglin J,

Russell ME. The SYNergy between percutaneous coronary intervention

with TAXus and cardiac surgery (SYNTAX) study: design, rationale, and

run-in phase. Am Heart J 2006; 151(6):1194-1204.

3. Hlatky MA, Boothroyd DB, Bravata DM, Boersma E, Booth J, Brooks MM,

Carrié D, Clayton TC, Danchin N, Flather M, Hueb WA, Kahler J, Kelsey SF,

King SB, Kosinski AS, Lopes N, McDonald KM, Rodriguez A, Serruys P,

Sigwart U, Stables RH, Owens DK, Pocock SJ. Coronary artery bypass sur-

gery compared with percutaneous coronary interventions for multivessel

disease: a collaborative analysis of individual patient data from ten ran-

domised trials. Lancet. 2009;373:1190-7.

4. Nashef SA, Roques F, Michel P, Gauducheau E, Lemeshow S,

Salamon R. European system for cardiac operative risk evaluation

(EuroSCORE). Eur J Cardiothorac Surg 1999;16(1):9-13.

5. Parsonnet V, Dean D, Bernstein AD. A method of uniform stratifica-

tion of risk for evaluating the results of surgery in acquired adult heart dis-

ease. Circulation 1989; 79(6 Pt 2):I3-12.

6. Serruys PW, Morice MC, Kappetein AP, Colombo A, Holmes DR,

Mack MJ, Stahle E, Feldman TE, van den Brand M, Bass EJ, Van Dyck N,

Leadley K, Dawkins KD, Mohr FW. Percutaneous Coronary Intervention

versus Coronary-Artery Bypass Grafting for Severe Coronary Artery

Disease. N Engl J Med. 2009;360:961-72.

7. Leaman DM, Brower RW, Meester GT, Serruys P, van den Brand M.

Coronary artery atherosclerosis: severity of the disease, severity of angina

pectoris and compromised left ventricular function. Circulation 1981;

63:285-299.

8. Fleiss J. Statistical methods for rates and proportions. 2nd edition :

John Wiley & Sons Inc.; 1981.

9. Banning AP, Westaby S, Mohr FW, Kappetein AP, Morice M-C, Berti

S, Glauber M, Kellett MA, Kramer RS, Leadley K, Dawkins KD, Serruys

PW. Comparison of Cardiac Surgery and Paclitaxel-Eluting Stents in Non-

Diabetic and Diabetic Patients with Left main or Three-Vessel Coronary

Artery Disease. Lancet 2009; in-press.

10. Serruys PW, Ong AT, van Herwerden LA, Sousa JE, Jatene A,

Bonnier JJ, Schonberger JP, Buller N, Bonser R, Disco C, Backx B,

Hugenholtz PG, Firth BG, Unger F. Five-year outcomes after coronary

stenting versus bypass surgery for the treatment of multivessel disease:

the final analysis of the Arterial Revascularization Therapies Study (ARTS)

randomized trial. JACC 2005;46:575-581.

11. Serruys PW, Daemen J, Morice MC, De Bruyne B, Colombo A,

Macaya C, Richardt G, Fajadet J, Hamm C, Dawkins KD, Vranckx P,

Bressers M, van Domburg R, Schuijer M, Wittebols K, Pieters M, Stoll HP,

on behalf of the ARTS II Investigators. Three-year follow-up of the ARTS-

II - sirolimus-eluting stents for the treatment of patients with multivessel

coronary aretery disease. EuroIntervention 2007;3:450-459.

12. Beauman GJ, Vogel RA. Accuracy of individual and panel visual

interpretations of coronary arteriograms: implications for clinical decisions.

JACC 1990; 16:108-113.

13. Ellis S, Alderman EL, Cain K, Wright A, Bourassa M, Fisher L.

Morphology of left anterior descending coronary territory lesions as a pre-

dictor of anterior myocardial infarction: a CASS Registry Study. JACC

1989; 13(7):1481-1491.

14. Hermans WR, Foley DP, Rensing BJ, Rutsch W, Heyndrickx GR,

Danchin N, Mast G, Hanet C, Lablanche JM, Rafflenbeul W, et al.

Usefulness of quantitative and qualitative angiographic lesion morphology,

and clinical characteristics in predicting major adverse cardiac events dur-

ing and after native coronary balloon angioplasty. CARPORT and MERCA-

TOR Study Groups. Am J Cardiol.  1993; 72(1):14-20.

15. Herrman JP, Azar A, Umans VA, Boersma E, von Es GA, Serruys PW.

Inter- and intra-observer variability in the qualitative categorization of coro-

nary angiograms. Int J Card Imaging 1996;12(1):21-30.

16. Valgimigli M, Serruys PW, Tsuchida K, Vaina S, Morel MA, van

den Brand MJ, Colombo A, Morice MC, Dawkins K, de Bruyne B,

Kornowski R, de Servi S, Guagliumi G, Jukema JW, Mohr FW, Kappetein

AP, Wittebols K, Stoll HP, Boersma E, Parrinello G. Cyphering the com-

plexity of coronary artery disease using the SYNTAX™ score to predict

clinical outcome in patients with three-vessel lumen obstruction under-

going percutaneous coronary intervention. Am J Cardiol.  2007;

99(8):1072-1081.

17. Patel MR, Dehmer GJ, Hirshfeld JW, Smith PK, Spertus JA.

ACCF/SCAI/STS/AATS/AHA/ASNC 2009 Appropriateness Criteria for

Coronary Revascularization: a report by the American College of

Cardiology Foundation Appropriateness Criteria Task Force, Society for

Cardiovascular Angiography and Interventions, Society of Thoracic

Surgeons, American Association for Thoracic Surgery, American Heart

Association, and the American Society of Nuclear Cardiology Endorsed by

the American Society of Echocardiography, the Heart Failure Society of

America, and the Society of Cardiovascular Computed Tomography. J Am

Coll Cardiol 2009; 53(6):530-553.

Scot BW.indb   193 01-03-11   11:57



194

Assessment of the SYNTAX score

Appendix

Pre-existing classifications

The SYNTAX score has been developed based on the following:

1. The AHA classification of the coronary tree segments modified

for the ARTS study

2. The Leaman score

3. The ACC/AHA lesions classification system

4. The total occlusion classification system

5. The Medina classification bifurcation lesions

6. Consultation of experts

Each of these classifications has focused on the specific functional

and anatomical parameters of the lesion. Thus it was necessary to

develop a global classification system that would take into account

all the variables.

Definition of the coronary tree segments

The definition of the coronary tree segments is based on the

classification proposed by the AHA and modified for the ARTS I and

II trials1,2. This system divided the arterial tree into 16 segments

(Figure 1) and this has been adopted in the SYNTAX score.

Leaman score3

The ìLeaman scoreî is based on the severity of luminal diameter

narrowing and weighed according to the usual blood flow to the left

ventricle in each vessel or vessel segment. In a right dominant system,

the right coronary artery (RCA) supplies approximately 16%, and the

left coronary artery (LCA) 84% of the flow to the left ventricle (LV). This

84% is normally directed for 66% to the left anterior descending artery

(LAD), and for 33% into the left circumflex coronary artery (LCX).

Thus, the Left Main (LM) supplies approximately five times, the LAD

approximately 3.5 times (84/16 x 0.66), and the circumflex 1.5 times

as much blood as the RCA to the LV. In a left dominant system the RCA

does not contribute to the blood supply of the ventricle. Thus the LM

supplies 100% of the flow to the LV. The RCA contribution of blood flow

to the LV is now supplied by the LCX. Hence the LAD provides 58%

(weighing factor 3.5) and the LCX 42% (weighing factor 2.5) of the

total flow to the LV. Using the same principle of relative blood supply to

the LV, all coronary segments have been given a weighing factor,

Table 1. The contribution of each coronary segment to the blood flow

to the LV is used as a multiplication factor for the calculation of the

Leaman score and as such has been transferred to the SYNTAX score. 

Left Right

Figure 1.

1. RCA proximal: From the ostium to one half the distance to the acute margin of the heart.

2. RCA mid: From the end of first segment to acute margin of heart.

3. RCA distal: From the acute margin of the heart to the origin of the posterior descending artery.

4. Posterior descending artery: Running in the posterior interventricular groove.

16. Posterolateral branch from RCA: Posterolateral branch originating from the distal coronary artery distal to the crux.

16a.Posterolateral branch from RCA: First posterolateral branch from segment 16. 

16b.Posterolateral branch from RCA: Second posterolateral branch from segment 16.

16c.Posterolateral branch from RCA: Third posterolateral branch from segment 16.

5. Left main: From the ostium of the LCA through bifurcation into left anterior descending and left circumflex branches.

6. LAD proximal: Proximal to and including first major septal branch.

7. LAD mid: LAD immediately distal to origin of first septal branch and extending to the point where LAD forms an angle (RAO view). If this

angle is not identifiable this segment ends at one half the distance from the first septal to the apex of the heart.

8. LAD apical: Terminal portion of LAD, beginning at the end of previous segment and extending to or beyond the apex.

9. First diagonal: The first diagonal originating from segment 6 or 7.

9a. First diagonal a: Additional first diagonal originating from segment 6 or 7, before segment 8.

10. Second diagonal: Originating from segment 8 or the transition between segment 7 and 8.

10a.Second diagonal a: Additional second diagonal originating from segment 8.

11. Proximal circumflex artery: Main stem of circumflex from its origin of left main and including origin of first obtuse marginal branch.

12. Intermediate/anterolateral artery: Branch from trifurcating left main other than proximal LAD or LCX. It belongs to the circumflex territory.

12a.Obtuse marginal a: First side branch of circumflex running in general to the area of obtuse margin of the heart.

12b.Obtuse marginal b: Second additional branch of circumflex running in the same direction as 12.

13. Distal circumflex artery: The stem of the circumflex distal to the origin of the most distal obtuse marginal branch, and running along the

posterior left atrioventricular groove. Calibre may be small or artery absent.

14. Left posterolateral: Running to the posterolateral surface of the left ventricle. May be absent or a division of obtuse marginal branch.

14a.Left posterolateral a: Distal from 14 and running in the same direction.

14b.Left posterolateral b: Distal from 14 and 14 a and running in the same direction.

15. Posterior descending: Most distal part of dominant left circumflex when present. It gives origin to septal branches. When this artery is present,

segment 4 is usually absent.
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Lesion definition

A coronary lesion with a diameter stenosis>50% in a vessel

≥1.5 mm is significant, and must be scored. A lesion can involve

one or more diseased segments. Less severe lesions should not be

included in the SYNTAX score. The percent diameter stenosis is not

considered in the algorithm. Distinction has been made only

between occlusive (100% diameter stenosis) and non occlusive

(50-99% diameter stenosis) disease. A multiplication factor of 2 is

used for non-occlusive lesions, and 5 for occlusive lesions reflecting

the difficulty of percutaneous treatment, Table 1. Importantly, all

other adverse lesion characteristics considered in the SYNTAX

score have an additive value, Table 2.

Multiple stenoses

If serial stenoses are less than three reference vessel diameters

apart, they should be scored as one lesion. However, stenoses at a

greater distance from each other (more than three reference vessel

diameters), are considered as separate lesions.

ACC/AHA lesion classification system4,5

This lesion classification system is based on parameters, such as

length, eccentricity, angulation, calcification, involvement of side

branches and thrombus. Lesions are classified as Type A, (high

success and low risk), Type B (moderate success and moderate

risk) or Type C (low success and high risk). The majority of these

individual parameters have been incorporated in the SYNTAX score

(Table 2). Although the ACC/AHA system takes into account total

occlusions and bifurcation lesions, classifying them as a high-risk,

this is not considered to be detailed enough to adequately quantify

their complexity.

Total occlusion classification system6

A lesion is defined as a total occlusion when no intra-luminal

antegrade flow (TIMI 0) is visible distal to the point of occlusion.

Segments distal to the occlusion may be filled by bridging,

ipsilateral or contra-lateral collaterals. Parameters suggested in this

system such as an occlusion older than three months; the presence

of a side branch at the site of the occlusion and its size; a blunt

stump; the presence of bridging collaterals, and occlusion length

have all been incorporated into the SYNTAX score, Table 2. The

length of the obstructed segment is calculated by measuring the

distance between the stump of the occlusion and the first segment

beyond the occlusion, visualised by ante-grade or retrograde

collateral flow, Figure 2. The age of the total occlusion is scored

based on a history of previous myocardial infarction, worsening

symptoms, or previous angiographic or electrocardiographic data.

In cases where this information is absent the age of total occlusion

is scored as unknown.

Trifurcation lesions

Trifurcation is the division of a main branch into three branches

(with a minimal diameter of 1.5 mm). In a trifurcation, one, two,

three or four of the involved segments can be significantly diseased.

The most common example of a trifurcation is at the division of LM

Clinical research

Table 1. Segment weighing factors.

Segment Right dominance Left dominance
No

1 RCA proximal 1 0

2 RCA mid 1 0

3 RCA distal 1 0

4 Posterior descending artery 1 n.a.

16 Posterolateral branch from RCA 0.5 n.a.

16a Posterolateral branch from RCA 0.5 n.a.

16b Posterolateral branch from RCA 0.5 n.a.

16c Posterolateral branch from RCA 0.5 n.a.

5 Left Main 5 6

6 LAD proximal 3.5 3.5

7 LAD mid 2.5 2.5

8 LAD apical 1 1

9 First diagonal 1 1

9a First diagonala 1 1

10 Second diagonal 0.5 0.5

10a Second diagonala 0.5 0.5

11 Proximal circumflex artery 1.5 2.5

12 Intermediate/ anterolateral artery 1 1

12a Obtuse marginala 1 1

12b Obtuse marginalb 1 1

13 Distal circumflex artery 0.5 1.5

14 Left posterolateral 0.5 1

14a Left posterolaterala 0.5 1

14b Left posterolateralb 0.5 1

15 Posterior descending n.a. 1

Table 2. Lesions adverse characteristic scoring.

Diameter reduction (*)

– Total occlusion x5

– Significant lesion (50-99%) x2

Total occlusion (TO)

– Age >3months or unknown +1

– Blunt stump +1

– Bridging +1

– First segment visible beyond TO (**)+1/ per non-visible segment

– Side branch (SB) – Yes, SB <1.5 mm +1

– Yes, SB ≥1.5 mm +1

Trifurcations

– 1 diseased segment +3

– 2 diseased segments +4

– 3 diseased segments +5

– 4 diseased segments +6

Bifurcations

– Type 100, 010, 110 +1

– Type 111, 101, 011, 001 +2

– Angulation <70° +1

Aorto-ostial stenosis +1

Severe tortuosity +2

Length > 20 mm +1

Heavy calcification +2

Thrombus +1

“Diffuse disease”/small vessels +1/ per segment number

x: multiplication; +: addition; (*) In the SYNTAX algorithm there is no question

for % luminal diameter reduction. The lesions are considered as significant (50-

99% luminal diameter reduction) or occlusive (100%). (**) Please see figure 2
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into the LAD, LCX, and an intermediate branch. Trifurcations are

only scored for the following segment junctions: 3/4/16/16a,

5/6/11/12, 11/12a/12b/13, 6/7/9/9a and 7/8/10/10a, Table 2.

Bifurcation  lesions and the Medina classification

system7

A bifurcation is defined as the division of a main, parent, branch into

two daughter branches (each with a minimal diameter of 1.5mm).

Bifurcation lesions may involve the proximal main vessel, the distal

main vessel and the side branch and are classified according to the

Medina classification. The smaller of the two daughter branches

should be designated as the ìside branchî. In cases of a left main

stem lesion, either the LCX or the LAD can be designated as the side

branch, depending on their respective calibres. Only those lesions in

direct contact with the bifurcation should be scored.

Bifurcation lesions not involving the ostium of the side branch are

classified as type 1,0,0 if the lesion in the main vessel is proximal to

the bifurcation; type 0,1,0 if the lesion is in the main branch is distal

to the bifurcation, and type 1,1,0 if the lesion in the main branch lies

both proximal and distal to the side branch. Bifurcation lesions

involving the ostium of the side branch are classified as type 1,0,1 if

the lesion in the main branch is proximal to the bifurcation; type 0,1,1

if the lesion in the main branch is distal to the bifurcation, and type

1,1,1 if the main branch lesion lies both proximal and distal to the

side branch. As plaque shift can occur even when only the ostium of

a side branch is narrowed, such a lesion is also considered as a

bifurcation (type 0,0,1) (Figure 3). Bifurcations are only considered

for the following segment junctions: 5/6/11, 6/7/9, 7/8/10, 11/13/12a,

13/14/14a and 3/4/16 and 13/14/15 in case of left dominance. 

One lesion characteristic added to the bifurcation lesion

classification is an angulation between the side branch and the

distal main vessel of less than 70 degrees. Despite the fact that this

represents a less technical challenge, it is regarded as an adverse

lesion characteristic due to the fact that the smaller this angle is the

more difficult it will be to cover the ostium of the side branch when

stenting is necessary, Figure 4.

Aorto-ostial lesions

A lesion is classified as aorto-ostial when it is located immediately at

the origin of the coronary arteries from the aorta. It applies only to

segments 1 and 5. In case of an absent LM (double ostium of the

Left Coronary Artery), segment 6 of the LAD and 11 of the LCX

originate directly from the aorta, and consequently may also involve

aorto-ostial lesions. An aorto-ostial location is regarded as an

adverse characteristic because the treatment of such lesions is

technically more challenging.

Diffuse disease/small vessels

This characteristic is present when at least 75% of the length of any

segment(s) proximal to the lesion, at the site of the lesion or distal to

the lesion has a vessel diameter of ≤2 mm. 

Diffuse disease/small vessels is the last question of the algorithm and is

the only non-lesion specific question. This question pertains to all the

segments of that targeted vascular territory (either LAD and its

Figure 2. Total occlusion length assessment.

A) Total occlusion involving segments 1. Segments 1, 2, 3, 4, 16, 16a,

16b, 16c are filled by antegrade or retrograde collateral flow

(visualised by contrast). No points are added to the score.

B) Total occlusion involving segments 1 and 2. Segments 2, 3, 4, 16,

16a, 16b, 16c are filled by antegrade or retrograde collateral flow

(visualised by contrast). No points are added to the score.

C) Total occlusion involving segments 1, 2 and 3. Segments 3, 4, 16,

16a, 16b, 16c are filled by antegrade or retrograde collateral flow

(visualised by contrast). One point is added to the score.

D) Total occlusion involving segments 1, 2, 3, 4, 16 and 16a Segments

16, 16b, 16c are visualised by antegrade or retrograde collateral

flow (visualised by contrast). Two points are added to the score

Figure 3. Bifurcation classification (according to MEDINA classification).
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branches, or LCX and its branches, or RCA and its branches) provided

this vascular territory exhibits at least one lesion. This question will

appear only once per vascular territory after the assessor has

described for the final time a stenotic lesion in that vascular territory.

For example, if a patient has a lesion in the RCA located in segment 1

the assessor will be asked to characterise the diffuse/small appearance

of all the segments of the RCA vascular territory (1, 2, 3, 4, 16, 16a,

16b, 16c). This will occur only after indicating that no other coronary

lesions need to be scored within the RCA vascular territory.

The SYNTAX score algorithm (Table 3)

The SYNTAX score is calculated by a computer program consisting

of sequential and interactive self-guided questions. The algorithm

consists of twelve main questions. They can be divided in two

groups: The first three determine the dominance, the total number of

lesions and the vessel segments diseased per lesion and they appear

once. The maximum number of lesions allowed is twelve and each

lesion is characterised by a number, 1 to 12. Each lesion can involve

one or more diseased segments. In this case each vessel segment

involved contributes to the lesion scoring. There is no limit in the

number of segments involved per lesion. The last nine questions

refer to adverse lesion characteristics and are repeated for each

lesion. The question referring to a total occlusion is the first one. If a

total occlusion is scored, answers must be given to detailed sub-

questions. The last of these sub-questions refers to the presence or

absence of side branches and their size. If there are no side

branches or if their diameter is <1.5 mm then the questions related

to the trifurcation and bifurcation lesions will be automatically

skipped since vessels <1.5 mm are not considered large enough for

treatment either with PCI or CABG. If side branches with diameter

≥1.5 mm are involved then the lesion is considered as both total

occlusion and bifurcation lesion and the algorithm will continue with

Clinical research

Figure 4. a) An example of a bifurcation lesion with a wide angle (>70

degrees) between the side branch and the distal main vessel. Although

technical challenging sometimes, the stent can fully cover both the

proximal and distal rims of the side branch ostium. b) An example of

a bifurcation with a steep angle (<70 degrees) between the side

branch and the distal main vessel. Side branch stenting might be

technically less challenging compared to the previous anatomy but

when the stent is placed to cover the distal rim of the ostium the

proximal rim will remain uncovered (red line with arrows). If the stent

is placed to cover the proximal rim it will protrude into the main vessel

distally. mv denotes main vessel, sb denotes side branch 

Table 3. The SYNTAX score algorithm.

1. Dominance
2. Number of lesions
3. Segments involved per lesion

Lesion characteristics
4. Total occlusion i. Number of segments involved

ii. Age of the total occlusion (>3 months)
iii. Blunt stump
iv. Bridging collaterals
v. First segment beyond the occlusion visible

by antegrade or retrograde filling 
vi. Side branch involvement

5. Trifurcation i. Number of segments diseased
6. Bifurcation i. Type

ii. Angulation between the distal main vessel
and the side branch <70°

7. Aorto-ostial lesion
8. Severe tortuosity 
9. Length >20 mm
10. Heavy calcification
11. Thrombus 
12. Diffuse disease/ i. Number of segments with diffuse 

small vessels disease/small vessels

The SYNTAX score is calculated by a computer program consisting of
sequential and interactive self-guided questions. All the below
mentioned definitions are projected in a side window when the signal
(i) indicating information, available for each question, is pointed to
with the cursor.

Definitions

Dominance. a) Right dominance: the posterior descending coronary
artery is a branch of the right coronary artery (segment 4). b) Left
dominance: the posterior descending artery is a branch of the left
coronary artery (segment 15). Co-dominance does not exist as an
option at the SYNTAX score.

Total occlusion. No intra-luminal antegrade flow (TIMI 0) beyond the
point of occlusion.

Bridging collaterals. Small channels running in parallel to the vessel
and connecting the proximal vessel to the distal vessel, and being
responsible for the ipsilateral collateralisation.

Trifurcation. A division of a main branch into three branches.
Trifurcations are only scored for the following segment junctions:
3/4/16/16a, 5/6/11/12, 11/12a/12b/13, 6/7/9/9a and 7/8/10/10a.

Bifurcation. A bifurcation is defined as the division of a main,
parent, branch into two daughter branches (with a minimal diameter
of 1.5mm). Bifurcations are only considered for the following segment
junctions: 5/6/11, 6/7/9, 7/8/10, 11/13/12a, 13/14/14a and 3/4/16
and in case of left dominance 13/14/15. 

Aorto ostial. A lesion is classified as aorto-ostial when it is located
immediately at the origin of the coronary vessels from the aorta
(applies only to segments 1, 5, 6 and 11).

Severe tortuosity. One or more bends of 90 o or more, or three or
more bends of 45° to 90° proximal to  the diseased segment.

Length >20 mm. Estimation of the length of that portion of the
stenosis that has ≥50% reduction in luminal diameter in the
projection where the lesion appears to be the longest. (In case of
a bifurcation lesion at least one of the branches has a lesion length
of >20 mm).

Heavy calcification. Multiple persisting opacifications of the coronary
wall visible in more than one projection surrounding the complete
lumen of the coronary artery at the site of the lesion.

Thrombus. Spherical, ovoid or irregular intraluminal filling defect or
lucency surrounded on three sides by contrast medium seen just distal
or within the coronary stenosis in multiple projections, or a visible
embolisation of intraluminal material downstream.

Diffuse disease/small vessels. More than 75% of the length of any
segment(s) proximal to the lesion, at the site of the lesion or distal
to the lesion that has a vessel diameter of <2 mm. 
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all the questions. The same is the case for non-occlusive lesions.

With the exception of the selection of the type in case of a bifurcation

or a trifurcation lesion all the other questions of the algorithm can be

answered by selecting “yes” or “no”.

An important characteristic of the SYNTAX score is that it is lesion

based. For each lesion a separate score is calculated. The total

SYNTAX score is derived from the summation of these individual

scores. After the completion of the algorithm a report is automatically

generated summarising all the adverse characteristics, and the

individual scoring of each lesion as well as the total SYNTAX score.

Two examples of the SYNTAX score calculation are presented in

Figures 5 and 6. Both patients have significant stenosis in all three

coronary arteries with four lesions each but the calculated SYNTAX

score differs greatly (54.5 versus 19) reflecting the more complex

pattern of coronary artery disease in the patient with the higher score.

Figure 6. Second example of the Syntax score calculation.

Lesion 1

Segment 6:
3.5x2 . . . . . . . . . . . 7

Lesion 1 score: . . 7

Lesion 2

Segment 11:
1.5x2 . . . . . . . . . . . 3
+Tortuosity. . . . . . . 2

Lesion 2 score: . . 5

Lesion 3

Segment 2:
1x2 . . . . . . . . . . . . . 2

Lesion 3 score: . . 2

Lesion 4

Segment 3:
1x2 . . . . . . . . . . . . . 2
+Tortuosity. . . . . . . 2
+Length . . . . . . . . . 1

Lesion 4 score: . . 5

Total score:. . . . . . 19
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The SYNTAX Score Revisited: A Reassessment of the
SYNTAX Score Reproducibility

Scot Garg,1 MBChB, MRCP, Chrysafios Girasis,1 MD, Giovanna Sarno,1 MD, PhD,
Dick Goedhart,2 PhD, Marie-Angèle Morel,2 BSc, Hector M. Garcia-Garcia,2 MD, PhD,
Marco Bressers,2 MSc, Gerrit-Anne van Es,2 PhD, and Patrick W. Serruys,1* MD, PhD,

on behalf of the SYNTAX trial investigators

Objectives: To reassess the reproducibility of the SYNTAX score. Background: The
SYNTAX score appears to have an important role to play in the evaluation of patients
with complex coronary artery disease undergoing revascularisation. However, the cal-
culation of the SYNTAX score relies on the subjective assessment of lesions using cor-
onary angiography, and therefore is subject to intra-and inter-observer variability.
Methods: The SYNTAX score was calculated in 100 patients randomly selected from
the SYNTAX trial, on two occasions 8 weeks apart, by a team made up of three inter-
ventional cardiologists. The weighted kappa values were compared with values
obtained 1 year previously, when core lab analysts assessed the intra-observer repro-
ducibility amongst the same patient cohort. Results: The mean 6 standard deviation
difference in SYNTAX score was 2.1 6 7.6. The respective weighted kappa values for
the number of lesions, bifurcation lesions, ostial lesions, and total occlusions were
0.62, 0.36, 0.66, and 0.91 compared with 0.59, 0.41, 0.63, and 0.82 in the previous core
lab assessment. The weighted kappa for the intra-observer reproducibility of the SYN-
TAX score grouped into deciles was 0.54, and according to the terciles �22, >22–�32,
>32 was 0.51 both indicating a moderate level of agreement beyond the level of
chance. In the previous assessment, the comparative kappa values were 0.45 and 0.53.
Conclusions: The SYNTAX score has moderate intra-observer reproducibility when
assessed by a team of three interventional cardiologists, which is consistent with a
prior evaluation performed by core lab analysts. The scoring of bifurcation lesions
remains the main source of inconsistency. VC 2010 Wiley-Liss, Inc.

Key words: SYNTAX score; intra-observer variability; SYNTAX trial

INTRODUCTION

Coronary artery bypass grafting (CABG) has histori-
cally been the preferred method of revascularisation in
patients with complex coronary artery disease (CAD);
however, recent evidence indicates that in specific
groups of patients, percutaneous coronary intervention
(PCI) can offer a safe and efficacious alternative
treatment [1–4]. This expanding use of PCI [5] has
consequently increased the importance of developing a
systematic approach for risk stratifying these complex
patients. The ability to objectively decide, which
patients with complex CAD are suitable for PCI has
gained new ground recently following the introduction
of the SYNTAX score [6,7]. This lesion based scoring
system cannot only quantify coronary anatomy, but
studies also demonstrate that it has a role in the short
and long term risk stratification of patients having per-
cutaneous revascularisation [1,4,8–10].

The SYNTAX score is calculated using lesion
assessment based on coronary angiography, however,

this is subject to intra- and inter-observer variability
[11–13], which may ultimately affect the overall repro-
ducibility of the score. A poorly reproducible score
will limit its clinical application, and in particular will
make guideline recommendations based on specific
scores of limited value. The aim of this study was to
reassess the intra-observer SYNTAX score
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reproducibility, and compare it to previously reported
values, which were obtained from an assessment by
core lab analysts (Cardialysis, Rotterdam, The Nether-
lands) of the same patients 1 year earlier [7].

METHODS

Study Population

The study population comprised of 100 coronary
angiograms, which had been randomly selected from
patients who had been enrolled in the SYTNAX trial
[1]. These angiograms were exactly the same as those
which had been assessed in a previous intra-observer
reproducibility evaluation of the SYNTAX score,
which is described in full elsewhere [7].

SYNTAX Score Calculation

The SYNTAX score for each patient was calculated
prospectively by a team of three interventional cardiol-
ogists who scored all coronary lesions with a diameter
stenosis �50%, in vessels �1.5 mm, using the SYN-
TAX score algorithm, which is described in full else-
where [6,7] and is available on the SYNTAX score
website (www.syntaxscore.com) [14]. All three investi-
gators reviewed the coronary angiogram, and decided
by consensus: (i) the number of significant lesions that
were present, (ii) which coronary segments were
involved, and (iii) the presence of any adverse lesion
characteristics. Once agreement had been reached one
investigator entered the data onto a dedicated software
package. The investigators were blinded to the clinical
baseline characteristics, procedural data, clinical out-
comes, and previously calculated SYNTAX score. Fur-
thermore, investigators continued to remain blinded to
the calculated SYNTAX score even after the all lesion
variables had been recorded.

Intra-Observer Reproducibility

To assess intra-observer reproducibility, the angio-
grams were reanalyzed by the same team of three
interventional cardiologists 8 weeks after the first anal-
ysis. The investigators remained blinded to the results
of the first analysis.

Statistics

The justification for a sample size of 100 coronary
angiograms is provided elsewhere, [7] but in brief a
power calculation revealed that a group size of 100
coronary angiograms would be more than sufficient to
achieve a reasonable and precise kappa-value.

The extent of intra-observer agreement beyond the
level of chance was measured as a percentage of the

total agreement using the kappa statistic. This is rou-
tinely used to assess the level of agreement between
two or more categorical observations in excess of a
chance agreement [15]. The kappa value was calcu-
lated using the standard formula: [observed agreement
� expected agreement]/[1 � expected agreement]. The
qualitative classification of the kappa value used to
interpret the degree of agreement beyond chance is
shown in Table I [16]. The standard kappa does not
take into account the degree of disagreement between
observers and all disagreement is treated equally as
total disagreement. Therefore, the Cicchetti-Allison
method was used to calculate the weighted kappa to
allow the relative differences between categorical vari-
ables to be appropriately quantified [17]. Those obser-
vations on the diagonal line in the table of round one
versus round two measurements (a corresponding score
in each round) were given a higher weight than obser-
vations further from the diagonal. In addition, the fur-
ther the observation was away from the diagonal, the
less weight it was given using a linear scale.

The weighted kappa statistic was calculated for as fol-
lows: (1) the total number lesions; (2) number of total
occlusions; (3) number of bifurcation lesions; (4) num-
ber of ostial lesions; (5) total SYNTAX score in deciles
(6) and SYNTAX score terciles (�22, >22–�32, >32).

All analyses were performed using SAS (Cary, NC)
version 8.02 by a dedicated statistician.

RESULTS

In total 92 (92%) angiograms were included in the
final analysis. Eight of the angiograms were excluded
because they could not be viewed on two occasions as
a result of technical problems with the angiogram disk.

Reproducibility Assessment

The results recorded during the two rounds of the
study for the total number lesions; the number of total
occlusions; the number of bifurcation lesions; the num-
ber of ostial lesions; the total SYNTAX score in dec-
iles; and the SYNTAX score in terciles are shown in
Tables II–VII, together with the corresponding kappa
value for the degree of agreement between both

TABLE I. Quantitative Classification of Kappa Values as a
Degree of Agreement Beyond the Level of Chance [16]

Kappa value Degree of agreement beyond chance

0 None

0.0 < Kappa � 0.2 Slight

0.2 < Kappa � 0.4 Fair

0.4 < Kappa � 0.6 Moderate

0.6 < Kappa � 0.8 Substantial

0.8 < Kappa � 1.0 Almost perfect
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measurements beyond the level of chance. Table VIII
shows the comparison of kappa values between this
assessment of SYNTAX score reproducibility, and the
previous assessment performed in the same population
in 2008 [7].

SYNTAX Score

Figure 1 shows the SYNTAX score calculated for
each patient in both rounds of the study. The majority
of the values lie close to the line of concordance; how-
ever, five main outliers (highlighted) are present.

The overall mean SYNTAX score was 24.3 (range
4–54) and 26.4 (range 8–58) for rounds one and two,

respectively. The mean difference (measure of preci-
sion) was 2.1 with a standard deviation of 7.6 (measure
of accuracy). In the previous assessment in 2008, the
respective values for the mean score in round one,
mean score in round two, mean � standard deviation
of the difference were 31.3, 29.2, and 2.1 � 9.1,
respectively [7].

DISCUSSION

The main finding from this study is that the SYN-
TAX score had moderate intra-observer reproducibility
when assessed by a team of three interventional cardi-
ologists, with the main source of inconsistency

TABLE II. Total number of lesions recorded during both
rounds of the study

Shaded boxes represent concordant scores.

TABLE III. Number of Total Occlusions Recorded During Both
Rounds of the Study

Shaded boxes represent concordant scores.

TABLE IV. Number of Bifurcations Lesions Recorded During
Both Rounds of the Study

Shaded boxes represent concordant scores.

TABLE V. Number of Ostial Lesions Recorded During Both
Rounds of the Study

Shaded boxes represent concordant scores.
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stemming from the evaluation of bifurcation lesions.
Furthermore, these results are consistent with a previ-
ous evaluation of the score’s reproducibility as per-
formed by core lab analysts.

The Rationale for Evaluating the SYNTAX Score
Reproducibility

The ability to select patients with complex CAD [tri-
ple vessel disease/left main stem disease (LMS)] who
are suitable for PCI has never been as important as in
the current environment where increasing numbers of
patients with multiple comorbidities are being investi-
gated, and treated for CAD [18]. These patients fre-
quently have complex CAD, and pose a challenging
clinical problem particularly as technological advances

have ensured that PCI can be used to treat the majority
of coronary lesions; however, this is not always the
most appropriate treatment. Furthermore, the final deci-
sion regarding the method of revascularisation is also
no longer simply the outcome of a discussion between
physician and surgeon. Patients are becoming increas-
ingly involved in the decision making process, and,
therefore, an adequate method of risk stratification is
important to enable them to make the most appropriate
decision for them, as an individual [19].

The recently developed SYNTAX score [6,7]
appears to have an important role to play in the evalua-
tion of these complex patients, thereby addressing
an unmet clinical need. Prospective data from the
SYNTAX trial and retrospective analysis of the
CUSTOMIZE registry has indicated that the SYNTAX
score can reliably identify those patients with complex
CAD most appropriately managed with CABG as
opposed to PCI [1,4]. Moreover, evidence from pro-
spective and retrospective analyses performed in over
4,000 patients so far suggests that the SYNTAX score
can also be used to predict short and long term clinical
outcomes in those undergoing PCI [1,8–10].

On the background of this increasingly complex de-
cision making process and the positive data from trials,
which have assessed the SYNTAX score’s perform-
ance, it is anticipated that the SYNTAX score will be
used increasingly in day-to-day clinical practice, and
may will eventually be incorporated into clinical prac-
tice guidelines. The likelihood of this happening, how-
ever, is highly dependent on the demonstration of an
adequately reproducible score. Importantly, this serves
to improve the confidence that individual clinicians
have in using the score, and also increases the proba-
bility that clinicians will adhere to suggested recom-
mendations based on specific scores values.

SYNTAX Score Reproducibility

In this study, the overall reproducibility of the SYN-
TAX score was moderate, with a kappa value of 0.54.
To place this in the context of other subjective assess-
ments, the interpretation of T wave changes on an
exercise stress test; the assessment of regional wall

TABLE VI. Total SYNTAX Score (in deciles) Calculated During
Both Rounds of the Study

Shaded boxes represent concordant scores.

TABLE VIII. Comparison of Weighted Kappa Values From 2008
and 2009 Reproducibility Assessment

Parameter

Kappa value

2008 study [7]

Kappa value

2009 study

Total number of lesions 0.59 0.62

Number of total occlusions 0.82 0.91

Number of bifurcation lesions 0.41 0.36

Number of ostial lesions 0.63 0.66

SYNTAX score (deciles) 0.45 0.54

SYNTAX score (terciles) 0.53 0.51

TABLE VII. SYNTAX Score According to Terciles Recorded
During Both Rounds of the Study

Shaded boxes represent concordant scores.
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motion abnormalities on echocardiography; and the
previous intra-observer reproducibility of the SYNTAX
score have been shown to have kappa values of 0.25,
0.41, and 0.45, respectively [7,20,21].

One of the major factors influencing the SYNTAX
score’s reproducibility is the use of diagnostic coronary
angiography to assess lesion characteristics; however,
this currently represents the ‘‘gold-standard’’ investiga-
tion for patients with suspected CAD, and is unlikely
to change in the near future. It is well known that cor-
onary angiography is subject to intra- and inter-ob-
server variability [22] with assessment being influenced
by amongst other things the quality of the diagnostic
pictures, the angiographic views that are selected,
lesion eccentricity, operator experience and interpreta-
tion [11–13]. Moreover, previous studies have indi-
cated that the assessment of lesion severity based on
visual estimation is inferior when compared with quan-
titatively derived parameters. For example, Beauman
and Vogel [12] demonstrated that the visual estimation
of a 50% phantom stenosis by a group of observers
ranged between 30 and 95%.

Bifurcation lesions were the lesion type with the
lowest reproducibility, which is consistent with the pre-
vious study [7]. Of note discrepancies in the scoring of

bifurcation lesions, and in particular those involving
the distal LMS, were the main culprits in the five cases
with the greatest difference between round one and
round two scores (range: 19–26). This inconsistency
reiterates the difficulty in evaluating whether lesions
involving the distal LMS extend into the ostium of the
left anterior descending (LAD)/circumflex (Cx) coro-
nary artery. Vessel foreshortening and overlap make
visualization and accurate lesion assessment in this
region difficult, particularly when using only coronary
angiography for assessment. In fact studies demonstrate
that LMS lesions are subject to the greatest degree of
intra- and inter-observer variability on coronary angi-
ography, when compared with lesions located else-
where in the coronary tree [23,24]. In practice a suspi-
cious lesion in this area warrants further evaluation
with intra-vascular ultrasound, coronary CT, and/or
functional assessment with fractional flow reserve
[23,25,26]. In this study, lesion assessment was con-
fined only to coronary angiography, however, the
reproducibility in the assessment of bifurcation lesions
may well have improved if additional imaging had
been available as it is in clinical practice.

Importantly, the difference in SYNTAX score
between a lesion involving only the distal LMS, as

Fig. 1. Five main outliers are observed which on retrospective analysis are mainly caused by
discrepancies in selecting the segments involved in bifurcation lesions, particular those
involving the distal left main stem.
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compared with a distal LMS lesion extending into the
ostium of the LAD/Cx is sufficiently large enough to
move a patient from a low tercile score where PCI is a
viable option, to the highest tercile where CABG is the
standard of care. This serves to reinforce the impor-
tance of appropriate evaluation of lesions, particularly
those suspected of involving the distal LMS.

Limitations

Although the kappa value is currently the accepted

standard measure of intra-observer reproducibility, it is

not without its limitations. By definition, it represents

agreement beyond the level of chance, however, the

actual level of chance agreement is variable and affected

by the prevalence of the disease being studied [27]. The

SYNTAX study was a multi-centre trial that enrolled

patients in many different countries, and as such there is

likely to be a genetic and geographic variation in the

prevalence of CAD seen amongst the trial population.

Nevertheless, this is not particularly relevant for the pur-

poses of this study as investigators were blinded to clini-

cal data. Conversely, an important factor which may

have directly affected the level of chance agreement

(and the resulting kappa) by acting as a surrogate for

prevalence was the differences noted amongst the study

population in both the quality of the diagnostic angio-

gram, and the angiographic views recorded. It follows

that the probability of chance agreement is likely to be

somewhat higher in those cases with a good quality

angiogram with ample views, when compared with

angiograms of poorer quality and limited views. There-

fore, in those situations where the prevalence is skewed,

for example as a result of an angiogram of excellent

quality, a low kappa value can result from genuine poor

agreement, or as a consequence of a high probability of

chance agreement [28]. Unfortunately, neither the diag-

nostic quality nor the number of views taken per angio-

gram were formally assessed in this study. The effect of

the angiograms’ quality on the prevalence of disease can

effectively be eliminated by using 100 blinded assessors

scoring the same angiogram. Overall the kappa values

obtained in this study should only be considered a guide,

and do not reflect the reproducibility of the SYNTAX

score in a different patient population with a different

prevalence of CAD.
Additional limitations include the experience of the

investigators in this study, who have each individually
assessed the SYNTAX score in over a thousand angio-
grams. A repeat assessment of the same angiograms
using investigators less familiar with the definitions,
and less experienced in using the SYNTAX score may
well provide different results.

CONCLUSIONS

This study has demonstrated moderate intra-observer
reproducibility of the SYNTAX score when assessed
by a team of three interventional cardiologists, which
is consistent with previous evaluations by core lab ana-
lysts. The scoring of bifurcation lesions remains a
source of inconsistency, which may be improved by
the use of additional imaging modalities together with
a review of its definition.
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Value of Age, Creatinine, and Ejection Fraction (ACEF
Score) in Assessing Risk in Patients Undergoing

Percutaneous Coronary Interventions in the ‘All-Comers’
LEADERS Trial

Joanna J. Wykrzykowska, MD; Scot Garg, MBChB, MRCP; Yoshinobu Onuma, MD;
Ton de Vries, MSc; Dick Goedhart, PhD; Marie-Angele Morel, BSc; Gerrit-Anne van Es, PhD;
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Carlo di Mario, MD, PhD; Robert Jan van Geuns, MD, PhD; Peter Juni, MD, PhD;
Stephan Windecker, MD, PhD; Patrick W. Serruys, MD, PhD

Background—The age, creatinine, and ejection fraction (ACEF) score (age/left ventricular ejection fraction�1 if
creatinine �2.0 mg/dL) has been established as an effective predictor of clinical outcomes in patients undergoing
elective coronary artery bypass surgery; however, its utility in “all-comer” patients undergoing percutaneous coronary
intervention is yet unexplored.

Methods and Results—The ACEF score was calculated for 1208 of the 1707 patients enrolled in the LEADERS trial. Post
hoc analysis was performed by stratifying clinical outcomes at the 1-year follow-up according to ACEF score tertiles:
ACEFlow �1.0225, 1.0225� ACEFmid �1.277, and ACEFhigh �1.277. At 1-year follow-up, there was a significantly
lower number of patients with major adverse cardiac event–free survival in the highest tertile of the ACEF score
(ACEFlow�92.1%, ACEFmid�89.5%, and ACEFhigh�86.1%; P�0.0218). Cardiac death was less frequent in ACEFlow

than in ACEFmid and ACEFhigh (0.7% vs 2.2% vs 4.5%; hazard ratio�2.22, P�0.002) patients. Rates of myocardial
infarction were significantly higher in patients with a high ACEF score (6.7% for ACEFhigh vs 5.2% for ACEFmid and
2.5% for ACEFlow; hazard ratio�1.6, P�0.006). Clinically driven target-vessel revascularization also tended to be
higher in the ACEFhigh group, but the difference among the 3 groups did not reach statistical significance. The rate of
composite definite, possible, and probable stent thrombosis was also higher in the ACEFhigh group (ACEFlow�1.2%,
ACEFmid�3.5%, and ACEFhigh�6.2%; hazard ratio�2.04, P�0.001).

Conclusions—ACEF score may be a simple way to stratify risk of events in patients treated with percutaneous coronary
intervention with respect to mortality and risk of myocardial infarction.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT00389220.
(Circ Cardiovasc Interv. 2011;4:47-56.)

Key Words: ACEF score � SYNTAX score � biolimus-eluting stent � sirolimus-eluting stent �
biodegradable polymer � cardiac death � major adverse cardiac event

Several validated risk assessment scores such as the
EuroSCORE have been developed for mortality risk

assessment in cardiac surgery.1 More recently, these simple
scores incorporating patient clinical characteristics have also
been applied to patients undergoing percutaneous coronary

interventions (PCI).2–4 In a recent study, Romagnoli et al3

reported an area under the receiver operating characteristic
(ROC) curve of 0.91 for in-hospital mortality among 1173
patients treated with PCI, indicating a good discriminatory
power of the EuroSCORE in patients undergoing PCI. A
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novel and even simpler score has been proposed and tested in
patients undergoing coronary artery bypass graft surgery
incorporating age, creatinine, and ejection fraction (ACEF
score).5 The advantage of this simplified risk model is that it
avoids the problem of “overfitting” to many independent
variables when applied to populations with low numbers of
events. In patients undergoing isolated coronary artery bypass
graft surgery, the ACEF score calculated by age/ejection
fraction�1 (if creatinine �2.0 mg/dL) had an area under the
ROC curve of 0.826, which was higher than that of more
complex risk scores. To our knowledge, the performance of
the ACEF score to predict event rates and cardiac mortality
has not been tested in patients undergoing PCI. In this post
hoc analysis of the “all-comers” LEADERS trial,6 we as-
sessed the value of the ACEF score in predicting major
adverse cardiac events (MACEs) at 1-year follow-up. In
addition, we have compared its predictive value for events
with that of the SYNTAX score7 and have assessed the
additive value of both scores (the so-called clinical SYNTAX
score). Finally, we aimed to test whether the ACEF and
combined ACEF*SYNTAX scores performed as well in this
all-comers population undergoing PCI as they did in the
multivessel-disease patient populations undergoing coronary
artery bypass graft surgery and/or PCI, for which they were
initially developed and applied (shrinkage phenomenon).8

Clinical Perspective on p 56

Methods
Study Population
LEADERS was a European multicenter, noninferiority trial com-
paring the safety and efficacy of the BioMatrix Flex biolimus-
eluting stent with a biodegradable polymer (Biosensors, Morges,
Switzerland) with the CypherSelect sirolimus-eluting stent with a
durable polymer (Cordis, NJ) in 1707 all-comer patients. Details
of the study protocol can be found in the main article.6 The study
complied with the Declaration of Helsinki and was approved by
all institutional ethics committees. All patients provided written,
informed consent for participation in the trial.

ACEF Score and Analysis
The ACEF score was calculated according to the following formula:
ACEF�age/left ventricular ejection fraction�1 (if creatinine was
�2.0 mg/dL).5 Patients were divided into tertiles based on the ACEF
score. A modified clinical SYNTAX score was calculated by
multiplying the ACEF score by the SYNTAX score.

Study End Points
Definitions of all end points are provided elsewhere.6 The primary
end point of this substudy was MACEs, defined as the composite
of cardiac death, myocardial infarction (MI), and clinically
indicated target-vessel revascularization (TVR) within 12 months.
Secondary end points were any target lesion revascularization
(TLR) (both clinically and nonclinically indicated), any TVR,
cardiac death, death from any cause, MI, stent thrombosis
(defined according to the Academic Research Council9), device
success, and lesion success.

Statistical Analysis
A stratified post hoc analysis of clinical and angiographic
outcomes was performed according to tertiles of the ACEF score.
All randomized patients were included in the analysis. Angio-
graphic outcomes were analyzed by SAS v8 Proc Mixed for
continuous and Proc Genmod for binomial outcomes, taking into

account the within-patient correlation structure of these data. The
Cox proportional-hazards model was used to compare clinical
outcomes between the groups. All analyses were performed with
SAS 8.02 by a dedicated statistician. All probability values and
confidence intervals were 2-sided. The multivariate model in-
cluded ACEF score, diabetes, �-blocker use, stent type, and
presence of acute coronary syndrome/ST-segment elevation MI as
covariates. Testing for (linear) trend was done by using general-
ized linear models with ACEF class as a covariable for continuous
variables and the Cochran-Armitage test for trend in categorical
data. C-statistics and ROC curves were constructed to assess the
ability of the ACEF score and ACEF*SYNTAX score (modified
clinical SYNTAX score) to predict events.10

Results
ACEF Score and Baseline Characteristics
The ACEF score could be calculated retrospectively for
1208 of the 1707 patients enrolled in the trial. We were
unable to calculate the score for 499 patients owing to the
unavailability of renal function assessment or ejection
fraction (mostly in patients presenting with ST-segment
elevation MI). The score ranged from 0.562 to 5.403, with
a mean�SD of 1.278�0.539 and a median of 1.131
(interquartile range of 0.964 to 1.398). In this post hoc
analysis, the ACEF score tertiles were defined as follows:
ACEFlow, �1.0225 (n�404); 1.0225� ACEFmid �1.277
(n�402), and ACEFhigh �1.277 (n�402). Baseline clinical
and angiographic characteristics of the patients are listed
in Tables 1 through 4. In addition to differences in age and
the presence of renal insufficiency (creatinine �2.0 mg/
dL) among the 3 tertiles of ACEF score, patients with
higher ACEF scores were more likely to be female, have
diabetes, smoke, have hypertension, have a prior history of
MI, have concomitant peripheral vascular disease, and
present with an unstable coronary syndrome. Conversely,
patients with low ACEF scores were more likely to be
hypercholesterolemic, have a family history of heart dis-
ease, and were more likely to present with stable angina or
ST-segment elevation MI. The 3 groups did not differ
significantly with respect to angiographic characteristics
except for a slightly higher number of lesions, a trend for
a greater number of stents implanted, and a significantly
greater number of lesions with moderate to severe calcifi-
cation. All 51 patients with renal insufficiency were in the
high-ACEF-score group. Thus, the ACEF score calculation
for the low and mid ACEF tertiles was age/left ventricular
function.

One-Year Outcomes
The ACEF score significantly predicted the rate of MACEs
and cardiac death, as well as the rate of MI at 360 days
(Tables 5 and 6 and Figures 1 through 4). There was a
significantly lower number of patients with MACE-free
survival in the highest tertile of the ACEF score (ACE-
Flow�92.1%, ACEFmid�89.5%, and ACEFhigh�86.1%;
P�0.0218). The composite end point of cardiac death, MI,
and TVR occurred in 7.9% of ACEFlow patients, 10.4% of
patients with ACEFmid scores, and 13.9% of ACEFhigh

patients (hazard ratio [HR]�1.34, P�0.007). Cardiac
death occurred in 0.7% of patients with low ACEF scores,
2.2% of patients with intermediate ACEF scores, and 4.5%
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of patients with high ACEF scores (HR�2.22, P�0.002).
The rate of MI was significantly higher in patients with
high ACEF scores (6.7% for ACEFhigh vs 5.2% for
ACEFmid and 2.5% for ACEFlow; HR�1.6, P�0.006).

Clinically driven TVR also tended to be higher in the
ACEFhigh group, but the difference among the 3 groups did
not reach statistical significance (ACEFlow�5.4%,
ACEFmid�6.5%, and ACEFhigh�8%; HR�1.22, P�0.16).

Table 1. Baseline Clinical Characteristics According to ACEF Tertiles

Baseline Clinical Variables, No. (%)
ACEF �1.0225,

n�404
ACEF 1.0225–1.277,

n�402
ACEFF �1.277,

n�402
P Value on Trend

(2-Sided)

Age �65 y 61 (15.1) 227 (56.5) 305 (75.9) �0.001

Mean age, y 56 66 71 �0.001

Male 320 (79.2) 302 (75.1) 286 (71.1) 0.009

Diabetes 82 (20.3) 89 (22.1) 114 (28.4) 0.008

Current smoking 148 (36.6) 87 (21.6) 83 (20.7) �0.001

Hypertension 277 (68.6) 318 (79.1) 320 (79.6) �0.001

Hypercholesterolemia 281 (69.6) 277 (68.9) 248 (61.7) 0.019

Family history 173 (42.8) 166 (41.3) 137 (34.1) 0.012

Renal insufficiency (creatinine �2.0 mg/dL) 0 0 51 (12.7) �0.001

Mean ejection fraction, % 64 58 45 �0.001

Previous MI 102 (25.5) 121 (30.1) 161 (40.1) �0.001

Previous PCI 138 (34.2) 158 (39.3) 157 (39.1) 0.16

PVD 18 (4.5) 32 (8.0) 45 (11.2) �0.001

Previous stroke 12 (3.0) 14 (3.5) 17 (4.2) 0.34

Clinical presentation

Stable 139 (34.4) 130 (32.3) 94 (23.4) �0.001

Unstable 100 (24.8) 94 (23.4) 71 (17.7) 0.015

STEMI 50 (12.4) 51 (12.7) 96 (23.9) �0.001

Non-STEMI 79 (19.6) 82 (20.4) 94 (23.4) 0.20

Silent Ischaemia 36 (8.9) 45 (11.1) 47 (11.7) 0.21

STEMI indicates ST-segment MI.

Table 2. Baseline Characteristics According to ACEF*SYNTAX Score Tertiles

Baseline Clinical Variables,
No. (%)

ACEF*SYNTAX
�8.80, n�356

ACEF*SYNTAX
8.80–18.74, n�355

ACEF*SYNTAX
�18.74, n�356

P Value on Trend
(2-Sided)

Age �65 y 131 (36.8) 157 (44.2) 216 (60.7) �0.001

Mean age, y 56 66 71 �0.001

Male 271 (76.1) 268 (75.5) 257 (72.2) 0.25

Diabetes 69 (19.4) 78 (22.0) 93 (26.1) 0.035

Current smoking 118 (33.2) 88 (24.8) 93 (26.1) 0.041

Hypertension 264 (74.2) 266 (75.0) 269 (75.6) 0.70

Hypercholesterolemia 243 (68.3) 245 (69.0) 215 (60.4) 0.030

Family history 145 (40.7) 142 (40.0) 122 (34.3) 0.08

Renal insufficiency 4 (1.1) 7 (2.0) 33 (9.3) �0.001

Mean ejection fraction, % 64 58 45 �0.001

Previous MI 97 (27.3) 108 (30.4) 117 (32.9) 0.11

Previous PCI 132 (37.1) 131 (36.9) 119 (33.4) 0.33

PVD 16 (4.5) 23 (6.5) 30 (8.4) 0.039

Previous stroke 9 (2.5) 13 (3.7) 11 (3.1) 0.75

Clinical presentation

Stable 107 (30.1) 112 (31.6) 78 (21.9) 0.017

Unstable 95 (26.7) 70 (19.7) 68 (19.1) 0.016

STEMI 35 (9.8) 61 (17.2) 94 (26.4) �0.001

Non-STEMI 77 (21.6) 79 (22.3) 81 (22.8) 0.75

Silent ischemia 42 (11.8) 33 (9.3) 35 (9.8) 0.42

STEMI indicates ST-segment MI.
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The rate of composite definite, possible, and probable stent
thrombosis was also higher in the high-ACEF group
(ACEFlow�1.2%, ACEFmid�3.5%, and ACEFhigh�6.2%;
HR�2.04, P�0.001). Patients treated with biolimus- and
sirolimus-eluting stents had equivalent event rates across
all 3 ACEF tertiles.

Multivariate Model
In a multivariate model, the ACEF score remained a
significant predictor of MACEs and mortality (Tables 5
and 6; note that the HRs are adjusted for the following
variables: ACEF score, diabetes, �-blocker use, stent type,
and presence of ST-segment elevation MI/acute coronary

Table 3. Baseline Angiographic Characteristics According to ACEF Tertiles

Angiographic Variable
ACEF �1.0225,

n�404
ACEF 1.0225–1.277,

n�402
ACEFF �1.277,

n�402 P Value

No. of diseased lesions per patient (based on SYNTAX application), mean�SD 2.21�1.31 2.46�1.32 2.50�1.41 0.004

No. of treated lesions per patient (as defined by Corelab), mean�SD 1.35�0.63 1.50�0.76 1.42�0.67 0.17

Ratio of diseased to treated lesions 1.63 1.64 1.76 NA

Coronary artery treated

LAD 188 (46.5) 199 (49.5) 195 (48.5) 0.57

LCX 131 (32.4) 137 (34.1) 112 (27.9) 0.16

RCA 160 (39.6) 162 (40.3) 153 (38.1) 0.67

Two-vessel disease 72 (17.9) 94 (23.9) 67 (17.4) 0.88

Three-vessel disease 5 (1.2) 8 (2.0) 11 (2.9) 0.11

Stent type

Biolimus 208 (51.5) 201 (50.0) 192 (47.8) 0.29

Sirolimus 196 (48.5) 201 (50.0) 210 (52.2) 0.29

No. of implanted stents, mean�SD 1.78�1.13 1.90�1.17 1.93�1.17 0.07

Total stent length/patient, mean�SD, mm 32.0�22.2 33.5�21.7 34.7�21.8 0.08

Chronic total occlusion 9 (2.2) 9 (2.2) 12 (3.0) 0.49

Moderate to severe calcification 47 (12.8) 86 (23.8) 98 (28.9) �0.001

Bifurcation lesion 107 (26.5) 127 (31.6) 117 (29.1) 0.41

Use of glycoprotein 2b3a inhibitors 91 (22.5) 84 (20.9) 109 (27.1) 0.13

NA indicates not applicable; LAD, left anterior descending; LCX, left circumflex; and RCA, right coronary artery.

Table 4. Baseline Angiographic Characteristics According to ACEF*SYNTAX Score Tertiles

Angiographic Variable
ACEF*SYNTAX

�8.80, n�356
ACEF *SYNTAX

8.80–18.74, n�355
ACEF*SYNTAX

�18.74, n�356 P Value

No. of diseased lesions per patient (based on SYNTAX application), mean�SD 1.49�0.66 2.41�1.09 3.28�1.50 �0.001

No. of treated lesions per patient (as defined by Corelab), mean�SD 1.20�0.44 1.48�0.73 1.62�0.80 �0.001

Ratio of diseased to treated lesions 1.24 1.63 2.03 NA

Coronary artery treated

LAD 119 (33.4) 184 (51.8) 231 (64.9) �0.001

LCX 104 (29.2) 115 (32.4) 114 (32.0) 0.42

RCA 167 (46.9) 154 (43.4) 127 (35.7) 0.002

Two-vessel disease 35 (9.8) 82 (23.1) 97 (27.3) �0.001

Three-vessel disease 0 (0) 10 (2.8) 14 (3.9) �0.001

Stent type

Biolimus 184 (51.7) 173 (48.7) 178 (50.0) 0.65

Sirolimus 172 (48.3) 182 (51.3) 178 (50.0) 0.65

No. of implanted stents, mean�SD 1.45�0.77 1.95�1.19 2.25�1.32 �0.001

Total stent length/patient, mean�SD, mm 25.6�15.9 35.0�23.0 40.9�24.3 �0.001

Chronic total occlusion 3 (0.8) 10 (2.8) 12 (3.4) 0.026

Moderate to severe calcification 18 (5.2) 66 (18.6) 146 (41.0) �0.001

Bifurcation lesion 51 (14.3) 117 (33.0) 136 (38.2) �0.001

Use of glycoprotein 2b3a inhibitors 66 (18.5) 85 (23.9) 116 (32.6) �0.001

NA indicates not applicable; LAD, left anterior descending; LCX, left circumflex; and RCA, right coronary artery.
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syndrome, the same variables used in the assessment of the
predictive value of the SYNTAX score in the LEADERS
trial).7 Patients in the ACEFhigh group had a 34% higher
risk of the composite end point of cardiac death, MI, and
clinically indicated TVR than did patients in the ACEFmid

group (P�0.007), which was comparable to the 60%
higher composite event rate among diabetics (P�0.012).
Use of a biolimus-eluting stent conferred a nonsignificant
12% reduction in events and with �-blocker use, a 16%
reduction was observed, but there was no difference in
events due to acute coronary syndrome presentation.

C-Statistics for ACEF Score and
ACEF*SYNTAX Score
The ACEF score c-statistic values for predicting cardiac
death and the occurrence of MI were 0.727 and 0.615,

respectively, in this all-comers patient population (Table 7).
This compares favorably with SYNTAX score c-statistics of
0.647 for cardiac death and 0.561 for MI in the same
population of the LEADERS trial. Conversely, the ACEF
score’s ability to assess the risk of overall MACEs and TVR
was lower (0.577 and 0.527, respectively). The SYNTAX
score in the same population was a better predictor of MACEs
and TVR, with c-statistics of 0.61 and 0.58, respectively.
Combining the ACEF with the SYNTAX score in the
modified clinical SYNTAX score (ACEF*SYNTAX score)
resulted in improvement in area under the ROC curves for
MACEs (from 0.577 to 0.618) and TLR (0.527 to 0.575;
Table 7). However, the area under the ROC curves for cardiac
death and MI decreased after combining the SYNTAX score
with the ACEF score.

Table 5. Clinical Outcomes at 360 Days After Index PCI Based on Tertiles of ACEF Score

Type of Event Low, n Low, % Middle, n Middle, % High, n High, %
P Value
ACEF HR (CI)

Patients, No. 404 402 402

Death 3 0.7 11 2.7 27 6.7 �0.001 2.71 (1.69–4.35)

Cardiac death 3 0.7 9 2.2 18 4.5 0.002 2.22 (1.33–3.71)

MI 10 2.5 21 5.2 27 6.7 0.006 1.60 (1.14–2.24)

All TVR 34 8.4 39 9.7 42 10.4 0.27 1.14 (0.91–1.42)

Clinically justified TVR 22 5.4 26 6.5 32 8.0 0.16 1.22 (0.93–1.6)

All TLR 24 5.9 31 7.7 36 9.0 0.10 1.24 (0.96–1.6)

Clinically justified TLR 16 4.0 22 5.5 30 7.5 0.041 1.37 (1.01–1.85)

Composite of cardiac death/MI/TVR clinically indicated 32 7.9 42 10.4 56 13.9 0.007 1.34 (1.08–1.67)

Composite of cardiac death MI 12 3.0 25 6.2 40 10.0 �0.001 1.79 (1.32–2.41)

Stent thrombosis 5 1.2 14 3.5 25 6.2 �0.001 2.04 (1.35–3.07)

Definite stent thrombosis 3 0.7 10 2.5 15 3.7 0.012 1.92 (1.15–3.18)

Possible stent thrombosis 1 0.2 4 1.0 7 1.7 0.058 2.20 (0.98–4.96)

Probable stent thrombosis 2 0.5 1 0.2 4 1.0 0.27 1.72 (0.65–4.52)

Table 6. Clinical Outcomes at 360 Days After Index PCI Based on Tertiles of ACEF*SYNTAX Score (Clinical Syntax Score)

Type of Event Low, n Low, % Middle, n Middle, % High, n %
P Value

ACEF*SYNTAX HR (CI)

Patients, No. 356 355 356

Death 6 1.7 7 2.0 22 6.2 0.002 2.06 (1.3–3.28)

Cardiac death 3 0.8 7 2.0 18 5.1 0.002 2.40 (1.38–4.16)

MI 13 3.7 17 4.8 23 6.5 0.07 1.37 (0.98–1.93)

All TVR 28 7.9 31 8.7 39 11 0.10 1.23 (0.96–1.57)

Clinically justified TVR 19 5.3 23 6.5 27 7.6 0.21 1.21 (0.9–1.62)

All TLR 23 6.5 23 6.5 33 9.3 0.12 1.24 (0.94–1.64)

Clinically justified TLR 17 4.8 18 5.1 24 6.7 0.25 1.21 (0.88–1.66)

Composite of cardiac death/MI/TVR clinically indicated 28 7.9 34 9.6 52 14.6 0.003 1.42 (1.12–1.79)

Composite of cardiac death, MI 14 3.9 19 5.4 37 10.4 �0.001 1.70 (1.25–2.31)

Stent thrombosis 5 1.4 10 2.8 24 6.7 �0.001 2.19 (1.4–3.43)

Definite stent thrombosis 4 1.1 7 2.0 14 3.9 0.028 1.81 (1.06–3.07)

Possible stent thrombosis 1 0.3 2 0.6 7 2.0 0.034 2.90 (1.09–7.77)

Probable stent thrombosis 0 0 3 0.8 4 1.1 0.08 2.83 (0.9–8.88)
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Discussion
With the rapidly expanding indications for PCI and the
concomitant increasing age and clinical complexity of pa-
tients undergoing these procedures, risk assessment with
respect to overall MACE rate and particularly mortality rate
has become a very important aspect of daily clinical decision
making. Multiple risk-assessment models have been devel-
oped for surgical patients and are starting to be used increas-
ingly in the assessment of patients undergoing PCIs, partic-
ularly when decisions are needed with respect to the

appropriateness of surgical versus percutaneous revascular-
ization in patients with extensive coronary artery disease and
multiple comorbidities. Some of these risk scores, such as
SYNTAX, have excellent prognostic value7,11–13 but are
based solely on anatomic information and only indirectly
incorporate clinical characteristics, in so far as patients who
are older and have renal insufficiency tend to also have more
calcified vessels and more diffuse disease. Many of the
surgical risk models incorporate too many variables, which
results in inaccuracies and the overfitting associated with

Figure 1. A, Kaplan-Meier curve for MACEs at 360 days according to ACEF score tertiles. B, Kaplan-Meier curve for MACEs at 360
days according to ACEF*SYNTAX score tertiles.
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them; in addition, some models incorporate several patient
characteristics that impart high risk to surgical patients only
but not necessarily to patients undergoing PCI. The ACEF
score, though only currently validated in a surgical patient
group, is simple and easy to calculate and combines 3 important
clinical characteristics, namely, age, creatinine (renal insuffi-
ciency), and left ventricular ejection fraction.5 As such, it is
extremely useful and applicable to patients undergoing PCI. In
this substudy of the all-comers LEADERS trial, which well

reflects the real-world population of patients being treated in
tertiary PCI centers, we tested for the first time the predictive
value of the ACEF score for MACEs. Indeed, the ACEF score
appears highly predictive of cardiac death and MI risk. It is
less robust in its ability to predict the overall composite
primary end point, which is largely due to the lower ability to
assess the risk of repeat revascularization.

We have recently performed an analysis on the ability of the
SYNTAX score to predict events in the LEADERS study.7

Figure 2. A, Kaplan-Meier score for cardiac death at 360 days according to ACEF score tertiles. B, Kaplan-Meier score for cardiac
death at 360 days according to ACEF*SYNTAX score tertiles.
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Compared with the ACEF score, the SYNTAX score was better
at predicting overall MACEs and the risk of repeat revascular-
ization. However, the ACEF score was a better model to predict
risk of cardiac death and MI. The use of the ACEF and
SYNTAX score in combination in this all-comers patient pop-
ulation with a median ACEF score of 1.131 and a median
SYNTAX score of 12 did not result in a better explanatory
model for risk assessment, which is likely to be the result of the
low number of events and the aforementioned overfitting. This

finding contrasts with our analysis performed in the higher-risk
multivessel-disease population enrolled in the ARTS-II study,
who had a median SYNTAX score of 19 and a modified ACEF
score of 1.1, wherein the combination of the 2 scores in the
so-called clinical SYNTAX score resulted in higher c-statistics
and better predictive values for both mortality and overall
MACEs at 5 years of follow-up.14

In summary, this first assessment of the performance of the
ACEF score as a risk model to predict cardiac death and MI in

Figure 3. A, Kaplan-Meier curve for MI at 360 days according to ACEF tertiles. B, Kaplan-Meier curve for MI at 360 days according to
ACEF*SYNTAX score tertiles.
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an all-comers population of patients undergoing PCI with
drug-eluting stents appears adequate. One may consider using
anatomically based scores, such as SYNTAX, to more accu-
rately assess the risk of repeat revascularization. The combina-
tion of these 2 scores may be needed in particularly challenging
and high-risk patient populations, such as those with multivessel
disease, to improve the accuracy of risk prediction. In
addition, the SYNTAX score is better validated in guiding
the treatment choice of coronary artery bypass graft versus

PCI.11,12 On the other hand, the ACEF score is composed
of objectively measured variables, whereas the SYNTAX
score assessment involves a subjective evaluation of an
angiogram, which may be prone to interobserver
variability.15,16

Limitations
We acknowledge that this substudy suffers from the limitations
of post hoc analysis. In addition, the ACEF score has not been

Figure 4. A, Kaplan-Meier curve for TLR at 360 days according to ACEF score tertiles. B, Kaplan-Meier curve for TLR at 360 days
according to ACEF*SYNTAX score tertiles.
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previously validated in patients undergoing PCI, and further
validation will be necessary in a larger cohort of patients from a
pooling of multiple PCI studies. Lastly, the follow-up in this
substudy of LEADERS and thus assessment of the predictive
value of the ACEF score are limited to 1 year. In one third of
patients, the ACEF score could not be calculated owing to
missing creatinine or ejection fraction values (mostly in patients
presenting with ST-segment elevation MI).
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CLINICAL PERSPECTIVE
Risk stratification is becoming an increasingly important part of the assessment of patients who are candidates for coronary
revascularization. We have recently reported that the SYNTAX score, which was initially developed for risk assessment in
patients with multivessel disease, is also predictive of major cardiovascular events in an all-comers patient population undergoing
percutaneous coronary intervention. The SYNTAX score, which is based entirely on the extent of coronary disease, has its
limitations and does not take into account important clinical variables that may also influence outcomes. The ACEF score,
defined as age/left ventricular ejection fraction�1 (if creatinine �2.0 mg/dL), was initially validated in a cohort of patients
undergoing bypass surgery and incorporates important clinical factors. In the current study, we demonstrate that this simple score
is also a valid predictor of outcomes in an all-comers patient population undergoing percutaneous coronary intervention. The
combination of the 2 scores may be particularly useful in very clinically complex patients, enabling physicians to provide an
individualized assessment of risk, which is vital for appropriate informed consent.

Table 7. C-Statistics

Event ACEF Score c-Statistic
ACEF*SYNTAX

Score c-Statistic

MACEs 0.577 0.618

Cardiac death 0.727 0.71

MI 0.615 0.597

TLR 0.527 0.575
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A New Tool for the Risk Stratification of Patients With
Complex Coronary Artery Disease

The Clinical SYNTAX Score

Scot Garg, MB, ChB, MRCP; Giovanna Sarno, MD, PhD;
Hector M. Garcia-Garcia, MD, PhD; Chrysafios Girasis, MD; Joanna Wykrzykowska, MD;

Keith D. Dawkins, MD; Patrick W. Serruys, MD, PhD; on behalf of the ARTS-II Investigators

Background—Presently, no effective risk model exists to predict long-term mortality or other major adverse cardiovascular
and cerebrovascular events (MACCE) in those patients undergoing percutaneous coronary intervention (PCI). This
study aimed to assess whether the Clinical SYNTAX Score (CSS) calculated by multiplying the SYNTAX Score to a
modified ACEF score (age/ejection fraction �1 for each 10 mL the creatinine clearance �60 mL/min per 1.73 m2)
would improve the ability of either score to predict mortality and MACCE.

Methods and Results—The CSS was calculated in 512 patients enrolled in the ARTS-II study who had serum creatinine
levels, ejection fraction, and body weight recorded at baseline. Clinical outcomes in terms of MACCE and mortality at
1- and 5-year follow-up were stratified according to CSS tertiles: CSSLOW�15.6 (n�170), 15.6�CSSMID�27.5
(n�171), and CSSHIGH�27.5 (n�171). At 1-year follow-up, rates of repeat revascularization and MACCE were
significantly higher in the highest tertile group. At 5-year follow-up, CSSHIGH had a comparable rate of myocardial
infarction, a trend toward a significantly higher rate of death, and significantly higher rates of repeat revascularization
and overall MACCE compared with patients in the lower 2 tertiles. The respective C-statistics for the CSS, SYNTAX
Score, and ACEF score for 5-year mortality were 0.69, 0.62, and 0.65 and for 5-year MACCE were 0.62, 0.59, and 0.57.

Conclusions—An improvement in the ability of the SYNTAX Score to predict MACCE and mortality can be achieved by
combining the SYNTAX Score with a simple clinical risk score incorporating age, ejection fraction, and creatinine
clearance to produce the Clinical SYNTAX score.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT00235170.
(Circ Cardiovasc Interv. 2010;3:317-326.)

Key Words: SYNTAX score � complex coronary artery disease � risk stratification

Coronary artery bypass grafting (CABG) has historically
been the preferred method of revascularization in pa-

tients with complex coronary artery disease (CAD); however,
recent evidence indicates that in specific groups of patients,
percutaneous coronary intervention (PCI) can offer a safe and
suitable alternative.1–4 This expanding use of PCI5 has
consequently increased the importance of developing a sys-
tematic approach for risk stratifying these complex patients
so that they might receive the appropriate revascularization
option. The ability to objectively decide which patients with
complex CAD are suitable for PCI has gained new ground
recently after the introduction of the SYNTAX Score.6,7 Not
only can this lesion-based scoring system quantify coronary
anatomic complexity, but studies also demonstrate that it has
a role in the short- and long-term risk stratification of patients
undergoing PCI.1,4,8–11

Clinical Perspective on p 326
One of the limitations of using the SYNTAX Score in this

context is that lesion-based scoring systems have been shown
to have a lower ability to predict mortality when compared
with scoring systems using clinical characteristics.12 In pa-
tients undergoing PCI, there are currently only limited data
available on the use of risk scores that rely solely on clinical
characteristics, such as the euroSCORE.13–15 Moreover, it has
been suggested that the use of too many individual variables
may reduce the overall accuracy of data.16 The recently
introduced ACEF score, for example, uses just age, left
ventricular ejection fraction (LVEF), and serum creatinine
(SCr) and appears to be as good as more complex scores in
predicting mortality in patients undergoing elective CABG.17

An acceptable modification to the ACEF score is to use the
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derived creatinine clearance (CrCl) instead of SCr because
this not only represents a better estimate of underlying renal
function but has also been previously shown to improve the
predictive accuracy of cardiac risk models such as the
euroSCORE.18

The aim of this study was to investigate whether a Clinical
SYNTAX Score (CSS), representing a multiplication of the
SYNTAX score with a modified ACEF score (through the
incorporation of CrCl), would improve the individual ability
of either of these scores to predict mortality in patients with
complex CAD undergoing PCI, who were enrolled in the
Arterial Revascularization Therapies Study Part II (ARTS-II).

Methods
Study Population
The ARTS-II study has been published previously.19 In brief, the
study was a multicenter, nonrandomized, open-label trial designed to
compare the safety and efficacy of the sirolimus eluting stent (SES)
in 607 patients with de novo multivessel CAD, using the surgical
group of ARTS-I as historic controls.

Patient Selection
Patients with stable angina, unstable angina, or silent ischemia, who
had �2 coronary lesions located in different major epicardial vessels
and/or their side branches (not including the left main stem [LMS])
that were potentially amenable to stent implantation, were eligible
for inclusion. All patients enrolled into the ARTS-II study were
required to have a lesion with a diameter stenosis �50% in the left
anterior descending artery and �1 other major epicardial coronary
artery.

The goal was to achieve complete anatomic revascularization.
Coronary lesions were required to be amenable to stenting using a
SES with a diameter of 2.5 to 3.5 mm and length of 13 to 33 mm;
there was no restriction on the total implanted stent length. Decisions
to place stents in lesions with bifurcations, fresh thrombus, calcifi-
cation, diffuse disease, complex anatomy, or stenting of side
branches were left to the discretion of the operators.

The major exclusion criteria were patients with previous PCI,
LMS disease, overt congestive heart failure, LVEF �30%, history of
a cerebrovascular accident, transmural myocardial infarction (MI) in
the preceding week, severe hepatic or renal disease, neutropenia or
thrombocytopenia, an intolerance or contraindication to acetylsali-
cylic acid or thienopyridines, the need for concomitant major
surgery, and life-limiting major concomitant noncardiac diseases.
Written informed consent was obtained from each patient prior to
enrolment, and the study was approved by the ethics committee of
each participating site.

Clinical SYNTAX Score
The CSS was calculated retrospectively for each patient using the
formula CSS�[SYNTAX Score]�[modified ACEF score].

The SYNTAX Score for each patient was calculated retrospec-
tively by scoring all coronary lesions with a diameter stenosis
�50%, in vessels �1.5 mm, using the SYNTAX Score algorithm,
which is described in full elsewhere6,7 and is available on the
SYNTAX Score website (www.syntaxscore.com). All angiographic
variables pertinent to SYNTAX Score calculation were computed by
blinded core laboratory analysts (Cardialysis B.V., Rotterdam, The
Netherlands).

The modified ACEF score (ACEFCrCl) was calculated retrospec-
tively using the formula age/ejection fraction �1 point for every 10
mL/min reduction in CrCl below 60 mL/min per 1.73 m2 (up to a
maximum of 6 points). Therefore, a CrCl of between 50 to 59
mL/min per 1.73 m2, 40 to 49 mL/min per 1.73 m2 and 30 to 39
mL/min per 1.73 m2 would receive 1, 2, and 3 points, respectively.
The LVEF used was the value recorded before the index PCI, and in
the event of multiple available values was the lowest recorded figure.

Creatinine clearance was calculated using the Cockcroft-Gault equa-
tion,20 using the patient’s age, weight, and SCr recorded before the
index PCI.

Presently, the only published prospective validation of the SYN-
TAX score comes from the SYNTAX trial.1 This study only enrolled
patients with complex CAD (3-vessel disease [3VD] and/or LMS),
and, in view of this, analysis of the CSS in patients who only had
treatment for 3VD is shown in an online Data Supplement. For
comparison, additional analyses in patients with 3VD have also been
performed using the CSS calculated using the standard ACEF score
(ie, using SCr, [ACEFSCr]); the SYNTAX score combined by
multiplication with the additive euroSCORE (EUROADD) and logis-
tic euroSCORE (EUROLOG); and the Mayo Clinic Risk Score
(MCRS); these can all be found in the online Data Supplement.

End Points
The primary end point of this post hoc study was mortality at 1-year
follow-up. The secondary end points were major adverse cardiovas-
cular events (MACCE), defined as a composite of death, cerebro-
vascular accident, any revascularization (percutaneous or surgical),
and MI at 1- and 5-year follow-up.

Definitions
Deaths included mortality from any cause. Cerebrovascular accidents
included transient ischemic attacks, reversible neurological deficits,
intracranial hemorrhage, and ischemic stroke.21 MI was defined in
the first 7 days after the intervention, if there was documentation of
new abnormal Q waves and either a ratio of serum creatinine kinase
MB (CK-MB) isoenzyme to total creatinine kinase (CK) that was
�0.1, or a CK-MB value that was 5 times the upper limit of normal.
Serum CK and CK-MB isoenzyme concentrations were measured 6,
12, and 18 hours after the intervention. Commencing 8 days after the
intervention (the length of the hospital stay after surgery), either
abnormal Q waves or enzymatic changes were sufficient for a
diagnosis of MI. An MI was only confirmed after the relevant ECGs
had been analyzed by the core laboratory and adjudicated by the
clinical events committee. This 2-part method of defining MI was
developed for ARTS-I to address the difficulty in diagnosing an MI
after cardiac surgery.21 These definitions have been adopted by the
ARC Consortium and are applied whenever a comparison between
PCI and coronary artery surgery is performed. In the final report, the
window of 7 days is not specifically mentioned, and this window has
been maintained for the sake of comparison with the historical data
from ARTS-I.

Statistical Methods
All variables were stratified according to CSS tertiles. Continuous
variables are expressed as mean� SD and were compared using
1-way ANOVA. Categorical data are presented as frequency (per-
centages) and were compared using the Fisher exact test or the
Pearson �2 test. The distribution of the SYNTAX Score, ACEFSCr

score, and CSS were assessed before and after logarithmic transfor-
mation using the Kolmogorov-Smirnov test. Clinical outcomes are
presented as hierarchical and nonhierarchical outcomes, with the
hierarchical outcomes only reporting the worst outcome (following
the order death, stroke, MI [Q-wave, followed by non–Q-wave], and
repeat revascularization [CABG then PCI]) that the patient experi-
ences. Survival curves were constructed for time-to-event variables
using Kaplan-Meier estimates and compared by the log-rank test.
Patients lost to follow-up were considered at risk until the date of last
contact, at which point they were censored. Cox regression analysis
was used to find independent predictors of MACCE, with those
variables with a probability value of �0.10 in the univariate analysis
being included in the backward stepwise multivariable model.
Receiver operator curves (ROC) were used to compare the performance
and predictive accuracy of the CSS, SYNTAX Score, ACEFSCr,

ACEFCrCl, EUROADD, EUROLOG, MCRS, and the SYNTAX score
combined with the euroSCORE (additive and logistic) for MACCE and
mortality at 5-year follow-up. A probability value of �0.05 was
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considered significant, and all tests were 2-tailed. Data were analyzed
with SPSS version 17.0 software (SPSS Inc, Chicago, Ill).

Results
The ARTS-II study recruited 607 patients, of whom 512
(84.3%) had 2- or 3-vessel intervention at the time of the
index PCI and had LVEF, SCr, and body weight recorded at
baseline. Median (interquartile range, IQR) follow-up was
1800 (IQR, 0) days. The results of analyses performed in the
239 (39.3%) patients in the ARTS-II study who had treatment
for only 3VD and had LVEF, SCr, and body weight recorded
at baseline are shown in the online Data Supplement.

SYNTAX, ACEFSCr, and CSS Scores
The SYNTAX Score ranged from 4 to 58, with a mean� SD
of 20.8�9.6 and a median of 19 (IQR, 11.9). The ACEFSCr

score ranged from 0.5 to 2.3, with a mean� SD of 1.07�0.27
and a median of 1.1 (IQR�0.3). The CSS ranged from 4 to
209, with a mean� SD of 27.2�23.8, and a median of 20.5
(IQR�18.7). All 3 scores were initially nonparametric
(Kolmogorov-Smirnov test, P�0.05) and became normally
distributed after logarithmic transformation (Supplementary
Figure 1).

In this post hoc analysis, the 512 patients (1645 treated
lesions) were divided according to their CSS into tertiles
defined as CSSLOW�15.6 (n�170), 15.6�CSSMID�27.5
(n�171), and CSSHIGH�27.5 (n�171).

Baseline Angiographic and
Procedural Characteristics
Baseline angiographic and procedural characteristics of the
study population, stratified according to CSS tertiles, are
shown in Tables 1 and 2. Patient age and hypertension were
both significantly higher in the CSSHIGH tertile, whereas body
mass index, family history of CAD, current smoking, and
CrCl were all significantly lower in the CSSHIGH. Table 2
demonstrates that indicators of lesion complexity, such as
lesion length and lesion type, were significantly greater in the
CSSHIGH tertile, reflecting the higher calculated SYNTAX
Score for these lesions.

Outcomes at 12 Months
Hierarchical and nonhierarchical clinical outcomes at 12
months are shown in Table 3. Overall the primary end point
of mortality was comparable among each CSS tertile.
MACCE (18.7% CSSHIGH versus 7.6% CSSMID versus 6.5%
CSSLOW, P�0.001) and repeat revascularization (15.8%
CSSHIGH versus 6.4% CSSMID versus 5.3% CSSLOW,
P�0.002) were both significantly higher in the CSSHIGH

tertile, compared with the lower 2 groups.

Long-Term Outcomes
Figure 1 demonstrates the rates of death, MI, repeat revascu-
larization, and MACCE according to CSS tertiles during

Table 1. Baseline and Procedural Characteristics of Patients

Variable, n (%) Unless Stated
CSS �15.6

(n�170)
15.6� CSS �27.5

(n�171)
CSS �27.5

(n�171) P Value

Baseline characteristics

Male sex 139 (81.8) 128 (74.9) 128 (74.9) 0.22

Age, y, �SD 57.4�9.1 61.6�8.5 67.6�8.4 �0.0001

Body mass index, �SD 27.8�4.2 27.9�3.7 26.7�4.0 0.006

Risk factors

Previous MI 51 (30.0) 64 (37.4) 63 (36.8) 0.28

Diabetes 36 (21.2) 49 (28.7) 55 (32.2) 0.07

Hypertension 108 (63.5) 113 (66.1) 129 (75.4) 0.045

Hypercholesterolemia 127 (74.7) 122 (72.2) 127 (74.3) 0.85

Family history of ischemic heart disease 75 (44.1) 62 (36.5) 47 (27.8) 0.008

Current smoker 39 (22.9) 36 (21.1) 21 (12.3) 0.03

Peripheral vascular disease 9 (5.3) 7 (4.1) 15 (8.8) 0.17

Chronic obstructive airways disease 4 (2.4) 6 (3.5) 11 (6.4) 0.15

Previous cerebrovascular accident 2 (1.2) 0 (0.0) 2 (1.2) 0.37

Creatinine clearance, mL/1.73 m2�SD 95.2�23.4 91.4�23.5 74.3�27.5 �0.0001

Indication for treatment

Stable angina 86 (50.6) 96 (56.1) 81 (47.4) 0.26

Unstable angina 69 (40.6) 58 (33.9) 67 (39.2) 0.41

Silent ischemia 15 (8.8) 17 (9.9) 23 (13.5) 0.35

Medications at screening

Aspirin 147 (86.5) 145 (84.8) 150 (87.7) 0.73

�-blockers 127 (74.7) 117 (68.4) 124 (72.5) 0.42

ACE inhibitors/angiotensin 2 blockers 88 (51.8) 76 (44.4) 88 (51.5) 0.31

Statins 117 (68.8) 122 (71.3) 123 (71.9) 0.80

ACE indicates angiotensin-converting enzyme.
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long-term follow-up. There were no significant differences in
events (death/MI/repeat revascularization/MACCE) between
patients in the low and mid CSS tertiles. Patients in the
CSSHIGH tertile had significantly higher rates of repeat
revascularization and MACCE when compared with the
lower 2 tertiles. In addition, mortality was significantly
higher with CSSHIGH compared CSSLOW, whereas the rate of
MI was comparable for all 3 groups.

Multivariable Analysis
The results of the Cox multivariable analysis are shown in
Table 4. The log CSS, log SYNTAX Score, and log ACEFSCr

score were all univariate predictors of long-term MACCE.
After multivariate adjustment, the independent predictors of
MACCE at 5-year follow-up were the log CSS and the
presence of incomplete revascularization, diabetes, or periph-
eral vascular disease.

CSS Versus SYNTAX Score Versus ACEFSCr
The ROC curves for mortality and MACCE at 5-year
follow-up are shown in Figure 2. The respective C-statistics
for the CSS, SYNTAX Score, and ACEFSCr score for 5-year
mortality were 0.69, 0.62, and 0.65 and for 5-year MACCE
were 0.62, 0.59, and 057 (P�0.05 for all).

CSS Versus MCRS Versus EUROADD

Versus EUROLOG
The Kaplan-Meier curves for 5-year mortality and MACCE-
free survival stratified according to tertiles of the CSS,
MCRS, EUROADD, and EUROLOG are shown in Figure 3.
Overall, there were no significant differences between
corresponding tertiles for the CSS, MCRS, EUROADD, and
EUROLOG. For each score, patient mortality and MACCE
among those in the lowest tertile were significantly better
than those in the highest tertile and comparable with the
intermediate tertile. A significant difference in mortality was
observed between the intermediate and highest tertile with the
use of the MCRS and EUROADD but not the EUROLOG or
CSS. Conversely, the significant difference in MACCE be-
tween the intermediate and highest tertile observed with the
CSS was not observed with the other 3 scores.

The ROC curves for mortality and MACCE at 5-year
follow-up for the CSSCrCl, CSSSCr, ACEFCrCl, ACEFSCr,
SYNTAX score, MCRS, EUROADD, EUROLOG, and SYNTAX
score combined with the euroSCORE (additive and logistic)
are shown in Figure 4, and Table 5.

The results of these analyses performed specifically in
patients with 3VD can all be found in the online Data
Supplement.

Table 2. Angiographic and Procedural Characteristics of the Study Population

Variable, n (%) Unless Stated
CSS �15.6

(n�170)
15.6� CSS �27.5

(n�171)
CSS �27.5

(n�171) P Value

Ejection fraction 64.1�10.0 60.2�11.5 56.3�11.3 �0.0001

Lesion characteristics

Lesion length, visual, % of lesions

Discreet, �10 mm 323 (65.9) 328 (60.4) 327 (53.4) �0.0001

Tubular, 10 to 20 mm 127 (25.9) 121 (22.3) 169 (27.6)

Diffuse, �20 mm 36 (7.3) 67 (12.3) 86 (14.1)

Lesion classification, % of lesions �0.0001

Type A 39 (8.0) 34 (6.3) 42 (7.0)

Type B1 124 (25.4) 141 (26.2) 125 (20.7)

Type B2 287 (58.8) 280 (52.0) 338 (56.0)

Type C 38 (7.8) 83 (15.4) 99 (16.4)

Moderate/heavy calcification 156 (31.8) 150 (27.6) 223 (37.6) �0.0001

Thrombus-containing lesions 3 (0.6) 5 (0.9) 0 (0.0) 0.06

Eccentric lesion 403 (82.2) 452 (83.2) 499 (81.5) 0.001

TIMI flow 3 439 (89.6) 463 (85.3) 527 (86.1) 0.09

1.5� RVD �2.5 11 (2.2) 38 (7.0) 52 (8.5) �0.0001

Procedural characteristics

Bifurcation requiring double wiring 139 (28.4) 178 (32.8) 199 (32.5) 0.24

No. of stents implanted, �SD 3.2�1.1 3.7�1.5 4.2�1.7 �0.0001

Total stent length, mm 60.7�23.4 74.0�29.1 83.8�35.9 �0.0001

Maximum dilatation pressure, atm, �SD 16.2�2.7 16.2�2.7 16.8�2.9 0.07

Direct stenting, % of lesions 227 (46.3) 203 (37.4) 144 (23.5) �0.0001

Use of glycoprotein IIb/IIIa inhibitors 55 (32.4) 50 (29.2) 52 (30.4) 0.82

Completeness of revascularization 128 (75.3) 96 (56.1) 83 (48.5) �0.0001

Postprocedural hospital stay, days, �SD 2.8�1.5 3.3�2.7 4.1�2.8 �0.0001

RVD indicates reference vessel diameter; and atm, atmosphere.
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Discussion
To the best of our knowledge, this is the first description of
the CSS that represents a risk score combining both clinical
and angiographic variables. The main findings from this
study are that the CSS has an ability superior to either the
SYNTAX Score or ACEFSCr score alone in the prediction of
MACCE and mortality at 5-year follow-up in patients with
complex CAD undergoing PCI. Furthermore, the log CSS is
an independent predictor of long-term MACCE in this group
of patients.

Risk stratification and the assessment of risk-benefit are 2
important aspects of clinical medicine,22 and should form an
integral part of the patient informed consent process. Tech-
nological advances mean that the majority of coronary lesions
are amendable to PCI; however, this may not always be the
most appropriate treatment for an individual patient. The final
decision of whether to perform PCI or CABG in patients with
complex CAD is no longer simply based only on the views of
the interventional cardiologist and cardiac surgeon; patient
choice now plays an important part in the decision. Conse-
quently, to enable patients to make the most appropriate
informed decision for them as an individual, a suitable
method of quantifying risk is essential. The importance of
risk stratification in these patients is further emphasized when
considering the escalating complexity of CAD being treated
with PCI and the increasing age of patients undergoing PCI,23

both of which are associated with less favorable clinical
outcomes and greater procedural related morbidity.24 Unfor-
tunately, despite the unquestionable need, and in contrast to
patients having CABG, few risk models have become estab-
lished into regular clinical practice for patients undergoing
PCI. The recently introduced SYNTAX Score offers the
potential to meet this unmet clinical need.1,3

The SYNTAX Score is derived entirely from the coronary
anatomy and lesion characteristics and is calculated using
dedicated software, enabling complex coronary artery anato-
my to be quantified.6,7 The score, which was an integral part
of the SYNTAX trial design,25 was initially devised as a
method to ensure that both the cardiologist and cardiac
surgeon accurately reviewed the angiogram of patients with
complex CAD, enabling a consensus regarding the optimal
method and completeness of revascularization to be reached.
Importantly, the SYNTAX Score was calculated a priori,
before the outcome of revascularization was known. The
results of the SYNTAX trial have subsequently demonstrated
that the score has an important role in stratifying patients with
complex CAD to aid revascularization decisions.1,26 Further
evaluation of the score has also indicated its ability to predict
clinical outcomes. In patients with 3VD, the SYNTAX Score
has been shown to be an independent predictor of MACCE at
both 1-year8 and 5-year follow-up.10 Similarly, in patients
with LMS disease, Capodanno et al9 reported that the
SYNTAX Score was able to predict both cardiac death
(P�0.001) and MACCE (P�0.04) at short-term follow-up.
More recently, analysis of SYNTAX scores collected pro-
spectively in the LEADERS study and retrospectively in the
SIRTAX study indicates that risk stratification using the
SYNTAX Score can be expanded to include all patients with
CAD, irrespective of severity.11,27

The SYNTAX Score is independent of a patient’s clinical
characteristics, some of which, for example, patient age, have
been consistently shown to be an independent predictor of
mortality.28 Furthermore, previous studies have demonstrated
the superior performance of clinical based risk models, such
as the MCRS, in the prediction of morbidity and mortality
when compared with lesion-based scores such as the Amer-

Table 3. Clinical Outcomes at 1-Year Follow-Up

Variable, n (%) Unless Stated
CSS �15.6

(n�170)
15.6� CSS �27.5

(n�171)
CSS �27.5

(n�171) P Value

Hierarchical

Death 1 (0.6) 0 (0.0) 4 (2.3) 0.09

Cerebrovascular accident 0 (0.0) 1 (0.6) 3 (1.8)

MI 2 (1.2) 1 (0.6) 4 (2.3)

Q wave 1 (0.6) 1 (0.6) 2 (1.2)

Non-Q wave 1 (0.6) 0 (0.0) 2 (1.2)

Repeat revascularization 8 (4.7) 11 (6.4) 21 (12.3)

CABG 2 (1.2) 2 (1.2) 5 (2.9)

PCI 6 (3.5) 9 (5.3) 16 (9.4)

MACCE 11 (6.5) 13 (7.6) 32 (18.7) 0.001

Nonhierarchical

Cerebrovascular accident 0 (0.0) 1 (0.6) 3 (1.8) 0.33

MI 2 (1.2) 1 (0.6) 6 (3.5) 0.14

Q wave 1 (0.6) 1 (0.6) 3 (1.8) 0.63

Non-Q wave 1 (0.6) 0 (0.0) 3 (1.8) 0.23

Repeat revascularization 9 (5.3) 11 (6.4) 27 (15.8) 0.002

PCI 7 (4.1) 9 (5.3) 21 (12.3) 0.009

CABG 2 (1.2) 3 (1.8) 6 (3.5) 0.41
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ican Heart Association lesion classification.12 Therefore, the
absence of any clinical characteristics in the calculation of the
SYNTAX Score is a potential limitation to its use in risk
stratification.

The CSS described in the present study for the first time
represents a modification of the SYNTAX Score to accom-
modate for these inherent limitations. The present study has
indicated that the inclusion of patient characteristics does

Table 4. Univariate and Multivariable Predictors of MACCE at 5-Year Follow-Up

Univariate Predictors
of MACCE at 5 Years

Multivariable Predictors
of MACCE at 5 Years

Variable �95% CI� P Value �95% CI� P Value

Age 1.02 �1.00–1.04� 0.03

Diabetes 1.80 �1.28–2.54� 0.001 1.55 �1.09–2.19� 0.01

Peripheral vascular disease 2.01 �1.18–3.44� 0.01 1.97 �1.14–3.41� 0.02

Log SYNTAX score 5.62 �2.32–13.62� �0.0001

Log ACEF 7.11 �1.56–32.45� 0.01

Log clinical SYNTAX score 1.81 �1.42–2.29� �0.0001 1.77 �1.02–3.07� 0.04

No. of diseased lesions 1.43 �1.17–1.73� �0.0001

Incomplete revascularization 1.56 �1.12–2.17� 0.009 1.43 �1.01–2.02� 0.045

CI indicates confidence interval.

Figure 1. Kaplan Meier curves for death (A), repeat revascularization (B), myocardial infarction (MI) (C), and major adverse cardiovascu-
lar and cerebrovascular events (MACCE) (D) at 1800-day follow-up stratified accord to CSS tertile.
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improve the ability of the score, as indicated by the ROC
curves, to predict MACCE and mortality compared with the
original score.

Intuitively, the use of multiple clinical variables should
improve the accuracy of a risk model; however, this accuracy
may ultimately be contaminated by the desire to create the
“perfect model.”16 In practice, Ranucci et al17 illustrated this
by demonstrating that a simple scoring method using just age,
LVEF, and SCr (ACEFSCr score) is as good as complex
scores such as the euroSCORE (17 clinical variables) and
Parsonnet score in predicting mortality in patients undergoing
elective CABG. These 3 variables are known to affect the risk

of both CABG17 and PCI,28–30 and therefore even though the
score has not previously been validated in patients undergo-
ing PCI, it was considered acceptable to use as a basis for the
development of the CSS. Retrospective justification for using
the ACEF score as an integral part of the CSS come in part
from the comparable C-statistics for MACCE and mortality
between the validated MCRS and the ACEFCrCl (Table 5,
Figure 4, and Supplementary Figure 2). Of note, the combi-
nation of the SYNTAX score with the euroSCORE only
offered an advantage over the CSS in the prediction of
mortality among those patients with 2- and 3VD (Table 5,
Figure 4, and Supplementary Figures 2 and 3).

Figure 2. ROC curve for the SYNTAX score, ACEFSCr, and CSS for mortality (A) and MACCE (B). The use of the CSS leads to an
improvement in the C-statistic for both outcomes.

Figure 3. Kaplan-Meier curve showing the 5-year mortality (A) and MACCE-free survival (B) stratified according to tertiles of the CSS,
Mayo Clinic Risk Score (MCRS), Additive euroSCORE (EUROADD) and Logistic euroSCORE (EUROLOG). No significant difference was
observed between outcomes in Tertiles 1 and 2 (probability values not shown). *P (log-rank) values.
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The modification to the ACEF score to incorporate CrCl
has also not previously been validated. Notably, in previous
PCI studies that have identified renal dysfunction as a marker
of adverse outcome either SCr or CrCl has been used, not
both.31,32 Conversely, CrCl has been shown to be a better
predictor when compared with SCr of risk in patients under-
going surgical revascularization.18,33 Incorporation of CrCl
into the ACEF score can therefore be justified prospectively
by extrapolation of these previous results and retrospectively
by the improvements in the C-statistic for MACCE (0.60

versus 0.62) and mortality (0.67 versus 0.69) observed in this
study when the CSS was calculated using the ACEFCrCl

instead of ACEFSCr (Figure 4 and Table 5).
This study demonstrates a superior ability of the CSS to

predict long-term MACCE and mortality when compared
with the individual SYNTAX and ACEF scores. Importantly,
after calculating the SYNTAX Score, which remains an
important aid to deciding the appropriate revascularization
strategy, the CSS can be derived quickly, using easily
available variables that are not subject to any interobserver

Table 5. Comparison of C-Statistics Between 3VD and 2VD/3VD Patient Cohorts

Mortality MACCE

Risk Score
2VD and 3VD
(512 Patients)

3VD
(239 Patients)

2VD and 3VD
(512 Patients)

3VD
(239 Patients)

ACEF, creatinine clearance 0.69 0.82 0.60 0.64

ACEF, serum creatinine 0.65 0.73 0.57 0.59

Clinical SYNTAX score, creatinine clearance 0.69 0.80 0.62 0.67

Clinical SYNTAX score, serum creatinine 0.67 0.75 0.60 0.65

euroSCORE, additive 0.71 0.79 0.57 0.61

euroSCORE, logistic 0.73 0.82 0.57 0.61

Mayo Clinic Risk Score 0.71 0.82 0.59 0.64

SYNTAX score 0.62 0.70 0.59 0.64

SYNTAX-euroSCORE, additive 0.71 0.81 0.60 0.66

SYNTAX-euroSCORE, logistic 0.73 0.81 0.61 0.65

Figure 4. ROC curve for mortality (A) and MACCE
(B) at 5-year follow-up for different risk scores.
*P�0.001, †P�0.05, ¶P�0.01.
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variability. The current analysis also indicates that whereas
the CSS has a similar ability to predict mortality when
compared with the MCRS and euroSCORE, it offers an
additional advantage in the prediction of ischemic end points,
which, as suggested by the C-statistics, are a somewhat
harder end point to predict than mortality. Clearly, additional
research is required to evaluate the potential of this new score
in more diverse patient populations undergoing PCI.

Limitations
The current study is limited by its post hoc nature. In addition,
the ROC method of analysis, although well suited for diag-
nostic purposes, may not be appropriate for prognostic
models because these models must incorporate the dimension
of time, which adds a stochastic element.34 It has therefore
been suggested that ROC analysis methods are not well
validated for the assessment of time-censored data; however,
in the current study the same methods have been used to assess
both scoring systems, and these methods are consistent with
previous published studies evaluating these risk models.17

Other potential limitations include that lack of validation of
the ACEF score in patients having PCI and the lack of any
external validation in patients having either PCI or CABG.
We accept that the current population may be too small to
make definitive conclusions; however, at present, in view of
its recent introduction, only select patient populations with
complex disease have a SYNTAX score calculation and
adjudicated long-term outcomes. The small sample size may
account for the similar outcomes between low- and
intermediate-risk groups when using the CSS, MCRS, EU-
ROADD, EUROLOG, SYNTAX-euroSCORE (logistic), and
MCRS (Figures 1 and 3 and Supplementary Figures 3 and 4).
It must also be acknowledged that there is a reduction in the
predictive ability of the CSS when it is used in patients with
2VD and 3VD, as opposed to when it is used in only patients
with 3VD. Importantly, however, this same observation is
seen with both the established scores such as the MCRS and
euroSCORE and the newer scores tested in this analysis
(Table 5).

Conclusion
An improvement in the ability of the SYNTAX Score to
predict MACCE and mortality can be achieved by combining
the SYNTAX Score with a simple clinical risk score incor-
porating age, ejection fraction, and creatinine clearance to
produce the Clinical SYNTAX Score.

Disclosures
Dr Dawkins is a full-time employee and holds stock in
Boston Scientific.
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CLINICAL PERSPECTIVE
Risk stratification is becoming an increasingly important part of the assessment of patients who are candidates for coronary
revascularization. The recently published SYNTAX study indicates that percutaneous coronary intervention disease is only
appropriate in a subset of those with complex disease. Patient outcomes were assessed according to the SYNTAX score,
which is based on the extent of coronary disease. The absence of patient features has limited the score for risk assessment
in everyday practice because the complexity of coronary disease is not the only factor that affects patient risk. The Clinical
SYNTAX score combines the SYNTAX score with a simple patient score. The Clinical SYNTAX score improves the
predictive ability for the majority of patients undergoing percutaneous coronary intervention and enables a physician to
provide an individualized assessment of risk, which is vital for appropriate informed consent. Moreover, the Clinical
SYNTAX score can be used to adjust for the differences in case mix between hospitals and individual operators to allow
a meaningful comparison of performance.
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1. Clinical SYNTAX score: only patients with 
triple vessel disease in ARTS-II. 
 

Methods  
The main manuscript presents the results of the 
Clinical SYNTAX score (CSS) amongst the 512 
(84.3%) patients in the ARTS-II study who had 
treatment for two or triple vessel disease (3VD), 
and had a serum creatinine (SCr), left ventricular 
ejection fraction (LVEF) and body weight recorded 
prior to the index percutaneous coronary interven-
tion (PCI). Currently however the only published 
prospective validation of the SYNTAX score 
comes from the SYNTAX trial1 which only en-
rolled those patients with 3VD and/or left main 

stem lesions. Therefore the results of the CSS ap-
plied to only those 239 (39.3%) patients who had 
treatment of 3VD and had their body weight, SCr 
and LVEF recorded at baseline are presented here.  
 
Results 
The mean± standard deviation of the SYNTAX 
score, ACEFSCr score and CSS for this population 
was 22.3±9.9, 1.1±0.3, and 30.7±27.9 respectively. 
Further analysis of the CSS was performed after 
dividing the 239 patients (939 treated lesions) into 
CSS tertiles defined as: CSSLOW ≤16.5 (n=80), 
16.5<CSSMID≤31.2 (n=79) and CSSHIGH>31.2 
(n=80).

 
Supplementary Table 1. Baseline and procedural characteristics of patients 
 

Variable n,(%) unless stated CSS≤16.5 
N=80 

16.5<CSS≤31.2 
N=79 

CSS>31.2 
N=80 P Value 

Baseline Characteristics     

     Male gender  65 (81.3) 63 (79.7) 57 (71.3) 0.26 

     Age (yearsSD) 57.78.6 63.49.4 68.58.4 <0.0001 

     Body Mass Index SD  28.13.9 27.93.8 27.14.3 0.22 

Risk factors     

Previous Myocardial infarction  19 (23.8) 30 (38.0) 32 (40.0) 0.06 

Diabetes   11 (13.8) 20 (25.3) 25 (31.3) 0.03 

Hypertension   50 (62.5) 57 (72.2) 62 (77.5) 0.11 

Hypercholesterolemia   65 (81.3) 61 (77.2) 60 (75.0) 0.63 

Family history ischaemic heart disease  39 (48.8) 24 (30.4) 22 (27.8) 0.01 

Current smoker  15 (18.8) 16 (20.3) 7 (8.8) 0.10 

Peripheral vascular disease  6 (7.2) 7 (8.3) 6 (7.1) 0.95 

Chronic obstructive airways disease  0 (0.0) 3 (3.8) 5 (6.3) 0.09 

Previous cerebrovascular accident  2 (2.5) 0 (0.0) 2 (2.5) 0.37 

Creatinine Clearance (ml/1.73m2±SD) 92.522.1 91.726.8 72.525.6 <0.0001 

Indication for Treatment     

     Stable angina  47 (58.8) 46 (58.2) 37 (46.3) 0.20 

     Unstable angina  27 (33.8) 26 (32.9) 38 (47.5) 0.10 

     Silent ischemia  6 (7.5) 7 (8.9) 5 (6.3) 0.82 

Medications at screening     

     Aspirin 67 (83.8) 67 (83.8) 67 (83.8) 0.98 

     ß-blockers 55 (68.8) 58 (73.4) 55 (68.8) 0.76 

     ACE-inhibitors/Angiotension-2 blockers 47 (58.8) 33 (41.8) 42 (52.5) 0.10 

     Statins 54 (67.5) 56 (70.9) 54 (67.5) 0.87 
SD indicates standard deviation; CSS, clinical SYNTAX Score; ACE, Angiotensin converting enzyme  
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Supplementary Table 2. Angiographic and procedural characteristics of study population 

Variable n (%) unless stated CSS≤16.5 
N=80 

16.5<CSS≤31.2 
N=79 

CSS>31.2 
N=80 P Value 

Ejection fraction  65.69.9 59.411.6 55.211.5 <0.0001 

Lesion Characteristics     

   Mean No. of diseased lesions with stenosis > 50% 3.70.8 4.41.1 4.81.2 <0.0001 

   Mean No. of treated lesions 3.20.9 3.41.2 3.21.0 0.33 
   Lesion Length (visual)(% of lesions) 
        Discreet (<10mm) 
        Tubular (10-20mm)  
        Diffuse (>20mm) 

 
182 (64.5) 
76 (27.0) 
23 (8.2) 

 
191 (59.1) 
80 (24.8) 
37 (11.5) 

 
179 (53.6) 
87 (26.0) 
49 (14.7) 

 
0.02 
0.83 
0.04 

    Lesion Classification  (% of lesions) 
        Type A  
        Type B1  
        Type B2  
        Type C  

 
20 (7.1) 

61 (21.6) 
177 (62.8) 

24 (8.5) 

 
19 (6.0) 

88 (27.7) 
165(51.9) 
46 (14.5) 

 
23 (7.0) 

74 (22.4) 
174 (52.7) 
59 (17.9) 

 
0.44 
0.29 
0.04 

0.001 
    Moderate/Heavy calcification 91 (32.3) 89 (27.6) 124 (37.1) 0.001 

    Thrombus containing lesions 3 (1.1) 1 (0.3) 0 (0.0) 0.01 

    Eccentric lesion 245 (86.9) 271 (83.9) 267 (79.9) 0.05 

    TIMI flow 3 252 (89.4) 283 (87.6) 286 (85.6) 0.38 

    1.5≤RVD<2.5  7 (2.5) 25 (7.7) 30 (9.0) 0.003 

Procedural Characteristics     

    Bifurcation requiring double wiring 81 (27.4) 101 (29.4) 121 (31.8) 0.44 

    Number of stents implanted ±SD 4.0±0.9 4.6±1.3 5.0±1.6 <0.0001 

    Total stent length (mm) 76.1±21.6 87.5±26.6 100.0±36.7 <0.0001 

    Maximum dilatation pressure (Atm±SD) 16.6±3.0 16.4±2.7 17.1±3.1 0.32 

    Direct stenting (% of lesions) 129 (45.7) 109 (33.7) 68 (20.4) <0.0001 

    Use of glycoprotein IIb/IIIa inhibitors 27 (35.1) 25 (32.5) 25 (32.5) 0.94 

    Completeness of Revascularisation 61 (76.3) 41 (51.9) 40 (50.0) 0.001 

    Post procedural Hospital stay (days±SD) 2.8±1.6 3.4±1.8 4.2±3.0 0.001 
Atm indicates atmosphere; SD, standard deviation; CSS, Clinical SYNTAX Score; No., number; RVD, reference 
vessel diameter 

 
Baseline patient characteristics, together with 

lesion and procedural data stratified according to 
CSS tertile are shown in Supplementary Tables 1 
and 2. Hierarchical and non-hierarchical outcomes 
at 1-year follow-up, which are shown in Supple-
mentary Table 3, demonstrates poorer outcomes in 
those patients in the highest CSS tertile compared 
to the low- and mid- tertiles. 

Supplementary Figure 5 demonstrates the rates 
of death, myocardial infarction (MI), repeat revas-
cularisation and major adverse cardio- and cerebro-
vascular events (MACCE) according to CSS tertile 

at 5-years follow-up. Similar to the full patient co-
hort, there was no significant difference between 
outcomes between patients in the low and mid ter-
tiles.  

The ROC curves for MACCE and mortality are 
shown in Supplementary Figure 6, and demonstrate 
the superiority of the CSS compared to the 
ACEFSCr, and SYNTAX score. Of note, and as 
shown in Table 5 (main manuscript), the C-
statistics were greater in this cohort of patients with 
3VD, when compared with the results from patients 
with 2- and 3-VD. 
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1. Clinical SYNTAX score: only patients with 
triple vessel disease in ARTS-II. 
 

Methods  
The main manuscript presents the results of the 
Clinical SYNTAX score (CSS) amongst the 512 
(84.3%) patients in the ARTS-II study who had 
treatment for two or triple vessel disease (3VD), 
and had a serum creatinine (SCr), left ventricular 
ejection fraction (LVEF) and body weight recorded 
prior to the index percutaneous coronary interven-
tion (PCI). Currently however the only published 
prospective validation of the SYNTAX score 
comes from the SYNTAX trial1 which only en-
rolled those patients with 3VD and/or left main 

stem lesions. Therefore the results of the CSS ap-
plied to only those 239 (39.3%) patients who had 
treatment of 3VD and had their body weight, SCr 
and LVEF recorded at baseline are presented here.  
 
Results 
The mean± standard deviation of the SYNTAX 
score, ACEFSCr score and CSS for this population 
was 22.3±9.9, 1.1±0.3, and 30.7±27.9 respectively. 
Further analysis of the CSS was performed after 
dividing the 239 patients (939 treated lesions) into 
CSS tertiles defined as: CSSLOW ≤16.5 (n=80), 
16.5<CSSMID≤31.2 (n=79) and CSSHIGH>31.2 
(n=80).

 
Supplementary Table 1. Baseline and procedural characteristics of patients 
 

Variable n,(%) unless stated CSS≤16.5 
N=80 

16.5<CSS≤31.2 
N=79 

CSS>31.2 
N=80 P Value 

Baseline Characteristics     

     Male gender  65 (81.3) 63 (79.7) 57 (71.3) 0.26 

     Age (yearsSD) 57.78.6 63.49.4 68.58.4 <0.0001 

     Body Mass Index SD  28.13.9 27.93.8 27.14.3 0.22 

Risk factors     

Previous Myocardial infarction  19 (23.8) 30 (38.0) 32 (40.0) 0.06 

Diabetes   11 (13.8) 20 (25.3) 25 (31.3) 0.03 

Hypertension   50 (62.5) 57 (72.2) 62 (77.5) 0.11 

Hypercholesterolemia   65 (81.3) 61 (77.2) 60 (75.0) 0.63 

Family history ischaemic heart disease  39 (48.8) 24 (30.4) 22 (27.8) 0.01 

Current smoker  15 (18.8) 16 (20.3) 7 (8.8) 0.10 

Peripheral vascular disease  6 (7.2) 7 (8.3) 6 (7.1) 0.95 

Chronic obstructive airways disease  0 (0.0) 3 (3.8) 5 (6.3) 0.09 

Previous cerebrovascular accident  2 (2.5) 0 (0.0) 2 (2.5) 0.37 

Creatinine Clearance (ml/1.73m2±SD) 92.522.1 91.726.8 72.525.6 <0.0001 

Indication for Treatment     

     Stable angina  47 (58.8) 46 (58.2) 37 (46.3) 0.20 

     Unstable angina  27 (33.8) 26 (32.9) 38 (47.5) 0.10 

     Silent ischemia  6 (7.5) 7 (8.9) 5 (6.3) 0.82 

Medications at screening     

     Aspirin 67 (83.8) 67 (83.8) 67 (83.8) 0.98 

     ß-blockers 55 (68.8) 58 (73.4) 55 (68.8) 0.76 

     ACE-inhibitors/Angiotension-2 blockers 47 (58.8) 33 (41.8) 42 (52.5) 0.10 

     Statins 54 (67.5) 56 (70.9) 54 (67.5) 0.87 
SD indicates standard deviation; CSS, clinical SYNTAX Score; ACE, Angiotensin converting enzyme  
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Supplementary Table 2. Angiographic and procedural characteristics of study population 

Variable n (%) unless stated CSS≤16.5 
N=80 

16.5<CSS≤31.2 
N=79 

CSS>31.2 
N=80 P Value 

Ejection fraction  65.69.9 59.411.6 55.211.5 <0.0001 

Lesion Characteristics     

   Mean No. of diseased lesions with stenosis > 50% 3.70.8 4.41.1 4.81.2 <0.0001 

   Mean No. of treated lesions 3.20.9 3.41.2 3.21.0 0.33 
   Lesion Length (visual)(% of lesions) 
        Discreet (<10mm) 
        Tubular (10-20mm)  
        Diffuse (>20mm) 

 
182 (64.5) 
76 (27.0) 
23 (8.2) 

 
191 (59.1) 
80 (24.8) 
37 (11.5) 

 
179 (53.6) 
87 (26.0) 
49 (14.7) 

 
0.02 
0.83 
0.04 

    Lesion Classification  (% of lesions) 
        Type A  
        Type B1  
        Type B2  
        Type C  

 
20 (7.1) 

61 (21.6) 
177 (62.8) 

24 (8.5) 

 
19 (6.0) 

88 (27.7) 
165(51.9) 
46 (14.5) 

 
23 (7.0) 

74 (22.4) 
174 (52.7) 
59 (17.9) 

 
0.44 
0.29 
0.04 

0.001 
    Moderate/Heavy calcification 91 (32.3) 89 (27.6) 124 (37.1) 0.001 

    Thrombus containing lesions 3 (1.1) 1 (0.3) 0 (0.0) 0.01 

    Eccentric lesion 245 (86.9) 271 (83.9) 267 (79.9) 0.05 

    TIMI flow 3 252 (89.4) 283 (87.6) 286 (85.6) 0.38 

    1.5≤RVD<2.5  7 (2.5) 25 (7.7) 30 (9.0) 0.003 

Procedural Characteristics     

    Bifurcation requiring double wiring 81 (27.4) 101 (29.4) 121 (31.8) 0.44 

    Number of stents implanted ±SD 4.0±0.9 4.6±1.3 5.0±1.6 <0.0001 

    Total stent length (mm) 76.1±21.6 87.5±26.6 100.0±36.7 <0.0001 

    Maximum dilatation pressure (Atm±SD) 16.6±3.0 16.4±2.7 17.1±3.1 0.32 

    Direct stenting (% of lesions) 129 (45.7) 109 (33.7) 68 (20.4) <0.0001 

    Use of glycoprotein IIb/IIIa inhibitors 27 (35.1) 25 (32.5) 25 (32.5) 0.94 

    Completeness of Revascularisation 61 (76.3) 41 (51.9) 40 (50.0) 0.001 

    Post procedural Hospital stay (days±SD) 2.8±1.6 3.4±1.8 4.2±3.0 0.001 
Atm indicates atmosphere; SD, standard deviation; CSS, Clinical SYNTAX Score; No., number; RVD, reference 
vessel diameter 

 
Baseline patient characteristics, together with 

lesion and procedural data stratified according to 
CSS tertile are shown in Supplementary Tables 1 
and 2. Hierarchical and non-hierarchical outcomes 
at 1-year follow-up, which are shown in Supple-
mentary Table 3, demonstrates poorer outcomes in 
those patients in the highest CSS tertile compared 
to the low- and mid- tertiles. 

Supplementary Figure 5 demonstrates the rates 
of death, myocardial infarction (MI), repeat revas-
cularisation and major adverse cardio- and cerebro-
vascular events (MACCE) according to CSS tertile 

at 5-years follow-up. Similar to the full patient co-
hort, there was no significant difference between 
outcomes between patients in the low and mid ter-
tiles.  

The ROC curves for MACCE and mortality are 
shown in Supplementary Figure 6, and demonstrate 
the superiority of the CSS compared to the 
ACEFSCr, and SYNTAX score. Of note, and as 
shown in Table 5 (main manuscript), the C-
statistics were greater in this cohort of patients with 
3VD, when compared with the results from patients 
with 2- and 3-VD. 
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Supplementary Table 3. Clinical Outcomes at One Year Follow-up 
 

Variable n,(%) unless stated 
CSS≤16.5 

N=80 
16.5<CSS≤31.2 

N=79 
CSS>31.2 

N=80 P Value 

Hierarchical Events     

    Death 0 (0.0) 0 (0.0) 2 (2.5) 0.34 

    Cerebrovascular Accident 0 (0.0) 1 (1.3) 2 (2.5)  

    Myocardial Infarction 1(1.3) 0 (0.0) 1(1.3)  

        Q wave 0 (0.0) 0 (0.0) 1(1.3)  

        Non-Q wave 1(1.3) 0 (0.0) 0 (0.0)  

    Repeat Revascularization 4 (5.0) 3 (3.8) 11 (13.8)  

        CABG 1 (1.3) 0 (0.0) 3 (3.8)  

        PCI 3 (3.8) 3 (3.8) 8 (10.0)  

     Any MACCE 5 (6.3) 4 (5.1) 16 (20.0) 0.008 

Non-Hierarchical     

     Cerebrovascular Accident 0 (0.0) 1 (1.3) 2 (2.5) 0.78 

     Myocardial Infarction 1 (1.3) 0 (0.0) 2 (2.5) 0.64 

        Q wave 0 (0.0) 0 (0.0) 1 (1.3) 1.00 

        Non-Q wave 1 (1.3) 0 (0.0) 1 (1.3) 0.78 

    Repeat Revascularization 5 (6.3) 3 (3.8) 12 (15.0) 0.03 

        PCI 4 (5.0) 3 (3.8) 9 (11.3) 0.12 

        CABG 1 (1.3) 0 (0.0) 3 (3.8) 0.32 
PCI indicates percutaneous coronary intervention; CABG, coronary artery bypass grafting; CSS, Clinical SYN-
TAX Score; MACCE, major adverse cardiovascular and cerebrovascular events 
 
The results of the Cox multi-variate analysis are 
shown in Supplementary Table 4 and demonstrate 
that the log CSS remains an independent predictor 

of MACCE at 5-years follow-up in this more com-
plex cohort of patients. 

 

Supplementary Table 4. Univariate and multivariable predictors of MACCE at 5-years follow-up. 

Variable Univariate predictors of MACCE  
at 5 years 

Multivariable predictors of MACCE  
at 5 years 

 95% [CI] P value 95% [CI] P value 

Age 1.03 [1.00-1.06] 0.03   

Diabetes 2.27 [1.39-3.73] 0.001 1.77 [1.06-2.95] 0.03 

Current Smoking 0.50 [0.23-1.01] 0.08   

Peripheral vascular disease 2.55 [1.30-5.00] 0.007 2.22 [1.11-4.45] 0.02 

Log SYNTAX Score 3.27 [1.79-5.95] <0.0001   

Log ACEFSCr 2.99 [1.16-7.71] 0.02   

Log Clinical SYNTAX Score 2.21 [1.58-3.08] <0.0001 2.11 [1.47-3.04] <0.0001 

Number of diseased lesions 1.43[1.17-1.73] <0.0001   

Incomplete revascularisation 1.93 [1.20-3.13] 0.007 1.84 [1.13-3.00] 0.01 
CI indicates confidence interval 
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Summary 
The results for the use of the CSS in this group of 
patients mirror the results from the larger cohort of 
patients.  Of note, is the improvement in the ability 
to predict mortality and MACCE with the CSS in 
this 3VD population compared to the larger cohort. 
 
 
2. Clinical SYNTAX score: calculated using 

original ACEF in patients with triple vessel 
disease 
 

Methods 
The main manuscript, and section 1 of this appen-
dix, presents the results of the CSS calculated com-
bining the SYNTAX score with a modified ACEF 

score that uses the creatinine clearance (CrCl, 
ACEFCrCl) as opposed to the serum creatinine (SCr, 
ACEFSCr) as originally described by Ranucci et al.2 
The CSS can be calculated using the original ACEF 
score (SYNTAX score x ACEF score) and the re-
sults of this analysis in the 251 (41.4%) patients 
who had three vessel intervention at the time of the 
index PCI, and had left ventricular ejection func-
tion (LVEF) and creatinine levels recorded at base-
line are presented here. 
 
Results 
The SYNTAX score ranged from 4 to 56, with a 
mean ±standard deviation of 22.3±9.8, and a me-
dian of 21 (inter-quartile range: 13). The ACEFSCr 
score ranged from 0.6 to 2.3, with a mean±standard  

 

Supplementary Table 5. Baseline and procedural characteristics of patients 

Variable n,(%) unless stated CSS≤16 
N=83 

16<CSS≤26 
N=84 

CSS>26 
N=84 P Value 

Baseline Characteristics     

     Male gender  65 (78.3) 62 (73.8) 67 (79.8) 0.63 

     Age (yearsSD) 58.19.0 63.68.9 67.89.1 <0.0001 

     Body Mass Index SD  28.34.0 27.33.9 27.74.1 0.30 

Risk factors     

Previous Myocardial infarction  21 (25.3) 31 (36.9) 34 (40.5) 0.10 

Diabetes   11 (19.3) 23 (27.4) 23 (27.4) 0.04 

Hypertension   52 (62.7) 60 (71.4) 62 (73.8) 0.26 

Hypercholesterolemia   66 (79.5) 61 (72.6) 64 (76.2) 0.58 

Family history ischaemic heart disease  40 (48.2) 25 (29.8) 24 (28.9) 0.01 

Current smoker  17 (20.5) 14 (16.7) 12 (14.3) 0.56 

Peripheral vascular disease  6 (7.2) 7 (8.3) 6 (7.1) 0.95 

Chronic obstructive airways disease  1 (1.2) 3 (3.6) 4 (4.8) 0.41 

Previous cerebrovascular accident  2 (2.4) 1 (1.2) 1 (1.2) 0.77 

Indication for Treatment     

     Stable angina  48 (57.8) 47 (56.0) 43 (48.8) 0.47 

     Unstable angina  29 (34.9) 32 (38.1) 35 (41.7) 0.67 

     Silent ischemia  6 (7.2) 5 (6.0) 8 (9.5) 0.68 

Medications at screening     

     Aspirin 70 (84.3) 70 (83.3) 72 (85.7) 0.91 

     ß-blockers 58 (69.9) 60 (71.4) 60 (71.4) 0.97 

     ACE-inhibitors/Angiotension-2 blockers 49 (59.0) 37 (44.0) 42 (50.0) 0.15 

     Statins 56 (67.5) 61 (72.6) 57 (67.9) 0.72 
SD indicates standard deviation; CSS, clinical SYNTAX Score; ACE, Angiotensin converting enzyme 
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Supplementary Table 3. Clinical Outcomes at One Year Follow-up 
 

Variable n,(%) unless stated 
CSS≤16.5 

N=80 
16.5<CSS≤31.2 

N=79 
CSS>31.2 

N=80 P Value 

Hierarchical Events     

    Death 0 (0.0) 0 (0.0) 2 (2.5) 0.34 

    Cerebrovascular Accident 0 (0.0) 1 (1.3) 2 (2.5)  

    Myocardial Infarction 1(1.3) 0 (0.0) 1(1.3)  

        Q wave 0 (0.0) 0 (0.0) 1(1.3)  

        Non-Q wave 1(1.3) 0 (0.0) 0 (0.0)  

    Repeat Revascularization 4 (5.0) 3 (3.8) 11 (13.8)  

        CABG 1 (1.3) 0 (0.0) 3 (3.8)  

        PCI 3 (3.8) 3 (3.8) 8 (10.0)  

     Any MACCE 5 (6.3) 4 (5.1) 16 (20.0) 0.008 

Non-Hierarchical     

     Cerebrovascular Accident 0 (0.0) 1 (1.3) 2 (2.5) 0.78 

     Myocardial Infarction 1 (1.3) 0 (0.0) 2 (2.5) 0.64 

        Q wave 0 (0.0) 0 (0.0) 1 (1.3) 1.00 

        Non-Q wave 1 (1.3) 0 (0.0) 1 (1.3) 0.78 

    Repeat Revascularization 5 (6.3) 3 (3.8) 12 (15.0) 0.03 

        PCI 4 (5.0) 3 (3.8) 9 (11.3) 0.12 

        CABG 1 (1.3) 0 (0.0) 3 (3.8) 0.32 
PCI indicates percutaneous coronary intervention; CABG, coronary artery bypass grafting; CSS, Clinical SYN-
TAX Score; MACCE, major adverse cardiovascular and cerebrovascular events 
 
The results of the Cox multi-variate analysis are 
shown in Supplementary Table 4 and demonstrate 
that the log CSS remains an independent predictor 

of MACCE at 5-years follow-up in this more com-
plex cohort of patients. 

 

Supplementary Table 4. Univariate and multivariable predictors of MACCE at 5-years follow-up. 

Variable Univariate predictors of MACCE  
at 5 years 

Multivariable predictors of MACCE  
at 5 years 

 95% [CI] P value 95% [CI] P value 

Age 1.03 [1.00-1.06] 0.03   

Diabetes 2.27 [1.39-3.73] 0.001 1.77 [1.06-2.95] 0.03 

Current Smoking 0.50 [0.23-1.01] 0.08   

Peripheral vascular disease 2.55 [1.30-5.00] 0.007 2.22 [1.11-4.45] 0.02 

Log SYNTAX Score 3.27 [1.79-5.95] <0.0001   

Log ACEFSCr 2.99 [1.16-7.71] 0.02   

Log Clinical SYNTAX Score 2.21 [1.58-3.08] <0.0001 2.11 [1.47-3.04] <0.0001 

Number of diseased lesions 1.43[1.17-1.73] <0.0001   

Incomplete revascularisation 1.93 [1.20-3.13] 0.007 1.84 [1.13-3.00] 0.01 
CI indicates confidence interval 
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Summary 
The results for the use of the CSS in this group of 
patients mirror the results from the larger cohort of 
patients.  Of note, is the improvement in the ability 
to predict mortality and MACCE with the CSS in 
this 3VD population compared to the larger cohort. 
 
 
2. Clinical SYNTAX score: calculated using 

original ACEF in patients with triple vessel 
disease 
 

Methods 
The main manuscript, and section 1 of this appen-
dix, presents the results of the CSS calculated com-
bining the SYNTAX score with a modified ACEF 

score that uses the creatinine clearance (CrCl, 
ACEFCrCl) as opposed to the serum creatinine (SCr, 
ACEFSCr) as originally described by Ranucci et al.2 
The CSS can be calculated using the original ACEF 
score (SYNTAX score x ACEF score) and the re-
sults of this analysis in the 251 (41.4%) patients 
who had three vessel intervention at the time of the 
index PCI, and had left ventricular ejection func-
tion (LVEF) and creatinine levels recorded at base-
line are presented here. 
 
Results 
The SYNTAX score ranged from 4 to 56, with a 
mean ±standard deviation of 22.3±9.8, and a me-
dian of 21 (inter-quartile range: 13). The ACEFSCr 
score ranged from 0.6 to 2.3, with a mean±standard  

 

Supplementary Table 5. Baseline and procedural characteristics of patients 

Variable n,(%) unless stated CSS≤16 
N=83 

16<CSS≤26 
N=84 

CSS>26 
N=84 P Value 

Baseline Characteristics     

     Male gender  65 (78.3) 62 (73.8) 67 (79.8) 0.63 

     Age (yearsSD) 58.19.0 63.68.9 67.89.1 <0.0001 

     Body Mass Index SD  28.34.0 27.33.9 27.74.1 0.30 

Risk factors     

Previous Myocardial infarction  21 (25.3) 31 (36.9) 34 (40.5) 0.10 

Diabetes   11 (19.3) 23 (27.4) 23 (27.4) 0.04 

Hypertension   52 (62.7) 60 (71.4) 62 (73.8) 0.26 

Hypercholesterolemia   66 (79.5) 61 (72.6) 64 (76.2) 0.58 

Family history ischaemic heart disease  40 (48.2) 25 (29.8) 24 (28.9) 0.01 

Current smoker  17 (20.5) 14 (16.7) 12 (14.3) 0.56 

Peripheral vascular disease  6 (7.2) 7 (8.3) 6 (7.1) 0.95 

Chronic obstructive airways disease  1 (1.2) 3 (3.6) 4 (4.8) 0.41 

Previous cerebrovascular accident  2 (2.4) 1 (1.2) 1 (1.2) 0.77 

Indication for Treatment     

     Stable angina  48 (57.8) 47 (56.0) 43 (48.8) 0.47 

     Unstable angina  29 (34.9) 32 (38.1) 35 (41.7) 0.67 

     Silent ischemia  6 (7.2) 5 (6.0) 8 (9.5) 0.68 

Medications at screening     

     Aspirin 70 (84.3) 70 (83.3) 72 (85.7) 0.91 

     ß-blockers 58 (69.9) 60 (71.4) 60 (71.4) 0.97 

     ACE-inhibitors/Angiotension-2 blockers 49 (59.0) 37 (44.0) 42 (50.0) 0.15 

     Statins 56 (67.5) 61 (72.6) 57 (67.9) 0.72 
SD indicates standard deviation; CSS, clinical SYNTAX Score; ACE, Angiotensin converting enzyme 
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Supplementary Table 6. Angiographic and procedural characteristics of study population 
 

Variable n (%) unless stated CSS≤16 
N=83 

16<CSS≤26 
N=84 

CSS>26 
N=84 P Value 

Ejection fraction  65.99.8 61.511.9 53.310.1 <0.0001 

Lesion Characteristics     

   Lesion Length (visual)(% of lesions) 
        Discreet (<10mm) 
        Tubular (10-20mm)  
        Diffuse (>20mm) 

 
184 (63.2) 
84 (28.9) 
20 (6.9) 

 
200 (57.6) 
84 (24.2) 
44 (12.7) 

 
185 (54.1) 
90 (26.3) 
50 (14.6) 

 
0.002 

 
 

 
    Lesion Classification  (% of lesions) 
        Type A  
        Type B1  
        Type B2  
        Type C  

 
22 (7.6) 

62 (21.3) 
186 (63.9) 

21 (7.2) 

 
21 (6.2) 

94 (27.6) 
170(49.9) 
56 (16.4) 

 
20 (5.9) 

76 (22.5) 
183 (54.1) 
59 (17.5) 

0.001 
 
 
 

    Moderate/Heavy calcification 94 (32.3) 91 (26.2) 131 (38.3) 0.001 

    Thrombus containing lesions 3 (1.0) 2 (0.6) 0 (0.0) 0.008 

    Eccentric lesion 248 (85.2) 285 (82.1) 283 (82.7) 0.046 

    TIMI flow 3 258 (88.7) 305 (87.9) 291 (85.1) 0.36 

    1.5≤RVD<2.5  9 (3.1) 25 (7.2) 32 (9.4) 0.007 

Procedural Characteristics     

    Bifurcation requiring double wiring 79 (27.4) 93 (27.9) 115 (33.0) 0.03 

    Number of stents implanted ±SD 3.9±0.9 4.7±1.5 5.0±1.5 <0.0001 

    Total stent length (mm) 75.4±21.7 91.8±33.1 96.2±36.0 <0.0001 

    Maximum dilatation pressure (Atm±SD) 16.7±3.0 16.5±2.9 17.0±2.9 0.53 

    Direct stenting (% of lesions) 132 (45.4) 121 (34.9) 74 (21.6) <0.0001 

    Use of glycoprotein IIb/IIIa inhibitors 28 (33.7) 25 (29.8) 26 (31.0) 0.85 

    Completeness of Revascularisation 63 (75.9) 55 (65.5) 33 (39.3) <0.0001 

    Post procedural Hospital stay (days±SD) 2.8±1.6 3.2±1.6 4.4±3.0 <0.0001 
Atm indicates atmosphere; SD, standard deviation; CSS, clinical SYNTAX score; No., number; RVD, reference 
vessel diameter 
 
deviation of 1.1±0.3, and a median of 1.0 (inter-
quartile range: 0.4). The CSS ranged from 4 to 111, 
with a mean + SD of 24.9+15.0, and a median of 
21.7 (inter-quartile range of 17.8). The 251 patients 
(980 treated lesions) were divided according to 
their CSS into tertiles defined as: CSSLOW ≤16 
(n=83), 16<CSSMID≤26 (n=84) and CSSHIGH>26 
(n=84). 
   Baseline patient characteristics, together with 
lesion and procedural data stratified according to 
CSS tertile are shown in Supplementary Tables 5 
and 6. Hierarchical and non-hierarchical outcomes 
at 1-year follow-up are shown in Supplementary 
Table 7. Overall the primary end-point of mortality 
at 1-year was comparable amongst each CSS ter-
tile. MACCE (19.0% CSSHIGH vs. 3.6% CSSMID vs. 

6.0% CSSLOW, p=0.002) and repeat revascularisa-
tion (14.3% CSSHIGH vs. 1.2% CSSMID vs. 6.0% 
CSSLOW, p=0.004) were both significantly higher in 
the CSSHIGH tertile, compared to the lower two 
groups.   
    Supplementary Figure 7 demonstrates the rates 
of death, MI, repeat revascularisation and MACCE 
according to CSS tertiles during long-term follow-
up, whilst the ROC curves for mortality and 
MACCE at 5-year follow-up are shown in Supple-
mentary Figure 8.  
    Although the C-statistics for the CSS calculated 
using the ACEFSCr are inferior to the CSS calcu-
lated using the ACEFCrCl for both MACCE (0.59 
vs. 0.64) and mortality (0.73 vs. 0.82), the CSS still 
performed better, in terms of area-under the curve,
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Supplementary Table 7. Clinical Outcomes at One Year Follow-up 
 

Variable n,(%) unless stated CSS≤16 
N=83 

16<CSS≤26 
N=84 

CSS>26 
N=84 P Value 

Hierarchical Events     

    Death 0 (0.0) 0 (0.0) 2 (2.4) 0.33 

    Cerebrovascular Accident 0 (0.0) 1 (1.2) 2 (2.4)  

    Myocardial Infarction 1(1.2) 1(1.2) 1(1.2)  

        Q wave 0 (0.0) 0 (0.0) 1(1.2)  

        Non-Q wave 1 (1.2) 1(1.2) 0 (0.0)  

    Repeat Revascularization 4 (4.8) 1 (1.2) 11 (13.1)  

        CABG 1 (1.2) 0 (0.0) 3 (3.6)  

        PCI 3 (3.6) 1 (1.2) 8 (9.5)  

     Any MACCE 5 (6.0) 3 (3.6) 16 (19.0) 0.002 

Non-Hierarchical     

     Cerebrovascular Accident 0 (0.0) 1 (1.2) 2 (2.4) 0.78 

     Myocardial Infarction 1 (1.2) 1 (1.2) 2 (2.4) 1.00 

        Q wave 1 (1.2) 1 (1.2) 1 (1.2) 1.00 

        Non-Q wave 0 (0.0) 0 (0.0) 1 (1.2) 1.00 

    Repeat Revascularization 5 (6.0) 1 (1.2) 12 (14.3) 0.004 

        PCI 4 (4.8) 1 (1.2) 9 (10.7) 0.004 

        CABG 1 (1.2) 0 (0.0) 3 (3.6) 0.23 
PCI indicates percutaneous coronary intervention; CABG, coronary artery bypass grafting; CSS, Clinical SYN-
TAX Score; MACCE, major adverse cardiovascular and cerebrovascular events 
  

when compared with the SYNTAX score, and the 
ACEFSCr score (Supplementary Figure 2 and Table 
5).  

  The results of the Cox multi-variate analysis are 
shown in Supplementary Table 8. The log CSS, 
SYNTAX score and ACEFSCr score were all uni- 
 

Supplementary Table 8. Univariate and multivariable predictors of MACCE at 5-years follow-up. 

Variable Univariate predictors of MACCE  
at 5 years 

Multivariable predictors of MACCE  
at 5 years 

 95% [CI] P value 95% [CI] P value 

Age 1.03 [1.00-1.06] 0.03   

Diabetes 2.27 [1.39-3.73] 0.001 1.68 [1.00-2.82] 0.048 

Current Smoking 0.50 [0.23-1.01] 0.08   

Peripheral vascular disease 2.55 [1.30-5.00] 0.007 2.56 [1.24-5.28] 0.011 

Log SYNTAX Score 15.3 [3.87-60.55] <0.0001   

Log ACEFSCr 12.2 [1.40-10.99] 0.02   

Log Clinical SYNTAX Score 8.82 [3.12 24.91] <0.0001   

Number of diseased lesions 1.43[1.17-1.73] <0.0001   

Incomplete revascularisation 1.93 [1.20-3.13] 0.007   
CI indicates confidence interval 
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Supplementary Table 6. Angiographic and procedural characteristics of study population 
 

Variable n (%) unless stated CSS≤16 
N=83 

16<CSS≤26 
N=84 

CSS>26 
N=84 P Value 

Ejection fraction  65.99.8 61.511.9 53.310.1 <0.0001 

Lesion Characteristics     

   Lesion Length (visual)(% of lesions) 
        Discreet (<10mm) 
        Tubular (10-20mm)  
        Diffuse (>20mm) 

 
184 (63.2) 
84 (28.9) 
20 (6.9) 

 
200 (57.6) 
84 (24.2) 
44 (12.7) 

 
185 (54.1) 
90 (26.3) 
50 (14.6) 

 
0.002 

 
 

 
    Lesion Classification  (% of lesions) 
        Type A  
        Type B1  
        Type B2  
        Type C  

 
22 (7.6) 

62 (21.3) 
186 (63.9) 

21 (7.2) 

 
21 (6.2) 

94 (27.6) 
170(49.9) 
56 (16.4) 

 
20 (5.9) 

76 (22.5) 
183 (54.1) 
59 (17.5) 

0.001 
 
 
 

    Moderate/Heavy calcification 94 (32.3) 91 (26.2) 131 (38.3) 0.001 

    Thrombus containing lesions 3 (1.0) 2 (0.6) 0 (0.0) 0.008 

    Eccentric lesion 248 (85.2) 285 (82.1) 283 (82.7) 0.046 

    TIMI flow 3 258 (88.7) 305 (87.9) 291 (85.1) 0.36 

    1.5≤RVD<2.5  9 (3.1) 25 (7.2) 32 (9.4) 0.007 

Procedural Characteristics     

    Bifurcation requiring double wiring 79 (27.4) 93 (27.9) 115 (33.0) 0.03 

    Number of stents implanted ±SD 3.9±0.9 4.7±1.5 5.0±1.5 <0.0001 

    Total stent length (mm) 75.4±21.7 91.8±33.1 96.2±36.0 <0.0001 

    Maximum dilatation pressure (Atm±SD) 16.7±3.0 16.5±2.9 17.0±2.9 0.53 

    Direct stenting (% of lesions) 132 (45.4) 121 (34.9) 74 (21.6) <0.0001 

    Use of glycoprotein IIb/IIIa inhibitors 28 (33.7) 25 (29.8) 26 (31.0) 0.85 

    Completeness of Revascularisation 63 (75.9) 55 (65.5) 33 (39.3) <0.0001 

    Post procedural Hospital stay (days±SD) 2.8±1.6 3.2±1.6 4.4±3.0 <0.0001 
Atm indicates atmosphere; SD, standard deviation; CSS, clinical SYNTAX score; No., number; RVD, reference 
vessel diameter 
 
deviation of 1.1±0.3, and a median of 1.0 (inter-
quartile range: 0.4). The CSS ranged from 4 to 111, 
with a mean + SD of 24.9+15.0, and a median of 
21.7 (inter-quartile range of 17.8). The 251 patients 
(980 treated lesions) were divided according to 
their CSS into tertiles defined as: CSSLOW ≤16 
(n=83), 16<CSSMID≤26 (n=84) and CSSHIGH>26 
(n=84). 
   Baseline patient characteristics, together with 
lesion and procedural data stratified according to 
CSS tertile are shown in Supplementary Tables 5 
and 6. Hierarchical and non-hierarchical outcomes 
at 1-year follow-up are shown in Supplementary 
Table 7. Overall the primary end-point of mortality 
at 1-year was comparable amongst each CSS ter-
tile. MACCE (19.0% CSSHIGH vs. 3.6% CSSMID vs. 

6.0% CSSLOW, p=0.002) and repeat revascularisa-
tion (14.3% CSSHIGH vs. 1.2% CSSMID vs. 6.0% 
CSSLOW, p=0.004) were both significantly higher in 
the CSSHIGH tertile, compared to the lower two 
groups.   
    Supplementary Figure 7 demonstrates the rates 
of death, MI, repeat revascularisation and MACCE 
according to CSS tertiles during long-term follow-
up, whilst the ROC curves for mortality and 
MACCE at 5-year follow-up are shown in Supple-
mentary Figure 8.  
    Although the C-statistics for the CSS calculated 
using the ACEFSCr are inferior to the CSS calcu-
lated using the ACEFCrCl for both MACCE (0.59 
vs. 0.64) and mortality (0.73 vs. 0.82), the CSS still 
performed better, in terms of area-under the curve,
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Supplementary Table 7. Clinical Outcomes at One Year Follow-up 
 

Variable n,(%) unless stated CSS≤16 
N=83 

16<CSS≤26 
N=84 

CSS>26 
N=84 P Value 

Hierarchical Events     

    Death 0 (0.0) 0 (0.0) 2 (2.4) 0.33 

    Cerebrovascular Accident 0 (0.0) 1 (1.2) 2 (2.4)  

    Myocardial Infarction 1(1.2) 1(1.2) 1(1.2)  

        Q wave 0 (0.0) 0 (0.0) 1(1.2)  

        Non-Q wave 1 (1.2) 1(1.2) 0 (0.0)  

    Repeat Revascularization 4 (4.8) 1 (1.2) 11 (13.1)  

        CABG 1 (1.2) 0 (0.0) 3 (3.6)  

        PCI 3 (3.6) 1 (1.2) 8 (9.5)  

     Any MACCE 5 (6.0) 3 (3.6) 16 (19.0) 0.002 

Non-Hierarchical     

     Cerebrovascular Accident 0 (0.0) 1 (1.2) 2 (2.4) 0.78 

     Myocardial Infarction 1 (1.2) 1 (1.2) 2 (2.4) 1.00 

        Q wave 1 (1.2) 1 (1.2) 1 (1.2) 1.00 

        Non-Q wave 0 (0.0) 0 (0.0) 1 (1.2) 1.00 

    Repeat Revascularization 5 (6.0) 1 (1.2) 12 (14.3) 0.004 

        PCI 4 (4.8) 1 (1.2) 9 (10.7) 0.004 

        CABG 1 (1.2) 0 (0.0) 3 (3.6) 0.23 
PCI indicates percutaneous coronary intervention; CABG, coronary artery bypass grafting; CSS, Clinical SYN-
TAX Score; MACCE, major adverse cardiovascular and cerebrovascular events 
  

when compared with the SYNTAX score, and the 
ACEFSCr score (Supplementary Figure 2 and Table 
5).  

  The results of the Cox multi-variate analysis are 
shown in Supplementary Table 8. The log CSS, 
SYNTAX score and ACEFSCr score were all uni- 
 

Supplementary Table 8. Univariate and multivariable predictors of MACCE at 5-years follow-up. 

Variable Univariate predictors of MACCE  
at 5 years 

Multivariable predictors of MACCE  
at 5 years 

 95% [CI] P value 95% [CI] P value 

Age 1.03 [1.00-1.06] 0.03   

Diabetes 2.27 [1.39-3.73] 0.001 1.68 [1.00-2.82] 0.048 

Current Smoking 0.50 [0.23-1.01] 0.08   

Peripheral vascular disease 2.55 [1.30-5.00] 0.007 2.56 [1.24-5.28] 0.011 

Log SYNTAX Score 15.3 [3.87-60.55] <0.0001   

Log ACEFSCr 12.2 [1.40-10.99] 0.02   

Log Clinical SYNTAX Score 8.82 [3.12 24.91] <0.0001   

Number of diseased lesions 1.43[1.17-1.73] <0.0001   

Incomplete revascularisation 1.93 [1.20-3.13] 0.007   
CI indicates confidence interval 
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variate predictors of long-term MACCE. After ad-
justment only the presence of diabetes and periph-
eral vascular disease, were independent predictors 
of MACCE at 5-years follow-up. 
 
Summary  
These results indicate that the CSS calculated using 
the original ACEF score is still superior to the 
SYNTAX score and ACEFSCr score in terms of its 
ability to predict MACCE and mortality, however 
its appears to be poorer than the CSS calculated 
using the modified ACEF score which utilizes the 
creatinine clearance, in patients with 3VD, or 2- 
and 3-VD as indicated in Supplementary Figure 2, 
together with Table 5, and Figure 4 of the main 
manuscript 
 
3. Clinical SYNTAX score compared to a 

SYNTAX-euroSCORE combination 
 
Methods 
The European System for Cardiac Operative Risk 
Evaluation (euroSCORE)3 relies on patient clinical 
characteristics, and has been used for many years to 
predict post-operative mortality in patients under-
going CABG. Recent data indicate that it may also 
have a role in the risk assessment of patients having 
PCI.4-6 As opposed to the ACEF score which uses 
just three variables, the additive euroSCORE (EU-
ROADD) relies on 17 clinical parameters, 14 of 
which are relevant for PCI; importantly knowledge 
of the coronary anatomy is not required. Studies 
suggest that in those patients at highest risk, the 
EUROADD tends to under-estimate risk, and in these 
situations the logistic euroSCORE (EUROLOG), is 
advised.7 Of note, the benefits of using the EU-
ROADD and EUROLOG have already been examined 
in Table 5, Figure 3 and Figure 4 of the main 
manuscript, and are further examined in Supple-
mentary Figure 2. 
  The Clinical SYNTAX score has been calculated 
using a simple 3 variable patient based score, how-
ever to determine the effect of adding more clinical 
variables the SYNTAX score was combined with 
the EUROADD and EUROLOG using the formula: 
SYNTAX-euroSCORE= [SYNTAX score] x [EU-
ROADD] or [SYNTAX score] x [EUROLOG]. The 
analysis was performed in same cohort of 239 pa-
tients described in this appendix.  
 
 

Results 
Supplementary Figures 3 shows the 5-year 
MACCE-free survival stratified according to ter-
tiles of the CSS, SYNTAX-EUROADD, and the 
SYNTAX-EUROLOG. Overall there was no signifi-
cant difference between corresponding tertiles for 
the CSS, SYNTAX-EUROADD and SYNTAX-
EUROLOG.   
  Patients in the lowest SYNTAX-EUROADD tertile 
had significantly better outcomes than those in the 
mid (p[log-rank]=0.005) and highest (p[log-
rank]<0.001) tertile, whilst no significant differ-
ence in outcomes existed between patients in the 
mid and high SYNTAX-EUROADD tertile (p[log-
rank]=0.34). Conversely the outcomes according to 
the SYNTAX-EUROLOG mirrored those of the 
CSS, with no significant difference in events be-
tween the lower two SYNTAX-EUROLOG tertiles 
(p[log-rank]=0.41), and significantly more events 
in the highest SYNTAX-EUROLOG tertile when 
compared to the low (p[log-rank]=0.005) and mid 
(p[log-rank]=0.04) tertile.  
  The ROC curves for MACCE and mortality at 5-
year follow-up for the CSS, SYNTAX-EUROADD, 
and SYNTAX-EUROLOG, which are shown in Sup-
plementary Figure 2, demonstrate comparable C-
statistics for all three scores.  
 
Summary 
These results indicate that there is no added advan-
tage in patients with 3VD of combining the SYN-
TAX score with a detailed patient based score such 
as the euroSCORE (either additive or logistic), 
when compared to the combination of the SYN-
TAX score and a simple three variable patient 
based score, such as the ACEFCrCl score.  
 
4. Clinical SYNTAX score compared to Mayo 

Clinic Risk Score. 
 

The Mayo Clinic Risk score (MCRS) is a validated 
patient based risk model, designed as a bed side 
tool, which uses a mixture of seven clinical vari-
ables (age, creatinine, LVEF, and presence of pre-
procedural shock, MI within 24 hours, congestive 
cardiac failure and peripheral vascular disease) to 
predict in-hospital mortality after either PCI or 
CABG.8   
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Results 
As mentioned in the main manuscript the ACEF is 
not currently validated for use in PCI, however as 
shown in Table 5, the C-statistic for the validated 
MCRS and the ACEFCrCl for both 5-year MACCE 
and mortality were similar providing some in-direct 
justification for the use of the ACEF score as an 
integral part of the CSS. 
  Supplementary Figure 4 shows the 5-year 
MACCE-free survival stratified according to ter-
tiles of the CSS, and the MCRS in patients with 
3VD. Overall there were no significant differences 
in outcomes between corresponding tertiles for the 
CSS, and the MCRS. In addition, as with the CSS 
and SYNTAX-EUROLOG, there were no significant 
differences in event rates between patients in the 
lower and mid tertiles for the MCRS (MCRSLOW 
vs. MCRSMID, p[log rank]=0.77), whilst outcomes 

were significantly poorer in the highest tertile com-
pared to the lower two tertiles (MCRSLOW vs. 
MCRSHIGH, p[log rank]=0.002 and MCRSMID vs. 
MCRSHIGH, p[log rank]=0.009). The ROC curves 
for MACCE and mortality at 5-year follow-up for 
the CSS, and MCRS are shown in Supplementary 
Figure 2. Consistent with the other scores tested in 
this analysis, there was a reduction in C-statistics 
between the 3VD patient cohort, and the 2- and 3-
VD patient cohort (Table 5). 
  
Summary 
These results indicate that PCI risk scores based 
purely on clinical characteristics (e.g.  the MCRS) 
are superior to those scores incorporating anatomi-
cal characteristics (e.g. SYNTAX score or CSS) for 
the prediction of mortality, but inferior for the pre-
diction of MACCE.  

 
 
 
 

 

. 
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variate predictors of long-term MACCE. After ad-
justment only the presence of diabetes and periph-
eral vascular disease, were independent predictors 
of MACCE at 5-years follow-up. 
 
Summary  
These results indicate that the CSS calculated using 
the original ACEF score is still superior to the 
SYNTAX score and ACEFSCr score in terms of its 
ability to predict MACCE and mortality, however 
its appears to be poorer than the CSS calculated 
using the modified ACEF score which utilizes the 
creatinine clearance, in patients with 3VD, or 2- 
and 3-VD as indicated in Supplementary Figure 2, 
together with Table 5, and Figure 4 of the main 
manuscript 
 
3. Clinical SYNTAX score compared to a 

SYNTAX-euroSCORE combination 
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The European System for Cardiac Operative Risk 
Evaluation (euroSCORE)3 relies on patient clinical 
characteristics, and has been used for many years to 
predict post-operative mortality in patients under-
going CABG. Recent data indicate that it may also 
have a role in the risk assessment of patients having 
PCI.4-6 As opposed to the ACEF score which uses 
just three variables, the additive euroSCORE (EU-
ROADD) relies on 17 clinical parameters, 14 of 
which are relevant for PCI; importantly knowledge 
of the coronary anatomy is not required. Studies 
suggest that in those patients at highest risk, the 
EUROADD tends to under-estimate risk, and in these 
situations the logistic euroSCORE (EUROLOG), is 
advised.7 Of note, the benefits of using the EU-
ROADD and EUROLOG have already been examined 
in Table 5, Figure 3 and Figure 4 of the main 
manuscript, and are further examined in Supple-
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  The Clinical SYNTAX score has been calculated 
using a simple 3 variable patient based score, how-
ever to determine the effect of adding more clinical 
variables the SYNTAX score was combined with 
the EUROADD and EUROLOG using the formula: 
SYNTAX-euroSCORE= [SYNTAX score] x [EU-
ROADD] or [SYNTAX score] x [EUROLOG]. The 
analysis was performed in same cohort of 239 pa-
tients described in this appendix.  
 
 

Results 
Supplementary Figures 3 shows the 5-year 
MACCE-free survival stratified according to ter-
tiles of the CSS, SYNTAX-EUROADD, and the 
SYNTAX-EUROLOG. Overall there was no signifi-
cant difference between corresponding tertiles for 
the CSS, SYNTAX-EUROADD and SYNTAX-
EUROLOG.   
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had significantly better outcomes than those in the 
mid (p[log-rank]=0.005) and highest (p[log-
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rank]=0.34). Conversely the outcomes according to 
the SYNTAX-EUROLOG mirrored those of the 
CSS, with no significant difference in events be-
tween the lower two SYNTAX-EUROLOG tertiles 
(p[log-rank]=0.41), and significantly more events 
in the highest SYNTAX-EUROLOG tertile when 
compared to the low (p[log-rank]=0.005) and mid 
(p[log-rank]=0.04) tertile.  
  The ROC curves for MACCE and mortality at 5-
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and SYNTAX-EUROLOG, which are shown in Sup-
plementary Figure 2, demonstrate comparable C-
statistics for all three scores.  
 
Summary 
These results indicate that there is no added advan-
tage in patients with 3VD of combining the SYN-
TAX score with a detailed patient based score such 
as the euroSCORE (either additive or logistic), 
when compared to the combination of the SYN-
TAX score and a simple three variable patient 
based score, such as the ACEFCrCl score.  
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Clinic Risk Score. 
 

The Mayo Clinic Risk score (MCRS) is a validated 
patient based risk model, designed as a bed side 
tool, which uses a mixture of seven clinical vari-
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procedural shock, MI within 24 hours, congestive 
cardiac failure and peripheral vascular disease) to 
predict in-hospital mortality after either PCI or 
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Results 
As mentioned in the main manuscript the ACEF is 
not currently validated for use in PCI, however as 
shown in Table 5, the C-statistic for the validated 
MCRS and the ACEFCrCl for both 5-year MACCE 
and mortality were similar providing some in-direct 
justification for the use of the ACEF score as an 
integral part of the CSS. 
  Supplementary Figure 4 shows the 5-year 
MACCE-free survival stratified according to ter-
tiles of the CSS, and the MCRS in patients with 
3VD. Overall there were no significant differences 
in outcomes between corresponding tertiles for the 
CSS, and the MCRS. In addition, as with the CSS 
and SYNTAX-EUROLOG, there were no significant 
differences in event rates between patients in the 
lower and mid tertiles for the MCRS (MCRSLOW 
vs. MCRSMID, p[log rank]=0.77), whilst outcomes 

were significantly poorer in the highest tertile com-
pared to the lower two tertiles (MCRSLOW vs. 
MCRSHIGH, p[log rank]=0.002 and MCRSMID vs. 
MCRSHIGH, p[log rank]=0.009). The ROC curves 
for MACCE and mortality at 5-year follow-up for 
the CSS, and MCRS are shown in Supplementary 
Figure 2. Consistent with the other scores tested in 
this analysis, there was a reduction in C-statistics 
between the 3VD patient cohort, and the 2- and 3-
VD patient cohort (Table 5). 
  
Summary 
These results indicate that PCI risk scores based 
purely on clinical characteristics (e.g.  the MCRS) 
are superior to those scores incorporating anatomi-
cal characteristics (e.g. SYNTAX score or CSS) for 
the prediction of mortality, but inferior for the pre-
diction of MACCE.  
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 Supplementary Figure 1 

 

 
 
 
 
Supplementary Figure 1: Logarithmic distribution of the Clinical SYNTAX score (CSS). The 
CSS is normally distributed after logarithm transformation. 
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Supplementary Figure 1: Logarithmic distribution of the Clinical SYNTAX score (CSS). The 
CSS is normally distributed after logarithm transformation. 

Log Clinical SYNTAX Score 

11   Circ Cardiovas Inter     Aug 2010 
 

 
 

Area under the 
curve [95% CI]

ACEFCrCl * 0.64 [0.56-0.71]
ACEFSCr† 0.59 [0.51-0.67]

CSSCrCl* 0.67 [0.59-0.75]
CSSSCr* 0.65 [0.57-0.73]

EUROADD¶ 0.61 [0.54-0.69]
EUROLOG¶ 0.61 [0.57-0.73]

MCRS¶ 0.64 [0.56-0.72]
SYNTAX¶ 0.64 [0.56-0.72]

SYNTAX-EUROADD* 0.66 [0.58-0.74]
SYNTAX-EUROLOG* 0.65 [0.57-0.73]

Area under the 
curve [95% CI]

ACEFCrCl* 0.82 [0.71-0.93]
ACEFSCr¶ 0.73 [0.60-0.85]

CSSCrCl* 0.80 [0.68-0.93]
CSSSCr¶ 0.75 [0.63-0.88]

EUROADD* 0.79 [0.68-0.90]
EUROLOG* 0.82 [0.71-0.93]

MCRS* 0.82 [0.70-0.94]
SYNTAX† 0.70 [0.57-0.83]

SYNTAX-EUROADD* 0.81 [0.70-0.93]
SYNTAX-EUROLOG* 0.81 [0.69-0.94]

B 

A 

Supplementary Figure 2 
   
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Supplementary Figure 2: ROC curves for (A) mortality, (B) MACCE at 5-years follow-up for different 
risk scores amongst the 239 patients in the ARTS-II study who had treatment for triple vessel disease, 
and had serum creatinine, left ventricular function and body weight recorded at baseline.*p<0.001, 
†p<0.05, ¶ p<0.01. 
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Supplementary Figure 3: Kaplan Meier curve showing the 5-year MACCE-free survival stratified ac-
cording to tertiles of the CSS, and (A) the SYNTAX-EUROADD, and (B) the SYNTAX-EUROLOG.  
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Supplementary Figure 4: Kaplan Meier curve showing the 5-year MACCE-free survival stratified ac-
cording to tertiles of the CSS, and the MCRS. 
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Supplementary Figures 5A and 5B 
 

 

 
 

 
Supplementary Figure 5: Kaplan Meier curves for (A) death, (B) myocardial infarction, (C) repeat 
revascularisation and (D) MACCE at 5-years follow-up amongst 239 patients with three vessel dis-
ease in the ARTS-II study with a Clinical SYNTAX score. 
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Supplementary Figure 6: ROC curves for (A) mortality, (B) MACCE at 5-years follow-up amongst the 
239 patients with three vessel disease in the ARTS-II study with a Clinical SYNTAX score. 
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Supplementary Figure 7: Kaplan Meier curves for (A) death, (B) myocardial infarction, (C) repeat 
revascularisation and (D) MACCE at 5-years follow-up amongst all 251 patients in the ARTS-II study 
with a Clinical SYNTAX score calculated using the serum creatinine. 
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Supplementary Figure 8: Receiver Operator Curves for (A) mortality, (B) MACCE at 5-
years follow-up amongst all 251 patients in the ARTS-II study with a Clinical SYNTAX score 
calculated using the serum creatinine. 
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The left main stem is rarely longer than 15 mm,
but in view of its extensive myocardial distribution,
it is a vitally important part of the coronary arterial
tree. Unprotected left main stem (ULM) lesions
carry the worst prognosis of any coronary lesion,
mainly because of the extensive amount myocar-
dium placed at jeopardy by such lesions. The
mortality for nonrevascularized ULM disease has
been reported to be as high as 37% at 3 years (1).
The optimal therapy for patients with ULM dis-
ease remains the subject of continuing debate (2,3).

Coronary artery bypass grafting (CABG) was es-
tablished as the gold standard for treatment of pa-
tients with ULM disease on the basis of trials that
randomly assigned patients to CABG versus medical
therapy (4). Historically, patients with ULM disease
have been excluded from randomized trials compar-
ing percutaneous coronary intervention (PCI) to

CABG (5,6). Nevertheless, surveys of real-world
practice have indicated that approximately one-third of
patients with ULM lesions are treated by PCI (7).
Percutaneous coronary intervention for ULM disease
is usually “accepted” when: 1) patients require bailout
ULM PCI following complications during PCI;
2) ULM disease occurs in the setting of acute
myocardial infarction (MI); 3) the left main is
protected by a functional coronary bypass graft;
4) patients are turned down for CABG; or 5) patients
refuse surgery. Less settled are the indications for
left main PCI in patients who are good candidates
for CABG.

Recently, important studies have been published
specifically relating to selection of revascularization
modalities of the ULM (8). These data suggest that
in certain groups of patients with ULM disease, such
as those with ostial or shaft lesions, revascularization
with PCI remains a valid alternative therapy to
CABG (8–10). Consequently, in the recent focused
update from the American College of Cardiology/
American Heart Association (ACC/AHA), PCI for
ULM lesions has been upgraded from a Class III to
a Class IIb indication in those patients with “anatom-
ical conditions which are associated with a low risk
from PCI procedural complications and clinical con-
ditions which predict adverse surgical outcomes” (11).

In view of this recommendation, there is now a
clear need to appropriately identify which patients
with ULM should undergo revascularization with
PCI or CABG. This highly relevant topic was
briefly touched upon in a recent white paper on
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PCI for ULM (8); however, its importance to everyday
clinical practice necessitates a more detailed review. The aim
of this paper is to review the currently available methods for
risk stratifying those patients with ULM lesions requiring
revascularization.

Does the ULM Need Revascularization?

Prior to embarking on the assessment of risk and formula-
tion of a revascularization strategy for patients with an
angiographically identified ULM lesion, it is important to

determine whether the lesion is
in actual need of revasculariza-
tion (i.e., is hemodynamically
significant). The anatomic loca-
tion of the ULM, together with
vessel foreshortening and over-
lap makes angiographic visual-
ization and accurate lesion as-
sessment notoriously difficult.
Specifically, ostial left main le-
sions may appear more signifi-
cant than they truly are due to
catheter-induced artifacts, and
the severity of distal bifurcation
lesions may be notoriously diffi-
cult to accurately delineate. In
part due to these reasons, lesions
in the left main stem are subject
to the greatest degree of angio-
graphic intraobserver and inter-
observer variability compared
with lesions located elsewhere in
the coronary tree (12,13). Im-
portantly, studies have shown a
favorable prognosis in patients
with ULM lesions that are not
functionally significant (14).
Conversely, bypass grafts placed
to nonhemodynamically signifi-
cant lesions have a high rate of
early failure (15). Therefore, in
practice, a suspicious or borderline
ULM lesion warrants further

evaluation with intravascular ultrasound, coronary computed
tomography, and/or functional assessment with fractional flow
reserve (12,14,16), before either suggesting the need for revas-
cularization or dismissing the need altogether.

Is There a Need for Risk Stratification
in ULM Revascularization?

An assessment of procedural risk is imperative once the
decision has been made that revascularization of the ULM

is required. Technological advances, such as the availability
of left ventricular assist devices during high-risk cases (17),
have increased the number of patients in whom PCI is now
feasible; however, the appropriateness of ULM intervention
cannot be considered without a proper assessment of the
risk and benefits of both PCI and CABG.

Procedural risk stratification (for both PCI and CABG)
serves several purposes. In the short term, it provides clinicians
with supplementary information that can help guide treatment
strategy, particularly in view of the latest guidelines “allowing,”
with a Class IIb recommendation, ULM PCI only in cases in
which procedural success is high and procedural risk is low. In
addition, and perhaps most importantly, procedural risk strat-
ification enables patients to be more adequately informed about
the risks/benefits of the alternative revascularization strategies
available, allowing them to make an informed decision. Ulti-
mately, it is the duty of a clinician to convey full and
understandable information to their patients (18). Contrary to
popular belief, after being offered CABG, very few patients
actually refuse. In the SYNTAX (Synergy Between Percuta-
neous Coronary Intervention With TAXUS and Cardiac
Surgery) trial, the rate of refusal was 0.4% (9). Surgeons raise
the valid concern that patients who refuse CABG may not
have had the opportunity to discuss matters with a surgeon and
may have been swayed in their decision by a relatively 1-sided
discussion (1). Good clinical practice should ensure that
patients with significant ULM disease have the opportunity to
speak to both a cardiac surgeon and interventional cardiologist
together (the “Heart Team,” often with a noninvasive cardiol-
ogist) to enable an interactive discussion wherein all issues are
discussed and addressed (1). With the current state of evidence,
ad hoc ULM PCI should not be performed in the stable
patient.

Risk stratification models, and collections of decisions re-
sulting from patient-physician discussions, provide a vital
measure of patient care and may identify future directions to
further improve outcomes. In terms of clinical governance and
the public reporting of results, risk stratification is imperative to
enable a suitable comparison of performance between clinicians
and government standards. Their significance is further en-
hanced as it becomes increasingly essential for clinicians to be
able to justify clinical decisions to patients, peers, and regula-
tory bodies.

What Methods of Risk Stratification Are
Available for Patients With ULM Lesions?

A variety of different methods of stratifying risk in patients
undergoing ULM revascularization is available; however,
each has been applied to different study populations, limit-
ing the comparisons that can be made among different risk
models. In essence, risk models can be divided into those
using clinical-based variables, those using angiographic
data, and those using a combination of both. Table 1

Abbreviations
and Acronyms

ACC � American College of
Cardiology

ACEF � Age, Creatinine,
Ejection Fraction

AHA � American Heart
Association

CABG � coronary artery
bypass grafting

CSS � clinical SYNTAX
score

EuroSCORE � European
System for Cardiac Operative
Risk Evaluation

GRC � Global Risk
Classification

MACCE � major adverse
cardiovascular and
cerebrovascular events

MACE � major adverse
cardiac events

MCRS � Mayo Clinic risk
score

MI � myocardial infarction

PCI � percutaneous
coronary intervention

STS � Society of Thoracic
Surgery

SXscore � SYNTAX score

ULM � unprotected left
main stem
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summarizes various contemporary risk models that are
described in more detail herein.

Clinical-Based Scores

These risk scores only incorporate clinical variables and do
not require any data from the angiogram. They offer the
advantage of being able to be computed relatively quickly,
usually at the bedside, and principally include variables that
are not subject to user interpretation, thereby ensuring
excellent reproducibility.

EuroSCORE. The European System for Cardiac Operative
Risk Evaluation (EuroSCORE) (19) is an additive clin-
ical score, calculated using 17 different objective clinical
variables (Table 2), which has been used since 1999 to
predict in-hospital mortality in patients undergoing car-
diac surgery (19). Subsequent studies have confirmed the
ability of the EuroSCORE to also predict long-term
mortality (20 –22).

There have been no dedicated studies of the EuroSCORE
(additive or logistic) in patients with isolated ULM lesions

Table 1. Summary of Contemporary and Newly Developed Risk Models for Assessment of Risk in Patients Undergoing Revascularization

Risk Model

Number of Variables Used to
Calculate Score Validated in PCI/CABG

Specific Evaluation
in ULM Patients?Clinical Angiographic PCI CABG

EuroSCORE (9,19–28) 17 0 � � �

Mayo Clinic Risk Score (30–32) 17 0 � � –

ACEF (33) 3 0 – � –

AHA/ACC lesion classification (36–38,40) 0 11 (per lesion) � – �

SYNTAX score (6,9,24,26,34,39–48) 0 11 (per lesion) � � �

Society of Thoracic Surgery score (31,49–51) 40 2 – � –

Clinical SYNTAX score (52) 3 11 (per lesion) � – –

Global Risk Classification (54) 17 11 (per lesion) � � �

AHA/ACC � American Heart Association/American College of Cardiology; ACEF � Age, Creatinine, Ejection Fraction; CABG � coronary artery bypass grafting surgery; EuroSCORE � European System for

Cardiac Operative Risk Evaluation; PCI � percutaneous coronary intervention; SYNTAX � Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery; ULM � unprotected left main

stem.

Table 2. The Additive EuroSCORE

Score

Patient characteristics

Age Per 5 years or part thereof over the age of 60 years 1

Sex Female 1

Chronic pulmonary disease Long-term use of bronchodilators or steroids for respiratory disease 1

Peripheral arteriopathy *Claudication, carotid stenosis �50%, previous or planned intervention on the abdominal aorta, limb arteries, or carotids 2

Neurological dysfunction Severely affected mobility or day-to-day function 2

Previous cardiac surgery Previous opening of the pericardium 3

Serum creatinine Pre-operatively �200 �mol/l 2

Active endocarditis Antibiotic therapy at time of surgery 3

Critical pre-operative state *Pre-operative cardiac arrest, ventilation, renal failure, inotropic support, intra-aortic balloon pump use, ventricular arrhythmia 3

Cardiac-related factors

Unstable angina Rest pain requiring IV nitrates 2

Left ventricular function Moderate (30%–50%)
Poor (�30%)

1
3

Recent MI Within 90 days 2

Pulmonary hypertension Systolic pulmonary pressure �60 mm Hg 2

Operation-related factors

Emergency Operation performed before the start of next working day 2

Other than isolated CABG Major cardiac procedure other than or in addition to CABG 2

Surgery on thoracic aorta 3

Post-infarct septal rupture 4

The additive EuroSCORE is calculated by summating the individual score from 17 different variables (19). *Any of the following.

IV � intravenous; MI � myocardial infarction; other abbreviations as in Table 1.
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undergoing surgical revascularization. However, the initial
validation of these scores utilized a large patient database,
which included over 4,000 (22%) patients with a ULM
lesion (19,23), thereby indirectly confirming the utility of
the EuroSCORE in the assessment of patients undergoing
CABG for ULM disease.

The utility of using the EuroSCORE in patients under-
going PCI has been assessed in the multicenter randomized
SYNTAX study (9,24) and several additional nonrandom-
ized studies (25–28). Four of these studies specifically
evaluated the EuroSCORE in patients with ULM disease
(24–27), with most except the study by Kim et al. (27)
including a surgical treatment arm for the comparison of
outcomes.

All studies have identified the additive EuroSCORE as
an independent predictor of major adverse cardiovascular
and cerebrovascular events (MACCE) in patients with
ULM disease undergoing PCI (24–27). In addition, all
studies that include a surgical control group have reported
that the additive EuroSCORE is an independent predictor
of MACCE for patients with a ULM lesion undergoing
CABG (24–26). In the left main stem subgroup of the
SYNTAX study, the additive EuroSCORE was shown to
be an independent predictor of MACCE at 1-year
follow-up irrespective of the method of revascularization
(odds ratio [OR]: 1.21; 95% confidence interval [CI]: 1.12
to 1.32; p � 0.001) (24). Rodés-Cabau et al. (25) reported
similar results among 249 octogenarians with ULM disease,
with a EuroSCORE �9 identified as the best predictor of
MACCE after PCI and CABG out to a mean of 23 months
of follow-up (25). The C-statistic for the ability of the
EuroSCORE to predict MACCE was reported as 0.65.
More recently, retrospective analysis of the large MAIN
COMPARE (Revascularization for Unprotected Left Main
Coronary Artery Stenosis: Comparison of Percutaneous
Coronary Angioplasty versus Surgical Revascularization
from Multicenter Registry), which included 1,580 patients
with ULM, demonstrated that the additive EuroSCORE
was an independent predictor of death/MI/stroke in pa-
tients having PCI or CABG out to 3-year follow-up (26).

In a study without a comparative surgical arm, Kim et al.
(27) evaluated the potential of the EuroSCORE in 324
patients undergoing PCI for ULM disease, at a median of
26.3 months of follow-up. A EuroSCORE �5, commonly
accepted as a high-risk surgical group (19), was shown to be
an independent predictor of death/MI (hazard ratio [HR]:
3.4; p � 0.02), with a C-statistic for the ability of the
EuroSCORE to predict death/MI of 0.61. In contrast,
Romagnoli et al. (28) reported a C-statistic of 0.91 for the
prediction of in-hospital mortality using the EuroSCORE.
The superior C-statistic in this report (28) may be attrib-
uted to Romagnoli et al. limiting outcome measures to only
the hard end point of mortality and restricting the period of

follow-up to only in-hospital events. Of note, the C-statistic
fell to 0.56 when assessing procedural failure.

Concerns that the additive EuroSCORE underestimated
risk in surgical patients deemed to be at the highest risk (29)
led to the development of the logistic EuroSCORE. In the
setting of PCI, only Romagnoli et al. (28) have assessed the
performance of the logistic EuroSCORE, which was sub-
sequently shown to have a predictive ability that was similar
to the additive EuroSCORE.

In summary, the limited studies that have assessed the
additive EuroSCORE in patients with ULM disease sug-
gest that the EuroSCORE in isolation is probably of little
use in determining selection of revascularization strategy, as
patients with high EuroSCORE have a high risk of adverse
events following either PCI or CABG. Nevertheless, it is
clear that the EuroSCORE is an effective method of
identifying which patients, treated with PCI or CABG, are
at high risk of mortality and/or MACCE. The role of the
logistic EuroSCORE is as yet undetermined.
Mayo Clinic risk score. The Mayo Clinic risk score (MCRS)
uses a mixture of 7 clinical variables to predict in-hospital
mortality after revascularization with either PCI or CABG
(Table 3). The MCRS has been validated in patients having
PCI and CABG (30,31); however, no studies have been
performed specifically in patients with ULM lesions. The
only study to report the MCRS and specify the number of
patients with a ULM lesion enrolled only 96 ULM patients,
comprising 1.3% of the overall study cohort (32). This small
group is clearly insufficient to allow extrapolation of the
overall study results to patients with ULM disease in
general. Therefore, the utility of using the MCRS for either
quantifying procedural risk and/or selecting revasculariza-
tion strategy in patients with ULM disease remains cur-
rently undefined.
ACEF score. The Age, Creatinine, Ejection Fraction
(ACEF) score (33) is calculated using the formula [patient
age � ejection fraction (%)] � [1 if creatinine �2 mg/dl].
The only published data at present relate to patients
undergoing elective CABG, where the ACEF score was
shown to have a similar accuracy and calibration for in-
hospital mortality compared with other more complicated
surgical risk scores such as the EuroSCORE and the
Cleveland Clinic Score. The development and validation of
this score included 8,648 patients; however, the proportion
of patients with a ULM lesion was not specified. Further-
more, as with the MCRS, the value of the ACEF score in
either determining revascularization strategy and/or proce-
dural risk in patients undergoing PCI is as yet undetermined
by virtue of the lack of any data in PCI patients. Ultimately,
the role of the ACEF score in the assessment of patients
with ULM disease requires further investigation.

In summary, the different clinical-based risk scores have
been found to be useful in predicting early and late mortality
and MACCE in patients undergoing PCI and/or CABG.
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However, no clinical-based score has been demonstrated to
discriminate the relative early procedural risk or late survival
between PCI and CABG.

Angiographic-Based Scores

Several angiographic-based scores have been proposed that
are independent of patient clinical variables, being calcu-
lated using only angiographic data. This has obvious impli-
cations for the timing of risk stratification. More impor-
tantly, however, the intervariability inherent in angiographic
assessment introduces a subjective element to the assess-
ment of risk when using angiographic-based scores (34,35).
ACC/AHA lesion classification. The ACC/AHA lesion clas-
sification was 1 of the original angiographic scoring systems;
it was first devised in 1986 and modified in 1990. The
current scoring system uses 11 angiographic variables to
categorize lesions into types A, B1, B2, and C. Historical
studies prior to the arrival of drug-eluting stents indicated
that that ACC/AHA lesion classification did have a prog-
nostic impact on early and late outcomes (36,37). Data in
contemporary practice using drug-eluting stents, however,
are limited to retrospective registries. The German Cypher
registry enrolled over 6,700 patients with approximately
8,000 lesions, 200 of which were ULM lesions. Results
indicated the lack of any relationship between ACC/AHA
lesion classification and clinical outcomes out to 6-month
follow-up (38). In contrast to these results, a significant
relationship between the ACC/AHA lesion score (derived
by assigning 1, 2, 3, and 4 points to types A, B1, B2, and C
lesions, respectively) and clinical outcomes has been dem-
onstrated in patients with 3-vessel- (39) or ULM-disease
(40) undergoing PCI. Specifically, Capodanno et al. (40)
demonstrated that the ACC/AHA lesion score significantly
predicted both cardiac death (p � 0.001) and major adverse

cardiac events (MACE) (p � 0.02) at 1-year follow-up
among 255 patients with ULM undergoing PCI with
drug-eluting stents. Moreover, in this study, the ACC/
AHA lesion score was found to be an independent predictor
of cardiac death, but not MACE.
SYNTAX score. The SYNTAX score (SXscore) is a well-
described anatomical scoring system that enables quantification
of the complexity of coronary anatomy (34,41). Lesion location
and adverse lesion characteristics are used to calculate the score
using either a downloadable calculator or the SXscore website
(42) (Table 4). The SXscore was first used prospectively in the
SYNTAX trial and has since been calculated in a number of
different clinical trials both in elective and acute patients, with
simple or complex disease, followed up for between 1 and 5
years (6,9,34,39–41,43–46). In all studies, irrespective of
follow-up duration, a higher SXscore tertile has consistently
been associated with the poorest outcomes (6,9,39,40,43–46),
whereas several studies also identified the SXscore as an
independent predictor of MACE in patients undergoing PCI
(6,39,40,43,44).

The value of the SXscore in patients with ULM disease
has been specifically assessed in over 3,000 patients with
follow-up between 12 months and 4 years in 4 separate
studies: specifically, the 705-patient ULM subgroup of the
SYNTAX trial (24,47), the CUSTOMIZE registry (ap-
praise a CUSTOMIZED strategy for left main revascular-
ization) (n � 819) (40,43), the MAIN COMPARE registry
(n � 1,580) (26), and the Rotterdam LM (Rotterdam Left
Main) registry (n � 148) (44). Importantly, a surgical arm
was included in all but the Rotterdam LM registry, thereby
allowing investigation as to the role of the SXscore for
selecting revascularization strategy and/or determining pro-
cedural risk.

The ULM subgroup of the SYNTAX study represents
the only prospectively recruited ULM patient group

Table 3. The Mayo Clinic Risk Score

Variable Points

Age, yrs See below

Creatinine, mg/dl See below

Left ventricular ejection fraction, % See below

Pre-procedural shock 9

Myocardial infarction �24 h 4

Congestive heart failure on presentation (without acute MI or shock) 3

Peripheral vascular disease 2

The Mayo Clinic risk score is calculated using data from 7 individual variables, each of which have their own weighted score (30).

Abbreviations as in Table 2.
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(24,47). The rate of MACCE out to 2-year follow-up,
together with the individual components of death, stroke,
MI, and repeat revascularization in patients randomly as-
signed to treatment with PCI or CABG, stratified accord-
ing to SXscore tertiles are shown in Table 5. Of note,
whereas the SXscore was an independent predictor of
MACCE for patients undergoing PCI, the same was not
true for those undergoing CABG. This is not surprising
considering the bypass anastomosis occurs distal to the com-
plex disease. Moreover, the relatively “flat” relationship be-
tween MACCE and SXscore in patients undergoing CABG,
which contrasts with the positive relationship between
MACCE and SXscore in patients undergoing PCI (Fig. 1),
indicates how the SXscore, in addition to its ability to predict
outcomes, is able to aid revascularization decisions in these
patients. In those patients in the low and intermediate SXscore
tertiles, the rates of MACCE between PCI and CABG are
comparable (Table 5), whereas in those patients in the highest
SXscore tertile, outcomes are significantly worse in those
receiving PCI.

Similar findings have been demonstrated in retrospective
registries of patients undergoing ULM PCI who have
reported outcomes from 1 to 4 years of follow-up.

At 1-year follow-up, among 255 patients in the
CUSTOMIZE registry, the SXscore was identified as an

independent predictor of MACE (adjusted HR: 1.06; 95%
CI: 1.02 to 1.10; p � 0.005) and cardiac death (adjusted
HR: 1.15; 95% CI: 1.05 to 1.26; p � 0.003), with respective
C-statistics of 0.64 and 0.83 (40). At 2-year follow-up,
further analysis of the same registry (expanded to 819
patients) reaffirmed the ability of the SXscore to aid revas-
cularization decisions (43). The rate of MACE among
patients treated with PCI and CABG for those with an
SXscore �34 was 8.1% and 6.2% (p � 0.46), respectively,
compared with 32.7% and 8.5% (p � 0.001) for those with
SXscore �34.

At 3-year follow-up in the MAIN COMPARE registry,
the rate of death/stroke/MI after ULM PCI increased from
4.6%, to 9.4% and 11.4% with increasing SXscore tertile
(p � 0.01) (26). A significant trend was not present,
however, when rates of MACCE (composite of death,
stroke, MI, and repeat revascularization) were stratified
according to SXscore; of note, this population included
patients treated with bare-metal stents, which may in part
explain this finding. Finally, data from the Rotterdam LM
registry indicate that the ability of the SXscore to identify
those at high risk of adverse outcomes following ULM
PCI is sustained out to at least the 4-year follow-up (44).

In contrast to these studies, which have all consistently
demonstrated no interaction between the SXscore and those

Table 4. The SYNTAX Score Algorithm

1. Arterial dominance

2. Arterial segments involved per lesion

Lesion characteristics

3. Total occlusion

i. Number of segments involved

ii. Age of the total occlusion (�3 months)

iii. Blunt stump

iv. Bridging collaterals

v. First segment beyond the occlusion visible by antegrade or
retrograde filling

vi. Side branch involvement

4. Trifurcation

i. Number of segments diseased

5. Bifurcation

i. Medina type

ii. Angulation between the distal main vessel and the side branch �70o

6. Aorto-ostial lesion

7. Severe tortuosity

8. Length �20 mm

9. Heavy calcification

10. Thrombus

11. Diffuse disease/small vessels

i. Number of segments with diffuse disease/small vessels

The SYNTAX score is calculated using this algorithm, which is applied to each individual coronary

lesion that has a diameter stenosis greater than 50% and is located in a vessel that is larger than 1.5

mm in diameter (41). The individual lesion scores are added together to give the final SYNTAX

score.

Table 5. 2-Year Outcomes in the Left Main Subgroup of the SYNTAX Trial
Stratified by SYNTAX Score Tertiles

2-Year Outcomes (47)

Treatment Modality

p ValuePCI (%) CABG (%)

Low SYNTAX score tertile (0–22) n � 118 n � 104

Major adverse cardiovascular events 15.5 18.8 0.45

Death 0.9 4.9 0.07

Stroke 0.9 4.1 0.12

MI 3.6 2.0 0.53

Death/stroke/MI 4.5 9.9 0.10

Repeat revascularization 14.7 10.1 0.37

Intermediate SYNTAX score tertile (23–32) n � 103 n � 92

Major adverse cardiovascular events 22.4 22.4 0.91

Death 4.9 11.3 0.10

Stroke 1.0 2.3 0.46

MI 4.0 3.3 0.86

Death/stroke/MI 9.8 14.5 0.28

Repeat revascularization 14.9 12.8 0.72

High SYNTAX score tertile (�33) n � 135 n � 150

Major adverse cardiovascular events 29.7 17.8 0.02

Death 10.4 4.1 0.04

Stroke 0.8 4.2 0.08

MI 8.4 6.1 0.48

Death/stroke/MI 15.6 11.5 0.32

Repeat revascularization 21.8 9.2 0.003

Abbreviations as in Tables 1 and 2.
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undergoing CABG, are the results of a study by Birim et al.
(48) who reported surgical outcomes in 148 patients with
ULM disease stratified according to tertiles. The study,
which only used 1 investigator to score all angiograms,
demonstrated that the SXscore was an independent predic-
tor of MACCE at 1-year follow-up after CABG. The small
sample size and retrospective design may have influenced
the results, which have not yet been repeated, or fully
explained (48).

Both Valgimigli et al. (39) and Capodanno et al. (40)
have reported a significant correlation between the SXscore
with the ACC/AHA lesion score. However, the SXscore
has been shown to have superior discriminative ability
compared with the ACC/AHA lesion score for both cardiac
death (SXscore 0.83 vs. 0.76 ACC/AHA) (40) and
MACCE (SXscore 0.73 vs. ACC/AHA 0.56) (39).

Overall, these multiple studies indicate that the SXscore
has a role to play in both stratifying clinical outcomes and
assisting important revascularization decisions in those pa-
tients undergoing revascularization of ULM disease.

Combined Risk Scores

The clinical and angiographic-based scores assess com-
pletely different, but equally important, variables. Impor-
tantly, clinical and angiographic risk models may be better
suited to predict different outcomes. For example, Singh et
al. (32) reported that the MCRS was superior to the
ACC/AHA lesion classification in the prediction of death/
stroke/MI/emergent CABG, but inferior for the prediction
of angiographic failure. This observation supports the no-
tion of a model combining clinical and angiographic vari-
ables, which intuitively would be able to provide a more
complete assessment of risk. In view of this, several
combined clinical and angiographic risk scores have been
developed. However, validation of these scores is at an
early stage, such that outcome data are currently confined
to small, retrospective studies, with limited follow-up.
The most prominent combined risk scores include: So-
ciety of Thoracic Surgery (STS) Score, clinical SYNTAX score
(CSS), and combined EuroSCORE and SYNTAX.
STS Score. The STS score is considered a combined risk
score, although it only incorporates 2 angiographic variables
(presence of ULM lesion and number of vessels diseased)
together with 40 clinical variables. The STS risk model
predicts the risk of operative mortality and morbidity after
adult cardiac surgery (49,50) such that it is used exclusively
by cardiac surgeons; at present, no data exist regarding the
utility of the STS score in patients undergoing PCI.
Previous data have indicated the STS score to be superior to
the MCRS in patients having CABG (31), whereas com-
parisons between the EuroSCORE and STS score indicate
only a slight improvement in mortality prediction with the
STS score (51). There appears to be little role of the STS
score in the assessment of patients with ULM disease prior
to the selection of a strategy of surgical revascularization.
Clinical SYNTAX score. The notion of adding a clinical-
based component to the angiographic SXscore led to the
development of the CSS (52). This score incorporates, as its
clinical component, the ACEF score, which is modified to
include the creatinine clearance as opposed to the serum
creatinine as originally described by Ranucci et al. (33). This
was performed to improve the discrimination of risk as
previously observed when a similar modification was incor-
porated into the EuroSCORE (53). The CSS is calculated
by multiplying the SXscore with this modified ACEF score
(Table 6). The evaluation of the CSS has only been
performed thus far in 1 patient study cohort, which included

Figure 1. Clinical Outcomes (Composite of Death, Stroke, MI and Repeat
Revascularization) Stratified by SYNTAX Score Tertile

Clinical outcomes (composite of death, stroke, myocardial infarction, and
repeat revascularization) stratified by SYNTAX score tertile among the 705
patients randomized to treatment with percutaneous coronary intervention
(PCI) or coronary artery bypass graft surgery in the unprotect left main sub-
group of the SYNTAX (Synergy between Percutaneous Coronary Interven-
tion with Taxus and Cardiac Surgery) study (47). There is an increasing
event rate among patients treated with percutaneous coronary intervention
with increasing SYNTAX score tertile. Conversely, there is relatively little
difference between outcomes in the coronary artery bypass grafting group.
These results illustrate the utility of the SYNTAX score in determining revas-
cularization strategy. CABG � coronary artery bypass grafting; MI � myo-
cardial infarction.

Table 6. The Clinical SYNTAX Score

Clinical SYNTAX Score � SYNTAX Score � � Age

LV ejection fraction �%�
� 1 point for each 10-ml creatinine clearance* �60 ml/min/1.73 mm2�

The clinical SYNTAX score is calculated using the patient’s age, left ventricular ejection fraction, serum creatinine clearance, and SYNTAX score (52). �Calculated using the Cockcroft/Gault equation.

LV � left ventricular; other abbreviations as in Table 1.
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patients with multivessel disease but excluded those with
ULM lesions. At 5-year follow-up, among patients with
triple-vessel disease, the CSS was shown to have a superior
discriminative ability compared with the SXscore and ACEF
score in the prediction of both mortality (CSS 0.80 vs. SXscore
0.70 vs. ACEF 0.73) and MACCE (CSS 0.67 vs. SXscore
0.64 vs. ACEF 0.59) (52). Further evaluation of this score is
required, particularly in patients with ULM disease.
EuroSCORE and SYNTAX. The previous discussion has indi-
cated that the EuroSCORE and SXscore are the most
validated tools for risk assessing patients undergoing coro-

nary revascularization and in particular those with ULM
disease. The combination of these 2 scores appears partic-
ularly attractive given the ability of the EuroSCORE to
identify patients at high risk of adverse events irrespective of
treatment modality and the ability of the SXscore to assist in
establishing optimal revascularization strategy.

The 2 scores have a somewhat complex relationship that
is highlighted by the confusing results seen in the SYNTAX
study, when patients in low, intermediate, and high SXscore
tertiles were further subdivided by a EuroSCORE above or
below the median of 4 (Fig. 2). The EuroSCORE was an

Figure 2. The Relationship Between the EuroSCORE and the SYNTAX Score as Assessed in the ULM Population Enrolled in the SYNTAX Study

All patients with a EuroSCORE (European System for Cardiac Operative Risk Evaluation) �4 have a greater event rate than patients with a EuroSCORE �4 irre-
spective of the treatment modality or their SYNTAX score tertile. Furthermore, the largest absolute difference in event rate between patients with a EuroSCORE
above and below 4 occurs in patients in the intermediate SYNTAX score tertile when treated with percutaneous coronary intervention, and in the lowest SYNTAX
score tertile when treated with coronary artery bypass grafting. ULM � unprotected left main stem; other abbreviations as in Figure 1.
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independent predictor of MACCE for both revasculariza-
tion strategies; therefore it would have been expected that
outcomes in those with a high EuroSCORE were worse
than those with a low EuroSCORE irrespective of the
SXscore tertile. However, as is clearly seen, in the low
SXscore tertile the division by EuroSCORE identified
those patients at highest risk of events from surgery and had
little effect on PCI outcomes. In the high SXscore tertile
group the opposite was observed: whereas surgical outcomes
in patients with a EuroSCORE above or below 4 were
similar, PCI outcomes varied from 20% to 35%. The small
number of patients in these subgroups may certainly have
played its part in these observations, which therefore require
further investigation with subsequent larger studies.

Although the subdivision of patients into 2 groups
according to their EuroSCORE produced puzzling results,
more promising results have been reported by Capodanno et
al. (54) when subdividing the EuroSCORE into the histor-
ically defined groups of low (0 to 2), intermediate (3 to 5),
and high risk (�6) and combining this in a Global Risk
Classification (GRC) with SXscores in low, intermediate,
and high tertiles (Table 7). This GRC has so far only been
applied to a population of 255 patients undergoing ULM
revascularization, for which SXscores were calculated retro-
spectively. At 2-year follow-up, the rates of cardiac death in
patients in low, intermediate, and high SXscores tertiles
were 3.9%, 5.4%, and 21.9%, whereas with the GRC, rates
of 1.6%, 16.0%, and 31.4% were seen in low, intermediate,
and high GRC groups. Additional results indicated that the
GRC had a greater discriminatory ability when compared
with other risk scores, including the EuroSCORE and the

SXscore, for the prediction of in-hospital and 2-year mor-
tality. In essence, the study reiterated the importance of
considering both clinical and angiographic variables in the
assessment of overall risk and provided a combined scoring
system that appears to hold promise; however, validation in
a large patient group is required.

Limitations of Risk Models

There are numerous other variables such as diabetic status
and body mass index, which have been shown to influence
clinical outcomes but have not been included in most risk
models. Importantly, the number of variables included in
the risk model must be sufficient, on one hand, to ensure the
model adequately predicts risk, but, on the other hand, the
number must not be excessive to inhibit user uptake.
Furthermore, inclusion of numerous variables increases the
chances of colinearity between independent variables result-
ing in redundant information being collected (33), whereas
also increasing the chances of overfitting the model, thereby
reducing the overall accuracy of the results (55). Overall, it
must be acknowledged that all risk scores lack the sensitivity
to accurately predict events in an individual patient who may
have comorbidities not accounted for in the risk model. The
purpose of risk scores therefore is to report the risk of the
population being studied; in a good risk model the variables
selected will account for interpatient variation in comorbidities.

The accuracy of risk models can also be improved with
the inclusion of treatment-specific procedural factors,
such as the number of stents implanted and the stenting
technique employed in patients having PCI, and the
cardiopulmonary bypass time and use of off-pump surgery
in patients having CABG. For example, Chen et al. (56)
incorporated 4 procedural variables together with 17
clinical and 33 angiographic variables to produce a risk
model that had a greater predictive accuracy than the
SXscore alone in 337 patients with ULM disease treated
with PCI. Despite the improved accuracy, it is important
to remember that these variables cannot be reliably
predicted prior to undertaking PCI or CABG, and
therefore their inclusion unfortunately moves the ability
to accurately calculate risk to a time point after the
procedure has been completed.

Table 7. The Global Risk Classification

EuroSCORE

SYNTAX Score Tertile

LOW INTERMEDIATE HIGH

LOW Low Low Intermediate

MEDIUM Low Low Intermediate

HIGH Intermediate Intermediate High

The Global Risk Classification uses the patient’s EuroSCORE and SYNTAX score in combination to

classify patients as low, intermediate, or high risk (54). It is derived using this matrix.

Abbreviations as in Table 1.

Table 8. Comparison of the Different Predictive Ability of Risk Models When Assessing Hard and Soft Clinical End Points

Risk Score Study Hard End Point (Follow-Up) C-Statistic Soft End Point (Follow-Up) C-Statistic

EuroSCORE Romagnoli et al. (28) Mortality (In-hospital) 0.91 Procedural failure (In-hospital) 0.56

Mayo Clinic Risk Score Singh et al. (32) Death/stroke/MI/emergent CABG (In-hospital) 0.78 Angiographic success (In-hospital) 0.67

AHA/ACC lesion score Capodanno et al. (40) Cardiac death (12 months) 0.76 Cardiac death, MI, TLR (12 months) 0.64

SYNTAX score Capodanno et al. (40) Cardiac death (12 months) 0.83 Cardiac death, MI, TLR (12 months) 0.64

Clinical SYNTAX score Garg et al. (52) All-cause death (60 months) 0.80 Death, stroke, MI, repeat revascularization (60 months) 0.67

TLR � target lesion revascularization; other abbreviations as in Table 1.
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Finally, data indicate that overall ability of clinical or
angiographic models to predict hard end points (such as
mortality) is superior to their ability to predict softer
outcomes such as angiographic failure and repeat revas-
cularization. As shown in Table 8, this trend appears
consistent with all risk models, with recent data from
Garg et al. (52) indicating that combined scores such as
the CSS are not exempt from this phenomenon.

Conclusions

There is a clear need for adequate risk stratification in
patients undergoing revascularization of the ULM. Al-
though numerous different risk models are available for
the assessment of these patients, each has been evaluated
in a different patient population and has measured
different outcome end points at varying follow-up time
periods. This heterogeneity identifies an important gap in
the current evidence base. As a result, identification of a
single best risk score for use as a day-to-day clinical tool
is presently not possible. Assessment of prospectively and
carefully collected data from a large ULM population
undergoing long-term follow-up is required to provide
the substrate from which a useful risk stratification model
can be developed that is capable of optimally discrimi-
nating between PCI and CABG in patients with ULM
disease requiring revascularization.
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AbSTRACT 

Background: Percutaneous coronary intervention in unprotected left main (ULM) lesions is increas-

ingly acceptable in appropriately selected patients.

Aims: We assessed the utility of using the Global Risk Classification (GRC) a combination of the SYN-

TAX Score (SXscore) and the euroSCORE, in patients with ULM lesions receiving PCI.

methods: The euroSCORE and SXscore were collected prospectively in 433 patients with ULM lesions 

who were treated with PCI and enrolled in the randomised and registry arms of the SYNTAX trial. 

Clinical outcomes at 2-year follow-up in terms of all-cause death, stroke, myocardial infarction (MI), 

repeat revascularization, a composite of death/stroke/MI and major adverse cardiovascular and 

cerebrovascular events (MACCE) were stratified according to groups: GRCLOW (n=186, 43.0%), GRCMID 

(n=177, 40.9%), GRCHIGH (n=70, 16.2%).   

Results: At 24-months the primary endpoint of all-cause death was significantly higher in the 

GRCHIGH group (GRCLOW 1.1% vs. GRCMID 9.0% vs. GRCHIGH 21.4%,p<0.001), as were the composite 

safety endpoint of death/stroke/MI and MACCE. One (0.5%) cardiovascular death was observed in 

the GRCLOW group. Compared to the SXscore, the GRC appropriately reclassified 10.9 % of patients for 

the endpoint of mortality, and inappropriately reclassified 2.3% of patients with respect to MACCE. 

The C-statistic for the GRC was superior to the SXscore for all endpoints apart from repeat revascu-

larization. In comparison with other contemporary risk models the GRC had a non-inferior C-statistic 

for all endpoints

Conclusions: The SXscore and the euroSCORE can be combined in the Global Risk Classification to 

produce a risk model which can be used effectively to risk stratify patients receiving PCI for ULM 

lesions. 
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INTROdUCTION

Although coronary artery bypass grafting (CABG) has been the accepted treatment for patients 

with unprotected left main (ULM) coronary lesions1 evidence has now emerged identifying specific 

groups of patients in whom percutaneous coronary intervention (PCI) can offer a safe and suitable 

alternative.2-7 Consequently, recent guidelines from the American College of Cardiology (ACC), the 

American Heart Association (AHA), and the joint European Society of Cardiology (ESC) and Euro-

pean Society of Cardiothoracic Surgeons (EACTS) have upgraded the recommendations for PCI of 

ULM lesions from a Class III to a Class IIa (ESC/EACT)8-9 or IIb (ACC/AHA)10 indication, in appropriately 

selected patients. 

This patient selection relies on appropriate risk stratification. Despite the development of numerous 

risk models to assess risk in patients undergoing coronary revascularization, there are only limited 

data in patients with ULM lesions, and as such, no single model is universally endorsed.11 One model 

which has shown promise in patients with ULM disease is the SYNTAX Score (SXscore).2-4,12-15 This 

angiographic score based on the complexity of coronary artery disease (CAD),16-17 has also been 

shown to have a role in assisting with revascularization decisions,4,12 and has consistently identified 

as an independent predictor of mortality and/or major adverse cardiovascular events.3,13,15  

One of the limitations of using the SXscore for risk stratification is the absence of clinical variables, 

which have repeatedly been shown to have a greater influence on the prediction of longer term 

endpoints such as mortality when compared to angiographic variables. Accordingly, combining the 

SXscore with the euroSCORE,18 has been recently shown to improve the ability of the SXscore to 

predict outcomes in patients with ULM lesions undergoing PCI. Universal endorsement of this Global 

Risk Classification (GRC) is limited and has not been confirmed in multiple independent studies. 

Given the promising initial results we sought to validate the utility of using the GRC by comparing 

it to the SXscore and other contemporary risk models in patients with ULM disease treated with PCI 

who were enrolled in the SYNergy between PCI with TAXus and Cardiac Surgery (SYNTAX) trial.2

METHOdS

Study Population

The patient population of the SYNTAX trial has been described elsewhere.2 In brief, the study 

included patients with triple vessel disease (3VD), and/or ULM disease. In order to minimize selec-

tion bias, inclusion criteria were kept broad and exclusions were limited to patients with previous 

revascularisation, those requiring concomitant surgery, or those who had experienced a recent myo-

cardial infarction (MI). An interventional cardiologist and a cardiac surgeon (The Heart Team) jointly 

reviewed each angiogram, and patients were then entered into one of the three arms of the trial. In 

total 3,075 patients with complex CAD were recruited: 1,800 patients had CAD that was deemed suit-

able for equivalent revascularisation with either PCI or CABG and were entered into the randomised 
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group (903 PCI, 897 CABG); 1,077 had CAD not amenable to PCI and were entered into the CABG reg-

istry; and 198 patients with CAD deemed not suitable for surgery were entered into the PCI registry. 

All patients enrolled in the randomised and registry arms of the trial who received PCI and had ULM 

disease, defined as ≥50% stenosis by visual assessment in the LM vessel, or LM equivalent (≥50% 

stenosis of the ostium of the LAD and the ostium of the left circumflex) disease, with or without ste-

nosis in other vessels, were included in the current analysis (Figure 1). All patients provided written 

informed consent, and the local medical ethics committee of each participating institution and the 

competent authority of each participating country approved the study (ClinicalTrials.gov number, 

NCT00114972.).

Study Procedure

PCI was performed with the intention to treat all lesions with a ≥50% diameter stenosis in vessels 

≥1.5mm diameter. There was no mandated PCI technique; however, in bifurcation lesions final kiss-

ing balloon dilatation was recommended, and in chronic total occlusions the use of simultaneous 

injections was advised. The use of adjunctive devices was allowed. All PCI patients in the randomised 

group received TAXUS® Express (Boston Scientific Corporation, Natick, USA) paclitaxel eluting stents, 

whilst those patients in the registry group received a mixture of drug eluting and bare metal stents. 

Procedural anticoagulation was achieved with unfractionated heparin 5000IU or 70-100IU/kg, whilst 

the use of glycoprotein IIb/IIIa inhibitors was left to the operator’s discretion. Pre-procedure all 

patients enrolled into the study received ≥70 mg of aspirin, and ≥300mg clopidogrel. All patients 

were discharged on ≥70 mg of aspirin indefinitely, and clopidogrel 75mg for 6 months, although 

71.1% of patients were still receiving clopidogrel at 12 months.

Risk Scores

The SXscore for each patient was calculated prospectively by scoring all coronary lesions with a 

diameter stenosis ≥50%, in vessels ≥1.5 mm, using the SXscore algorithm which is described in full 

elsewhere.16-17,19 The SXscore were calculated for each diagnostic coronary angiogram at the time 

of the Heart Team conference by an interventional cardiologist and a cardiac surgeon and entered 

into a database at site prior to randomisation.20 In addition, staff at the independent core laboratory, 

(Cardialysis, Rotterdam, The Netherlands), who were blinded to the investigator calculated score and 

treatment assignments, also calculated the SXscore; the core lab SXscores have been used in this 

analysis. The additive and logistic euroSCORE were calculated prospectively at the time of the Heart 

Team conference using previously described methodology.21-22 

The GRC was calculated retrospectively as previously described18 using tertiles of the SXscore, 

and historically accepted cut offs of the euroSCORE (low 0-2, intermediate 3-5, high ≥6).21  In brief, 

patients were grouped into one of three GRC risk groups: GRCLOW (euroSCORE <6 AND SXscore <33), 

GRCMID (euroSCORE ≥6 OR SXscore ≥33) and GRCHIGH (euroSCORE ≥6 AND SXscore ≥33). 

For comparison the discriminatory ability of the GRC was compared with other risk models includ-

ing the ACEF score,23 the Mayo Clinic Risk Score (MCRS)24 and Clinical SYNTAX Score (CSS).25 The 
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derivation of these models is described in the relevant primary manuscripts 23-25 and summarized in 

the Supplementary Appendix. 

Defi nitions

All deaths were considered cardiac unless a clearly recognized non-cardiac cause was established. 

Stroke was defi ned as a focal, central neurological defi cit lasting >72 hours which resulted in irre-

versible brain damage or body impairment. The defi nitions of MI, which was defi ned in relation to 

intervention status, and stent thrombosis, are provided in the Supplementary Appendix. 

Endpoints

The primary endpoint of this post hoc sub-study was all-cause death at 24-months follow-up. Sec-

ondary endpoints included rates of 24-month cardiac death, stroke, MI, any repeat revascularisation, 

a composite safety endpoint of death/MI/stroke and major adverse cardiovascular and cerebrovas-

cular events (MACCE), a composite of all-cause death, stroke, any MI and any repeat revasculariza-

tion. An independent clinical events committee (CEC) adjudicated all MACCE events in the cohort of 

patients in the randomised PCI group. In the PCI registry MACCE events were 100% monitored, with 

all stent thrombosis events adjudicated by the CEC.

Statistical methods

All variables were stratifi ed according to the GRC groups (low, mid, high). Discrete data were sum-

marized as frequencies (%), whilst continuous data were expressed as mean±standard deviation test 

(SD). The Fisher exact (categorical variables), one way ANOVA test (parametric, continuous variables) 

and Kruskal-Wallis test (non-parametric, continuous variables) were used to analyze diff erences 

Figure 1: Patient fl ow through the study. ULM, unprotected left main; PCI, percutaneous coronary interven-
tion; CABG, coronary artery bypass surgery.
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between the groups. Event-free survival curves were generated by the Kaplan-Meier method, and 

survival between groups was compared using the log-rank test. A reclassification analysis was used 

to compare the SXscore with the GRC for the endpoints of death and MACCE as described in the 

Supplementary Methods. Receiver operator curves (ROC) were used to compare the discrimination 

of the SXscore, GRC, euroSCORE, ACEF score, MCRS and CSS. A 2-sided p value <0.05 was considered 

significant for all tests. All analyses were performed using SPSS 17.0.

table 1. Baseline and procedural characteristics of patients

Variable (n,%) unless stated
GRCLOW
(n=186)

GRCMId
(n=177)

GRCHIgH 
(n=70)

P Value

Baseline Characteristics
Male gender 142 (76.3%) 121 (68.4%) 43 (61.4%) 0.04

Age, years (±SD) 61.4±8.7 68.0±9.5 77.3±6.9 <0.001

Body Mass Index, kg/m2 (±SD) 28.5±5.2 27.9±5.2 28.0±5.0 0.52

Risk factors
Previous Myocardial infarction 40 (21.6%) 56 (32.2%) 32 (45.7%) 0.001

Diabetes  37 (19.9%) 49 (27.7%) 21 (30.0%) 0.11

      Requiring insulin 13 (7.0%) 13 (7.3%) 7 (10.0%) 0.71

Hypertension  129 (69.7%) 125 (70.6%) 57 (81.4%) 0.15

Hypercholesterolemia  156 (83.9%) 141 (79.7%) 45 (64.3%) 0.004

Family history ischaemic heart disease 57 (32.0%) 43 (25.1%) 8 (11.9%) 0.005

Current smoker 43 (23.1%) 26 (14.7%) 3 (4.3%) 0.001

Peripheral vascular disease 12 (6.5%) 30 (16.9%) 11 (15.7%) 0.004

Chronic obstructive airways disease 12 (6.5%) 20 (11.3%) 17 (24.3%) 0.001

Previous cerebrovascular accident 12 (6.5%) 18 (10.2%) 11 (15.7%) 0.08

Creatinine Clearance, ml/1.73m2 (±SD)* 91.0±31.9 82.3±27.0 76.0±32.5 0.008

indication for treatment
Stable angina 117 (62.9%) 90 (50.8%) 18 (25.7%) <0.001

Unstable angina 34 (18.3%) 65 (36.7%) 44 (62.9%) <0.001

Silent ischemia 21 (11.3%) 13 (7.3%) 3 (4.3%) 0.18

Risk Scores
SYNTAX score 20.6±7.0 34.3±13.2 45.2±10.9 <0.001

Additive euroSCORE 2.4±1.5 4.9±2.8 8.2±2.2 <0.001

Logistic euroSCORE 1.9±0.9 5.3±7.1 12.2±9.3 <0.001

ACEF score† 1.03±0.28 1.21±0.42 1.53±0.40 <0.001

Mayo Clinic Risk score 2.9±1.1 3.5±1.4 5.2±1.4 <0.001

Clinical SYNTAX score ‡ 23.2±14.1 52.3±35.2 97.0±55.4 <0.001

Left ventricular function (%)¶ 61.1±12.7 59.7±11.9 54.5±12.4 0.01

SD for standard deviation; 
* Available in 336 patients (GRCLOW=155, GRCMID=141, GRCHIGH =40)
† Available in 212 patients (GRCLOW=96, GRCMID=90, GRCHIGH =26) 
‡ Available in 210 patients (GRCLOW=96, GRCMID=89, GRCHIGH=25)
¶ Available in 258 patients (GRCLOW =108, GRCMID=106, GRCHIGH=44)
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RESULTS

In total 437 (39.7%) of the 1101 patients enrolled in the randomized and registry PCI arms of the 

SYNTAX trial had an ULM lesion (Figure 1). The GRC, which was available in 433 (99.1%) patients 

(randomised 356, registry 77), was subsequently used to divide the population into three groups: 

GRCLOW (n=186, 43.0%), GRCMID (n=177, 40.9%), GRCHIGH (n=70, 16.2%). The proportions of patients 

in the GRCLOW, GRCMID, and GRCHIGH groups who were from the randomised arm of the study were 

89.2%, 83.1% and 61.4%, respectively. 

table 2. Angiographic and procedural characteristics of study population per patient

Variable (n,%) unless stated 
GRCLOW
(n=186)

GRCMId
(n=177)

GRCHIgH 
(n=70)

P Value

extent of Disease
  Number of diseased lesions (±SD) 2.6±1.6 3.6±1.8 4.3±2.0 <0.001

  Mean number of vessels diseased (±SD) 2.0±0.8 2.2±0.8 2.6±0.8 <0.001

  Isolated LM disease 39 (21.0%) 11(6.2%) 2 (2.9%) <0.001

  LM + 1 vessel 46 (24.7%) 34 (19.2%) 3 (4.3%)

  LM + 2 vessels 49 (26.3%) 65 (36.7%) 21 (30.0%)

  LM + 3 vessels 52 (28.0%) 67 (37.9%) 70 (62.9%)

Lesion Location 
  Left anterior descending artery 116 (62.4%) 127 (71.8%) 65 (92.9%) <0.001

  Circumflex artery 92 (49.5%) 122 (68.9%) 60 (85.7%) <0.001

  Right coronary artery 92 (49.5%) 116 (65.5%) 52 (74.3%) <0.001

  Proximal LAD involvement 84 (45.2%) 96 (54.2%) 45 (64.3%) 0.02

Lesion Characteristics
  ≥1Bifucation lesion 108 (58.1%) 105 (59.3%) 56 (80.0%) 0.002

  ≥1Trifurcation lesion 17 (9.1%) 31 (17.5%) 9 (12.9%) 0.06

  ≥1Tortuous lesion 84 (45.9%) 122 (68.9%) 59 (84.3%) <0.001

  ≥1Total occlusion 17 (9.3%) 38 (21.5%) 22 (31.4%) <0.001

  ≥1Calcified lesion 56(30.6%) 101 (57.1%) 50 (71.4%) <0.001

  ≥1 Lesion >20mm in length 35 (19.1%) 78 (44.1%) 43 (61.4%) <0.001

  ≥1Ostial lesion 61 (33.3%) 47 (26.6%) 22 (31.4%) 0.36

  ≥1Diffuse/small vessel disease 18 (9.7%) 27 (15.3%) 7 (10.0%) 0.28

  ≥1Lesion containing thrombus 4 (2.2%) 7 (4.0%) 2 (2.9%) 0.61

Procedural Characteristics
  Number of stents implanted (±SD)* 3.1±2.1 3.8±2.0 4.1±2.2 <0.001

  Total stent length, mm (±SD)* 55.0±45.4 67.1±39.7 71.6±43.8 <0.001

  Implantation >100mm stent 29/176 (16.5%) 33/175 (18.9%) 14/68 (20.6%) 0.69

  Completeness of Revascularization 132/181 (72.9%) 97 (54.8%) 30/69 (43.5%) <0.001

  Use of glycoprotein IIb/IIIa inhibitors 20/181 (11.0%) 30 (16.9%) 10/69 (14.5%) 0.26

  Procedure time, hours (±SD) 1.3±0.7 1.6±0.9 1.6±0.9 <0.001

  Post procedural Hospital stay, days 
(±SD)

2.3±2.9 4.3±10.3 4.0±4.3 <0.001

SD, standard deviation; LM, left main; LAD, left anterior descending artery
* Available in 419 patients (GRCLOW=176, GRCMID=175, GRCHIGH=68)
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Baseline Patients Characteristics

Baseline patient characteristics stratified according to GRC groups are shown in table 1. Variables 

used in the calculation of the euroSCORE such as female gender, patient age, the presence of 

obstructive airways disease, impaired renal function and presentation with unstable symptoms were 

all significantly higher in GRCHIGH. Notably, values for all other calculated risk models were also sig-

nificantly higher in the GRCHIGH. group.

table 3. Clinical Outcomes at Two Year Follow-up

Variable (n,%) unless stated
GRCLOW
(n=184)

GRCMId
(n=177)

GRCHIgH 
(n=70)

P Value

Hierarchical 
Death 2 (1.1%) 16 (9.0%) 15 (21.4%) <0.001

Cerebrovascular Accident 1 (0.5%) 1 (0.6%) 1 (1.4%)

Myocardial Infarction 5 (2.7%) 10 (5.6%) 0 (0.0%)

Death/Stroke/MI 8 (4.3%) 27 (15.3%) 16 (22.9%) <0.001

Repeat Revascularization 21 (11.4%) 31 (17.5%) 8 (11.4%)

        CABG 6 (3.3 %) 5 (2.8%) 1 (1.4%)

        PCI 15 (8.2%) 26 (14.7%) 7 (10.0%)

Any MACCE 29 (15.8%) 58 (32.8%) 24 (34.3%) <0.001

Non-Hierarchical
Cardiovascular death 1 (0.5%) 12 (6.8%) 9 (12.9%) <0.001

Cerebrovascular Accident 1 (0.5%) 1 (0.6%) 2 (2.9%) 0.28

Myocardial Infarction 5 (2.7%) 17 (9.6%) 0 (0.0%) 0.001

Repeat Revascularization 24 (13.0%) 44 (24.9%) 10 (14.3%) 0.01

        PCI 20 (10.9%) 38 (21.5%) 9 (12.9%) 0.02

        CABG 6 (3.3%) 10 (5.6%) 1 (1.4%) 0.25

Stent thrombosis 2 (1.1%) 9 (5.5%) 1 (1.8%) 0.052

PCI, percutaneous coronary intervention
CABG, coronary artery bypass grafting
MACCE, major adverse cardiovascular and cerebrovascular events

table 4: Comparison of the Predictive Ability of Different Risk Models.

Risk Score mortality* Death/mi/CVA* Repeat Revascularization* mACCe*
(n=431) (n=431) (n=431) (n=431)

ACEF† 0.59 0.48 0.52 0.52

Clinical SYNTAX score‡ 0.63 0.57 0.52 0.55

euroSCORE (Additive) 0.77 ¶ 0.68 ¶ 0.56 0.63¶

euroSCORE (Logistic) 0.77 ¶ 0.68 ¶ 0.56 0.63¶

Mayo Clinic Risk Score 0.66 ║ 0.59# 0.50 0.55

SYNTAX score 0.71 ¶ 0.65 ¶ 0.57 0.62¶

Global Risk Classification 0.77 ¶ 0.68 ¶ 0.55 0.63¶

All values non-significant unless indicated.
* C-statistics
†Available in 212 patients
‡Available in 210 patients
#p<0.05; ║p<0.01; ¶p<0.001
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Baseline Angiographic Characteristics

Baseline angiographic characteristics according to GRC groups are shown in table 2. Markers reflect-

ing the extent of CAD, such as the mean number of diseased vessels, and indicators of increased 

lesion complexity including the presence of bifurcation lesions and chronic occlusions were all sig-

nificantly greater in the GRCHIGH group reflecting the higher calculated SXscores in these patients. 

Consequently procedural variables (e.g., number of implanted stents, total stent length and incom-

plete revascularization) were also significantly higher in this group. 

Clinical Outcomes

Clinical outcomes were available in 431 (99.5%) patients. Hierarchical and non-hierarchical out-

comes stratified according to GRC groups are shown in table 3, whilst cumulative survival curves are 

shown in Figure 2. The primary endpoint of all-cause death at 24-months was significantly higher 

in patients in GRCHIGH group, with only one cardiovascular death occurring amongst those patients 

in the GRCLOW group (cardiac death GRCLOW 0.5%, GRCMID 6.8%, GRCHIGH 12.9%, p<0.001). Overall the 

rates of the composite endpoints of safety and MACCE were also significantly higher in the GRCHIGH.

Figure 2: Kaplan Meier survival curves for (A) death, (B) the composite of death/myocardial infarction 

(MI)/ stroke (CVA), (C) repeat revascularization and (D) major adverse cardiovascular and cerebrovas-

cular events (MACCE) a composite of death, MI, CVA and repeat revascularization.
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GRC vs. SXscore

Reclassifications following the use of the GRC for mortality and MACCE are shown in Supplementary 

tables 1 and 2. In total 33 patients died, of whom 1 and 9 were respectively reclassified into a higher 

(upward movement), and lower (downward movement) group with the use of the GRC. The net gain 

in reclassification was therefore -24.2%.  Among the 398 patients who did not die, use of the GRC lead 

to 176 patients being downgraded and 36 patients upgraded. The net gain in reclassification was 

therefore 35.2%, and the overall net reclassification improvement for the GRC was 10.9% (p=0.13). 

Thus, when using mortality as an endpoint, 10.9% of patients in this study were appropriately reclas-

sified by the use of the GRC. Conversely for MACCE, the use of the GRC resulted in an overall net 

reclassification improvement of -2.3% (p=0.37). 

table 4 shows the respective C-statistics for the GRC and other contemporary risk models including 

the SXscore for the endpoints of mortality, repeat revascularization, the safety composite of death/

MI/stroke, and the composite of MACCE. As demonstrated the discriminatory ability of GRC was 

superior to the SXscore for all outcomes apart from repeat revascularization. In addition, when com-

pared with other risk models, the discriminatory ability of the GRC was not inferior for any measured 

outcome.    

dISCUSSION

This study represents the first validation to date of the Global Risk Classification in a population of 

patients with ULM lesions treated with PCI who had the SXscore and euroSCORE collected prior to 

treatment. The results demonstrate an overall superior ability of the GRC to stratify risk compared to 

the SXscore and other contemporary risk models. Moreover the GRC was able to identify a popula-

tion of patients who had very low cardiovascular mortality following ULM PCI. 

The importance of appropriately selecting patients to undergo percutaneous revascularization of 

ULM lesions is clearly indicated by results from prospective randomised trials such as the SYNTAX 

study,3,12 and moreover is stipulated in the recent ACC/AHA/ESC/EACTS guidelines covering ULM 

revascularization.8-10 Besides aiding patient selection, this risk stratification enables patients to be 

better informed of the potential risks of treatment; facilitates objective comparisons of clinical per-

formance; and provides a vital measure of patient care which may identify future directions to further 

improve revascularisation outcomes using PCI. Despite these undeniable benefits, previous studies 

assessing risk models have failed to report standardized endpoints at comparable periods of follow-

up, and therefore the optimal method of risk stratifying patients with ULM lesions remains to be 

established.11 

Previous studies have identified the euroSCORE3,14-15,26-27  and the SXscore3,12-15 as having a defini-

tive role in the assessment of patients with ULM lesions with both models being able to identify 

patients at highest risk of adverse outcomes.  The absence of clinical variables has been considered 

a limitation to the sole use of the SXscore for determining outcomes, including mortality, which are 
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heavily influenced by pre-morbid characteristics. This limitation however does not detract from the 

importance of calculating the SXscore, as indicated by its additional ability to assist with the selection 

of treatment modality, with those patients having a SXscore greater than 32/34 being more optimally 

revascularised by CABG.4,12  Importantly the combination of the SXscore with a clinical based score in 

the GRC aims to correct for these previous deficiencies. 

The first assessment of the GRC, which reported outcomes from a retrospective population at 2-year 

follow-up demonstrated a superior discriminatory ability of the GRC compared to other risk models; 

in particular, an additive discriminatory benefit was seen for the GRC over the SXscore for mortality 

(GRC 0.76 vs. SXscore 0.75).18  On the basis of the logistic euroSCORE (mean±SD 4.9±2.9 vs. 5.0±6.9) 

and the SXscore (24.8±10.6 vs. 30.2±13.9) the current study enrolled a more complex patient popula-

tion than described in the first assessment of the GRC, and therefore it is encouraging to note the 

consistent results between both studies, and the larger additive benefit of the GRC compared to the 

SXscore for mortality (GRC 0.77 vs. SXscore 0.71). 

The benefit of using the GRC over the SXscore was greater when assessing hard endpoints, such 

as mortality and safety than in the assessment of repeat revascularization. This serves to reinforce 

that ‘softer’ endpoints are harder to predict, which is likely to be a consequence of them also being 

influenced by additional factors including operator technique, operator competence and device 

performance.  

Unrestricted registries report 2-year all-cause mortality rates of up to 24% for PCI of ULM lesions, 

reaffirming the potential risks associated with revascularization of these lesions.15  Similarly, despite 

the overall all-cause mortality in the current study being considerably lower, at 7.7%, this was still 

higher than that seen in patients from the current cohort without ULM disease. It is therefore of great 

significance that the GRC was able to identify a sub-group of ULM patients who had respective rates 

of all-cause mortality and cardiovascular mortality of 1.1%, and 0.5% out to 2-year follow-up. The 

results from this group of patients, which comprised just under half of the study population, reiterate 

that with appropriate patient selection ULM lesions can be safely treated with PCI. 

Of the other risk models assessed in the current study the inferior performance of the CSS when com-

pared with the SXscore alone, is on first glance disappointing in view of the promising results seen in 

the initial assessment in patients without ULM lesions who were enrolled in the ARTS-II population.25 

These results are likely to be due to underpowered analyses given the relatively small number of 

patients with a calculated CSS which was the result of a large number of missing values for the serum 

creatinine and left ventricular ejection fraction. Further assessment is therefore required before 

definitive conclusions can be reached on the usefulness of the CSS in ULM patients. 

In summary, this study provides important evidence to support the appropriate selection of patients 

for ULM PCI. Although this is not a new concept, the emergence of new risk models allows patient 

selection to be considerably more objective than before. With respect to the optimal method of risk 

stratifying patients with ULM lesions, the current results suggest that the GRC is a promising risk 
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model, however further research is needed. The forthcoming EXCEL study, the first dedicated study 

of ULM revascularization, will no doubt provide important data to explore these concepts further. 

LIMITATIONS

The current study is limited by the relatively short period of follow-up. The SYNTAX study is sched-

uled to have follow-up out to 5-years, and results from the assessment of the GRC at later time points 

will be of particular interest. The highest risk group comprised under a fifth of the patient population 

which may account for the lack of statistically significant adverse outcomes in this group. The absence 

of quantitative values for the serum creatinine and left ventricular ejection fraction restricted the 

number of patients in whom the CSS could be calculated and thereby prevented a fair comparison 

between the two combined risk scores. Finally the study may be limited by the inherent restrictions 

of sub-group analysis such as under-powering and chance findings. 

CONCLUSIONS

The SXscore and the euroSCORE can be combined in the Global Risk Classification to produce a risk 

model which can be used to effectively risk stratify patients receiving PCI for ULM lesions. 
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suPPlemenTary aPPendIx

This appendix has been provided by the authors to give readers additional information about their 

work.

suPPlemenTary meThods

Risk Score Calculations

• ACEF Score

The ACEF score was calculated as previous described1 using the formula: 

ACEF= [Age/Ejection fraction (%)] + [1 (if creatinine >2mg/dl)]. 

The left ventricular ejection fraction (LVEF) used was the value recorded prior to the index PCI, and 

in the event of multiple available values the lowest recorded figure. The serum creatinine value used 

was the value recorded prior to the index PCI. 

• Mayo Clinic Risk Score (MCRS)

The MCRS was calculated using previously described methodology2 and the variables: patient age, 

serum creatinine, LVEF, presence of peripheral vascular disease, and presentation with pre-proce-

dural shock, myocardial infarction and congestive cardiac failure.

   

• Clinical SYNTAX score

The CSS was also calculated as previously described3 using the formula: CSS= [SXscore] x [modified 

ACEF score]. The modified ACEF score was calculated retrospectively using the formula: age/ejection 

fraction+1 point for every 10ml/min reduction in creatine clearance below 60ml/min/1.73m2 (up to a 

maximum of 6 points). The LVEF used was the value recorded prior to the index PCI, and in the event 

of multiple available values the lowest recorded figure. Creatinine clearance was calculated using the 

Cockcroft-Gault equation,4 using the patient’s age, weight, and serum creatinine recorded prior to 

the index PCI.  

Definitions

MI was defined in relation to intervention status as follows: 

(i)	 After allocation but before treatment: Q-wave (new pathological Q-waves in ≥2 leads lasting 

≥0.04 seconds with CK-MB levels elevated above normal), and non-Q wave MI (elevation of CK 

levels >2 times the upper limit of normal [ULN] with positive CK-MB or elevation of CK levels to 

>2 times ULN without new Q-waves if no baseline CK-MB was available); 

(ii)	 <7 days after intervention: new Q-waves and either peak CK-MB/total CK >10% or plasma level of 

CK-MB 5x ULN; 
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(iii)	 ≥7d after intervention: new Q-waves or peak CK-MB/total CK >10% or plasma level of CK-MB 5x 

ULN or plasma level of CK 5x ULN. 

Stent thrombosis was defined as either: (i) clinical presentation of an acute coronary syndrome with 

documentation of a flow limiting thrombus or occlusion within or adjacent to a previously success-

fully treated artery; or (ii) a Q-wave MI in the territory of ≥1 treated vessels within the first 30 days.

Statistical Methods

Further to the statistical methods described in the main manuscript, the SXscore was compared to 

the GRC using previously described methodology.5  Firstly, the net reclassification improvement was 

calculated for mortality using the GRC. Amongst patients experiencing an event, movement from 

a low to a high risk group was considered favourable, whilst movement from a high risk group to a 

lower risk group detrimental. Conversely amongst patients not experiencing an event, movement 

from a low to high group was detrimental, whilst movement form a high to low risk group beneficial. 

The net reclassification improvement was subsequently calculated by considering the difference 

between the proportion of patients who experienced an event and were reclassified, and the propor-

tion of patients who did not experience an event and were reclassified.5 Secondly, discrimination of 

the models was assessed using the C-statistic from the receiver operator curves (ROC).

suPPlemenTary Tables

Supplementary table 1: 1-year all-cause mortality classified according to terciles of the SYNTAX score and 
Global Risk Classification Groups.  

DeAtH
(number of patients)

SYNtAX Score 

Tercile 1 (≤22) Tercile 2 (>22-32) Tercile 3 (≥33)

Global Risk 
Classification

Low 1 1 0

Mid 1 7 8

High 0 0 15

No DeAtH
(number of patients)

SYNtAX Score 

Tercile 1 (≤22) Tercile 2 (>22-32) Tercile 3 (≥33)

Global Risk 
Classification

Low 99 83 0

Mid 36 32 93

High 0 0 55
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Supplementary table 2: 1-year MACCE classified according to terciles of the SYNTAX score and Global Risk 
Classification Groups.  

mACCe
(number of patients)

SYNtAX Score 

Tercile 1 (≤22) Tercile 2 (>22-32) Tercile 3 (≥33)

Global Risk 
Classification

Low 15 14 0

Mid 7 18 33

High 0 0 24

No mACCe
(number of patients)

SYNtAX Score 

Tercile 1 (≤22) Tercile 2 (>22-32) Tercile 3 (≥33)

Global Risk 
Classification

Low 85 70 0

Mid 30 21 68

High 0 0 46
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AbSTRACT

Background: Few data document trends in cardiovascular (CV) risk-factors in patients with or with-

out previous symptomatic CV-disease. We assessed the prevalence and trends in (non) modifiable 

CV risk-factors, and the use of cardio-protective therapies in patients enrolled in coronary stent trials.  

methods: This analysis included prospective data on 10253 predominantly European adults who 

were enrolled in 33 coronary stent studies between 1995 and 2006. Data were collected at the time 

of enrolment using a standardized patient clinical record form, and analysed by considering three 

consecutive time periods: 1995-1997 (I), 1998-2002 (II) and 2003-2006 (III) rendering approximately 

equal numbers per period. 

Findings: Overall the proportion of active smokers remained constant (Period I to III: 28%, 27%, 

21%, p=0.45), however the proportion increased in females under 50 years of age (about 2%/ year, 

R.R: 1.20, P=0.05 period III vs. I). Prevalent diabetes increased (16%, 17%, 25%; p=0.03). The preva-

lence of a body-mass index (BMI) ≥25 kg/m² was high, but no trend was observed (69%, 68%, 70%; 

p=0.24). The proportion of patients with elevated blood pressure (i.e. ≥140/90 mmHg, in diabetes 

≥130/80 mmHg) remained unchanged (55%, 50%, 53%; p=0.22), despite an increase in the number 

of patients taking anti-hypertensive agents (84%, 89%, 90%; p=0.30). Conversely, the proportion of 

patients with elevated total cholesterol (≥4.5mmol/L) decreased (80%, 66%, 52%; p=0.002), which 

was consistent with the increase in patients taking lipid lowering drugs (32%, 62%, 69%; p=0.08). The 

portion of patients reaching therapeutic targets for blood lipids improved, but no improvement was 

seen in blood pressure control (p=0.29). 

interpretation: There is an unmet clinical need in primary and secondary CV prevention in Europe. 

Patients requiring PCI are an important target population in whom lifestyle changes and aggressive 

secondary preventative measures should be aimed. Ultimately PCI should open the door towards 

optimising secondary prevention. 

Key Words: coronary artery disease, prognosis, risk stratification, percutaneous coronary intervention. 
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INTROdUCTION

Atherosclerosis and coronary thrombosis are a major cause of premature death worldwide, and are 

an important source of loss of disability-adjusted life years.1-3 As its clinical consequences are highly 

relevant for patients and society, so are the benefits of prevention. Effective prevention involves a 

strategy based on the knowledge of a population’s attributable risk, which itself is prone to variation 

as the prevalence of several risk factors may fluctuate within a population over time.4 

Patients with established atherosclerotic cardiovascular disease (CVD) [coronary artery disease 

(CAD), cerebrovascular disease, and peripheral arterial disease (PAD)] are at particular risk of recur-

rent nonfatal and fatal cardiovascular (CV) events.5

The EUROASPIRE study group applied a cross-sectional design to assess trends in modifiable car-

diovascular risk factors and medical treatment in CVD patients from 1995—96, 1999—2000, and 

2006—07 in selected geographical areas and hospitals in Europe. The results were discouraging, and 

revealed a continuing gap between the standards set by guidelines on secondary cardiovascular 

risk prevention, and the results achieved in clinical practice.6 As per design, the EUROASPIRE sur-

veys focussed on secondary prevention in routine clinical practice patients. We aimed to support the 

EUROASPIRE findings in the clinical trial setting, together with simultaneously addressing the aspect 

of primary prevention.   

The prevalence of baseline demographic and the CV-risk profile of patients included in stent inves-

tigations is influenced by specific study inclusion and exclusion criteria, changes in the prevalence 

of CV-risk factors and related therapy, and may or may not mirror trends reported in routine clini-

cal practice. This information is important when considering differences between trial results and 

extrapolations with routine clinical practice. 

We conducted a retrospective analysis of prospectively collected data from stent trials conducted 

mainly in Europe by an Academic Research Organization (ARO) over the last two decades focusing on 

modifiable CV risk factors and medical treatment. The aim of the present investigation was to analyze 

apparent variations in overall CV-risk over time in this specific patient population. 

METHOdS:

Study population and data collection:

We analysed the baseline data sets of 10253 patients, with angiographic proven obstructive athero-

sclerotic CAD, enrolled in one of 33 prospective, randomized native coronary stent trials conducted 

predominantly in Europe by a single independent ARO (Cardialysis, Rotterdam, the Netherlands) 

between 1995 and 2006 (last patient in 10/2006) All trials except two were registered in the ClinicalTri-

als.gov database [ClinicalTrials.gov]. A summary of all trials included in the current analysis, together 

with their inclusion and exclusion criteria are presented in Appendices 1 and 2, respectively.  Detailed 
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trial information and trial results are available elsewhere.7-38 Individual databases were managed by 

Cardialysis, Rotterdam, who conducted systematic audits and quality checks. 

We addressed trends in the prevalence of diabetes and individual modifiable CV risk factors, together 

with the presence of established symptomatic atherosclerotic peripheral or cerebral arterial disease. 

Modifiable CV-risk factors considered in this analysis consisted of current smoking, systolic blood 

pressure (SBP), body mass index (BMI) and hypercholesterolemia. Patients were classified according 

to their gender and age (men: 65 years or older; women 70 years or older). The cut-offs for age were 

arbitrary set considering the relation between age and cardiovascular disease in men and women 

with or without diabetes.39 The standard case record form (CRF) did not record the participants’ level 

of physical activity. 

The use of cardio-protective drugs such as cholesterol lowering medications (statins, fibrates), anti-

platelet drugs (clopidogrel, ticlopidine, aspirin), anti-hypertensive agents (beta-blockers, calcium 

antagonists, angiotensin-converting enzyme [ACE] inhibitors/angiotensin receptor blockers, diuret-

ics) and any diabetic treatment prior to randomization was systematically recorded. Information on 

contra-indications against the use or reasons for stopping or specific cardio-protective drugs could 

not be captured from the data base. 

Each individual study was approved by the appropriate local regulatory and ethics committee of 

the participating trials. All participants provided informed consent before taking part in each of the 

individual studies.

Definitions:

Information about the patient’s previous history of coronary or other atherosclerotic disease, 

reported medication, and baseline CV-risk factors were obtained via a standardized patient CRF used 

by the ARO in all stent trials, thus enabling the following definitions to be used in the current analysis:

Current smoking was defined as the consumptions of an average of ≥5 cigarettes per day within the 

month prior to enrolment. 

Prevalent diabetes mellitus was defined as a fasting serum glucose level ≥ 7.0 mmol/l (126mg/dl), non-

fasting glucose level ≥ 11.1 mmol/l (200mg/l), or a patient indicating a previous diagnosis of diabetes 

mellitus made by a physician, or the current use of diabetes medication. Diabetes treatment was 

specified: exercise/diet only, treatment with oral hypoglycaemic agents, or treatment with insulin.40

Prevalent hypertension was defined as a seated SBP ≥ 140mmHg and a diastolic (DBP) ≥ 90mmHg, 

(except among patients with diabetes in whom this was defined as BP >130/80mmHg). Patients were 

further stratified as “optimal” if mean SBP was <120 and diastolic pressure <80mmHg; as “normal” if 

mean SBP was <130 mm Hg/DBP was 80-84 mm Hg and “high normal” if SBP 130-139mmHg/DBP 

85-89mmHg.41 If the systolic and diastolic pressure readings belonged to different categories, the 

higher of the two readings was used to assign the blood-pressure category.
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Body mass index was calculated as weight in kilograms divided by the square of height in meters. 

Patients were considered to be of normal weight, overweight or obese if their respective BMI’s were  

<25, 25≤ and <30, or ≥30.42

Established, symptomatic CVD5 consisted of 1 or more of the following criteria: history of unstable 

angina with documented obstructive CAD, history of percutaneous coronary intervention (PCI), his-

tory of coronary artery bypass grafting, or previous myocardial infarction (MI). Documented cere-

brovascular disease consisted of a hospital or neurologist’s report with the diagnosis of transient 

ischemic attack or ischemic stroke. Documented PAD consisted of a history of intermittent claudica-

tion together with a previous and related intervention, such as angioplasty, stenting, atherectomy, 

peripheral arterial bypass graft, or other vascular intervention including amputation. 

Prior MI was defined as either a self-reported history of physician diagnosed MI, or a history of MI 

identified on the baseline electrocardiogram, which was characterized by the presence of a major 

Q-wave or a minor Q-wave with ischemic ST-T changes.

Statistics: 

We considered three consecutive study periods: 1995-1997 (Period I), 1998-2002 (Period II) and 2003-

2006 (Period III), rendering approximately equal numbers of patients per study period. The time 

period refers to the starting date of the study. We respected the time periods used in the euroaspire 

program.6

Analyses were done applying the method of Generalized Estimated Equations (GEE) with a Poisson 

distribution, a logarithmic link, modelling the study period either as factor or as a covariate.43  By 

taking the study level as a random factor, using patients as replicates, nested within the study we 

acknowledge patients within a study form a more homogeneous group than between studies. This 

model also allowed accommodation of ‘ignorable’ missing data.44 An exchangeable working correla-

tion matrix was used to apply the GEE methodology. For the purpose of this analysis baseline values 

from stent investigations, recorded in the database, were grouped into higher level terms. In the 

case that a patient scored positively on one of the lower level terms, he or she became member of 

the higher level term, otherwise the existence of one variable that showed that the patient did not 

belong to the higher level term was sufficient to exclude him/her from membership, even in the 

presence of missing data on other lower level terms. This strategy was used to minimise the loss 

of data, however, this may have lead to some under-estimation when calculating the prevalence 

percentages of these high level terms. [e.g. statins and fibrates were grouped into the class of lipid 

lowering drugs]. Patients were classified into using lipid lowering drugs when they reported to use 

at least one of the drugs. In the case that there was no information at all about any drug in this class 

they were classified as missing, in all other cases they were classified as using no lipid lowering drug 

at all. This strategy was used for all grouped variables. With this approach, the estimated regression 

coefficients were identical to those obtained using ordinary logistic regression, but the standard 

errors were adjusted to account for the clustered data structure. All tests were 2-sided, p-values were 

Scot BW.indb   295 01-03-11   11:58



296

not used to reject null-hypotheses, they are only shown to inform the reader of the probability level 

of a given outcome. 

Results are summarized as relative risks for study periods 1998-2002 (RR1) and 2003-2006(RR2) both 

with respect to the 1995-1997 period. Trends are calculated by using the time period as a covariate 

into the GEE model. Statistical analyses and graphics were produced with assistance of a commer-

cially available statistical software package (SAS version 8.2; SAS, Cary, NC, USA)

Role of the funding source

The sponsors of the individual trials had no role in this study design, data collection, data analysis, 

data interpretation, or writing of the report. The corresponding author had full access to all the data 

in the study and had final responsibility for the decision to submit for publication.

RESULTS

Between February 1995 and 2006, 10253 patients (male: 76%) were pooled from 33 coronary stent 

trials in patients with obstructive CAD. The mean age of patients included in the analysis was respec-

tively 60.1, 60.6 and 62.0 years for time periods I, II, and III [Table 1]. Tables 2-4 show the frequency 

and distribution of the modifiable CV risk factors over the study periods in relation to patient age, 

gender, medical history of CV disease, and treatment. Relative changes between consecutive time 

periods, taking Period I as a reference, are expressed as relative risks, and are shown in table 5, 

together with trends over the 12 year study period. 

table 1: Prevalence of Cardiovascular risk factors expressed as counts and percentages*

    1995-1997 1998-2002 2003-2006 total

Age
> 70 (Women), > 65 (Men) 1287 (29%) 684 (31%) 998 (34%) 2969

≤ 70 (Women), ≤ 65 (Men) 3189 (71%) 1548 (69%) 1920 (66%) 6657

Sex
Men 3486 (78%) 2162 (76%) 2164 (74%) 7812

Women 1010 (22%) 675(24%) 754 (26%) 2439

SBP (mmHg)

SBP <120 798 (28%) 909 (32%) 893 (31%) 2600

 120≤SBP<130 539 (19%) 518 (18%) 559 (19%) 1616

 130≤SBP<140 495 (17%) 544 (19%) 550 (19%) 1589

 SBP≥140 1043 (36%) 856 (30%) 898 (31%) 2797

total 
cholesterol 

 ≤ 4.5 mmol/L 2852 (63%) 1793 (63%) 2458 (84%) 7103

 > 4.5 mmol/L 1645(37%) 1045 (37%) 460 (16%) 3150

Bmi

 <18 9 (3%) 13 (5%) 10 (4%) 32

 18 ≤ BMI <25 870 (31%) 886 (32%) 836 (29%) 2592

 25≥ BMI <30 1356 (48%) 1290 (46%) 1375 (48%) 4021

 BMI ≥ 30 610 (21%) 598 (21%) 636 (22%) 1844

Diabetes melitus 701 (16%) 496 (17%) 732 (25%) 1929

Current smokers 1103 (28%) 769 (27%) 650 (22%) 2522

*Percentage relative to the study period
SBP: systolic blood pressure; BMI: body mass index
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table 5: Relative risks for study periods 1998-2002 and 2003-2006 both with respect to the 1995-1997 pe-
riod for the individual risk factors studied, cardio-protective drugs by class and concomitant disease. Trends 
are calculated by using the time period as a covariate.

1998-2002 vs. <1997 >2002 vs. <1997
Relative Risk

(95% Confidence interval)
Relative Risk

(95% Confidence interval)
P Value

Risk factor
Current smoking (>5 cigarettes/
day) 

0.96 (0.80-1.15) 0.89 (0.71-1.11) 0.45

obesity: Bmi > 30kg/m² 1.02 (0.86-1.21) 1.06 (0.91-1.25) 0.45

overweight: Bmi > 25kg/m² 1.00 (0.94-1.07) 1.04 (0.98-1.11) 0.24

Hypertension1 0.84( 0.68-1.04) 0.86 (0.69-1.07)) 0.22

Raised cholesterol Concentration2 0.78 (0.69-0.88) 0.61 (0.54-0.70) 0.002

Diabetes mellitus 3 1.11 (0.96-1.28) 1.43 (1.17-1.75) 0.03

Blood pressure control treatment 1.04 (0.95-1.15) 1.06 (0.96-1.17) 0.30

Lipid lowering treatment 3.40 (0.86-13.44) 3.80 (0.98-14.77) 0.08

Cardioprotective drugs by class
Antiplatelet treatment 1.03 (0.99-1.06) 1.04 (0.996-1.09) 0.09

Aspirin 1.02 (0.99-1.06) 1.03 (0.98-1.09) 0.23

thienopyridine (clopidogrel, 
ticlopidin) 

1.24 (0.69-2.24) 1.82 (1.05-3.16) 0.04

β blockers 1.11 (1.01-1.22) 1.16 (1.06-1.27) 0.009

ACe-inhibitors and ARBs 0.77 (0.45-1.30) 1.06 (0.60-1.77) 0.86

Calcium-channel blockers 0.74 (0.62-0.89) 0.61 (0.54-0.67) < 0.001

Diuretics 1.38 (1.07-1.78) 1.85 (1.48-2.30) 0.002

Statins >2002 vs 1998-2002:  0.92 (0.88-0.97)

Fibrates 3.45 (0.86-13.91) 1.14 (0.22-5.99) 0.23

Concomitant disease
Peripheral vascular disease 0.84 (0.48-1.47) 0.67 (0.38-1.19) 0.54

Cerebrovascular disease 0.48 (0.21-1.13) 0.66 (0.27-1.61) 0.43

Congestive heart failure 0.40 (0.31-0.52) 0.55 (0.30-1.02) 0.55

Non-diabetic: systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90mmHg 
Diabetic: systolic blood pressure ≥130 mmHg and/or diastolic blood pressure ≥80mmHg 
Total cholesterol ≥4.5 mmol/L
Diabetes: a fasting serum glucose level ≥ 7.0 mmol/l (126mg/dl), non-fasting glucose level ≥ 11.1 mmol/l 
(200mg/l), or participant report of a physician diagnosis of diabetes or current use of diabetes medication 

 ACE-inhibitors: angiotensin-converting enzyme inhibitors; ARB: angiotensin-receptor blockers
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Overall the proportion current smokers did not differ between time periods (PTREND=0.45), not even 

in the subgroup of patients with known CVD (PTREND=0.43)[Tables 2 and 5]. There was a decrease in 

male smokers over time which was consistent in all age categories, however this trend was offset by 

an increase in the proportion of women smokers aged less than 50 years [Figure 1]. 

Mean body weight respectively was 78.3, 78.8, and 78.7 kilogram for Periods I, II and III. The overall 

proportion of obese and overweight patients did not show a trend over time, not even in the patient 

group with history of CV disease [Table 5]. There was a possible increase however, in the proportion 

of overweight women (PTREND=0.15), whilst the proportion of obese women remained much the same 

[Table 2]. The proportion of obese women was higher than obese men throughout the study period.  

Figure 1 a-b
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Only three-fifth of patients in all three periods had their BP below target levels [respectively: 55%, 50%, 

53%], and most compelling this occurred in only half of the patients with established CVD [respec-

tively: 51%, 52%., 51%; PTREND=0.56 ] [Tables 3, 3B and 5] Of those patients taking BP lowering drugs, 

although not necessarily taken as anti-hypertensive treatment, the proportion that achieved the SBP 

target of <140/90 mm Hg (<130/80 mm Hg in patients with diabetes) did not differ over time (Period I: 

47%, Period II:49%, Period III:47%; P=0.53; Tables 3 and 5). The proportion of hypertensive patients not 

taking blood-pressure-lowering treatment declined over time (respectively: 19%, 10%, 9.0%; p=0.21). 

Overall, the proportion of patients with a raised total blood cholesterol concentration decreased over 

the three time periods (PTREND=0.002) [Tables 3 and 5], with a similar trend observed in the subgroup 

Figure 2 a-b
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of patients with established CVD (PTREND<0.001). Although the proportion of patients taking lipid-

lowering drugs (statins, fibrates) who achieved the cholesterol target of <4.5 mmol/L, was twice as 

high in Period III than in Period I [Tables 3 and 5], only 48% of patients receiving treatment in Period 

III achieved the target for optimal cholesterol control, a trend consistent with the increase in statin 

use [Table 4; R.R= 9.7, P=0.02]. Of note, statin use was absent, or not specifically asked about in the 

CRF in Period I, and therefore the relative risk was calculated comparing Period III to II, and conse-

quently no trend could be calculated. 

The frequency of prevalent diabetes increased over time [PTREND=0.03] and this increase was more 

prominent in men than in women [Tables 3 and 5]. There was a parallel, proportional increase in the 

concomitant use of lipid lowering and antihypertensive drugs in these patient groups. In the group 

of diabetics, the proportion of patients with hypertension increased, whilst those with a cholesterol 

level >4.5mmol showed a reverse trend [Figure 2]. 

The proportion of patients taking either statins, calcium channel blockers, β-blockers, diuretics and 

anti-platelet treatment increased over time and to the same extent considering age and gender, in 

secondary and primary prevention [Table 4-5]. 

dISCUSSION

The lack of improvement in modifiable behavioural risk factors in patients enrolled in stent investiga-

tions in Europe between 1995 and 2006 reflects similar evolutions in the general population.6,45-47  

Potential patient selection bias, reflecting the specific inclusion and exclusion criteria of the indi-

vidual studies must be taken into account when putting the current results into perspective. This 

study emphasises the continuing gap between the standards set in guidelines on CV risk prevention, 

and the results achieved in clinical practice. Our results are the product of lifestyle, inadequate risk 

factor management, and the under-use of prophylactic drug therapies, even after the development 

of a potential life-threatening disease. Overall, these results call for action. 

In our analysis the prevalence of smokers was systematically higher than in the corresponding time 

periods of the EUROASPIRE surveys, however similar trends appeared. Overall, there was a decrease 

in smoking over time in all age categories, although this trend was partially offset by an increase in 

the proportion of women smokers younger than 50 years. The high number of smokers in patients 

with previous symptomatic CV disease is worrisome. Promotion of smoking cessation is important 

at both a population and individual level, for both primary and secondary prevention.48-49 The mag-

nitude of the increase in CV-risk through smoking is closely, and linearly, related to the number of 

cigarettes smoked, with even low levels of smoking (e.g., five cigarettes per day) still being associated 

with an appreciable increased risk of acute MI.50  A physician’s advice to stop smoking is one of the 

most important first steps in the cessation process, but efforts need to be sustained over time, and 

more than likely will need to be complemented by pharmacological therapies to counteract nicotine 

dependence.51-52
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The prevalence of obesity, systolic hypertension and to slightly lesser extent diabetes was lower in 

our analysis as compared to EUROASPIRE and a recent all-comers trial setting.53  Most studies involved 

in our analysis only included patients with ’simple’ coronary lesion morphology. Consequently, we 

potentially excluded from our analysis a patient cohort with high arterial atherosclerotic burden and 

hence patients with a high prevalence of obesity, hypertension and diabetes. 

The frequency of overweight and obese patients included in elective stent studies was slightly lower 

when compared to the general population for the three time periods considered.6 In euroaspire, but not 

in our analysis, the distribution of BMI shifted in a skewed fashion such that the proportion of the popula-

tion with morbid obesity increased by a greater extent than the proportion who were overweight. Still 

in Period III seven out of ten patients had a BMI ≥ 25 kg/m² and over one fifth were obese. The numbers 

of patients classified as overweight and/or obese has reached epidemic proportions, despite both being 

associated with numerous co-morbidities. More than 70% of overweight patients were on anti-hyperten-

sive or lipid lowering drugs in our analysis. The maladaptive effects of excessive body weight on various 

CV risk factors, together with its adverse effects on CV structure and function, results in its propensity 

to reduce overall survival.54-55 Weight reduction interventions, beyond bariatric surgery, involves life-

style choices including dietary intervention and increased physical exercise.56 In a stepwise approach 

approved prescription medications targeting the various systems that regulate eating behaviour and 

body weight can be a valid adjunct to behavioural changes. The long-term maintenance of weight reduc-

tion is difficult and needs sustained personal and family motivation, and long-term professional support.

The prevalence of diabetes in the current study is less than reported in the real world,6 though there 

was a possible trend towards an increase in  the proportion of diabetics, especially in women (PTREND: 

0.19) and the elderly (0.03) over time. 

The prevalence of hypertension was relatively low, compared to the corresponding time periods in the 

EUROASPIRE surveys, and only showed a small time trend towards better management in the subgroup 

of younger patients (PTREND: 0.18). Despite the increased number of patients with systolic hypertension 

taking one or more BP lowering drugs, there was no corresponding improvement in overall BP control. 

Moreover, the proportion of patients taking one or more anti-hypertensives that lowered their systolic 

BP within the normal range did not change. This failure to manage BP  effectively was higher than 

reported in the Anglo-Scandinavian Cardiac Outcomes Trial-Blood Pressure Lowering Arm (ASCOT-

BPLA) at both one and two years follow-up.57 Potential explanations for this are the sub-optimal dosing 

and titration of medication and/or poor patient compliance. BP lowering is essential for CV disease pre-

vention; in a previous large meta-regression analysis within-trial gradients in achieved systolic pressure 

almost completely accounted for the differences in cardiovascular outcomes, including stroke and MI.58 

In contrast with BP, the management of blood lipid concentrations improved substantially, which 

is largely attributed to the increased use of statins from 1998 onwards. Despite this however, only 

about half of patients achieved the target cholesterol concentration of below 4.5mmol/L, set by the 

2003 joint European societies guidelines on CV disease prevention.59 Lipid control in patients taking 

lipid lowering drugs has improved, however, reaching the 2007 total cholesterol target of 4.0mmol/L 
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or less may prove to be an important challenge for patients and physicians.60 Systematic reviews 

indicate that a reduction of total (and LDL) cholesterol by statins is associated with marked reduc-

tions in both fatal and non-fatal CV-events.61 In the subgroup of patients with a history of CV-disease 

we noticed a reduction in the portion of patients using concomitant cardioprotective drugs, that 

remarkably paralleled the trend for those that did not reach the preset cut off threshold target of 

total cholesterol (≤4.5mmol/l) accepted for this analysis. Again, this might be an indication of lack of 

change in lifestyle, suboptimal prevention or both, in this subgroup of patients.

Even if drug treatment according to guidelines and blood lipid status substantially improved, the 

attainment of therapeutic targets for BP did not. Again this might, point to the fact that drug treat-

ments alone are not sufficient, and must be combined with a professional lifestyle intervention. The 

recommendations for lifestyle management remain the foundation of preventive cardiology: to stop 

smoking, make healthy food choices, and become physically active. Moreover, the evidence for their 

effectiveness in cardiovascular disease prevention and rehabilitation programmes that address lifestyle 

is compelling.62 The preset targets as recommended by clinical practice guidelines are not unrealistic. 

In the Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation (Courage) trial, 

patients had high rates of adherence to the regimen of diet, regular exercise, and smoking cessation.63 

An important strength of this analysis is that all baseline data were collected using a standardized 

CRF in an established network of participating sites across Europe by a single ARO. The findings of 

this analysis must be considered within the context of the studies’ limitations. Our study results only 

apply to patients in need of PCI for symptomatic CAD, extrapolations to the general populations may 

not be valid. A selection bias towards the sickest patients, not receiving effective CV prevention can-

not be excluded. Patients included in stent investigations were recruited in specialist cardiac centres 

and may not be a representative sample of all patients with CV disease requiring PCI and stenting 

in Europe. The reality of preventive therapy and lifestyle changes in non specialist centres may be 

considerably different. Our analysis included only those aged 25–84 year because of the limited data 

available in older patient groups. Moreover, elderly patients and women have been shown to be 

under-represented in many clinical trials and surveys in cardiovascular heart disease.64 

Changes in the baseline characteristics of patients who were enrolled in these stent investigations between 

1995-2005 most probably reflect the shift in the general patient population. However, we acknowledge 

the slight variation in individual inclusion and exclusion criteria among studies which may have had an 

impact on the results. On the other hand, our statistical analysis allows correction for a relatively large varia-

tion of some items between studies within (a) study period(s) with respect to the observed trend over time. 

CONCLUSIONS

Patients requiring PCI are an important target population in whom lifestyle changes and aggressive 

secondary preventative measures should be aimed. PCI should open the door towards optimising 

secondary prevention. 
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Appendix table 1:  Studies included in the Cardialysis Stent Database

Study Study Name
Number of 
patients

ACS3297 ACS Multilink® Radiation Coronary Stent System Project 31

ADVANCe8 Additional Value of NIR Stents for Treatment of Long Coronary 
Lesions

437

ARtS-i9 Arterial Revascularisation Therapies Part I 1205
ARtS-ii10 Arterial Revascularisation Therapies Part II 607

BeNeSteNt-211 Belgian Netherlands Stent-2 827
DiReCtoR12 DIRECT stenting with the ORBUS R Stent 30

DomiNo13 The Study to Compare Cypher Versus Cypher Select in Treating 
Coronary Artery Lesions

102

eURoSPAH14 European Sonotherapy Prevention of Arterial Hyperplasia 403

FiNeSS115 First International New Intravascular Rigid-Flex Endovascular Stent 
Study

255

FiNeSS216 First International New Intravascular Rigid-Flex Endovascular Stent 
Study-2

156

GRANite7 Gamma Radiation to Athermatous Neointima using Intra Coronary 
Therapy in Europe

96

HeALiNG-ii17 Healthy Endothelial Accelerated Lining Inhibits Neointimal Growth 63
Jo-stent7 115

mAGiC 5-L7,18 
The relationship between Wallstent length and late clinical and 
angiographic results

276

mUSt19 Multicentre Stents Ticlopidine 260
NiRtoP20 Comparison of the NIRFLEX and NIRFLEX Royal Stent Systems 158

NUGGet21 NIR ultra-gold gilded equivalency trial 603
NoBoRi22 Nobori Stent Trial 120

PAiR23 Pullback Atherectomy for In-stent Restenosis Trial 52
PAmi24 Primary Angioplasty in Myocardial Infarction 900

Stent PAmi pilot study25 Primary Angioplasty in Myocardial Infarction – pilot study 101

RAVeL26
Randomized Study with the Sirolimus-Coated Bx Velocity Balloon-
Expandable Stent in the Treatment of Patients with de Novo Native 
Coronary Artery Lesions

238

ReALitY27 Comparison of the Cypher Sirolimus Eluting and the Taxus 
Paclitaxel Eluting Stent Systems Trial

1386

SCePteR28 Study of the Controlled Elution of Paclitaxel for the Elimination of 
Restenosis

271

SiCto 29 Sirolimus-eluting stent in chronic total occlusions 25

SimPLe30 The safety and efficacy of the Infinnium paclitaxel eluting stent for 
the treatment of single de novo lesions

103

SPiRit31 
Clinical Evaluation of the Xience V Everolimus Eluting Coronary 
Stent System in the Treatment of Patients with de novo Native 
Coronary Artery Lesions

60

SoPHoS32 Study Of PHosphorylcholine coating On Stents 425

tAXUS iii33 TAXUS stent trial 28
teSteR34 Terumo Stent Registry 100

VeLVet-235
Direct stenting with the Bx VELOCITY balloon-expandable stent 
mounted on the Raptor rapid exchange delivery system versus 
pre-dilatation in a European randomized Trial

401

Wellstent native study36 The safety and efficacy of the self-expanding Wallstent 105
WeSt-137 West European Stent Trial 102
WeSt-238 West European Stent Trial 165
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Appendix table 2: Relevant clinical in-and exclusion criteria for trials included this analysis:

inclusion Criteria
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D
Y

W
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T-
1

W
ES

T-
2

Age18 to 85 years • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

Stable and unstable angina.* • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

Myocardial infarction • •

Eligible for PCI • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

Informed consent • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

Not pregnant and protected against pregnancy during the 
study

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

Participating in an investigational drug or another device study • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

exclusion Criteria
LV- EF ≤25% • • •

≤30% • • • • • • • • • • • • • • • • • • • • •

Heart failure or CS • • • •

Intolerance of aspirin, clopidogrel, ticlopidine, heparin, 
stainless steel, or contrast material.

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

Impaired renal function 
Creatinine  >3.0 g/dl

• • • • • • • • • • • • • • •

Creatinine clearance <50ml/kg/min • • • • • • • • • • • • • •

Any significant condition which in the investigators opinion 
could interfere with the patient’s optimal participation in the 
study.

• • • • • • • • • • • • • • • • • • • • • • • •

Known malignancy or life expectancy of less than the duration 
of the trial

• • • • • • • • • • • • • • • • • • • • • • • • • • • •

Q-wave-MI in the territory  supplied by  the vessel to be 
stented and a large akinesia in the same region

• • • • • • • • • • • • • • • • •

MI <48 hours •

<72 hours • • • • • • • • • • • •

<7days • • • • • • • • • •

<14 days •

<30 days • •

Stroke < 6 months • • • • • • • • • • • • • • • • • • • •

GI bleed or peptic ulcer < 6months • • • • • • • • • • • • • •
Active 
bleed

• • • • • •

Hepatic failure • • • • • • • • • • • • • •

CS: cardiogenic shock; GI: gastro-intestinal; HF: heart Failure; MI: myocardial infarction; PCI: percutaneous 
coronary intervention; LV-EF: Left ventricular ejection fraction 
H denotes hours; D denotes days; M denotes months
*: Canadian Cardiology Society (I-IV) and Braunwald (B and C, I-III) classifications65-66 or documented silent 
ischemia.
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Appendix table 2: Relevant clinical in-and exclusion criteria for trials included this analysis:
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Myocardial infarction • •

Eligible for PCI • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

Informed consent • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

Not pregnant and protected against pregnancy during the 
study

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

Participating in an investigational drug or another device study • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

exclusion Criteria
LV- EF ≤25% • • •

≤30% • • • • • • • • • • • • • • • • • • • • •

Heart failure or CS • • • •

Intolerance of aspirin, clopidogrel, ticlopidine, heparin, 
stainless steel, or contrast material.

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

Impaired renal function 
Creatinine  >3.0 g/dl

• • • • • • • • • • • • • • •

Creatinine clearance <50ml/kg/min • • • • • • • • • • • • • •

Any significant condition which in the investigators opinion 
could interfere with the patient’s optimal participation in the 
study.

• • • • • • • • • • • • • • • • • • • • • • • •

Known malignancy or life expectancy of less than the duration 
of the trial

• • • • • • • • • • • • • • • • • • • • • • • • • • • •

Q-wave-MI in the territory  supplied by  the vessel to be 
stented and a large akinesia in the same region

• • • • • • • • • • • • • • • • •

MI <48 hours •

<72 hours • • • • • • • • • • • •

<7days • • • • • • • • • •

<14 days •

<30 days • •

Stroke < 6 months • • • • • • • • • • • • • • • • • • • •

GI bleed or peptic ulcer < 6months • • • • • • • • • • • • • •
Active 
bleed

• • • • • •

Hepatic failure • • • • • • • • • • • • • •

CS: cardiogenic shock; GI: gastro-intestinal; HF: heart Failure; MI: myocardial infarction; PCI: percutaneous 
coronary intervention; LV-EF: Left ventricular ejection fraction 
H denotes hours; D denotes days; M denotes months
*: Canadian Cardiology Society (I-IV) and Braunwald (B and C, I-III) classifications65-66 or documented silent 
ischemia.
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Abstract
Aims: We sought to evaluate the prognostic impact of age on the procedural results and subsequent clinical

outcomes in patients with multivessel disease (MVD) treated either by coronary artery bypass surgery (CABG) or

by percutaneous coronary intervention (PCI) with or without drug eluting stents, based on data of the Arterial

Revascularisation Therapies Study (ARTS) part I and part II. The potential influence of age in determining the most

appropriate revascularisation strategy for patients with MVD is largely unknown.

Methods and results: Three year clinical outcome of ARTS I patients randomised to PCI with bare metal stent

(BMS) (n= 600) or CABG (n= 605), and matched patients treated by PCI with sirolimus-eluting stents (SES) in

ARTS II (n= 607) were reviewed according to four age quartiles. Endpoints were measured in terms of major

adverse cardiac and cerebrovascular events MACCE) during hospital stay and up to three years. The frequency of

female, diabetes, hypertension, peripheral vascular disease, pulmonary disease, as well as lesion complexity

increased with age. At three years, MACCE free survival was comparable between patients treated by CABG or

SES PCI, regardless of age quartile. The incidence of MACCE was higher among ARTS I BMS treated patients in

all but the second age quartile. This was primarily related to a higher need for repeat revascularisation among BMS

treated patients. However, age, which emerged as a strong independent predictor of MACCE following CABG

(p<0.005), was not predictive of adverse events following PCI. Conversely, diabetes was the strongest independent

predictor of MACCE among PCI treated patients (p<0.02), but didn’t affect three-year outcomes following CABG.

Conclusions: Age seems to influence the CABG outcome in-hospital but not PCI. PCI-SES could offer lower

immediate risk in patients with MVD and comparable long-term outcome as CABG especially in older patients.

The worst outcome of PCI-BMS group is primarily related to the need for repeat revascularisation. Diabetes is the

most important predictor of MACCE following PCI.

KEYWORDS
Ageing, coronary artery
disease,
revascularisation, bare
metal stents,
sirolimus-eluting
stents, surgery
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Multivessel revascularisation in elderly patients

Introduction
Coronary artery disease (CAD) is the leading cause of mortality

worldwide. The prevalence of CAD increases with age, and this

coupled with increasing life expectancy has led to a sharp rise in the

number of elderly patients undergoing percutaneous coronary

intervention (PCI) and coronary artery bypass grafting surgery

(CABG).1 In comparison to their younger counterparts, older

patients with CAD usually present with more diffuse atherosclerosis

and a higher plaque burden.2 In addition non-cardiac co-

morbidities such as renal insufficiency and impaired pulmonary

function are also more prevalent with increasing age. This high risk

profile of elderly CAD patients contributes to their increased

complication rates, both after PCI3 and CABG.4 Consequently,

numerous clinical studies have confirmed that a correlation exists

between clinical outcomes from either method of revascularisation,

and the patient’s age.5-9 On the other hand elderly patients have

been shown to derive more benefit from invasive coronary

revascularisation than from optimal medical therapy,9-11 and one

study9 even concluded that elderly patients have a greater absolute

risk reduction associated with revascularisation in comparison with

younger patients. The most appropriate revascularisation procedure

for older or younger patients remains controversial, primarily

through the lack of clinical studies investigating a direct comparison

of both treatment strategies.

The objective of the current investigation was to examine the

prognostic impact of age on the procedural results, and subsequent

early and late clinical outcomes in a contemporary cohort of

patients with MVD treated by either CABG or PCI with or without

drug eluting stents (DES).

Methods

Study population and protocol

The present study is a retrospective analysis of the ARTS I and II trials;

the detailed protocols of both have been previously reported.12,13

Briefly, the study population includes the 1,205 patients from the

ARTS-I study who were randomised to either bare metal stent

(BMS) implantation (n=600) or CABG (n=605), and the 607

patients from the ARTS-II registry who were treated by sirolimus-

eluting stent (SES) implantation. In order to obtain a population

comparable to ARTS-I, patients in ARTS-II were stratified per

clinical site in order to ensure that at least one third of the included

patients had triple vessel disease. All inclusion and exclusion

criteria were the same for both trials, including the upper age limit,

which was 80 years old. Patients were enrolled irrespective of

whether they had stable or unstable angina or silent ischaemia.

They were required to have MVD and at least one other significant

lesion (>50% diameter stenosis) in a different major epicardial

artery suitable for stent implantation. Specific exclusion criteria

included: patients with any prior coronary intervention, left main

stem coronary disease, left ventricular ejection fraction of less than

30%, overt heart failure, history of a cerebrovascular accident,

transmural myocardial infarction in the preceding week, severe

hepatic or renal disease and the need for concomitant major

surgery. All patients gave written informed consent.

The pooled population of ARTS-I and ARTS-II was divided into four

equal quartiles of 453 subjects based on age at trial inclusion. The

first, second, third and fourth quartiles (mean±SD) consisted of

patients <54 years (48.8±4.8 years), 54-62 years (58.5±2.1 years),

62-68 years (65.6±1.9 years), and 68-83 years old (73.3±3.1 years)

respectively. Five patients (3 in ARTS I and 2 in ARTS II) older than

80 years were included.

Data analysis and endpoints

Clinical outcomes in each subgroup were compared according to

the assigned treatment, (CABG, PCI with BMS or PCI with SES) and

analysis was performed on the outcome of each revascularisation

procedure according to age quartiles. The primary endpoint was

defined as the absence of any of the following major adverse

cardiac and cerebral events (MACCE) within three years of inclusion

in the trial: death (all-cause mortality), cerebrovascular accident,

non-fatal myocardial infarction (MI), or any repeat revascularisation

(either PCI or CABG).12,14,15 MACCE rate during hospital stay and at

three years is assessed according to hierarchical classification. In

hierarchical classification, only the worst event was counted as an

event. Single adverse events are reported in a non-hierarchical way.

Events for the present report were counted from the time of

procedure for all the three arms. Complete three-year follow-up was

available for all of the 1,812 study patients.

Statistical analysis
Statistical analysis was performed with SAS 6.12 software (SAS

Institute Inc., Chicago, IL, USA). Continuous variables are

expressed as mean±standard deviation (SD) and compared with

use of Student’s unpaired t-test. Categorical variables were reported

as counts and percentages and compared using the Fisher’s exact

test for pair wise variables or the Chi-square for trend to examine the

impact of age. Longitudinal event rates were evaluated using

Kaplan-Meier estimates and compared with the log-rank test. To

examine the impact of age in each treatment strategy, Cox

Proportional Hazard models in SAS V8.2 was used. Both the age

and the treatment subgroups were tested for interaction with

predictor variables. This analysis was restricted to the MACCE. For

the interaction tests between predictor variables and age group or

treatment group, a likelihood ratio test was used by subtracting the

summed -2log(L) of the “by group” analysis from the -2log(L) of the

stratified (by age and by treatment) analysis, and comparing the

outcome with a Chi-square distribution with the correct number of

degrees of freedom. In case of a p-value <0.05 for the interaction,

the “by group” analysis regression parameters were used.

Results

Baseline characteristics

Three patients died while waiting for surgery, and were subsequently

excluded from the clinical outcome evaluation. Six patients initially

assigned to BMS implantation were instead treated by surgery, and

19 patients initially assigned to surgery were instead treated with

BMS. One patient assigned to stenting, and four patients assigned to

surgery received only medical treatment. All patients assigned to SES

implantation were treated according to protocol.
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The patient population between both trials was not matched, and

consequently the mean age of patients in the ARTS-II trial which

was 63±10 years is slightly higher than that of the patients in the

ARTS-I trial, whose mean ages were 61±9 years and 61±10 years

for CABG and PCI, respectively. The patients included in the ARTS-

II registry had more complex lesions and anatomy as has been

previously reported.16

Table 1 shows the baseline demographic and clinical characteristics

of the enrolled patients. Increasing age is associated with an

increased prevalence of diabetes mellitus, hypertension, peripheral

artery disease, previous carotid artery surgery or cerebrovascular

events, and chronic obstructive pulmonary disease. Conversely, the

incidence of hypercholesterolaemia, obesity, family history of MI or

sudden death, previous MI and current smoking, as well as the

percentage of males in the population were found to decrease with

advanced age. In all quartiles, the majority of patients presented

with stable angina.

Procedural characteristics are depicted in Table 2. As patients

included in ARTS had to be amenable for PCI or CABG, it is not

surprising that the number of lesions treated was not influenced by

age and was similar in patients assigned to CABG or stent

Clinical research

Table 1. Demographics and patient characteristics (N=1,812 patients).

Q1 Q2 Q3 Q4 p-value
30-54y 54-62y 62-68y 68-83y (trend)
N=453 N=453 N=453 N=453

M en 87.2% 81.7% 73.1% 64.2% <0.001

Age (mean±sd) 48.8±4.8 58.5±2.1 65.6±1.9 73.3±3.1 <0.001

BM I (mean±sd) 27.7±3.9 27.6±3.7 27.3±3.6 26.8±4.0 <0.001

C ur rent smoking 44.4% 25.2% 17.9% 9.8% <0.001

Diabetes  mellitus 14.8% 19.6% 22.5% 24.1% <0.001

Hyper tens ion 40.6% 51.2% 56.7% 60.7% <0.001

Hypercholesterolaemia 66.7% 63.7% 64.1% 58.3% 0.014

Family his tory 50.6% 42.2% 35.7% 27.5% <0.001

PVD 3.1% 4.4% 7.3% 8.6% <0.001

C VA 0.4% 0.7% 1.1% 1.8% 0.034

Previous  M I 49.0% 40.2% 35.8% 36.0% <0.001

Previous  C ABG 0.0% 0.0% 0.0% 0.0% N/A

Previous  PC I 0.9% 1.3% 2.0% 1.5% 0.29

C arotid surgery 0.0% 0.7% 1.1% 2.0% 0.002

C OPD 1.5% 3.8% 6.9% 5.7% <0.001

S ilent ischaemia 7.3% 7.1% 7.3% 6.6% 0.74

S table angina 54.3% 57.6% 57.0% 54.5% 1.00

Unstable angina 38.4% 35.3% 35.8% 38.9% 0.86

1 vessel disease 2.9% 2.7% 1.8% 3.2% 0.97

2 vessel disease 63.5% 60.7% 58.2% 58.1% 0.08

3 vessel disease 33.6% 36.6% 40.0% 38.7% 0.07

LVEF (%) (mean±sd) 59.2±12.1 61.1±12.3 61.6±12.3 60.1±12.7 0.21

Lipid lowering agent 54.0% 54.3% 53.8% 52.8% 0.69

Beta blockers 67.8% 66.8% 59.0% 63.5% 0.04

AC E  inhibitors 27.8% 26.3 33.9% 34.5 0.004

BMI: body mass index; PVD: peripheral vascular disease; 

CVA: cerebrovascular accident; MI: myocardial infarction; CABG: coronary

artery bypass surgery; PCI: percutaneous coronary intervention; 

COPD: chronic obstructive pulmonary disease; LVEF: left ventricular

ejection fraction; ACE: angiotensin converting enzyme

Table 2.  Angiographic and procedural characteristics 

(N=1,778 patients, N=5,404 lesions).

Q1 Q2 Q3 Q4 p-value
30-54y 54-62y 62-68y 68-83y (trend)
N=453 N=453 N=453 N=453

No. of treated les ions
(mean±sd) 2.8±1.1 2.8±1.0 2.9±1.0 2.9±1.1 0.30

Location of les ions :

RC A 32.9% 29.4% 28.6% 28.5% 0.013

LM 0.0% 0.1% 0.0% 0.1% 0.54

LAD 40.0% 40.9% 41.6% 40.7% 0.65

LC X 27.1% 29.7% 29.9% 30.8% 0.047

Les ion length

Discrete <10 mm 65.0% 64.2% 65.1% 63.6% 0.58

Tubular 10-20 mm 26.6% 26.5% 26.9% 26.7% 0.90

Diffuse >20 mm 8.4% 9.3% 8.0% 9.7% 0.46

Bifurcation or S B 33.2% 33.9% 33.7% 33.2% 0.96

Les ion class ification

T ype A/B1 37.2% 32.5% 31.6% 31.8% 0.003

T ype B2/C 62.8% 67.5% 68.4% 68.2% 0.003

Randomised to

AR T S -I C ABG 33.3% 35.1% 33.3% 31.8% 0.52

AR T S -I BM S 38.4% 31.3% 33.1% 29.6% 0.012

AR T S -II S ES 28.3% 33.6% 33.6% 38.6% 0.002

In-hospital s tay

Post PC I (days±sd) 3.5±2.8 3.3±2.6 4.0±4.2 3.8±3.0 0.037

Post C ABG (days±sd)8.6±3.9 8.8±3.4 10.2±5.2 10.9±6.5 <0.001

implantation. The left anterior descending artery was equally

revascularised within each age subgroups and more complex

lesions were noted in older patients.

Based on the clinical and demographic data the calculated logistic

EuroSCORE for each subgroup was 1.27±0.58, 1.33±0.58, 2.07±1.10

and 3.58±1.95, respectively. Finally, the average hospital stay

increased with age and was longer among patients treated surgically.

In-hospital clinical outcome

In-hospital death and MACCE for each assigned treatment are

presented in Table 3 according to age quartile. There was an age

related increase in mortality and MACCE in patients treated

surgically. The in-hospital mortality observed in these patients was

comparable to the predicted mortality estimated by the EuroSCORE.

Conversely, age had no significant influence on the in-hospital

outcomes of patients assigned to percutaneous treatment, either

with BMS or DES. In the youngest quartile (Q1) of patients assigned

to BMS there was an excess MACCE as compared to SES PCI,

which was primarily due to the increased repeat revascularisations,

and myocardial infarctions in the BMS subgroup (p=0.016).

However, we may speculate that this observation is related to

improvements in ARTS-II PCI techniques and medical

management. In the oldest quartile (Q4) patients treated by SES PCI

had less MACCE as compared to surgically treated patients (2.3%

vs. 9.0%, p=0.011); which was predominantly driven by a

reduction in mortality (0.0% vs. 3.5%, p=0.018).

Three-year clinical outcome

Patient mortality increased with age and this trend was significant for

patients assigned to CABG and SES PCI (Table 4). A trend noted only
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in those patients having PCI was the increasing incidence of

cerebrovascular accidents with increasing age. Not surprisingly, the

need for repeat revascularisation was higher among PCI treated

patients in all age quartiles when compared to surgery. However, the

need for repeat PCI and CABG was dramatically reduced in ARTS-II

SES treated patients by 60.8%, 26.9%, 59.6% and 45.4% in Q1, Q2,

Q3 and Q4, respectively, as compared to ARTS-I BMS treated patients.

The need for repeat revascularisation was not age-dependent.

The 3-year event free survival in each treatment arm is depicted in

Figure 1 according to age quartile. In brief, there was no significant

difference in MACCE rate between patients allocated to CABG or

SES PCI with similar outcomes noted for each age group.

Conversely, the increased need for repeat revascularisation,

specifically during the first year, resulted in a worse event free

survival for ARTS-I BMS treated patients.

Impact of age on event free survival

A multi-variable analysis was conducted to determine the influence

of age on outcome at three-years follow-up. Age together with

hypertension and multiple long diffuse lesions were independent

predictors of MACCE amongst surgically treated patients. In patients

treated with SES PCI the presence of diabetes was the strongest

independent predictor of MACCE, together with the absence of

hypertension, a small number of lesions treated, and procedural

duration (Table 5). Age was not found to be an independent

predictor of three-year outcomes amongst patients treated by PCI

either with SES or BMS.

Discussion
The current investigation is the first to evaluate long-term outcomes

of similar patients with MVD studied according to their age.

Specifically, we assessed whether PCI with BMS, PCI with SES, or

Table 3. In-hospital events (hierarchical MACCE and non

hierarchical events up to hospital discharge, per patient) counted

since date of procedure.

Q1 Q2 Q3 Q4 p-value
30-54y 54-62y 62-68y 68-83y (trend)

ARTS-I C ABG N=150ⁿ N=158ⁿ N=150ⁿ N=144

M AC C E  % (n) 2.0 (3) 5.1 (8) 7.3 (11) 9.0 ¶(13) 0.007

Death % (n) 0.0 (0) 0.6 (1) 1.3 (2) 3.5 * (5) 0.009

C VA  % (n) 0.0 (0) 2.5 (4) 0.0 (0) 1.4 (2) 0.68

M I % (n) 2.0 (3) 2.5 (4) 4.7 (7) 3.5 (5) 0.30

C ABG % (n) 0.0 (0) 0.0 (0) 0.7 (1) 0.7 (1) 0.19

PC I % (n) 0.0 (0) 0.6 (1) 0.7 (1) 0.7 (1) 0.41

AR T S -I BM S N=174 N=142 N=150 N=134

M AC C E  % (n) 6.3 * (11) 5.6 (8) 10.7 ¶(16) 5.2 (7) 0.78

Death % (n) 0.6 (1) 1.4 (2) 1.3 (2) 0.7 (1) 0.84

C VA  % (n) 0.6 (1) 0.7 (1) 0.0 (0) 1.5 (2) 0.54

M I % (n) 3.4 (6) 2.8 (4) 4.0 ¶(6) 0.7 (1) 0.28

C ABG % (n) 2.3 (4) 0.7 (1) 6.7 * (10) 0.7 (1) 0.74

PC I % (n) 4.0 (7) 1.4 (2) 1.3 (2) 2.2 (3) 0.26

AR T S -II S ES N=128 N=152 N=152 N=175

M AC C E  % (n) 0.8 (1) 2.0 (3) 3.3 (5) 2.3 (4) 0.31

Death % (n) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) N/A

C VA  % (n) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) N/A

M I % (n) 0.0 (0) 1.3 (2) 0.0 (0) 1.1 (2) 0.49

C ABG % (n) 0.0 (0) 0.7 (1) 1.3 (2) 1.7 (3) 0.11

PC I % (n) 0.8 (1) 0.7 (1) 2.0 (3) 0.0 (0) 0.60

*p<0.02, ¶p<0.015 vs. ARTS-II SES; n one patient died before CABG and

was not included; MACCE: major adverse cerebral and cardiovascular event;

CVA: cerebrovascular accident; MI: myocardial infarction; CABG: coronary

artery bypass graft; PCI: percutaneous coronary intervention

Table 4. Clinical endpoints at three years (hierarchical MACCE and

non hierarchical events up to 1,080 days, per patient) counted

since date of procedure.

Q1 Q2 Q3 Q4 p-value
30-54y 54-62y 62-68y 68-83y (trend)

ARTS -I CABG N=150ⁿ N=158ⁿ N=150ⁿ N=144

M ACCE % (n) 7.3 (7) 17.1 (27) 18.7 (28) 21.5 (31) 0.001

Death % (n) 1.3 (1) 3.2 (5) 4.7 (7) 8.3 (12) 0.003

CVA % (n) 0.0 (0) 5.1 (8) 4.0 (6) 3.5 (5) 0.15

M I % (n) 2.7 (3) 3.8 (6) 7.3 (11) 6.3 (9) 0.07

CABG % (n) 0.7 (1) 1.3 (2) 1.3 (2) 1.4 (2) 0.57

PC I % (n) 4.0 (2) 8.2 (13) 4.7 (7) 6.9 (10) 0.56

ARTS -I BM S N=174 N=142 N=150 N=134

M ACCE % (n) 32.2 *(56) 28.9 (41) 40.0 *(60) 35.1 §(47) 0.25

Death % (n) 2.9 (5) 3.5 (5) 4.7 (7) 5.2 (7) 0.25

CVA % (n) 1.7 (3) 0.7 (1) 2.7 (4) 9.0 (12) <0.001

M I % (n) 8.6 §(15) 4.9 (7) 8.7 (13) 4.5 (6) 0.34

CABG % (n) 9.2 ¶(16) 7.0 (10) 12.7 #(19) 7.5 §(10) 0.94

PC I % (n) 20.7 §(36) 19.0 (27) 20.0 ¶(30) 18.7 (25) 0.72

ARTS -II S ES N=128 N=152 N=152 N=175

M ACCE % (n) 13.3 (17) 20.4 (31) 17.8 (27) 24.0 (42) 0.042

Death % (n) 1.6 (2) 1.3 (2) 2.0 (3) 6.3 (11) 0.01

CVA % (n) 0.0 (0) 0.7 (1) 2.6 (4) 6.3 (11) 0.001

M I % (n) 0.8 (1) 4.6 (7) 3.3 (5) 4.0 (7) 0.63

CABG % (n) 2.3 (3) 2.6 (4) 3.3 (5) 2.3 (4) 0.4

PC I % (n) 10.9 (14) 16.4 (25) 9.9 (15) 12.0 (21) 0.72

* P<0.001; ¶P<0.02; #P<0.01; §P<0.05 vs. ARTS-II SES; MACCE: major

adverse cerebral and cardiovascular event; CVA: cerebrovascular accident;

MI: myocardial infarction; CABG: coronary artery bypass graft;

PCI: percutaneous coronary intervention

Table 5. Predictors of MACCE.

CABG SES
P Hazard ratio P Hazard ratio

Age group 0.005 1.46 0.152 1.22

S ex (female=0, male=1) 0.398 0.78 0.303 1.41

Diabetes 0.324 1.37 0.018 1.90

Hyper tens ion 0.047 1.73 0.042 0.57

Hypercholesterolaemia 0.585 0.86 0.785 1.09

Family his tory 0.519 0.84 0.841 0.95

Previous  vascular disease 0.057 2.21 0.458 0.64

Previous  M I 0.804 1.07 0.384 0.78

C ur rent smoker 0.403 1.31 0.060 0.40

Angina (stab/unstab/s ilent) 0.089 0.67 0.764 0.94

No. of diffuse les ions  

(> 20 mm) 0.001 2.35 0.394 0.83

No. of calcified les ions 0.216 0.78 0.621 1.06

No. of les ions  double guidewire 0.451 0.86 0.470 1.11

No. of les ions  type B2/C 0.246 0.82 0.069 1.32

No. of les ions  in LAD 0.883 0.97 0.170 1.36

Duration of procedure (min.) 0.493 1.00 0.008 1.01

No. of treated les ions 0.680 1.06 <.0001 0.53
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CABG is safer and/or more effective in particular age groups. In

contrast to clinical registries, patients enrolled in the ARTS trials had

less comorbidity, and a higher proportion of complete

revascularisation.

At present the influence of age on long-term survival after PCI and

CABG has not been adequately studied. Most of the data are

derived from observational registries which doesn’t allow for a direct

comparison between PCI and CABG, as elderly patients referred to

one or the other revascularisation technique have different baseline

characteristics. However a recent registry, which corrected for

baseline differences, has shown a trend towards a better survival

following surgery, despite the less invasive nature of PCI, and the

lower initial morbidity.17,18

There is a limited amount of data available from randomised trials

on the influence of age on patient outcome after revascularisation.

The BARI and SoS trial showed that survival was better with CABG

compared with PCI irrespective of age.19,20 Conversely, a systematic

review has shown that long term survival after PCI or CABG is

similar among patients over the age of 65 when compared to those

younger than 65.21

Increasing age is associated with a lower three years survival among

patients enrolled in CABG or SES arms of ARTS trials. However,

neither PCI vs. CABG nor DES vs. BMS have a significant impact on

survival up to three years, within each age quartiles. 

This study has reiterated that important clinical and angiographic

characteristics are age related. Older patients are more likely to be

female, and when compared to their younger counterparts they are

more likely to have comorbidities such as diabetes and

hypertension.1-4 Furthermore, the elderly have more diffuse and

complex coronary lesions on angiography.22,23 Therefore, in real-

world clinical practice, when myocardial revascularisation is

required, these important clinical characteristics are used on a

case-by-case basis to make a clinical decision, without any well-

established criteria for identifying those elderly patients more likely

to benefit from PCI or CABG. Currently elderly patients with

significant comorbidities tend to be treated by PCI, not only because

it is less invasive, but also based on the results from the AWESOME

randomised trial which demonstrated similar survival outcomes in

patients >70 years of age following either PCI or CABG.24

The data from the ARTS-I trial confirms a gradual increase of both

mortality (p=0.003) and morbidity (p=0.001) with age amongst

patients referred for CABG. Although the death rate also increased

with increasing age among ARTS-II patients (p=0.01), age (as

assessed per quartile) was not an independent predictor of MACCE

following PCI (p=0.15), whilst it did emerge as an important

independent predictor of MACCE following surgery (p=0.005). The

selection of patients without severe comorbidities, with preserved

left ventricular function and amenable to (near) complete

revascularisation by PCI is the most likely explanation of the

excellent results observed after stenting, particularly amongst those

treated with SES. Those patients having surgery also had similar

baseline characteristics, and were low surgical risk based on their

Clinical research

Figure 1. Kaplan-Meier curve to three years showing freedom from major adverse cardiac and cerebrovascular event (MACCE) according to age
quartile in patients assigned to coronary artery bypass surgery (CABG), percutaneous coronary angioplasty with bare metal stent (BMS) and
percutaneous coronary angioplasty with sirolimus-eluting stent (SES).

40

50

60

70

100

80

90

0 200 400 600 800 1000 1200

Fr
ee

do
m

 f
ro

m
 e

ve
nt

Days since procedure

SES vs BMS: LogRank: P<0.001
SES vs CABG: LogRank: P=0.11

40

50

60

70

100

80

90

0 200 400 600 800 1000 1200

Fr
ee

do
m

 f
ro

m
 e

ve
nt

Days since procedure

SES vs BMS: LogRank: P<0.001
SES vs CABG: LogRank: P=0.76

Q1: <54 years

Q3: 62-68 years

40

50

60

70

100

80

90

0 200 400 600 800 1000 1200

Fr
ee

do
m

 f
ro

m
 e

ve
nt

Days since procedure

SES vs BMS: LogRank: P=0.057
SES vs CABG: LogRank: P=0.53

Q2: 54-62 years

40

50

60

70

100

80

90

0 200 400 600 800 1000 1200

Fr
ee

do
m

 f
ro

m
 e

ve
nt

Days since procedure

Q4: >68 years

ARTS-I CABG

ARTS-II SES PCI

ARTS-I BMS PCI

SES vs BMS: LogRank: P=0.03
SES vs CABG: LogRank: P=0.69

ARTS-I CABG

ARTS-II SES PCI

ARTS-I BMS PCI

ARTS-I CABG

ARTS-II SES PCI

ARTS-I BMS PCI
ARTS-I CABG

ARTS-II SES PCI

ARTS-I BMS PCI

Scot BW.indb   323 01-03-11   11:58



324

- 6 -

Multivessel revascularisation in elderly patients

calculated EuroSCORE. Therefore this study demonstrates that the

impact of age on the outcomes after coronary revascularisation for

MVD is significantly more important after surgery than after PCI.

Our data show that the risk from surgery is highest during the in-

hospital phase. Notably, the eldest patients (>68 years) undergoing

surgery had a higher mortality rate than their counterparts treated

by SES PCI. The in-hospital mortality observed in ARTS-I among

surgically treated patients is in line with their predicted mortality

based on the EuroSCORE. For patients included in the fourth

quartile, the EuroSCORE predicted in-hospital mortality was of

3.58%, which is almost identical to that actually observed in this

study (3.5%). For the younger age groups, the observed in-hospital

mortality was slightly lower than that predicted by the EuroSCORE

(0.0% vs. 1.27%, 0.6% vs. 1.33% and 1.3% vs. 2.07% for Q1, Q2

and Q3). These results are in keeping with recent evidence which

suggests that the logistic EuroSCORE over estimates mortality, and

requires recalibration.25 The SYNTAX trial has also shown that early

outcomes after PCI are related to initial lesion characteristics,

however new evidence also suggests that these early outcomes after

PCI can be influenced by adverse patient characteristics as

assessed by the EuroSCORE.26,27

Clearly, the late outcomes after PCI are determined by the need for

repeat revascularisation. At three-year follow-up, 173, 39 and 89

repeat revascularisations with PCI and/or surgery were performed in

the ARTS-I PCI, ARTS-I CABG and ARTS-II PCI patients,

respectively. Consistent with other trials of DES the use of SES lead

to a dramatic improvement in the results of PCI in MVD as

compared to BMS PCI.28 This improvement has now been shown in

our study to be independent of age. Despite the significantly lower

repeat intervention rates with SES, CABG still remains associated

with the lowest re-intervention rates in any age group quartile.

Previous studies have shown that diabetes is a strong predictor of

adverse outcome among patients treated by PCI, most notably for

those with MVD.29,30 Our results confirm that diabetes is the most

important clinical risk factor for MACCE in patients treated by SES

PCI. In the surgical group diabetes was not associated with MACCE,

which is in contrast to previous observational studies which have

shown diabetes to be an independent predictor of mortality.31-33 The

relative safety and efficacy of CABG decreases with increasing age,

and this is independent of a patient’s diabetic status. This data

therefore suggests that young patients with diabetes benefit the

most from surgery, and conversely, elderly patients without diabetes

have a better outcome following SES PCI, compared to CABG.

This implies that in diabetic patients with MVD, amenable to both

PCI and CABG, a patient’s age should be considered when deciding

the most appropriate method of revascularisation. In view of the

paucity of evidence this subject needs to be accurately assessed in

a specifically designed clinical trial in diabetic patients. Currently

there are no published randomised studies of revascularisation

specifically in diabetics; previous data have all been derived from

post hoc subgroup analysis. Recently the early results of the

CARDia trial, the first dedicated randomised trial of

revascularisation in diabetics, showed no difference in outcome

between diabetic patients with MVD treated with PCI or CABG,34

although no age distributions have yet been released. The full

publication of CARDia is awaited, together with the results of the on-

going FREEDOM trial with the specific aim to clarify the role of

CABG and PCI in diabetic patients with MVD. In the BARI 2D trial,

Frye et al35 reported that for many patients with both diabetes and

coronary artery disease, optimal medical therapy rather than any

intervention is an excellent first-line strategy, notably for those with

less severe disease. When revascularisation by PCI is indicated, five

year MACE free survival is not affected by the initial treatment

strategy (medical or revascularisation). However, when

revascularisation by CABG is deemed the more appropriate

revascularisation strategy, MACE free survival is better in patients

initially randomised to surgery. This trial also indicates that

treatment strategy must be individualised for specific patients,

based on the most appropriate evidence-based treatment

recommendations.

Study limitations
Firm conclusions regarding the advisability of SES PCI in the oldest

patients with multivessel disease cannot be drawn from the

comparative evaluation of the ARTS-I and ARTS-II trials. Moreover,

these data refer to selected patients with low co-morbidities, who

were amenable to complete revascularisation with either PCI or

CABG; importantly very old patients (octogenarians) were excluded

from this study.

This study combines results of a randomised trial (ARTS I) and a

registry (ARTS-II). Population of the registry was comparable (in

term of inclusion criteria) but “not matched” besides a similar 2/3

MVD ratio. We sought that age-corrected or propensity analysis

would not be appropriate for the pooled ARTS-I and II population

analysis. We therefore aimed to compare outcomes according to

age quartile. However, using this approach, clinical and anatomical

differences between patient’s arms of each quartile are not fully

compensated.

An important limitation to consider is the long time lag between the

enrolment of patients in ARTS-I and ARTS-II, which may have

influenced outcomes. The development of new surgical techniques

and increasing use of arterial conduits may of lead to improved

surgical outcomes if the CABG patients had been enrolled at the

same time as ARTS-II SES patients. Conversely the patients in

ARTS-II had a worse baseline and procedural risk profile compared

to those included in ARTS-I, however better stent design, improved

PCI technique and equipment, as well as the increased use of anti-

platelet agents probably account for the improved procedural

success in these patients.

Clinical implications

Increasing age has an adverse prognosis in MVD patients treated by

CABG which is not observed following percutaneous

revascularisation. The use of SES has improved the results of PCI

such that they are now as good as those of surgery for any age

quartile, furthermore this use of SES is not associated with an

excess in post discharge death or MI as compared to BMS. At

present multivessel PCI with SES in elderly patients is a valuable

alternative to surgery, particular in the absence of diabetes. Whether

SES PCI is equivalent to CABG, or even superior in elderly patients
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without diabetes, needs to be formally demonstrated in a head to

head randomised trial, with long-term follow-up to help define the

optimal treatment of these patients.

Conclusions
Age seems to influence the CABG outcome in-hospital but not PCI.

PCI-SES could offer lower immediate risk in patients with MVD and

comparable long-term outcome as CABG especially in older

patients. The worst outcome of PCI-BMS group is primarily related

to the need for repeat revascularisation. Diabetes is the most

important predictor of MACCE following PCI.
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The Impact of Body Mass Index on the One Year Outcomes of
Patients Treated by Percutaneous Coronary Intervention With

Biolimus- and Sirolimus-Eluting Stents (from the LEADERS Trial)

Giovanna Sarno, MD, PhDa, Scot Garg, MB ChB, MRCPa, Yoshinobu Onuma, MDa,
Pawel Buszman, MD, PhDb, Axel Linke, MD, PhDc, Thomas Ischinger, MD, PhDd,

Volker Klauss, MD, PhDe, Franz Eberli, MDf, Roberto Corti, MDg, William Wijns, MD, PhDh,
Marie-Claude Morice, MDi, Carlo di Mario, MD, PhDj, Robert Jan van Geuns, MD, PhDa,

Pedro Eerdmans, MD, PhDk, Hector M. Garcia-Garcia, MD, PhDl, Gerrit-Anne van Es, PhDl,
Dick Goedhart, PhDl, Ton de Vries, MScl, Peter Jünim,o, Bernhard Meier, MDn,

Stephan Windecker, MD, PhDm,n, and Patrick Serruys, MD, PhDa,*

The aim of this analysis was to assess the effect of body mass index (BMI) on 1-year
outcomes in patients enrolled in a contemporary percutaneous coronary intervention trial
comparing a sirolimus-eluting stent with a durable polymer to a biolimus-eluting stent with
a biodegradable polymer. A total of 1,707 patients who underwent percutaneous coronary
intervention were randomized to treatment with either biolimus-eluting stents (n � 857) or
sirolimus-eluting stents (n � 850). Patients were assigned to 1 of 3 groups according to
BMI: normal (<25 kg/m2), overweight (25 to 30 kg/m2), or obese (>30 kg/m2). At 1 year,
the incidence of the composite of cardiac death, myocardial infarction, and clinically
justified target vessel revascularization was assessed. In addition, rates of clinically justified
target lesion revascularization and stent thrombosis were assessed. Cox proportional-
hazards analysis, adjusted for clinical differences, was used to develop models for 1-year
mortality. Forty-five percent of the patients (n � 770) were overweight, 26% (n � 434) were
obese, and 29% (n � 497) had normal BMIs. At 1-year follow-up, the cumulative rate of
cardiac death, myocardial infarction, and clinically justified target vessel revascularization
was significantly higher in the obese group (8.7% in normal-weight, 11.3% in overweight,
and 14.5% in obese patients, p � 0.01). BMI (hazard ratio 1.47, 95% confidence interval
1.02 to 2.14, p � 0.04) was an independent predictor of stent thrombosis. Stent type had no
impact on the composite of cardiac death, myocardial infarction, and clinically justified
target vessel revascularization at 1 year in the 3 BMI groups (hazard ratio 1.08, 95%
confidence interval 0.63 to 1.83, p � 0.73). In conclusion, BMI was an independent
predictor of major adverse cardiac events at 1-year clinical follow-up. The higher incidence
of stent thrombosis in the obese group may suggest the need for a weight-adjusted dose of
clopidogrel. © 2010 Elsevier Inc. All rights reserved. (Am J Cardiol 2010;105:475–479)

The purpose of this study was to assess the effect of body
mass index (BMI) on the clinical outcomes of patients who
participated in the Limus Eluted From a Durable vs Erod-
able Stent Coating (LEADERS) trial,1 which randomized
patients to percutaneous coronary intervention (PCI) with
either a sirolimus-eluting stent (with a durable polymer) or
a biolimus-eluting stent (with a biodegradable polymer).

Methods

The LEADERS trial was a multicenter European trial
that enrolled a total of 1,707 patients, who were randomized
to PCI with a biolimus-eluting stent (n � 857) with a
biodegradable polymer or a sirolimus-eluting stent (n �
850) with a durable polymer from November 27, 2006, to
May 18, 2007. Details of the study have been described
previously.1

Briefly, selection criteria were broad, reflecting routine
clinical practice. Patients with chronic stable coronary ar-
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tery disease or acute coronary syndromes, including ST
elevation myocardial infarction (MI), were eligible for en-
rollment if they had �1 lesion with �50% diameter stenosis
and reference vessel diameters of 2.25 to 3.5 mm. There
were no limits to the numbers of treated lesions or vessels or
to lesion length and no exclusion of patients on the basis of
co-morbidities or age. Specific exclusion criteria included
known allergy to acetylsalicylic acid, clopidogrel, heparin,
stainless steel, sirolimus, biolimus, or contrast material;
planned surgery within 6 months of PCI, unless dual-anti-
platelet therapy could be maintained throughout the perisur-
gical period; pregnancy; participation in another trial before
reaching the primary end point; and inability to provide
informed consent. The study complied with the Declaration
of Helsinki and was approved by all institutional ethics
committees. All patients provided written informed consent
for participation in this trial. Before or at the time of the
procedure, patients were given �75 mg of acetylsalicylic
acid, a 300- to 600-mg loading dose of clopidogrel, and
unfractionated heparin in a dose of �5,000 IUs, or 70 to 100
IU/kg. The use of glycoprotein IIb/IIIa antagonists was left
to the discretion of the operator. All patients were dis-
charged on acetylsalicylic acid �75 mg/day for life and
clopidogrel 75 mg/day for �12 months. In the case of
intercurrent revascularization procedures needing stent im-
plantation, treating cardiologists were encouraged to use
study stents.

The primary end point of this post hoc analysis was the
composite of cardiac death, MI, and clinically justified tar-
get vessel revascularization (TVR) at 12 months. The def-
inition of cardiac death included any death due to an im-
mediate cardiac cause (e.g., MI, low-output heart failure,
fatal arrhythmia); procedure-related deaths, including those
related to concomitant treatment; unwitnessed death; and
death of unknown cause. MI was defined according to the
electrocardiographic criteria of the Minnesota code manual
or by a measured level of creatinine kinase 2 times the upper
limit of normal, with a positive concentration of either
creatine kinase-MB or troponin I or troponin T. TVR was
defined as any repeat percutaneous intervention or surgical
bypass of any segment within the entire major coronary
vessel proximal and distal to a target lesion, including up-
stream and downstream branches and the target lesion itself.
Target lesion revascularization was defined as a repeat re-
vascularization due to a stenosis within the stent or within a
5-mm border proximal or distal to the stent. Stent throm-
bosis was defined according to the Academic Research
Consortium definitions.2

A revascularization was regarded as clinically justified if
the stenosis of the treated lesion was �50% of the luminal
diameter on the basis of quantitative coronary angiography
in the presence of ischemic signs or symptoms or if the
diameter stenosis was �70% irrespective of the presence or
absence of ischemic signs or symptoms.

The National Heart, Lung, and Blood Institute and the
World Health Organization have introduced a weight clas-
sification for BMI that is calculated by dividing a patient’s
weight in kilograms by that patient’s height in square
meters. According to this classification, patients with BMIs
of 18.5 to 24.9 kg/m2 were considered normal, those with
BMIs of 25 to 30 kg/m2 were considered overweight, and

those with BMIs �30 kg/m2 were considered obese. Pa-
tients enrolled in the sirolimus- and biolimus-eluting stent
arms of the LEADERS trial were stratified into 3 subgroups
according to their BMIs: normal (BMI �25 kg/m2), over-
weight (BMI 25 to 30 kg/m2), and obese (BMI �30 kg/m2).

Continuous variables are expressed as mean � SD and
categorical variables as absolute and relative values. Com-
parisons among groups were performed by analysis of vari-
ance for independent samples; for variables measured re-
peatedly within a patient, the covariance structure was taken
into account by the use of PROC MIXED in SAS (SAS
Institute Inc., Cary, North Carolina). The Cochran-Armitage
test for trend was used for comparisons of categorical data.
For variables measured repeatedly within a patient, the
covariance structure was taken into account by the use of
PROC GENMOD.

The Kaplan-Meier method was used to estimate the
event-free survival rate, and the differences among groups
were assessed using the log-rank test. Cox proportional-
hazards analysis, adjusted for clinical differences, was used
to develop models for 30-day and 1-year mortality. The
following variables were included in the models: BMI,
diabetes, multivessel disease, stent type, age, hypertension,
and dyslipidemia. A collinearity test on the explanatory
variables included in the models was performed. Statistical
analysis was performed using SAS by a dedicated statisti-
cian. All p values are 2 sided, and p �0.05 was considered
statistically significant.

Results

Data on 1,701 patients who underwent PCI with bioli-
mus-eluting stents (n � 854) and sirolimus-eluting stents
(n � 847) were available for complete analysis. Forty-five
percent of the patients (n � 770) were overweight, 26%
(n � 434) were obese, and 29% (n � 497) had normal
BMIs. Baseline clinical characteristics of all patients are

Table 1
Baseline characteristics (n � 1,701)

Variable BMI (kg/m2) p
Value

�25
(n � 497)

25–30
(n � 770)

�30
(n � 434)

Women 142 (29%) 170 (22%) 117 (27%) 0.49
Mean BMI (kg/m2) 23.0 � 1.7 27.4 � 1.4 33.1 � 3.0 NA
Age (years) 65.9 � 10.9 64.6 � 10.5 63.1 � 10.8 �0.05
Acute coronary

syndromes
288 (58%) 412 (53%) 240 (55%) 0.38

Stable angina pectoris 157 (32%) 274 (36%) 156 (36%) 0.15
Previous PCI 163 (33%) 298 (39%) 163 (38%) 0.12
Previous MI 153 (31%) 265 (34%) 135 (31%) 0.86
Hypertension (�165/

95 mm Hg)
324 (65%) 565 (73%) 357 (82%) �0.05

Diabetes mellitus 73 (15%) 181 (23%) 160 (37%) �0.05
Peripheral vascular

disease
45 (9%) 54 (7%) 34 (8%) 0.46

Hypercholesterolemia
(�190 mg/dl)

299 (60%) 525 (68%) 316 (73%) �0.05

Current smokers 134 (27%) 162 (21%) 122 (28%) 0.79

Data are expressed as number (percentage) or as mean � SD.
NA � not applicable.
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listed in Table 1. Of note, there was a significantly higher
incidence of diabetes, hypertension, and dyslipidemia in
the overweight and obese groups compared to the normal
BMI group. The collinearity analysis showed no signif-
icant interrelations among the clinical variables (condi-
tion index �30).

Angiographic baseline and periprocedural character-
istics are listed in Table 2. The rate of total occlusions
was significantly higher in the obese patients. The Syn-
ergy Between PCI With Taxus and Cardiac Surgery
(SYNTAX) score was not significantly different among
the 3 BMI groups.

Figure 1. One year Kaplan-Meier survival curves. TLR � target lesion revascularization.

Table 2
Baseline angiographic characteristics (n � 1,701)

Variable BMI (kg/m2) p Value

�25
(n � 497)

25–30
(n � 770)

�30
(n � 434)

Left anterior descending 241 (48%) 382 (50%) 198 (46%) 0.41
Left circumflex 156 (31%) 253 (33%) 151 (35%) 0.27
Right 195 (39%) 296 (38%) 163 (38%) 0.60
Left main 7 (1%) 21 (3%) 6 (1%) 0.95
Coronary total occlusion 89 (18%) 147 (19%) 107 (25%) �0.05
In-stent restenosis 8 (8%) 19 (13%) 6 (7.%) 0.95
Lesion length (mm) 14.7 (13.8–15.6) 14.5 (13.8–15.2) 16.0 (15.0–16.9) 0.06
Minimal luminal diameter (mm) 0.94 (0.91–0.98) 0.95 (0.92–0.98) 0.87 (0.82–0.91) �0.05
Stenosis (%) 63 (62–65) 63 (62–64) 67 (65–69) �0.05
SYNTAX score 13.6 � 8.9 13.4 � 8.4 12.8 � 8.9 0.18
No. of treated lesions 1.44 � 0.71 1.49 � 0.73 1.39 � 0.67 0.41
No. of stents 1.93 � 1.21 1.91 � 1.17 1.88 � 1.21 0.53

Data are presented as number (percentage), median (range), or mean � SD.
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At 1-month clinical follow-up, BMI was an independent
predictor of clinically justified percutaneous TVR (hazard ratio
[HR] 1.83, 95% confidence interval [CI] 1.09 to 3.09, p �
0.04) and target lesion revascularization (HR 1.75, 95% CI
1.03 to 2.96, p � 0.04). The cumulative incidence of cardiac
death, MI, and clinically justified TVR at 1 month was higher
in obese patients (4.6% in normal-weight patients, 5.2% in
overweight patients, and 7.8% in obese patients, p � 0.04).

One-year Kaplan-Meier survival curves are shown in Fig-
ure 1. The 1-year cumulative rate of cardiac death, MI, and
clinically justified TVR was significantly higher in the obese
group (8.7% in normal-weight patients, 11.3% in overweight
patients, and 14.5% in obese patients, p � 0.01). The 1-year
cumulative rate of MI was significantly higher in the obese
group (4.2% in normal-weight patients, 4.5% in overweight
patients, 7.6% in obese patients, p � 0.04) (Table 3).

Table 3
Adjusted hazard ratios for adverse events in the body mass index subgroups

Variable BMI (kg/m2) HR 95% CI p Value

�25
(n � 497)

25–30
(n � 770)

�30
(n � 434)

Death 15 (3%) 22 (2.9%) 18 (4.1%) 1.23 0.85–1.78 0.27
Cardiac death 11 (2.2%) 14 (1.8%) 16 (3.7%) 1.4 0.91–2.16 0.13
Myocardial infarction 21 (4.2%) 35 (4.5% 33 (7.6%) 1.36 1.01–1.82 �0.05
Q-wave myocardial infarction 4 (0.8%) 3 (0.4%) 4 (0.9%) 1.25 0.55–2.84 0.6
Non-Q-wave myocardial infarction 18 (3.6%) 32 (4.2%) 29 (6.7%) 1.34 0.98–1.83 0.07
All revascularizations 33 (6.6%) 77 (9.9%) 43 (9.9%) 1.25 0.98–1.59 0.07
Percutaneous 25 (5%) 70 (9.1%) 40 (9.2%) 1.27 1.0–1.62 �0.05
Surgical 9 (1.8%) 11 (1.4%) 6 (1.4%) 0.71 0.42–1.22 0.22
All target vessel revascularization 32 (6.4%) 76 (9.9%) 43 (9.9%) 1.17 0.93–1.46 0.18
Percutaneous target vessel revascularization 25 (5%) 70 (9.1%) 40 (9.2%) 1.27 1.0–1.62 �0.05
Surgical target vessel revascularization 8 (1.6%) 10 (1.3%) 6 (1.4%) 0.77 0.44–1.35 0.36
Clinically justified target vessel revascularization 21 (4.2%) 56 (7.3%) 33 (7.6%) 1.24 0.95–1.62 0.11
Clinically justified percutaneous target vessel

revascularization
18 (3.6%) 54 (7%) 31 (7.1%) 1.3 0.99–1.71 0.06

Clinically justified surgical target vessel revascularization 4 (0.8%) 4 (0.5%) 5 (1.2%) 0.97 0.45–2.08 0.93
All target lesion revascularization 22 (4.4%) 62 (8.1%) 35 (8.1%) 1.24 0.96–1.60 0.10
Percutaneous target lesion revascularization 19 (3.8%) 59 (7.7%) 33 (7.6%) 1.29 0.99–1.68 0.06
Surgical target lesion revascularization 4 (0.8%) 7 (0.9%) 5 (1.2%) 0.97 0.49–1.94 0.94
Clinically justified target lesion revascularization 15 (3%) 50 (6.5%) 28 (6.5%) 1.3 0.97–1.73 0.08
Clinically justified percutaneous target lesion

revascularization
14 (2.8%) 48 (6.2%) 26 (6%) 1.32 0.98–1.77 0.07

Clinically justified surgical target lesion revascularization 2 (0.4%) 3 (0.4%) 5 (1.2%) 1.3 0.52–3.24 0.57
Composite of cardiac death, myocardial infarction, and

clinically justified target vessel revascularization
43 (8.7%) 87 (11.3%) 63 (14.5%) 1.28 1.05–1.57 �0.05

Composite of cardiac death, myocardial infarction, and
clinically justified target lesion revascularization

37 (7.4%) 81 (10.5%) 59 (13.6%) 1.33 1.08–1.63 �0.05

Composite of death, myocardial infarction, and clinically
justified target vessel revascularization

47 (9.5%) 92 (11.9%) 65 (15%) 1.25 1.03–1.52 �0.05

Composite of death and myocardial infarction 31 (6.2%) 51 (6.6%) 47 (10.8%) 1.37 1.07–1.75 �0.05
Composite of cardiac death and myocardial infarction 27 (5.4%) 45 (5.8%) 45 (10.4%) 1.44 1.11–1.87 �0.05

Table 4
Adjusted hazard ratios for stent thrombosis in the 3 body mass index subgroups according to the Academic Research Consortium definition

Variable BMI (kg/m2) HR 95% CI p Value

�25
(n � 497)

25–30
(n � 770)

�30
(n � 434)

Stent thrombosis 14 (2.8%) 20 (2.6%) 22 (5.1%) 1.47 1.02–2.14 �0.05
Definite stent thrombosis 8 (1.6%) 14 (1.8%) 12 (2.8%) 1.34 0.83–2.16 0.22
Definite early stent thrombosis 6 (1.2%) 13 (1.7%) 9 (2.1%) 1.36 0.81–2.3 0.25
Definite late stent thrombosis 2 (0.4%) 1 (0.1%) 4 (0.9%) 1.47 0.5–4.3 0.49
Possible stent thrombosis 3 (0.6%) 6 (0.8%) 7 (1.6%) 1.91 0.94–3.89 0.08
Possible early stent thrombosis 0 0 0
Possible late stent thrombosis 3 (0.6%) 6 (0.8%) 7 (1.6%) 1.91 0.94–3.89 0.08
Probable stent thrombosis 5 (1%) 1 (0.1%) 3 (0.7%) 0.77 0.3–1.98 0.58
Probable early stent thrombosis 4 (0.8%) 1 (0.1%) 2 (0.5%) 0.71 0.24–2.1 0.53
Probable late stent thrombosis 1 (0.2%) 0 1 (0.2%) 0.95 0.14–6.59 0.96
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BMI (HR 1.47, 95% CI 1.02 to 2.14, p � 0.04) and age
(HR 1.04, 95% CI 1.02 to 1.07, p � 0.001) were inde-
pendent predictors of stent thrombosis at 1 year. The
1-year cumulative rate of stent thrombosis according to
the Academic Research Consortium definitions is dis-
played in Table 4. Stent type had no impact on the
composite of cardiac death, MI, and clinically justified
TVR at 1 year among the 3 BMI groups (HR 0.88, 95%
CI 0.67 to 1.16, p � 0.38), and it was not a predictive
factor of an increased risk for stent thrombosis (HR 1.08,
95% CI 0.63 to 1.83, p � 0.78).

Discussion

The main finding of this study is that BMI is an inde-
pendent predictive factor of the composite of cardiac death,
MI, and clinically justified TVR, as well as stent thrombosis
at 1-year clinical follow-up.

Large population studies have shown an association be-
tween increased BMI and cardiac death.3–5 Despite this,
some studies have paradoxically shown a protective effect
of obesity on clinical outcomes after PCI.6–8

The presence of obesity is closely linked to insulin re-
sistance and metabolic risk factors such as hyperlipidemia
and hypertension, which characterize the metabolic syn-
drome.9,10 In this study population, the incidence of hyper-
tension, hyperlipidemia, and diabetes was higher in the obese
group, but no statistically significant relation was found be-
tween these risk factors and BMI by a collinearity test.

Despite a similar overall anatomic complexity of coro-
nary artery disease among the 3 BMI groups as assessed by
the SYNTAX score, obese patients had a higher rate of total
occlusions. However, the rate of major adverse clinical
events was not significantly different between obese pa-
tients with and without total occlusion (data not shown).

Therefore, these findings do not indicate a mere syner-
gistic effect of multiple risk factors but rather suggest that
obesity itself triggers physiopatholologic mechanisms lead-
ing to more adverse events in this population. This is in line
with previous reports10–12 showing that obesity is associ-
ated with a greater inflammatory state, as reflected by in-
creased levels of C-reactive protein as well as abnormalities
of coagulation, platelet function, and fibrinolysis.

In this study, the higher incidence of stent thrombosis in
obese patients could be potentially explained by a lower
inhibition of platelet aggregation in this group. Previous
studies13,14 showed that higher BMI is an independent fac-
tor of clopidogrel resistance, and weight-adjusted long-term
treatment has been suggested, although no clear recommen-
dations have been established. Angiolillo et al13,14 found
increased platelet aggregation and a higher prevalence of
inadequate clopidogrel responders in overweight patients
after a clopidogrel loading dose of 300 mg. Furthermore,
recent studies15 have shown that the effect of BMI on
platelet function persists even when a higher 600-mg load-
ing dose is administered.

The relation between obesity and impaired response to
antiplatelet therapy is difficult to explain. It is unclear
whether the latter phenomenon is simply an issue of inad-
equate dosing of medication or whether the increased in-
flammatory state intrinsic to obesity leads to increased

platelet activation. Obesity may activate platelet aggrega-
tion through a number of different pathways and as a result
impair the response to antiplatelet therapy. Obesity, in par-
ticular abdominal adiposity, plays an important role in the
modulation of C-reactive protein levels. Adipocytes pro-
duce interleukin-6, which in turn promotes CRP production
by the liver and subsequent proinflammatory state.10

This subgroup analysis is limited by its post hoc nature. This
study should be considered hypothesis generating, primarily be-
cause of the absence of any assessment of platelet function, which
may have been important in view of the results.
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Value of the SYNTAX Score for Risk
Assessment in the All-Comers Population of the
Randomized Multicenter LEADERS (Limus Eluted
from A Durable versus ERodable Stent coating) Trial
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Objectives We aimed to assess the predictive value of the SYNTAX score (SXscore) for major adverse cardiac events in the
all-comers population of the LEADERS (Limus Eluted from A Durable versus ERodable Stent coating) trial.

Background The SXscore has been shown to be an effective predictor of clinical outcomes in patients with multivessel dis-
ease undergoing percutaneous coronary intervention.

Methods The SXscore was prospectively collected in 1,397 of the 1,707 patients enrolled in the LEADERS trial (patients
after surgical revascularization were excluded). Post hoc analysis was performed by stratifying clinical outcomes
at 1-year follow-up, according to 1 of 3 SXscore tertiles.

Results The 1,397 patients were divided into tertiles based on the SXscore in the following fashion: SXscore �8 (SXlow)
(n � 464), SXscore �8 and �16 (SXmid) (n � 472), and SXscore �16 (SXhigh) (n � 461). At 1-year follow-up,
there was a significantly lower number of patients with major cardiac event–free survival in the highest tertile of
SXscore (SXlow � 92.2%, SXmid � 91.1%, and SXhigh � 84.6%; p � 0.001). Death occurred in 1.5% of SXlow
patients, 2.1% of SXmid patients, and 5.6% of SXhigh patients (hazard ratio [HR]: 1.97, 95% confidence interval
[CI]: 1.29 to 3.01; p � 0.002). The myocardial infarction rate tended to be higher in the SXhigh group. Target
vessel revascularization was 11.3% in the SXhigh group compared with 6.3% and 7.8% in the SXlow and SXmid
groups, respectively (HR: 1.38, 95% CI: 1.1 to 1.75; p � 0.006). Composite of cardiac death, myocardial infarc-
tion, and clinically indicated target vessel revascularization was 7.8%, 8.9%, and 15.4% in the SXlow, SXmid,
and SXhigh groups, respectively (HR: 1.47, 95% CI: 1.19 to 1.81; p � 0.001).

Conclusions The SXscore, when applied to an all-comers patient population treated with drug-eluting stents, may allow pro-
spective risk stratification of patients undergoing percutaneous coronary intervention. (LEADERS Trial Limus
Eluted From A Durable Versus ERodable Stent Coating; NCT00389220). (J Am Coll Cardiol 2010;56:272–7)
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The SYNTAX score (SXscore) is a comprehensive angio-
graphic scoring system that is derived entirely from the
coronary anatomy and lesion characteristics (1–3). It was
initially designed to quantify lesion complexity; however, it
is also able to predict major adverse cardiac events (MACE)
after percutaneous revascularization in patients with mul-
tivessel coronary artery disease (4 – 6) and/or left main
disease (7). More recent data indicate its ability to predict
periprocedural myocardial infarction (MI) in patients
undergoing elective percutaneous coronary intervention
(8). In this substudy of the LEADERS (Limus Eluted
from A Durable versus ERodable Stent coating) trial, in
which the SXscore was collected prospectively in 1,397
all-comer patients, we assessed its prognostic value for
MACE at 1-year follow-up.

Methods

Study population. LEADERS was a multicenter Euro-
pean noninferiority trial comparing the safety and efficacy of
the BioMatrix Flex biolimus-eluting stent with a biodegrad-
able polymer (Biosensors, Morges, Switzerland) with the
Cypher Select sirolimus-eluting stent with a durable poly-
mer (Cordis, Bridgewater, New Jersey) in 1,707 all-comer
patients. Detailed study protocol can be found in the main
report (9). The study complied with the Declaration of
Helsinki and was approved by all institutional ethics com-
mittees. All patients provided written informed consent for
participation in the trial.
SXscore and angiographic analysis. From the baseline
diagnostic angiogram, each coronary lesion producing
�50% diameter stenosis in vessels �1.5 mm was scored
separately and added together to provide the overall
SXscore, which was calculated prospectively using the
SXscore algorithm (described in full elsewhere) (1–3). All
angiographic variables pertinent to SXscore calculation were
computed by blinded core laboratory analysts (Cardialysis
B.V., Rotterdam, the Netherlands). The SXscore is not
currently validated in patients with acute MI or previous
percutaneous coronary intervention and coronary artery
bypass graft. Core laboratory analysts were blinded to all
clinical data, and therefore patients with occluded infarct–
related arteries were scored as occlusions of unknown
duration in a similar manner to any chronically occluded
artery. Those patients with in-stent restenosis lesions were
scored in the same manner as if the lesion was a de novo
lesion.
Study end points. Definitions of all end points are pro-
vided elsewhere (9). The primary end point of this substudy
was MACE, defined as the composite of cardiac death, MI,
and clinically indicated target vessel revascularization
(TVR) within 9 months. Secondary end points were any
target lesion revascularization (both clinically and nonclini-
cally indicated), any TVR, cardiac death, death from any
cause, MI, stent thrombosis (defined according to the

Academic Research Council
[10]), device success, and lesion
success.

The pre-specified principal
outcome of the angiographic
substudy was the in-stent per-
centage of diameter stenosis.
Secondary angiographic out-
comes were the in-segment per-
centage of diameter stenosis,
minimal lumen diameter, late lu-
men loss, and binary restenosis.
Statistical analysis. A stratified
post hoc analysis of clinical and
angiographic outcomes was per-
formed according to the tertiles
of the SXscore (4,5). Dedicated
software and visual coronary angiography served to deter-
mine the SXscore (1,2). All randomized patients without
previous surgical revascularization (1,397 of 1,707) were
included in the analysis. Angiographic outcomes were ana-
lyzed using SAS version 8 (SAS Institute, Cary, North
Carolina) Proc Mixed for continuous and Proc Genmod
for binominal outcomes, taking into account the within-
patient correlation structure of these data. The Cox
proportional hazards model was used to compare clinical
outcomes among the groups. All analyses were performed
using SAS version 8.02 by a dedicated statistician. All p
values and confidence intervals (CIs) were 2-sided. Mul-
tivariate model included SXscore, diabetes, beta-blocker
use, stent type, and the presence of acute coronary
syndrome as covariates. Testing for (linear) trend was
done by using generalized linear models with SYNTAX
class as a covariable for continuous variables and the
Cochran-Armitage test for trend in categorical data.

Results

SXscore and baseline characteristics. The SXscore was
collected prospectively in 1,397 of the 1,707 patients
(81.8%) enrolled in the LEADERS trial. The score ranged
from 0 to 49, with a mean � SD of 13.5 � 8.7 and a median
of 12 (interquartile range 7 to 19). In this post hoc analysis,
the SXscore tertiles were defined as SXlow (SXscore �8)
(n � 464), SXmid (SXscore �8 and �16) (n � 472), and
SXhigh (SXscore �16) (n � 461). Baseline clinical and
angiographic characteristics of the patients are listed in
Tables 1 and 2.
1-year outcomes. The SXscore significantly predicted the
rate of MACE at 360 days (Table 3, Figs. 1 to 4). There was
a lower number of patients with MACE-free survival in the
highest tertile of the SXscore (SXlow � 92.2%, SXmid � 91.1%,
and SXhigh � 84.6%; p � 0.001). Death occurred in 1.5%
of patients with SXlow, 2.1% of patients with SXmid, and
5.6% of patients with SXhigh (hazard ratio [HR]: 1.97, 95%
CI: 1.29 to 3.01; p � 0.002). The rate of MI tended to be

Abbreviations
and Acronyms

CI � confidence interval

HR � hazard ratio

MACE � major adverse
cardiac event(s)

MI � myocardial infarction

SXhigh � SYNTAX
score >16

SXlow � SYNTAX score <8

SXmid � SYNTAX score >8
and <16

SXscore � SYNTAX score

TVR � target vessel
revascularization
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higher in patients with SXhigh (MI HR: 1.2, 95% CI: 0.9
to 1.61; p � 0.22). TVR was 11.3% in the SXhigh group
compared with 6.3% and 7.8% in the SXlow and SXmid
groups, respectively (HR: 1.38, 95% CI: 1.1 to 1.75; p �
0.006). Composite of cardiac death, MI, and clinically
indicated TVR was 7.8%, 8.9%, and 15.4% in the SXlow,
SXmid, and SXhigh groups, respectively (HR: 1.47, 95%
CI: 1.19 to 1.81; p � 0.001).
Multivariate model. In a multivariate model, SXscore
remained a significant predictor of MACE and mortality.

Patients in the SXhigh group had a 50% greater chance of
the composite of cardiac death, MI, and clinically indicated
TVR than patients in the SXmid group (p � 0.001), which
was comparable to the 51% higher composite event rate
among diabetic patients (p � 0.022). Use of the biolimus-
eluting stent tended to reduce the composite event rate by
26% (p � 0.07).
Stent thrombosis rates. The rates of definite stent throm-
bosis were 0.9%, 2.1%, and 3.5% in the SXlow, SXmid, and
SXhigh groups, respectively.

Baseline Clinical CharacteristicsTable 1 Baseline Clinical Characteristics

Baseline Clinical Variables
SXlow

(n � 464)
SXmid

(n � 472)
SXhigh

(n � 461)
p Value on Trend

(2-Sided)

Age �65 yrs 210 (45.3) 224 (47.5) 239 (51.8) 0.048

Male 346 (74.6) 344 (72.9) 340 (73.8) 0.79

Diabetes 93 (20.0) 117 (24.8) 111 (24.1) 0.15

Current smoking 134 (28.9) 121 (25.6) 126 (27.3) 0.61

Hypertension 353 (76.1) 353 (74.8) 324 (70.3) 0.048

Hypercholesterolemia 314 (67.7) 314 (66.5) 285 (61.8) 0.06

Family history of coronary artery disease 201 (43.3) 188 (39.8) 168 (36.4) 0.034

Renal insufficiency 17 (3.7) 21 (4.5%) 28 (6.1) 0.09

Previous MI 132 (28.5) 145 (30.7) 137 (29.7) 0.69

Previous PCI 179 (38.6) 165 (35.0) 147 (31.9) 0.036

PVD 26 (5.6) 36 (7.6) 31 (6.7) 0.51

Previous stroke 13 (2.8) 19 (4.0) 16 (3.5) 0.59

Clinical presentation

Stable 146 (31.5) 154 (32.6) 108 (23.4) 0.008

Unstable 127 (27.4) 89 (18.9) 88 (19.1) 0.002

STEMI 46 (9.9) 90 (19.1) 128 (27.8) �0.0001

Non-STEMI 90 (19.4) 90 (19.1) 97 (21.0) 0.54

Silent ischemia 55 (11.9) 49 (10.4) 40 (8.7) 0.12

Values shown are n (%).
MI � myocardial infarction; PCI � percutaneous coronary intervention; PVD � peripheral vascular disease; STEMI � ST-segment elevation

myocardial infarction; SXhigh � SYNTAX score �16; SXlow � SYNTAX score �8; SXmid � SYNTAX score �8 and �16.

Baseline Angiographic CharacteristicsTable 2 Baseline Angiographic Characteristics

Angiographic Variables SXlow SXmid SXhigh p Value

No. of diseased lesions per patient (based on SYNTAX application) 1.47 � 0.66 2.37 � 1.00 3.45 � 1.44 �0.001

No. of treated lesions per patient (as defined by the core laboratory) 1.2 � 0.46 1.47 � 0.7 1.69 � 0.86 �0.001

Ratio of diseased to treated lesions 1.22 1.61 2.04 N/A

Coronary artery treated

LAD 162 (34.9) 242 (51.3) 296 (64.2) �0.001

LCX 140 (30.2) 144 (30.5) 164 (35.6) 0.079

RCA 216 (46.6) 209 (44.3) 174 (37.7) 0.007

2-vessel disease 49 (10.6) 102 (21.6) 138 (29.9) �0.001

3-vessel disease 3 (0.7) 13 (2.8) 23 (5.0) �0.001

Stent type

Biolimus-eluting 229 (49.3) 235 (49.8) 239 (51.8) 0.45

Sirolimus-eluting 235 (50.7) 237 (50.2) 222 (48.2) 0.45

No. of implanted stents 1.47 � 0.8 1.90 � 1.12 2.33 � 1.39 �0.001

Total stent length/patient, mm 25.9 � 16.5 34.2 � 21.7 42.9 � 26.2 �0.001

Chronic total occlusion 6 (1.3) 10 (2.1) 19 (4.1) 0.006

Moderate to severe calcification 23 (5.1) 96 (20.3) 184 (39.9) �0.001

Bifurcation lesion 57 (12.3) 161 (34.1) 184 (39.9) �0.001

Use of glycoprotein IIb/IIIa inhibitor 80 (17.2) 113 (23.9) 154 (33.4) �0.001

Values are mean � SD or n (%).
LAD � left anterior descending artery; LCX � left circumflex artery; N/A � not applicable; RCA � right coronary artery; other abbreviations as in Table 1.
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Discussion

Complexity of disease and lesion characteristics are well
recognized predictors of periprocedural complications (8)
and long-term mortality (11–13). The SXscore was devel-
oped to comprehensively assess lesion characteristics and is
based on the combination of classifications from the Amer-
ican Heart Association/American College of Cardiology,
modified BARI classification, chronic total occlusion and
bifurcation scores, and Leaman classification (1). It has
previously been applied in both the SYNTAX trial and
the ARTS II (Arterial Revascularization Therapies Study
II), both of which demonstrated the good predictive value
of the SXscore in patients with multivessel disease, with
the highest tertile patients having significantly more
MACE during short-term (4,5) and long-term (6)
follow-up.

This study is the first to report the utility of the SXscore
as a predictor of MACE, including cardiac death, in an
all-comers population including patients with acute coro-
nary syndromes. Overall, this patient population had much
lower SXscores than the SYNTAX trial population; how-
ever, despite this, the SXscore still appears to have good
discriminatory power for risk assessment.
Study limitations. The limitation of the SXscore is that it
does not incorporate clinical patient characteristics. Patients
who underwent previous coronary artery bypass graft sur-
gery have not been included because the SXscore algorithm
is only currently available for patients with de novo disease.
Modifications to the SXscore for risk stratification in
patients after coronary artery bypass graft surgery are cur-
rently being developed. The SXscore of patients who
presented with acute MI or had previous percutaneous

Clinical Outcomes at 360 Days After Index PCI Based on Tertiles of SXscoreTable 3 Clinical Outcomes at 360 Days After Index PCI Based on Tertiles of SXscore

Type of Event Risk Factors Used
SXlow

(%)
SXmid

(%)
SXhigh

(%)
p Value
SYNTAX

HR,
SYNTAX

Lower Limit HR,
SYNTAX

Upper Limit HR,
SXscore

Death SYNTAX class, DM, STEMI 1.5 2.1 5.6 0.002 1.97 1.29 3.01

Stent thrombosis SYNTAX class, DM, STEMI 1.1 3 6.1 �0.001 2.13 1.4 3.24

MI SYNTAX class, DM, STEMI, beta-blockers,
and treatment (BES vs. SES)

4.3 4.9 5.9 0.22 1.2 0.9 1.61

All TVR SYNTAX class, DM, STEMI, beta-blockers,
and treatment (BES vs. SES)

6.3 7.8 11.3 0.006 1.38 1.1 1.75

All TLR SYNTAX class, DM, STEMI, beta-blockers,
and treatment (BES vs. SES)

4.7 6.1 8.7 0.019 1.37 1.05 1.79

Composite of cardiac
death, MI, clinically
indicated TVR

SYNTAX class, DM, STEMI, beta-blockers,
and treatment (BES vs. SES)

7.8 8.9 15.4 �0.001 1.47 1.19 1.81

BES � biolimus-eluting stent(s); DM � diabetes mellitus; HR � hazard ratio; PCI � percutaneous coronary intervention; SES � sirolimus-eluting stent(s); TLR � target lesion revascularization; TVR � target
vessel revascularization; other abbreviations as in Table 1.

Figure 1 Kaplan-Meier Curves for MACE at 360 Days According to the SYNTAX Tertiles

Patients in the highest tertile of the SYNTAX score have an increased major adverse cardiac events (MACE) event rate (p � 0.0002).
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coronary intervention were included in this analysis, despite
no previous validation in these patients. Scoring of the
infarct-related vessel as a chronic total occlusion may
confound the results and have complex effects on the
SXscore. There is the danger of overestimating the SXscore
if all ST-segment elevation MIs with an occluded infarct–
related vessel are taken as chronic total occlusions, particu-
larly because the lesion is likely to be easier to treat due to
the soft nature of plaque as opposed to an occlusion, which
has calcified organized old thrombus and plaque (chronic
occlusion). Alternatively, there is the danger of underesti-
mating the SXscore because the underlying lesion complex-

ity will not be accounted for because the vessel beyond the
occlusion is not seen due to the occlusion. This is the subject
of an ongoing study. This study may have limitations
inherent to subgroup analysis (chance findings and under-
powering) (14–16).

Conclusions

This study demonstrates that the prognostic value of the
SXscore is valid for all patients with de novo coronary
artery disease undergoing percutaneous revascularization.

Figure 2 Kaplan-Meier Curves for Cardiac Death at 360 Days According to the SYNTAX Score Tertiles

Patients in the highest tertile of the SYNTAX score have a higher cardiac death rate (p � 0.0001).

Figure 3 Kaplan-Meier Curves for All Myocardial Infarctions at 360 Days According to the SYNTAX Score Tertiles

There is no difference in the rate of overall myocardial infarctions across the tertiles of SYNTAX score (p � 0.548 [NS]).
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Figure 4 Kaplan-Meier Curves for Target Lesion Revascularization at 360 Days According to the SYNTAX Score Tertiles

Patients in the highest tertile of the SYNTAX score have an increased risk of target lesion revascularization (p � 0.036).
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AbSTRACT

Background: The SYNTAX score (SXscore) can identify patients treated with percutaneous coronary 

intervention (PCI) who are at highest risk of adverse events.

objectives: This study assessed the ability of the SXscore to stratify risk in patients treated with PCI 

who received zotarolimus-eluting or everolimus-eluting stents.

methods: The SXscore was calculated prospectively in 2,033 of the 2,292 patients enrolled in the 

RESOLUTE All-Comers study. Clinical outcomes in terms of a patient orientated composite endpoint 

(POCE) of all-cause death, MI and repeat revascularization; the individual components, of POCE; 

target lesion failure (TLF, a composite of cardiac death, target-vessel MI and clinically-driven target 

lesion revascularisation), and stent thrombosis were subsequently stratified according to SXscore 

tertiles: SXscoreLOW≤9(n=698), 9<SXscoreMID≤17 (n=676); SXscoreHIGH>17 (n=659). 

Results: At 12-month follow-up, rates of POCE, MI, repeat revascularization, TLF and the composite of 

death/MI, were all significantly higher in patients in the highest SXscore tercile. Rates of stent throm-

bosis were all highest in the SXscoreHIGH tertile (p>0.05). After multivariate adjustment, the SXscore 

was identified as an independent predictor of POCE, MI, repeat revascularisation and TLF (p<0.05 for 

all). At 12-months follow-up the SXscore, ACEF score and Clinical SXscore had respective C-statistics 

of 0.57, 0.78, 0.67 for mortality and 0.62, 0.56, 0.63 for POCE. No significant between-stent differences 

were observed for TLF or POCE in any of the SXscore tertiles.

Conclusions: The SYNTAX score is able to stratify risk amongst an all-comers population treated with 

PCI using second generation DES; however improvements can be made with the inclusion of clinical 

variables. 
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INTROdUCTION

The SYNTAX score (SXscore) is a comprehensive scoring system made up of angiographic variables 

(1-2). It was originally developed to quantify the complexity of coronary artery disease (CAD), how-

ever subsequent studies have demonstrated its ability to identify patients treated by percutaneous 

coronary intervention (PCI) who are at highest risk of adverse events (3-8).

Currently, prospective studies assessing its use in patients treated with PCI are limited to the SYNTAX 

study (4), which only enrolled patients with complex CAD (three vessel and/or left main disease), and 

the LEADERS study (3), which was more reflective of everyday clinical practice through its all-comers 

design.  Of note, other than the 703 patients treated with the biolimus-eluting stent with a biode-

gradable polymer in the LEADERS SXscore sub-study(3), all other studies evaluating the SXscore have 

assessed outcomes in patients treated with first generation drug-eluting stents (DES) (4-9). Second 

generation DES were developed on the background of safety concerns with these first generation 

devices, and early data suggest significantly improved outcomes (10-12), however the effect of this 

on the benefits of using the SXscore to stratify risk remains to be established. 

The RESOLUTE All Comers study(13) randomized 2292 patients to treatment with the Resolute 

zotarolimus-eluting stent (R-ZES, Medtronic CardioVascular, Santa Rosa, California) or the Xience V 

everolimus-eluting stent (EES, Abbott Vascular, Santa Clara, California). Results demonstrated that 

R-ZES was non-inferior to EES with respect to the 12-month primary clinical endpoint of target 

lesion failure (TLF, R-ZES 8.2% vs. EES 8.3%, Pnon-inferiority<0.001), a composite of cardiac death, target-

vessel myocardial infarction (MI) and clinically-driven target lesion revascularization (TLR), and the 

13-month secondary angiographic endpoint of in-stent diameter stenosis (R-ZES 21.65±14.42% vs. 

EES 19.76±14.64%, Pnon-inferiority=0.035). In this sub-study of the RESOLUTE All Comers trial the prog-

nostic value of the SXscore was assessed in isolation, and in comparison with the ACEF score(14-15) 

and the Clinical SYNTAX score (CSS),(16) in an all-comers population treated with second generation 

DES. 

METHOdS

Study population

The methods of the RESOLUTE All Comers study have been published previously (13). In brief, the 

studied applied an all-comers approach to recruit 2292 patients with chronic stable CAD or acute 

coronary syndromes (ACS) including ST-elevation myocardial infarction (STEMI), who were eligible 

for enrolment if they had at ≥1 lesion with diameter stenosis (DS) ≥50% and a reference vessel diam-

eter (RVD) between 2.25 and 4.0mm. No restriction was placed on the number of lesions or ves-

sels treated or the number of stents implanted. Principal exclusion criteria were: allergy to study 

medication, metal alloys or contrast media; planned surgery within 6 months of PCI unless the dual 

anti-platelet therapy could be maintained throughout the peri-operative period, pregnancy, par-

ticipation in another trial before reaching the primary endpoint and lastly inability to give informed 
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consent. The study complied with the Declaration of Helsinki and was approved by all institutional 

ethics committees. All patients provided written, informed consent for participation in the trial. 

Randomization and Procedures

Patients were randomly allocated on a 1:1 basis to treatment with R-ZES or EES, and to 12-month 

clinical follow-up only, or in addition active angiographic follow-up at 13-months, on a 1:4 basis with 

a factorial design. A blinded independent clinical events committee (CEC) adjudicated all endpoints, 

and independent study monitors verified all case reports from data on-site.  The operators were by 

necessity aware of the assigned study stent during PCI and angiographic follow-up, but patients and 

staff involved in follow-up assessment were blinded to the allocated stent type.

R-ZES were available in diameters of 2.25-4.0 mm and in lengths of 8-30 mm, whilst EES were avail-

able in diameters of 2.25-4.0 mm and in lengths of 8-28 mm. Balloon angioplasty and stent implanta-

tion were performed according to standard technique, and direct stenting was allowed. The aim was 

to obtain full lesion coverage with one or several stents. No mixture of DES was permitted within a 

given patient, unless the operator was unable to insert the study stent, in which case crossover to 

another non-study device of the operator’s choice was possible.

Procedural anticoagulation was achieved with unfractionated heparin 5000IU or 70-100IU/kg, 

whilst the use of glycoprotein IIb/IIIa inhibitors was left to the operator’s discretion. Pre-procedure 

all patients enrolled into the study received ≥75 mg of acetylsalicylic acid, whilst the 300-600 mg 

loading dose of clopidogrel was only given if no clopidogrel had been administrated in the previous 

seven days. All patients were discharged on ≥75 mg of acetylsalicylic acid indefinitely, and clopido-

grel 75mg for >6 months following the index procedure. In the case of inter-current revascularization 

procedures needing stent implantation, treating cardiologists were encouraged to use study stents.

Follow up 

Adverse events were assessed in hospital, and clinical follow up was performed at 1, 6, and 12 

months. Additional clinical follow-up is planned at yearly intervals to 5 years. One in five patients was 

asked to return for angiographic follow-up at 13-months.

SYNtAX Score

The SXscore for each patient was calculated prospectively by scoring all coronary lesions with a 

DS≥50%, in vessels ≥1.5 mm, using the SXscore algorithm which is described in full elsewhere (1-2), 

and available at www.syntaxscore.com.(17)  All angiographic variables pertinent to SXscore calcula-

tion were computed by two core laboratory analysts (Cardialysis B.V., Rotterdam, The Netherlands), 

who were blinded to all clinical data, presentation and outcomes. In the event of disagreement, the 

opinion of a third analyst was sought, and the final decision was established by consensus. Patients 

with occluded infarct related arteries were scored as occlusions of unknown duration in a similar 
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manner as any chronically occluded artery. In addition those patients with lesions due to restenosis 

or in-stent restenosis, were scored in the same manner as if the lesion were a de novo lesion. Although 

this methodology was not described in the original description of the SXscore, it has previously been 

applied to other all-comers (3,6), and STEMI populations.(9) 

ACeF Score and CSS

The ACEF score was calculated using the combination of the patient’s age, left ventricular ejec-

tion fraction (LVEF) and serum creatinine as described elsewhere.(14) Similarly, the CSS was calcu-

lated using the combination of the SXscore and the patient’s age, LVEF and creatinine clearance as 

described in the primary manuscript.(16)

Study endpoints

The primary endpoint of this analysis was a patient oriented composite endpoint (POCE) of all cause 

death, any MI, and any repeat revascularization. Secondary endpoints included the individual com-

ponents of the patient oriented composite endpoint, together with 1-year rates of cardiac death, 

target vessel MI, clinically-indicated TLR, a safety composite of death/MI, TLF (a composite of cardiac 

death, target-vessel MI, and TLR) and definite, definite/probable and any stent thrombosis (ST). 

Definitions

Definitions of all endpoints are provided in the primary manuscript (13). All deaths were consid-

ered cardiac unless an undisputed non-cardiac cause was present. MI was defined according to an 

extended historical protocol definition and according to Academic Research Consortium (ARC) defi-

nitions (18-19). A Q-wave MI required, in the absence of cardiac enzyme data, a history of chest pain 

or other acute symptoms consistent with myocardial ischemia together with new pathological Q 

waves in ≥2 contiguous ECG leads as assessed by the core lab or CEC. In the presence of elevated 

cardiac enzymes, new pathological Q waves in ≥2 contiguous ECG leads as assessed by the core 

lab or CEC were sufficient to diagnose a Q-wave MI. In the absence of an ECG, a Q-wave MI could be 

adjudicated on the basis of the clinical scenario and appropriate cardiac enzyme data. 

A TLR was considered clinically indicated if angiography during follow-up showed a DS≥50% 

(core laboratory quantitative coronary angiography [QCA] assessment) and if one of the following 

occurred: (1) a positive history of recurrent angina pectoris, presumably related to the target vessel; 

(2) objective signs of ischemia at rest (ECG changes) or during exercise test (or equivalent), presum-

ably related to the target vessel; (3) abnormal results of any invasive functional diagnostic test (e.g. 

fractional flow reserve); (4) a TLR with a DS≥70% even in the absence of the above mentioned isch-

emic signs or symptoms.  ST was defined according to the ARC definitions (18). 

Statistical methods

All patients with a calculated SXscore were included in the analysis. All variables were stratified 

according to SXscore tertiles. Discrete data were summarized as frequencies (%), whereas continu-

ous data were expressed as mean±standard deviation (SD). Testing for (linear) trends was done by 

using generalized linear models with SYNTAX tertiles as a co-variable for continuous variables, and 
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the Cochran-Armitage test for trend in categorical data. The Fisher’s exact test was used to analyze 

differences in outcome between stents. Survival curves were constructed for time-to-event variables 

using Kaplan-Meier estimates, and compared by the log-rank test. Patients lost to follow-up were 

considered at risk until the date of last contact, at which point they were censored.  A Cox multi-vari-

ate model was performed using the co-variates gender, age >65, presence of diabetes, presentation 

with acute MI, stent type and SXscore. C-statistics from receiver operator characteristic curves were 

used to compare the discrimination of the SXscore, ACEF score, and CSS score. A p value of <0.05 

was considered significant, and all tests were two-tailed. Data were analyzed using SAS version 9.2 

software (SAS, Carey, North Carolina) by a dedicated statistician. 

resulTs 

The SXscore was available for 2,033 (88.7%) of 2,292 patients enrolled in the study, with the presence 

of coronary artery bypass grafts (224 patients) the major reason for inability to calculate the score. 

The SXscore ranged from 0 to 54.5, with a mean±SD of 14.6±9.2, and a median of 13.0 (inter-quartile 

range 7 to 20). In this analysis patients were categorized according to tertiles of the SXscore defined 

as: SXscoreLOW≤9 (n=698), 9<SXscoreMID≤17 (n=676); SXscoreHIGH>17 (n=659).

table 1. Baseline clinical characteristics

Variable %, (n)
SXscore ≤9

(N=698)
9<SXscore≤17

(N=676)
SXscore>17

(N=659)
P Value

Baseline Characteristics
   Male gender 71.2% (497) 76.9% (520) 78.8% (519) 0.001

   Age, years (±SD) 63.0±10.9 63.0±10.8 65.5±11.0 <0.001

Risk factors
   Previous MI 26.5% (182) 24.8% (164) 28.7% (185) 0.37

   Diabetes  mellitus 19.3% (135) 23.2% (157) 24.7% (163) 0.02

   Arterial hypertension  70.6% (493) 71.3% (482) 68.3% (450) 0.35

   Hypercholesterolemia  65.6% (458) 64.1% (433) 59.8% (394) 0.03

   Premature CAD in first degree relative 36.0% (214) 37.7% (218) 30.7% (169) 0.07

   Current smoker 25.5% (178) 29.3% (198) 29.1% (192) 0.13

   Previous PCI 31.2% (218) 26.6% (180) 29.9% (197) 0.57

   Creatinine clearance, ml/1.73m2 (±SD) 96.2±34.4 96.6±34.7 90.9±34.3 0.006

   Left ventricular ejection fraction <30% 2.0% (8) 2.4% (8) 1.6% (6) 0.69

   Multi-vessel disease 32.4% (226) 57.0% (385) 78.8% (519) <0.0001

   SYNTAX score (±SD) 5.7±2.4 13.3±2.3 25.5±6.7 N/A

indication for treatment
   Revascularization for angina or MI 86.8% (606) 88.9% (601) 89.4% (589) 0.14

   Stable angina 37.5% (262) 31.8% (215) 30.2% (199) 0.004

   Unstable angina 21.6% (151) 19.7% (133) 14.9% (98) 0.002

   Acute MI 27.7% (193) 37.4% (253) 44.3% (292) <0.0001

SXscore, SYNTAX score; SD, standard deviation; MI, myocardial infarction; CAD, coronary artery disease; PCI, 
percutaneous coronary intervention; N/A, not applicable
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Baseline Clinical Characteristics

Baseline clinical parameters stratified according to SXscore tertiles are presented in table 1. 

Advanced patient age, male gender, the presence of diabetes mellitus and multivessel disease, and 

presentation with an acute MI were all significantly more common in the SXscoreHIGH tertile. Con-

versely hypercholesterolaemia and presentation with stable angina were significantly more frequent 

in the SXscoreLOW tertile.

table 2. Baseline lesion and procedural characteristics 

Variable %, (n)
SXscore ≤9

(N=698)
9<SXscore≤17

(N=676)
SXscore>17

(N=659)
P Value

extent of Disease
  Number of disease lesions (±SD) 1.5±0.7 2.5±1.1 4.0±1.6 <0.0001

  One vessel disease 67.6% (472) 26.9% (182) 7.4% (49) 0.005

  Two vessel disease 29.1% (203) 54.3% (367) 36.1% (238) <0.0001

  Three vessel disease 2.1% (15) 18.8% (127) 56.4% (372) <0.0001

Lesion Location
  Left main stem 0.0% (0) 0.6% (4) 5.8% (38) <0.0001

  Right coronary artery 46.8% (327) 60.7% (410) 75.9% (500) <0.0001

  Circumflex artery 34.1% (238) 53.3% (360) 74.5% (491) <0.0001

  LAD artery 51.3% (358) 77.4% (523) 95.1% (627) <0.0001

  Proximal LAD involvement 8.7% (61) 21.0% (142) 44.9% (296) <0.0001

  All de novo lesions 89.3% (620) 92.5% (620) 90.6% (591) 0.39

Lesion Characteristics
  ≥1  Bifurcation lesion 25.9% (181) 56.2% (380) 75.6% (498) <0.0001

  ≥1  Trifurcation lesion 0.6% (4) 3.6% (24) 6.4% (42) <0.0001

  ≥1  Ostial lesion 1.6% (11) 3.0% (20) 4.9% (32) 0.0005

  ≥1  Occlusion 3.6% (25) 25.3% (171) 49.3% (325) <0.0001

  ≥1  Tortuous lesion 24.8% (171) 45.0% (304) 62.7% (413) <0.0001

  ≥1  Lesion ≥ 20mm 8.0% (55) 29.6% (200) 53.0% (349) <0.0001

  ≥ 1 Calcified lesion 3.0% (21) 10.4% (70) 21.5% (142) <0.0001

  ≥ 1 Lesion with thrombus 5.8% (40) 6.5% (44) 10.9% (72) 0.0004

  ≥ 1 In-stent restenosis lesion 9.1% (63) 5.5% (37) 7.7% (50) 0.30

  Off-label indication* 49.9% (348) 67.2% (454) 80.9% (533) <0.0001

Procedural Characteristics
Number of treated lesions (±SD) 1.2±0.4 1.5±0.6 1.9±1.0 <0.0001

Number of stents implanted (±SD) 1.5±0.8 1.9±1.1 2.6±1.6 <0.0001

Total stent length, mm (±SD) 25.7±16.3 35.3±22.9 48.1±30.3 <0.0001

Mean duration of DAPT, days (±SD) 315±97 319±90 308±102 0.20

SXscore, SYNTAX score; LAD, left anterior descending artery; DAPT, dual anti-platelet therapy
*Off-label use included patients with at least one of the following clinical and lesion characteristics; renal 
insufficiency (≥ 140 µmol/L), ejection fraction < 30%, acute myocardial infarction (≤72 h),  > 1 lesion per 
vessel, ≥ 2 vessels stented; lesions > 27 mm, bifurcations, bypass grafts, in-stent restenosis, unprotected left 
main, lesions with thrombus, or total occlusion.
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Baseline Angiographic Characteristics

Baseline lesion and procedural characteristics are shown in table 2. In line with its method of deriva-

tion, the frequency of triple vessel disease and all markers of increased lesion complexity such as the 

presence of bifurcation lesions and total occlusions were all significantly higher in the SXscoreHIGH 

tertile. Correspondingly the number of treated lesions, stents implanted and mean stent length were 

also higher in the SXscoreHIGH tertile. 

Clinical outcomes

Clinical outcomes at 1 year are shown in table 3, whilst cumulative survival curves are displayed in 

Figure 1. Overall the POCE, the safety endpoint of death/MI, and the rates of MI and repeat revascu-

larization were all significantly higher in the SXscoreHIGH tertile.  No trends were noted between rates 

of death, and definite, definite/probable or any ST and the patient’s SXscore tertile.

multivariate analysis 

The results of the Cox multivariable analysis are shown in table 4. Following adjustment of con-

founding factors the SXscore remained an independent predictor of clinical outcomes such as MI, 

repeat revascularisation, TLF, and POCE. 

table 3: Clinical Outcomes at 12-Months on an intention-to-treat basis

Variable %, (n)
SXscore ≤9

(N=698)
9<SXscore≤17

(N=676)
SXscore>17

(N=659)
P Value

Death 1.9% (13) 1.0% (7) 2.7% (18) 0.25

Cardiac death 1.0% (7) 0.4% (3) 2.1% (14) 0.06

Any MI* 8.0% (56) 12.1% (82) 18.2% (120) <0.0001

Any MI† 3.2% (22) 3.8% (26) 5.3% (39) 0.01

     Target vessel MI† 2.7% (19) 3.6% (24) 5.6% (37) 0.006

Any repeat revascularization 5.0% (35) 7.7% (52) 13.7% (90) <0.0001

      Clinically indicated TLR 2.0% (14) 2.7% (18) 5.3% (35) 0.0007

Death or MI 4.7% (33) 4.7% (32) 8.2% (54) 0.01

Target lesion failure‡ 5.2% (36) 5.9% (40) 11.7% (77) <0.0001

Patient Orientated Composite 
Endpoint§

8.5% (59) 11.2% (76) 20.0% (132) <0.0001

ARC definite stent thrombosis                               0.4% (3) 0.6% (4) 1.1% (7) 0.16

ARC definite/probable stent thrombosis 0.9% (6) 0.7% (5) 1.7% (11) 0.15

ARC any stent thrombosis 1.4% (10) 0.9% (6) 2.6% (17) 0.10

SXscore, SYNTAX score; TLR, target lesion revascularization; ARC, Academic Research Consortium; MI, myo-
cardial infarction
* Defined according to the ARC(18) 
† Extended historical definition(19) 
‡ Target Lesion Failure: cardiac death, MI† (not clearly attributable to a non-target vessel) and clinically 
indicated TLR  
§ Patient Orientated Composite Endpoint: a composite of all-cause mortality, MI (Q- and non-Q wave) or 
any revascularization
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SXscore vs. ACeF score vs. CSS

table 5 reports the respective C-statistics for the SXscore, ACEF score and CSS for a range of clinical 

outcomes at 12-months follow-up. The SXscore’s discriminatory ability was best for repeat revascu-

larization, poorest for the assessment of mortality, and comparable to the CSS for the composite 

endpoints of TLF and POCE. 

Zotarolimus vs. everolimus 

For illustrative purposes a comparison of outcomes amongst patients in each SXscore tertile strati-

fied according to stent type was performed. Overall rates of TLF, the device oriented primary end-

point of the Resolute All Comers study, and the POCE were comparable between R-ZES and EES in 

all three SXscore groups (p>0.05). Notably, in 659 patients with the most complex CAD, mortality 

was significantly higher in patients treated with EES (R-ZES 1.3% vs. EES 4.1%, p=0.03), whilst rates of 

clinically-indicated TLR (7.2% vs. 3.5%, p=0.04) and definite ST (2.2% vs. 0.0%, p=0.006) were signifi-

cantly higher in those treated with R-ZES. 

table 4. Cox Multi-variate Analysis

Clinical outcome
Hazard Ratio for SYNtAX score*

[95% Confidence interval]
P Value

Death 1.19 [0.80-1.76] 0.40

MI† 1.52 [1.17-1.99] 0.002

Any repeat revascularisation 1.75 [1.44-2.13] <0.001

Target lesion failure‡ 1.68 [1.36-2.06] <0.001

Patient Orientated Composite 
Endpoint§

1.68 [1.43-1.96] <0.001

Any stent thrombosis 1.39 [0.89-2.15] 0.15

*After adjustment of confounding factors: age greater than 65, gender, presentation with an acute MI, pres-
ence of diabetes, and stent type.
†, ‡, § defined as in Table 3
MI, myocardial infarction 

table 5: Comparison of Discriminatory Ability of SYNTAX score, ACEF score and Clinical SYNTAX score.

Variable %, (n)
C-statistic

SXscore
(2033 patients)

C-statistic
ACeF score

(1218 patients)

C-statistic
CSS

(1098 patients)
Death 0.57 0.78 0.67

Cardiac death 0.61 0.84 0.71

Any myocardial infarction† 0.60 0.58 0.65

Any repeat revascularization 0.63 0.50 0.59

Target lesion failure‡ 0.62 0.59 0.63

Patient Orientated Composite Endpoint§ 0.62 0.56 0.63

ARC any stent thrombosis 0.60 0.72 0.68

SXscore, SYNTAX score; CSS, Clinical SYNTAX score; TLR, target lesion revascularization
 †, ‡, § defined as in Table 3. 
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dISCUSSION

This study, which represents the largest assessment of the SXscore in patients treated with PCI and 

is the first to assess its ability to stratify risk in patients treated entirely with second generation DES, 

demonstrates a consistent ability of the SXscore to identify patients at highest risk of adverse events 

following PCI.

A key to optimizing outcomes in patients undergoing PCI is the ability to reliably identify those 

patients at highest risk of undesired events. With respect to this, the SXscore has been consistently 

shown to be an important tool for risk stratification, however prior assessments of the score in PCI 

populations have been limited by being retrospective (5-9,20) and largely including only those 

patients with the most complex CAD (4,7-8,20). In addition, other than the LEADERS study,(3) all 

other studies have enrolled patients treated with first generation DES.(4-9) The current prospective 

study had an all-comers design, such that any patient with symptomatic CAD suitable for PCI, who 

consented to enrolment, could be included, thereby ensuring the patient cohort provided a good 
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reflection of those patients routinely seen in ‘real-world’ contemporary practice. Furthermore all 

patients received second generation DES, which have been shown to have superior safety and effi-

cacy, compared to earlier devices (10-12). The confirmation of this ability of the SXscore to indepen-

dently predict adverse clinical outcomes in any patient presenting for PCI treated with second gen-

eration DES is therefore important evidence to support the routine use of the SXscore in everyday 

practice. This ability to identify those patients at greatest risk of adverse events facilitates appropriate 

informed consent and counseling, whilst also prompting increased surveillance, and aggressive sec-

ondary preventative therapy and life style modifications in those at highest risk. 

Analysis of the SXscore distribution in the current study clearly indicates the patients with very com-

plex CAD are being treated with PCI; a consequence of the increasing age and co-morbidities of 
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Figure 1. Kaplan Meier curves
Kaplan Meier survival curves for (A) the patient oriented composite endpoint (a composite of all-cause 
death, any myocardial infarction and any repeat revascularization; (B) Any death; (C) Any myocardial infarc-
tion; (D) Any repeat revascularization out to 12-months follow-up. 
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patients presenting for revascularization (21), and the advancements in PCI technology. Objective 

evidence of this increase is reflected in the mean SXscores of the SIRTAX and LEADERS studies, which 

were 11.7±7.3 and 13.5±8.7 (3,6), respectively, compared to 14.6±9.2 in the current study. Moreover 

the percentage of patients with SXscores>32, a group with the most complex CAD and previously 

identified in the SYNTAX trial as the threshold above which surgical revascularization provided the 

optimal outcome, is also increasing with respective rates of 1.0% and 2.9% in the SIRTAX and LEAD-

ERS studies, compared to 4.4% in the present analysis. The current study lacked a surgical control 

arm, and it is therefore not possible to state whether PCI was appropriate for those patients in the 

highest SXscore tertile. Moreover, at present no data are available comparing outcomes in patients 

randomized to treatment with PCI using second generation DES or CABG, however the utility of 

using EES compared to CABG in patients with complex CAD (SXscore<33) is currently being assessed 

in the ongoing EXCEL study.   

Despite the more complex patient population in the current study it is reassuring that no significant 

differences in mortality were noted across SXscore tertiles, a finding at variance with the LEADERS 

study, which did identify the SXscore as an independent predictor of mortality (3). Furthermore, 

whilst both studies indicated significantly higher rates of their respective primary study endpoints 

and repeat revascularization in patients in the highest SXscore tertile, the same was not true for MI 

in the LEADERS study or ST in the current study. This variation in the ability of the SXscore to pre-

dict ‘hard’ clinical endpoints is not clearly explained. Without doubt it could be the consequence of 

underpowered sub-group analyses (22-23); however it may also reflect the limitations of using a risk 

model assessing only one type of variable. Consistent with previous studies (15-16), there were varia-

tions in the discriminatory ability of the SXscore, ACEF score and CSS, which respectively represent 

an anatomical, clinical and combination clinical/anatomical risk model, depending on the outcome 

measure being assessed. The C-statistic for mortality was highest for the ACEF score, reflecting the 

heavy influence of pre-morbid characteristics on this outcome. Similarly, the C-statistic for repeat 

revascularization was highest for the SXscore. One of the previous valid concerns with using the 

SXscore is the absence of clinical variables in its calculation, a deficiency which can be corrected 

through its combination with a clinical based score as reported previously (16,24), and highlighted in 

the present study through the improved C-statistics for all outcomes, apart from repeat revascular-

ization, when using the CSS compared to the SXscore. 

The rates of definite ST in the current study were lower than those seen in corresponding tertiles of 

the SXscore in LEADERS, differences which may partly explain the lack of association between ST and 

SXscore tertile in the present study.  It must be acknowledged that the current study is underpow-

ered to assess for this outcome, however the numerically different rates of ST according to SXscore 

teriles despite comparable duration of DAPT, suggest that there may be an additional role for the 

SXscore in helping tailor anti-platelet therapy on an individual level. Confirmation of this hypothesis 

however requires adequately powered randomized trials. 

The 12-months outcomes from the RESOLUTE All Comers study demonstrated that R-ZES was non-

inferior to EES with respect to the primary clinical endpoint of TLF. Reassuringly the present study 
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indicates that comparable outcomes with respect to TLF were also maintained between both stents 

irrespective of the severity of underlying CAD. Of note, whilst the between-stent differences in mor-

tality and definite ST amongst patients in the highest SXscore tertile followed the trends seen in the 

full patient cohort, the same was not true for the differences seen in clinically indicated TLR. Similarly, 

in the LEADERS study a significant between-stent difference in cardiac death was observed amongst 

patients in the highest SXscore tertile which was not seen in the full patient cohort (25). Whilst these 

observations may suggest potential differences in stent performance with different severities of CAD, 

they should be regarded in the first instance as being underpowered, hypothesis generating analy-

ses, and should ultimately be used as a stimulus for further more directed and adequately powered 

studies. Nevertheless, these observations do serve to highlight a new potential application of the 

SXscore as a means to further assess and compare the performance of new coronary devices.  

LIMITATIONS

The SXscore has several limitations including intra- and inter-observer variability (2,26), which is 

inherent to its subjective derivation using coronary angiography; and the absence of specific algo-

rithms for patients with prior percutaneous or surgical revascularization. Specifically, the current 

analysis may have limitations, such as underpowered results and chance findings, which are inherent 

to the use of sub-group analysis (22-23).  Missing quantitative values for the ejection fraction and 

serum creatinine also lead to the ACEF score and CSS being available in only approximately half of 

the study population.

CONCLUSION

The SYNTAX score is able to stratify risk amongst an all-comers population treated with PCI using 

second generation DES; however improvements can be made with the inclusion of clinical variables. 
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Prediction of 1-Year Clinical Outcomes Using the
SYNTAX Score in Patients With Acute ST-Segment
Elevation Myocardial Infarction Undergoing Primary
Percutaneous Coronary Intervention
A Substudy of the STRATEGY (Single High-Dose Bolus Tirofiban and
Sirolimus-Eluting Stent Versus Abciximab and Bare-Metal Stent in
Acute Myocardial Infarction) and MULTISTRATEGY (Multicenter Evaluation of
Single High-Dose Bolus Tirofiban Versus Abciximab With Sirolimus-Eluting Stent
or Bare-Metal Stent in Acute Myocardial Infarction Study) Trials

Scot Garg, MB, CHB,* Giovanna Sarno, MD, PHD,* Patrick W. Serruys, MD, PHD,*
Alfredo E. Rodriguez, MD, PHD,‡ Leonardo Bolognese, MD,§ Maurizio Anselmi, MD,�
Nicoletta De Cesare, MD,¶ Salvatore Colangelo, MD,# Raul Moreno, MD,‡‡
Stefania Gambetti, BSC,** Monia Monti, BSC,** Laura Bristot, BSC,** Marco Bressers, MSC,†
Hector M. Garcia-Garcia, MD, PHD,† Giovanni Parrinello, PHD,†† Gianluca Campo, MD,**
Marco Valgimigli, MD, PHD,** on behalf of the STRATEGY and MULTISTRATEGY
Investigators

Rotterdam, the Netherlands; Buenos Aires, Argentina; Arezzo, Verona, Pavia, Turin, Ferrara,
Brescia, Italy; and Madrid, Spain

Objectives This study sought to evaluate the impact of SYNTAX score (SXscore), and compare its
performance in isolation and combination with the PAMI (The Primary Angioplasty in Myocardial
Infarction Study) score, for the prediction of 1-year clinical outcomes in patients with ST-segment
elevation myocardial infarction (STEMI) undergoing primary percutaneous coronary intervention.

Background Patients with STEMI were excluded from the original SYNTAX score (SXscore) algorithm.
Therefore, the utility of using the SXscore in this patient group remains undefined.

Methods SXscore was calculated retrospectively in 807 patients with STEMI enrolled in the random-
ized STRATEGY (Single High-Dose Bolus Tirofiban and Sirolimus-Eluting Stent Versus Abciximab and
Bare-Metal Stent in Acute Myocardial Infarction) and MULTISTRATEGY (Multicenter Evaluation of Sin-
gle High-Dose Bolus Tirofiban Versus Abciximab With Sirolimus-Eluting Stent or Bare-Metal Stent in
Acute Myocardial Infarction Study) clinical trials. Clinical outcomes of all-cause death, reinfarction,
and clinically driven target vessel revascularization were subsequently stratified according to SXscore
tertiles: SXLOW �9 (n � 311), 9 � SXMID �16 (n � 234), SXHIGH �16 (n � 262).

Results At 1-year follow-up, all clinical outcomes including mortality, mortality/reinfarction, major
adverse cardiac events (MACE) (a composite of all-cause death, reinfarction and target vessel revas-
cularization), and definite, definite/probable, and any stent thrombosis were all significantly higher
in patients in the highest SXscore tertile. SXscore was identified as an independent predictor of
mortality, MACE, and stent thrombosis out to 1-year follow-up. The combination SYNTAX-PAMI score
led to a net reclassification improvement of 15.7% and 4.6% for mortality and MACE, respectively.
The C-statistics for the SXscore, PAMI score, and the combined SYNTAX-PAMI score were 0.65, 0.81,
and 0.73 for 1-year mortality, and 0.68, 0.64, and 0.69 for 1-year MACE, respectively.

Conclusions SXscore does have a role in the risk stratification of patients with STEMI having pri-
mary percutaneous coronary intervention; however, this ability can be improved through a combi-
nation with clinical variables. (Multicentre 2�2 Factorial Randomised Study Comparing Tirofiban Ver-
sus Abciximab and SES Versus BMS in AMI; NCT00229515) (J Am Coll Cardiol Intv 2011;4:66–75)
© 2011 by the American College of Cardiology Foundation
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Currently, several validated patient-based risk scores are in
use in patients presenting with ST-segment elevation myo-
cardial infarction (STEMI) (1–5). Most of these scores,
apart from the Zwolle and CADILLAC (Controlled Ab-
ciximab and Device Investigation to Lower Late Angio-
plasty Complications) scores, rely entirely on patient-based
variables such as Killip class, serum creatinine levels, and
degree of ST-segment change. This is not surprising given
these models were developed before the widespread use of
primary percutaneous coronary intervention (PCI) for the
treatment of STEMI. Overall, the individual ability of these
scores to predict mortality is somewhat variable (6), and a
notable limitation is the absence of any assessment of lesion
characteristics.

The SYNTAX score (SXscore) is an angiographic scoring
system that has been shown to be able to aid revasculariza-
tion decisions, and predict mortality and morbidity in
patients irrespective of disease severity, at both short- and
long-term follow-up (7–15). These previous assessments
of the SXscore have been largely limited to elective
patients. At present, therefore, the SXscore has not been
validated in patients with STEMI, and as such, the utility
of risk stratifying these patients using the SXscore remains
unknown.

The objective of this study was to assess the impact of the
SXscore and compare its performance in isolation, and in
combination, with an entirely clinical-based score, the PAMI
(Primary Angioplasty in Myocardial Infarction) study score,
for the prediction of 1-year clinical outcomes in patients
with STEMI treated with primary PCI, who were enrolled
in the prospective randomized STRATEGY (Single High
Dose Bolus Tirofiban and Sirolimus Eluting Stent Versus
Abciximab and Bare-Metal Stent in Myocardial Infarction)
(16) and MULTISTRATEGY (Multicenter Evaluation of
Single High-Dose Bolus Tirofiban Versus Abciximab With
Sirolimus-Eluting Stent or Bare-Metal Stent in Acute
Myocardial Infarction) (17) studies.

Methods

Study population. The STRATEGY and MULTISTRAT-
EGY studies have been published previously (16,17). In
brief, the single-center prospective STRATEGY study
randomized 175 patients to treatment with either tirofiban
and sirolimus-eluting stents (SES) or abciximab and bare-
metal stents (BMS), whereas the multicenter MULTI-
STRATEGY study randomized 745 patients between an
infusion of either tirofiban or abciximab and stenting with
either a SES or BMS.
Patient selection. Inclusion and exclusion criteria were sim-
ilar for both studies. Patients presenting with STEMI who
had: 1) chest pain for �30 min with ST-segment elevation
of �1 mm in �2 contiguous electrocardiographic leads
or with presumably new left bundle-branch block; and
2) admission either �12 h of
symptom onset or between 12
and 24 h with evidence of con-
tinuing ischemia were eligible
for enrollment. Exclusion crite-
ria included administration of
fibrinolytic agents in the previ-
ous 30 days, history of bleeding
diathesis or allergy to the study
drugs, major surgery within 15
days, and active bleeding or pre-
vious stroke in the last 6 months.
The institutional review board at
each participating center approved
the protocol, and all patients gave
written informed consent.
Randomization and procedure.
Detail information regarding the
randomization procedure for
both studies is provided else-
where (16,17). In brief, before
angiography open-label 1:1 and
1:1:1:1 randomization was per-
formed in the STRATEGY and MULTISTRATEGY
studies, respectively. In STRATEGY, patients were ran-
domized to an infusion of tirofiban and then PCI with SES
or an infusion of abciximab followed by PCI with BMS. In
MULTISTRATEGY, patients were randomized to an
infusion of tirofiban or abciximab followed by PCI with
either SES or BMS. Tirofiban and abciximab were admin-
istered before sheath insertion. Crossover to a BMS was
only allowed when SES implantation failed or when it was
impossible to match SES diameter with coronary reference
diameter.

Details of angiographic and electrocardiographic analysis
together with dosage regimes of the parenteral periproce-
dural anticoagulants heparin, tirofiban, and abciximab are
provided elsewhere (16,17). All patients received aspirin
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Abbreviations
and Acronyms

BMS � bare-metal stent(s)

IRA � infarct-related artery

MACE � major adverse
cardiac event(s)

PCI � percutaneous
coronary intervention

ROC � receiver-operator
characteristic

SES � sirolimus-eluting
stent(s)

ST � stent thrombosis

STEMI � ST-segment
elevation myocardial
infarction

SXscore � SYNTAX score

TIMI � Thrombolysis In
Myocardial Infarction

TVR � target vessel
revascularization
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Figure 1. Schematic Diagram Indicating the Different Scoring Methods Used to Calculate the SYNTAX Score of the Culprit Lesion

Each culprit lesion was scored using Method A, where the lesion SYNTAX score was calculated before any instrumentation of the vessel, and then using Method
B, where the lesion SYNTAX score was calculated using the angiographic film just before stent implantation. In this example, both images are of the same lesion
in the left anterior descending artery; on the initial angiographic films (top) the left anterior descending artery was occluded, following wiring, and before dila-
tion (bottom), an open vessel was seen with an underlying bifurcation lesion. Therefore, the lesion was scored as an acute occlusion using Method A, and a
bifurcation lesion using Method B. The results of the scores calculated using Method B are available in the Online Appendix.

Table 1. Baseline Characteristics of the Patients Stratified Into SYNTAX Score Tertiles

Variable
SYNTAX Score <9

(n � 311)
SYNTAX Score >9–16

(n � 234)
SYNTAX Score >16

(n � 262) p Value

Baseline characteristics

Age, yrs 61.8 � 11.9 63.3 � 11.1 66.1 � 11.7 �0.001

Male 234 (75.2) 183 (78.2) 191 (72.9) 0.39

Risk factors

Diabetes 32 (10.3) 29 (12.4) 49 (18.7) 0.01

Hypertension 170 (54.8) 128 (55.2) 156 (59.8) 0.69

Hyperlipidemia 130 (41.8) 88 (37.8) 103 (39.5) 0.91

Current cigarette use 131 (42.1) 92 (39.5) 84 (32.4) 0.07

Creatinine clearance, ml/min 0.003

Median 80.7 81.1 73.1

IQR 63.5–102.6 61.7–102.4 55.3–94.3

Prior myocardial infarction 17 (5.5) 20 (8.6) 27 (10.3) 0.33

Prior percutaneous coronary intervention 13 (4.2) 10 (4.3) 13 (5.0) 0.88

Prior stroke or transient ischemic attack 7 (2.3) 13 (5.6) 14 (5.3) 0.13

Left ventricular ejection fraction*

Median 50 45 42 �0.001

IQR 45–55 40–52 35–50

Killip class �II 30 (9.7) 32 (13.9) 55 (21.2) �0.001

Heart rate, beats/min

Median 72 75 75 0.06

IQR 60–85 62–89 66–89

Time from onset of symptoms to hospital presentation, min

Median 110 120 107 0.23

IQR 61–180 65–207 65–196

Time from hospital presentation to angioplasty, min†

Median 87 80 90 0.31

IQR 60–122 57–120 60–126

Values are n (%) or mean � SD, unless otherwise stated. *Assessed at standard transthoracic echocardiogram at discharge; †calculated as the time difference between first hospital contact and first balloon

inflation.

IQR � interquartile range.
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(160 to 325 mg orally or 250 mg intravenously, followed by
80 to 125 mg/day orally indefinitely) and clopidogrel (300
mg orally and then 75 mg/day for at least 3 months).
SYNTAX score. SXscore for each patient was calculated
retrospectively by scoring all coronary lesions with a diam-
eter stenosis �50%, in vessels �1.5 mm, using the SXscore
algorithm, which is described in full elsewhere (7,11) and is
available on the SXscore website (18). All angiographic
variables pertinent to SXscore calculation were computed by

2 investigators blinded to clinical outcomes (S.G., G.S.). In
the event of disagreement, the opinion of a third investiga-
tor was sought, and the final decision was made by
consensus.

There is currently no validated method of calculating the
SXscore in patients with STEMI as this patient group was
excluded from the initial SXscore algorithm (7). To over-
come this, 2 different methods of scoring the infarct-related
artery (IRA) were investigated in this study. The first

Table 2. Procedural Results and Use of Medications Stratified Into Tertiles of the SYNTAX Score

Variable
SYNTAX Score <9

(n � 311)
SYNTAX Score >9–16

(n � 234)
SYNTAX Score >16

(n � 262) p Value

Extent of disease �0.001

Single-vessel disease 195 (62.7) 111 (47.4) 84 (32.1)

Double-vessel disease 97 (31.2) 84 (35.9) 90 (34.4)

Triple-vessel disease 19 (6.11) 39 (16.7) 88 (33.6)

Infarct-related vessel �0.001

Left anterior descending coronary artery 87 (28.1) 104 (44.8) 169 (65.0)

Left circumflex artery 71 (22.9) 37 (16.0) 25 (9.6)

Right coronary artery 151 (48.7) 90 (38.8) 63 (24.2)

Left main coronary artery 1 (0.3) 1 (0.4) 3 (1.2)

Lesion characteristics

Number of diseased lesions

Median 1 2 3 �0.001

IQR 1–2 1–3 2–4

Range 1–4 1–6 1–7

�1 bifurcation lesion 67 (21.5) 119 (50.9) 184 (70.2) �0.001

�1 occlusion 120 (38.6) 144 (61.5) 210 (80.2) �0.001

�1 tortuous lesion 22 (7.1) 23 (9.8) 43 (16.4) �0.001

�1 lesion �20 mm 70 (22.5) 91 (38.9) 138 (52.7) �0.001

�1 calcified lesion 7 (2.3) 22 (9.4) 67 (25.6) �0.001

�1 lesion with thrombus 65 (20.9) 64 (27.4) 64 (24.4) 0.21

Procedural characteristics

Number of stents implanted in the culprit lesion

Median 1 1 1 0.004

IQR 1–1 1–1 1–1

Range 0–3 0–4 0–4

Total length of stent in the culprit lesion, mm

Median 18 23 22 �0.001

IQR 18–23 18–28 18–28

Incomplete revascularization 97 (31.2) 159 (67.9) 210 (80.2) �0.001

Abciximab therapy* 149 (47.9) 119 (49.2) 125 (47.7) 0.56

Tirofiban therapy† 162 (52.1) 115 (50.9) 137 (52.3)

Use of intra-aortic balloon pump 0 (0) 3 (1.3) 14 (5.4) �0.001

Medications at discharge‡

Number evaluated 309 229 254

Aspirin 299 (96.8) 222 (96.9) 244 (96.1) 0.39

Clopidogrel or ticlopidine 292 (94.5) 224 (97.8) 245 (96.4) 0.71

Beta-blockers 242 (78.3) 182 (79.5) 200 (78.7) 0.90

Statins 270 (87.4) 196 (85.6) 216 (85.0) 0.82

ACE inhibitors 238 (77.0) 179 (78.2) 203 (79.9) 0.89

Values are n (%) or mean � SD, unless otherwise stated. *Two patients who were randomized to abciximab were mistakenly treated with tirofiban; †1 patient randomized to tirofiban received both tirofiban

and abciximab; ‡differences in the numbers of patients who were evaluated are due to the deaths of patients before discharge.

ACE � angiotensin-converting enzyme; other abbreviations as in Table 1.
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method (Method A) involved calculating the SXscore using
the current algorithm, with the culprit lesion scored using
the angiographic views of the IRA before any intervention.
Therefore, if the IRA was occluded it was scored as an
occluded artery of �3-months’ duration. The second
method (Method B) still used the current scoring algorithm;
however, the angiographic films just before stent implanta-
tion were used to score the culprit lesion (Fig. 1). Clinical
outcomes according to the SXscore calculated using
Method B, and a comparison of the 2 different scoring
methods is reported in the Online Appendix; the SXscores
calculated using Method A are presented in the rest of this
article.
PAMI score. The PAMI score was selected as a comparative
risk score as only clinical variables such as patient age, Killip
class, heart rate, diabetic status, and location of myocar-
dial infarction are required for its calculation, in contrast
to the angiographic variable used in the SXscore. The
PAMI score was calculated retrospectively using algo-
rithms that are described in detail elsewhere (1). A
combination of the SXscore (calculated using Method A)
and the PAMI score, the SX-PAMI score, was also created
as described in the Online Appendix.
Study end points. The primary end point of this post hoc
study was mortality at 1-year follow-up. Secondary end
points included: reinfarction; clinically driven target vessel
revascularization (TVR), major adverse cardiac events
(MACE) (a composite of death, reinfarction, and TVR),
and stent thrombosis (ST) out to 1-year follow-up. An
independent blinded clinical events committee evaluated all
clinical end points, and a data and safety monitoring board
ensured the safe conduct of the trial.
Definitions. Complete definitions are provided elsewhere
(16,17). Deaths from all causes are reported. Re-infarction
was defined as: 1) �24 h of randomization: recurrent
ischemic symptoms with new, persistent ST-segment ele-

vation �1 mm in �2 contiguous leads or new persistent
ST-segment depression �1 mm in �2 contiguous leads not
due to changes from evolution of the index STEMI;
2) between 24 h and 7 days of randomization: ischemic
symptoms �20 min and either a creatinine kinase level
�twice the upper limit of normal or further elevations
�50% above the previous lowest level in patients with
already elevated enzyme levels; and 3) after 7 days of
randomization: either a typical increase and decrease of
levels of biochemical markers of myocardial necrosis to
greater than the upper limit of normal or, if markers are
already elevated, further elevation of a marker �50% of the
lowest recovery level from the index STEMI with either
ischemic symptoms or other ischemic changes on the
electrocardiogram. Clinically driven TVR was defined as
any coronary artery bypass graft surgery, or a second PCI of
the original target vessel, driven by clinical symptoms of
myocardial ischemia with either a positive stress test or
electrocardiographic evidence of ischemic changes at rest
attributable to the target vessel and the presence of luminal
stenosis of �70% of the reference luminal diameter by visual
estimate. A successful PCI was defined as a residual stenosis
�30% in the treated vessel with Thrombolysis In Myocar-
dial Infarction (TIMI) coronary flow grade 3. Stent throm-
bosis was classified according to the Academic Research
Consortium classification (19).
Statistical analysis. All analyses were conducted according
to the intention-to-treat principle. All variables were strat-
ified according to SXscore tertiles. Discrete data were
summarized as frequencies (%), whereas parametric contin-
uous data were expressed as mean � SD, and nonparametric
continuous data were expressed as median (interquartile
range). The Fisher exact test (categorical variables), 1-way
analysis of variance test (parametric, continuous variables),
and Kruskal-Wallis test (nonparametric, continuous vari-
ables) were used to analyze differences between the 3 study

Table 3. Clinical Outcomes at 12 Months Stratified Into Tertiles of the SYNTAX Score

Outcome
SYNTAX score <9

(n � 311)
SYNTAX score >9–16

(n � 234)
SYNTAX Score >16

(n � 262) p Value

Hierarchical outcomes at 1 yr (n � 311) (n � 234) (n � 262)

Death 10 (3.2) 10 (4.3) 24 (9.2) 0.006

Reinfarction 4 (1.3) 6 (2.6) 16 (6.1)

Death or reinfarction 14 (4.5) 16 (6.8) 40 (15.3) �0.001

MACE* 24 (7.7) 31 (13.2) 65 (24.8) �0.001

Nonhierarchical outcomes at 1 yr

Reinfarction 4 (1.3) 7 (3.0) 18 (6.9) 0.001

Target vessel revascularization 11 (3.5) 17 (7.3) 32 (12.2) 0.001

Definite ST 1 (0.3) 2 (0.9) 10 (3.8) 0.002

Definite or probable ST 2 (0.6) 5 (2.1) 14 (5.3) 0.001

Definite or probable or possible ST 4 (1.3) 7 (3.0) 18 (6.9) 0.001

Values are n (%). *A composite of death, reinfarction and target vessel-revascularization.

MACE � major adverse cardiac events; ST � stent thrombosis; other abbreviations as in Table 1.
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groups. Event-free survival curves were generated by the
Kaplan-Meier method, and survival between groups was
compared using the log-rank test. Cox regression analysis
was used to find independent predictors of mortality,
MACE, and any ST with those variables with a p value of
�0.10 in the univariate analysis being included in the
backward stepwise multivariate model. A reclassification
analysis was used to compare the SXscore calculated by
Methods A and B, and the SXscore with the SX-PAMI
score, as described in the Online Appendix. Receiver-
operator characteristic (ROC) curves were used to compare
the discrimination of the SXscore, PAMI score, and SX-
PAMI score. A 2-sided p value �0.05 was considered
significant for all tests. All analyses were performed using
SPSS software (version 17.0, SPSS, IBM, Somers, New York).

Results

In total, the STRATEGY and MULTISTRATEGY stud-
ies enrolled 945 patients. The SXscore was subsequently
calculated in 807 (85.4%) patients (1,584 lesions); the
primary reasons for the incomplete dataset were missing
angiogram compact discs and the presence of coronary
artery bypass grafts.
SYNTAX score. SXscore ranged from 0 to 66, with a mean �
SD of 13.9 � 8.6 and a median (interquartile range) of 12.3
(11.4). SXscore was not normally distributed (Kolmogorov-
Smirnov p � 0.05). In this post hoc analysis, patients were
stratified according to approximate SXscore tertiles defined
as: SXLOW �9 (n � 311), 9 � SXMID �16 (n � 234),
SXHIGH �16 (n � 262).
Baseline clinical angiographic and procedural characteristics.
Baseline clinical, angiographic, and procedural characteris-
tics stratified according to SXscore tertile are summarized in
Tables 1 and 2. Patient age and the incidence of diabetes
were both significantly higher, whereas left ventricular
function and creatinine clearance were both significantly
lower in the SXHIGH tertile. In line with its method of
derivation, markers of increased lesion complexity such as
the presence of bifurcation lesions and total occlusions were
all significantly higher in the SXHIGH tertile.
Clinical outcomes. Clinical outcomes through to 12-months
follow-up are shown in Table 3, whereas Kaplan-Meier
cumulative curves are shown in Figure 2. Overall, all clinical
outcomes including the primary end point of all-cause
death; the composite of death/reinfarction; MACE; and
rates of definite, definite/probable, and any ST were all
significantly higher in the highest SXscore tertile.
Multivariate analysis. The results of the Cox multivariate
analysis for death, the composite of MACE and any ST are
shown in Table 4. Following multivariate adjustment, the
SXscore remained an independent predictor of death,
MACE, and any ST at 1-year follow-up.

Figure 2. Kaplan-Meier Survival Curves

Kaplan-Meier survival curves for (A) death; (B) the composite of death and
reinfarction, and (C) the composite of death, re-infarction and target vessel
revascularization. Patients in the highest SYNTAX score tercile have significantly
poor outcomes compared to those in the lower 2 terciles.
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SXscore calculated using Method B. Clinical outcomes and
the results of a Cox multivariate analysis using the SXscore
calculated using Method B are reported in the Online
Appendix, Online Tables 1 and 2, and Online Figure 1. To
compare both methods of SXscoring, a reclassification
analysis was also performed and this demonstrated that
compared with Method A, the SXscore calculated using
Method B inappropriately reclassified over 12% of patients
for the end point of mortality, and just under 1% of patients
for the end point of MACE. The results of this reclassifi-
cation analysis are provided in full in the Online Appendix
and Online Tables 3 and 4.
SXscore versus PAMI score. The PAMI score was available
in 791 patients and ranged from 0 to 14, with a mean � SD
of 3.9 � 3.3 and a median (interquartile range) of 3 (5). On
Cox multivariate analysis, the PAMI score was an indepen-
dent predictor of mortality and MACE out to 1-year
follow-up; however, unlike the SXscore, it was only a
univariate predictor of any ST. The ROC curves and the
respective C-statistics for the SXscore calculated using
Methods A and B, the PAMI score, and SX-PAMI score
for 1-year mortality, mortality/reinfarction, TVR, and
MACE are shown in Figure 3.
SX-PAMI score. A reclassification analysis was performed to
compare the SXscore with the combination SX-PAMI
score for the end points of mortality and MACE. Results
are presented in full in the Online Appendix and Online
Tables 5 and 6. In brief, use of the SX-PAMI lead to an
overall net reclassification improvement of 15.7% and 4.6%
for mortality and MACE, respectively.

Discussion

This study represents the first dedicated analysis of the
SXscore in patients with STEMI and demonstrates that the
SXscore does have a utility in the assessment of patients
having primary PCI, being an independent predictor of
mortality, MACE, and any ST out to 1-year follow-up.

Mechanical revascularization, which is now the preferred
treatment option for patients presenting with STEMI (20)
is virtually always performed using PCI. It follows, there-
fore, that the goal of risk stratification in patients having
primary PCI is not to determine appropriate treatment
strategy, but more to determine the risk of adverse cardiac
events after procedure that may guide discharge planning
and follow-up schedule (5,21), while also serving as a means
for individual operators, institutions, and regulatory bodies
to access and compare performance.

The current study has demonstrated that patients with
higher SXscores, irrespective of whether they are calculated
using Method A or B, are at increased risk of mortality and
MACE when presenting with STEMI. This is consistent
with data from the assessment of patients having elective
PCI (7–15), and also in line with previous studies of primary
PCI that identify variables associated with higher SXscores
such as TIMI flow grade �3 (21,22), and the presence of
multivessel disease as significant independent predictors of
MACE (23).

In this current analysis, 2 different methods of applying
the SXscore were investigated as the initial SXscore algo-
rithm did not include any specific reference to patients with

Table 4. Univariate and Multivariate Predictors of Death, MACE, and Any ST

Variable

Univariate Predictors Multivariate Predictors

HR (95% CI) p Value HR (95% CI) p Value

Death

Creatinine clearance 0.97 (0.96–0.98) �0.001

Left ventricular function 0.92 (0.89–0.94) �0.001 0.95 (0.92–0.98) 0.003

Male sex 0.51 (0.28–0.94) 0.03

PAMI score 1.34 (1.24–1.47) �0.001 1.15 (1.00–1.09) 0.03

SYNTAX score 1.05 (1.03–1.08) �0.001 1.05 (1.00–1.09) 0.02

Major adverse cardiovascular events

Creatinine clearance 0.99 (0.98–1.00) 0.01

Door-to-balloon time 1.01 (1.00–1.02) 0.02

Left ventricular function 0.94 (0.92–0.96) �0.001 0.97 (0.95–0.99) 0.001

PAMI score 1.17 (1.10–1.23) �0.001 1.09 (1.00–1.18) 0.045

Sirolimus-eluting stent use 0.55 (0.38–0.80) 0.002 0.64 (0.43–0.98) 0.04

SYNTAX score 1.06 (1.04–1.08) �0.001 1.07 (1.04–1.10) �0.001

Any stent thrombosis

Left ventricular function 0.91 (0.87–0.96) �0.001 0.95 (0.91–0.99) 0.02

PAMI score 1.25 (1.12–1.39) �0.001 1.13 (0.97–1.30) 0.11

SYNTAX score 1.07 (1.04–1.10) �0.001 1.06 (1.02–1.11) 0.008

CI � confidence interval; HR � hazard ratio; PAMI � Primary Angioplasty in Myocardial Infarction; other abbreviations as in Tables 1 and 3.
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STEMI (7). Although both methods of scoring identified
those patients at highest risk of events, and were indepen-
dent predictors of clinical outcomes, there were some
important differences between both scores. Of note, the
SXscore calculated using Method B had an inferior discrim-

inatory ability compared with Method A, as well as inap-
propriately reclassified patients with respect to the end
points of death and MACE. Although both scores had the
same range, the mean SXscores calculated using Method A
were significantly higher than those calculated using

Figure 3. Receiver-Operator Characteristic Curves and Corresponding C-Statistics for the SYNTAX Score

Receiver-operator characteristic curves and corresponding C-statistics for the SYNTAX score calculated using Method A, the SYNTAX score calculated using
Method B, the PAMI score and the SX-PAMI for (A) death, (B) composite of death and re-infarction, (C) target vessel revascularization and (D) the composite of
death, re-infarction, and target vessel revascularization. The discriminatory ability of the SYNTAX score calculated using Method A is consistently superior to that
calculated using Method B. Similarly, whilst the discriminatory ability of the SYNTAX score appears inferior to the PAMI and SX-PAMI for the assessment of death
and death/re-infarction, it is superior for assessment of target vessel revascularization. The combination score, however, is superior for the assessment of the
composite of death, reinfarction, and target vessel revascularization.
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Method B (Method A mean: 13.9 vs. Method B mean:
10.3, p � 0.05). This partly reflects the weighting factor in
the SXscore algorithm, which gives an occlusion-
multiplying factor of 5, compared with a multiplier of 2 if
the vessel has a diameter stenosis between 50% and 99%. In
the setting of primary PCI, this important difference in
calculation provides a possible explanation for the inappro-
priate reclassification observed using Method B. Patients
with pre-PCI TIMI flow grade 0/1 in the IRA have been
shown to have a significantly higher risk of 6-month
mortality compared with those with TIMI flow grade 3
(22). It follows that this higher risk is only translated into
higher SXscores calculated using Method A, when the IRA
is scored as an occlusion, and not Method B. It would seem
evident that the calculation of the SXscore in patients
undergoing primary PCI should be performed using
Method A.

One of the limitations of using the SXscore for risk
stratification is the absence of clinical variables in its
calculation, a deficiency that can be successfully addressed
through its combination with clinical-based risk models
(24,25). The present study provides additional evidence to
support this: first, by demonstrating improvements in the
discriminatory ability of the SXscore when combined with
the PAMI score, and second, through the observed appro-
priate reclassification of patients following use of the com-
bination score. Despite these modifications, the purely
clinical-based PAMI score still had the greatest discrimina-
tory ability for hard clinical end points such as mortality,
indicating that these outcomes are influenced more by
pre-morbid clinical characteristics than by lesion complex-
ity. Consistent with this, Peterson et al. (26) reported only
a marginal change in the C-statistic of in-hospital mortality
when angiographic variables such as lesion class, vessel
location, and TIMI flow grade were removed from the
NCDR (National Cardiovascular Data Registry) risk score.
With respect to soft end points such as TVR, the superior
discriminatory ability of the SXscore may be explained by
the significantly greater risk of TVR in those with incom-
plete revascularization (76.2% vs. 23.8%, p � 0.007), which
in turn was significantly related to the initial SXscore.

In view of its high associated morbidity and mortality,
and unpredictability, ST remains an ongoing concern fol-
lowing PCI, particularly following implantation of drug-
eluting stent in patients with STEMI (27). The presence of
thrombus can increase the risk of incomplete stent apposi-
tion, which together with delayed healing and a poorer
compliance to dual antiplatelet therapy are factors impli-
cated in increasing the risk of ST in STEMI patients
(28,29). The current analysis demonstrates an important
relationship between SXscore and the risk of ST, which has
previously been reported in the “all-comers” LEADERS
(Limus Eluted From a Durable Versus Erodable Stent
Coating) population (14). Importantly, this relationship

may help identify those patients who would benefit from
additional measures to reduce the risk of ST such as the
assessment of platelet reactivity, higher loading doses of
clopidogrel, and more intensive counseling regarding com-
pliance to dual antiplatelet therapy (30).
Study limitations. This study is limited by its post-hoc
nature. The ROC method of analysis, although well suited
for diagnostic purposes (31), may not be appropriate for
prognostic models, because these models need to incorpo-
rate the dimension of time, which adds a stochastic element
(32). Therefore, it has been suggested that ROC analysis
methods are not well validated for the assessment of
time-censored data; however, in the current study, the same
methods have been used to assess both scoring systems, and
these methods are consistent with previous published stud-
ies evaluating risk models (33). The relatively small sample
size of the current study reiterates the need to validate the
findings in a larger patient cohort. Unfortunately, the absence
of relevant data prevented the calculation of a previously
validated combined angiographic and clinical–based score such
as the CADILLAC score (2). Finally, the role of calculating
the SXscore after revascularization is as yet unexplored, but this
may well provide important data to help determine which
patients require further revascularization.

Conclusions

SXscore does have a role in the risk stratification of patients
with STEMI having primary PCI; however, this ability can
be improved through a combination that includes clinical
variables.
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Cardiovascular Institute, Azienda Opedaliera Universitaria di Fer-
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APPENDIX

For supplementary methods and results,
please see the online version of this article.
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SUPPLEMENTARY METHOdS

SX-PAMI score

A combination of the SXscore (calculated using Method A) and the PAMI score was developed 

through a simple addition of both scores.

Additional Statistical Methods

Further to the statistical methods described in the main manuscript, a comparison of the SXscore 

calculated using both scoring Methods, and of the SXscore compared with the SX-PAMI score was 

performed using previously described methodology.(1) In both comparisons the SXscore calculated 

using Method A was designated as the control. Firstly, discrimination of the models was assessed 

using the C-statistic from the receiver operator curves (ROC). Secondly, the net reclassification 

improvement was calculated for mortality using Method B. Amongst patients experiencing an event, 

movement from a low to a high risk group was considered favourable, whilst movement from a high 

risk group to a lower risk group detrimental. Conversely amongst patients not experiencing an event, 

movement from a low to high group was detrimental, whilst movement form a high to low risk group 

beneficial. The Net reclassification improvement was subsequently calculated by considering the dif-

ference between the proportion of patients who experienced an event and were reclassified, and the 

proportion of patients who did not experience an event and were reclassified.(1) 

SUPPLEMENTARY RESULTS

The SXscore calculated using method B ranged from 0-66, with a mean of 10.3±8.1. The median 

(inter-quartile range) was 8(9), which was significantly lower than the median score calculated using 

Method A (p<0.05). Further analysis was performed after stratifying clinical outcomes according to 

SXscore terciles defined as: SXLOW <6 (n=250), 6≤SXMID≤11 (n=288); SXHIGH>11 (n=269).

Clinical Outcomes

Clinical outcomes through to 1-year follow-up are shown in Supplementary table 1, whilst corre-

sponding Kaplan Meier survival curves are shown in Supplementary Figure 1. As with clinical out-

comes stratified using Method A, patients in the highest SXscore tercile calculated using Method 

B had a significantly higher risk of mortality; the composite of death or re-infarction, overall major 

adverse cardiovascular events, and rates of definite, definite/probable and any stent thrombosis 

compared to those in the lower two terciles.

Multi-variate Analysis

The results of the Cox multivariate analysis for death, overall MACE and any stent thrombosis are 

shown in Supplementary table 2. After multi-variate adjustment the SXscore calculated using 

Method B remained an independent predictor of death, MACE and any stent thrombosis. 
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Method A vs. Method B

The ROC curves and corresponding C-statistics for mortality, TVR and the composite of MACE are 

shown in Figure 3. As demonstrated the SXscore calculated using Method A had a superior discrimi-

natory ability when compared to Method B for all outcome measures. Reclassifications following the 

application of Method B for mortality and MACE are shown in Supplementary tables 3 and 4. In total 

44 patients died, of whom 7 were reclassified into a higher SXscore tercile (upward movement), and 

8 were reclassified into a lower SXscore tercile (lower movement) with the use of Method B. The net 

gain in reclassification was therefore -1/44= -2.3%.  Among the 763 patients who did not die, use of 

Method B lead to 107 patients being downgraded and 183 patients upgraded. The net gain in reclas-

sification was therefore 76/763=10.0%, and the overall net reclassification improvement for Method 

B was -12.3%. Therefore when using mortality as an endpoint over 12% of patients in this study were 

inappropriately reclassified by the use of Method B. Similarly for MACE, the use of Method B resulted 

in an overall net reclassification improvement of -0.9%. 

SX-PAMI Score

The ROC curves and corresponding C-statistics for mortality, TVR and the composite of MACE are 

shown in Figure 3. Whilst the discriminatory ability of the SX-PAMI score lay between the SXscore 

and PAMI scores for the endpoints of death, death/re-infarction and TVR, it was superior to both for 

overall MACE. Reclassifications following the use of the SX-PAMI score are shown in Supplementary 

Supplementary table 1. Clinical Outcomes at 1-year stratified according to SYNTAX score tercile.

SYNtAX Score
<6

(N=250)

SYNtAX Score
≥6-11

(N=288)

SYNtAX Score
>11

(N=269)
P Value

outcome, n (%)

Hierarchical outcomes at 1-year
Death 9 (3.6) 11 (3.8) 24 (8.9) 0.009

Re-infarction 3 (1.6) 7 (2.4) 16 (5.9)

Death or Re-infarction 12 (4.8) 18 (6.3) 40 (14.9) <0.001

MACE 22 (8.8) 33 (11.5) 65 (24.2) <0.001

Non-Hierarchical outcomes at 1-year
Re-infarction 3 (1.5) 7 (2.4) 19 (7.1) 0.001

Target vessel revascularisation 11 (4.4) 18 (6.3) 31 (11.5) 0.007

Definite ST 0 (0.0) 4 (1.4) 9 (3.3) 0.01

Definite/Probable ST 1 (0.4) 5 (1.7) 15 (5.6) 0.001

Definite or Probable or Possible ST 4 (1.6) 6 (2.1) 19 (7.1) 0.001

ST, stent thrombosis; MACE, major adverse cardiovascular events, a composite of death, re-infarction and 
target vessel revascularisation
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tables 5 and 6. In total 44 patients died, of whom 10 and 0 were respectively reclassified into a higher 

and lower terciles with the use of the SX-PAMI score, giving a net gain in reclassification of 22.7%.  

Among the 747 patients who did not die, use of the SX-PAMI lead to 52 patients and 104 patients 

being downgraded and upgraded, respectively, giving a net gain in reclassification of 7.0%, and a 

subsequent overall net reclassification improvement for the SX-PAMI of 15.7%. Therefore when using 

mortality as an endpoint over 15% of patients in this study were appropriately reclassified by the use 

of the SX-PAMI. Similarly for MACE, the overall net reclassification improvement for the SX-PAMI was 

4.6%.
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Supplementary table 2: Multivariate Predictors of Death, MACE and Stent Thrombosis 

Variable Univariate Predictors multivariate predictors 
95% [Ci] P value 95% [Ci] P value

Death
   Creatinine clearance 0.97 [0.96-0.98] <0.001

   Left ventricular function 0.92 [0.89-0.94] <0.001 0.94 [0.91-0.98] 0.002

   Male 0.51 [0.28-0.94] 0.03

   PAMI Score 1.34 [1.24-1.47] <0.001 1.14 [1.00-1.29] 0.04

   SYNTAX score Method B 1.04 [1.01-1.07] 0.002 1.04 [1.00-1.08] 0.047

major Adverse Cardiovascular events
   Creatinine clearance 0.99 [0.98-1.00] 0.01

   Door to balloon time 1.01 [1.00-1.02] 0.02

   Left ventricular function 0.94 [0.92-0.96] <0.001 0.96 [0.94-0.99] 0.001

   PAMI Score 1.17 [1.10-1.23] <0.001 1.09 [1.00-1.18] 0.03

   Sirolimus-eluting stent use 0.55 [0.38-0.80] 0.002 0.63 [0.41-0.94] 0.03

   SYNTAX score Method B 1.05 [1.04-1.07] <0.001 1.06 [1.04-1.09] <0.0001

Stent thrombosis
   Left ventricular function 0.91 [0.87-0.96] <0.001 0.95 [0.90-0.99] 0.02

   PAMI Score 1.25 [1.12-1.39] <0.001 1.13 [0.98-1.30] 0.11

   SYNTAX score Method B 1.05 [1.02-1.09] 0.001 1.05 [1.01-1.10] 0.01

CI, confidence interval

Supplementary table 3: 1-year all-cause mortality classified according to terciles of the SYNTAX score cal-
culated using Method A and Method B.  

DeAtH
(number of patients)

SYNtAX Score method A

Tercile 1 (≤9) Tercile 2 (>9-16) Tercile 3 (>16)

SYNtAX Score 

method B

Tercile 1 (<6) 7 2 2

Tercile 2 (≥6-11) 1 4 4

Tercile 3 (>11) 0 6 18

No DeAtH
(number of patients)

SYNtAX Score method A

Tercile 1 (≤9) Tercile 2 (>9-16) Tercile 3 (>16)

SYNtAX Score 

method B

Tercile 1 (<6) 188 43 10

Tercile 2 (≥6-11) 110 111 54

Tercile 3 (>11) 3 70 174
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Supplementary table 4: 1-Year Major Adverse Cardiovascular events (MACE) classified according to terciles 
of the SYNTAX score calculated using Method A and Method B.  

mACe
(number of patients)

SYNtAX Score method A

Tercile 1 (≤9) Tercile 2 (>9-16) Tercile 3 (>16)

SYNtAX Score 

method B

Tercile 1 (<6) 15 4 3

Tercile 2 (≥6-11) 8 16 9

Tercile 3 (>11) 1 11 53

No mACe
(number of patients)

SYNtAX Score method A

Tercile 1 (≤9) Tercile 2 (>9-16) Tercile 3 (>16)

SYNtAX Score 

method B

Tercile 1 (<6) 180 39 9

Tercile 2 (≥6-11) 105 99 49

Tercile 3 (>11) 2 65 139

Supplementary table 5: 1-year all-cause mortality classified according to terciles of the SYNTAX score cal-
culated using Method A and terciles of the SX-PAMI score.  

DeAtH
(number of patients)

SYNtAX Score method A

Tercile 1 (≤9) Tercile 2 (>9-16) Tercile 3 (>16)

SX-PAmi Score 
Tercile 1 (<12) 5 0 0

Tercile 2 (≥12-21) 5 5 0

Tercile 3 (>21) 0 5 24

No DeAtH
(number of patients)

SYNtAX Score method A

Tercile 1 (≤9) Tercile 2 (>9-16) Tercile 3 (>16)

SX-PAmi Score 
Tercile 1 (<12) 222 22 0

Tercile 2 (≥12-21) 73 165 30

Tercile 3 (>21) 0 31 204

Supplementary table 6: 1-Year Major Adverse Cardiovascular events (MACE) classified according to terciles 
of the SYNTAX score calculated using Method A and terciles of the SX-PAMI score.  

mACe
(number of patients)

SYNtAX Score method A

Tercile 1 (≤9) Tercile 2 (>9-16) Tercile 3 (>16)

SX-PAmi Score 
Tercile 1 (<12) 15 1 0

Tercile 2 (≥12-21) 9 20 3

Tercile 3 (>21) 0 9 62

No mACe
(number of patients)

SYNtAX Score method A

Tercile 1 (≤9) Tercile 2 (>9-16) Tercile 3 (>16)

SX-PAmi Score 
Tercile 1 (<12) 212 21 0

Tercile 2 (≥12-21) 69 150 27

Tercile 3 (>21) 0 27 166
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Supplementary Figure 1: Kaplan Meier survival curves for (A) death; (B) the composite of death and re-
infarction, and (C) the composite of death, re-infarction and target vessel revascularisation (TVR).
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AbSTRACT

Background: The SYNTAX score (SXscore) has been demonstrated to have an ability to predict clini-

cal outcomes in patients undergoing percutaneous revascularization. Current studies are limited by 

the relatively small number of patients in each SXscore group. 

Aims: To assess the impact of the SXscore on clinical outcomes in patients undergoing PCI. 

methods: Patient level data from seven contemporary coronary stent trials were pooled by an inde-

pendent Academic Research Organisation (Cardialysis, The Netherlands). Analysis was performed on 

a cohort of 6508 patients who were treated with drug-eluting stents, and had a calculated SXscore. 

Clinical outcomes in terms of death, myocardial infarction (MI), repeat revascularisation and major 

adverse cardiovascular events (MACE, a composite of death, MI and repeat revascularisation) were 

subsequently stratified according to SXscore quartiles: SXscoreQ1≤8 (n=1702); 8<SXscoreQ2<15 

(n=1528); 15≤ SXscoreQ3<23 (n=1620); and SXscoreQ4≥23 (n=1658).

Results: One-year outcomes were available in 6496 patients (99.8%). At 1-year follow-up, all clinical 

outcomes including mortality, MI, repeat revascularisation, MACE, definite and any stent thrombosis 

were all significantly higher in patients in the highest SXscore quartile. Similar trends were observed 

in a sub-group of 2093 patients (32.2%) who presented with an ST- or non-ST elevation MI. The rate 

of MACE amongst patients with a SXscore>32 and ≤32 was 24.9% and 14.0%, respectively (p<0.001). 

The SXscore was identified as an independent predictor of all clinical outcomes including mortality, 

MACE and ST (p<0.001 for all).

Conclusions: This study confirms the consistent ability of the SXscore to identify patients who are at 

highest risk of adverse events.

Keywords: SYNTAX score, drug-eluting stent
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INTROdUCTION

The SYNTAX score (SXscore) is an angiographic scoring system which was developed to quantify the 

complexity of coronary artery disease (CAD) in patients undergoing coronary revascularisation.(1-2) 

The score was initially developed for use in the SYNTAX trial as a means of bringing together the car-

diologist and cardiac surgeon to study in great detail the coronary angiogram of patients selected for 

enrolment.(3) Subsequent analyses however have indicated that the SXscore can be used to assist in 

deciding the optimal revascularisation strategy in patients with complex CAD,(3-4) whilst also iden-

tifying those patients treated by percutaneous coronary intervention (PCI) who are at highest risk 

of adverse cardiac events.(3-13) This ability to risk stratify patients has been evaluated in numerous 

studies which include those with an all-comers design,(8-9) and those more specifically enrolling 

patients with multi-vessel disease,(5-6) complex CAD (triple vessel and/or left main disease)(3,11-13) 

or those presenting with ST-elevation myocardial infarction (STEMI).(10) Importantly, the SXscore 

has consistently been identified as an independent predictor of major adverse cardiac events and/or 

mortality at follow-up ranging from between one and five years.(5-12)  

These assessments of the SXscore are limited however by the relatively small number of patients in 

each SXscore tercile, which have ranged from approximately 200 to 470 patients.(5,8) In an effort 

to overcome these limitations, the present study pooled patient-level data from seven contempo-

rary coronary stent trials(3,14-19) where the SXscore was available, thereby enabling a more precise 

evaluation of the benefit of calculating the SXscore in patients treated by PCI.
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METHOdS

Study Design and Patient Population

We identified seven contemporary coronary stent trials (SIRTAX, LEADERS, RESOLUTE, ARTS-II, SYN-

TAX, STRATEGY and MULTI-STRATEGY) in which the SXscore was available.(3,14-19) Detailed indi-

vidual study design and trial results are available elsewhere;(3,14-19)  in brief all studies included 

patients with obstructive CAD which was amendable to coronary stent implantation; with drug-

eluting stents (DES) used exclusively in all but two studies. Study inclusion criteria were deliberately 

heterogeneous ranging from an all-comers design,(14-16) to studies only recruiting patients with 

complex CAD,(3,17) or only those with ST-elevation myocardial infarction (STEMI).(18-19) A summary 

table 1. Baseline clinical characteristics 

Variable, % (n) unless 
stated

SXscore≤8
(n=1702)

8<SXscore<15
(n=1528)

15≤SXscore<23
(n=1620)

SXscore≥23
(n=1658)

P Value

Baseline 
Characteristics
Male gender 73.7(1254) 74.3(1136) 76.1(1233) 77.0 (1276) 0.01

Age (years±SD) 62.2±10.7 62.8±10.8 63.7±10.7 66.5±10.3 <0.001

Body Mass Index ±SD 27.6±4.3 27.9±4.4 27.5±4.3 27.7±4.6 0.78

Risk factors
Previous MI 28.9(423/1464) 29.3(397/1354) 30.4(447/1471) 33.3(536/1611) 0.007

Diabetes  18.7(316/1689) 20.4(310/1519) 24.5(395/1611) 29.2(483/1653) <0.001

Hypertension  68.7(1159/1686) 68.1(1032/1516) 69.8(1120/1605) 71.4(1177/1648) 0.06

Hypercholesterolemia  65.4(1110/1681) 63.1(954/1511) 65.8(1054/1602) 68.1(1119/1642) 0.04

Family history 
ischaemic heart 
disease 

40.6(396/976) 35.8(312/871) 35.7(353/988) 28.5(338/1188) <0.001

Current smoker 36.0(510/1417) 33.6(441/1311) 32.3(448/1385) 22.9(341/1489) <0.001

Peripheral vascular 
disease 

5.9(57/964) 7.2(62/865) 7.0(69/991) 9.1(111/1221) 0.007

Previous PCI 31.8(468/1470) 24.8(339/1369) 19.1(285/1492) 12.8(208/1623) <0.001

Previous stroke 3.9(34/879) 2.9(24/830) 4.4(43/974) 7.0(87/1240) <0.001

Creatinine Clearance 
(ml/1.73m2±SD)

95.0±42.4 94.0±35.1 89.7±32.9 84.9±31.7 <0.001

Creatinine >200µmol/l 0.6(8/1392) 1.0(14/1367) 0.7(11/1487) 1.8(28/1576) 0.004

Ejection Fraction 58.2±11.0 56.2±11.7 56.0±12.6 55.5±13.4 <0.001

SYNTAX score 5.0±2.2 11.4±1.7 18.3±2.3 31.8±8.3 <0.001

indication for treatment
Stable angina 38.5(656) 36.5(558) 35.6(576) 42.1(698) 0.07

Unstable angina 19.4(330) 17.1(262) 19.8(321) 24.5(406) <0.001

ST-elevation MI 18.4(314) 23.3(356) 22.3(362) 14.6(242) 0.005

Non-ST-elevation MI 15.3(261) 15.1(231) 12.1(196) 7.9(131) <0.001

Silent ischemia 9.9(62/625) 9.7(61/630) 9.8(79/809) 8.6(100/1157) 0.37

SD for standard deviation; 
MI, myocardial infarction
PCI, percutaneous coronary intervention
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of all studies, including pertinent inclusion and exclusion criteria, study stents, study procedures, and 

dual anti-platelet therapy regimes are shown in Supplementary table 1. All studies complied with 

the Declaration of Helsinki, and were approved by the ethical review board in each institution. All 

patients provided written, informed consent for participation in the individual studies. 

 

After identification of appropriate studies, the principal investigators of each study were subsequently 

contacted, and individual patient data were requested on a broad range of core baseline clinical 

variables, procedural results, and clinical outcomes at 1-year follow-up. Clinical outcomes included 

data on death, myocardial infarction (MI), any repeat revascularization (either PCI or coronary artery 

table 2. Baseline lesion and procedural characteristics 

Variable, % (n) unless 
stated

SXscore≤8
(n=1702)

8<SXscore<15
(n=1528)

15≤SXscore<23
(n=1620)

SXscore≥23
(n=1658)

P Value

extent of Disease
  Number of disease 
lesions

1.4±0.7 2.3±1.0 3.0±1.2 4.1±1.6 <0.001

  One vessel disease 69.6(1185) 30.6(467) 15.4 (250) 6.1(101) <0.001

  Two vessel disease 25.7(437) 49.6(758) 42.4 (687) 24.9(413) 0.11

  Three vessel disease 2.7(46) 17.2 (263) 40.4 (655) 66.7 (1106) <0.001

Lesion Location
  Left Main Stem 0.4(7) 3.8(58) 6.2(100) 21.1(350) <0.001

  Right Coronary artery 47.9(816) 58.5(894) 67.4(1092) 80.5(1335) <0.001

  Circumflex artery 33.9(577) 49.3(754) 63.4(1027) 81.7(1354) <0.001

  LAD artery 47.2(803) 72.6(1110) 88.7 (1437) 93.8(1555) <0.001

  Proximal LAD 
involvement

8.0(136) 19.9(304) 34.8 (563) 60.3(1000) <0.001

  All de novo lesions 92.7(1304/1407) 93.9(1303/1388) 95.3(1432/1503) 96.5(1547/1603) <0.001

Lesion Characteristics
  ≥1 Bifurcation lesion 18.9(322) 48.7(744) 60.9(986) 71.6(1187) <0.001

  ≥1 Trifurcation lesion 0.5(9) 2.0(31) 3.2(52) 8.0(132) <0.001

  ≥1 Ostial lesion 1.8(30) 3.9(60) 4.2(68) 8.1(134) <0.001

  ≥1 Occlusion 7.9(135) 21.1(323) 33.1(537) 42.9(712) <0.001

  ≥1 Tortuous lesion 15.0(256) 29.1(444) 41.6(674) 62.7(1039) <0.001

  ≥1 Lesion ≥ 20mm 12.3(209) 28.1(430) 46.0(745) 66.9(1109) <0.001

  ≥ 1 Calcified lesion 3.1(52) 11.8(180) 21.1(342) 43.6(723) <0.001

  ≥ 1 Lesion with 
thrombus

5.2 (88) 6.3(97) 6.7(108) 6.2(103) 0.18

Procedural 
Characteristics
Number of stents 
implanted ±SD

1.7±1.1 2.2±1.5 2.9±2.0 4.0±2.3 <0.001

Total stent 
length(mm±SD)

24.6±15.3 36.3±24.0 51.7±35.0 75.7±46.3 <0.001

≥100mm of stent 
implanted

0.4(4/1086) 2.1(20/966) 9.7(104/1075) 24.9(312/1253) <0.001

Post procedural Hospital 
stay (days±SD)

2.1±2.8 2.5±2.7 2.8±3.3 3.8±6.3 <0.001

LAD, left anterior descending artery

Scot BW.indb   385 01-03-11   11:58



386

bypass surgery [CABG]) and stent thrombosis (ST). Death and MI were available from all studies, 

whilst any repeat revascularisation was only available from four studies: ARTS-II, SYNTAX, RESOLUTE, 

and LEADERS. Of the remaining three studies, two (STRATEGY and MULTI-STRATEGY) reported only 

clinically-indicated target vessel revascularisation (TVR),(18-19) whilst one (SIRTAX) reported clini-

cally and non-clinically driven target lesion revascularisation (TLR) and TVR.(15) ST was available from 

all studies. A summary of individual trial endpoints is shown in Supplementary table 2. 

Patient-level based data were subsequently transferred to an independent Academic Research 

Organisation (Cardialysis), where they were merged with a database containing the calculated 

SXscore and its components. Data from each trial were re-coded by researchers SG, MS and TdV and 

finally two researchers (SG, PWS) analyzed and interpreted the data.

SYNtAX Score 

The SXscore for each patient was calculated by scoring all coronary lesions with a diameter steno-

sis≥50%, in vessels ≥1.5 mm, using the SXscore algorithm which is described in full elsewhere (1-2) 

and available on the SXscore website.(20) In the SYNTAX, LEADERS and RESOLUTE studies all angio-

graphic variables required to calculate the SXscore were recorded prospectively by a team of two 

core lab analysts (Cardialysis, Rotterdam, The Netherlands).(3,14,16) In contrast the SXscore in the 

SIRTAX, ARTS-II, STRATEGY and MULTI-STRATEGY studies was calculated retrospectively by individual 

teams made up of two researchers (SG, GS, CG, MV).(15,17-19) Of note, all investigators were blinded 

at the time of the calculation to clinical data, clinical presentation and outcomes. In the event of 

disagreement, the opinion of a third analyst was sought, and the final decision was established by 

consensus. Core lab analysts and researchers have been shown on two occasions to have a similar 

degree of intra-observer variability.(2,21) 

The initial description of the SXscore calculation did not include patients presenting with STEMI or 

those with restenotic lesions. Patients with occluded infarct related arteries were subsequently scored 

as occlusions of unknown duration in a similar manner as any chronically occluded artery. Similarly, 

patients with lesions due to restenosis or in-stent restenosis were scored in the same manner as if the 

lesion were a de novo lesion. Although this methodology was not described in the original descrip-

tion of the SXscore, it has previously been applied to other all-comers, and STEMI populations.(8-10) 

Clinical end Points and Definitions

The primary end point of this pooled analysis was all-cause mortality at 1-year follow-up. The sec-

ondary end points included major adverse cardiac events (MACE), a composite of death, MI and any 

repeat revascularisation; a combined safety endpoint of death and MI; and the individual end points 

of MI, repeat revascularization (PCI or CABG), and stent thrombosis. In patients presenting with an MI, 

clinically-indicated TVR is also reported. 

Complete definitions are available in the individual study publications.(3,14-19)  Deaths from all 

causes are reported. As indicated in Supplementary table 3 there was a wide variation in the defini-

tion of MI between studies which reflects the heterogeneous study inclusion criteria, the variations 
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in study design and the different time periods during which studies were performed. As all clinical 

events from each individual trial were adjudicated by independent clinical event committees, no 

attempt was made to readjudicate MI events in the different trials to compensate for the differences 

in individual definition of MI. Therefore all MIs reported in the current study are as per individual pro-

tocol definitions. All repeat revascularisation procedures were reported.  The definitions of TLR and 

TVR, and the criteria for a clinically driven revascularisation used in the five studies reporting these 

outcomes(14-16,18-19) are provided in Supplementary table 2. All studies apart from the SYNTAX 

study reported ST defined according to the Academic Research Consortium definitions.(22)   

table 3: Clinical outcomes at 1-year follow-up amongst all patients, and those presenting with a myocardial 
infarction.

Variable, % (n) unless stated
SXscore≤8
(n=1702)

8<SXscore<15
(n=1526)

15≤SXscore<23
(n=1617)

SXscore≥23
(n=1651)

P Value

All Patients 
Death 1.6 (28) 1.2 (19) 3.2(52) 4.6(76) <0.001

Cardiac death* 0.8(12/1567) 0.8(11/1412) 2.3(35/1515) 3.6(57/1599) <0.001

Myocardial Infarction 2.9(50) 3.2(49) 3.8(61) 6.1(101) <0.001

Any Repeat revascularization† 7.7(94/1215) 8.7(102/1167) 11.4(151/1324) 15.4(236/1529) <0.001

Death or MI 4.3(73) 4.1(62) 6.5(105) 9.4(156) <0.001

Death/MI or repeat 
revascularization† 

10.8(131/1215) 11.4(133/1167) 15.7(209/1324) 21.1(323/1529) <0.001

ARC any stent thrombosis‡ 1.3(22/1692) 1.9(28/1448) 3.1(43/1373) 4.9(45/920) <0.001

ARC definite stent 
thrombosis‡

0.6(10/1692) 1.2(17/1448) 1.5(21/1373) 2.9(27/920) <0.001

Patients presenting with myocardial infarction ¶
N=575 N=587 N=558 N=373

Death 2.4(14) 1.7(10) 5.6(31) 4.3(16) 0.006

Cardiac death* 0.9(4/440) 1.1(5/473) 3.9(18/456) 2.8(9/321) 0.005

Myocardial Infarction 1.7(10) 2.9(17) 3.4(19) 6.4(24) <0.001

Any Repeat revascularization† 7.3(21/287) 9.4(33/351) 12.3(43/349) 17.6(50/284) <0.001

Clinically-indicated Target 
Vessel Revascularization

2.8(16) 4.4(26) 6.5(36) 9.7(36) <0.001

Death or MI 4.0(23) 4.3(25) 8.2(46) 9.9(37) <0.001

Death/MI or repeat 
revascularization† 

9.8(28/287) 12.3(43/351) 18.1(63/349) 22.5(64/284) <0.001

ARC any stent thrombosis 1.4(8) 2.2(13) 5.0(28) 5.9(22) <0.001

ARC definite stent thrombosis 0.7(4) 1.4(8) 2.7(15) 4.3(16) <0.001

ARC, Academic Research Consortium; MI, myocardial infarction 
*Cardiac death not available in the STRATEGY and MULTI-STRATEGY studies
†Any repeat revascularisation was not available in the SIRTAX, STRATEGY or MULTI-STRATEGY studies.
‡Any stent thrombosis or definite stent thrombosis defined according to ARC was not available in the 
SYNTAX study. 
¶Includes ST-elevation MI and non-ST elevation MI. Patients with acute MI were excluded from the SYNTAX 
and ARTS-II study.
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Statistical Analysis 

All patients with a calculated SXscore were included in the analysis. All variables were stratifi ed 

according to SXscore quartiles. Discrete data were summarized as percent (frequencies), whereas 

continuous data were expressed as mean±standard deviation (SD). Testing for (linear) trends was 

done by using generalized linear models with SYNTAX class as a co-variable for continuous variables, 

and the Cochran-Armitage test for trend in categorical data. The distribution of the SXscore was 

assessed for normality using the Kolmogorov-Smirnov test. Clinical outcomes are presented sepa-

rately for all patients, those presenting with an MI (STEMI or non-STEMI), and those patients with 

a SXscore>32, which was the highest SXscore tertile in the SYNTAX study.(3) Survival curves were 

constructed for time-to-event variables using Kaplan-Meier estimates, and compared by the log-rank 

test. Patients lost to follow-up were considered at risk until the date of last contact, at which point 

they were censored. A Cox multi-variate model was performed using the co-variates gender, age 

greater than 65, diabetic status, urgency of procedure, SXscore and use of a 1st generation DES. A p 

value of <0.05 was considered signifi cant, and all tests were two-tailed. Data were analyzed with SAS 

version 9.2 (SAS, Carey, NC).

RESULTS

The SXscore was available in 6508 of the 7639 patients (85.2%) enrolled in the seven individual stud-

ies. The main reasons for absent SXscores were missing baseline angiograms, the presence of prior 

surgical revascularisation or treatment with bare metal stents. In total the SXscore ranged from 0 to 

83, with a mean±standard deviation of 16.7±11.1, and a median of 15 (inter-quartile range of 15; 8 

to 23). The distribution of the SXscore is shown in Figure 1; the score was not normally distributed Pooled SXscore Analysis| Chapter 6.4 
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 Figure 1: Distribution of the SYNTAX scores amongst the 6508 patients enrolled in the study.
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(Kolmogorov-Smirnov test p<0.05). In this analysis the 6508 patients were divided according to their 

SXscore into quartiles defi ned as: SXscoreQ1≤8 (n=1702), 8<SXscoreQ2<15 (n=1528); 15≤SXscoreQ3<23 

(n=1620); SXscoreQ4≥23 (n=1658).

Baseline angiographic and procedural characteristics

Baseline clinical, angiographic and procedural characteristics of the study population, stratifi ed 

according to SXscore quartiles, are shown in tables 1 and 2. table 2 demonstrates that indicators of 

lesion complexity, such as an ostial lesion, a total occlusion and the presence of a bifurcation, were all 

signifi cantly more common in the   highest SXscore quartile, refl ecting the higher calculated SXscore 

for these lesions. Pooled SXscore Analysis| Chapter 6.4 

 

Page | 25  

 

 
 

Pooled SXscore Analysis| Chapter 6.4 

 

Page | 26  

 

A

B

Scot BW.indb   389 01-03-11   11:58



390

Outcomes at 12-months

Clinical outcomes at 12-months, which were available in 6496 patients (99.8%) and a sub-set of 2093 

patients (32.2%) presenting with an STEMI or non-STEMI, are shown in table 3, whilst cumulative 

survival curves for all patients and those presenting with an MI are shown in Figure 2 and Supple-

mentary Figure 1, respectively. Overall the primary endpoint of death was signifi cantly higher in the 

highest SXscore quartile (1.6% vs. 1.2% vs. 3.2% vs. 4.6%, p<0.001). A similar trend was noted for all 

other clinical endpoints, including the safety composite of death/MI and overall MACE, a composite 

of death/MI and repeat revascularisation.  All clinical outcomes in patients presenting with an MI, 

Pooled SXscore Analysis| Chapter 6.4 
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Figure 2: Kaplan Meier cumulative curves for (A) death; (B) the composite of death and myocardial infarc-
tion; (C) repeat revascularisation; and (D) major adverse cardiovascular events (MACE, a composite of death, 
myocardial infarction and repeat revascularisation) at 1-year follow-up stratifi ed according to SYNTAX score 
quartiles.

C

D
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apart from death and cardiac death, were also significantly worse in those patients in the highest 

SXscore quartile. 

The rate of ST followed the same trend as other clinical outcomes, with the highest rate noted in 

SXscoreQ4. Of note, rates of ST were higher in all quartiles for patients presenting with an MI com-

pared to the full patient cohort.

Clinical outcomes in patients with a SYNTAX score above and below 32

In the current analysis 9.3% of patients had a SXscore>32. The clinical outcomes of patients with 

a SXscore above and below 32 are shown in table 4, whilst cumulative survival curves are shown 

in Supplementary Figure 2. All events were at least 1.5 times more common in patients with a 

SXscore>32 (p<0.001 for all), and overall approximately one quarter of patients in this high risk group 

experienced an event (death, myocardial infarction, or repeat revascularisation) within 12-months.

Multivariable analysis

The results of the Cox multivariable analysis are shown in table 5. Following adjusting of the con-

founding factors: age >65years, gender, urgency of procedure, diabetic status, and use of a first gen-

eration DES, the SXscore remained an independent predictor of clinical outcomes such as mortality, 

MACE, and ST (any and definite). 

table 4: Clinical outcomes at 1-year follow-up amongst patients with SYNTAX score above and below 32.

Variable, % (n) unless stated
SXscore≤32

(n=5895)
SXscore>32

(n=601)
RR [95% Ci] P Value

All Patients 

Death 2.3(135) 6.7(40) 2.58 [1.94-3.42] <0.001

Cardiac death* 1.5(85/5508) 5.1(30/585) 2.81 [2.05-3.86] <0.001

Myocardial Infarction 3.8(222) 6.5(39) 1.66 [1.23-2.24] 0.001

Any Repeat revascularization† 10.3(479/4660) 18.1(104/575) 1.76 [1.45-2.14] <0.001

Death or MI 5.6(330) 11.0 (66) 1.90 [1.50-2.40] <0.001

Death/MI or repeat 
revascularization† 

14.0(652/4660) 24.9(143/575) 1.85 [1.55-2.20] <0.001

ARC any stent thrombosis‡ 2.3(122/5199) 6.8(16/234) 2.82 [1.75-4.55] <0.001

ARC definite stent thrombosis‡ 1.3(65/5199) 4.3(10/234) 3.19 [1.77-5.76] <0.001

ARC, Academic Research Consortium; MI, myocardial infarction 
*Cardiac death not available in the STRATEGY and MULTI-STRATEGY studies
†All repeat revascularisation was not available in the SIRTAX, STRATEGY or MULTI-STRATEGY studies.
‡Any stent thrombosis or definite stent thrombosis defined according to ARC was not available in the 
SYNTAX study. 
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dISCUSSION

This study is the largest assessment of the SXscore in patients treated with PCI, and confirms the abil-

ity of the SXscore to identify patients who are at highest risk of adverse events, which is irrespective 

of clinical presentation.

Several risk models have been developed for patients undergoing PCI, however few, if any, have 

become embedded into regular clinical practice. Most of these risk models including the Mayo Clinic 

Risk Score, the euroSCORE and the National Cardiovascular Database Registry CathPCI Risk score 

utilise a selection of clinical variables that have been identified as independent predictors of adverse 

outcome in those treated by PCI.(23-29) 

In contrast the SXscore assesses the angiographic complexity of CAD, and does not include any clini-

cal variables in its calculation. The score was initially developed for the SYNTAX trial(3) to ensure the 

angiograms of patients selected for enrolment were appropriately scrutinized by members of the 

Heart Team; thereby ensuring patients entered the appropriate arm of the trial. At the time of its 

development it was hypothesised that the SXscore may help in identifying patients at highest risk of 

adverse events.(1) Subsequent evaluations of the SXscore have confirmed this,(3-13) however stud-

ies have been hampered by relatively modest sized patient cohorts, which for the purpose of analysis 

have been further sub-divided into tertiles. Of note, the largest published assessment of the SXscore 

to date in patients treated with PCI, reported outcomes in 1397 patients, with only 472 patients in the 

largest tertile.(8) Importantly the current pooled analysis has demonstrated findings consistent with 

previous evaluations of the SXscore, and to its strength over 1500 patients were present in each sub-

group, alleviating some of the earlier concerns, and ensuring robustness of the results. Furthermore, 

the identification of the SXscore as an independent predictor of clinical outcomes, including mortal-

ity MACE and ST, also provides further evidence to support the more routine use of the SXscore in the 

assessment of patients undergoing PCI.  

table 5: Cox Multi-Variable Analysis

Clinical outcome
Hazard Ratio for SYNtAX score*

 [95% Confidence interval]
P Value

Death 1.40 [1.21-1.62] <0.001

MI 1.33 [1.19-1.49] <0.001

Any repeat revascularisation 1.29 [1.19-1.39] <0.001

Death or MI 1.33 [1.21-1.46] <0.001

Death, MI or repeat 
revascularisation

1.30 [1.21-1.40] <0.001

Definite Stent Thrombosis 1.64 [1.31-2.05] <0.001

Any Stent Thrombosis 1.51 [1.28-1.78] <0.001

*After adjustment of confounding factors: age greater than 65, gender, urgency of procedure, diabetic sta-
tus, and use of a first generation drug-eluting stent.
MI, myocardial infarction
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This ability to identify patients at higher risk of adverse events has important clinical and research 

implications. From a clinical point of view it enables physicians to more adequately inform/counsel 

their patients regarding the potential risk of adverse events and in the choice of revascularization 

procedure (CABG versus PCI). Consequently this should act as a trigger for more aggressive second-

ary preventative therapy, and life style modification in those at highest risk as well as close clinical 

monitoring of recurrent signs or symptoms of ischemia. Importantly the present data also indicate 

that the SXscore is an independent predictor of ST, which speculatively may help in identifying those 

patients who would benefit most from assessment of platelet function together with more intensive, 

tailored and/or prolonged anti-platelet therapy. In clinical research the ability to identify a popula-

tion of patients with a particular anticipated event rate may help in determining inclusion criteria for 

the design of more appropriately powered studies.  

Previous studies which have assessed the SXscore and included a surgical treatment arm have con-

cluded that SXscores greater than 32/34 are the threshold above which patients fare better with 

CABG.(3-4) In the present study a tenth of the cohort had a SXscore over 32, and it is noteworthy 

that a quarter of these patients experienced an event (death, MI or repeat revascularization) within 

12-months, confirming the poor outcomes associated with very high SXscores. In comparison, 

patients in the SYNTAX study with a SXscore>32, treated with CABG had a one-year rate of major 

adverse cardiovascular and cerebrovascular events of 10.7%.(3) This disparity reiterates the impor-

tance of discussing the most appropriate method of revascularization, which in this complex sub-

group of patients should ideally be CABG. 

The absence of clinical variables has been raised as a limitation of assessing risk using just the SXscore. 

Consequently several modifications to the SXscore have been proposed by combining it with risk 

models using patient variables such as the ACEF score and euroSCORE.(30-31)  Evaluations of these 

combined scores have shown promising early results, however data are limited to initial evaluations 

in small patient populations, and examination in large robust populations is currently lacking. An 

extension to this concept has recently been reported by Chen et al who included not only clinical and 

angiographic variables, but also procedural variables such as the stenting technique employed.(32) 

Although these additional variables were shown to improve the accuracy of risk prediction, these 

operator dependent variables cannot be reliably predicted prior to undertaking revascularisation, 

and therefore unacceptably their inclusion moves the ability to accurately calculate risk to a time 

point after the procedure has been completed. 

LIMITATIONS

This study is limited by the absence of a CABG comparator arm, and also by the limited duration of 

follow-up.  Unfortunately, comparisons of the SXscore with clinical models such as the euroSCORE 

and ACEF score, and combined scores such as the Clinical SYNTAX score were hindered by the respec-

tive absence of recorded euroSCOREs, and the large number of missing quantitative values for the 
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left ventricular ejection fraction and/or creatinine clearance, both of which are needed to calculate 

the ACEF and Clinical SYNTAX score. 

CONCLUSIONS

This study confirms the consistent ability of the SXscore to identify patients who are at highest risk 

of adverse events, which is irrespective of clinical presentation. These results provide important 

evidence to support the more routine use of the SXscore in any patient undergoing percutaneous 

coronary revascularization. 
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suPPlemenTary aPPendIx
This appendix has been provided by the authors to give readers additional information about their work.

suPPlemenTary meThods

Supplementary tables 1, 2 and 3 provide additional background information on the individual trials 

which were used in this pooled analysis. 

• Supplementary table 1 summarizes the inclusion and exclusion criteria, study procedures, and 

recommended use of dual anti-platelet therapy in each of the individual studies.

• Supplementary table 2 summarizes the clinical endpoints reported in each individual study.

• Supplementary table 3 summarizes the criteria used in each individual study to adjudicate an 

event as a myocardial infarction.
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SUPPLEMENTARY FIGURES 

Supplementary Figure 1A: Kaplan Meier cumulative curve for death at 1-year 

follow-up amongst patients presenting with an ST- or non-ST elevation myocardial 

infarction. 

 

 

Supplementary Figure 1B: Kaplan Meier cumulative curve for death or re-

infarction at 1-year follow-up amongst patients presenting with an ST- or non-ST 

elevation myocardial infarction. 

 

 

 

Supplementary Figure 1A: Kaplan Meier cumulative curve for death at 1-year follow-up amongst patients 
presenting with an ST- or non-ST elevation myocardial infarction. 
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SUPPLEMENTARY FIGURES 

Supplementary Figure 1A: Kaplan Meier cumulative curve for death at 1-year 

follow-up amongst patients presenting with an ST- or non-ST elevation myocardial 

infarction. 

 

 

Supplementary Figure 1B: Kaplan Meier cumulative curve for death or re-

infarction at 1-year follow-up amongst patients presenting with an ST- or non-ST 

elevation myocardial infarction. 

 

 

 

10

Supplementary Figure 1B: Kaplan Meier cumulative curve for death or re-infarction at 1-year follow-up 
amongst patients presenting with an ST- or non-ST elevation myocardial infarction.
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Supplementary Figure 1C: Kaplan Meier cumulative curve for repeat 

revascularisation at 1-year follow-up amongst patients presenting with an ST- or 

non-ST elevation myocardial infarction. 

 

 

Supplementary Figure 1D: Kaplan Meier cumulative curve for major adverse 

cardiovascular events (MACE) at 1-year follow-up amongst patients presenting with 

an ST- or non-ST elevation myocardial infarction. 

 

Supplementary Figure 1C: Kaplan Meier cumulative curve for repeat revascularisation at 1-year follow-up 
amongst patients presenting with an ST- or non-ST elevation myocardial infarction.
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Supplementary Figure 1C: Kaplan Meier cumulative curve for repeat 

revascularisation at 1-year follow-up amongst patients presenting with an ST- or 

non-ST elevation myocardial infarction. 

 

 

Supplementary Figure 1D: Kaplan Meier cumulative curve for major adverse 

cardiovascular events (MACE) at 1-year follow-up amongst patients presenting with 

an ST- or non-ST elevation myocardial infarction. 

 

11

Supplementary Figure 1D: Kaplan Meier cumulative curve for major adverse cardiovascular events (MACE) 
at 1-year follow-up amongst patients presenting with an ST- or non-ST elevation myocardial infarction.

Scot BW.indb   404 01-03-11   11:58



405

Pooled analysis of the SYNTAX score    Chapter 6.4

Pooled SXscore Analysis| Chapter 6.4 Appendix 
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Supplementary Figure 2A: Kaplan Meier cumulative curve for death at 1-year 

follow-up amongst patients with a SYNTAX score >32 and ≤32. 

 

 

 

Supplementary Figure 2B: Kaplan Meier cumulative curve for death or 

myocardial infarction at 1-year follow-up amongst patients with a SYNTAX score 

>32 and ≤32. 

 

 

 

Supplementary Figure 2A: Kaplan Meier cumulative curve for death at 1-year follow-up amongst patients 
with a SYNTAX score >32 and ≤32.
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Supplementary Figure 2A: Kaplan Meier cumulative curve for death at 1-year 

follow-up amongst patients with a SYNTAX score >32 and ≤32. 

 

 

 

Supplementary Figure 2B: Kaplan Meier cumulative curve for death or 

myocardial infarction at 1-year follow-up amongst patients with a SYNTAX score 

>32 and ≤32. 

 

 

 

Supplementary Figure 2B: Kaplan Meier cumulative curve for death or myocardial infarction at 1-year 
follow-up amongst patients with a SYNTAX score >32 and ≤32.
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Supplementary Figure 2C: Kaplan Meier cumulative curve for repeat 

revascularization at 1-year follow-up amongst patients with a SYNTAX score >32 

and ≤32. 

 

 

 

Supplementary Figure 2D: Kaplan Meier cumulative curve for major adverse 

cardiovascular events (MACE) at 1-year follow-up amongst patients with a SYNTAX 

score >32 and ≤32. 

 

 

 

Supplementary Figure 2C: Kaplan Meier cumulative curve for repeat revascularization at 1-year follow-up 
amongst patients with a SYNTAX score >32 and ≤32.
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Supplementary Figure 2D: Kaplan Meier cumulative curve for major adverse cardiovascular events 
(MACE) at 1-year follow-up amongst patients with a SYNTAX score >32 and ≤32.
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ABStRACt:

Background: The SYNTAX score (SXscore) has been shown to be an effective predictor of clinical 

outcomes in patients undergoing percutaneous coronary intervention (PCI).

methods: The SXscore was prospectively collected in 1,397 of the 1,707 patients enrolled in the “all-

comers” LEADERS trial (patients post-surgical revascularization were excluded). Post-hoc analysis was 

performed by stratifying clinical outcomes at 2 year follow-up, according to one of three SXscore 

tertiles: SXLOW≤8 (n=464), 8 <SXMID≤16 (n=472) and SXHIGH>16 (n=461).

Results: At 2 year follow-up the rate of major adverse cardiovascular events was 18.4%, 12.0% and 

9.4% in the SXHIGH, SXMID, and SXLOW tertile, respectively (HR 1.45; CI 1.21-1.74; p<0.01). There was 

a significantly higher rate of cardiac death in patients in the highest SXscore tertile (7% SXHIGH vs. 

2.4% SXMID vs. 1.8% SXLOW; HR 2.22 (CI 1.5-3.27); p<0.001). Within the SXHIGH tertile the rate of cardiac 

death was significantly lower in patients treated with the biolimus-eluting stent compared with the 

sirolimus-eluting stent (4.7% vs. 9.6%, HR 0.48; CI 0.23-0.99; p=0.046).  

Conclusions: The SXscore allows prospective risk stratification of ‘all-comers’ patients undergoing 

PCI. In addition, the SXscore appears to be able to separate the performance of devices in high risk 

patient groups.
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SXscore in LEADERS at 2-years   Chapter 6.5

iNtRoDUCtioN:

The SYNTAX score (SXscore) is a comprehensive angiographic scoring system derived from the coro-

nary anatomy and lesion characteristics1-3 which was initially designed to quantify coronary lesion 

complexity. Additional analyses have subsequently demonstrated its ability to predict major adverse 

cardiac events (MACE) following percutaneous coronary intervention (PCI) in patients with multi-

vessel coronary artery disease at follow-up ranging from one- to five-years.4-6 At one year follow-up 

in the ARTS-II study, patients with a SXscore in the highest tertile had a significantly higher rate of 

MACE compared with patients in the lower tertiles (HR 3.5; CI 1.7-7.4; p=0.0001); while a multivari-

ate analysis demonstrated that the SXscore independently predicted a fourfold increase in the risk 

of MACE. Furthermore, the SX score also showed a better discrimination ability than the AHA/ACC 

modified lesion classification (c-statistic 0.67 vs. 0.58, p<0.001). 

The SXscore has not only been assessed in patients with complex coronary artery disease4-6 and left 

main disease,7-8 but it has also been demonstrated to be a predictor of peri-procedural myocardial 

infarction (MI) amongst patients undergoing elective PCI for long lesions and bifurcation lesions.7 

Most recently our group has evaluated its value for risk assessment in the setting of a randomised trial 

with an ‘all-comers’ population. In the sub-study of the LEADERS trial (Limus Eluted from A Durable 

versus ERodable Stent coating), where the SXscore was collected prospectively in 1,397 “all-comer” 

patients, we reported its prognostic value for MACE events at 1 year follow-up.8 In the current sub-

study we assess the value of the SXscore at 2 year follow-up and also assess its ability to discriminate 

between the performance of two stainless steel drug-eluting stents, one eluting biolimus from a 

biodegradable polymer and one sirolimus from a durable polymer, in the highest risk patient group.

metHoDS:

Study population: 

LEADERS was a multicenter European non-inferiority trial comparing the safety and efficacy of 

the BioMatrix™ Flex biolimus-eluting stent (BES) (Biosensors, Morges, Switzerland) to the Cypher® 

sirolimus-eluting stent (SES) (Cordis, Warren, NJ, USA) in 1,707 ‘all-comers’ patients. Patients over the 

age of 18 with chronic stable coronary artery disease or acute coronary syndromes including ST-

elevation MI were eligible if they had at least one lesion with ≥50% diameter stenosis and reference 

vessel diameter 2.25 to 3.5 mm. The aim was for the patient population to reflect real world clinical 

practice and thus no limits were set on the number or complexity of the lesions stented. The only 

exclusion criteria were: known allergy to acetylsalicylic acid, clopidogrel, heparin, stainless steel, siro-

limus, biolimus or contrast material that cannot be pre-medicated; planned surgery within 6 months 

of PCI unless the dual anti-platelet therapy could be maintained throughout the peri-surgical period; 

pregnancy; participation in another trial before reaching the primary end-point and lastly inability 

to give informed consent. The study complied with the Declaration of Helsinki and was approved by 

all institutional ethics committees. All patients provided written, informed consent for participation 

in the trial.
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SXscore and angiographic analysis: 

From the baseline diagnostic angiogram, each coronary lesion producing ≥50% diameter stenosis 

in vessels ≥1.5 mm was scored separately and added together to provide the overall SXscore, which 

was calculated prospectively using the SXscore algorithm that is described in full elsewhere.1-3 All 

angiographic variables pertinent to SXscore calculation were computed by independent core labora-

tory analysts (Cardialysis B.V., Rotterdam, The Netherlands). 

The initial description of the SXscore did not report a methodology for calculating the SXscore in 

patients presenting with an ST-elevation MI or those with in-stent restenosis lesions. Nevertheless, in 

the present study core lab analysts were blinded to all clinical data and therefore patients presenting 

with a ST-elevation MI had their occluded infarct related artery scored as an occlusion of unknown 

duration in the same manner as any chronically occluded artery; a methodology which has subse-

quently been confirmed as the most appropriate method of SXscoring these patients.9 No validation 

of calculating the SXscore has been performed in patients with in-stent restenotic lesions, and they 

were therefore scored in the same manner as if the lesion was a de novo lesion.

Limitations: The methods employed for scoring in-stent restenosed arteries has not been validated,  

and  does not take into account some of the potentially different lesion characteristics of an acutely 

occluded artery or a  restenosed lesion compared to a de novo  lesion. However these methods do 

allow the weighted score of the anatomical segment to be recorded, and do allow some of the lesion 

characteristics to be scored (eg lesion length, tortuosity, calcification etc).  

Randomization and Procedures: 

Randomization was done centrally after diagnostic cardiac catheterization and before percutane-

ous coronary intervention (PCI) by use of a telephone allocation service (Limburgia telefonische 

Antwoord Service BV, 3068 NP Rotterdam, Netherlands). The allocation sequence was computer 

generated, stratified according to center, and blocked with block sizes of 8 and 16, which varied 

randomly. Patients were randomly allocated on a 1:1 basis to treatment with BES or SES, and to active 

angiographic follow-up at 9 months or clinical follow-up only on a 1:3 basis with a factorial design.

BES were available in diameters of 2.25, 2.5, 3.0 and 3.5 mm and in lengths of 8, 11, 14, 18, 24 and 28 

mm. SES were available in diameters of 2.25, 2.5, 2.75, 3.0 and 3.5 mm and in lengths of 8, 13, 18, 23, 

28 and 33 mm. Balloon angioplasty and stent implantation were performed according to standard 

technique and direct stenting was allowed. No mixture of drug eluting stents was permitted within 

a given patient, unless the operator was unable to insert the study stent, in which case crossover to 

another device of the operator’s choice was possible. Before or at the time of the procedure, patients 

were given ≥75 mg of acetylsalicylic acid, 300-600 mg loading dose of clopidogrel, and unfraction-

ated heparin at a dose ≥5,000 I or 70-100 IU/kg. After the procedure, all patients were advised to take 

aspirin indefinitely and clopidogrel for at least 12 months. In case of inter-current revascularization 

procedures requiring stent implantation, treating cardiologists were encouraged to use the study 

stent. For other details please refer to the primary endpoint manuscript.10
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Follow-up: 

Adverse events were assessed in the hospital and at 1, 6, 9, and 12 and 24 months. One in four 

patients was asked to return for angiographic follow-up at 9 months. 

Study endpoints: 

Definitions of all endpoints are provided elsewhere.10 The primary endpoint of this sub-study was 

MACE, defined as the composite of cardiac death, MI, and clinically-indicated target vessel revas-

cularization (TVR) within 24-months. Secondary endpoints were any target lesion revascularization 

(TLR) (both clinically and non-clinically indicated), which was defined as repeat revascularization due 

to a stenosis within the stent or within a 5 mm border proximal or distal to the stent; any TVR, cardiac 

death, death from any cause, MI, stent thrombosis (defined according to the Academic Research 

Council11), device success (defined as achievement of a final residual diameter stenosis <50% during 

the initial procedure), and lesion success (achievement of < 50% stenosis with any approach for PCI).

The pre-specified principal outcome of the angiographic sub-study was in-stent percent diameter 

stenosis. Secondary angiographic outcomes were in-segment percent diameter stenosis, minimal 

lumen diameter, late lumen loss, and binary restenosis. Angiographic measurements were obtained 

within the stented segment (in-stent) and over the entire segment consisting of the stent and 5 mm 

proximal and distal margins (in segment). Percent diameter stenosis was defined as ([reference vessel 

diameter-minimal luminal diameter]/reference vessel diameter) X 100%; late lumen loss was defined 

as the difference between minimal lumen diameter after the procedure and minimal lumen diameter 

at follow-up; and binary restenosis was defined as a percentage diameter stenosis of ≥50% in the 

target lesion. 

A blinded independent clinical events committee adjudicated all endpoints, and independent 

study monitors (D-Target, Montagny-pres-Yverdon, Switzerland) verified all case reports from data 

on-site. Data were store in a database (KIKA Medical, Paris, France), which was maintained by a con-

tract research organization (Cardialysis, Rotterdam, Netherlands) in collaboration with an academic 

clinical trials unit (CTU Bern, Bern University Hospital, Switzerland). The operators were by neces-

sity aware of the assigned study stent during PCI and angiographic follow-up, but patients and staff 

involved in follow-up assessment were blinded to the allocated stent type. Angiographic films were 

centrally assessed at one angiographic core laboratory (Cardialysis, Rotterdam, Netherlands) with 

assessors unaware of the allocated stent. 

Statistical analysis: 

A stratified post-hoc analysis of clinical and angiographic outcomes, which was specified after 

completion of patient recruitment, was performed according to the tertiles of SYNTAX score. The 

methodology used was similar to that used previously by Valgimigli et al in the ARTS-II study, and by 

Serruys et al. in the SYNTAX trial4-5 as well as by Wykrzykowska et al.8 Dedicated software and visual 

coronary angiography served to determine the SXscore as previously described.1-2 All randomized 

patients without prior surgical revascularisation, in whom the SXscore was collected prospectively 

(1397/1707), were included in the analysis of primary and secondary clinical endpoints according to 
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tertiles of SXscore. Analyses of the angiographic sub-study were restricted to lesions from patients 

who attended follow-up angiography. Angiographic outcomes were analyzed using SAS v8 Proc 

Mixed for continuous and Proc Genmod for binominal outcomes, taking into account the within-

patient correlation structure of these data. We used a Cox proportional hazards model to compare 

clinical outcomes between the groups. All analyses were performed using SAS 8.02 by a dedicated 

statistician. All p-values and CIs were two-sided. 

ReSULtS:

SXscore and baseline characteristics: 

The SXscore was collected prospectively in 1,397 of the 1,707 patients (81.8%) enrolled in the LEAD-

ERS trial. The predominant reason for not calculating the score was a history of prior surgical revas-

cularisation. In this post-hoc analysis, the 1,397 patients were divided according to their SXscore into 

tertiles defined as: SXLOW≤8 (n=467), 8<SXMID≤16 (n=472) and SXHIGH>16 (n=461). 

The baseline clinical and angiographic data according to the three SXscore tertiles has been reported 

previously and is summarized in tables 1 and 2.8 Briefly, the SXscore ranged from 1 to 49, with a 

mean + SD of 13.5+8.7, and a median of 12 (inter-quartile range of 12; 7 to 19). Overall, at 1-year, 

those patients in the highest SXscore tertile had a significantly higher rate of death, TVR, MACE and 

a trend for higher rates of MI. 

table 1: Baseline clinical characteristics based on SYNTAX score tertiles

Baseline clinical variables, n (%) 
SX score <8

N=464
SX score 8-16

N=472
SX score >16

N=461

p-value on 
trend

(2-sided )
Age >65 210 (45) 224 (47) 239(52) 0.045

Male 346(75) 344(73) 340(74) 0.78

Diabetes 93(20) 117(25) 111(24) 0.14

Current smoking 134(29) 121(26) 126(27) 0.60

Hypertension 353(76) 353(75) 324(70) 0.045

Hypercholesterolemia 314(68) 314(67) 285(62) 0.06

Family history 201(43) 188(40) 168(36) 0.03

Renal insufficiency 17(4) 21(5) 28(6) 0.09

Previous MI 132(28) 145(31) 137(30) 0.67

Previous PCI 179(39) 165(35) 147(32) 0.03

Clinical presentation:

      Stable 146(31) 154 (33) 108 (23) 0.008

      Unstable 127(27) 89(19) 88(19) 0.002

      ST-elevation MI 46(10) 90(19) 128(28) <0.001

MI, myocardial infarction; PCI, percutaneous coronary intervention
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table 2: Baseline angiographic characteristics by SYNTAX score tertiles 

Angiographic variable, n (%)  SX score <8 SX score 8-16 SX score >16 p-value
Mean no. of diseased lesions per patient, ±SD 1.5±0.7 2.4±1.0 3.5±1.4 <0.001

Mean no. of treated lesions per patient, ±SD 1.2±0.5 1.5±0.7 1.7±0.9 <0.001

Coronary artery treated 
      Left anterior descending artery
      Circumflex
      Right coronary artery

162 (35)
140 (30)
216 (47)

242 (51)
144 (31)
209 (44)

296 (64)
164 (36)
174 (38)

<0.001
0.08

0.007

2-vessel disease 49 (11) 102 (22) 138 (30) <0.001

3-vessel disease 3 (1) 13 (3 ) 23(5) <0.001

Stent type 
     Biolimus 
     Sirolimus 

229 (49)
235 (51)

235 (50)
237 (50)

239 (52)
222 (48)

NS
NS

Mean number of implanted stents,  ±SD 1.5±0.7 1.9±1.1 2.3±1.4 <0.001

Mean total stent length/patient (mm), ±SD 25.9±16.5 34.2±21.7 42.9±26.2 <0.001

Chronic total occlusion 6 (1) 10 (2) 19 (4) 0.006

Moderate to severe calcification 23 (5) 96 (20) 184(40) <0.001

Bifurcation lesion 57 (12) 161(34) 184 (40) <0.001

Use of Glycoprotein 2b3a inhibitors 80 (17) 113 (24) 154 (33) <0.001

table 3: Baseline Clinical and Angiographic Characteristics amongst Patients in the Highest SXscore Tertile

Baseline clinical variables, n(%)
Biomatrix Flex™

239 patients
Cypher® Select™

222 patients
P Value

Age >65, mean±SD 65.8±10.6 65.2±11.3 0.59

Male 175 (73) 165 (74) 0.83

Hypertension 166 (70) 158 (72) 0.76

Diabetes mellitus 65 (27) 46 (21) 0.13

     -insulin dependent 28 (12) 21 (10) 0.45

Hypercholesterolemia 139 (58) 146 (66) 0.10

Family history 86 (36) 82 (37) 0.85

Smoking 61 (26) 65 (29) 0.40

Previous MI 70 (29) 67 (30) 0.84

Previous PCI 78 (33) 69 (31) 0.76

    -with drug eluting stent 24 (10) 22 (10) 1.00

Previous CABG 4 (2) 4 (2) 1.00

Chronic stable angina 52(22) 56 (25) 0.38

Acute coronary syndrome 158 (66) 155 (70) 0.43

    Unstable angina 48 (20) 40 (18) 0.64

    Non ST-elevation MI 50 (21) 47 (21) 1.00

    ST-elevation MI 60 (25) 68 (31) 0.21

Left ventricular function %, mean±SD 54±10 53±12 0.21

Mean number of stented lesions per patient, ±SD 1.9±1.0 2.0±1.1 0.25

Mean number of stents implanted per patient, ±SD 2.3±1.3 2.4±1.5 0.39

Mean stent diameter, ±SD 2.9±0.4 2.9±1.4 0.70

MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; SD, 
standard deviation
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Two-year clinical outcomes for the overall study population: 

Kaplan Meier survival curves for clinical outcomes out to 2-year follow-up are shown in Figure 1. At 

2-years the rate of MACE was 9.4%, 12.0% and 18.4%, in the SXLOW, SXMID, SXHIGH tertiles, respectively 

(HR 1.45; 95% CI 1.21-1.74; p<0.01, Figure 1A). Similarly, there were also significantly higher rates of 

cardiac death, clinically driven TVR and TLR amongst those patients in the highest SXscore tertile 

(Figures 1B-1D). MI rates were highest in those patients in the SXMID and SXHIGH groups (6.2%) com-

pared to those in the SXLOW group (4.3%) (HR 1.18; CI 0.89-1.56; p=0.24, Figure 1E). 

Differential performance of the BES and SES in the SXHIGH group: 

The analyses of outcomes in patients treated with BES versus SES have been performed in all three 

tertiles of the SXscore, however, significant between stent-differences were only observed in the 

SXHIGH group (highest risk) and are reported here (Figure 2). Baseline clinical and angiographic char-

acteristics, and angiographic outcomes for the SXHIGH group treated with BES versus SES are reported 

in Tables 3 and 4. There were no significant differences between the BES and SES treated group in 

terms of baseline characteristics and there was an equal distribution of the two devices between the 

SXscore tertiles (Table 2).

Figure 1A: MACE# Rate  
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Figure 1B. Cardiac Death 
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Fig 1C: Clinically Indicated TVR Rate 
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Fig 1D: TLR Rate  
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Fig1E: Myocardial Infarction 
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Figure 1: Kaplan Meier survival curves for (A) major adverse cardiovascular events (MACE); (B) cardiac 
death; (C) clinically indicated target vessel revascularization (TVR); (D) target lesion revascularization (TLR) 
and (E) myocardial infarction stratified according to SXscore tertiles.  
MACE, a composite of cardiac death, MI, or clinically indicated TVR.
 *P values for superiority
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Table 4: Angiographic Follow-up Results amongst Patients in the Highest SXscore Tertile

Biolimus Stent          
(75 lesions) 

Sirolimus Stent 
(73 lesions)

P value

Minimal Lumen Diameter

   in-stent (mm) 2.19 ± 0.61 2.12± 0.68 0.53†

   in-segment (mm) 1.97 ± 0.57 1.88 ± 0.63 0.34†

Diameter stenosis

   in-stent (%) 21.7 ± 16.7 22.4 ± 19.2 0.82†

   in-segment (%) 27.8 ± 16.1 29.2 ± 17.3 0.60†

Late lumen loss

   in-stent (mm) 0.08 ± 0.36 0.13 ± 0.50 0.51†

   in-segment (mm) 0.08 ± 0.35 0.09 ± 0.45 0.84†

Binary restenosis 

   in-stent (%) 4 ± 5.3 4 ± 5.5 1.00*

   in-segment (%) 5 ± 6.7 4 ± 5.5 1.00*

† Two sided t-test, equal variance 
* Fisher exact test used for p-value, 9 5% CI based on t-test 

Fig 2A. MACE* Rate 
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Figure 2B. Cardiac Death 
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Fig 2C: Clinically Indicated TVR 

SES 

BES 11.7% 

6% 

8.7% 

12.7% 

2-year HR 
0.65 [0.36 to 1.15] 

P = 0.14** 

1-year HR 
0.49 [0.25 to 0.94] 

P = 0.03** 

Number at risk 

BES 239 231 228 223 220 214 211 209 207 

SES 222 201 199 190 186 181 177 177 173 

0 3 6 9 12 15 18 21 24 
Months 

8 

4 

0 

12 

(%) 

SES 

BES 

Fig 2D: TLR 
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Fig 2E: Myocardial Infarction 
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Figure 2 Kaplan Meier survival curves for (A) major adverse cardiovascular events (MACE); (B) cardiac death; 
(C) clinically indicated target vessel revascularization (TVR); (D) target lesion revascularization (TLR) and (E) 
myocardial infarction amongst patients in the highest SYNTAX score tertile (>16) stratified according to 
stent type.
#MACE, a composite of cardiac death, MI, or clinically indicated TVR. 
*P values for superiority
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Overall MACE rate was 15.3% in SXHIGH group treated with BES versus 21.8% in SXHIGH group treated 

with SES (HR 0.68; 95% CI: 0.44-1.04; p=0.08, Figure 2A). Within the SXHIGH tertile the rate of cardiac 

death was signifi cantly lower in patients treated with BES 4.7% versus SES 9.6% (HR 0.48; 95% CI: 

0.23-0.99; p=0.046, Figure 2B). Interaction between SXscore tertile and stent type in a fi ve-covariate 

model was statistically signifi cant (HR=0.37; p=0.036) and in a three-covariate model showed a trend 

Fig 3A: Definite Stent Thrombosis 
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Fig 3B: Definite and Probable Stent Thrombosis 
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towards statistical significance (HR 0.5; p=0.08). Clinically driven TVR (8.7% vs. 12.7%; HR=0.65, 95% 

CI: 0.36-1.15; p=0.14) and TLR rates (8.3% vs. 13.1% for TLR; HR 0.59; 95% CI 0.33-1.05; p=0.07) also 

tended to be lower in the BES treated group (Figures 2C and D). The rate of MI remained numeri-

cally higher with BES, which was driven by early events occurring within the first 9-months of stent 

implantation. Of note, there were no additional MIs with BES between 1- and 2-year follow-up com-

Figure 3: Stent thrombosis rates amongst patients in the highest SYNTAX score tercile (>16). *P values for 
superiority

Fig 3D: Possible Stent Thrombosis 
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pared with an increase in MI rate from 4.6% to 5.1% between year 1 and 2 in the SES treated group 

(Figure 2E). 

Stent thrombosis rates for the SXHIGH group at two year follow-up: 

Defi nite stent thrombosis rates were 2.6% in the BES treated group and 5.1% in the SES treated group 

within the SXHIGH tertile at two years (HR 0.5; 95% CI 0.18-1.34; p=0.17, Figure 3A). Notably, there 

were no further defi nite stent thrombosis events in the BES treated group between year 1 and 2. In 

contrast, the defi nite stent thrombosis rate increased from 4.6% to 5.1% in the SES treated group. 

Combined defi nite and probable stent thrombosis rates were 3.8% (n=9) for BES and 5.5% (n=12) 

for SES (HR 0.68; 95% CI 0.29-1.62; p=0.39, Figures 3B and Figure 3C). Most of the events occurred 

early after stent implantation (Figure 3C). Possible stent thrombosis rates were 2.6% in the BES group 

versus 4.8% in the SES group (HR 0.54; 95% CI 0.2-1.49; p=0.23, Figure 3D). The rate of overall stent 

thrombosis in the SXHIGH group was 6.0% (n=14) in patients treated with BES and 9.8% (n=21) in 

patients treated with SES (HR 0.6; 95% CI 0.31-1.18; p=0.14, Figure 3E). The increase in stent thrombo-

sis in SXHIGH group between year 1 and 2 was 0.9% for patients treated with BES and 2.4% for patients 

treated with SES.  When curves for cardiac death rate and overall stent thrombosis rate were superim-

posed, most of the cardiac death events could be accounted for by stent thrombosis events, implying 

that reduced thrombosis rates may be the mechanism responsible for the reduced cardiac mortality 

rate in patients treated with BES in the SXHIGH tertile (Figure 3F), although this remains speculative.

DISCUSSION:

The SXscore has previously been applied in both the SYNTAX trial and the ARTS-II study,  both of 

which demonstrated the good predictive value of the SXscore in patients with multivessel disease, 

with those patients in the highest tertile group having signifi cantly more MACE events during 

short4-5 and long-term follow-up.6 More recently we reported the utility of the SXscore as a predictor 

Figure 4. OCT images of strut coverage 

BES SES 

Adapted from Peter Barlis, et al.,  European Heart Journal (2010) 31, 165–176 Figure 4: OCT images of strut coverage (from Barlis et al., 2010)
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of MACE, including cardiac death, in an “all-comers” population of the LEADERS trial at 1 year follow-

up.8 Patients with a high SXscore (SXscore>16) had a 50% higher chance of a MACE event, and a 

154% higher chance of cardiac death at one year. A high SX score conferred a 2.5 fold increase in 

cardiac death, which remained true even after adjustment for other risk factors for cardiac death 

such as diabetes, presentation with acute coronary syndrome, beta-blocker use and stent type. Here 

we report that the predictive value of SXscore remains robust at 2 year follow-up in this all-comers 

patient population.

The major finding of our study is that the SXscore may be an appropriate tool to stratify risk in all 

patients undergoing PCI out to medium-term follow-up. The second finding in this study is that 

SXscore appears to be able to discriminate between the performances of different types of stents in 

high risk lesions. Patients with high SXscores treated with BES had a lower risk of MACE and cardiac 

death at two year follow-up compared with patients treated with SES. These results suggest that the 

SXscore may be useful tool in the future clinical trials of new stent devices, particularly those with an 

“all-comers” design.

The mechanism of this superior performance with BES compared to SES in the high risk lesions and 

patient populations remains to be established. It remains a possibility that the differences in out-

come may be a play of chance considering the small number of patients in the high SXscore tertile. 

Speculatively, the stent thrombosis data presented here, and the previously reported optical coher-

ence tomography data12 (Figure 4), suggest that the reduction in mortality rate by treatment with 

BES may be explained by the better stent strut coverage, and less acquired malapposition seen in 

patients treated with BES compared with SES. 

Overall the superior performance of BES compared to SES in these complex patients provides 

additional data to support the concepts behind the newer generation drug-eluting stents, which 

were primarily designed to improve overall safety following the concerns raised with first genera-

tion devices.13 In comparison to the permanent polymer present on SES which remains exposed to 

the coronary artery environment long after its useful function has been served, the polymer on the 

biolimus-eluting stent completely biodegrades within 6-9months of stent implantation, leaving a 

bare stainless steel stent. Although the lower stent thrombosis rates, and cardiac mortality observed 

in this study are encouraging, additional, larger powered studies are required before definitive con-

clusions can be reached.

LimitAtioNS:

This analysis is subject to inherent limitations of all subgroup analyses such as statistical under-pow-

ering. As such it can only be viewed as hypothesis-generating. Patients with prior coronary artery 

bypass surgery have not been included in the current analysis as the SXscore is algorithm is only 

currently available for patients with de novo disease. Modifications to the SXscore that will allow 

for risk stratification in patients post-CABG are being developed by our group. While the SXscore 
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was collected prospectively, the analysis of outcomes was performed post-hoc. In addition, while 

the SXscore has not been validated in patients post-PCI these patients have been included in this 

analysis. 

CoNCLUSioN:

This study demonstrates that the prognostic value of the SYNTAX score is valid for all patients with de 

novo coronary artery disease undergoing percutaneous revascularisation out to two-years of follow-

up. A potential new application of the SYNTAX score is discriminating the performance of novel ver-

sus first-generation stents in high risk lesions in future clinical trials.
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AbSTRACT

Aims: To investigate the ability of SYNTAX score and Clinical SYNTAX score (CSS) to predict very long-

term outcomes in an all-comers population receiving drug-eluting stents.

methods and Results: The SYNTAX score was retrospectively calculated in 848 patients enrolled 

in the SIRolimus-eluting stent compared with pacliTAXel-Eluting Stent (SIRTAX) trial. The CSS was 

calculated using age, and baseline left ventricular ejection fraction and creatinine clearance. A strati-

fied post-hoc comparison was performed for mortality, cardiac death, myocardial infarction (MI), 

ischemia-driven target lesion revascularization (TLR), definite stent thrombosis and major adverse 

cardiac events (MACE) at 1- and 5-year follow-up. 

Tertiles for SYNTAX score and CSS were defined as SSLOW≤7, 7<SSMID≤14, SSHIGH>14 and CSS-

LOW≤8.0, 8.0<CSSMID≤17 and CSSHIGH>17 respectively. MACE rates were significantly higher in 

SSHIGH compared to SSLOW at 1-year (14.2% vs. 6.9%, P<0.01) and 5-year follow-up (24.2% vs. 12.5%, 

P<0.01), which was also seen at 5 years for mortality, cardiac death, MI and TLR. Within SSHIGH, 

5-year MACE increased with use of paclitaxel- compared to sirolimus-eluting stents (29.3% vs. 19.3%, 

P=0.04). Stratifying outcomes across CSS tertiles confirmed and augmented these results. SYNTAX 

score was an independent predictor of 5-year MACE; categorical CSS was an independent predictor 

for 5-year MACE and mortality. Areas-under-the-curve for the SYNTAX score and CSS for 5-year MACE 

were 0.61 and 0.62, and for 5-year mortality were 0.58 and 0.66, respectively.

Conclusion:  SYNTAX score and CSS effectively stratified risk for very long-term adverse clinical out-

comes in an all-comers population receiving drug-eluting stents. Predictive accuracy for 5-year mor-

tality was improved using CSS.
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INTROdUCTION

The SYNTAX score is a lesion based angiographic scoring system originally devised to grade the 

complexity of coronary artery disease1 and thereby facilitate consensus in the study of a diagnostic 

angiogram between surgeons and interventional cardiologists. In the SYNTAX trial2, it proved effec-

tive in predicting clinical outcomes after elective percutaneous coronary intervention (PCI) proce-

dures in patients with three-vessel and/or left main coronary artery disease.3 A number of reports 

have subsequently assessed the predictive ability of the SYNTAX score in patient cohorts with a 

varying extent of coronary artery disease undergoing both elective and emergent PCI procedures.4-9 

These previous studies have been limited however, by the reporting of outcomes at only short to 

medium term follow-up. 

Being solely based on angiographic variables, the SYNTAX score cannot account for the variability 

related to clinical factors which are widely acknowledged to impact on long-term outcomes, such as 

the patients’ age 10, left ventricular ejection fraction11 and renal function.12 A clinical score incorpo-

rating the aforementioned variables, the ACEF score, has been retrospectively validated in patients 

undergoing elective coronary artery bypass grafting (CABG) operations.13 Integration of this score, 

modified through the replacement of serum creatinine with creatinine clearance, with the SYNTAX 

score, in the clinical SYNTAX score (CSS), has recently been shown14 to improve the predictive ability 

for adverse clinical outcomes after elective PCI procedures in the ARTS-II study population. Informa-

tion regarding the predictive accuracy of this score in a larger, all-comers population during short- 

and long-term is however currently lacking. 

The SIRolimus-eluting stent compared with pacliTAXel-Eluting Stent (SIRTAX) trial15 was a prospec-

tive, observer-blind, randomized controlled study comparing the safety and efficacy of sirolimus-

eluting stents (SES) and paclitaxel-eluting stents (PES) in 1,012 patients undergoing PCI for either 

stable angina or an acute coronary syndrome. This study design offers a convenient setting for 

describing the distribution of the SYNTAX score and CSS in an all-comers population who presented 

with less complicated disease compared to the SYNTAX and ARTS II trials. Furthermore, the avail-

ability of 5-year clinical outcomes permits a more robust evaluation of both scores in order to con-

firm their potential to risk stratify clinical outcomes at long- and very long-term follow-up after the 

implantation of drug-eluting stents.

METHOdS

Patient population and coronary intervention

The design of the SIRTAX trial has been previously described.15 Patients were eligible to participate 

if they presented at least one lesion with percent diameter stenosis ≥50%, in a vessel with a refer-

ence diameter between 2.25 and 4.00 mm that was suitable for stent implantation. There were no 

limitations on the number of lesions treated, number of vessels diseased or on the length of the 

lesions. The study complied with the Declaration of Helsinki regarding investigation in humans and 
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was approved by the institutional ethics committees at the participating centers. Written informed 

consent was obtained from each patient before enrollment. There was no industry involvement in 

the design, conduct or analysis of the study.

Patients were randomly assigned on a 1:1 basis to treatment with SES (Cypher®; Cordis, Warren, NJ) 

or PES (Taxus®, Boston Scientific, Natick, MA). No mixture of drug-eluting stents was allowed within 

a given patient. All procedures were performed according to interventional standards at the time. 

Before or at the time of the procedure, patients received at least 100 mg of aspirin, a 300 mg loading 

dose of clopidogrel, and unfractionated heparin (70–100 U/kg of body weight). After the procedure, 

all patients were advised to maintain aspirin lifelong, and clopidogrel therapy was prescribed for 12 

months irrespective of stent type.

SiRtAX end-points and definitions

Adverse events were assessed at multiple end-points including 1 and 5 years after the intervention. 

An independent clinical events committee unaware of the patients’ treatment assignments adjudi-

cated all endpoints. The pre-specified primary end point was a composite of major adverse cardiac 

events (MACE) including death from cardiac causes, myocardial infarction (MI), and ischemia-driven 

target lesion revascularization (TLR). The diagnosis of myocardial infarction was based on the pres-

ence of new Q waves of at least 0.4 seconds duration in ≥2 contiguous leads and an elevated cre-

atine kinase MB fraction. In the absence of pathologic Q waves, the diagnosis of MI was based on an 

increase in the creatine kinase level to more than twice the upper limit of the normal range with an 

elevated level of creatine kinase MB or troponin I. TLR was defined as an intervention (either surgi-

cal or percutaneous) to treat a stenosis within the stent or within the 5-mm borders adjacent to the 

stent. Revascularization was considered to be driven by ischemia, if percent diameter stenosis was 

≥50% on the basis of quantitative coronary angiography in the presence of ischemic signs or symp-

toms, or ≥70% even in the absence of ischemic signs or symptoms. 

Stent thrombosis was diagnosed as an acute coronary syndrome with angiographic documentation 

of either target vessel occlusion or thrombus within or adjacent to the previously stented segment; 

applying Academic Research Consortium recommendations,16 definite stent thrombosis was docu-

mented. 

SYNtAX score and angiographic analysis

The SYNTAX score algorithm, which is described in full elsewhere and is available on the SYNTAX 

score website (www.syntaxscore.com), was employed to retrospectively score all coronary lesions 

deemed to have a percent diameter stenosis ≥50%, in vessels ≥1.5 mm. All angiographic variables 

pertinent to SYNTAX score calculation were computed by 2 experienced interventional cardiologists 

(CG, SG) on diagnostic angiograms obtained before the procedure. In case of disagreement, the opin-

ion of a third analyst (GS) was obtained and the final decision was made by consensus. Analysts were 

blinded to procedural data and clinical outcome. The final score was calculated on a patient basis 

from the individual lesion scores, which were saved in a dedicated database, and was not made avail-

able to the analysts until after the completion of the study. Patients with acute myocardial infarctions 
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were not included in the SYNTAX trial. In the context of our study the culprit lesions were scored 

using the angiographic views of the infarct-related arteries before any intervention; in the absence of 

flow these were scored as total occlusions of <3-months’ duration.9 Patients with prior CABG opera-

tion were excluded from the analysis; a dedicated amendment for calculating the score in the pres-

ence of grafts has not been made available yet. Finally, in-stent restenosis lesions were scored as de 

novo ones.

CSS

The modified ACEF score was retrospectively calculated,14 based on the patients’ left ventricular ejec-

tion fraction, age and creatinine clearance derived using the Cockcroft-Gault equation.17 Respective 

methodology has been amply described elsewhere. Values for variables included in the modified 

ACEF score were recorded before the index PCI. CSS was calculated multiplying the value of SYNTAX 

score by the modified ACEF score.

Statistics

Statistical analysis was performed using SPSS 16.0 for Windows (SPSS Inc, Chicago, IL, USA). The 

scores’ distributions were preemptively checked for normality with the one-sample Kolmogorov-

Smirnov test; tertile values were reported. Continuous variables are presented as mean ± 1 standard 

deviation (SD) or median values (25th to 75th percentile=inter-quartile range [IQR]); categorical 

variables are displayed as counts and/or percentages. Baseline characteristics and procedural data 

were compared across SYNTAX score tertiles without taking into account the random allocation to 

SES or PES. Comparisons were performed with one-way analysis of variance (ANOVA) for continu-

ous variables and with the chi-square test for categorical variables. Cumulative event rates at 1- and 

5-years follow-up were estimated by means of the Kaplan–Meier method. All-cause mortality, MACE, 

cardiac death, TLR, MI and definite stent thrombosis rates were compared across SYNTAX score and 

CSS tertiles according to the Cox proportional-hazards model; the assumption of proportional haz-

ards was verified by visual inspection of the log-minus-log curves. Crude hazard ratios (HRs) and 

corresponding 95% confidence intervals are reported. Independent predictors of 5-year MACE and 

all-cause mortality were sought; any variable among baseline or procedural characteristics, including 

SYNTAX score and CSS, significant beyond the level of P=0.10 in univariate analysis was entered into 

a multivariate backward stepwise model. Crude and adjusted hazard ratios and corresponding 95% 

confidence intervals are reported for qualifying variables.

A stratified comparison of clinical outcome between SES and PES was also performed across SYNTAX 

score and CSS tertiles using Cox regression analysis. To determine whether there was an interaction 

between treatment arm and scores’ tertiles, likelihood ratio tests were used. 

Predictive accuracy of SYNTAX score and CSS was assessed for 5-year MACE and all-cause mortality. 

Receiver-operating characteristic (ROC) curves were constructed and the respective area-under-the-

curve was assessed. An area of 1.0 would indicate perfect discrimination, whereas an area of 0.5 

indicates total absence of discriminating power. All statistical tests were two-sided and a P value 

<0.05 was considered statistically significant. 
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RESULTS

Post-hoc stratifi ed analysis was performed for 848 patients (1792 lesions). Scores were not evaluable 

in 91 cases due to prior CABG; 30 angiograms were not available for analysis and in 27 cases, either 

the angiographic study was incomplete or lesions were not fully evaluable in the acquired views. 

Finally in 16 cases, data on creatinine clearance could not be retrieved, consequently CSS could not 

be calculated; hence these cases were left out of the analysis, in order to have homogeneous data-

bases for both scores.

 

The SYNTAX score ranged from 1 to 42, with a mean±SD of 11.7±7.3, and a median of 10 (IQR=8). The 

CSS ranged from 0.7 to 272.2, with a mean+SD of 17.4±20.5, and a median of 11.6 (IQR=14.8). Both 

scores were non-parametric and their distribution was skewed to the right (Figure 1). Tertiles for SYN-

TAX score and CSS were defi ned as SSLOW≤7, 7<SSMID≤14, SSHIGH>14 and CSSLOW≤8.0, 8.0<CSSMID≤17 

and CSSHIGH>17 respectively. 

Baseline characteristics and risk factors stratifi ed across SYNTAX score tertiles are reported in table 

1 and data pertinent to the procedure and the score calculation are reported in table 2. Patient 

age was signifi cantly lower in SSLOW; whilst creatinine clearance and left ventricular ejection fraction 

were signifi cantly lower in SSHIGH . Patients in the high tertile had a signifi cantly higher prevalence 

of diabetes and multivessel coronary artery disease, with acute coronary syndromes the primary 

indication for PCI in this subgroup. The numbers of lesions (both overall and the treated ones) were 

as expected higher in the SSMID and SSHIGH tertiles compared to the SSLOW. Increasing angiographic 

complexity was refl ected by the increased frequency of adverse angiographic characteristics (bi- and 

trifurcations, total occlusions), and the signifi cantly longer total implanted stent length in patients 

in the higher tertiles. 

SxScore in SIRTAX at 5-years | Chapter 6.6 
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Figure 1. 

Figure 1: Scores’ distribution in the SIRTAX trial population. Histograms of SYNTAX score (left side) and 
clinical SYNTAX score (CSS-right side) with superimposed normal curves; in both cases the distribution 
is skewed to the right. Histogram for CSS is truncated at the 98th percentile value. Mean±SD values and 
median values plus inter-quartile range (IQR) are reported.
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Stratified clinical outcome

One-year outcome data across SYNTAX score tertiles is reported in table 3. The primary endpoint 

(MACE), driven mainly by TLR, was significantly higher in SSHIGH compared to SSLOW (14.2% vs. 6.9%, 

HR 2.17 [1.27-3.74], P<0.01). There was no significant difference in all-cause mortality between SYN-

TAX score tertiles (overall P=0.20). Definite stent thrombosis rates were similar between SSMID and 

SSHIGH, and not significantly higher compared to SSLOW (P value 0.11 and 0.14 respectively).

Five-year outcomes across SYNTAX score tertiles are shown in Figure 2. MACE rates were significantly 

higher in SSHIGH compared to SSLOW (24.2% vs. 12.5%, HR 2.10 [1.40-3.16], P<0.01); which was also the 

case for the endpoints of all-cause mortality, cardiac death, MI and TLR rates. Event rates did not differ 

significantly between SSMID and SSHIGH; MI and definite stent thrombosis rates were in fact numeri-

cally higher in SSMID compared to SSHIGH (8.7% vs. 8.1%, P=0.83 and 5.8% vs. 4.2%, P=0.43 respec-

tively). There was a clearer separation between Kaplan-Meier curves for all-cause mortality; however 

the difference between SSHIGH and SSMID did not reach statistical significance (P= 0.16). 

Stratifying outcomes across CSS tertiles (table 4) led to similar results for the comparisons between 

high and low score tertiles. However in this analysis, event rates for MACE and TLR were significantly 

higher in CSSHIGH compared to both CSSMID and CSSLOW at 1- and 5-year follow-up; this held also for all-

cause mortality, cardiac death and MI at 5 years. Definite stent thrombosis rates were directionally but 

not significantly higher in CSSHIGH compared to both CSSMID and CSSLOW at 1- and 5-year follow-up.

table 1: Baseline clinical characteristics

Characteristic
SS≤7

n=293
7<SS≤14

n=287
SS>14
n=268

P-value

Age (years ±SD) 60.7±10.6 61.4±11.2 63.7±11.3 0.004

Male gender, n (%) 218 (74.4) 219 (76.3) 211 (78.7) 0.48

Body Mass Index ±SD 27.4±4.2 27.4±4.0 27.0±3.8 0.41

Diabetes mellitus, n (%) 45 (15.4) 50 (17.4) 66 (24.6) 0.04

Hypertension, n (%) 171 (58.4) 175 (61.0) 160 (59.7) 0.85

Hyperlipidemia, n (%) 176 (60.1) 159 (55.4) 146 (54.5) 0.66

Current smoking, n (%) 124 (42.3) 100 (34.8) 93 (34.7) 0.41

Previous MI, n (%) 73 (24.9) 78 (27.2) 73 (27.2) 0.56

Previous PCI, n (%) 51 (17.4) 51 (17.8) 48 (17.9) 0.94

Peripheral vascular disease, n (%) 19 (6.5) 17 (5.9) 13 (4.9) 0.84

Stable angina pectoris, n (%) 163 (55.6) 115 (40.1) 108 (40.3) <0.001

Acute coronary syndromes, n (%) 130 (44.4) 172 (59.9) 160 (59.7) <0.001

     Unstable angina, n (%) 14 (4.8) 23 (8.0) 12 (4.5)

     Non ST-segment elevation MI, n (%) 74 (25.3) 61 (21.3) 63 (23.5)

     ST-segment elevation MI, n (%) 42 (14.3) 88 (30.7) 85 (31.7)

Multi-vessel coronary artery disease, n (%) 96 (32.8) 107 (58.2) 209 (78.0) <0.001

Left ventricular ejection fraction ±SD 60.2±9.4 56.8±11.4 53.3±12.6 <0.001

Serum creatinine (mg/dl ±SD) 0.93±0.33 0.95±0.54 1.02±0.83 0.14

Creatinine clearance (ml/min/1.73m2 ±SD) 98.6±34.9 99.5±35.8 91.6±34.8 0.02

MI=myocardial infarction, PCI=Percutaneous coronary intervention, SD=standard deviation, 
SS= SYNTAX score
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Stratifi ed analysis of drug-eluting stents performance

Overall adverse clinical event rates for each treatment arm are reported in table 5 for the 848 patients 

included in this sub-study. Stratifi ed comparisons of PES versus SES for clinical outcome measures at 

1 and 5 years follow-up are shown in Figures 3 and 4, respectively. Among patients in the higher SYN-

TAX score tertile, there was an increase in MACE rates with PES compared to SES at 1-year follow-up 

(20.7% vs. 8.0%, HR 2.76 [1.37-5.56], P=0.005), which was mainly driven by increased TLR rates in the 

PES arm (14.9% vs. 5.9%, HR 2.63 [1.15-6.01], P=0.02). Higher MACE rates for the PES arm persisted at 

5 years (29.3% vs. 19.3% for SES, HR 1.68 [1.02-2.77], P=0.04), whereas diff erences in TLR rates were no 

longer signifi cant (19.0% vs. 12.7%, HR 1.60 [0.86-2.98], P=0.14). The interaction term between treat-

ment arm and SYNTAX score for all endpoints at 1- and 5-year follow-up had a P value consistently 

table 2: Procedural characteristics and lesions adjudicated in SYNTAX score (SS)

Characteristics per patient
SS≤7

n=293
7<SS≤14

n=287
SS>14
n=268

P-value

Mean number of lesions ±SD 1.4±0.6 2.1±0.9 2.9±1.2 <0.001

     Bifurcation-trifurcation lesions ±SD 0.1±0.3 0.6±0.6 0.9±0.8 <0.001

     Total occlusions ±SD 0.1±0.3 0.3±0.5 0.6±0.6 <0.001

Lesions treated ±SD 1.2±0.5 1.4±0.6 1.5±0.6 <0.001

     1 lesion treated, n (%) 237 (80.9) 180 (62.7) 150 (56.0)

<0.001     2 lesions treated, n (%) 49 (16.7) 91 (31.7) 99 (36.9)

     3 lesions treated, n (%) 7 (2.4) 16 (5.6) 19 (7.1)

Mean number of stents ±SD 1.1±0.3 1.2±0.4 1.2±0.6 <0.001

Total stent length ±SD 20.5±11.4 26.9±14.8 30.0±16.8 <0.001

SES usage, n (%) 139 (47.4) 150 (52.3) 137 (51.1) 0.48

PES usage, n (%) 154 (52.6) 137 (47.7) 131 (48.9) 0.48

SD=standard deviation, SES=sirolimus-eluting stent

table 3: Clinical Events at  1-year follow-up  stratifi ed across SYNTAX Score (SS) tertiles (univariate analysis)

SSLoW 
n=293, 

%

SSmiD 
n=287, 

%

SSHiGH 
n=268, 

%

HR [95% Ci] 
SSmiD vs. 

SSLoW

P 
value

HR [95% Ci]
SSHiGH vs. 

SSLoW

P 
value

P-value
overall

Death
1.0 1.4 3.0 1.36 [0.31-6.08] 0.69

2.95 [0.78-
11.12]

0.11 0.20

Cardiac death
0.7 0.3 2.6 0.51 [0.05-5.64] 0.58

3.86 [0.80-
18.60]

0.09 0.06

Myocardial 
infarction 

1.7 4.2 4.5 2.48 [0.88-7.05] 0.09
2.66 [0.94-

7.56]
0.07 0.16

TLR (ID)
5.1 9.5 10.2 1.89 [1.01-3.55] <0.05

2.06 [1.10-
3.88]

0.02 0.06

MACE (ID) 6.9 10.8 14.2 1.63 [0.93-2.85] 0.09
2.17 [1.27-

3.74]
<0.01 0.02

Stent thrombosis 
(defi nite)

0.7 2.4 2.3
3.60 [0.75-

17.35]
0.11

3.32 [0.67-
16.46]

0.14    0.26

CI=confi dence interval, ID=ischemia driven, MACE=major adverse cardiac events, TLR=target lesion revas-
cularization
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larger than 0.05; respective values for MACE, all-cause mortality and TLR were 0.38, 0.39 and 0.69 at 

1-year and 0.31, 0.75 and 0.58 at 5-year follow-up, respectively.

Stratifying outcome across CSS tertiles led to the same conclusions regarding the performance of 

PES vs. SES; in fact diff erences in MACE and TLR rates at 1- and 5-year follow-up within CSSHIGH were 

slightly augmented (not shown).

SxScore in SIRTAX at 5-years | Chapter 6.6 
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Figure 2. 

Figure 2: Clinical outcome at 5-year follow-up stratifi ed across SYNTAX score (SS) tertiles. Kaplan-Meier 
curves are presented for major adverse cardiac events (MACE), ischemia-driven target lesion revasculariza-
tion (TLR), myocardial infarction, all-cause mortality (death) and cardiac death, and defi nite stent throm-
bosis (ST). Tertiles for SYNTAX score were defi ned as SSLOW≤7, 7<SSMID≤14, SSHIGH>14. Pairwise com-
parison results are presented as hazard ratios (HR) plus 95% confi dence intervals and respective P-values.  
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multivariate analysis

Independent predictors for MACE and all-cause mortality at 5-year follow-up are reported in tables 6 

and 7. If used as a continuous variable, SYNTAX score emerged as an independent predictor of MACE, 

but not of mortality; CSS did not make it to the final model either for MACE of mortality. Taking the 

skewness in the SYNTAX score and CSS distribution into consideration, these scores were used as cat-

egorical variables (tertile distribution) in multivariate analysis as well. In these models, CSS emerged 

as an independent predictor of both MACE (P= 0.002) and mortality (P=0.02) at 5-years after the 

index intervention. The number of lesions treated (HR 1.54 [1.21-1.98], P=0.001) was an independent 

predictor of MACE, whilst age (HR 1.05 [1.02-1.08] per year, P<0.001) and diabetes mellitus (HR 2.08 

[1.27-3.43], P=0.004) were independent predictors of mortality beyond categorical CSS.

SYNtAX Score vs. CSS

The ROC curves for MACE and all-cause mortality at 5-year follow-up are shown in Figure 5. The area-

under-the-curve for the SYNTAX score and CSS for 5-year MACE was 0.61 and 0.62, and for 5-year 

mortality 0.58 and 0.66 respectively. 

dISCUSSION

The main findings of this study indicate that the SYNTAX score, and to a greater extent the CSS, 

have an important role to play in the risk stratification of short- and long-term outcomes in patients 

undergoing PCI, with both scores identified as independent predictors of 5-year mortality and MACE. 

An additional potential role of the SYNTAX score in the assessment of stent performance was also 

identified. 

table 5: Clinical Events at  1- and 5-year follow-up by treatment arm (univariate analysis)

PeS
n=422, %

SeS
n=426, %

HR [95% Ci]  
PeS vs. SeS

P value

1-year outcome
Death 2.1 1.4 1.53 [0.54-4.29] 0.42

Cardiac death 1.4 0.9 1.52 [0.43-5.40] 0.51

Myocardial infarction 4.1 2.8 1.44 [0.69-3.02] 0.33

TLR (ID) 10.8 5.7 1.95 [1.19-3.20] 0.008

MACE (ID) 13.6 7.5 1.86 [1.20-2.86] 0.005

Stent thrombosis 1.7 1.9 0.88 [0.32-2.44] 0.81

5-year outcome
Death 8.4 8.8 0.97 [0.61-1.54] 0.89

Cardiac death 5.1 4.6 1.13 [0.61-2.10] 0.70

Myocardial infarction 7.3 5.8 1.28 [0.75-2.20] 0.36

TLR (ID) 14.8 12.3 1.26 [0.87-1.82] 0.23

MACE (ID) 20.7 17.7 1.22 [0.90-1.67] 0.20

Stent thrombosis 4.2 4.1 1.02 [0.52-2.00] 0.96

 CI=confidence interval, ID=ischemia driven, MACE=major adverse cardiac events, PES=paclitaxel-eluting 
stent, SES=sirolimus-eluting stent, TLR=target lesion revascularization
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Figure 3. 

Figure 3: Stratifi ed comparison between sirolimus- and paclitaxel-eluting stents (SES-PES) treatment 
arms for clinical outcomes at 1-year follow-up. Events are stratifi ed across SYNTAX score tertiles defi ned 
as SSLOW≤7, 7<SSMID≤14, SSHIGH>14. Clinical events abbreviations as defi ned in legend under Figure 2.
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Figure 4. 

Figure 4: Stratifi ed comparison between sirolimus- and paclitaxel-eluting stents (SES-PES) treatment 
arms for clinical outcomes at 5-year follow-up. Events are stratifi ed across SYNTAX score tertiles defi ned 
as SSLOW≤7, 7<SSMID≤14, SSHIGH>14. Clinical events abbreviations as defi ned in legend under Figure 2.

Scot BW.indb   439 01-03-11   11:58



440

Although the current study employed comparable inclusion criteria to the two most recent all-com-

ers studies, the mean SYNTAX score of 11.7 was lower than the 13.5 and 14.6 seen in the LEADERS and 

RESOLUTE studies, respectively.7-8 This observation is not surprising considering the differing time 

periods when patients were enrolled in the three studies (SIRTAX 2003-2004, LEADERS 2006-2007, 

RESOLUTE 2008), and the increasing number of co-morbidities now seen in patients presenting for 

revascularization. Consistent with these differences, were the lower rates of 1-year mortality and MI 

seen in corresponding tertiles of the SYNTAX score between the present study and the LEADERS 

study. On the other hand, the only cohort where the CSS had been studied so far is the ARTS II trial 

population,14 which enrolled patients during a similar time to the SIRTAX study, however inclusion 

criteria required patients to have at least two-vessel coronary artery disease.18 The prevalence of 

multi-vessel disease in SIRTAX was close to 60%,15 and therefore the lower mean CSS, and lower CSS 

tertile cut-offs seen in the current study are entirely expected. 

The SYNTAX score has been proven efficient in stratifying risk for adverse clinical outcomes in 

patient cohorts as diverse as the three-vessel ±left main coronary artery disease PCI population in 

table 6: Univariate and multivariate predictors of MACE at 5-years follow-up.

Variables
Univariate analysis multivariate analysis

HR [95% Ci] P value HR [95% Ci] P value
Age* 1.01 [1.00-1.03] 0.06

Diabetes mellitus 1.46 [1.01-2.11] 0.04

Peripheral vascular disease 1.69 [0.96-2.99] 0.07

SYNTAX score* 1.04 [1.02-1.06] <0.001 1.03 [1.01-1.05] 0.002

Clinical SYNTAX Score* 1.01 [1.01-1.01] <0.001

Creatinine clearance* 0.99 [0.99-1.00] 0.06

LVEF* 0.99 [0.98-1.00] 0.06

Number of lesions treated 1.67 [1.32-2.11] <0.001 1.54 [1.20-1.98] 0.001

Total stent length* 1.01 [1.01-1.02] 0.002

CI=confidence interval, HR=hazard ratio, LVEF=left ventricular ejection fraction, MACE=major adverse car-
diac events  *per unit increase

Table 7: Univariate and multivariate predictors of mortality at 5-years follow-up.

Variables
Univariate analysis multivariate analysis

HR [95% Ci] P value HR [95% Ci] P value
Age* 1.07 [1.04-1.09] <0.001 1.06 [1.04-1.09] <0.001

Diabetes mellitus 2.72 [1.66-4.43] <0.001 2.18 [1.33-3.59] 0.002

Peripheral vascular disease 2.34 [1.12-4.89] 0.02

Hypertension 2.04 [1.16-3.57] 0.01

SYNTAX score* 1.04 [1.02-1.06] <0.001

Clinical SYNTAX Score* 1.01 [1.01-1.01] <0.001

Creatinine clearance* 0.99 [0.98-0.99] <0.001

LVEF* 0.98 [0.96-1.00] 0.04

Number of lesions treated 1.42 [0.99-2.04] 0.06

CI=confidence interval, HR=hazard ratio, LVEF=left ventricular ejection fraction
*per unit increase
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the SYNTAX trial,2-3 a registry of patients with left main disease reported by Capodanno et al,4 and 

the aforementioned ARTS-II, LEADERS and RESOLUTE populations.5-8 As mean SYNTAX score val-

ues decrease in a population with less complex disease, one would hypothesize that diff erences in 

clinical outcome between individuals would go increasingly undetected by a score solely based on 

angiographic parameters; clinical variables such as the ones incorporated in the CSS, may therefore 

compensate for this possible decrease in sensitivity of the SYNTAX score. The current study under-

took the stratifi cation of clinical outcome measures by both indices, in order to highlight this eff ect. 

Hard qualitative fi ndings observed with analysis using the SYNTAX score, such as the signifi cant dif-

ference in event rates between high and low tertiles for MACE at one-and 5-year, were confi rmed 

using the CSS based stratifi cation. However P-values for pairwise and overall comparisons over strata 

for all clinical endpoints became more signifi cant with the CSS; moreover, separation of event rates in 

the high compared to the mid tertiles reached statistically signifi cance for MACE, mortality, and TLR 

at 1- and 5-year follow-up, implying a more refi ned risk stratifi cation with the CSS. 

This refi nement in stratifi cation resulted in an increased predictive accuracy for the CSS compared to 

the SYNTAX score, both for MACE but especially for mortality at 5-years, as previously documented in 

the ARTS-II sub-study by means of C-statistics.14 Individual components included in MACE, especially 

TLR, are expected to be more sensitive to measures of angiographic complexity, such as the SYN-

TAX score. On the other hand, very long-term mortality, as also shown in the multivariate analysis, is 

expected to be dependent on well-known predictors of outcome after PCI such as age and diabetes 

mellitus; age is included in the CSS, whilst diabetes mellitus is known to impact on renal function. 

Similarly, the euroSCORE,19-20 which has also been shown to be eff ective in risk stratifying patients 

undergoing percutaneous or surgical revascularization does not include assessment of diabetic sta-

tus, but renal function. 

SxScore in SIRTAX at 5-years | Chapter 6.6 
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Figure 5. 

 

 

Figure 5: Receiver operating characteristic (ROC) curves for SYNTAX score and clinical SYNTAX score (CSS). 
Left side: ROC curve for 5-year major adverse cardiac events (MACE) Right side: ROC curve for 5-year all-
cause mortality (death). AUC=area-under-the-curve, CI=confi dence interval.
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An added finding of our study is the differential performance of PES and SES for patients stratified 

across SYNTAX score and CSS tertiles. It is the second time after the LEADERS trial 21 that the SYN-

TAX score has been shown to identify a subgroup, where there is a difference in clinical outcomes 

between devices. In the original SIRTAX trial publication,15 there was a significant, almost two-fold, 

increase in the primary endpoint at 9-month follow-up in patients allocated to PES compared to 

SES; this difference in MACE was mainly driven by the increased TLR rates in the PES treatment arm 

and was attributed to increased angiographic or procedural complexity. In successive reports from 

the same group, similarly significant differences in 2-year MACE have been reported between PES 

and SES, when implanted in vessels with a reference size <2.75mm,22 or when studied separately in 

diabetic patients in a pre-specified analysis.23 In both analyses, differences in MACE were driven by 

significantly decreased TLR rates with SES. Not unexpectedly, in our study, significantly increased 

MACE rates with PES were observed at 1- and 5-year follow-up within the subgroup of patients with 

increased angiographic complexity. Respective hazard ratios were inflated, when MACE was strati-

fied across the CSS tertiles; a plausible reason was the integration of clinical factors such as creati-

nine clearance and left ventricular ejection fraction in the CSS, which are known to induce adverse 

outcome after PCI.11-12 Beyond SIRTAX, there have been conflicting reports comparing PES with SES. 

Detected differences in late lumen loss favoring the use of SES, usually failed to translate into signifi-

cant differences in clinical outcome,24-27 whereas meta-analysis of 16 randomized trials of SES versus 

PES reported significant reductions in TLR and stent thrombosis rates with SES at a median of 2-year 

follow-up.28 Of note, the late catch-up phenomenon29-30 may have been responsible for limiting the 

difference in MACE and TLR rates over time observed in our study; however MACE rates remained 

significantly higher with PES compared to SES in the higher score tertiles at 5-year follow-up. Finally, 

it should be recognized that this was a subgroup analysis, not pre-specified in the original study, thus 

the superiority seen with SES could be the result of a type I error.

LIMITATIONS

The current study is limited by its post-hoc nature. As the cardiologists adjudicating the diagnostic angio-

grams were blinded to procedural data, and taking into account the modest reproducibility of SYNTAX 

score even among experienced cardiologists,31 a discrepancy in results cannot be ruled out, would the 

scores have been collected prospectively. However, in the case of the SIRTAX trial, this is purely hypo-

thetical, as the SYNTAX score algorithm had not been developed at the time of patient enrolment.

Well known limitations of the SYNTAX score should also be acknowledged. Patients with prior CABG 

had to be excluded from the study; moreover, scoring acute coronary occlusions as total occlusions 

may have resulted in an inflation of the individual scores overestimating the complexity of recanali-

zation. However, it has been recently shown that SYNTAX score values derived after the instrumen-

tation of the infarct-related artery and therefore probably lower compared to the values derived 

with the standard method, could have resulted in an erroneous risk stratification; it should not be 

overlooked that the absence of flow itself holds an adverse impact on long-term outcome.9 More-

over, irrespective of the method used, SYNTAX score for acute MI patients was proven to improve the 
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discriminatory power of models solely based on clinical variables, such as the TIMI risk score.32 Lastly, 

in our study, multivariate analysis for MACE and all-cause mortality adjusted for clinical presentation, 

rendering continuous SYNTAX score and categorical CSS as independent predictors of outcome.

CONCLUSIONS

The SYNTAX score and the CSS successfully stratified risk for very long-term adverse clinical outcome 

in an all-comers population receiving drug-eluting stents. Predictive accuracy for 5-year mortality 

was improved using the CSS. Within the highest score tertiles 5-year MACE increased with use of pacl-

itaxel- compared to sirolimus-eluting stents. This study is yet another step to map the performance 

of SYNTAX score and CSS in the entire range of coronary artery disease seen in daily clinical practice.
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Impact of Completeness of Revascularization on the Five-Year
Outcome in Percutaneous Coronary Intervention and Coronary

Artery Bypass Graft Patients (from the ARTS-II Study)

Giovanna Sarno, MD, PhDa, Scot Garg, MB, ChBa, Yoshinobu Onuma, MDa,
Juan-Luis Gutiérrez-Chico, MD, PhDa, Marcel J.B.M. van den Brand, MD, PhDb,

Benno J.W.M. Rensing, MDc, Marie-angele Morel, BScb, and Patrick W. Serruys, MD, PhDa,* on
Behalf of the ARTS-II Investigators

The aim of this study was to compare clinical outcome at 5 years in patients with complete and
incomplete revascularization treated with coronary artery bypass grafting (CABG) and percu-
taneous coronary intervention (PCI) with drug-eluting stents. Baseline and procedural angio-
grams and surgical case-record forms were centrally assessed for completeness of revascular-
ization. Patients treated with PCI for incomplete revascularization were stratified according to
Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery (SYN-
TAX) score tertiles. Complete revascularization was achieved in 360 of 588 patients (61.2%) in
the PCI with sirolimus-eluting stent group and 477 of 567 patients (84.1%) in the CABG group
(p <0.05). There was no significant difference in 5-year survival without major adverse cardiac
and cerebrovascular events (MACCEs; death, cerebrovascular accident, myocardial infarction,
and any revascularization) between patients with complete and incomplete revascularization
treated with PCI or CABG. Survival free from MACCEs in patients with incomplete revas-
cularization treated with PCI was significantly lower than those with complete revasculariza-
tion treated with CABG (hazard ratio 1.66, 0.96 to 1.80, log-rank p � 0.001). The 5-year
MACCE-free survival in patients with incomplete revascularization treated with PCI stratified
according to SYNTAX score tertiles showed a significantly lower MACCE survival in the
higher SYNTAX tertile compared to the low (hazard ratio 0.56, 0.32 to 0.96, log-rank p � 0.04)
and intermediate (hazard ratio 0.50, 0.28 to 0.91, log-rank p � 0.02) tertiles, whereas survival
between the low and intermediate SYNTAX tertiles was not significantly different (hazard ratio
1.13, 0.60 to 2.13, log-rank p � 0.71). In conclusion, this study suggests that patients with
complex coronary disease, in whom complete revascularization cannot be achieved with PCI,
should be offered surgical revascularization. However, in those patients with less complex
disease, PCI is a valid alternative even if complete revascularization cannot be
achieved. © 2010 Elsevier Inc. All rights reserved. (Am J Cardiol 2010;106:1369–1375)

The aim of this study was to compare differences in
clinical outcome at 5-year follow-up in patients with com-
plete and incomplete revascularization treated with coro-
nary artery bypass grafting (CABG) and percutaneous cor-
onary intervention (PCI) with drug-eluting stents (DESs).

Methods

The method of the part-II Arterial Revascularisation
Therapies (ARTS-II) study has been published previously.1

In brief, the study was a multicenter, nonrandomized, open-
label trial designed to compare the safety and efficacy of the
sirolimus-eluting stent in patients with de novo multivessel
coronary artery disease, using the surgical group of the

ARTS-I study as historical controls. The ARTS-I and
ARTS-II studies used the same inclusion criteria.1,2

Patients with stable angina, unstable angina, or silent
ischemia who had �2 coronary lesions in different major
epicardial vessels and/or their side branches (excluding the
left main coronary artery) that were potentially amenable to
stent implantation were eligible for inclusion. All patients
were required to have a lesion with a diameter stenosis
�50% in the left anterior descending coronary artery and
�1 other major epicardial coronary artery.

The goal was to achieve complete anatomic revascular-
ization. One totally occluded major epicardial vessel or side
branch could be included. Coronary lesions were required to
be amenable to stenting using a sirolimus-eluting stent with
diameter of 2.5 to 3.5 mm and length of 13 to 33 mm; there
was no restriction on total implanted stent length.

The major exclusion criteria were patients with previous
coronary intervention, left main coronary disease, overt
congestive heart failure, left ventricular ejection fraction
�30%, history of a cerebrovascular accident, transmural
myocardial infarction in the preceding week, severe hepatic

aThoraxcenter, Erasmus Medical Center, Rotterdam, The Netherlands;
bCardialysis BV, Rotterdam, The Netherlands; and cAntonius Hospital,
Nieuwegein, The Netherlands. Manuscript received April 4, 2010; revised
manuscript received and accepted June 28, 2010.

*Corresponding author: Tel: 31-10-463-5260; fax: 31-10-463-5260.
E-mail address: p.w.j.c.serruys@erasmusmc.nl (P.W. Serruys).
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or renal disease, neutropenia or thrombocytopenia, an intol-
erance or contraindication to acetylsalicylic acid or thien-
opyridines, need for concomitant major surgery, and life-
limiting major concomitant noncardiac diseases.

Surgical techniques for patients randomized to surgery
were also standardized. The left anterior descending coro-
nary artery and/or diagonal branches were revascularized
using the left internal mammary artery. Other vessels were
bypassed with venous bypass grafts.

This study analyzed clinical outcomes from the 567
patients with CABG from ARTS-I and 588 patients from
ARTS-II treated with DESs who had completeness of re-
vascularization assessed.

After the index revascularization procedure an indepen-
dent core laboratory (Cardialysis BV, Rotterdam, The Neth-
erlands) reviewed all diagnostic coronary angiograms to
assess completeness of revascularization. The coronary ar-
terial tree was subdivided into 15 segments according to
American Heart Association/American College of Cardiol-
ogy criteria.3 All lesions with diameter stenosis �50% in a
vessel with a reference diameter �1.50 mm were scored as
potentially amenable to treatment. If all such defined seg-
ments had been treated according to the surgical report on
the case-record form, the surgical procedure was scored as
a complete revascularization. If �1 segment was left unby-
passed, the patient was considered to have incomplete re-
vascularization. Any patient with grafts bypassing �1 non-
significant lesion and all significant lesions was included in
the completely revascularized subgroup. Patients treated

with grafts bypassing nonsignificant lesions who also had
significant lesions that were left untreated were included in
the incompletely revascularized subgroup.

For patients treated with PCI, diagnostic and procedural
angiograms were reviewed. Patients were considered to
have complete revascularization if all lesions with �50%
diameter stenosis had been successfully treated. Those pa-
tients in whom attempt was made to treat �1 significant
lesion or whose treatment resulted in a final diameter ste-
nosis �50% were considered to have incomplete revascu-
larization.

Degree of incompleteness of revascularization with ei-
ther technique was further specified by dividing coronary
artery segments into main and side branches. The proximal
left anterior descending coronary artery (segments 6 and 7),
proximal left circumflex artery (segment 11 and, in case of
left dominance, segment 13), and proximal right coronary
artery (segments 1, 2, and 3) were scored as main branches.
All other segments were scored as side branches (12). The
completeness of revascularization was then scored for the
main branches, the side branches, or a combination of such
defined vessels.

In addition, a detailed coronary risk score that has been
previously published and tested in a subgroup of ARTS-II
patients with 3-vessel disease (Synergy between Percutane-
ous Coronary Intervention with Taxus and Cardiac Surgery
[SYNTAX] score) was used to characterize the complexity
of the coronary anatomy.4 In brief, each coronary lesion
producing �50% luminal obstruction in vessels �1.5 mm

Table 1
Clinical and angiographic characteristics per patient

Variable CABG
(n � 567)

PCI With DES*
(n � 588)

Complete Incomplete Complete Incomplete
(n � 477) (n � 90) (n � 360) (n � 228)

Men 367 (76.9%) 63 (68.9%) 277 (76.1%) 176 (77.2%)
Age (years), mean � SD 61 � 9 62 � 10 62 � 10 63 � 10†

Stable angina pectoris 280 (58.7%) 53 (58.9%) 181 (50.3%) 134 (58.8%)
Unstable angina pectoris 197 (41.3%) 37 (41.1%) 179 (49.7%) 94 (41.2%)
Previous myocardial infarct 33 (36.7%) 204 (46.9%) 116 (32.2%) 82 (36.0%)
Previous percutaneous coronary intervention 10 (2.1%) 3 (3.3%)‡ 2 (0.6%) 0 (0.0%)
Previous smoker 221 (46.3%) 33 (48.9%) 151 (41.9%) 91 (39.9%)
Current smoker 127 (26.6%) 17 (18.9%) 70 (19.4%) 46 (20.2%)
Diabetes mellitus 72 (15.0%) 21 (23.3%) 91 (25.3%) 61 (26.8%)
Hypercholesterolemia (�190 mg/dl) 286 (60.0%) 42 (46.7%)‡§ 276 (69.7%) 159 (77.1%)
Hypertension (�165/95 mm Hg) 208 (43.6%) 49 (54.4%) 232 (64.4%) 162 (64.4%)
Logistic EuroSCORE (%), mean � SD 2.02 � 1.63 2.22 � 1.64 2.13 � 1.48 2.21 � 1.63
SYNTAX score, mean � SD — — 18.8 � 8.9 23.5 � 9.6*
Only main branch untreated/patient — 24/90 (26.7%) — 3/228 (1.3%)‡

Only side branch untreated/patient — 63/90 (70.0%) — 143/228 (62.8%)
Main and side branches untreated/patient — 3/90 (3.3%) — 82/228 (35.9%)‡

Number of diseased vessels/patient, mean � SD 2.30 � 0.50 2.70 � 0.50§ 2.47 � 0.49 2.62 � 0.48*
Number of lesions/patient, mean � SD 2.60 � 0.80 3.70 � 1.10§ 3.22 � 1.11 4.05 � 1.30*
Number of stents implanted/patient, mean � SD — — 3.62 � 1.49 3.72 � 1.52
Total stent length (mm), mean � SD — — 71.20 � 30.91 73.62 � 32.72

* Not significant for PCI DES complete versus PCI DES incomplete.
† Post hoc multiple comparison analysis: p �0.05 for PCI DES incomplete versus CABG complete revascularization group.
‡ p �0.05 for CABG incomplete versus PCI DES incomplete.
§ p �0.05 for CABG complete versus CABG incomplete.
EuroSCORE � European System for Cardiac Operative Risk Evaluation.

1370 The American Journal of Cardiology (www.ajconline.org)

Scot BW.indb   450 01-03-11   11:58



451

Completeness of revascularization in ARTS-II  Chapter 6.7

was separately scored and added to provide the overall
SYNTAX score. The SYNTAX score was calculated using
a dedicated software that integrates the number of lesions
with their specific weighting factors based on the amount of
myocardium distal to the lesion according to the score of
Leaman et al5 and the morphologic features of each single
lesion, as previously reported.6 Baseline SYNTAX scores in
the ARTS-I study were not calculated because the baseline
cine angiograms are no longer available.

Deaths included death from any cause. Cerebrovascular
accidents included transient ischemic attacks, reversible
neurologic deficits, intracranial hemorrhage, and ischemic
stroke.

Myocardial infarction was defined in the first 7 days after
the intervention, if there was documentation of new abnor-
mal Q waves and a ratio of serum creatinine kinase-MB
isoenzyme to total creatinine kinase that �0.1 or a creati-
nine kinase-MB value that was 5 times the upper limit of
normal. Serum creatinine kinase and creatinine kinase-MB
isoenzyme concentrations were measured 6, 12, and 18
hours after the intervention. Commencing 8 days after the
intervention (length of hospital stay after surgery), abnor-
mal Q waves or enzymatic changes, as described earlier,
were sufficient for a diagnosis of myocardial infarction.
Myocardial infarction was confirmed only after the relevant
electrocardiograms had been analyzed by the core labora-
tory and adjudicated by the clinical events committee. In-
cidence of stent thrombosis was determined according to
Academic Research Consortium definitions.7

Continuous variables are expressed as mean � SD and
were compared using analysis of variance and Tukey post
hoc test for multiple comparisons of all pairs. Categorical
data are presented as frequency (percentage) and were com-
pared using chi-square test or Fischer’s exact test. Survival
curves were constructed for time-to-event variables using
Kaplan-Meier estimates and compared by log-rank test.

Results

Angiograms from 1,155 patients (97.4%) were available
for central analysis. In the PCI DES group, 588 (96.9%) of
607 angiograms were reviewed, whereas for bypass surgery,
567 (97.9%) of 579 angiograms were available. Complete
revascularization was achieved in 360 of 588 patients
(61.2%) in the PCI DES group and 477 of 567 patients
(84.1%) in the CABG group (p �0.05).

Baseline demographics of patients with complete and
incomplete revascularization from the CABG and PCI DES
groups are presented in Table 1. Patients in the PCI group
whose revascularization was incomplete were significantly
older than those treated with CABG whose revasculariza-
tion was complete.

Angiographic characteristics are presented in Table 2.
Number of diseased vessels and number of lesions per
patient were significantly higher in the incompletely revas-
cularized groups compared to the completely revascularized
groups irrespective of type of revascularization. Patients
with incomplete revascularization who were treated with
PCI had significantly more lesions that were �20 mm in
length and moderately/heavily calcified and totally occluded
compared to those with incomplete revascularization treated
with CABG. Number of calcified and totally occluded le-
sions was significantly higher in patients with PCI DESs
and incomplete revascularization compared to patients with
PCI DES and complete revascularization. Procedural suc-
cess rate for PCI of calcified and totally occluded lesions
was 65.6% (22 of 32).

Five-year Kaplan-Meier curves for major adverse car-
diac and cerebrovascular events (MACCEs; composite of
death, cerebrovascular accident, myocardial infarction, and
any revascularization) after complete and incomplete revas-
cularization with CABG and PCI are shown in Figure 1.

Survival free from MACCEs (Figure 1) in patients with

Table 2
Angiographic and procedural characteristics per lesion

Variable CABG
(n � 1,635 lesions)

PCI With DES
(n � 2,160 lesions)

Complete Incomplete Complete Incomplete
(n � 1,312 lesions) (n � 323 lesions) (n � 1,175 lesions) (n � 985 lesions)

Narrowed coronary artery
Right 397 (30.3%) 84 (26.0%) 353 (30.2%) 275 (27.9%)
Left circumflex 375 (28.6%) 103 (32.8%) 337 (28.7%) 297 (30.2%)
Left anterior descending 540 (41.1%) 133 (41.2%) 483 (41.1%) 413 (41.9%)

Lesion characteristics
Lesion length (visual) (percent lesions)
Discrete (�10 mm) 840 (67.2%) 217 (72.3%)* 715 (60.9%) 543 (55.1%)†

Tubular (10–20 mm) 329 (26.3%) 62 (20.7%)*‡ 291 (24.8%) 272 (27.6%)
Diffuse (�20 mm) 81 (6.5%) 21 (7.0%)* 125 (10.6%) 120 (12.2%)
Small vessels (�2.5 mm) 71 (6%) 128 (13%)†

Moderate/heavy calcium 177 (14.2%) 52 (17.3%)* 321 (27.3%) 322 (32.7%)†

Thrombus containing lesions 19 (1.5%) 4 (1.3%)* 9 (0.8%) 2 (0.2%)
Long-term total occlusion 76 (5.8%) 23 (7.1%)* 18 (1.5%) 32 (3.2%)†

Bifurcation with side branch involvement 384 (36.0%) 108 (30.7%) 364 (31.0%) 337 (34.2%)

* p �0.05 for CABG incomplete versus PCI incomplete.
† p �0.05 for PCI complete versus PCI incomplete.
‡ p �0.05 for CABG complete versus CABG incomplete.
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incomplete revascularization and PCI was numerically
lower than in patients with incomplete revascularization and
CABG (hazard ratio 1.52, 0.91 to 0.2.52, log-rank p � 0.10)
and significantly lower than the completely revascularized
CABG group (hazard ratio 1.66, 0.96 to 1.80, log-rank p �
0.001). The Kaplan-Meier curve for MACCEs of the PCI
DES incompletely revascularized group shows a crossing
point with the incompletely revascularized CABG group at
6 months, whereas the survival curve of the PCI DES com-
pletely revascularized group diverges from the CABG com-
pletely revascularized group after 2 years with a decrease of
survival rate free from MACCEs in the PCI completely

revascularized group from 87% at 2 years up to 75% at
5-year follow-up.

Figure 1 shows 5-year survival free from MACCEs in
the incompletely revascularized PCI DES group stratified
according to SYNTAX score tertile distribution. Of note,
the 5-year event-free survival in the low (SYNTAX score
�19) and intermediate (SYNTAX score �19 to �26.5)
tertiles was significantly better than in the higher tertile
(SYNTAX score �26.5) and similar to the completely and
incompletely CABG groups or the completely revascular-
ized PCI group.

Five-year Kaplan-Meier curves for death, for the com-
posite of death, cerebrovascular accident, and myocardial
infarction, for any revascularization, and for the composite
of definite/probable stent thrombosis after complete and
incomplete revascularization with CABG and PCI are
shown in Figure 2.

Table 3 presents the 5-year cumulative incidence of
major adverse events in the 4 subgroups. Need for repeat
revascularization and rate of nontarget lesion revasculariza-
tion in the incompletely revascularized PCI DES group
were significantly higher compared to the completely revas-
cularized PCI DES group.

Definite stent thrombosis according to Academic Re-
search Consortium definitions occurred in 6 of 228 patients
(2.6%) in the PCI incompletely revascularized group versus
14 of 360 patients (3.9%) in the PCI completely revascu-
larized group (p � 0.45), whereas the composite of definite
or probable stent thrombosis occurred in 15 of 228 patients
(6.5%) in the PCI incompletely revascularized group versus
31 of 360 patients (8.6%) in the PCI completely revascu-
larized group (p � 0.41).

Discussion

The main finding of this study is that in patients with
incomplete revascularization and PCI, only those in the
highest SYNTAX score tertile had a higher rate of adverse
events at 5 years compared to patients treated with CABG.
Conversely, outcomes in patients with incomplete revascu-
larization and PCI with low/intermediate SYNTAX scores
were not significantly different from those patients who had
complete revascularization with CABG or PCI. These find-
ings reiterate the need for a careful assessment of the ana-
tomic complexity and lesion characteristics in patients with
multivessel coronary disease to facilitate the decision on the
most appropriate revascularization strategy.

This study provides complementary evidence to recent
studies4,8–10 that have demonstrated that surgical revascu-
larization is the most appropriate method of revasculariza-
tion in patients with complex anatomy and a high SYNTAX
score, a group of patients in whom complete revasculariza-
tion is least likely to be achieved percutaneously. However,
these studies are limited by a relatively short follow-up. To
date, there is no study with such long-term outcome (5
years) comparing the effect of completeness of revascular-
ization between CABG and PCI with DESs.

There are many possible explanations why a patient may
not have complete revascularization after PCI or CABG. By
all intents and purposes, complete revascularization is an-
ticipated when patients undergo surgical revascularization.

Figure 1. Kaplan-Meier survival curves at 5-year follow-up for composite
of death, cerebrovascular accident [CVA], myocardial infarction [MI], and
any revascularization (A) in the CABG completely revascularized (CR)
(purple line), CABG incompletely revascularized (IR) (yellow line), PCI
CR (green line), and PCI IR (blue line) groups and (B) for the incompletely
revascularized PCI subgroup stratified according to low (�19) (blue line),
intermediate (�19 to �26.5) (green line), and high (�26.5) (red line)
SYNTAX score tertiles. HR � hazard ratio.
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However, at the time of surgery factors such as a lack of
suitable conduits or presence of small native vessels may
become apparent that prevent complete revascularization. In
addition, previous PCI with stents, particularly in patients
with a “full-metal jacket,” may limit the location at which
bypasses can be attached.

Incomplete percutaneous revascularization may occur
unintentionally, for example, after a failed attempt at open-
ing a calcified and totally occluded vessel. Intentionally it
may occur if operators have decided to “stage” the PCI, or
if procedural time has been prolonged in view of the risk of
radiation or after an excessive contrast load. It is likely that
these were the main reasons for the incomplete revascular-
ization of patients with PCI in this study. Indeed, the rate of
failed calcified and totally occluded vessels was signifi-
cantly higher in the PCI incompletely revascularized group
compared to the PCI completely revascularized group.

In this study use of the SYNTAX score enabled the
identification of those patients (SYNTAX score �26.5)
with incomplete revascularization who do not develop sig-

nificant adverse events at long-term follow-up compared to
patients with complete revascularization.

The SYNTAX score6,11 was initially designed to better
anticipate the risks of percutaneous or surgical revascular-
ization, taking into account the functional impact of the
coronary circulation with all its anatomic components such
as bifurcations, total occlusions, thrombus, calcifications,
small vessels, etc. Therefore, it is not merely an anatomic
score but it also takes into account the functional relevance
of a lesion according to its location and relative amount of
blood supply to the myocardium. Recent studies have dem-
onstrated that it has also a role in short- and long-term risk
stratification of patients having PCI.1,4,8–10,12,13

In the study protocol the definition of incomplete revas-
cularization required the presence, after the procedure, of
stenosis �50% in a vessel with a reference diameter �1.5
mm. However, use of only an anatomic definition is limiting
to understand the clinical implications when leaving un-
treated lesions. It is not difficult to recognize that an un-
treated lesion in a diagonal branch or a distal right coronary

Figure 2. Kaplan-Meier survival curves at 5-year follow-up up for death (A), for the composite of death, cerebrovascular accident, and myocardial infarction
(B), for any revascularization (C), and for the composite of definite/probable stent thrombosis (D) in the CABG CR (purple line), CABG IR (yellow line),
PCI CR (green line), and PCI IR (blue line) groups. Abbreviations as in Figure 1.
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artery is less prognostically significant compared to an un-
treated proximal left anterior descendent artery.14 The
SYNTAX score is able to discriminate between lesions with
different vessel location and angiographic characteristics.

The results of this study confirm previous findings of the
ARTS-I substudy that showed no significant difference in
the safety end point (death, cerebrovascular accident, myo-
cardial infarction) at 1 year between the CABG and PCI
groups, whereas the only difference was in need for repeat
revascularization at 1 year.15 The greater requirements for
repeat revascularization after PCI compared to CABG are
well known.1,8,12,16,17 Indeed, this study has shown that
survival free from any revascularization was significantly
lower in the 2 PCI groups compared to the 2 CABG groups,
with a steep decrease in survival rate in the 2 PCI groups at
6 months and after 1 year.

Of note, survival rate free from the composite of definite
or probable stent thrombosis in the 2 PCI groups showed an
early decrease with a further decrease at 1 year. Surpris-
ingly, a further decrease was observed in the PCI com-
pletely revascularized group after 2 years with a decrease of
survival rate from 97.3% to 91.1%. There is not a clear
explanation for this finding and particularly the number of
implanted stent per patient was similar in the completely
and incompletely revascularized PCI groups.

At variance with previous studies16,18–21 was the absence
of any significant difference in MACCEs and subsequent
repeat revascularization rate between the incompletely and
completely revascularized CABG groups. This may be the
result of the sample size, which was underpowered to detect
a significant difference, or because assessment of complete-
ness of revascularization in the CABG group relied on the
operation note prepared by the cardiac surgeon and not on
coronary angiogram after CABG. Therefore, it is likely that
some surgical patients, deemed to have had a complete
revascularization according to the surgical report, would
have been assigned to the incompletely revascularized

group if a coronary angiogram had been obtained after
CABG. In a recent study coronary angiography immedi-
ately after CABG indicated the presence of significant an-
giographic defects (conduit defects, anastomotic defects,
target vessel errors) in 12% of coronary grafts.22

The concept of completeness of revascularization is cur-
rently evolving; as reported by Ong et al,23 several defini-
tions of “completeness of revascularization” (anatomic,
functional, numeric, conditional/unconditional, and func-
tional based on jeopardy score) are still in use and it is not
straightforward to make definite conclusions on the impact
of achieving complete revascularization with PCI or CABG.

The results of this study, showing no significant differ-
ences in 5-year outcome between patients with complete
and incomplete revascularization in the CABG and PCI
groups, highlight the need of a new standardized definition
of completeness of revascularization that should take into
account the anatomic or functional severity of the lesions
and help the clinical decision on the appropriateness of
revascularization in patients with multivessel coronary dis-
ease. Indeed, PCI of nonhemodynamically significant ste-
noses has been shown not to improve a patient’s prognosis
or symptoms while increasing health care costs.24–26

The absence of SYNTAX scores in patients treated with
CABG is a limitation that otherwise would have allowed a
more effective comparison of anatomic complexity in the
surgical group.

In addition, ARTS-II was a registry and as such has the
inherent limitation of this type of study. Moreover, this
cohort of patients represents a subgroup analysis and there-
fore end points were not adequately powered to provide
definitive results.

1. Serruys PW, Ong ATL, Morice M-C, Bruyne BD, Colombo A, Ma-
caya C, Richardt G, Fajadet J, Hamm C, Dawkins K, O’Malley AJ,
Bressers M, Dennis D, on behalf of the ARTS II Investigators. Arterial
Revascularisation Therapies Study Part II—sirolimus-eluting stents

Table 3
Cumulative incidence of major adverse events at five years in the four subgroups

Variable CABG (n � 567) PCI With DES* (n � 588)

Complete Incomplete Complete Incomplete
(n � 477) (n � 90) (n � 360) (n � 228)

Death 33 (6.9%) 8 (8.9%) 16 (4.4%) 16 (6.0%)
Cerebrovascular accident 17 (3.6%) 1 (1.1%) 15 (4.2%) 7 (3.1%)
Myocardial infarction 23 (4.8%) 7 (7.8%) 18 (8.0%) 16 (7.0%)
Death/cerebrovascular accident/myocardial infarction 63 (13.2%) 14 (15.6%) 43 (12.0%) 32 (14.0%)
Any revascularization 36 (7.5%)‡ 7 (7.8%)§ 61 (16.9%) 56 (25.6%)*†

Target lesion percutaneous coronary intervention 23 (4.8%) 4 (4.4%)§ 41 (11.4%)� 32 (14%)†

Target lesion coronary artery bypass graft 2 (0.4%) 1 (1.1%) 3 (0.8%) 2 (0.9%)
Nontarget lesion percutaneous coronary intervention 14 (2.9%) 3 (3.3%) 25 (6.9%) 28 (12.3%)*
Nontarget lesion coronary artery bypass graft 0 (0.0%) 0 (0.0%) 2 (0.6%) 3 (1.3%)

Major adverse cardiovascular and cerebrovascular events
(death/cerebrovascular accident/myocardial
infarction/any revascularization)

94 (19.7%) 19 (21.1%) 91 (25.3%) 71 (31.1%)†

Values are numbers of patients (percentages).
* p �0.05 for PCI DES complete versus PCI DES incomplete.
† p �0.05 for PCI DES incomplete versus CABG complete.
‡ p �0.05 for CABG complete versus CABG incomplete.
§ p �0.05 for CABG incomplete versus PCI DES incomplete.
� p �0.05 for PCI DES complete versus CABG complete.
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3-Year Clinical Follow-Up of the XIENCE V
Everolimus-Eluting Coronary Stent System
in the Treatment of Patients With De Novo
Coronary Artery Lesions
The SPIRIT II Trial (Clinical Evaluation of the Xience V Everolimus Eluting Coronary Stent
System in the Treatment of Patients with de novo Native Coronary Artery Lesions)

Scot Garg, MBCHB,* Patrick Serruys, MD, PHD,* Yoshinobu Onuma, MD,*
Cécile Dorange, MSC,† Susan Veldhof, RN,† Karine Miquel-Hébert, PHD,†
Krishnankutty Sudhir, MD, PHD,‡ Jean Boland, MD,§ Kurt Huber, MD,�
Eulogio Garcia, MD,¶ Jan A. M. te Riele, MD,# on behalf of the SPIRIT II Investigators

Rotterdam and Breda, the Netherlands; Diegem and Liege, Belgium; Santa Clara, California;
Vienna, Austria; and Madrid, Spain

Objectives This paper reports the 3-year clinical outcomes of the XIENCE V (Abbott Vascular, Santa
Clara, California) everolimus-eluting stent (EES) compared with the TAXUS (Boston Scientific, Natick,
Massachusetts) paclitaxel-eluting stent (PES) in the randomized SPIRIT II (Clinical Evaluation of the
Xience V Everolimus Eluting Coronary Stent System in the Treatment of Patients with de novo
Native Coronary Artery Lesions) study.

Background The Xience V EES is a new-generation drug-eluting stent (DES) that might offer advantages
over the first-generation DES in terms of improved clinical outcomes and a better safety profile.

Methods The SPIRIT II trial was a multicenter, prospective, randomized, single-blind, clinical trial,
randomizing 300 patients with de novo coronary artery lesions in a ratio of 3:1 to either EES or PES.
The primary end point was in-stent late loss at 180 days.

Results At 3-year clinical follow-up cardiac death was numerically lower with EES than PES (0.5%
vs. 4.3%, p � 0.056). The observed rate of myocardial infarction was 3.6% for EES and 7.2% for PES
(p � 0.31). The rate of ischemia-driven target lesion revascularization was 4.6% and 10.1% for EES
and PES, respectively (p � 0.14). Overall, there was a trend for lower major adverse cardiovascular
events in the EES group compared with PES (7.2% vs. 15.9%, p � 0.053). The rate of stent thrombo-
sis was low and comparable in both groups (EES 1.0% vs. PES 2.9%).

Conclusions The present study reports the favorable 3-year clinical outcomes of the EES, which are
consistent with the results from other studies of the EES with shorter follow-up. (J Am Coll Cardiol
Intv 2009;2:1190–8) © 2009 by the American College of Cardiology Foundation
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Drug-eluting stents (DES) revolutionized the field of per-
cutaneous coronary intervention (PCI) after their introduc-
tion in 2002, by significantly reducing rates of restenosis (1).
After their introduction there was a rapid and unprece-
dented uptake of their use, such that within 3 years they
were used in 80% to 90% of revascularization procedures in
the U.S. (2). Recently, concerns have emerged that the first
generation of DES, coated with sirolimus and paclitaxel, are
associated with an increased risk of very late stent throm-
bosis (�1 year) when compared with bare-metal stents
(BMS) (3). An everolimus-eluting stent (EES) has been
developed with the goal of improving the safety of DES.

See page 1236

The FUTURE (The First Use To Underscore restenosis
Reduction with Everolimus) I (4,5) and FUTURE II (6)
studies were the first to demonstrate the feasibility of using
everolimus on a DES. The SPIRIT (Clinical Evaluation of
the Xience V Everolimus Eluting Coronary Stent System in
the Treatment of Patients with de novo Native Coronary
Artery Lesions) FIRST study has subsequently demon-
strated clinical safety and efficacy of the EES out to 4 years’
follow-up (7). In particular, significantly lower in-stent late
loss was demonstrated at 12-month angiographic follow-up,
compared with an identical BMS (8).

The assessment of the EES continued with SPIRIT II
and the larger SPIRIT III studies. Both involved the
randomized comparison of EES to the TAXUS (Boston
Scientific, Natick, Massachusetts) paclitaxel-eluting stent
(PES) in patients with a maximum of 2 de novo coronary
artery lesions. In both studies, there was a significant reduction
in major adverse cardiac events (MACE) with EES compared
with PES at 12-month follow-up (9,10). A “late loss catch-up”
with EES was suggested by the 2-year outcome data from
SPIRIT II that showed no significant difference in angio-
graphic and clinical outcomes between the 2 stents (11).
The 2-year follow-up data from SPIRIT III, however, has
shown promising results with improvements in event-free
survival and lower rates of stent thrombosis with the use of
an EES (12).

The current study presents the 3-year clinical outcome of
patients enrolled in the SPIRIT II study treated with either
EES or a PES. This represents the longest available clinical
follow-up for EES in a moderately sized population.

Methods

Patient population. The patient population has been de-
scribed previously (13). In brief, SPIRIT II was a multicenter
trial enrolling 300 patients who were randomized in a ratio of
3:1 to receive either an EES, XIENCE V (Abbott Vascular,
Santa Clara, California) (n � 223), or a PES (n � 77). Both

TAXUS Express2 (73% of lesions) and TAXUS Liberté
(27% of lesions) were used in the control arm. A detailed
description of everolimus and the EES is provided else-
where (13,14). The ethics committee of each participating
institution approved the study protocol, and all patients gave
written informed consent.

All patients were over the age of 18, with evidence of
myocardial ischemia and a maximum of 2 de novo native
coronary artery lesions in different major epicardial vessels. For
inclusion, on visual estimation,
target lesion(s) were required to
be: in a vessel with a reference
vessel diameter of between 2.5
and 4.25 mm; �28 mm in length;
and have a percentage diameter
stenosis (DS) of between 50% and
99%, with a Thrombolysis In
Myocardial Infarction flow grade
�1. Patients with documented
evidence of recent (�3 days) myo-
cardial infarction (MI); a left ven-
tricular ejection fraction �30%;
waiting heart transplantation; or
having a known sensitivity or con-
traindications to aspirin, heparin,
bivalirudin, clopidogrel or ticlopi-
dine, cobalt, chromium, nickel,
tungsten, everolimus, paclitaxel,
acrylic, and fluoropolymers were
excluded. Angiographic lesions
involving the left main stem lesion
or the aorto-ostial junction; lo-
cated within 2 mm of the origin of
the left anterior descending or left
circumflex; that were heavily cal-
cified; or that had associated visi-
ble thrombus were also excluded.
Study procedure. Patients were
randomized between EES and
PES after the identification of
suitable lesions on preliminary
angiography. Physicians were
not blinded, in view of the dif-
ferent packaging for each stent.
Standard interventional tech-
niques were used to treat the lesion; in particular pre-
dilation was mandatory, and stent implantation was per-
formed at a pressure not exceeding the rated burst pressure.
Post-dilation was left to the operator’s discretion; however,
if post-dilation was performed, balloons were required to be
shorter than the length of the deployed stent. In the event
of a bailout procedure and the need for an additional stent,
the stent was required to be of the same type as the first
implanted stent.

Abbreviations
and Acronyms

ARC � Academic Research
Consortium

BMS � bare-metal stent(s)

CABG � coronary artery
bypass graft

CI � confidence interval

CK-MB � creatinine kinase-
myocardial band

DES � drug-eluting stent(s)

DS � diameter stenosis

EES � everolimus-eluting
stent(s)

HR � hazard ratio

ID-TLR � ischemia-driven
target lesion
revascularization

IVUS � intravascular
ultrasound

MACE � major adverse
cardiovascular events

MI � myocardial infarction

PCI � percutaneous
coronary intervention

PES � paclitaxel-eluting
stent(s)

RR � relative risk

SES � sirolimus-eluting
stent(s)

ULN � upper limit of normal

TVF � target vessel failure

TVR � target vessel
revascularization
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In a subset of 152 consecutive patients enrolled in
pre-selected centers, intravascular ultrasound (IVUS) was
performed after optimal stent placement had been achieved.
Periprocedural pharmaceutical treatment was administrated
according to standard hospital practice. Procedural antico-
agulation was achieved with unfractionated heparin or
bivalirudin. The use of glycoprotein IIb/IIIa inhibitors was
left to the operator’s discretion. All patients enrolled into
the study were to receive �75 mg of aspirin daily for a
minimum of 1 year and clopidogrel 75 mg for a minimum
of 6 months after the index procedure.
Follow-up. Patient review was initially planned at 1, 6, 9,
12, and 24 months after the index procedure; however, a
subsequent protocol amendment enabled further clinical
evaluation to be performed on an annual basis out to 5 years.
At outpatient visits, patients were specifically questioned
about the development of angina or the occurrence of any
adverse events. Angiographic follow-up for all patients was
planned at 180 days, with IVUS planned in a subset of 152
consecutive patients (from selected centers). Angiography
and IVUS were repeated after 2 years in these 152 consec-
utive patients.
Study end points. The clinical end point of this 3-year
follow-up study was MACE, defined as a composite of
cardiac death, MI, and ischemia-driven target lesion revas-

cularization (ID-TLR) by coronary artery bypass graft
surgery (CABG) or PCI. Secondary clinical end points
included target vessel failure (TVF), a composite of cardiac
death, MI, ID-TLR, and non–target lesion ischemia-driven
target vessel revascularization (ID-TVR). An independent
blinded clinical events committee (CEC) evaluated all
clinical end points, and a data and safety monitoring board,
not affiliated with the study, ensured the safe conduct of the
trial.
Definitions. All deaths were considered cardiac unless an
undisputed noncardiac cause was present. The onset of the
trial was before the publication of the Academic Research
Consortium’s (ARC) consensus definitions for DES study
end points, and therefore the only cardiac enzymes available
in all patients to adjudicate events were creatinine kinase
(CK), and creatinine kinase-myocardial band (CK-MB)
(15). Q-wave MI was defined as the development of new
pathological Q waves. A non–Q-wave MI was defined as a
typical rise and fall of CK-MB, with at least 1 of the
following: ischemic symptoms; electrocardiographic
changes indicative of ischemia (ST-segment elevation or
depression); or an associated coronary artery intervention.
For a nonprocedural/spontaneous MI the CK-MB was
required to be �2 times the upper limit of normal (ULN).
A CK-MB �3 times the ULN or �5 times the ULN was

Table 1. Baseline Characteristics of the Patient Population

EES
(n � 223)

PES
(n � 77)

All Patients
(n � 300)

Age (yrs) 62 � 10 62 � 9 62 � 10

Male (%) 71 79 73

Current smoker (%) 32 30 31

Diabetes (%) 23 24 23

Hypertension-requiring medication (%) 67 65 67

Hyperlipidemia-requiring medication (%) 69 75 70

Prior target vessel intervention (%) 4 4 4

Prior MI (%) 35 25 32

Stable angina (%) 62 62 62

Unstable angina (%) 27 32 28

Target Vessel (%) n � 260 Lesions n � 91 Lesions n � 351 Lesions

Left anterior descending 41 47 42

Left circumflex 29 19 26

Right coronary artery 30 34 31

AHA/ACC lesion class (%)

A 1 0 1

B1 21 20 21

B2 65 67 66

C 13 13 13

Reference vessel diameter (mm � SD) 2.70 � 0.52 2.82 � 0.58 2.73 � 0.54

Lesion length (mm � SD) 13.0 � 5.7 13.2 � 6.4 13.0 � 5.9

There was no significant difference between the everolimus and paclitaxel treatment arms.

AHA/ACC � American Heart Association/American College of Cardiology; EES � everolimus eluting stent(s); MI � myocardial infarction; PES �

paclitaxel-eluting stent(s).
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required for an MI to be defined post-PCI or post-CABG,
respectively.

The ID-TLR was defined as revascularization of the target
lesion in association with any of the following: a positive test of
ischemia, with either exercise testing or fractional/coronary
flow reserve; ischemic symptoms and an angiographic DS

�50% by online quantitative coronary angiography; or DS
�70% by online quantitative coronary angiography without
ischemic symptoms or a positive functional study.

The protocol for stent thrombosis changed after the
publication of the ARC definitions for stent thrombosis
(15). Those stent thrombotic events occurring before the

Figure 1. Clinical Follow-Up of Patient Population

Flow chart indicating the flow of patients through the study. In total 264 (88%) patients attended for 3 years of follow-up (f/u). The major reason for the loss of
follow-up, which was similar in both groups, was failure to sign a new consent form after the protocol amendment allowing study follow-up to be extended to
5 years.

Table 2. Hierarchical Subject Counts of Adverse Events Through 3 Years

0–1,095 Days
% (n)

EES
(n � 223)

PES
(n � 77)

Relative Risk
(95% CI) p Value*

MACE 7.2 (14/195) 15.9 (11/69) 0.45 (0.21–0.94) 0.053

TVF 11.8 (23/195) 17.4 (12/69) 0.68 (0.36–1.29) 0.30

Cardiac death 0.5 (1/195) 4.3 (3/69) 0.12 (0.01–1.12) 0.056

MI 3.6 (7/195) 4.3 (3/69) 0.83 (0.22–3.10) 0.72

Q-wave MI 0.0 (0/195) 0.0 (0/69) NC (NC) NC

Non–Q-wave MI 3.6 (7/195) 4.3 (3/69) 0.83 (0.22–3.10) 0.72

ID-TLR 3.1 (6/195) 7.2 (5/69) 0.42 (0.13–1.35) 0.16

ID-TLR CABG 0.0 (0/195) 0.0 (0/69) NC (NC) NC

ID-TLR PCI 3.1 (6/195) 7.2 (5/69) 0.42 (0.13–1.35) 0.16

ID-TVR (nontarget lesion) 4.6 (9/195) 1.4 (1/69) 3.18 (0.41–24.68) 0.46

ID-TVR CABG 0.5 (1/195) 0.0 (0/69) NC (NC) 1.00

ID-TVR PCI 4.1 (8/195) 1.4 (1/69) 2.83 (0.36–22.22) 0.45

Intent-to-treat population. Target vessel failure (TVF): composite of cardiac death, myocardial infarction (MI), ischemia-driven target lesion revascu-

larization (ID-TLR), ischemia-driven target vessel revascularization (ID-TVR) (nontarget lesion). All p values displayed are 2-tailed and not from formal

hypothesis-testing and are displayed for descriptive purposes only. Subjects are only counted once in the hierarchical order of cardiac death, Q-wave

MI, non–Q-wave MI, ID-TLR coronary artery bypass graft surgery (CABG), ID-TLR percutaneous coronary intervention (PCI), ID-TVR CABG, and ID-TVR

PCI. This table includes revascularizations on any target vessels(s)/lesion(s) for subjects with 2 target vessels/lesions treated. As per the statistical

analysis plan, because the composite TVF and major adverse cardiovascular event (MACE) (cardiac death, MI, ID-TLR) end points included cardiac

deaths only, patients with noncardiac deaths were excluded from the denominator. *From Fisher exact test.

CI � confidence interval; NC � not calculable; other abbreviations as in Table 1.
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adoption of the ARC definitions were re-adjudicated by the
CEC to the new guidelines.
Statistical methods. The rationale for sample size calcula-
tions for this study has previously been reported (13). In this
article, binary variables are presented as percentages and
compared with the Fisher exact test. All analyses are by
intention-to-treat with all patients randomized in the study,
regardless of the treatment actually received. However, patients
who were lost to follow-up, in whom no event had occurred
before the follow-up windows, were not included in the
denominator for calculations of binary end points. Survival
curves were constructed for time-to-event variables with
Kaplan-Meier estimates and compared by the log-rank test.
Statistical analyses were performed with the SAS statistical
package (version 9.1.3, SAS Institute, Cary, North Carolina).

Results

Patient population and lesion characteristics. The baseline
demographic, clinical, and angiographic characteristics of

both treatment groups have been published previously (16)
and are summarized in Table 1. No significant differences
were present in any of the parameters listed.

Figure 1 shows the clinical follow-up of patients from
enrolment to 3 years, on an intention-to-treat basis. Overall
clinical assessment (on the basis of TVF) was available in
264 patients (88%), made up of 195 of the original 223 EES
patients (87.4%) and 69 of the original 77 PES patients
(89.6%). The reasons for incomplete follow-up are shown in
Figure 1. A similar proportion in each stent group were lost
because of failure to complete a new consent form, which
was required after a change in the initial protocol to allow
extended follow-up out to 5 years. Four patients withdrew
from the EES group, of which 1 experienced a noncardio-
vascular event occurring 1-year after PCI; the other 3
patients were all event-free at last contact.

The angiographic outcomes at 6 months and 2 years and
the clinical outcomes at 6 months, 1 year, and 2 years have
all been presented elsewhere (10,11,16). In brief, at 6

Table 3. Nonhierarchical Subject Counts of Adverse Events Through 3 Years

0–1,095 Days
% (n)

EES
(n � 223)

PES
(n � 77)

Relative Risk
(95% CI) p Value*

All death 4.4 (9/203) 9.6 (7/73) 0.46 (0.18–1.20) 0.14

Cardiac death† 0.5 (1/195) 4.3 (3/69) 0.12 (0.01–1.12) 0.056

MI† 3.6 (7/195) 7.2 (5/69) 0.50 (0.16–1.51) 0.31

Q-wave MI† 0.0 (0/195) 0.0 (0/69) NC (NC) NC

Non–Q-wave MI† 3.6 (7/195) 7.2 (5/69) 0.50 (0.16–1.51) 0.31

Any ID-TVR (including ID-TLR)† 9.2 (18/195) 13.0 (9/69) 0.71 (0.33–1.50) 0.36

CABG† 1.0 (2/195) 0.0 (0/69) NC (NC) 1.00

PCI† 8.7 (17/195) 13.0 (9/69) 0.67 (0.31–1.43) 0.35

All TLR 5.4 (11/203) 12.3 (9/73) 0.44 (0.19–1.02) 0.06

CABG 0.5 (1/203) 0.0 (0/73) NC (NC) 1.00

PCI 5.4 (11/203) 12.3 (9/73) 0.44 (0.19–1.02) 0.06

ID-TLR† 4.6 (9/195) 10.1 (7/69) 0.45 (0.18–1.17) 0.14

CABG† 0.5 (1/195) 0.0 (0/69) NC (NC) 1.00

PCI† 4.6 (9/195) 10.1 (7/69) 0.45 (0.18–1.17) 0.14

Non-ID TLR 1.5 (3/203) 5.5 (4/73) 0.27 (0.06–1.18) 0.08

CABG 0.0 (0/203) 0.0 (0/73) NC (NC) NC

PCI 1.5 (3/203) 5.5 (4/73) 0.27 (0.06–1.18) 0.08

ID-TVR, nontarget lesion† 5.1 (10/195) 4.3 (3/69) 1.18 (0.33–4.16) 1.00

CABG† 0.5 (1/195) 0.0 (0/69) NC (NC) 1.00

PCI† 4.6 (9/195) 4.3 (3/69) 1.06 (0.30–3.81) 1.00

Non-ID TVR, nontarget lesion 2.0 (4/203) 1.4 (1/73) 1.44 (0.16–12.66) 1.00

CABG 1.0 (2/203) 0.0 (0/73) NC (NC) 1.00

PCI 1.0 (2/203) 1.4 (1/73) 0.72 (0.07–7.81) 1.00

Any TVR (including TLR) 11.3 (23/203) 15.1 (11/73) 0.75 (0.39–1.46) 0.41

CABG 2.0 (4/203) 0.0 (0/73) NC (NC) 0.58

PCI 9.9 (20/203) 15.1 (11/73) 0.65 (0.33–1.30) 0.28

Intent-to-treat population. This table includes revascularizations on any target vessels(s)/lesion(s) for subjects with 2 target vessels/lesions treated.

All p values displayed are 2-tailed and not from formal hypothesis testing and are displayed for descriptive purposes only. *From Fisher exact test. †As

per the statistical analysis plan, because the composite TVF and MACE end points included cardiac deaths only; patients with noncardiac deaths were

excluded from the denominator.

Abbreviations as in Tables 1 and 2.
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months EES demonstrated significantly reduced in-stent
late loss and percentage volume obstruction when compared
with PES (p � 0.001). Clinical outcomes in terms of
MACE, TVF, MI, cardiac death, and ID-TLR were all
better with EES at 6 months, 1 year, and 2 years when
compared with PES. Angiographic follow-up at 2 years
demonstrated a late increase in neointimal hyperplasia with
the EES stent, such that a significant difference was no
longer observed between EES and PES for in-stent late loss
or percentage volume obstruction.
Clinical outcomes at 3-year follow-up. The hierarchical and
non-hierarchical events at 3-year clinical follow-up are
shown in Tables 2 and 3, respectively; and Figure 26 shows
the Kaplan-Meier survival curves for cardiac death, MI,
ID-TLR, and MACE.

At 3-year follow-up, the use of EES was associated with
nonsignificant reductions in cardiac death, (relative risk [RR]:
0.12, 95% confidence interval [CI]: 0.01 to 1.12, p � 0.056)
all-cause death (RR: 0.46, 95% CI: 0.18 to 1.20, p � 0.14),
and MI (RR: 0.50, 95% CI: 0.16 to 1.51, p � 0.31). The rates
of MI were consistently higher with PES; however, this

difference did not reach significance at any time during
follow-up.

During the 3-year follow-up period, 7 PES patients
(10.1%) and 9 EES patients (4.6%) underwent ID-TLR
(RR: 0.45, 95% CI: 0.18 to 1.17, p � 0.14). All of these
were with PCI, apart from 1 patient in the EES group who
underwent CABG. The Kaplan-Meier curve for ID-TLR
(Fig. 2B) shows significantly lower ID-TLR with EES at
1-year follow-up; however, this significance was not main-
tained during long-term follow-up.

The rate of MACE (cardiac death, MI, ID-TLR), which
was 7.2% in those patients treated with EES and 15.9% in
those treated with PES (RR: 0.45, 95% CI: 0.21 to 0.94,
p � 0.053), was consistently lower for EES compared with
PES; however, the difference between the 2 varied with
follow-up. As shown on the Kaplan-Meier curve (Fig. 2), a
significant difference in MACE between the 2 stents was
observed as early as 12 months (EES vs. PES, 2.7% vs.
9.1%, hazard ratio [HR]: 0.29, 95% CI: 0.10 to 0.87,
plogrank � 0.018); however, between years 1 and 2 EES
seemed to “catch-up.” Nevertheless, a significant difference

Figure 2. Kaplan-Meier Event Curves at 3-Year Follow-Up

Kaplan-Meier event curves at 3 years follow-up for (A) myocardial infarction (MI), (B) ischemia-driven target lesion revascularization (TLR), (C) cardiac death, and
(D) major adverse cardiovascular events (MACE). HR � hazard ratio; NA � not applicable.
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re-emerged by the third year of follow-up (EES vs. PES,
6.4% vs. 14.9%, HR: 0.43, 95% CI: 0.19 to 0.94, plogrank �
0.029), which was the result of 3 additional patients with
MACE observed in the PES group, whereas no new
patients experienced MACE in the EES group.

The rates of stent thrombosis as per ARC definitions are
listed in Table 4. After the 2-year follow-up, no definite/
probable stent thrombosis occurred in the EES group,
compared with 1 in the PES group. Overall, at 3-year
follow-up the rate of stent thrombosis was numerically
lower in the EES group (1.0% vs. 2.9%, p � 0.28). The
proportion of patients returning for 3-year follow-up, who
remained on dual antiplatelet therapy at 3 years, was 14.1%
and 21.2% for patients treated with EES and PES, respec-
tively (Fig. 3).

Discussion

This randomized prospective study of the EES has confirmed
its favorable clinical outcomes at 3-year follow-up and en-
hances the work of the previous EES studies (5–8,17).

In the present study, patients randomized to EES expe-
rienced fewer MIs, fewer ID-TLR, and had a trend for less
cardiac death compared with those patients treated with
PES. The overall rates of both MACE and TVF were
numerically lower in favor of EES. These 3-year results
demonstrate the maintenance of the superior outcomes with
EES, which were observed as early as 6 months (13).

Two-year outcome data from SPIRIT II showed the
maintenance of the advantage of EES over PES; however,
HRs were less prominent than previously observed at 12
months (11). Furthermore, the results of 2-year angio-
graphic follow-up in 97 EES patients demonstrated a 94%
increase in the mean in-stent late loss among EES between
6 months and 2 years (0.17 � 0.32 mm vs. 0.33 � 0.37
mm), whereas a 3% increase was observed with PES over
the same time period (0.33 � 0.32 mm vs. 0.34 � 0.34
mm). It is worth noting, however, that angiographic
follow-up at 2 years was in a subset and not the entire
SPIRIT II population, and as such, an unintended selection
bias in this subset cannot be ruled out.

Nevertheless, concerns were raised as to the clinical rele-
vance of this “late-catch up phenomenon” that was observed
with EES. The present study, however, confirms that this
increase in neointimal hyperplasia did not translate into any
clinical events. In fact, between years 2 and 3, 2 ID-TLR were
performed for EES (1 of which in a patient who already had
ID-TLR before 6 months), and similarly, 2 ID-TLR were
performed for PES. The absolute difference in rates of ID-
TLR between EES and PES actually increased from 4.7% at
1 year to 5.2% at 3 years (Fig. 2). In addition, no cardiac deaths
occurred with EES between years 2 and 3. Of note, the
Kaplan-Meier curves for MACE and all its components at 3
years seem to diverge, further supporting the superior perfor-
mance of the EES with long-term follow-up.

The much larger SPIRIT III trial randomized EES to
PES in a 2:1 ratio and enrolled 1,002 patients with similar
inclusion and exclusion criteria. The demographic data of
both patient populations were similar. The SPIRIT III trial
again confirmed the superior performance of EES compared
with PES with long-term follow-up with a 45% reduction
in MACE at 2 years (7.3% vs. 12.8%; HR: 0.55; 95% CI:
0.36 to 0.83, p � 0.004). Importantly, and unlike in SPIRIT
II, there was no reduction in HRs between 1 and 2 years; in
fact, the clinical benefits of EES seem to increase (12).

Although the current study is underpowered to make any
definitive conclusions regarding stent thrombosis rates be-
tween EES and PES, it does confirm low rates of late stent
thrombosis with EES (1.0%), which is comparable to
published data for sirolimus-eluting stents (SES) and PES,
at similar follow-up (18). Historically, first-generation DES
have been associated with a persistent risk of very late stent

Figure 3. Cumulative Duration of DAPT in Patients With 3-Year Follow-Up

Graph demonstrating the cumulative use of dual antiplatelet therapy
(DAPT) among the 264 patients who returned for 3-year follow-up. In total,
14.1% of patients treated with everolimus-eluting stents and 21.2% of
patients treated with paclitaxel-eluting stents were still receiving DAPT at
1,080 days of follow-up.

Table 4. Stent Thrombosis Events by ARC Definitions

Definite and Probable EES PES

Acute stent thrombosis (%) 0.0 0.0

Subacute stent thrombosis (%)
(24 h–30 days)

0.0 1/77 (1.3)*

Late stent thrombosis (%)
(30 days–1 yr)

0.0 1/77 (1.3)*

Very late stent thrombosis (%)
(�1 yr)

2/193 (1.0) 1/67 (1.5)

Total stent thrombosis 2/193 (1.0) 2/68 (2.9)

Values are n (%). *Same patient.

ARC � Academic Research Consortium; other abbreviations as in Table 1.
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thrombosis, extending out to 4-year follow-up (18); how-
ever, this might not be the same for the newer generation of
DES such as the XIENCE V. In the current study EES has
demonstrated no episodes of acute or late stent thrombosis, 2
episodes (1 definite and 1 probable) of very late stent throm-
bosis between year 1 and year 2, and no stent thrombosis events
after 2 years. Similarly, the SPIRIT III trial demonstrated a
low rate of very late (0.3%) and overall stent thrombosis (1.3%)
with EES. The relationship of the late loss catch-up, if any,
with lower late stent thrombosis is unclear; it is possible that
neointimal healing, reflected as a modest increase in late loss
over time, might in fact be protective.

The SES has been demonstrated to be the most effica-
cious first-generation DES (19–21), and therefore, the use
of PES in this study might account for the favorable
outcomes observed with EES. In principle, because both
everolimus and sirolimus inhibit the mammalian target of
rapamycin in a similar manner, a comparison between the 2
might demonstrate similar clinical outcomes. Indirect com-
parisons do support this; for example, similar rates of late
loss occurred in the EES arm of the SPIRIT III trial and
the SES arm of the SIRIUS (Sirolimus-Eluting Stent in de
novo Native Coronary Lesions) trial (EES 0.16 mm vs. SES
0.17 mm) (9,22); however, as yet no randomized head-to-
head comparison has been made between the 2 stents. There
are, in addition to the antiproliferative coating, other notable
differences between the stents, which might result in different
clinical outcomes. In brief, EES is made of cobalt chromium,
as opposed to stainless steel (PES and SES), which allows
comparative radial strength to be achieved with considerably
thinner stent struts. This can reduce vascular injury, intimal
hyperplasia, and the risk of restenosis (23). Vascular injury and
inflammation are also potentially reduced with the use of more
biocompatible polymers as found on the EES, compared with
the durable and less biocompatible polymers found on the PES
and SES.

A clearer picture will be obtained when the results of the
prospective, randomized, multicenter EXCELLENT (Effi-
cacy of Xience/promus versus Cypher in rEducing Late Loss
after stENTing) trial are available. This study is enrolling
approximately 1,400 patients with the aim of comparing the
safety and efficacy of the EES and SES and the optimal
duration of dual antiplatelet therapy (6 or 12 months). The
co-primary end points are the noninferiority of EES compared
with SES in inhibiting neointima hyperplasia and preventing
late loss at 9 months and TVF at 12 months for comparison of
dual antiplatelet therapy duration (24). Furthermore, additional
studies of the EES include the SPIRIT IV, SPIRIT V, XIENCE
V SPIRIT WOMEN, XIENCE V USA, and XIENCE V
INDIA, which are all designed to evaluate the safety and efficacy
of the EES in over 14,000 real-world patients.
Study limitations. This study was not powered to detect
significant differences in the safety profiles of either stent. In
view of the small number of patients recruited and the loss

of 8% of patients from follow-up (which was similar in both
groups), caution is required when interpreting the differ-
ences in events.

Conclusions

The present study reports the favorable 3-year clinical out-
comes of the EES, which are consistent with the results from
earlier studies with shorter follow-up. In this study, compared
with the PES, the EES demonstrated a reduction in cardiac
events, clinical restenosis, and overall MACE rate at long-term
follow-up. In addition, the overall lower rate of stent throm-
bosis and absence of stent thrombosis after 2 years with EES
is potentially significant and requires additional investigation.

Reprint requests and correspondence: Prof. Patrick Serruys, Ba583a,
Thoraxcenter, Erasmus MC,’s-Gravendijkwal 230, 3015 CE Rotterdam,
the Netherlands. E-mail: p.w.j.c.serruys@erasmusmc.nl.
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Original Studies

Four-Year Clinical Follow-Up of the XIENCE V
Everolimus-Eluting Coronary Stent System in the

Treatment of Patients With De Novo Coronary Artery
Lesions: The SPIRIT II Trial

Scot Garg,1 MB, ChB, MRCP, Patrick W. Serruys,1* MD, PhD, and Karine Miquel-Hebert,2 PhD,
on behalf of the SPIRIT II Investigators

This report describes the 4-year clinical outcomes of the SPIRIT II study, which random-
ized 300 patients to treatment with the XIENCE V everolimus-eluting stent (EES), or the
TAXUS paclitaxel-eluting stent. At 4-year clinical follow-up, which was available in 256
(85.3%) patients, treatment with EES lead to a trend for lower rates of ischemia-driven
major adverse cardiovascular events, a composite of cardiac death, myocardial infarc-
tion, and ischemia-driven target lesion revascularization (EES 7.7% vs. paclitaxel-eluting
stent 16.4%, P 5 0.056). Treatment with EES also resulted in a trend toward lower rates
of cardiac death and numerically lower rates of myocardial infarction, ischemia-driven
target lesion revascularization, and stent thrombosis. Overall, this study reports numeri-
cally fewer clinical events in patients treated with EES at 4-year follow-up, which is con-
sistent with results from earlier follow-up. VC 2010 Wiley-Liss, Inc.

Key words: percutaneous coronary intervention (PCI); angiography coronary (ANGO);
diagnostic cardiac catheterization (CATH)

INTRODUCTION

Second-generation drug-eluting stents (DES), such as
the XIENCE V everolimus-eluting stent (EES; Abbott
Vascular, Santa Clara, CA), were developed with the
aim of improving the safety profile of DES, after
reports of stent thrombosis (ST) with first-generation
devices [1]. These newer-generation stents elute evero-
limus or zotarolimus, use more biocompatible poly-
mers, and have cobalt chromium stent platforms. Cur-
rent results from randomized studies evaluating the
EES indicate favorable clinical outcomes, together with
lower rates of ST when compared with first-generation
DES; however, results are limited to only medium-
term follow-up [2–5]. Ensuring that these benefits are
sustained long-term is important, not only because
drug elution ceases within 6 months of stent implanta-
tion, but also because of the permanence of the stent
platform and polymer. Therefore, in this study, we
report the 4-year clinical outcomes of patients random-
ized to treatment with either EES or the TAXUS pacli-
taxel-eluting stent (PES; Boston Scientific, Natick,
MA) in the SPIRIT II study.

METHODS

Study Design

The study design and outcomes at 6-, 12-, 24-, and
36-months follow-up are reported elsewhere [2,6–8]. In
brief, this multicenter, prospective, single-blind study
randomized 300 patients with up to two de novo
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coronary artery lesions in a ratio of 3:1 to treatment
with either EES (n ¼ 223) or PES (n ¼ 77). The pri-
mary endpoint was in-stent late loss at 180 days.

Endpoints

Clinical endpoints assessed at 4 years included is-
chemia-driven major adverse cardiac events (ID-
MACE), a composite of cardiac death, myocardial
infarction (MI), and ischemia-driven target lesion revas-
cularization (ID-TLR) by percutaneous coronary inter-
vention or coronary artery bypass graft surgery, and its
individual components. All events up to 4 years were
adjudicated by an independent clinical event committee
that was blinded to the treatment assignments.

Definitions

Complete definitions are provided elsewhere [2,6–8].
All deaths were considered cardiac unless an undis-
puted noncardiac cause was present. Q-wave MI was
defined as the development of new pathological Q
waves. A non-Q-wave MI was defined as a typical rise
and fall of creatine kinase myoglobin band (CK-MB),
with at least one of the following: ischemic symptoms;
electrocardiographic changes indicative of ischemia
(ST segment elevation or depression); or an associated
coronary artery intervention. For a nonprocedural or
spontaneous MI, the CK-MB was required to be �2
times the upper limit of normal (ULN). A CK-MB �3
times the ULN or �5 times the ULN was required for
an MI to be defined postpercutaneous coronary inter-
vention or postcoronary artery bypass graft, respec-
tively. ID-TLR was defined as revascularization of the
target lesion in association with any of the following: a
positive test of ischemia, using either exercise testing,
or fractional/coronary flow reserve; ischemic symptoms
and an angiographic diameter stenosis �50% by on-
line quantitative coronary angiography (QCA); or a di-
ameter stenosis �70% by on-line QCA without ische-
mic symptoms or a positive functional study. ST was
classified according to the Academic Research Consor-
tium classification [9].

Statistical Methods

All analyses were conducted according to the inten-
tion-to-treat principle. Binary variables are presented as
percentages (counts), and compared using the Fisher’s
exact test. Cumulative events curves were generated
using the Kaplan–Meier method, and the two groups
were compared using the log-rank test. Hazard ratios
with 95% confidence intervals were calculated using
the Cox proportional hazards model.

RESULTS

Clinical follow-up was available in 256 (85.3%)
patients (EES 192 [86.1%] and PES 64 [83.1%]) with
a similar proportion of patients (EES 15 [6.7%] and
PES 4 [5.2%]) lost because of failure to complete a
new consent form, which was required after a change
to the initial protocol to allow extended follow-up to 5
years. Other reasons for incomplete follow-up included
death (EES 10 and PES 7), loss to follow-up (EES 2),
and withdrawal (EES 4 and PES 2).

Baseline Demographic Data

Baseline demographic, clinical, and angiographic
characteristics, which were comparable between both
treatment groups are described in full elsewhere [6]
and summarized in Table I.

Clinical Outcomes

Clinical outcomes in terms of cardiac death, MI, ID-
TLR, all TLR, and ID-MACE at 4-year follow-up are
shown in Table II. At 4 years, there was a trend for
lower rates of cardiac mortality, all TLR, and ID-
MACE in patients treated with EES. Rates of MI and
ID-TLR were numerically lower with EES, although
these differences were not statistically significant.
Kaplan–Meier cumulative curves are shown in Fig.
1A–D.

The rate of definite or probable ST out to 4-year fol-
low-up was 0.9% and 2.8% in patients treated with
EES and PES, respectively (P ¼ 0.27, Fig. 1E, Table
III). Of note, no ST events were observed in the EES
arm after 24 months of follow-up, whereas only one
ST event was observed in the PES arm around month
30. The proportion of patients returning for 4-year fol-
low-up, who were still taking dual antiplatelet therapy
were 17.7% (34 of 192) and 21.9% (14 of 64) for
patients treated with EES and PES, respectively. All
patients experiencing an ST event were taking aspirin
at the time of the event, with only one patient also tak-
ing clopidogrel (Table III).

DISCUSSION

This study represents the longest available follow-up
of EES in a randomized patient population and,
thereby, provides important data on the long-term effi-
cacy and the safety of EES. The assessment of long-
term outcomes is particularly important for DES
because the elution of antiproliferative agents is largely
exhausted within 6 months of stent deployment. There-
fore long-term efficacy is not a consequence of drug
elution, but more dependent on the stent platform and

2 Garg et al.
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polymer. Newer-generation DES, such as EES and the
Endeavor (Medtronic, Santa Rosa, CA) zotarolimus-
eluting stent (ZES), use a cobalt chromium stent plat-
form that enables struts to be thinner, which ultimately
can reduce vascular injury, leading to a lower risk of
restenosis and ST. In addition, the improvement in the
biocompatibility of the stent polymer is designed to
improve the stent’s safety profile, potentially reducing
the risk of ST further [10].

Besides this study, the only other randomized data
to support the potential benefits of second- versus first-
generation DES at long-term (>3 years) follow-up are
the ENDEAVOR III study, which randomized patients
to either the Cypher (Cordis, Warren, NJ) sirolimus-
eluting stent (SES), or ZES [11]. Although the 6-
months results from the ENDEAVOR III study failed
to demonstrate noninferiority of ZES with respect of
the primary endpoint of in-segment late loss (ZES 0.34
� 0.44 mm vs. SES 0.13 � 0.32 mm; P < 0.001),
long-term results suggest a more durable performance
of ZES [12]. In particular, respective rates of death,
TLR, target vessel failure, and ST between 1- and 5-
year follow-up rose by 4.6%, 1.6%, 5.9%, and 0.7%
for ZES, compared with rises of 13.0%, 3.0%, 7.0%,
and 0.9% for SES, such that the early superiority of
SES was not sustained at final follow-up.

Similarly, this report demonstrates the long-term
safety and sustained efficacy of EES, which is consist-

ent with other results observed from the evaluation
EES at shorter follow-up [2–5]. It is noteworthy that
the long-term efficacy of everolimus was previously
called into question after the delayed late-loss observed
in the EES angiographic subset of this study at 2 years
[8]. Importantly, this delayed late-loss had little effect
on reported clinical outcomes at 3-year follow-up, and,
reassuringly, this is consistent with the present results,
which show absolute differences between EES and
PES for cardiac death, MI, ID-TLR, and ID-MACE,
which are all at least as good at 4-years follow-up as
they were at 1- and 2-year follow-up. Clearly, in the
absence of further QCA analyses, it is not possible to
definitively state whether these durable clinical results
entirely dismiss the significance of the previously
observed delayed late-loss. In contrast, in the SIRTAX-
LATE study, the delayed late-loss observed with SES

TABLE I. Baseline Patient Data

Everolimus stent

(n ¼ 223)

Paclitaxel stent

(n ¼ 77)

All patients

(n ¼ 300)

Age (years) 62 � 10 62 � 9 62 � 10

Male gender (%) 71 79 73

Current smoker (%) 32 30 31

Diabetes (%) 23 24 23

Hypertension requiring medication (%) 67 65 67

Hyperlipidemia requiring medication (%) 69 75 70

Prior target vessel intervention (%) 4 4 4

Prior MI (%) 35 25 32

Stable angina (%) 62 62 62

Unstable angina (%) 27 32 28

Target vessel (%) No. of lesions

¼ 260

No. of lesions

¼ 91

No. of lesions

¼ 351

Left anterior descending 41 47 42

Left circumflex 29 19 26

Right coronary artery 30 34 31

AHA/ACC lesion class (%)

A 1 0 1

B1 21 20 21

B2 65 67 66

C 13 13 13

Reference vessel diameter (�SD) (mm) 2.70 � 0.52 2.82 � 0.58 2.73 � 0.54

Lesion length (�SD) (mm) 13.0 � 5.7 13.2 � 6.4 13.0 � 5.9

There was no significant difference between the everolimus and paclitaxel treatment arms.

MI, myocardial infarction; AHA/ACC, American Heart Association/American College of Cardiology.

TABLE II. Clinical Outcomes at 4-Year Follow-up

0–1,460 Days, % (n) EES (n ¼ 195) PES (n ¼ 67) P-valuea

MACE 7.7 (15) 16.4 (11) 0.056

Cardiac death 0.5 (1) 4.5 (3) 0.053

Myocardial infarction 3.6 (7) 7.5 (5) 0.19

Ischemia-driven TLR 5.1 (10) 10.4 (7) 0.15

All TLR 5.9 (12) 12.7 (9) 0.073

MACE hierarchical, and all others nonhierarchical.
aFrom Fisher’s exact test.MACE, major adverse cardiovascular events (a

composite of cardiac death, myocardial infarction, and ischemia-driven

target lesion revascularization); TLR, target lesion revascularization.

Four-Year Follow-up of the SPIRIT II Study 3
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(D 0.18 mm between 1 and 5 years) was associated
with the absolute difference in TLR between SES and
PES falling from 3.5% at 1 year to 3.0% at 5 years
[13]. With both EES and SES, drug elution is complete
within 6 months, reiterating that other factors such as
the type of stent platform and polymer biocompatibility
are important factors in influencing the long-term effi-
cacy of DES.

Ultimately, the concerns over ST were one of the
main driving forces behind the development of second-
generation DES. EES has an acrylic fluorinated poly-
mer, which is considered to be more biocompatible
than that found on SES and PES; however, at present,
no published study has been adequately powered to
make any definitive conclusions regarding rates of ST
between DESs. In this study, despite a lower

Fig. 1. Cumulative Kaplan–Meier estimates of the rates of
key study endpoints. Cumulative risk of events at 1,460 days
for (A) cardiac death; (B) myocardial infarction (MI); (C) ische-
mia-driven target lesion revascularization (ID-TLR); (D) ische-

mia-driven major adverse cardiac events (ID-MACE), a com-
posite of cardiac death, nonfatal myocardial infarction (MI),
and ischemia-driven target lesion revascularization (ID-TLR);
and (E) definite/probable stent thrombosis. HR, hazard ratio.

4 Garg et al.
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proportion of patients taking dual antiplatelet therapy
with EES at the time of follow-up, rates of ST remain
numerically lower with EES, with no ST observed
over the last 2 years of follow-up. The small sample
size of this study must be taken into account; however,
the absence of very late ST events during prolonged
follow-up is important nevertheless. It will be of great
interest to observe whether similar findings are seen
during long-term follow-up of the more complex
patient groups enrolled in the SPIRIT III and IV
studies.

Limitations

The loss of patients during clinical follow-up, which
was largely because of the failure of some patients to
complete a new consent form that was required after a
protocol amendment increasing follow-up of the study
from 2 to 5 years, impacts on the power of the study to
detect differences in clinical events. Moreover, interpreta-
tion of the current clinical results must take into account
that the study was powered for in-stent late loss at 6-
month follow-up and, therefore, not specifically designed
to detect differences in clinical outcomes or ST.

CONCLUSIONS

This study reports numerically fewer clinical events
at 4-year follow-up in patients treated with EES com-
pared with the PES, which is consistent with other
randomized studies of EES albeit at shorter follow-up.
Overall, ST rates were low, with the absence of recent
ST events remaining an important observation requir-
ing careful surveillance.
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A bs tr ac t

Background
New-generation coronary stents that release zotarolimus or everolimus have been 
shown to reduce the risk of restenosis. However, it is unclear whether there are dif-
ferences in efficacy and safety between the two types of stents on the basis of pro-
spectively adjudicated end points endorsed by the Food and Drug Administration.
Methods
In this multicenter, noninferiority trial with minimal exclusion criteria, we ran-
domly assigned 2292 patients to undergo treatment with coronary stents releasing 
either zotarolimus or everolimus. Twenty percent of patients were randomly select-
ed for repeat angiography at 13 months. The primary end point was target-lesion 
failure, defined as a composite of death from cardiac causes, any myocardial infarc-
tion (not clearly attributable to a nontarget vessel), or clinically indicated target-
lesion revascularization within 12 months. The secondary angiographic end point 
was the extent of in-stent stenosis at 13 months.
Results
At least one off-label criterion for stent placement was present in 66% of patients. The 
zotarolimus-eluting stent was noninferior to the everolimus-eluting stent with respect 
to the primary end point, which occurred in 8.2% and 8.3% of patients, respectively 
(P<0.001 for noninferiority). There were no significant between-group differences in the 
rate of death from cardiac causes, any myocardial infarction, or revascularization. The 
rate of stent thrombosis was 2.3% in the zotarolimus-stent group and 1.5% in the 
everolimus-stent group (P = 0.17). The zotarolimus-eluting stent was also noninferior 
regarding the degree (±SD) of in-stent stenosis (21.65±14.42% for zotarolimus vs. 
19.76±14.64% for everolimus, P = 0.04 for noninferiority). In-stent late lumen loss was 
0.27±0.43 mm in the zotarolimus-stent group versus 0.19±0.40 mm in the everolimus-
stent group (P = 0.08). There were no significant between-group differences in the rate 
of adverse events.
Conclusions
At 13 months, the new-generation zotarolimus-eluting stent was found to be non-
inferior to the everolimus-eluting stent in a population of patients who had mini-
mal exclusion criteria. (ClinicalTrials.gov number, NCT00617084.)
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The use of early drug-eluting stents 
consisting of a metal platform and the con-
trolled release of a therapeutic agent from 

a durable polymer matrix has partially addressed 
the problem of restenosis.1,2 Although these first-
generation polymers were considered biocompat-
ible, they have been associated with allergic reac-
tions and inflammation, which in combination 
with incomplete strut endothelialization have led 
to early and late stent thrombosis.3

New-generation polymer coatings aim more 
specifically at mimicking the endothelial lining 
in order to prevent thrombotic complications. In 
addition, basic research has shown that some of 
these polymeric materials could potentially up-
regulate genes related to thrombosis, inflamma-
tion, and vasoconstriction.4 The polymer used 
with the Resolute zotarolimus-eluting stent 
(Medtronic CardioVascular) is a mixture of a 
hydrophilic biocompatible component that faces 
the endoluminal surface and a hydrophobic com-
ponent that is attached to the metal stent surface 
and serves as a drug reservoir, enabling sus-
tained release of zotarolimus to control neointi-
mal hyperplasia in patients with complex condi-
tions and subgroups of lesions, as shown by 
encouraging early results.5-9

The purpose of this study, called the Resolute 
All Comers trial, was to compare the Resolute 
zotarolimus-eluting stent with an everolimus-
eluting stent (Xience V, Abbott Vascular Devices) 
in an unrestricted, multicenter, open-label, ran-
domized, controlled, noninferiority trial in pa-
tients undergoing percutaneous coronary inter-
vention (PCI) in everyday clinical practice.

Me thods

Patients

From April 30, 2008, to October 28, 2008, we 
recruited 2292 adult patients with chronic, stable 
coronary artery disease or acute coronary syn-
dromes, including myocardial infarction with or 
without ST-segment elevation. Patients were eli-
gible if they had at least one coronary lesion with 
stenosis of more than 50% in a vessel with a ref-
erence diameter of 2.25 to 4.0 mm. No restriction 
was placed on the total number of treated lesions, 
treated vessels, lesion length, or number of stents 
implanted. The exclusion criteria were a known 
intolerance to a study drug, metal alloys, or con-
trast media; planned surgery within 6 months 
after the index procedure; childbearing potential; 

and participation in another trial before reaching 
the primary end point.

At least one off-label criterion was present in 
1520 patients (66.3%). Off-label use included the 
placement of a stent in patients with at least one 
of the following clinical or lesion characteristics: 
renal insufficiency (creatinine level, ≥140 μmol 
per liter [1.6 mg per deciliter]), an ejection frac-
tion of less than 30%, the occurrence of acute 
myocardial infarction within the previous 72 
hours, more than one lesion per vessel, at least 
two vessels with stents, a lesion measuring more 
than 27 mm, bifurcations, bypass grafts, in-stent 
restenosis, unprotected left main artery (without 
a functioning bypass graft), lesions with throm-
bus, or total occlusion.

The study complied with the provisions of the 
Declaration of Helsinki, and the study protocol 
was approved by the institutional review board 
at each study center. All patients provided writ-
ten informed consent.

Study Design

Patients were randomly assigned to undergo PCI 
with a coronary stent releasing either zotaroli-
mus or everolimus. A subgroup of patients (20%) 
was randomly assigned to undergo angiographic 
follow-up at 13 months. The study-group assign-
ments were unknown to members of the inde-
pendent clinical events committee, steering com-
mittee, data-management committee, Academic 
Research Organization (Cardialysis), and the 
sponsor (Medtronic CardioVascular). The princi-
pal investigator and the coprincipal investigators 
designed the study, in collaboration with the 
sponsor. The verification of data collection was 
performed by an independent monitoring orga-
nization (Premier Research Group). The indepen-
dent group of statisticians at Academic Research 
Organization performed the analyses. Members 
of the steering committee wrote the first draft of 
the manuscript and vouch for the completeness 
and accuracy of the data gathering and analysis. 
The study was conducted in accordance with the 
trial protocol.

Study Procedures

The zotarolimus-eluting stent was available in 
diameters of 2.25, 2.50, 2.75, 3.00, 3.50, and 
4.00 mm and in lengths of 8 mm and 14 mm for 
stents with a diameter of 2.75 mm or less, 9 mm 
and 15 mm for stents with a diameter of 3.00 mm 
or more, and 12, 14, 18, 24, and 30 mm for all 
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available stent diameters. The everolimus-eluting 
stent was available in diameters of 2.25, 2.50, 
2.75, 3.00, 3.50, and 4.00 mm, with each avail-
able in lengths of 8, 12, 15, 18, 23, and 28 mm.

Balloon angioplasty and stent implantation 
were performed according to standard tech-
niques; direct stenting (without previous balloon 
dilatation) was allowed. The aim was to obtain 
full lesion coverage with one or multiple stents. 
No mixture of type of stents was permitted for 
a given patient unless the operator was unable to 
insert the study stent, in which case crossover to 
another nonstudy device of the operator’s choice 
was possible. The aim was to treat all coronary 
lesions in one session; however, staged procedures 
(defined as procedures planned at the time of the 
index procedure and performed within 6 weeks 
with the same type of study stent) were permit-
ted. In the case of unplanned revascularization 
procedures requiring stent implantation, it was 
recommended that physicians use the same type 
of study stent.

Procedural anticoagulation was achieved with 
unfractionated heparin at a dose of 5000 IU or 
70 to 100 IU per kilogram of body weight to 
maintain an activated clotting time of more than 
250 seconds; the use of glycoprotein IIb/IIIa in-
hibitors was left to the operator’s discretion. All 
patients who were enrolled in the study received 
at least 75 mg of acetylsalicylic acid before the 
procedure. A loading dose of 300 to 600 mg of 
clopidogrel was administered only if the patient 
had received no clopidogrel during the previous 
7 days. All patients were discharged with a pre-
scription for at least 75 mg of acetylsalicylic acid 
indefinitely and for 75 mg of clopidogrel for a 
minimum of 6 months after the index procedure.

At baseline, we evaluated all patients with a 
scoring system developed for the Synergy be-
tween PCI with Taxus and Cardiac Surgery 
(SYNTAX) study (ClinicalTrials.gov number, 
NCT00114972) to characterize the coronary vas-
culature regarding the number of lesions and 
their function, location, and complexity.10 The 
SYNTAX scale can range from 0 to 115, with a 
higher score indicating more complex disease.

Follow-up

Patients were followed up by telephone or hospi-
tal visit at 1, 6, and 12 months and will continued 
to be followed annually for 5 years. At outpatient 
visits, patients were specifically questioned about 
the occurrence of angina or any adverse event. 

Angiographic follow-up in 455 patients was 
planned at 13 months.

Quantitative Coronary Angiography

Findings on quantitative coronary angiography 
(QCA), which was performed with the use of the 
Cardiovascular Angiography Analysis System 
(CAAS) II (Pie Medical Imaging), were centrally 
assessed at one angiographic core laboratory 
(Cardialysis).11 QCA scans from patients return-
ing for any repeat angiography within 14 days 
after the index procedure were not used in the 
follow-up QCA analysis, since the need for repeat 
revascularization in this period was not related 
to neointimal hyperplasia but rather to an acute 
response of the lesion to the procedure. These 
methods are consistent with those used in previous 
coronary stent trials, such as the Sirolimus Elut-
ing Stent in de Novo Coronary Lesions (SIRIUS) 
trial (NCT00232765), and the Endeavor stent clini-
cal trial program (Mauri L, Harvard Clinical Re-
search Institute: personal communication). In 
addition, data from QCA analysis for patients re-
turning for any repeat angiography later than 
450 days (15 months) were also excluded from 
the statistical analysis, since they were outside 
the time limit for angiographic follow-up stipu-
lated in the protocol. Additional methods and 
definitions with respect to QCA are provided in 
the Methods section in the Supplementary Ap-
pendix, available with the full text of this article 
at NEJM.org.

Primary and Secondary End Points

The primary end point was target-lesion failure, 
defined as a composite of death from cardiac 
causes, any myocardial infarction (not clearly at-
tributable to a nontarget vessel), or clinically indi-
cated target-lesion revascularization at 12 months. 
Secondary clinical end points were a composite of 
death from any cause, any myocardial infarction 
(Q-wave or non–Q-wave), or any revascularization 
(either a percutaneous or surgical procedure with 
either a clinical or nonclinical indication), as well 
as the individual components of the composite; 
definite, probable, possible, and overall stent 
thrombosis, defined according to the Academic 
Research Consortium definition12; and acute pro-
cedure, device, and lesion success. (Definitions of 
all study end points are provided in the Methods 
section in the Supplementary Appendix.) Quanti-
tative angiographic end points included in-stent 
and in-segment percent stenosis, rate of binary 
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The use of early drug-eluting stents 
consisting of a metal platform and the con-
trolled release of a therapeutic agent from 

a durable polymer matrix has partially addressed 
the problem of restenosis.1,2 Although these first-
generation polymers were considered biocompat-
ible, they have been associated with allergic reac-
tions and inflammation, which in combination 
with incomplete strut endothelialization have led 
to early and late stent thrombosis.3

New-generation polymer coatings aim more 
specifically at mimicking the endothelial lining 
in order to prevent thrombotic complications. In 
addition, basic research has shown that some of 
these polymeric materials could potentially up-
regulate genes related to thrombosis, inflamma-
tion, and vasoconstriction.4 The polymer used 
with the Resolute zotarolimus-eluting stent 
(Medtronic CardioVascular) is a mixture of a 
hydrophilic biocompatible component that faces 
the endoluminal surface and a hydrophobic com-
ponent that is attached to the metal stent surface 
and serves as a drug reservoir, enabling sus-
tained release of zotarolimus to control neointi-
mal hyperplasia in patients with complex condi-
tions and subgroups of lesions, as shown by 
encouraging early results.5-9

The purpose of this study, called the Resolute 
All Comers trial, was to compare the Resolute 
zotarolimus-eluting stent with an everolimus-
eluting stent (Xience V, Abbott Vascular Devices) 
in an unrestricted, multicenter, open-label, ran-
domized, controlled, noninferiority trial in pa-
tients undergoing percutaneous coronary inter-
vention (PCI) in everyday clinical practice.

Me thods

Patients

From April 30, 2008, to October 28, 2008, we 
recruited 2292 adult patients with chronic, stable 
coronary artery disease or acute coronary syn-
dromes, including myocardial infarction with or 
without ST-segment elevation. Patients were eli-
gible if they had at least one coronary lesion with 
stenosis of more than 50% in a vessel with a ref-
erence diameter of 2.25 to 4.0 mm. No restriction 
was placed on the total number of treated lesions, 
treated vessels, lesion length, or number of stents 
implanted. The exclusion criteria were a known 
intolerance to a study drug, metal alloys, or con-
trast media; planned surgery within 6 months 
after the index procedure; childbearing potential; 

and participation in another trial before reaching 
the primary end point.

At least one off-label criterion was present in 
1520 patients (66.3%). Off-label use included the 
placement of a stent in patients with at least one 
of the following clinical or lesion characteristics: 
renal insufficiency (creatinine level, ≥140 μmol 
per liter [1.6 mg per deciliter]), an ejection frac-
tion of less than 30%, the occurrence of acute 
myocardial infarction within the previous 72 
hours, more than one lesion per vessel, at least 
two vessels with stents, a lesion measuring more 
than 27 mm, bifurcations, bypass grafts, in-stent 
restenosis, unprotected left main artery (without 
a functioning bypass graft), lesions with throm-
bus, or total occlusion.

The study complied with the provisions of the 
Declaration of Helsinki, and the study protocol 
was approved by the institutional review board 
at each study center. All patients provided writ-
ten informed consent.

Study Design

Patients were randomly assigned to undergo PCI 
with a coronary stent releasing either zotaroli-
mus or everolimus. A subgroup of patients (20%) 
was randomly assigned to undergo angiographic 
follow-up at 13 months. The study-group assign-
ments were unknown to members of the inde-
pendent clinical events committee, steering com-
mittee, data-management committee, Academic 
Research Organization (Cardialysis), and the 
sponsor (Medtronic CardioVascular). The princi-
pal investigator and the coprincipal investigators 
designed the study, in collaboration with the 
sponsor. The verification of data collection was 
performed by an independent monitoring orga-
nization (Premier Research Group). The indepen-
dent group of statisticians at Academic Research 
Organization performed the analyses. Members 
of the steering committee wrote the first draft of 
the manuscript and vouch for the completeness 
and accuracy of the data gathering and analysis. 
The study was conducted in accordance with the 
trial protocol.

Study Procedures

The zotarolimus-eluting stent was available in 
diameters of 2.25, 2.50, 2.75, 3.00, 3.50, and 
4.00 mm and in lengths of 8 mm and 14 mm for 
stents with a diameter of 2.75 mm or less, 9 mm 
and 15 mm for stents with a diameter of 3.00 mm 
or more, and 12, 14, 18, 24, and 30 mm for all 
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available stent diameters. The everolimus-eluting 
stent was available in diameters of 2.25, 2.50, 
2.75, 3.00, 3.50, and 4.00 mm, with each avail-
able in lengths of 8, 12, 15, 18, 23, and 28 mm.

Balloon angioplasty and stent implantation 
were performed according to standard tech-
niques; direct stenting (without previous balloon 
dilatation) was allowed. The aim was to obtain 
full lesion coverage with one or multiple stents. 
No mixture of type of stents was permitted for 
a given patient unless the operator was unable to 
insert the study stent, in which case crossover to 
another nonstudy device of the operator’s choice 
was possible. The aim was to treat all coronary 
lesions in one session; however, staged procedures 
(defined as procedures planned at the time of the 
index procedure and performed within 6 weeks 
with the same type of study stent) were permit-
ted. In the case of unplanned revascularization 
procedures requiring stent implantation, it was 
recommended that physicians use the same type 
of study stent.

Procedural anticoagulation was achieved with 
unfractionated heparin at a dose of 5000 IU or 
70 to 100 IU per kilogram of body weight to 
maintain an activated clotting time of more than 
250 seconds; the use of glycoprotein IIb/IIIa in-
hibitors was left to the operator’s discretion. All 
patients who were enrolled in the study received 
at least 75 mg of acetylsalicylic acid before the 
procedure. A loading dose of 300 to 600 mg of 
clopidogrel was administered only if the patient 
had received no clopidogrel during the previous 
7 days. All patients were discharged with a pre-
scription for at least 75 mg of acetylsalicylic acid 
indefinitely and for 75 mg of clopidogrel for a 
minimum of 6 months after the index procedure.

At baseline, we evaluated all patients with a 
scoring system developed for the Synergy be-
tween PCI with Taxus and Cardiac Surgery 
(SYNTAX) study (ClinicalTrials.gov number, 
NCT00114972) to characterize the coronary vas-
culature regarding the number of lesions and 
their function, location, and complexity.10 The 
SYNTAX scale can range from 0 to 115, with a 
higher score indicating more complex disease.

Follow-up

Patients were followed up by telephone or hospi-
tal visit at 1, 6, and 12 months and will continued 
to be followed annually for 5 years. At outpatient 
visits, patients were specifically questioned about 
the occurrence of angina or any adverse event. 

Angiographic follow-up in 455 patients was 
planned at 13 months.

Quantitative Coronary Angiography

Findings on quantitative coronary angiography 
(QCA), which was performed with the use of the 
Cardiovascular Angiography Analysis System 
(CAAS) II (Pie Medical Imaging), were centrally 
assessed at one angiographic core laboratory 
(Cardialysis).11 QCA scans from patients return-
ing for any repeat angiography within 14 days 
after the index procedure were not used in the 
follow-up QCA analysis, since the need for repeat 
revascularization in this period was not related 
to neointimal hyperplasia but rather to an acute 
response of the lesion to the procedure. These 
methods are consistent with those used in previous 
coronary stent trials, such as the Sirolimus Elut-
ing Stent in de Novo Coronary Lesions (SIRIUS) 
trial (NCT00232765), and the Endeavor stent clini-
cal trial program (Mauri L, Harvard Clinical Re-
search Institute: personal communication). In 
addition, data from QCA analysis for patients re-
turning for any repeat angiography later than 
450 days (15 months) were also excluded from 
the statistical analysis, since they were outside 
the time limit for angiographic follow-up stipu-
lated in the protocol. Additional methods and 
definitions with respect to QCA are provided in 
the Methods section in the Supplementary Ap-
pendix, available with the full text of this article 
at NEJM.org.

Primary and Secondary End Points

The primary end point was target-lesion failure, 
defined as a composite of death from cardiac 
causes, any myocardial infarction (not clearly at-
tributable to a nontarget vessel), or clinically indi-
cated target-lesion revascularization at 12 months. 
Secondary clinical end points were a composite of 
death from any cause, any myocardial infarction 
(Q-wave or non–Q-wave), or any revascularization 
(either a percutaneous or surgical procedure with 
either a clinical or nonclinical indication), as well 
as the individual components of the composite; 
definite, probable, possible, and overall stent 
thrombosis, defined according to the Academic 
Research Consortium definition12; and acute pro-
cedure, device, and lesion success. (Definitions of 
all study end points are provided in the Methods 
section in the Supplementary Appendix.) Quanti-
tative angiographic end points included in-stent 
and in-segment percent stenosis, rate of binary 
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restenosis, minimal lumen diameter, and late lu-
men loss.

Statistical Analyses

This trial was powered for noninferiority testing 
of the primary end point at 12 months on an in-
tention-to-treat basis. Full details of the sample-
size calculation for the noninferiority primary and 
secondary end points are provided in the Methods 
section in the Supplementary Appendix.

Descriptive statistics for the secondary clini-
cal end points are provided. Categorical variables 
are reported as counts and percentages, and 
between-group differences were assessed with 
the use of Fisher’s exact test. Continuous vari-
ables are presented as means ±SD and were 
compared with the use of a two-sample t-test. 
The Kaplan–Meier method was used to calculate 
the time to clinical end points, and the log-rank 
test was used to compare between-group differ-
ences. Unless otherwise specified, a two-sided 
P value of less than 0.05 was considered to indi-
cate statistical significance.

R esult s

Patients

A total of 2292 patients with 3366 lesions were 
randomly assigned to receive either zotarolimus-
eluting stents (1140 patients with 1661 lesions) or 
everolimus-eluting stents (1152 patients with 1705 
lesions) (Fig. 1 in the Supplementary Appendix). A 
total of 21 patients (1.8%) in the zotarolimus-stent 
group and 26 (2.3%) in the everolimus-stent group 
were lost to follow-up or withdrew consent before 
the 12-month cutoff date, leaving 1119 patients in 
the zotarolimus-stent group and 1126 in the 
everolimus-stent group for inclusion in the inten-
tion-to-treat analysis.

Baseline clinical and angiographic character-
istics were similar in the two study groups (Ta-
bles 1 and 2). Total stent lengths per patient and 
per lesion were significantly higher in the 
everolimus-stent group (Table 2). However, this 
factor had no detrimental effect on 12-month 
clinical outcomes (Table 3, and Table 1 in the 
Supplementary Appendix).

The primary end point of target-lesion failure 
— a composite of death from cardiac causes, 
any myocardial infarction, or target-lesion revas-
cularization — occurred in 92 patients (8.2%) in 
the zotarolimus-stent group and 94 patients 
(8.3%) in the everolimus-stent group (Table 3 

and Fig. 1A). We confirmed noninferiority of the 
zotarolimus-eluting stent, with an absolute risk 
difference of −0.1% and the upper limit of the 
one-sided 95% confidence interval of 1.8% 
(P<0.001 in one-sided noninferiority analysis). 
The rates for the individual components of the 
primary end point were similar to those for the 
composite end point (Fig. 1B, 1C, and 1D). The 
findings for the primary end point were consis-
tent across prespecified stratified analyses (Fig. 
2 in the Supplementary Appendix).

Patients in the zotarolimus-stent group, as 
compared with the everolimus-stent group, had 
significantly reduced rates of death from any 
cause while they were hospitalized (0.1% vs. 
0.8%, P = 0.02) and at 30 days (0.2% vs. 0.9%, 
P = 0.04) because of a nonsignificant increased 
rate of death at 30 days in the everolimus-eluting 
stent group from both cardiac causes (0.2% vs. 
0.7%, P = 0.11) and noncardiac causes (0% versus 
0.2%, P = 0.50). At 12 months, the between-group 
difference in the rate of death from any cause 
was no longer significant (1.6% vs. 2.8%, 
P = 0.08) (Table 3).

At 12 months, the rate of definite stent throm-
bosis was significantly higher in the zotarolimus-
stent group (1.2%) than in the everolimus-stent 
group (0.3%, P = 0.01), which was primarily re-
lated to a higher rate of definite stent thrombo-
sis at 30 days in the zotarolimus-stent group 
(0.8%) than in the everolimus-stent group (0.1%, 
P = 0.01). Rates of probable or possible stent 
thrombosis and of the composite of definite, 
probable, or possible stent thrombosis were 
similar in the two groups at all time points 
(Table 3, and Table 1 in the Supplementary Ap-
pendix). A temporal breakdown of all definite 
and probable episodes of stent thrombosis, along 
with the worst hierarchical outcome during a 
12-month period, is shown in Figure 2 (for de-
tails, see the Results section and Table 2 in the 
Supplementary Appendix).

The secondary angiographic end point, the 
in-stent percent stenosis at 13 months, was de-
termined at a median of 401 days (interquartile 
range, 394 to 420) in the zotarolimus-stent group 
and 409 days (interquartile range, 395 to 426) in 
the everolimus-stent group. The percent stenosis 
achieved the prespecified criterion for noninferi-
ority, with 21.65±14.42% in the zotarolimus-
stent group versus 19.76±14.64% in the everoli-
mus-stent group, a difference of 2.03% measured 
as a least-square mean with an upper limit of 
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Table 1. Characteristics of the Patients at Baseline.*

Variable
Zotarolimus-Eluting 

Stent (N = 1140)
Everolimus-Eluting 

Stent (N = 1152)
Difference
(95% CI)†

Age — yr 64.4±10.9 64.2±10.8 0.2 (−0.7 to 1.1)

Male sex — no. (%) 874 (76.7) 889 (77.2) −0.5 (−4.0 to 2.9)

Coexisting condition — no. (%)

Diabetes mellitus 268 (23.5) 270 (23.4) 0.1 (−3.4 to 3.5)

Arterial hypertension 810 (71.1) 821 (71.3) −0.2 (−3.9 to 3.5)

Hyperlipidemia 729 (63.9) 780 (67.7) −3.8 (−7.6 to 0.1)

Cardiac risk factor

Current smoker — no. (%) 302 (26.5) 305 (26.5) 0.0 (−3.6 to 3.6)

Premature coronary artery disease in first-degree 
relative — no./total no. (%)

327/960 (34.1) 361/983 (36.7) −2.7 (−6.9 to 1.6)

Previous myocardial infarction — no./total no. (%) 324/1122 (28.9) 341/1120 (30.4) −1.6 (−5.4 to 2.2)

Previous percutaneous coronary intervention — 
no. (%)

363 (31.8) 370 (32.1) −0.3 (−4.1 to 3.5)

Previous coronary-artery bypass grafting — no. (%) 114 (10.0) 110 (9.5) 0.5 (−2.0 to 2.9)

Previous revascularization for angina or myo-
cardial infarction — no. (%)

996 (87.4) 1022 (88.7) −1.3 (−4.0 to 1.3)

Clinical characteristic

Stable angina — no. (%) 382 (33.5) 416 (36.1) −2.6 (−6.5 to 1.3)

Unstable angina — no. (%) 221 (19.4) 218 (18.9) 0.5 (−2.8 to 3.7)

Myocardial infarction — no. (%) 393 (34.5) 388 (33.7) 0.8 (−3.1 to 4.7)

Left ventricular ejection fraction <30% — no./ 
total no. (%)

17/610 (2.8) 13/608 (2.1) 0.7 (−1.1 to 2.4)

Multivessel disease — no. (%) 666 (58.4) 682 (59.2) −0.8 (−4.8 to 3.2)

Target-vessel location — no. (%)

Left main artery 25 (2.2) 29 (2.5) −0.3 (−1.6 to 0.9)

Left anterior descending artery 600 (52.6) 560 (48.6) 4.0 (−0.1 to 8.1)

Left circumflex artery 376 (33.0) 379 (32.9) 0.1 (−3.8 to 3.9)

Right coronary artery 425 (37.3) 476 (41.3) −4.0 (−8.0 to 0.0)

Bypass graft — no. (%) 28 (2.5) 28 (2.4) 0.0 (−1.2 to 1.3)

Complexity of coronary artery disease

No. of treated lesions per patient 1.46±0.73 1.48±0.77 −0.02 (−0.08 to 0.04)

SYNTAX score‡ 14.8±9.3 14.6±9.2 0.2 (−0.6 to 1.0)

At least one small vessel (reference vessel  
diameter, ≤2.75 mm) — no./total no. (%)

652/962 (67.8) 656/973 (67.4) 0.4 (−3.8 to 4.5)

At least one lesion length >18 mm — no./ 
total no. (%)

175/962 (18.2) 206/973 (21.2) −3.0 (−6.5 to 0.6)

At least one bifurcation or trifurcation — no./ 
total no. (%)

190/1126 (16.9) 202/1139 (17.7) −0.9 (−4.0 to 2.3)

At least one total occlusion — no./total no. (%) 184/1127 (16.3) 197/1145 (17.2) −0.9 (−4.0 to 2.2)

At least one in-stent restenosis — no./total no. (%) 91/1126 (8.1) 91/1139 (8.0) 0.1 (−2.1 to 2.3)

Off-label stent use — no. (%)§ 764 (67.0) 756 (65.6) 1.4 (−2.5 to 5.3)

* Plus–minus values are means ±SD. CI denotes confidence interval.
† The value is the difference in the zotarolimus-stent group, as compared with the everolimus-stent group.
‡ The SYNTAX score can range from 0 to 115, with higher scores indicating a greater complexity of disease.
§ Off-label stent use included the placement of a stent in a patient with at least one of the following clinical or lesion 

characteristics: renal insufficiency (creatinine level, ≥140 μmol per liter [1.6 mg per deciliter]), an ejection fraction of 
less than 30%, the occurrence of acute myocardial infarction within the previous 72 hours, more than one lesion per 
vessel, at least two vessels with stents, a lesion measuring more than 27 mm, bifurcation, bypass grafts, in-stent rest-
enosis, unprotected left main artery, lesions with thrombus, or total occlusion.

The New England Journal of Medicine 
Downloaded from www.nejm.org at UNIV OF MANCHESTER JOHN RYLANDS LIB on August 25, 2010. For personal use only. No other uses without permission. 

Copyright © 2010 Massachusetts Medical Society. All rights reserved. 

Scot BW.indb   484 01-03-11   11:58



485

Comparison of zotarolimus-eluting and everolimus-eluting coronary stents  Chapter 7.3Zotarolimus-Eluting vs. Everolimus-Eluting Stents

n engl j med 363;2 nejm.org july 8, 2010 139

restenosis, minimal lumen diameter, and late lu-
men loss.

Statistical Analyses

This trial was powered for noninferiority testing 
of the primary end point at 12 months on an in-
tention-to-treat basis. Full details of the sample-
size calculation for the noninferiority primary and 
secondary end points are provided in the Methods 
section in the Supplementary Appendix.

Descriptive statistics for the secondary clini-
cal end points are provided. Categorical variables 
are reported as counts and percentages, and 
between-group differences were assessed with 
the use of Fisher’s exact test. Continuous vari-
ables are presented as means ±SD and were 
compared with the use of a two-sample t-test. 
The Kaplan–Meier method was used to calculate 
the time to clinical end points, and the log-rank 
test was used to compare between-group differ-
ences. Unless otherwise specified, a two-sided 
P value of less than 0.05 was considered to indi-
cate statistical significance.

R esult s

Patients

A total of 2292 patients with 3366 lesions were 
randomly assigned to receive either zotarolimus-
eluting stents (1140 patients with 1661 lesions) or 
everolimus-eluting stents (1152 patients with 1705 
lesions) (Fig. 1 in the Supplementary Appendix). A 
total of 21 patients (1.8%) in the zotarolimus-stent 
group and 26 (2.3%) in the everolimus-stent group 
were lost to follow-up or withdrew consent before 
the 12-month cutoff date, leaving 1119 patients in 
the zotarolimus-stent group and 1126 in the 
everolimus-stent group for inclusion in the inten-
tion-to-treat analysis.

Baseline clinical and angiographic character-
istics were similar in the two study groups (Ta-
bles 1 and 2). Total stent lengths per patient and 
per lesion were significantly higher in the 
everolimus-stent group (Table 2). However, this 
factor had no detrimental effect on 12-month 
clinical outcomes (Table 3, and Table 1 in the 
Supplementary Appendix).

The primary end point of target-lesion failure 
— a composite of death from cardiac causes, 
any myocardial infarction, or target-lesion revas-
cularization — occurred in 92 patients (8.2%) in 
the zotarolimus-stent group and 94 patients 
(8.3%) in the everolimus-stent group (Table 3 

and Fig. 1A). We confirmed noninferiority of the 
zotarolimus-eluting stent, with an absolute risk 
difference of −0.1% and the upper limit of the 
one-sided 95% confidence interval of 1.8% 
(P<0.001 in one-sided noninferiority analysis). 
The rates for the individual components of the 
primary end point were similar to those for the 
composite end point (Fig. 1B, 1C, and 1D). The 
findings for the primary end point were consis-
tent across prespecified stratified analyses (Fig. 
2 in the Supplementary Appendix).

Patients in the zotarolimus-stent group, as 
compared with the everolimus-stent group, had 
significantly reduced rates of death from any 
cause while they were hospitalized (0.1% vs. 
0.8%, P = 0.02) and at 30 days (0.2% vs. 0.9%, 
P = 0.04) because of a nonsignificant increased 
rate of death at 30 days in the everolimus-eluting 
stent group from both cardiac causes (0.2% vs. 
0.7%, P = 0.11) and noncardiac causes (0% versus 
0.2%, P = 0.50). At 12 months, the between-group 
difference in the rate of death from any cause 
was no longer significant (1.6% vs. 2.8%, 
P = 0.08) (Table 3).

At 12 months, the rate of definite stent throm-
bosis was significantly higher in the zotarolimus-
stent group (1.2%) than in the everolimus-stent 
group (0.3%, P = 0.01), which was primarily re-
lated to a higher rate of definite stent thrombo-
sis at 30 days in the zotarolimus-stent group 
(0.8%) than in the everolimus-stent group (0.1%, 
P = 0.01). Rates of probable or possible stent 
thrombosis and of the composite of definite, 
probable, or possible stent thrombosis were 
similar in the two groups at all time points 
(Table 3, and Table 1 in the Supplementary Ap-
pendix). A temporal breakdown of all definite 
and probable episodes of stent thrombosis, along 
with the worst hierarchical outcome during a 
12-month period, is shown in Figure 2 (for de-
tails, see the Results section and Table 2 in the 
Supplementary Appendix).

The secondary angiographic end point, the 
in-stent percent stenosis at 13 months, was de-
termined at a median of 401 days (interquartile 
range, 394 to 420) in the zotarolimus-stent group 
and 409 days (interquartile range, 395 to 426) in 
the everolimus-stent group. The percent stenosis 
achieved the prespecified criterion for noninferi-
ority, with 21.65±14.42% in the zotarolimus-
stent group versus 19.76±14.64% in the everoli-
mus-stent group, a difference of 2.03% measured 
as a least-square mean with an upper limit of 
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Table 1. Characteristics of the Patients at Baseline.*

Variable
Zotarolimus-Eluting 

Stent (N = 1140)
Everolimus-Eluting 

Stent (N = 1152)
Difference
(95% CI)†

Age — yr 64.4±10.9 64.2±10.8 0.2 (−0.7 to 1.1)

Male sex — no. (%) 874 (76.7) 889 (77.2) −0.5 (−4.0 to 2.9)

Coexisting condition — no. (%)

Diabetes mellitus 268 (23.5) 270 (23.4) 0.1 (−3.4 to 3.5)

Arterial hypertension 810 (71.1) 821 (71.3) −0.2 (−3.9 to 3.5)

Hyperlipidemia 729 (63.9) 780 (67.7) −3.8 (−7.6 to 0.1)

Cardiac risk factor

Current smoker — no. (%) 302 (26.5) 305 (26.5) 0.0 (−3.6 to 3.6)

Premature coronary artery disease in first-degree 
relative — no./total no. (%)

327/960 (34.1) 361/983 (36.7) −2.7 (−6.9 to 1.6)

Previous myocardial infarction — no./total no. (%) 324/1122 (28.9) 341/1120 (30.4) −1.6 (−5.4 to 2.2)

Previous percutaneous coronary intervention — 
no. (%)

363 (31.8) 370 (32.1) −0.3 (−4.1 to 3.5)

Previous coronary-artery bypass grafting — no. (%) 114 (10.0) 110 (9.5) 0.5 (−2.0 to 2.9)

Previous revascularization for angina or myo-
cardial infarction — no. (%)

996 (87.4) 1022 (88.7) −1.3 (−4.0 to 1.3)

Clinical characteristic

Stable angina — no. (%) 382 (33.5) 416 (36.1) −2.6 (−6.5 to 1.3)

Unstable angina — no. (%) 221 (19.4) 218 (18.9) 0.5 (−2.8 to 3.7)

Myocardial infarction — no. (%) 393 (34.5) 388 (33.7) 0.8 (−3.1 to 4.7)

Left ventricular ejection fraction <30% — no./ 
total no. (%)

17/610 (2.8) 13/608 (2.1) 0.7 (−1.1 to 2.4)

Multivessel disease — no. (%) 666 (58.4) 682 (59.2) −0.8 (−4.8 to 3.2)

Target-vessel location — no. (%)

Left main artery 25 (2.2) 29 (2.5) −0.3 (−1.6 to 0.9)

Left anterior descending artery 600 (52.6) 560 (48.6) 4.0 (−0.1 to 8.1)

Left circumflex artery 376 (33.0) 379 (32.9) 0.1 (−3.8 to 3.9)

Right coronary artery 425 (37.3) 476 (41.3) −4.0 (−8.0 to 0.0)

Bypass graft — no. (%) 28 (2.5) 28 (2.4) 0.0 (−1.2 to 1.3)

Complexity of coronary artery disease

No. of treated lesions per patient 1.46±0.73 1.48±0.77 −0.02 (−0.08 to 0.04)

SYNTAX score‡ 14.8±9.3 14.6±9.2 0.2 (−0.6 to 1.0)

At least one small vessel (reference vessel  
diameter, ≤2.75 mm) — no./total no. (%)

652/962 (67.8) 656/973 (67.4) 0.4 (−3.8 to 4.5)

At least one lesion length >18 mm — no./ 
total no. (%)

175/962 (18.2) 206/973 (21.2) −3.0 (−6.5 to 0.6)

At least one bifurcation or trifurcation — no./ 
total no. (%)

190/1126 (16.9) 202/1139 (17.7) −0.9 (−4.0 to 2.3)

At least one total occlusion — no./total no. (%) 184/1127 (16.3) 197/1145 (17.2) −0.9 (−4.0 to 2.2)

At least one in-stent restenosis — no./total no. (%) 91/1126 (8.1) 91/1139 (8.0) 0.1 (−2.1 to 2.3)

Off-label stent use — no. (%)§ 764 (67.0) 756 (65.6) 1.4 (−2.5 to 5.3)

* Plus–minus values are means ±SD. CI denotes confidence interval.
† The value is the difference in the zotarolimus-stent group, as compared with the everolimus-stent group.
‡ The SYNTAX score can range from 0 to 115, with higher scores indicating a greater complexity of disease.
§ Off-label stent use included the placement of a stent in a patient with at least one of the following clinical or lesion 

characteristics: renal insufficiency (creatinine level, ≥140 μmol per liter [1.6 mg per deciliter]), an ejection fraction of 
less than 30%, the occurrence of acute myocardial infarction within the previous 72 hours, more than one lesion per 
vessel, at least two vessels with stents, a lesion measuring more than 27 mm, bifurcation, bypass grafts, in-stent rest-
enosis, unprotected left main artery, lesions with thrombus, or total occlusion.
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4.73 for the one-sided 95% confidence interval 
(P=0.04 for noninferiority). Of note, there was 
a significant difference in in-segment late loss 
in favor of the everolimus-eluting stent, with 
0.15±0.43 mm in the zotarolimus-stent group 

versus 0.06±0.40 mm in the everolimus-stent 
group (P = 0.04), whereas no significant between-
group differences were observed for in-stent late 
loss (0.27±0.43 mm vs. 0.19±0.40 mm, P = 0.08), 
in-segment binary restenosis (5.2% vs. 6.5%, 

Table 2. Characteristics of Revascularization Procedures.*

Zotarolimus-Eluting 
Stent (N = 1140)

Everolimus-Eluting 
Stent (N = 1152)

Difference
(95% CI)† P Value

Before index procedure

Lesion length — mm

Mean 11.89±7.50 12.15±7.86 0.26 (−0.83 to 0.32)

Range 0.1–73.3 1.3–67.8

Reference vessel diameter — mm 2.63±0.57 2.63±0.58 0.00 (−0.04 to 0.05)

Minimum lumen diameter — mm 0.95±0.54 0.93±0.52 0.02 (−0.02 to 0.06)

Percent stenosis — % 63.59±18.41 64.18±18.19 −0.58 (−1.84 to 0.67)

Thrombus — no./total no. (%) 80/1518 (5.3) 75/1551 (4.8) 0.4 (−1.1 to 2.0)

Moderate or heavy calcification — no./total no. (%) 351/1599 (22.0) 323/1634 (19.8) 2.2 (−0.6 to 5.0)

TIMI score of 0 or 1 — no./total no. (%) 249/1635 (15.2) 264/1672 (15.8) −0.6 (−3.0 to 1.9)

After index procedure

No. of stents

Per patient 1.90±1.21 2.02±1.34 −0.12 (−0.23 to −0.02) 0.02

Per lesion 1.15±0.42 1.18±0.45 −0.03 (−0.06 to −0.01) 0.02

Total stent length — mm

Per patient 34.42±24.49 36.98±26.49 −2.56 (−4.65 to −0.47) 0.02

Per lesion 20.87±9.76 21.68±10.16 −0.81 (−1.44 to 0.18) 0.01

Balloon dilatation — no./total no. (%) 780/1122 (69.5) 799/1138 (70.2) −0.7 (−4.5 to 3.1) 0.75

Received study stent only — no./total no. (%) 1117/1140 (98.0) 1116/1152 (96.9) 1.1 (−0.2 to 2.4) 0.11

Minimum lumen diameter — mm

No. of lesions 1638 1674

In-stent 2.36±0.52 2.38±0.53 −0.01 (−0.05 to 0.02) 0.46

In-segment 2.06±0.54 2.06±0.55 0.00 (−0.04 to 0.03) 0.89

Diameter stenosis — %

In-stent 14.59±10.59 14.19±10.57 0.40 (−0.32 to 1.12) 0.28

In-segment 23.30±11.71 22.99±11.65 0.30 (−0.49 to 1.10) 0.46

Acute gain — mm

No. of lesions 1531 1557

In-stent 1.42±0.58 1.46±0.60 −0.04 (−0.08 to 0.01) 0.10

In-segment 1.11±0.59 1.13±0.62 −0.03 (−0.07 to 0.02) 0.22

Successful outcome — no./total no. (%)‡

Lesion 1869/1889 (98.9) 1946/1963 (99.1) −0.2 (−0.8 to 0.4) 0.62

Device 1820/1876 (97.0) 1888/1954 (96.6) 0.4 (−0.7 to 1.5) 0.52

Procedure 1060/1121 (94.6) 1063/1128 (94.2) 0.3 (−1.6 to 2.2) 0.79

* Plus–minus values are means ±SD. CI denotes confidence interval, and TIMI Thrombolysis in Myocardial Infarction.
† The value is the difference in the zotarolimus-stent group, as compared with the everolimus-stent group.
‡ Definitions for lesion, device, and procedural success are provided in the Methods section in the Supplementary Appendix.
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Table 3. Clinical Outcomes at 12 Months in the Intention-to-Treat Population.*

Outcome
Zotarolimus-Eluting 

Stent (N = 1119)
Everolimus-Eluting 

Stent (N = 1126)
Difference  
(95% CI)† P Value

no. (%)

Target-lesion failure‡ 92 (8.2) 94 (8.3) −0.1 (−2.4 to 2.2) 0.94

Death

From any cause 18 (1.6) 31 (2.8) −1.1 (−2.4 to 0.1) 0.08

From cardiac cause 15 (1.3) 19 (1.7) −0.3 (−1.4 to 0.7) 0.61

Target-vessel myocardial infarction§

Any 47 (4.2) 46 (4.1) 0.1 (−1.5 to 1.8) 0.92

Q-wave 8 (0.7) 5 (0.4) 0.3 (−0.4 to 0.9) 0.42

Non–Q-wave 40 (3.6) 41 (3.6) −0.1 (−1.6 to 1.5) 1.00

Clinically indicated target-lesion revascularization

Any 44 (3.9) 38 (3.4) 0.6 (−1.0 to 2.1) 0.50

Coronary-artery bypass grafting 6 (0.5) 8 (0.7) −0.2 (−0.8 to 0.5) 0.79

Percutaneous coronary intervention 38 (3.4) 31 (2.8) 0.6 (−0.8 to 2.1) 0.39

Myocardial infarction¶ 151 (13.5) 153 (13.6) −0.1 (−2.9 to 2.7) 0.95

Clinically indicated target-vessel revascularization

Any 55 (4.9) 54 (4.8) 0.1 (−1.7 to 1.9) 0.92

Coronary-artery bypass grafting 7 (0.6) 9 (0.8) −0.2 (−0.9 to 0.5) 0.80

Percutaneous coronary intervention 48 (4.3) 48 (4.3) 0.0 (−1.6 to 1.7) 1.00

Death from cardiac causes or target-vessel myocardial  
infarction§

60 (5.4) 61 (5.4) −0.1 (−1.9 to 1.8) 1.00

Major adverse cardiac event∥ 97 (8.7) 109 (9.7) −1.0 (−3.4 to 1.4) 0.42

Target-vessel failure** 101 (9.0) 108 (9.6) −0.6 (−3.0 to 1.8) 0.66

Patient-oriented composite end point†† 163 (14.6) 164 (14.6) 0.0 (−2.9 to 2.9) 1.00

Definite stent thrombosis (0–360 days)

All patients 13 (1.2) 3 (0.3) 0.9 (0.2 to 1.6) 0.01

Acute (0–1 day) 4 (0.4) 1 (0.1) 0.3 (−0.1 to 0.7) 0.22

Subacute (2–30 days) 5 (0.4)‡‡§§ 0 0.4 (0.1 to 0.8) 0.03

Late (31–360 days) 5 (0.4)‡‡ 2 (0.2) 0.3 (−0.2 to 0.7) 0.29

Probable stent thrombosis (0–360 days)

All patients (0–360 days) 6 (0.5) 5 (0.4) 0.1 (−0.5 to 0.7) 0.77

Acute (0–1 day) 1 (0.1)§§ 1 (0.1) 0.0 (−0.2 to 0.2) 1.00

Subacute (2–30 days) 3 (0.3) 4 (0.4) −0.1 (−0.5 to 0.4) 1.00

Late (31–360 days) 2 (0.2) 0 0.2 (−0.1 to 0.4) 0.25

Stent thrombosis (0–360 days)

Possible 9 (0.8) 9 (0.8) 0.0 (−0.7 to 0.7) 1.00

Definite or probable 18 (1.6) 8 (0.7) 0.9 (0.0 to 1.8) 0.05

Definite, probable, or possible 26 (2.3) 17 (1.5) 0.8 (−0.3 to 1.9) 0.17

* This trial was powered for noninferiority testing of the primary end point at 12 months on an intention-to-treat basis.
† The value is the difference in the zotarolimus-stent group, as compared with the everolimus-stent group.
‡ Target-lesion failure was defined as death from cardiac causes, any myocardial infarction (not clearly attributable to a nontarget vessel), or 

clinically indicated target-lesion revascularization.
§ Myocardial infarction was determined on the basis of the extended historical definition.13

¶ Myocardial infarction was determined on the basis of the Academic Research Consortium definition.12

∥ Major adverse cardiac events included a composite of death, myocardial infarction (Q-wave and non–Q wave), emergent coronary-artery 
bypass surgery, or repeat clinically indicated target-lesion percutaneous or surgical revascularization.

** Target-vessel failure was defined as death from cardiac causes, any myocardial infarction (not clearly attributable to a nontarget vessel), or 
clinically indicated target-vessel revascularization.

†† The patient-oriented composite end point was death from any cause, any myocardial infarction (Q-wave and non–Q wave), or any revascu-
larization.

‡‡ One patient had a definite stent thrombosis on both day 4 and day 31.
§§ One patient had a probable stent thrombosis on day 0 and a definite stent thrombosis on day 5.
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P = 0.67), or in-stent binary restenosis (4.2% vs. 
3.8%, P = 1.00) (Table 3 and Fig. 3 in the Supple-
mentary Appendix). The primary and secondary 
end points that were calculated on a per-protocol 
basis are reported in the Results section in the 
Supplementary Appendix.

Discussion

This study met the primary clinical end point by 
showing the noninferiority of the zotarolimus-
eluting stent, as compared with the everolimus-
eluting stent, when used in a population with 
minimal exclusion criteria. Historically, inclu-
sion criteria for enrollment in randomized trials 
of coronary stents have included patients with 
“on-label” indications, including those with sin-
gle de novo lesions of 27 mm or less in length in 
vessels with a reference diameter of 2.5 to 3.5 mm. 
Among patients who were commonly excluded 
from such studies were those with coexisting ill-
nesses, acute myocardial infarction, and multi-
vessel disease.

In 2006, a Food and Drug Administration 
panel formally recognized the biohazard of late 
stent thrombosis, a phenomenon that was ob-
served with increased frequency in the popula-
tions who had not been tested in previous ran-

domized trials of coronary stents. The use and 
the risk of drug-eluting stents in patients in 
whom the placement of such stents was consid-
ered to be off-label for the device became a 
major concern.14,15 It was recommended that 
future trials should address a broad, unselected 
patient population, which would be more repre-
sentative of everyday clinical practice. The lack 
of stringent exclusion criteria in our study re-
sulted in the enrollment of a large proportion of 
patients with acute myocardial infarction, multi-
vessel intervention, small-vessel disease, long 
lesions, or bifurcations or trifurcations — pa-
tients who represented those undergoing PCI in 
contemporary practice. Of note, results were 
consistent across all predefined subgroups.

In our study, we closely monitored the re-
cruitment of patients, which showed that 44% of 
all patients undergoing PCI were enrolled in the 
trial. Therefore, we consider that our findings 
are highly generalizable to patients in everyday 
clinical practice.

Given the overall complexity of the patient 
population, the event rates were low and com-
pared favorably with rates in previous “all-com-
er” studies, despite a somewhat higher mean 
SYNTAX score.16 Although the patient-oriented 
composite end point that was recommended by 
the Academic Research Consortium,13 which 
included all cardiovascular events, had an event 
rate of 14.6% in the two stent groups, this rate 
was lower than the rate of 18.3% reported in the 
angiographic group in the Fractional Flow Re-
serve Versus Angiography for Multivessel Evalu-
ation (FAME) study (NCT00267774) in the con-
text of a similar SYNTAX score.17

Using historical definitions of myocardial 
infarction, we compared rates in our trial with 
those in other all-comer trials.18-20 Before the 
start of the trial, it was decided that investiga-
tors should collect data on both creatine kinase 
and troponin levels, but the sponsor and the 
steering committee, in agreement with the data 
and safety monitoring board, decided to use the 
historical World Health Organization definitions 
of myocardial infarction, which were modified 
for an all-comer population.13 This decision was 
made to ensure that the trial results could be 
compared with historical coronary-stent studies. 
The measurement of troponin indeed resulted in 
a tripling of the rate of diagnosis of myocardial 
infarction. In the upcoming years, the increased 
sensitivity of the detection of troponin release will 

Figure 2. Cumulative Incidence of Definite or Probable Stent Thrombosis.

Shown is the incidence of definite stent thrombosis (red) or probable stent 
thrombosis (blue) among 18 patients in the zotarolimus-stent group and  
8 patients in the everolimus-stent group, along with the worst hierarchical 
clinical outcome, over 360 days of follow-up. ARC denotes Academic Re-
search Consortium, and MI myocardial infarction.
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have to be carefully weighed against the reduced 
specificity for device-related coronary events.

Overall in our study, rates of stent thrombosis 
were low and similar to those in previous stud-
ies involving all comers or patients with acute 
coronary syndromes.18-22 Although we observed 
no significant between-group difference in over-
all rates of stent thrombosis, there were differ-
ences in rates of subacute definite events. We 
observed no significant between-group difference 
in the use of antiplatelet therapy, but there was 
a preponderance of stenting in the left anterior 
descending coronary artery and coexisting ill-
nesses in patients with stent thrombosis. It is 
noteworthy that these episodes of stent throm-
bosis did not result in an excessive rate of myocar-
dial infarction or death in the zotarolimus-stent 
group. Although our findings are hypothesis-
generating and require additional investigation, 
definitive conclusions will be obtained only from 
longer-term follow-up in large patient popula-
tions in studies that have sufficient statistical 
power to detect differences in rates of stent 
thrombosis.

In designing this trial, we wanted to subran-
domize a population for angiographic follow-up, 
and in order to prevent revascularization that 
was not clinically indicated, we postponed an-
giographic follow-up for 4 weeks after the final 
clinical follow-up. This resulted in a decline in 
compliance for angiographic follow-up, since the 
majority of asymptomatic patients who were re-

assured at the last clinic visit did not want to 
undergo repeat hospitalization for invasive angiog-
raphy 4 weeks later. A similar observation was 
noted in the Harmonizing Outcomes with Revas-
cularization and Stents in Acute Myocardial In-
farction (HORIZONS-AMI) trial (NCT00433966).21 
Despite this reduced compliance, the power of 
the angiographic follow-up study was maintained 
at more than 80% and can be interpreted with 
confidence. In view of the results of the in-stent 
and in-segment late loss, we concluded that 
there was no substantial difference between 
zotarolimus and everolimus in inhibitory effect 
on the neointima. Previously, the late loss ob-
served with the zotarolimus stent was 0.12 mm, 
0.22 mm, and 0.27 mm at 4, 9, and 13 months, 
respectively.5,6 Similarly, the previous late loss 
with the everolimus stent was 0.10 mm, 0.16 mm, 
0.19 mm, and 0.34 mm at 6, 8, 13, and 24 
months, respectively.23-25 If there is a difference 
in inhibition of neointimal hyperplasia, it must 
be underscored that these values of late loss are 
far from clinically relevant, as confirmed by the 
low and similar rates of binary restenosis.

In conclusion, the new-generation zotaroli-
mus-eluting stent was found to be as safe and 
effective as the everolimus-eluting stent in a 
group of patients for whom the procedure was 
considered to be predominantly off-label.

Supported by Medtronic CardioVascular.
Disclosure forms provided by the authors are available with 

the full text of this article at NEJM.org.
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have to be carefully weighed against the reduced 
specificity for device-related coronary events.

Overall in our study, rates of stent thrombosis 
were low and similar to those in previous stud-
ies involving all comers or patients with acute 
coronary syndromes.18-22 Although we observed 
no significant between-group difference in over-
all rates of stent thrombosis, there were differ-
ences in rates of subacute definite events. We 
observed no significant between-group difference 
in the use of antiplatelet therapy, but there was 
a preponderance of stenting in the left anterior 
descending coronary artery and coexisting ill-
nesses in patients with stent thrombosis. It is 
noteworthy that these episodes of stent throm-
bosis did not result in an excessive rate of myocar-
dial infarction or death in the zotarolimus-stent 
group. Although our findings are hypothesis-
generating and require additional investigation, 
definitive conclusions will be obtained only from 
longer-term follow-up in large patient popula-
tions in studies that have sufficient statistical 
power to detect differences in rates of stent 
thrombosis.

In designing this trial, we wanted to subran-
domize a population for angiographic follow-up, 
and in order to prevent revascularization that 
was not clinically indicated, we postponed an-
giographic follow-up for 4 weeks after the final 
clinical follow-up. This resulted in a decline in 
compliance for angiographic follow-up, since the 
majority of asymptomatic patients who were re-

assured at the last clinic visit did not want to 
undergo repeat hospitalization for invasive angiog-
raphy 4 weeks later. A similar observation was 
noted in the Harmonizing Outcomes with Revas-
cularization and Stents in Acute Myocardial In-
farction (HORIZONS-AMI) trial (NCT00433966).21 
Despite this reduced compliance, the power of 
the angiographic follow-up study was maintained 
at more than 80% and can be interpreted with 
confidence. In view of the results of the in-stent 
and in-segment late loss, we concluded that 
there was no substantial difference between 
zotarolimus and everolimus in inhibitory effect 
on the neointima. Previously, the late loss ob-
served with the zotarolimus stent was 0.12 mm, 
0.22 mm, and 0.27 mm at 4, 9, and 13 months, 
respectively.5,6 Similarly, the previous late loss 
with the everolimus stent was 0.10 mm, 0.16 mm, 
0.19 mm, and 0.34 mm at 6, 8, 13, and 24 
months, respectively.23-25 If there is a difference 
in inhibition of neointimal hyperplasia, it must 
be underscored that these values of late loss are 
far from clinically relevant, as confirmed by the 
low and similar rates of binary restenosis.

In conclusion, the new-generation zotaroli-
mus-eluting stent was found to be as safe and 
effective as the everolimus-eluting stent in a 
group of patients for whom the procedure was 
considered to be predominantly off-label.
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I. SUPPLEMENTARY METHODS 
 
Quantitative Coronary Angiographic (QCA) 
All available QCA data for independent variables 
such as percent diameter stenosis and binary reste-
nosis were calculated using unmatched data, whilst 
matched paired QCA data was used in the analysis 
of serial angiographic endpoints. All angiographic 
measurements of the target lesion were obtained in 
the “in-stent” zone, within 5 mm proximal and distal 
to each stent edge, and over the entire segment (“in-
segment” zone). The following QCA parameters 
were calculated: minimal lumen diameter, reference 
vessel diameter, percent diameter stenosis (differ-
ence between the reference vessel diameter and mi-
nimal lumen diameter/reference vessel diameter x 
100) and late lumen loss (difference between the 
post-procedure and follow-up minimal lumen di-
ameter). Binary restenosis was defined as stenosis of 
50 percent or greater in the target lesion or segment 
at angiographic follow-up.  
 
Definitions 
All deaths were considered cardiac unless an undis-
puted non-cardiac cause was present. Myocardial 
infarction was defined according to an extended his-
torical protocol definition and according to ARC de-
finitions.1-2 A Q-wave myocardial infarction re-
quired, in the absence of cardiac enzyme data, a his-
tory of chest pain or other acute symptoms consis-
tent with myocardial ischemia together with new 
pathological Q waves in two or more contiguous 
ECG leads as assessed by the core lab or clinical 
events committee. In the presence of elevated cardiac 
enzymes, new pathological Q waves in two or more 
contiguous ECG leads as assessed by the core lab or 
clinical events committee were sufficient to diagnose 
a Q-wave myocardial infarction. In the absence of an 
ECG, a Q-wave myocardial infarction could be adju-
dicated on the basis of the clinical scenario and ap-
propriate cardiac enzyme data. A target lesion revas-
cularization was considered clinically indicated if 
angiography during follow-up showed a diameter 
stenosis greater than 50 percent (core laboratory 

QCA assessment) and if one of the following oc-
curred: (1) a positive history of recurrent angina pec-
toris, presumably related to the target vessel; (2) ob-
jective signs of ischemia at rest (ECG changes) or 
during exercise test (or equivalent), presumably re-
lated to the target vessel; (3) abnormal results of any 
invasive functional diagnostic test (e.g. fractional 
flow reserve); (4) a target lesion revascularization 
with a diameter stenosis greater than 70% even in 
the absence of the above-mentioned ischemic signs 
or symptoms.  Device success was defined as the 
attainment at the target site of a final residual diame-
ter stenosis of less than 50 percent using only the 
assigned study device. Lesion success was defined as 
the attainment of a final residual diameter stenosis of 
less than 50 percent using any percutaneous method. 
Procedure success was defined as the attainment at 
the target site of a final residual diameter stenosis of 
less than 50 percent, together with the absence of any 
in-hospital major adverse cardiac events. 

 
Statistical Methods 
Hypothesis of Non-Inferiority for Primary Clinical End-
point 
Based on the event rates from  previously reported 
all comer studies,3-4 we predicted composite end-
point rates at 12 months for both treatment groups to 
be 8%. Based on a non-inferiority margin of 0.035 
(3.5%) as the acceptable difference between the Reso-
lute zotarolimus-eluting stent and the Xience-V eve-
rolimus-eluting stent groups (claiming the former to 
be non-inferior) and a one-sided type I error of 0.05, 
a total of 2300 patients (1150 patients in each group) 
will yield at least 90% power to detect non-
inferiority. Non-inferiority will be achieved if the 
upper limit of the one sided 95% confidence interval 
of the difference is less than the margin. 
 
Non-Inferiority for Secondary Angiographic Endpoint 
Analysis 
This trial was also powered for non-inferiority test-
ing of the angiographic endpoint in-stent percent 
diameter stenosis. It was anticipated that 1.5 lesions 
per patient would be treated. Therefore, a mixed 
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model analysis of variance was used, allowing for 
the correlation of multiple lesions within patients, 
using patients as a random effect. The mean in-stent 
percent diameter stenosis was expected to be equal 
(16%) in both treatment groups, with a common 
standard deviation of 16%. With a non-inferiority 
margin of 5% and a one-sided type I error of 0.05, it 
is estimated that 460 patients (with on average 1.5 
lesion per patient) will yield a power of at least 90% 
to detect non-inferiority, assuming an attrition rate 
of 20%.  

 

II. SUPPLEMENTARY RESULTS 
 
Stent Thrombosis (Supplementary Table 2) 
Thirteen patients (1.2%) allocated to zotarolimus-
eluting stents had a definite stent thrombosis, of 
whom 12 were on dual antiplatelet therapy at the 
time of the event, whilst one patient had discontin-
ued therapy. Stent thrombosis was associated with 
seven (54%) ARC defined myocardial infarctions, 
and 12 (92%) target lesion revascularizations. The 
majority (10/13, 77%) of stent thrombosis events oc-
curred in the left anterior descending artery. Con-
versely, three (0.3%) patients allocated to everoli-
mus-eluting stents had a definite stent thrombosis, 
all of whom were on dual antiplatelet therapy at the 
time of the event. Stent thrombosis was associated 
with a non-fatal ARC defined myocardial infarction 
in all patients (100%), and a subsequent target lesion 
revascularization in two patients (67%).  

Per Protocol Analysis 
The main results of the study are reported on an in-
tention-to-treat basis. Importantly, analysis using 
only those patients who had all their lesions treated 
with a study stent (i.e. per protocol) does not result 
in any changes to the overall conclusions of the 
study, as the pre-specified criterion for non-
inferiority for both the clinical and angiographic 
endpoint is still achieved. For the record, per proto-
col, the rate of the primary clinical end point, target 
lesion failure (a composite of cardiac death, myocar-
dial infarction [not clearly attributable to a non-
target vessel], and clinically-indicated target lesion 
revascularization), occurred in 84 (7.7%) patients 
treated with the zotarolimus-eluting stent and 84 
(7.6%) patients treated with the everolimus-eluting 
stent (absolute risk difference 0.1%, upper limit of 
the one-sided 95% CI at 1.9%, one-sided Pnon-

inferiority=0.001). Similarly, the in-stent percent diame-
ter stenosis at 13-months follow-up on a per protocol 
basis was 21.65±14.42% for the zotarolimus-eluting 
stent and 19.75±14.68% for everolimus-eluting stent 
(difference in least square means 2.05%, upper limit 
of the one-sided 95% CI 4.75, one-sided Pnon-
inferiority=0.04).  
 
Adverse Events 
No serious adverse events were noted with any un-
usual frequency, or preponderance to a particular 
stent. 
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Supplementary Table 1. Additional Clinical Outcomes at 12 Months on an Intention-to-treat Basis 
 
 

ZES 
(N=1119) 

EES 
(N=1126) 

Difference 
(95% CI) 

P value for 
Difference 

Clinical Outcomes     
Target Lesion Failure# 8.2% (92) 8.3% (94) -0.1% [-2.4%, 2.2%] 0.94 

Death (all) 1.6% (18) 2.8% (31) -1.1% [-2.4%, 0.1%] 0.08 
   Cardiac 1.3% (15) 1.7% (19) -0.3% [-1.4%, 0.7%] 0.61 

MI (all)* 4.6% (51) 4.4% (49) 0.2% [-1.5%, 1.9%] 0.84 
   Q-wave 0.9% (10) 0.5% (6) 0.4% [-0.3%, 1.1%] 0.33 
   Non-Q-wave 3.8% (42) 3.8% (43) -0.1% [-1.6%, 1.5%] 1.00 

Target Vessel MI* 4.2% (47) 4.1% (46) 0.1% [-1.5%, 1.8%] 0.92 
   Q-wave 0.7% (8) 0.4% (5) 0.3% [-0.4%, 0.9%] 0.42 
   Non-Q-wave 3.6% (40) 3.6% (41) -0.1% [-1.6%, 1.5%] 1.00 

MI† 13.5% (151) 13.6% (153) -0.1% [-2.9%, 2.7%] 0.95 
   Q-wave 0.9% (10) 0.5% (6) 0.4% [-0.3%, 1.1%] 0.33 
   Non-Q-wave 12.8% (143) 13.1% (147) -0.3% [-3.1%, 2.5%] 0.85 

Any  repeat revascularization‡ 10.5% (117) 9.1% (102) 1.4% [-1.1%, 3.9%] 0.29 
   CABG 1.3% (14) 1.1% (12) 0.2% [-0.7%, 1.1%] 0.70 
   PCI 9.5% (106) 8.3% (93) 1.2% [-1.1%, 3.6%] 0.34 

Any TVR 7.2% (81) 6.1% (69) 1.1% [-1.0%, 3.2%] 0.31 
   CABG 0.9% (10) 0.9%  (10) 0.0% [-0.8%, 0.8%] 1.00 
   PCI 6.3% (71) 5.5% (62) 0.8% [-1.1%, 2.8%] 0.42 

Clinically indicated  TVR 4.9% (55) 4.8% (54) 0.1% [-1.7%, 1.9%] 0.92 
  CABG 0.6% (7) 0.8% (9) -0.2% [-0.9%, 0.5%] 0.80 
   PCI 4.3% (48) 4.3% (48) 0.0% [-1.6%, 1.7%] 1.00 

Any TLR 5.3% (59) 3.8% (43) 1.5% [-0.3%, 3.2%] 0.11 
   CABG 0.7% (8) 0.7% (8) 0.0% [-0.7%, 0.7%] 1.00 
   PCI 4.6% (51) 3.2% (36) 1.4% [-0.2%, 3.0%] 0.10 

Clinically indicated TLR 3.9% (44) 3.4% (38) 0.6% [-1.0%, 2.1%] 0.50 
     CABG 0.5% (6) 0.7% (8) -0.2% [-0.8%, 0.5%] 0.79 
     PCI 3.4% (38) 2.8% (31) 0.6% [-0.8%, 2.1%] 0.39 
Cardiac Death or TV MI* 5.4% (60) 5.4% (61) -0.1% [-1.9%, 1.8%] 1.00 
Death or  TV MI* 5.6% (63) 6.4% (72) -0.8% [-2.7%, 1.2%] 0.48 
MACE§ 8.7% (97) 9.7% (109) -1.0% [-3.4%, 1.4%] 0.42 
Target Vessel Failure|| 9.0% (101) 9.6% (108) -0.6% [-3.0%, 1.8%] 0.66 
Patient Composite End Point¶ 14.6% (163) 14.6% (164) 0.0% [-2.9%, 2.9%] 1.00 
     
Stent Thrombosis –     
Definite stent thrombosis     
         Acute (0-1 day) 0.4% (4) 0.1% (1) 0.3% [-0.1%, 0.7%] 0.22 
        Sub-acute (2-30 days) 0.4% (5)**†† 0.0% (0) 0.4% [0.1%, 0.8%] 0.03 
        Late (31-360 days) 0.4% (5)** 0.2% (2) 0.3% [-0.2%, 0.7%] 0.29 
        All (0-360 days) 1.2% (13) 0.3% (3) 0.9% [0.2%, 1.6%] 0.01 
Probable stent thrombosis     
         Acute (0-1 day) 0.1% (1)†† 0.1% (1) 0.0% [-0.2%, 0.2%] 1.00 
        Sub-acute (2-30 days) 0.3% (3) 0.4% (4) -0.1% [-0.5%, 0.4%] 1.00 
        Late (31-360 days) 0.2% (2) 0.0% (0) 0.2% [-0.1%, 0.4%] 0.25 
        All (0-360 days) 0.5% (6) 0.4% (5) 0.1% [-0.5%, 0.7%] 0.77 
Possible stent thrombosis     
         Acute (0-1 day) 0.0% (0) 0.0% (0) 0.0% [-] No p value 
        Sub-acute (2-30 days) 0.0% (0) 0.0% (0) 0.0% [-] No p value 
        Late (31-360 days) 0.8% (9) 0.8% (9) 0.0% [-0.7%, 0.7%] 1.00 
        All (0-360 days) 0.8% (9) 0.8% (9) 0.0% [-0.7%, 0.7%] 1.00 
Definite or probable stent thrombosis     
         Acute (0-1 day) 0.4% (5)†† 0.2% (2) 0.3% [-0.2%, 0.7%] 0.29 
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        Sub-acute (2-30 days) 0.7% (8)**†† 0.4% (4) 0.4% [-0.2%, 1.0%] 0.26 
        Late (31-360 days) 0.6% (7)** 0.2% (2) 0.4% [-0.1%, 1.0%] 0.11 
        All (0-360 days) 1.6% (18) 0.7% (8) 0.9% [0.0%, 1.8%] 0.05 
Definite, probable or possible stent thrombosis     
         Acute (0-1 day) 0.4% (5)†† 0.2% (2) 0.3% [-0.2%, 0.7%] 0.29 
        Sub-acute (2-30 days) 0.7% (8)**†† 0.4% (4) 0.4% [-0.2%, 1.0%] 0.26 
        Late (31-360 days) 1.3% (15)** 1.0% (11) 0.4% [-0.5%, 1.2%] 0.49 
        All (0-360 days) 2.3% (26) 1.5% (17) 0.8% [-0.3%, 1.9%] 0.17 

 
Data expressed as percent (number of events). 
MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass 
grafting; TLR, target lesion revascularization; TVR, target vessel revascularization; TV=Target vessel 
 
#    Target Lesion Failure: cardiac death, myocardial infarction* (not clearly attributable to a non-target 
vessel)  and clinically indicated target lesion revascularization  
*    Extended historical definition2  
†      Defined according to the ARC1 
‡    Includes all staged target vessel procedures2 
§     MACE: major adverse cardiac events, a composite of death, myocardial infarction (Q-wave and 
non-Q wave), emergent coronary artery bypass surgery, or repeat clinically indicated target lesion 
revascularization by percutaneous or surgical revascularization. 
||   Target Vessel Failure: cardiac death, myocardial infarction* (not clearly attributable to a non-target 
vessel) and clinically indicated target vessel revascularization 
¶      Patient Composite End Point: all-cause mortality, myocardial infarction (Q- and non-Q wave) or 
any revascularization. 
**   One patient had a definite stent thrombosis at day 4 and day 31 
†† One patient had a probable stent thrombosis on day 0 and a definite stent thrombosis on day 5. 
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.  
Supplementary Table 2: Detailed Information on Definite and Probable Stent Thrombosis Events out to 12-month 

Follow-up 

Days to Stent 
Thrombosis Stent Stented 

Vessel 
Compliance to DAPT at 

Time of Stent Thrombosis 
Events at Time of  

Stent Thrombosis§ 

Worst Hierarchical Outcome 
at 12-months 

(days to outcome) § 
Definite Stent Thrombosis    

0 ZES LAD Yes Non-Q-wave MI, TLR Non-Q-wave MI (0) 

0 ZES LAD Yes Q-wave MI, TLR Q-wave MI (0) 

0 ZES LAD Yes 
No event at time of stent throm-

bosis 
TLR (111) 

0 ZES LAD Yes TLR TLR (0) 

1 EES LAD Yes Q-wave MI, TLR Q-wave MI (1) 

2 ZES LAD Yes TLR Q-wave MI (1) 

4* ZES LAD Yes TLR Non-Q-wave MI (0) 

5# ZES LAD Yes Non-Q-wave MI TLR, Non-TVR Q-wave MI (10) 

5¶ ZES LAD Yes Q-wave MI, TLR Q-wave MI (5) 

10# ZES LAD Yes Q-wave MI, TLR, Non-TVR Q-wave MI (10) 

21 ZES LCx Yes Q-wave MI, TLR Q-wave MI (21) 

31* ZES LAD Yes Non-Q-wave MI, TLR Non-Q-wave MI (0) 

31 ZES LCx Yes Q-wave MI, TLR, Non-TVR Cardiac Death (58) 

71 ZES LAD No Non-Q-wave MI, TLR Non-Q-wave MI (71) 

73 ZES LAD Yes TLR TLR (73) 

81† EES RCA Yes Non-Q-wave MI, TLR Non-Q-wave MI (79) 

124 ZES RCA Yes TLR, TVR Non-Q-wave MI (111) 

279† EES RCA Yes Non-Q-wave, TLR Non-Q-wave MI (79) 

341 EES SVG Yes Non-Q-wave MI Non-Q-wave MI (341) 

    

Probable Stent Thrombosis    

0¶ ZES LAD Yes Q-wave MI Q-wave MI(5) 

1 EES LAD Yes Non-Q-wave MI Non-Q-wave MI (1) 

2 EES LMS Yes Q-wave MI, Cardiac death Cardiac Death(2) 

4 ZES 
LAD/RC

A 
Unknown Cardiac death Cardiac Death (4) 

5 ZES LCx Unknown Non-Q-wave MI Non-Q-wave MI(5) 

21 EES RCA Unknown Q-wave MI, Cardiac death Cardiac death(21) 

25 EES RCA Unknown Cardiac death Cardiac death (25) 

25 ZES LAD Unknown Cardiac death Cardiac death(25) 

29 EES RCA Unknown Cardiac death Cardiac Death(29) 

108 ZES SVG Unknown Cardiac death Cardiac death (108) 

214 ZES Cx Yes Q-wave MI Q-wave MI(214) 

 
*,#,†,¶ indicates the same patient having the event 
 
ZES, zotarolimus-eluting stent; EES, everolimus-eluting stent; LAD, left anterior descending coronary 
artery; RCA, right coronary artery; LCx, circumflex artery; SVG, saphenous vein graft; MI, myocardial 
infarction; TLR, target lesion revascularization; TVR, target vessel revascularization  
 
§Events adjudicated according to the Academic Research Consortium.1 
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Supplementary Table 3. Angiographic Follow-up on an Intention-to-treat Basis 
 ZES EES Difference [95% CI] P value 

Unmatched Angiographic Analysis      

13-months     

Diameter stenosis (%) (NL =191) (NL=186)   

In-stent 21.65±14.42 19.76±14.64 1.89 [-1.05, 4.83] 0.21 

In-segment 26.51±14.01 25.50±15.02 1.01 [-1.93, 3.95] 0.50 

Binary restenosis (%) (NL =191) (NL=186)   

In-stent 4.2% (8) 3.8% (7) 0.4% [-3.5%, 4.4%] 1.00 

In-segment 5.2% (10) 6.5% (12) -1.2% [-6.0%, 3.5%] 0.67 

Matched Paired Angiographic Analysis     

Post Procedure (NL =183) (NL=177)   

Minimum lumen diameter (mm)      

In-stent 2.46±0.53 2.42±0.50 0.05 [-0.06, 0.15] 0.39 

In-segment 2.18±0.56 2.06±0.49 0.12 [0.01, 0.23] 0.03 

13-months     

Minimum lumen diameter (mm)  (NL =183) (NL=177)   

In-stent 2.20±0.62 2.23±0.59 -0.03 [-0.16, 0.10] 0.64 

In-segment 2.03±0.61 2.01±0.56 0.03 [-0.09, 0.15] 0.65 

Late loss (mm)     

In-stent 0.27±0.43 0.19±0.40 0.08 [-0.01, 0.16] 0.08 

In-segment 0.15±0.43 0.06±0.40 0.09 [0.01, 0.18] 0.04 

 
Data are presented as mean±standard deviation and percent (number of events). 
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2294* patients enrolled and randomized

Zotarolimus-eluting stent 
N = 1140 pts 

Everolimus-eluting stent 
N = 1152 pts

13-month angiographic follow-up
N = 228 pts (316 lesions) 13-month angiographic follow-up 

N = 227 pts (334 lesions)

7 Withdrew consent
19 Lost to follow-up

4 pts withdrew consent
4 pts died
74 pts refused follow-up
6 pts follow-up angiography > 450 
days
3 pts lesions repeat angiography ≤14 
days † 

13-month angiographic follow-up  
N = 142 pts ¶ (191 lesions)

12-month clinical follow-up
N =  1119 pts

12-month clinical follow-up
N =  1126 pts

13-month angiographic follow-up  
N= 130 pts ¶ (186 lesions)

5  Withdrew consent
16 Lost to follow-up

5 pts withdrew consent
10pts died
72 pts refused follow-up
11 pts follow-up angiography > 450 
days
1pts lesions repeat angio ≤14 
days† 

 
 
 
 
 
 

Supplementary Figure 1: Patient Flow 
*2 patients randomized to zotarolimus-eluting stents were not included in analysis because no PCI was performed for medical reasons, and consent was sub-
sequently withdrawn. 
¶ Number of patients do not add up, as some patients had multiple lesions, that were not all excluded.  
† Clinical events in these patients are still included in the final clinical results. 
Pts, patients 

Scot BW.indb   499 01-03-11   11:59



500

ZOTAROLIMUS-ELUTING VERSUS EVEROLIMUS-ELUTING STENTS 

9 
 

Odds Ratio Odds Ratio P value
Pre-Specified Subgroups [95% CI] [95% CI]

All Patients (N = 2292) 0.98 [0.73, 1.33] 0.94
Off-Label (n = 1520) 0.91 [0.64, 1.29] 0.66
Small Vessels ≤2.75 mm (n = 1308) 1.01 [0.69, 1.48] 1.00
Acute MI <72 hr (n = 662) 1.36 [0.73, 2.57] 0.34
MultivesselTreatment (n = 570) 0.85 [0.50, 1.47] 0.58
Diabetes (n = 538) 1.45 [0.82, 2.58] 0.25
Overlapping Stents (n = 411) 1.06 [0.55, 2.05] 0.87
Bifurcations (n = 392) 0.99 [0.52, 1.87] 1.00
Long Lesions >18 mm (n = 381) 0.86 [0.44, 1.67] 0.74
In-Stent Restenosis (n = 182) 0.61 [0.24, 1.57] 0.35
Renal Insufficiency (n = 80) 0.91 [0.28, 3.02] 1.00
Bypass Graft (n = 56) 1.25 [0.30, 5.26] 1.00
Left Main (n = 54) 1.65 [0.33, 8.21] 0.69

Favors
R-ZES

Favors
EES

0.1 1 10

  

Supplementary Figure 2:  Odd ratio plot for the primary end point in pre-specified sub-groups 
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V. TRIAL APPENDIX  
 
Sponsor:  
Medtronic CardioVascular, Santa Rosa, 
California, USA 
 
Principal Investigator:  
Patrick W. Serruys, Erasmus Medisch Cen-
trum, Rotterdam, The Netherlands 
 
Co-Principal Investigators:   
Sigmund Silber, Kardiologische Praxis und 
Praxisklinik, Munich, Germany 
Stephan Windecker, Bern University Hospital, 
Bern, Switzerland  
 
Steering Committee: 
Patrick W. Serruys, Principal Investigator and 
Chairman, Rotterdam, The Netherlands 
Sigmund Silber, Kardiologische Praxis und 
Praxisklinik, Munich, Germany 
Stephan Windecker, Bern University Hospital, 
Bern Switzerland 
 
Data Safety Monitoring Board (DSMB): 
J..P.G. Tijssen 
U. Sigwart 
M. E. Bertrand 
 
Clinical Events Committee (CEC): 
E. Mc Fadden,  
C. Hanet, 
H.H. Tilsted Hansen 
J.P.R. Herrman 
V. Legrand 
P.W. Radke 
W. Rutsch 
G. Ducrocq  
M. Valgimigli 
W. Bocksch 
 
Data Management - Angiographic Core La-
boratories: 
Cardialysis BV, Rotterdam, The Netherlands 
 
 
 
 
 

VI. SUPPLEMENTARY REFERENCES 
 
1. Cutlip DE, Windecker S, Mehran R, et 
al. Clinical end points in coronary stent trials: 
a case for standardized definitions. Circulation 
2007;115:2344-51. 
 
2. Vranckx P, Cutlip DE, Mehran R, et al. 
Myocardial infarction adjudication in 
contemporary all-comer stent trials: balancing 
sensitivity and specificity. EuroIntervention 
2010;5:871-4. 
 
3. Lemos PA, Serruys PW, van Domburg 
RT, et al. Unrestricted utilization of sirolimus-
eluting stents compared with conventional 
bare stent implantation in the "real world": the 
Rapamycin-Eluting Stent Evaluated At 
Rotterdam Cardiology Hospital (RESEARCH) 
registry. Circulation 2004;109:190-5. 
 
4. Windecker S, Remondino A, Eberli FR, 
et al. Sirolimus-eluting and paclitaxel-eluting 
stents for coronary revascularization. N Engl J 
Med 2005;353:653-62.  

Scot BW.indb   501 01-03-11   11:59



Scot BW.indb   502 01-03-11   11:59



Chapter 7.4
A randomised comparison of novolimus-
eluting and zotarolimus-eluting coronary 
stents: 9-month follow-up results of the 
eXCeLLA ii study

EuroIntervention 2010; 6 (2):195-205

Patrick W. Serruys*, Scot Garg*, Alexandre Abizaid, John 

Ormiston, Stephan Windecker, Stefan Verheye, Christophe 

Dubois, Jim Stewart, Karl E. Hauptmann, Joachim Schofer, Karl 

Stangl, Bernhard Witzenbichler, Marcus Wiemer, Emanuele 

Barbato, Ton de Vries, Anne-Marie den Drijver, Hiromasa Otake, 

Lynn Meredith, Sara Toyloy, Peter Fitzgerald

*Equal contributors

Scot BW.indb   503 01-03-11   11:59



Scot BW.indb   504 01-03-11   11:59



505

9-month outcomes from EXCELLA II  Chapter 7.4

A randomised comparison of novolimus-eluting and
zotarolimus-eluting coronary stents: 9-month follow-up results
of the EXCELLA II study
Patrick W. Serruys1*, MD, PhD; Scot Garg1, MBChB, MRCP; Alexandre Abizaid2, MD, PhD; John Ormiston3,

MD; Stephan Windecker4, MD; Stefan Verheye5, MD, PhD; Christophe Dubois6, MD; Jim Stewart3, MD; Karl

E. Hauptmann7, MD; Joachim Schofer8, MD, PhD; Karl Stangl9, MD, PhD; Bernhard Witzenbichler10, MD;

Marcus Wiemer11, MD; Emanuele Barbato12, MD, PhD; Ton de Vries13, MSc; Anne-Marie den Drijver13,

PhD; Hiromasa Otake14, MD; Lynn Meredith15, MPH; Sara Toyloy15, Peter Fitzgerald14, MD, PhD

1.Erasmus Medisch Centrum, Rotterdam, The Netherlands; 2. Instituto Dante Pazzanese, Sao Paulo, Brazil; 3. Mercy
Angiography Unit, Auckland, New Zealand; 4. University Hospital Bern, Bern, Switzerland; 5. Academisch Ziekenhuis
Middelheim, Antwerpen, Belgium; 6. Universitair Ziekenhuis Gasthuisberg, Leuven, Belgium; 7. Krankenhaus der
Barmherzigen Brüder, Trier, Germany; 8. Universitäres Herz-und Gefäßzentrum, Hamburg, Germany; 9. Charité, University
Clinic Berlin, Campus Charite Mitte, Berlin, Germany; 10. Charité, University Clinic Berlin, Campus Benjamin-Franklin, Berlin,
Germany; 11. Herz-und Diabeteszentrum Nordrhein-Westfalen, Bad Oeynhausen, Germany; 12. Onze Lieve Vrouw Ziekenhuis,
Aalst, Belgium; 13. Cardialysis, Rotterdam, The Netherlands; 14. Stanford Cardiovascular Core Analysis Laboratory, Stanford
University, CA, USA; 15. Elixir Medical Corp., Sunnyvale, CA, USA

Both PW Serruys and S Garg contributed equally to this article. L. Meredith and S. Toyloy are employees of Elixir Medical. The other authors have
no conflicts of interest to declare. This study was sponsored by Elixir Medical Corporation.
Guest Editor: Thomas F. Lüscher, MD, PhD, Cardiovascular Center, University Hospital Zurich, Zurich, Switzerland.

- 195 -

Abstract
Aims: Novolimus, a macrocyclic lactone with anti-proliferative properties, has a similar efficacy to currently

available agents; however it requires a lower dose, and less polymer, and is therefore conceivably safer.

Methods and results: The EXCELLA II study was a prospective, multicentre, single-blind, non-inferiority

clinical trial which randomised 210 patients with a maximum of two de novo coronary artery lesions in two

different epicardial vessels in a ratio of 2:1 to treatment with either the Elixir DESyne Novolimus Eluting

Coronary Stent System (NES n=139, Elixir Medical, Sunnyvale, CA, USA) or the Endeavor zotarolimus

eluting stent (ZES n=71, Medtronic, Santa Rosa, CA, USA). The primary endpoint was in-stent mean late

lumen loss (LLL) at 9-months follow-up. In-stent percent volume obstruction (%VO) was measured in

a sub-group of 65 patients having 9-month intravascular ultrasound (IVUS) follow-up. Clinical secondary

endpoints included a device orientated composite of cardiac death, target vessel myocardial infarction

(MI), and clinically indicated target lesion revascularisation (CI-TLR) assessed at 9-months follow-up. At 9-

months, the in-stent LLL was 0.11±0.32 mm in the NES arm, as compared to 0.63±0.42 mm in the ZES

(p<0.0001 non-inferiority, p<0.0001 superiority). In-stent%VO was 4.5±5.1% and 20.9±11.3% for NES

and ZES, respectively (p<0.001). There was no significant difference between stent groups in the device

orientated composite endpoint (NES 2.9% vs. ZES 5.6%, –2.8% [-8.8%, 3.3%], p=0.45) or its individual

components of cardiac death, target vessel MI and CI-TLR.

Conclusions: This non-inferiority randomised study not only met its primary endpoint, but also

demonstrated superiority of NES compared to the ZES in terms of in-stent LLL.

KEYWORDS
Novolimus eluting
stent, zotarolimus
eluting stent,
angioplasty
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Abbreviations

BMS Bare metal stent

CABG Coronary artery bypass graft

CI-TLR Clinically indicated target lesion revascularisation

CK-MB Creatinine kinase myoglobin fraction

DES Drug eluting stents

DS Diameter stenosis

EES Everolimus eluting stent

IVUS Intravascular ultrasound

LLL Late lumen loss

MI Myocardial infarction

MLD Minimal lumen diameter

NES Novolimus eluting stent

NQWMI Non-Q-wave myocardial infarction

PCI Percutaneous coronary intervention

PES Paclitaxel eluting stent

QCA Quantitative coronary angiography.

RVD Reference vessel diameter

SES Sirolimus eluting stent

TIMI Thrombolysis in Myocardial Infarction

TVR Target vessel revascularisation

ULN Upper limit of normal

ZES Zotarolimus eluting stent

a percent volume obstruction on intravascular ultrasound (IVUS) of

6.0±4.4% at 8-months follow-up, together with no major adverse

cardiovascular events (MACE) through 12 months,9 and one MACE

event at 24 months, which included a patient death wherein the

patient had numerous other cardiovascular co-morbidities.10

Further assessment of the NES has been performed in the single-

blind, prospective EXCELLA-II study, which randomised patients to

treatment with either NES or the Endeavor (Medtronic, Santa Rosa,

CA, USA) zotarolimus eluting stent (ZES). The current study reports

the 9-month angiographic, IVUS and clinical outcomes of patients

enrolled in the EXCELLA-II study, which represents the first, and

largest randomised assessment of a coronary stent eluting novolimus.

Methods

Patient population

The EXCELLA-II study was a prospective, single blind, multi-centre

trial enrolling 210 patients who were randomised in a ratio of 2:1 to

receive either an Elixir NES (n=139), or an Endeavor ZES (n=71). All

patients were over the age of 18, with evidence of myocardial

ischaemia (as defined by the Canadian Cardiovascular society

classification, or documented silent ischaemia or a positive functional

test), and a maximum of two de novo native coronary artery lesions in

different major epicardial vessels. For inclusion, on visual estimation,

target lesion(s) were required to be: in a vessel with a reference vessel

diameter between 2.5-3.5 mm; <24 mm in length; with a percentage

diameter stenosis (DS) between 50-99%, and a Thrombolysis In

Myocardial Infarction (TIMI) flow grade ≥1 by visual estimation.

Patients with documented evidence of recent (<3 days) myocardial

infarction (creatinine kinase [CK]>2 times the upper normal limit

[ULN]); a left ventricular ejection fraction <25%; a serum

creatinine>2 mg/dl; those waiting heart transplantation; females of

child-bearing age; those who would not consent to follow-up

angiography; those with limited life expectancy due to concomitant

disease; or those having a known sensitivity or contraindications to

aspirin, ticlopidine, clopidogrel, mTOR inhibitor class drugs, cobalt

chromium alloy, methacrylate or sensitivity to contrast which could

not be adequately pre-medicated were excluded.

Angiographic lesions involving the left main stem; the aorto-ostial

junction; those located within 5 mm of the origin of the left anterior

descending or left circumflex artery; involving a side branch >2 mm

in diameter; located within 10 mm of a previous stent; with heavy

proximal calcification; requiring a staged procedure within 9-

months; with a lesion with DS>40% proximal or distal to the target

lesion; likely to require adjunctive therapy or which had associated

visible thrombus were also all excluded. The ethics committee of

each participating institution approved the study protocol, and all

patients provided written informed consent.

Novolimus eluting stent

STENT PLATFORM
The Elixir DESyne Novolimus Eluting Coronary Stent System is

comprised of the Elixir Core Coronary Stent System, which has

received CE Mark approval in the European Union, and a novolimus

eluting polymer coating. The Elixir core stent is a balloon

Introduction
Drug eluting stents (DES) have revolutionised the field of

percutaneous coronary intervention (PCI) since their inception in

2002.1 However, despite their undeniable efficacy at reducing

neointimal proliferation and repeat revascularisation compared to

their bare metal stent predecessors,2-5 they have been unable to

completely eliminate restenosis, and in more recent times have

been dogged by continued concerns over their long-term safety.6,7

These unresolved issues have prompted design modifications to

historical DES systems, in an attempt to develop new DES systems

which are both safer, and more efficacious.

The most widely used anti-proliferative agents on current DES

systems such as sirolimus, zotarolimus and everolimus are all

derived from macrocyclic lactones, and ultimately function through

the inhibition of the mammalian target of rapamycin (mTOR),

resulting in arrest of the cell cycle. Previous clinical studies have

demonstrated the overall superiority, in terms of both reduced late

lumen loss, and repeat revascularisation of coronary stents which

elute mTOR inhibiting drugs when compared to those eluting

paclitaxel.8

Novolimus is a metabolite of sirolimus that has been specifically

developed for the Elixir DESyne Novolimus Eluting Coronary Stent

System (NES, Elixir Medical, Sunnyvale, CA, USA). This

modification was aimed at creating a new anti-proliferative drug,

which had similar efficacy to currently available agents, but

required a lower dose, and lower polymer load and therefore was

conceivably safer. The feasibility of using novolimus on a DES has

been assessed in the 15-patient first-in-man EXCELLA study, which

reported an angiographic in-stent late loss of 0.31±0.25 mm, and
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expandable stent developed utilising a medical grade cobalt

chromium alloy with a nominal strut thickness of 0.0032”

(80 microns) including a 6-crown (2.5 mm stent diameter) and an

8-crown (3.0 and 3.5 mm stent diameter) two-link pattern designed

to optimise vessel coverage, flexibility and deliverability.

POLYMER
The NES polymer is a durable poly n-butyl methacrylate (PBMA)

polymer, which is similar to that currently in clinical use on medical

devices including vascular implants and other DES systems such as

the Cypher sirolimus eluting stent (SES, Cordis, Warren, NJ, USA)

and the XIENCE V everolimus eluting stent (EES, Abbott Vascular,

Santa Clara, CA, USA). Importantly the polymer undergoes

substantial processing to purify it from unwanted impurities, thereby

resulting in a reduction in its overall monomer content. The drug-

polymer matrix is applied to the surface of the stent, without a

primer polymer coating underneath, using a proprietary spray

resulting in a coating thickness of <3 μm, which is thinner than that

found on other currently available durable polymer DES (4.1 μm on

ZES, 7.6 μm on EES). The polymer facilitates controlled release of

novolimus, such that 80% of the drug is released over 12 weeks,

with elution complete by 6-months (data on file at Elixir Medical).

NOVOLIMUS
Novolimus is a macrocyclic lactone which has been developed by

removal of a methyl-group from carbon C16 (data on file at Elixir

medical). Notably this differs from the other macrocyclic lactone

agents that are used in DES, which have all been developed

through modifications on the carbon C40 of the macrocyclic ring.

Nevertheless, in a similar fashion to these other agents, novolimus

binds to the immunophilin, FK Binding Protein-12 (FKBP-12), to

generate an immunosuppressive complex, which binds to and

inhibits the activation of the regulatory kinase mTOR. This inhibition

suppresses cytokine-driven cell proliferation, inhibiting the

progression from the G1 to the S phase of the cell cycle. Novolimus

has been shown in in vitro studies to have a high potency to inhibit

human smooth muscle cells (IC
50

of 0.5 nM), which is comparable

to that of sirolimus (data on file at Elixir Medical). The dose of

Novolimus used on the DESyne stent is 5 μg/mm of stent length

(compared to 10 μg/mm on ZES, and EES).

Study procedure

Patients were randomised by central telephone randomisation

service in a ratio of 2:1 between NES and ZES after the identification

of suitable lesions on preliminary angiography. Randomisation was

stratified on a site level using random permuted block assignments.

Physicians were not blinded, in view of the different packaging for

each stent.

NES were available in diameters of 2.5, 3.0 and 3.5 mm and in

lengths of 14, 18 and 28 mm, whilst ZES were available in diameters

of 2.5, 3.0 and 3.5 mm and in lengths of 14, 18 and 30 mm.

Standard interventional techniques were used to treat the lesion, in

particular pre-dilatation was mandatory, and stent implantation was

performed at a pressure not exceeding the rated burst pressure.

Each stent was required to be long enough to cover the lesion, and

pre-dilated area including 2 mm on either side. Post-dilatation was

left to the operator’s discretion; however, if performed, balloons

were required to be shorter than the length of the deployed stent. In

the event of a bailout procedure and the need for an additional

stent, this was required to be of the same type as the first implanted

stent if possible. If not, then a stent comprised on the same base

material and drug family was recommended. In patients with two de
novo lesions, attempts at the second lesion were only permitted if an

optimal result defined as a residual DS<20%, TIMI 3 flow, absence

of thrombus or edge dissection was seen after PCI of the first lesion.

In a subset of 65 (43 NES, 22 ZES) consecutive patients enrolled in

pre-selected centres IVUS was performed after optimal stent

placement had been achieved. Periprocedural pharmaceutical

treatment was administered according to standard hospital

practice. Procedural anticoagulation was achieved with

unfractionated heparin or bivalirudin. The use of glycoprotein

IIb/IIIa inhibitors was left to the operator’s discretion. All patients

enrolled into the study were to receive ≥75 mg of aspirin daily for

a minimum of one year, and clopidogrel 75 mg for a minimum of

twelve months following the index procedure.

Follow-up

Patient clinical status review by telephone or hospital visit was

planned at 1 (±14 days), 6, 9, and 12 months, and will be followed

by annual review out to 5-years (±1 month). At outpatient visits,

patients were specifically questioned about the development of

angina or the occurrence of any adverse events. Angiographic

follow-up for all patients was planned at 9-months (±1 month), with

IVUS follow-up planned in a subset of 65 consecutive patients (from

selected centres). Prior to follow-up angiography physicians were

required to clinically evaluate the patients and prospectively record

in the case record form whether any revascularisation, if required,

was clinically indicated.

QCA

Quantitative coronary angiography (QCA) was performed using the

CAAS II analysis system (Pie Medical BV, Maastricht, The

Netherlands).11 In each patient, the stented segment and the peri-

stent segments (defined as a length 5 mm proximal and distal to the

stent edge) were analysed. The following QCA parameters were

calculated: minimal lumen diameter (MLD), reference vessel

diameter (RVD) obtained by an interpolated method, and DS%.

Binary restenosis was defined in every segment as a DS≥50% at

follow-up. Late lumen loss (LLL) was calculated as the difference

between the post-procedure and follow-up MLD. Angiography films

were centrally assessed at one angiographic core laboratory

(Cardialysis, Rotterdam, The Netherlands) with assessors unaware

of the allocated stent.

IVUS

IVUS assessments were performed immediately post-stent

implantation and at the 9-month follow-up time frame in a subset of

65 patients. Standard IVUS procedures were followed including

a motorised pullback at 0.5 mm/sec from the distal reference

segment, to at least 10 mm proximal to the lesion/stent border.

Quantitative IVUS parameters included the minimum lumen area,

Clinical research
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and volume data for the neointimal hyperplasia, vessel, stent, and

lumen. To standardise for different lengths, the volume index was

calculated as volume divided by length. The Cardiovascular Core

Analysis Laboratory (CCAL) at Stanford University Medical Centre,

Stanford, CA, USA performed the independent analysis of the

lesions.

Study endpoints

The primary endpoint of the study was in-stent LLL as assessed by

QCA at 9-months follow-up. Secondary QCA/IVUS endpoints

included: MLD and DS% post-procedure and at 9-months; 9-month

in-segment LLL; 9-month in-stent and in-segment binary

angiographic restenosis DS≥50%; and in the subset having 9-

month IVUS follow-up, in-stent percentage volume obstruction

(%VO). In-stent was defined within the margins of the stent, while

in-segment was defined as located within the margins of the stent

and 5 mm proximal or distal to the stent.

Secondary clinical endpoints, collected at 1, 6, and 9 months, and

will be collected annually to 5-years included the device-orientated

composite endpoint defined as cardiac death, MI not clearly

attributable to a non-intervened vessel (World Health Organisation

[WHO] definition), and clinically indicated target-lesion

revascularisation (CI-TLR) by PCI or bypass surgery. Other secondary

clinical endpoints were CI-TLR, clinically indicated target vessel

revascularisation (CI-TVR), stent thrombosis defined according to the

Academic Research Consortium (ARC) definition,12 and acute

success including both clinical device and clinical procedural

success.

An independent blinded clinical events committee (CEC) evaluated

all clinical endpoints, and a Data and Safety Monitoring Board,

neither of which were affiliated with the study, ensured the safe

conduct of the trial.

Definitions

All deaths were considered cardiac unless an undisputed non-

cardiac cause was present. MI was defined according to the WHO

definition13 wherein Q-wave MI was defined as the development of

new pathological Q-waves in association with a rise in CK ≥2 times

the ULN. A non-Q-wave MI (NQWMI) was defined as a CK elevation

≥2 times the ULN together with an elevation in CK-MB. A target

lesion revascularisation was considered clinically indicated if

angiography at follow-up showed a DS<50% (core lab QCA

assessment) and if one of the following occurred: (1) a positive

history of recurrent angina pectoris, presumably related to the target

vessel; (2) objective signs of ischaemia at rest (ECG changes) or

during exercise test (or equivalent), presumably related to the target

vessel; (3) abnormal results of any invasive functional diagnostic

test (e.g., fractional flow reserve); (4) A TLR with a diameter stenosis

≥70% even in the absence of the above-mentioned ischaemic signs

or symptoms. Device success was defined as the attainment at the

target site of a final residual DS<20% using only a NES or ZES stent

alone. Procedure success was defined as the attainment at the

target site of a final residual DS<50% using a NES or ZES stent

alone, together with the absence of any in-hospital device orientated

composite endpoints.

Statistical methods

The sample size for this study was calculated based on the planned

analysis of the primary endpoint using a one-tailed t-test to show

non-inferiority of the test arm compared to the control arm at the

0.05 significance level. Assuming the in-stent late lumen loss at

nine months was equivalent between the test and control, using

a common standard deviation of 0.5 and a margin of equivalence

(delta) of 0.20, in order to have an 80% probability (i.e., 0.80

power) a minimum of 118 test and 59 control patients were

required for the study. To allow for an approximate 15% patient

dropout/lost-to-follow-up rate, approximately 210 patients of which

139 were test and 71 control patients were enrolled.

Binary variables are presented as percentages, and compared using

the Fisher’s exact test. Continuous variables were compared using

the t-test, apart from the non-inferiority primary endpoint of in-stent

LLL which was analysed using SAS v8 Proc Mixed which took into

account the within-patient correlation structure of these data. The

hypothesis testing for the primary endpoint was performed using a

one-sided non-inferiority test with asymptomatic test statistic. If non-

inferiority was shown, superiority analysis was planned using a two-

sided t-test at the 5% alpha level. Clinical outcomes were analysed

on an intention to treat basis using all patients randomised in the

study, regardless of the treatment actually received. QCA data was

analysed on a modified intention to treat basis, where patients were

only included if at least one study stent was implanted, and lesions

were only included if they were treated with a study stent. Statistical

analyses were performed using the SAS statistical package (version

9.1.3, SAS Institute, Cary, NC, USA).

Results
The EXCELLA II study screened 622 patients over 21 sites, of whom

210 (33.8%) were randomised to treatment with NES (n=139) and

ZES (n=71) between 28 October 2008 and 5 March 2009. At 9-

month follow-up clinical assessment, as shown in Figure 1, was

available in 207 patients (98.6%), made up of 137 of the initial 139

NES patients (98.6%) and 70 of the original 71 ZES patients

(98.6%). Of the two patients failing to complete 9-month follow-up

in the NES group, one was lost to follow-up after 6-months, whilst

one withdrew consent prior to the 9-month follow-up angiogram.

A single patient in the ZES was lost to follow-up after 4-weeks.

Importantly no patient experienced any events up to last patient

contact. Overall angiographic follow-up on a modified intention to

treat basis was available in 88.6% of patients (89.9% NES, 85.9%

ZES), with the reasons for incomplete follow-up shown in Figure 1.

Patient population and lesion characteristics
Baseline patient and angiographic characteristics are shown in

Table 1. Overall, both groups had similar baseline risk profiles, and

comparable lesion characteristics. Clinical device success occurred

in the 137 out of 156 lesions in the NES arm (87.8%), and 70 out of

76 lesions in the ZES arm (92.1%). Of the 19 NES device failures,

four were the result of implantation of a non-study stent, whilst 15

occurred because QCA deemed the residual DS to be >20%

(mean±SD: 22.3±2.0%). Of note in 12 of these patients the
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investigator reported the residual DS to be 0%. Similarly in the ZES

arm, one non-study stent was implanted, whilst five lesions had a

residual DS on QCA of >20% (22.4±1.9%); all of these had been

deemed to have a DS of 0% by the investigator. The rates of

procedural success were NES 97.8%, and ZES 98.6%, (–0.7%

[–4.4%, 2.9%], p=1.00).

QCA analysis
Angiographic data at 9-months were available in 186 patients (204

lesions), and are summarised in Table 2. The RVD, MLD and DS%

pre- and post procedure were all comparable between both study

arms. At 9-months follow-up however, there was a larger RVD,

a significantly larger MLD, and both a significantly lower DS% and rate

of in-stent binary restenosis following treatment with NES. At 9-

months, the primary endpoint of mean in-stent LLL was significantly

lower for NES compared to the ZES, (0.11±0.32 mm vs. 0.63±0.42 mm,

non-inferiority p<0.0001, superiority p<0.0001). The cumulative

frequency distribution of in-stent LLL and DS% is displayed in Figure 2.

IVUS analysis
Baseline and follow-up IVUS data, which was obtained in 50

patients, including 39 serial sets of data (24 NES, 15 ZES) are

shown in Table 3. At follow-up, there were no significant differences

between NES and ZES with respect to the absolute vessel, lumen or

stent volume indexes. Volumetric analysis indicated significantly

less neointimal hyperplasia, (0.3±0.5 vs. 1.6±0.9, p<0.001) and

%volume obstruction (4.5±5.1 vs. 20.9±11.3, p<0.001) with NES

compared to ZES.

Incomplete stent apposition post procedure was evident in 9/41

(22%) NES lesions, three of which were post-dilated; and 2/23

Clinical research

210 patients (NL=232) enrolled and randomised

Novolimus-eluting stent

N=139 pts* (NL=156*)
Zotalimus-eluting stent

N=71 pts* (NL=76*)

Post-procedure

N=70 pts‡
(NL=75‡)
(NIVUS=22)

Post-procedure

N=138 pts‡
(NL=154‡)
(NIVUS=43)

1 pt (NL=1)
– Patient and lesion excluded
1 pt (NL=2) 1 non-study stent
– Patient included, 
one lesion excluded

1 pt (NL=1) no study stent
– Patient and lesion excluded

1 Withdrew consent
1 Lost to follow-up

1 Lost to follow-up

9-month angiographic

follow-up

N=61 pts‡
(NL=66‡)
(NIVUS=15)

9-month angiographic

follow-up

N=125 pts‡
(NL=138‡)
(NIVUS=34)

9-month clinical

follow-up

N=70 pts*

9-month clinical

follow-up

N=137 pts*

9 pts (NL=9)
Missing follow-up angiogram

13 pts (NL=16)
Missing follow-up or 

unanalysable angiogram

Figure 1. Clinical and angiographic follow up of patient population. Pts: patients; NL: number of lesions; IVUS: intra-vascular ultrasound; *Intention
to treat analysis; ‡ Modified intention to treat: lesions with at least 1 study stent
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stenosis at 9-month follow-up.
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(8.7%) ZES lesions, both of which were post-dilated. Serial analysis

indicated that incomplete stent apposition at 9-months was

persistent or resolved in 3/31 (9.7%) and 2/31 (6.5%) NES lesions,

and 1/19 (5.3%) and 1/19 (5.3%) ZES lesions, respectively. There

were no cases of late acquired incomplete stent apposition.

Clinical outcomes
Hierarchical and non-hierarchical clinical outcomes are shown in

Table 4. Overall, there was no significant difference between stent

groups in the device orientated composite endpoint (NES 2.9% vs.

PES 5.6%, –2.8% [–8.8%, 3.3%], p=0.45) or its individual

components of cardiac death, target vessel MI and CI-TLR. In total

four MIs (two Q-wave and two NQWMI) were recorded in the study

population, all of which were attributable to the study vessel. All

TVR, which was performed in 6.5% and 7.0% of patients receiving

NES and ZES respectively, was performed with PCI.

Specific to the Q-wave MI patients, one patient experienced a spiral

dissection of the LAD during implantation of the first stent, and in

the process of treating the dissection the operator implanted three

more study stents. At the end of the procedure there was TIMI 2

flow in the target vessel, but within 4-hours, repeat angiography

performed due to chest pain revealed an occlusion of the LAD,

which required additional treatment with thrombus aspiration and

balloon dilatation. The distal segment of the LAD remained

occluded. This patient was adjudicated by the CEC as having had a

Q-wave MI, a TLR due to DS100%, and a definite acute stent

thrombosis. The other Q-wave MI was decided by default, after the

CEC could not decide whether the patient had experienced a Q-

wave or NQWMI. In this case the procedure itself went without

incident, however a CK rise of 614, and CK-MB of 48.3 was

recorded post intervention. In the two NQWMI patients, one had an

unremarkable procedure, whilst the other had clear evidence of

distal embolisation.

Stent thrombosis rates, as shown in Table 4, were low, with only two

ST events in patients treated with NES (one early definite, and one

late probable), and no ST observed with ZES. The definite ST event

was an acute ST, occurring within four hours of the index PCI

procedure, which was complicated by a spiral dissection

necessitating the implantation of three additional study stents as

described earlier. The ST in this case was attributed to procedural

complications. The probable ST occurred in a patient still on dual

antiplatelet therapy, who was admitted with dyspnoea and no chest

pain, however the patient was found to have an elevated troponin,

and had ischaemic ECG changes in the territory of the stent

implanted at the index PCI 68 days earlier.

Discussion
The main findings from this study are that a specifically designed

DES eluting novolimus has a significantly lower 9-month in-stent

LLL compared to a ZES, with comparable clinical outcomes at 9-

months.

Novolimus represents a specifically manufactured macrocyclic

lactone, which is a metabolite of sirolimus that advantageously

results in lower concentrations of drug (and consequently polymer)

being needed to inhibit neointimal proliferation. The dose of drug

and polymer thickness on NES are 5 μg/mm and <3 μm

respectively, compared to 10 μg/mm and 4.1 μm for ZES;

10 μg/mm and 7.6 μm for the EES; 10 μg/mm and 16 μm for the

TAXUS paclitaxel eluting stent (PES, Boston Scientific, Natick, MA,

USA); and 14 μg/mm and 12.6 μm for SES. Although the NES

utilises a methacrylate polymer that is similar to that used in other

Table 1. Baseline characteristics of the patient population.

%(n) unless stated Novolimus Zotarolimus

Baseline patient characteristics N=139 N=71

Age, years (±SD) 64.7±9.6 62.7±9.7

Male 76.3% (106/139) 78.9% (56/71)

Diabetes mellitus 23.7% (33/139) 23.9% (17/71)

Smoking
Never smoked 42.8% (59/138) 25.4% (18/71)
Previous smoking 41.3% (57/138) 52.1% (37/71)
Currently smoking 15.9% (22/138) 22.5% (16/71)

Renal insufficiency 1.4% (2/139) 1.4% (1/71)

Hypercholesterolaemia 85.5% (118/138) 76.1% (54/71)

Hypertension 76.3% (106/139) 71.8% (51/71)

Family history 48.6% (67/138) 47.9% (34/71)

Stroke 2.9% (4/139) 4.2% (3/71)

Congestive heart failure 0.0% (0/139) 5.6% (4/71)

Previous myocardial infarction 26.6% (37/139) 31.0% (22/71)
Q-wave 10.8% (15/139) 16.9% (12/71)
Non-Q-wave 17.3% (24/139) 14.1% (10/71)

Previous CABG 3.6% (5/139) 5.6% (4/71)

Previous PCI 33.8% (47/139) 35.2% (25/71)

Peripheral vascular disease 4.3% (6/139) 9.9% (7/71)

Anginal status
Unstable angina 25.2% (35/139) 31.0% (22/71)
Stable angina 64.0% (89/139) 64.8% (46/71)
Silent ischaemia only 10.8% (15/139) 4.2% (3/71)

Cardiac related medication 97.8% (136/139) 98.6% (70/71)

Ejection fraction,% (±SD)* 67.2±11.1 64.4±13.0

Baseline lesion characteristics No. of lesions=154 No. of lesions=75

Target vessel
Left anterior descending 40.3% (62/154) 50.7% (38/75)
Left circumflex 27.3% (42/154) 14.7% (11/75)
Right coronary artery 32.5% (50/154) 34.7% (26/75)

AHA/ACC Lesion class
A 2.6% (4/154) 1.3% (1/75)
B1 42.9% (66/154) 48.0% (36/75)
B2 48.1% (74/154) 37.3% (28/75)
C 6.5% (10/154) 13.3% (10/75)

TIMI flow
0 0.0% (0/154) 0.0% (0/75)
1 1.3% (2/154) 0.0% (0/75)
2 3.9% (6/154) 4.0% (3/75)
3 94.8% (146/154) 96.0% (72/75)

Lesion length, mm (±SD) 11.1±5.6 12.3±6.5
Discrete (<10 mm) 83.1% (128/154) 81.3% (61/75)
Tubular (10-20 mm) 15.6% (24/154) 17.3% (13/75)
Diffuse (>20 mm) 1.3% (2/154) 1.3% (1/75)

Eccentric lesion 97.4% (150/154) 96.0% (72/75)

Excessive tortuosity 1.9% (3/154) 4.0% (3/75)

Moderate/severe lesion angulation 2.6% (4/154) 5.3% (4/75)

Ostial lesion 0.0% (0/154) 1.3% (1/75)

Moderate to heavy calcification 14.3% (22/154) 17.3% (13/75)

Thrombus 3.2% (5/154) 1.3% (1/75)

Bifurcation 10.4% (16/154) 12.0% (9/75)

* Ejection fraction available in 98 Elixir patients, and 50 Endeavor patients; MI:

myocardial infarction; CABG: coronary artery bypass surgery; PCI: percutaneous coronary

intervention; AHA/ACC: American Heart Association/American College of Cardiology
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commercially available DES, the absence of a primer coating,

together with purification of the polymer, and lower doses of drug

and polymer conceivably have advantages when considering that a

hypersensitivity reaction to the presence of a polymer is thought, in

part, to be responsible for precipitating ST.14-18

There are two notable differences between the performances of

NES in the current study, and the previously reported FIM. Firstly,

there is a marked reduction in the late loss from the 0.31±0.25 mm

reported in the FIM study to the 0.11±0.32 mm seen in this study.

These results, in the absence of any changes in stent specification,

may relate to the small sample size in the FIM study. In addition late

loss is widely recognised to have a rather large standard deviation

when inter-observer variability is assessed; moreover the measure

itself is made up of two individual measurements, each with their

own inter-observer variability, which is due mainly to the process of

calibration.11,19 Finally both studies were performed in different

angiographic core labs, using different analysis equipment possibly

leading to inter-lab variability. The second notable difference

between both studies is the rate of incomplete stent malapposition

amongst lesions in the IVUS sub-group which was 43% in the FIM

study and 22% in the current study. In the absence of any changes

to the stent’s radial strength, or any changes to the protocol for post-

stent dilatation between the two studies, it is again likely that these

differences are related to the small sample size of the FIM study,

together with inter-observer variability.

Two important topical issues with respect to the evaluation of new

DESs, namely the definition of clinical endpoints such as MI and the

selection of an appropriate control stent, are highlighted by the

present study. Firstly, the current report defines MI according to the

historical definition from the WHO, which was primarily selected to

enable comparability of the current results with those of previous

DES studies. It is noteworthy that despite being published in 2007

Clinical research

Table 2. Results of sub-segmental quantitative coronary angiographic analysis.

In-segment analysis In-stent analysis
Novolimus Zotarolimus Difference [95% CI] P value Novolimus Zotarolimus Difference [95% CI] P value

RVD. mm

Pre-procedure* 2.74±0.48 2.74±0.47 0.01 [–0.13, 0.14] 0.93

Post-procedure† 2.77±0.46 2.83±0.43 –0.06 [–0.19, 0.06] 0.34 2.84±0.43 2.91±0.38 –0.08 [–0.19, 0.04] 0.20

At 9-months‡ 2.78±0.46 2.68±0.43 0.11 [–0.03, 0.24] 0.12 2.82±0.44 2.70±0.42 0.12 [–0.01, 0.25] 0.06

MLD/LL ( mm)

MLD Pre-procedure† 1.12±0.35 1.12±0.32 0.00 [–0.09, 0.10] 0.97

Post-procedure† 2.20±0.45 2.25±0.44 –0.05 [–0.17, 0.08] 0.45 2.48±0.39 2.57±0.37 –0.09 [–0.20, 0.02] 0.10

At 9-months§ 2.10±0.52 1.88±0.48 0.22 [0.07, 0.37] 0.004 2.36±0.48 1.95±0.48 0.41 [0.27, 0.55] <0.001

Acute gain# 1.07±0.45 1.14±0.38 –0.07 [–0.19, 0.05] 0.27 1.36±0.40 1.47±0.36 –0.11 [–0.22, –0.00] 0.047

Acute gain (%)# 38.03±13.75 38.22±11.78 –0.19 [–3.86, 3.48] 0.92 46.48±11.65 47.51±11.13 –1.03 [–4.24, 2.18] 0.53

LL at 9-months‡ 0.08±0.37 0.38±0.43 –0.30 [–0.41, –0.18] <0.001 0.11±0.32 0.63±0.42 –0.52 [–0.63, –0.42] <0.001**

Loss index¶ 0.07±0.40 0.29±0.36 –0.23 [–0.34, –0.11] <0.001 0.08±0.28 0.42±0.27 –0.34 [–0.42, –0.25] <0.001

Diameter stenosis (%)

Pre-procedure† 59±11 59±10 –0.06 [–2.96, 2.85] 0.97

Post-procedure† 21±9 21±9 0.03 [–2.39, 2.44] 0.98 12±5 11±5 0.72 [–0.76, 2.20] 0.34

At 9-months§ 24±14 30±14 –5.60 [–9.72, –1.48] 0.008 16±12 28±14 –11.55 [–15.21, –7.89] <0.001

Binary restenosis (%)

At 9-months§ 5.8% (8/138) 9.1% (6/66) –3.3% [–11.3%, 4.7%] 0.39 1.4% (2/138) 7.6% (5/66) –6.1% [–12.8%, 0.6%] 0.037

RVD: reference vessel diameter; MLD: minimal lumen diameter; LL: late loss, NL: number of lesions; *NES NL=152, ZES NL=75; †NES NL=154, ZES NL=75; ‡NES NL=137, ZES NL=66; #NES

NL=152, ZES NL=74; ¶ NES NL=131, ZES NL=64; §NES NL=138, ZES NL=66; **P value for both non-inferiority (delta 0.20 mm) and superiority

Table 3. Intravascular ultrasound measurements post-procedure and at 9-months follow-up.

Novolimus (n=24) Zotarolimus (n=15) P value
Post FUP P value Post FUP P value NES vs. ZES 

FUP vs. Post FUP vs. Post at FUP

Volumetric analysis

Vessel volume index, mm3/mm 15.1±4.0 14.9±4.0 0.674 14.9±2.8 15.6±3.1 0.015 0.6

Lumen volume index, mm3/mm 7.6±2.0 7.3±2.1 0.004 7.6±1.5 6.2±1.6 <0.001 0.09

Stent volume index, mm3/mm 7.6±2.0 7.7±2.2 0.657 7.6±1.5 7.8±1.6 0.172 0.9

Cross-sectional analysis

Minimum lumen area, mm2 6.5±1.7 5.9±2.0 0.001 6.4±1.5 4.7±1.7 <0.001 0.08

Change in MLA from Post-FUP 0.6±0.8 1.6±1.5 0.007

Volumetric analysis N=34 N=15

Neointimal volume index, mm3/mm 0.3±0.5 1.6±0.9 <0.001*

% Neointimal volume obstruction,% 4.5±5.1 20.9±11.3 <0.001*

Numbers are expressed as Mean±SD. All P values were calculated by paired T-test unless indicated. *P values were calculated by unpaired T-test; %

Neointimal volume obstruction=100 x (neointimal volume index/stent volume index); usually this is equal to zero at post-stent, since the stent is newly

implanted and no obstruction is expected. FUP: follow-up
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the ARC and the Universal definitions for MI12,20 are still not utilised

in recently published pivotal trials of first and second generation

DESs such as Endeavor III (ZES vs. SES), Endeavor IV (ZES vs. PES)

and COMPARE (EES vs. PES).21-23 In fact, the RESOLUTE all-

comers trial, which is due for publication later this year, will be the

first study to report MI according to both historical and ARC

definitions.24 Conversely, interventional studies investigating new

anti-coagulant agents such as ticagrelor have been quick to utilise

the new Universal definitions.25 This variation between device and

pharmacological studies suggests that a definition of this important

clinical endpoint, that is satisfactory to all parties, is yet to be

established.

The selection of an appropriate control stent in the assessment of a

new DES is an important aspect of trial design. Some may question

the use of ZES as the control stent in the current study, when at

present the market leader is considered to be the EES. Of note,

authorities do not accept first-in-man studies for regulatory

approval, instead they require randomised studies against a

comparator DES, however this is not required to be the most

efficacious or safest stent at the time of study. This subsequently

allows non-inferiority trials to be designed without prohibitively large

sample sizes.

At the time of the study design in 2007, in the aftermath of the

“Barcelona firestorm” where first generation DES were reported as

Table 4. Hierarchical and non-hierarchical subject counts of adverse events through 9-months (intent-to-treat population).

0 to 270 days,% (n) Novolimus Zotarolimus Difference P-value*
(N=139) (N=71) [95% CI]

Hierarchical events

Device orientated composite‡ 2.9% (4/139) 5.6% (4/71) –2.8% [–8.8%, 3.3%] 0.45

Cardiac death 0.0% (0/139) 0.0% (0/71) 0.0% [—, —] No p-value

Target vessel MI 2.2% (3/139) 1.4% (1/71) 0.7% [–2.9%, 4.4%] 1.00

Q-wave MI 1.4% (2/139) 0.0% (0/71) 1.4% [–0.5%, 3.4%] 0.55

Non-Q- wave MI 0.7% (1/139) 1.4% (1/71) –0.7% [–3.8%, 2.4%] 1.00

CI-TLR 0.7% (1/139) 4.2% (3/71) –3.5% [–8.4%, 1.4%] 0.11

CI-TLR CABG 0.0% (0/139) 0.0% (0/71) 0.0% [—, —] No p-value

CI-TLR PCI 0.7% (1/139) 4.2% (3/71) –3.5% [–8.4%, 1.4%] 0.11

Non-hierarchical events

All death 0.0% (0/139) 0.0% (0/71) 0.0% [—, —] No p-value

All MI 2.2% (3/139) 1.4% (1/71) 0.7% [–2.9%, 4.4%] 1.00

Q-wave 1.4% (2/139) 0.0% (0/71) 1.4% [–0.5%, 3.4%] 0.55

Non-Q Wave 0.7% (1/139) 1.4% (1/71) –0.7% [–3.8%, 2.4%] 1.00

Target vessel MI 2.2% (3/139) 1.4% (1/71) 0.7% [–2.9%, 4.4%] 1.00

Q-wave 1.4% (2/139) 0.0% (0/71) 1.4% [–0.5%, 3.4%] 0.55

Non Q-wave 0.7% (1/139) 1.4% (1/71) –0.7% [–3.8%, 2.4%] 1.00

Non-target vessel MI 0.0% (0/139) 0.0% (0/71) 0.0% [—, —] No p-value

All revascularisation 10.1% (14/139) 9.9% (7/71) 0.2% [–8.3%, 8.8%] 1.00

Any TVR* 6.5% (9/139) 7.0% (5/71) –0.6% [–7.8%, 6.7%] 1.00

CI – TVR* 4.3% (6/139) 4.2% (3/71) 0.1% [–5.7%, 5.9%] 1.00

Non CI- TVR* 2.2% (3/139) 2.8% (2/71) –0.7% [–5.2%, 3.9%] 1.00

Any TLR* 2.9% (4/139) 5.6% (4/71) –2.8% [–8.8%, 3.3%] 0.45

CI-TLR* 2.2% (3/139) 4.2% (3/71) –2.1% [–7.3%, 3.2%] 0.41

Non-CI-TLR* 0.7% (1/139) 1.4% (1/71) –0.7% [–3.8%, 2.4%] 1.00

Non-target lesion TVR* 3.6% (5/139) 1.4% (1/71) 2.2% [–1.9%, 6.3%] 0.67

Non-target lesion CI-TVR* 2.2% (3/139) 0.0% (0/71) 2.2% [–0.3%, 4.6%] 0.55

Non-target lesion non CI-TVR* 1.4% (2/139) 1.4% (1/71) 0.0% [–3.4%, 3.4%] 1.00

Non-TVR 3.6% (5/139) 2.8% (2/71) 0.8% [–4.2%, 5.7%] 1.00

CABG 0.7% (1/139) 0.0% (0/71) 0.7% [–0.7%, 2.1%] 1.00

PCI 2.9% (4/139) 2.8% (2/71) 0.1% [–4.7%, 4.8%] 1.00

Stent thrombosis

Definite¶ 0.7% (1/139) 0.0% (0/71) 0.7% [–0.7%, 2.1%] 1.00

Probable§ 0.7% (1/139) 0.0% (0/71) 0.7% [–0.7%, 2.1%] 1.00

Possible 0.0% (0/139) 0.0% (0/71) 0.0% [—, —] No p-value

Definite+Probable§ 1.4% (2/139) 0.0% (0/71) 1.4% [–0.5%, 3.4%] 0.55

Definite+Probable+Possible§ 1.4% (2/139) 0.0% (0/71) 1.4% [–0.5%, 3.4%] 0.55

NES: novolimus eluting stent; ZES: zotarolimus eluting stent; CI-TLR: clinically indicated target lesion indicated revascularisation; CI-TVR: clinically target

vessel revascularisation; CABG: coronary artery bypass graft surgery; PCI: percutaneous coronary intervention; MI: myocardial infarction; CI: confidence

interval; ‡Device orientated composite: Cardiac Death, MI not clearly attributable to a non-intervened vessel, CI-TLR; *No revascularisation via CABG;

¶Definite stent thrombosis at day 0; §Includes one patient with an MI at day 68, defined according to the ARC definition of MI, and therefore an ARC

probable ST; however this MI does not satisfy the WHO definition of MI used in the determination of hierarchical clinical events, and therefore is not

included in the table of clinical events
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causing an increased risk of very late ST,7,26,27 ZES was considered the

safest DES, although contemporary data now indicate that this may

not now be the case.28 Meta-analysis have confirmed a 1.4-3.5 times

increased risk of very late ST with SES and PES compared to BMS out

to 4-year follow-up.6 On the other hand, in the randomised

ENDEAVOR II study the rate of very late ST at 5-years follow-up was

only 0.2% with ZES, compared to 0.3% for the BMS controls.29 These

differences in very late ST rates prompted the recently enrolled 8,800

patient PROTECT study which will be the only study adequately

powered to report differences in ST between ZES and SES.30

We acknowledge that with respect to inhibition of neointimal

proliferation, when ZES has been compared to SES and PES in the

respective ENDEAVOR III, and ENDEAVOR IV studies, a significantly

higher LLL of 0.60 mm and 0.67 mm respectively has been seen

with ZES at 8-months follow-up. These values however are

comparable to the 0.33 mm LLL seen with the NES in the Excella

FIM study, thereby allowing a feasible non-inferiority study between

NES and ZES to be performed.9,22,31 Importantly, despite this higher

LLL, no significant differences in TLR have been seen with ZES at

36- or 48-months compared to PES and SES, respectively.29,32

Moreover, reductions in the absolute difference in TLR between

short and long-term follow-up in favour of ZES indicate that ZES

may not be susceptible to the delayed restenosis phenomenon

observed with other mTOR inhibiting DES such as SES,33 and EES.34

Limitations
This study is limited by its short duration of follow-up, lack of

blinding of the operator, and lack of power to discriminate between

clinical events.

Conclusions
This non-inferiority randomised study not only met its primary

endpoint, but also demonstrated superiority of the novolimus

eluting stent compared to the zotarolimus eluting stent in terms of

in-stent late loss. In addition, rates of adverse cardiac events were

low and comparable between both stents.
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Abstract
Aims: This study reports the 12-month clinical outcomes of the LEADERS clinical trial which compared a

biolimus eluting stent with a biodegradable polymer (BES) to a sirolimus eluting stent with a durable

polymer (SES).

Methods and results: The multicentre LEADERS trial employed an all-comers approach to recruit

1,707 patients who were randomised to treatment with either BES (n=857) or SES (n=850) in a non-

inferiority design. The primary clinical endpoint of this study was a composite of cardiac death, myocardial

infarction and clinical-indicated target vessel revascularisation. Follow-up was obtained in 97.6% of

patients. At 12 months, BES remained non-inferior compared to SES for the primary endpoint (BES 10.6%

vs. SES 12.0%, HR:0.88, 95% CI:0.66-1.17, p=0.37). Rates of cardiac death (2.1% vs. 2.7%, HR:0.77,

95% CI:0.42-1.44, p=0.42), MI (5.8% vs. 4.6%, HR:1.27, 95% CI:0.84-1.94, p=0.26) and clinically-

indicated target vessel revascularisation (5.8% vs. 7.1%, HR:0.82, 95%CI:0.56-1.19, p=0.29) were similar

for BES and SES. Similarly, there was no difference in the incidence of definite stent thrombosis at

12 months.

Conclusions: These findings support the safety and efficacy of the BES stent with a biodegradable polymer

at 12-month clinical follow-up, and suggest it is a suitable alternative to the SES stent with a durable

polymer.

KEYWORDS
Biolimus eluting stent,
sirolimus eluting stent,
biodegradable polymer
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Twelve-month outcomes of the LEADERS study

Introduction
Drug eluting stents (DES) revolutionised the field of percutaneous

coronary intervention (PCI) after their introduction in 2002, by

significantly reducing rates of restenosis compared to bare metal

stents (BMS)1. In recent times there have been concerns that

when compared to BMS, DES are associated with an increased

risk of very late (>1 year) stent thrombosis (ST)2-4. The cause of

this is likely to be multi-factorial, however delayed re-

endothelialisation plays an important role, and this in turn may be

the result of a hypersensitivity reaction induced by the presence of

a permanent polymer5,6 .

The Biomatrix™ Flex biolimus eluting stent (BES) (Biosensors,

Morges, Switzerland) elutes biolimus from a polylactic acid (PLA)

biodegradable polymer applied to the stent’s abluminal surface. The

polymer is fully metabolised to water and carbon dioxide within six

to nine months. Biolimus is a highly lipophilic sirolimus analogue7

which inhibits the mammalian target of rapamycin, and inhibits

smooth muscle cell proliferation by causing the arrest of the cell

cycle at G
0

with similar potency to sirolimus. Grube et al were the

first to demonstrate the feasibility of a BES with a biodegradable

polymer, by reporting a significantly reduced late loss and

neointimal volume with BES compared with a BMS. More recently,

these findings have been confirmed by other studies of biolimus

eluting stents which have enrolled more diverse patient

populations8-12.

The BioMatrix™ Flex has previously been shown to be non-inferior

to the Cypher® sirolimus eluting stent (SES) (Cordis, Warren, NJ,

USA) in terms of major adverse cardiovascular events (MACE) at

nine months follow-up (9% vs. 11%, p for non-inferiority=0·003, p

for superiority=0·39) in the randomised LEADERS (Limus Eluted

from A Durable versus ERodable Stent coating) clinical trial10. The

current report presents the outcomes of the LEADERS trial at 

12-month clinical follow-up, which represents a pre-specified

secondary endpoint of the study.

Methods

Study population

The methods of the LEADERS trial have been published

previously10. In brief the study applied an all-comers approach

recruiting 1,707 patients with chronic stable coronary artery disease

or acute coronary syndromes (ACS) including ST-elevation

myocardial infarction (STEMI), who were eligible for enrolment if

they had at ≥1 lesion with diameter stenosis (DS) ≥50% and a

reference vessel diameter (RVD) 2.25-3.5 mm. The principle

exclusion criteria were: known allergy to acetylsalicylic acid,

clopidogrel, heparin, stainless steel, sirolimus, biolimus or contrast

material that cannot be pre-medicated, planned surgery within six

months of PCI unless the dual anti-platelet therapy (DAPT) could be

maintained throughout the peri-operative period, pregnancy,

participation in another trial before reaching the primary endpoint

and lastly inability to give informed consent. The study complied

with the Declaration of Helsinki and was approved by all institutional

ethics committees. All patients provided written, informed consent

for participation in the trial.

Randomisation and procedures

Patients were randomly allocated on a 1:1 basis to treatment with

either a BES or SES, and to active angiographic follow-up at nine

months or clinical follow-up only on a 1:3 basis with a factorial design. 

BES were available in diameters of 2.25-3.5 mm and in lengths of 8-

28 mm, whilst SES were available in diameters of 2.25-3.5 mm and in

lengths of 8-33 mm. Balloon angioplasty and stent implantation were

performed according to standard technique, and direct stenting was

allowed. The aim was to obtain full lesion coverage with one or several

stents. No mixture of DES was permitted within a given patient, unless

the operator was unable to insert the study stent, in which case

crossover to another device of the operator’s choice was possible.

Procedural anticoagulation was achieved with unfractionated heparin

5,000 IU or 70-100 IU/kg, whilst the use of glycoprotein IIb/IIIa

inhibitors was left to the operator’s discretion. Pre-procedure all

patients enrolled into the study received ≥75 mg of acetylsalicylic acid,

and at least 300 mg of clopidogrel. All patients were discharged on

≥75 mg of acetylsalicylic acid indefinitely, and clopidogrel 75 mg for a

minimum of 12 months following the index procedure. In the case of

inter-current revascularisation procedures needing stent implantation,

treating cardiologists were encouraged to use study stents.

Follow-up

Adverse events were assessed in hospital, and clinical follow-up

was performed at 1, 6, 9, and 12 months. Additional clinical follow-

up is planned at yearly intervals to five years. One in four patients

was asked to return for angiographic follow-up at nine months.

Study endpoints

The clinical primary endpoint of this study was MACE, defined as

the composite of cardiac death, myocardial infarction (MI), and

clinically-indicated target vessel revascularisation (TVR) at

12 months. Secondary endpoints were death from any cause,

cardiac death, MI, any target lesion revascularisation (TLR) (both

clinically and non-clinically indicated); any TVR, and ST. 

A blinded independent clinical events committee adjudicated all

endpoints, and independent study monitors verified all case reports

from data on-site. The operators were by necessity aware of the

assigned study stent during PCI and angiographic follow-up, but

patients and staff involved in follow-up assessment were blinded to

the allocated stent type. Angiography films were centrally assessed

at one angiographic core laboratory (Cardialysis, Rotterdam,

Netherlands) with assessors unaware of the allocated stent. 

Definitions
Definitions of all endpoints are provided in full elsewhere10. MI was

defined using the electrocardiographic criteria of the Minnesota

code, or by a measured level of creatinine kinase (CK) two times the

upper limit of normal (ULN), with either a positive concentration of

CK-myoglobin fraction, or troponin I or T. Revascularisation was

regarded as clinically indicated if on quantitative coronary

angiography (QCA) the lumen DS of the treated lesion was ≥50% in

the presence of ischaemic signs or symptoms, or ≥70% in the

absence of ischaemia. TVR was defined as any repeat PCI or
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surgical bypass of any segment within the entire major coronary

vessel proximal and distal to a target lesion, including upstream and

downstream branches and the target lesion itself. TLR was defined

as a repeat revascularisation due to a stenosis within the stent or

within a 5 mm border proximal or distal to the stent. ST was defined

according to the Academic Research Consortium definitions13. 

Statistics
This trial was powered for non-inferiority on the primary clinical

endpoint at nine months. The rationale behind this and for the

sample size is reported elsewhere10. In this paper continuous

variables are expressed as mean ±standard deviation; and categorical

data is presented as frequency (percentages). Patient demographic

data was compared using the Student t-test, whilst χ2 was used for

categorical data. Survival curves were constructed for time-to-event

variables using Kaplan-Meier estimates, and compared by the log-

rank test. The Mantel-Cox model was used for the rate ratios of

clinical outcome. All analyses were performed using SAS 8.02 by a

dedicated statistician. All p-values and confidence intervals were two-

sided; p<0.05 was considered statistically significant. 

Results

Follow-up

Figure 1 shows the clinical follow-up of patients from enrolment to 12

months, on an intention to treat basis. Overall clinical follow-up was

available in 1,666 patients (97.6%) made up of 837 of the original

857 BES patients, (97.7%) and 829 of the original 850 SES patients

(97.5%). The reasons for incomplete follow up are shown in Figure 1. 

Patient population and lesion characteristics

The baseline demographic, clinical and angiographic characteristics,

have been published previously10 and are summarised in Table 1. 

Procedural results and outcomes of nine month clinical and

angiographic follow-up have all been presented elsewhere10. There

was no significant difference in procedural characteristics between

both groups. Similarly clinical outcomes at nine months in terms of

death, cardiac death, MI, clinically-indicated TLR and TVR, any

TLR and TVR were also comparable for both stents. Overall the

primary endpoint at nine months met the pre-specified criteria for

non-inferiority (BES 9% vs. SES 11%, p for non-inferiority=0.003, p

for superiority=0.39).

Nine-month angiographic follow-up results were available in

335 patients (168 BES, and 167 SES), representing 78.5% of those

allocated to angiographic follow-up. BES was non-inferior to SES for

Clinical research

Figure 1. Flow chart of clinical follow-up of patient population.
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N=1,666
(97,6%)

BioMatrix Flex Cypher

Table 1. Baseline data.

Variables, n(%) unless stated BES SES
(n=857) (n=850)

Patient demographics

Age, years (SD) 64.6 (10.8) 64.5 (10.7)

Male 643 (75.0%) 634 (74.6%)

Body mass index, kg/m2 27.6 27.5

Diabetes mellitus 223 (26.0%) 191 (22.5%)

Hypertension 630 (73.5%) 618 (72.7%)

Hypercholesterolaemia 560 (65.3%) 580 (68.2%)

Current smoker 206 (24.0%) 214 (25.2%)

Family history of CAD 339 (39.6%) 374 (44.0%)

Previous MI 276 (32.2%) 277 (32.6%)

Previous PCI 312 (36.4%) 312 (36.7%)

Previous CABG 90 (10.5%) 107 (12.6%)

Previous stroke 40 (4.7%) 28 (3.3%)

Peripheral vascular disease 70 (8.2%) 63 (7.4%)

Multi-vessel disease 209 (24.4%) 176 (20.7%)

Left ventricular ejection 
fraction, % (SD)* 55.9% (11.3) 55.4% (12.4)

SYNTAX score# 13.2 13.3

Clinical presentation

Acute coronary syndrome 470 (54.8%) 473 (55.7%)

ST-elevation MI 135 (15.8%) 140 (16.5%)

Non ST-elevation MI 145 (16.9%) 153 (18.0%)

Unstable angina 190 (22.2%) 180 (21.2%)

Stable angina 387 (45.2%) 377 (44.4%)

Silent ischaemia 89 (10.4%) 85 (10.0%)

Angiographic parameters

Number of lesions >50% 1256 1213

De novo lesions 1181/1256 (94.0%) 1126/1213 (92.9%)

Off-label use 696 (81.2%) 665 (78.2%)

Small-vessel disease (RVD<2.75 mm) 585 (68.3%) 568 (66.8%)

Lesions >20 mm 262 (30.6%) 225 (26.5%)

Total occlusion 147/1228 (12.0%) 142/1194 (11.9%)

Bifurcation lesion 282/1256 (22.5%) 252/1213 (20.8%)

Severe calcification 158/1210 (13.1%) 166/1172 (14.2%)

Reference vessel diameter, mm(SD)≠ 2.60 (0.61) 2.60 (0.57)

Minimum lumen diameter, mm (SD)§ 0.91 (0.50) 0.95 (0.52)

Diameter stenosis, %(SD)§ 64.6% (17.9) 63.3% (18.2)

* Left ventricular ejection fraction is available for 601 BES, and 607 SES

patients; # 678 patients in the BES group, and 673 in the SES group;

≠ 1,246 assessed in the BES group, and 1,199 in the SES group; § 1,209

assessed in the BES group, and 1,186 in the SES group; BES: biolimus

eluting stent; SES: sirolimus eluting stent; RVD: reference vessel disease;

CAD: coronary artery disease; MI: myocardial infarction; CABG: coronary

artery bypass grafting
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the angiographic outcome in-stent percentage stenosis (20.9% vs.

23.3%, p for non-inferiority=0.001). There were no significant

differences in superiority testing in other angiographic parameters

such as in-stent and in-segment percentage stenosis, late loss, and

binary restenosis.

Symptom control and medication at 12 months

Symptomatically at 12 months 14.5% of patients (13.2% BES,

15.7% SES) still experienced angina pectoris, or had clinical

evidence of on-going silent ischaemia. In the majority of these

patients the angina was stable, and at Canadian Cardiovascular

Society (CCS) angina class 1. Over 80% of patients were on a beta-

blocker, a statin and either an angiotensin converting enzyme

inhibitor or angiotension-II blocker. 

Clinical outcomes at 12 months

The hierarchical and non-hierarchical events at one year clinical

follow-up are shown in Table 2. At 12-month follow-up the use of

BES was associated with similar rates of death and cardiac-death.

Whilst patients treated with BES experienced a numerically greater

number of MIs at 12-month follow-up (5.8% vs. 4.6%, p=0.26),

which was largely driven by the 0.9% higher rate of periprocedural

MI recorded with BES, they also experienced numerically lower

rates of TLR and TVR. The absolute differences between event rates

observed with BES and SES were similar at nine and 12 months as

can be appreciated in the Kaplan Meier survival curves (Figure 2). 

The rates of ST as per ARC definitions are listed in Table 3. There

was no significant difference in definite, probable or possible, early or

late ST between both groups. Table 4 gives a detailed description of

each late ST, and indicates that eight of the nine (88.9%) events

occurred in patients still taking DAPT. Furthermore, the only ST

event to occur after nine months, when the BES polymer is expected

to have completely biodegraded, occurred in a patient treated with

BES. This patient however was also the only patient who prematurely

discontinued DAPT in view of an impending elective operation. 

Discussion
This randomised prospective study has confirmed the comparable

clinical outcomes at one year follow-up, in an ‘all-comers’

population, of the BES with a biodegradable polymer when

compared to the sirolimus eluting stent with a durable polymer. 

Early trials of new DES recruited patients with simple, de novo
lesions, and although important, their results are not applicable to

the 60-70% of today’s PCI patients who receive DES for ‘off-label’

indications.14 Compared to ‘on-label’ use, the use of DES for ‘off-

label’ indications is associated with poorer outcomes and a higher

risk of ST14,15. The current study had an ‘all-comers’ design, such

that over half of the patients enrolled had an acute coronary

syndrome (unstable angina, Non-ST elevation MI, ST-elevation MI),

and over three-quarters of patients had stenting for an ‘off-label’

indication. Therefore, it comes as no surprise that the overall event

rates reported in this study are somewhat higher than those

observed in earlier trials of new DESs16. Notwithstanding this, these

results can be regarded as being more applicable to routine clinical

practice. 

The formal comparison of outcomes in patients treated for ‘on-label’

versus ‘off-label’ indications is not yet available. However post hoc
sub-group analysis of diabetic patients indicates significantly reduced

in-stent restenosis with the use of BES compared to SES at nine

months angiographic follow-up (21.79%±19.42 vs. 33.57%±25.42,

p=0.01), whilst at 12-month clinical follow-up, insulin treated diabet-

ics treated with BES had a significantly reduced rate of mortality

(p<0.01)17. Overall no significant difference in clinical outcomes were

observed between patients with ACS treated with either stent, how-

ever, in patients with STEMI, the use of BES was associated with a sig-

nificantly lower rate of 12 month cardiac death (p=0.04) and MACE

(p=0.02) compared with SES. This was largely driven by reduction in

sub-acute ST and TVR within the first 30 days18. Other available

analyses indicates similar performance between both stents in the

management of patients with bifurcation lesions19, lesions in vessels

less than 2.75 mm in diameter20, and lesions longer than 20 mm21.

The higher rate of MI noted with BES was largely driven by

periprocedural events, as opposed to spontaneous MIs. Post hoc
analysis has demonstrated over half of these periprocedural events

Table 2. Clinical outcomes.

12-month outcomes, BES SES Relative risk P Value
n (%) (n=857) (n=850) [95% CI]

Hierarchical

Cardiac death 18 (2.1%) 23 (2.7%) 0.77 [0.42-1.44] 0.42

MI without cardiac death 41 (4.8%) 35 (4.1%)

Q-wave 4 (0.5%) 6 (0.7%)

Non-Q wave 37 (4.3%) 29 (3.4%)

Clinically indicated TVR 
without death or MI 32 (3.7%) 44 (5.2%)

Surgical 5 (0.6%) 5 (0.6%)

Percutaneous 27 (3.2%) 39 (4.6%)

Any MACE 91 (10.6%) 102 (12.0%) 0.88 [0.66-1.17] 0.37

Non-hierarchical

Death 27 (3.2%) 28 (3.3%) 0.95 [0.56-1.62] 0.86

Cardiac death 18 (2.1%) 23 (2.7%) 0.77 [0.42-1.44] 0.42

MI 50 (5.8%) 39 (4.6%) 1.27 [0.84-1.94] 0.26

Q-wave 4 (0.5%) 7 (0.8%) 0.56 [0.17-1.93] 0.36

Non-Q-wave 46 (5.4%) 33 (3.9%) 1.39 [0.89-2.17] 0.15

Clinically indicated TLR 44 (5.1%) 49 (5.8%) 0.88 [0.59-1.33] 0.55

Percutaneous 42 (4.9%) 46 (5.4%) 0.90 [0.59-1.37] 0.62

Surgical 5 (0.6%) 5 (0.6%) 0.99 [0.29-3.41] 0.98

All TLR 56 (6.5%) 63 (7.4%) 0.87 [0.61-1.25] 0.46

Percutaneous 52 (6.1%) 59 (6.9%) 0.87 [0.60-1.26] 0.46

Surgical 8 (0.9%) 8 (0.9%) 0.99 [0.37-2.63] 0.98

Clinically indicated TVR 50 (5.8%) 60 (7.1%) 0.82 [0.56-1.19] 0.29

Percutaneous 47 (5.5%) 56 (6.6%) 0.82 [0.56-1.21] 0.33

Surgical 6 (0.7%) 7 (0.8%) 0.85 [0.28-2.52] 0.76

All TVR 67 (7.8%) 84 (9.9%) 0.78 [0.56-1.07] 0.13

Percutaneous 60 (7.0%) 75 (8.8%) 0.78 [0.56-1.10] 0.16

Surgical 11 (1.3%) 13 (1.5%) 0.83 [0.37-1.86] 0.66

BES: biolimus eluting stent; SES: sirolimus eluting stent; CI: confidence

interval; MI: myocardial infarction; TVR: target vessel revascularisation;

MACE: major adverse cardiovascular events; TLR: target lesion

revascularisation
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occurred in patients who had at least one bifurcation lesion, with

procedural factors, i.e., more frequent pre-dilatation suggested as a

possible cause19. Furthermore these periprocedural MIs did not have

any effect on cardiac death. At 30 days, 42 patients experienced an

MI, and only three patients experienced a cardiac death. Currently the

significance of a periprocedural MI has not been clearly established;

recent studies demonstrate that rises in cardiac enzymes post-PCI are

common and may predict short-term prognosis22, but do not influence

long-term prognosis22, especially if the procedure is successful23. 

ST is one of the most prominent concerns with the widespread use of

DES in daily clinically practice1-4. The occurrence of ST remains

largely unpredictable and no specific causative factor has been iden-

tified. One area where concern has been focused is the potential of

durable, or permanent polymers to precipitate very late ST. This may

be the result of inducing a hypersensitivity reaction5,6, however recent

histopathological studies have also shown that durable polymers can

also cause localised vascular inflammation, hyper-eosinophilia,

thrombogenic reactions, and apoptosis of smooth muscle cells, all of

which may precipitate ST24-26. Specifically the non-erodible polymers

poly (ethylene co-vinyl acetate) and poly (n-butyl methacrylate) found

on the first generation Cypher® SES have been shown to induce

hypersensitivity reactions in animal models and humans27,28. One

recent advance in polymer technology has been the development of

PLA biodegradable polymers, as found on the BioMatrix BES stent

used in this study. This polymer is located only on the abluminal sur-

face of the stent, which not only allows for better targeted drug

release, but also reduces systemic exposure to both the polymer and

biolimus. Furthermore, the polymer is co-released with biolimus, and

biodegrades to carbon dioxide and water, such that only a stainless

steel stent, which is free of any primer polymer, remains after 

6-9 months of stent deployment. In theory this should potentially

reduce the risk of precipitating late and very late ST. 

The similar rates of ST observed in the current study however should

not be considered to indicate the lack of benefit of a biodegradable

polymer. This is primarily because the current study is underpowered

to detect differences in ST. In reality a considerably larger study

population, followed long term will be required to enable definitive

conclusions to be drawn about whether a biodegradable polymer will

impact significantly on rates of late/very late ST. 

Clinical research

Figure 2. Kaplan Meier event curves at 12 months for (A) cardiac
death, (B) myocardial infarction, (C) clinically-indicated target vessel
revascularisation and (D) major adverse cardiovascular events.
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Table 3. Stent thrombosis events by ARC definitions.

BES SES P Value
(n=857) (n=850)

Definite stent thrombosis

Early stent thrombosis [0-30 days] 14 (1.6%) 14 (1.6%) 0.98

Late stent thrombosis [30-360 days] 3 (0.4%) 4 (0.5%) 0.69 

Total stent thrombosis [0-360 days] 17 (2.0%) 17 (2.0%)* 0.98

Probable stent thrombosis

Early stent thrombosis [0-30 days] 5 (0.6%) 2 (0.2%) 0.26

Late stent thrombosis [30-360 days] 2 (0.2%) 0 (0.0%) 0.16

Total stent thrombosis [0-360 days] 7 (0.8%) 2 (0.2%) 0.10

Possible stent thrombosis

Early stent thrombosis [0-30 days] 0 (0.0%) 0 (0.0%) -

Late stent thrombosis [30-360 days] 7 (0.8%) 9 (1.1%) 0.60

Total stent thrombosis [0-360 days] 7 (0.8%) 9 (1.1%) 0.60

Definite or probable stent thrombosis

Early stent thrombosis [0-30 days] 18 (2.1%) 16 (1.9%) 0.75

Late stent thrombosis [30-360 days] 5 (0.6%) 4 (0.5%) 0.75

Total stent thrombosis [0-360 days] 23 (2.7%) 19 (2.2%) 0.55

* Excludes one definite secondary stent thrombosis, which occurred in

a patient at 60 days, who had already experienced a stent thrombosis at

three days; BES: biolimus eluting stent; SES: sirolimus eluting stent;

CI: confidence interval 
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The limited long-term data that is available on metallic stents with

biodegradable polymers show promising results, and suggests, as

indicated in this study, the absence of significant repeat revasculari-

sations or clinical events following the complete biodegradation of the

polymer. The Excel stent (JW Medical Systems, China) is a stainless

steel stent, coated with sirolimus and a PLA biodegradable polymer,

which completes degradation in 6-9 months. A registry of over

2,000 patients has recently shown at 18-month follow-up, a rate of

MACE of 3.1%, and despite 80.5% of patients discontinuing clopido-

grel at six months, a rate of ST of 0.87%29. The longest follow-up data

is available from the Nobori phase I trial which randomised the

Nobori™ (Terumo, Japan) BES with a PLA biodegradable polymer 

to the TAXUS® Express2 (Boston Scientific, Natick, MA, USA) pacli-

taxel eluting stent in 120 patients. After biodegradation of the polymer

at 6-9 months there were no ST events, TVR or target vessel failures

(cardiac death, MI-target vessel related, clinically driven TVR) in those

treated with the Nobori stent, however the population enrolled was

considerably less complex than the current study30.

This limited data set indicates the importance of the long term follow-up

results of the present study, which should help in establishing whether

biodegradable polymers will be vital components of future DES. 

Limitations
One limitation with the results of the current study are their

reproducibility when considering that the PCI procedures were

performed by experienced operators, in high volume centres

throughout Europe. 

Conclusions
The present report demonstrates the safety and efficacy during 

12-month clinical follow-up of a biolimus eluting stent with a

biodegradable polymer, and indicates that this stent is a suitable

alternative to a sirolimus eluting stent with a durable polymer, in

patients with simple and complex coronary artery disease.
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Abstract
Aims: This study investigated the differences in clinical outcomes between patients with bifurcation lesions

(BL) treated with a biolimus-eluting stent (BES) with a biodegradable polymer, and a sirolimus-eluting stent

(SES) with a durable polymer.

Methods and results: The clinical outcomes were assessed in the 497 patients (BES 258, SES 239) enrolled

in the multicentre, randomised LEADERS trial who underwent treatment of ≥1 BL (total=534 BL). At 12-

months follow-up there was no significant difference in the primary endpoint of MACE, a composite of

cardiac death, myocardial infarction and clinically indicated target vessel revascularisation (BES 12.8% vs.

SES 16.3%, p=0.31). Patients treated with BES had comparable rates of cardiac death (BES 2.7% vs. SES

2.9%, p=1.00), numerically higher rates of myocardial infarction (BES 8.9% vs. SES 5.4%, p=0.17), and

significantly lower rates of clinically indicated target vessel revascularisation (4.3% vs. 11.3%, p=0.004)

when compared to those treated with SES. The rate of stent thrombosis at 12-months was 4.3% and 3.8%

for BES and SES, respectively (p=0.82).

Conclusions: In the treatment of BL the use of BES lead to superior efficacy and comparable safety

compared to SES.
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Biolimus-eluting stent,

sirolimus-eluting stent,
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Abbreviations

ACS Acute coronary syndrome

BES Biolimus-eluting stent

BL Bifurcation lesion

CABG Coronary artery bypass graft surgery

DES Drug-eluting stent

MACE Major adverse cardiovascular events

MB Main branch

MI Myocardial infarction

MLD Minimum luminal diameter

NSTEMI Non-ST-elevation myocardial infarction

PCI Percutaneous coronary intervention

RVD Reference vessel diameter

SB Side branch

SES Sirolimus-eluting stent

ST Stent thrombosis

TIMI Thrombolysis in Myocardial Infarction

TLR Target lesion revascularisation

TVR Target vessel revascularisation

Method

Study population

The methods of the LEADERS trial have been published

previously.11 The study applied an all-comers approach recruiting

1,707 patients with chronic stable coronary artery disease or acute

coronary syndromes (ACS) including ST-elevation myocardial

infarction (STEMI), who were eligible for enrolment if they had at

≥1 lesion with diameter stenosis (DS) ≥50% and a reference vessel

diameter (RVD) 2.25-3.5 mm. The principle exclusion criteria are

described elsewhere.11 The study complied with the Declaration of

Helsinki and was approved by all institutional ethics committees. All

patients provided written, informed consent for participation in the

trial.

In this analysis, patients with ≥1 BL were identified using the

electronic clinical record form (eCRF), and results from the core

laboratory angiographic analysis which identified and classified all

BL according to the SYNTAX bifurcation score.12 The angiograms of

497 patients (258 BES, 239 SES) who had a total of 534 BL (282

BES, 252 SES) identified using either source were reviewed by two

investigators (SG and JW), who were blinded to outcomes and stent

type. During review of the digital angiogram films, the presence of a

BL was confirmed if a lesion of ≥50% DS on visual estimation was

present in a main branch (MB) and/or a contiguous side branch

(SB) of ≥1.5 mm in diameter. Other information pertinent to the BL

recorded during angiographic review was the number of guidewires

used; stenting technique; use and site (MB, SB or both) of pre- and

post-stenting dilatation; pre- and post-stenting TIMI flow and total

number of stents used. Clinical outcomes were compared

according to stent type, whilst procedural technique was compared

between stents after dividing BL into “true” or “partial” BL. Those

BL with a Medina classification13 of 1,1,1; 1,0,1; 0,1,1 (i.e., those

with lesions involving both the MB and SB) were defined as “true”

BL, whilst those with a Medina classification of 1,0,0; 0,1,0; 1,1,0;

0,0,1 (i.e., those where either the MB or SB was involved) were

defined as “partial” BL.

Randomisation and procedures

Patients were randomly allocated on a 1:1 basis to treatment with

either a BES or SES, and to active angiographic follow-up at nine

months or clinical follow-up only on a 1:3 basis with a factorial

design. Percutaneous coronary intervention (PCI) was performed

according to standard technique, and direct stenting was allowed.

The choice of bifurcation stenting strategy and use of post stenting

dilatation was left to the operator’s discretion. No mixture of DES

was permitted within a given patient, unless the operator was

unable to insert the study stent, in which case crossover to another

device of the operator’s choice was possible. Procedural

anticoagulation was achieved with unfractionated heparin 5000 IU

or 70-100 IU/kg, whilst the use of glycoprotein IIb/IIIa inhibitors was

left to the operator’s discretion. Pre-procedure all patients enrolled

into the study received ≥75 mg of acetylsalicylic acid, and ≥300 mg

of clopidogrel. All patients were discharged on ≥75 mg of

acetylsalicylic acid indefinitely, and clopidogrel 75 mg for

≥12 months following the index procedure.

Introduction
Bifurcation lesions (BL) account for up to one third of coronary

lesions and are associated with lower procedural success, and

poorer clinical outcomes.1 The previously high rates of target lesion

revascularisation (TLR) and major adverse cardiovascular events

(MACE) observed after the treatment of BL with the use of bare

metal stents1,2 have improved significantly following the introduction

of drug eluting stents (DES),3,4 however safety concerns with

respect to stent thrombosis (ST) have emerged.5 One of the

potential causes of ST is delayed re-endothelialisation which may

occur as a consequence of a hypersensitivity reaction induced by

the presence of a permanent polymer.6,7 The concerns of ST have

been greater with first generation DES with durable polymers, and

recent studies have demonstrated numerically lower rates of ST

with newer generation DES that have polymers which are more

biocompatible,8,9 or completely biodegradable.10

The Biomatrix™ Flex biolimus eluting stent (BES) (Biosensors,

Morges, Switzerland) elutes biolimus from a polylactic acid (PLA)

biodegradable polymer applied to the stent’s abluminal surface.

The polymer is fully metabolised to water and carbon dioxide within 6-

9 months, and therefore has the potential to cause less long-term

inflammatory sequelae. In the randomised LEADERS (Limus

Eluted from A Durable versus ERodable Stent coating) trial, BES

was found to be non-inferior to the Cypher® sirolimus eluting stent

(SES) (Cordis, NJ, USA) in terms of MACE at nine months follow-

up (9% vs. 11%, p for non-inferiority=0.003, p for superiority=

0.39).11

The objective of the present study was to investigate whether there

were any differences in clinical outcomes between patients with BL

treated with a DES with a biodegradable polymer (BES) compared

to a DES with a durable polymer (SES).
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Follow-up

Adverse events were assessed in-hospital, and clinical follow-up

was performed at 1, 6, 9, and 12 months. One in four patients was

asked to return for angiographic follow-up at nine months.

Study endpoints

The primary endpoint of this sub-study was MACE, defined as the

composite of cardiac death, myocardial infarction (MI), and

clinically-indicated target vessel revascularisation (TVR) within 12-

months. Secondary endpoints were death from any cause, cardiac

death, MI, any TLR (both clinically and non-clinically indicated);

any TVR, and ST.

A blinded independent clinical events committee adjudicated all

endpoints, and independent study monitors verified all case reports

from data on-site. The operators were by necessity aware of the

assigned study stent during PCI and angiographic follow-up, but

patients and staff involved in follow-up assessment were blinded to

the allocated stent type. Angiography films were centrally assessed

at one angiographic core laboratory (Cardialysis, Rotterdam, The

Netherlands) with assessors unaware of the allocated stent.

Definitions

Definitions of all endpoints are provided in full elsewhere.11 MI was

defined using the electrocardiographic criteria of the Minnesota

code, or by a measured level of creatinine kinase (CK) two times

the upper limit of normal (ULN), with either a positive

concentration of CK-myoglobin fraction, or troponin I or T.

Periprocedural MI was defined as any MI ≤48 hours of the index

procedure. Revascularisation was regarded as clinically indicated if

on quantitative coronary angiography (QCA) the lumen DS of the

treated lesion was ≥50% in the presence of ischaemic signs or

symptoms, or ≥70% in the absence of ischaemia. TVR was defined

as any repeat PCI or surgical bypass of any segment within the

entire major coronary vessel proximal and distal to a target lesion,

including upstream and downstream branches and the target

lesion itself. TLR was defined as a repeat revascularisation due to a

stenosis within the stent or within a 5 mm border proximal or distal

to the stent. ST was defined according to the Academic Research

Consortium definitions.14

Statistical analysis
Continuous variables are expressed as mean±standard deviation;

categorical data is presented as frequency (percentages). Patient

demographic data was compared using the Student t-test, whilst χ2

was used for categorical data. Angiographic outcomes were

analysed using SAS v8 Proc Mixed for continuous, and Proc

Genmod for binominal outcomes, taking into account the within-

patient correlation structure of these data. Survival curves were

constructed for time-to-event variables using Kaplan-Meier

estimates, and compared by the log-rank test. The piecewise Cox

proportional hazards model was used to compare clinical outcomes

between the groups. All analyses were performed using SAS 8.02

by a dedicated statistician. All p-values and confidence intervals

were two-sided; p<0.05 was considered statistically significant.

Results

Baseline characteristics (Tables 1 and 2)

A total of 1,707 patients were enrolled in the LEADERS study of

which 29.1% (497 patients, 534 BL) had ≥1 treated BL (Figure 1).

The baseline clinical and lesion characteristics were well matched

between those patients with BL treated with BES (258 patients) and

SES (239 patients) as indicated in Tables 1 and 2.

Procedural technique (Table 3)

The procedural technique employed to treat the 534 BL is

summarised in Table 3. There were no significant differences in

technique when comparing BES to SES for patients with a true or

a partial BL. Differences in technique did exist however when

comparing true BL to partial BL; those patients with a true

bifurcation were significantly more likely to be treated with a two-

stent strategy (27.5% vs. 12.3%, p<0.0001) and receive post-

stenting dilatation (52.4% vs. 36.5%, p=0.0003).

Clinical endpoints (Table 4)

The hierarchical and non-hierarchical clinical outcomes at 1-year

follow-up are shown in Table 4, and the Kaplan Meier survival

curves are shown in Figure 2. There was no significant difference in

Clinical research

Table 1. Patient demographics and clinical presentation amongst

patients with ≥1 treated bifurcation lesion.

Variables, n(%) BES SES p value¶

unless stated N=258 N=239

Patient demographics

Age, years 65.1±10.3 64.2±10.9 0.36

Male 183(70.9) 178(74.5) 0.38

Body mass index, kg/m2 27.2±4.0 27.3±4.2 0.63

Diabetes mellitus 64(24.8) 44(18.4) 0.08

Hypertension 187(72.5) 175(73.2) 0.85

Hypercholesterolaemia 170(65.9) 168(70.3) 0.29

Current smoker 45(17.4) 57(23.8) 0.08

Family history of CAD 98(38.0) 102(42.7) 0.29

Previous MI 92(35.7) 93(38.9) 0.45

Previous PCI 98(38.0) 93(38.9) 0.83

Previous CABG 19(7.4) 28(11.7) 0.10

Previous stroke 17(6.6) 8(3.3) 0.10

Peripheral vascular disease 17(6.6) 17(7.1) 0.82

Multivessel disease 98(38.0) 81(33.9) 0.34

LVEF (%) 55.7±11.2 53.8±12.9 0.20

Clinical presentation

ACS 135(52.3) 133(55.6) 0.46

STEMI 29(11.2) 32(13.4) 0.47

NSTEMI 36(14.0) 49(20.5) 0.053

Unstable angina 70(27.1) 52(21.8) 0.16

Stable angina 85(32.9) 89(37.2) 0.32

Silent ischaemia 38(14.7) 17(7.1) 0.007

¶All p-values: Chi-square test; ACS: acute coronary syndrome; BES: biolimus-

eluting stent; CABG: coronary artery bypass graft surgery; CAD: coronary

artery disease; MI: myocardial infarctionv NSTEMI: non-ST elevation MI; PCI:

percutaneous coronary intervention; SES: sirolimus-eluting stents
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the primary endpoint of MACE between BES and SES at 12-month

follow-up (BES 12.8% vs. SES 16.3%, p=0.31). The rate of death

was comparable between stents, whilst the rate of clinically-

indicated TVR was significantly lower in those treated with BES

(11.3% vs. 4.3%, p=0.004). MI occurred more frequently in those

treated with BES (8.5% vs. 4.6%, p=0.10), and this was driven by

the significantly higher incidence of periprocedural MI (MI 0-2 days:

HR 2.53, 95% CI 1.1-6.0, p=0.03; MI 3-360 days: HR 0.64, 95%

CI: 0.18-2.27, p=0.49, Figure 2B).

Figure 1. Flow chart indicating the number and type of bifurcation

lesions, categorised according to make of stent.

LEADERS population
2,467 lesions in 1,707 patients

Randomised

Sirolimus
eluting stent

Biolimus
eluting stent

857 patients

– No  bifurcation 599

– Bifurcation 258

1,254 lesions

– No  bifurcation lesion 972

– Bifurcation lesions 282

850 patients

– No  bifurcation 611

– Bifurcation 239

1,213 lesions

– No  bifurcation lesion 961

– Bifurcation lesions 252

Table 2. Baseline lesions and procedural characteristics.

Variables, n(%) BES SES P value
unless stated (n=282 lesions) (n=252 lesions)

Angiographic characteristics

Vessels with 

a lesion >50% 1.25±0.55 1.19±0.61 0.22

Lesions >50% 1.43±0.70 1.40±0.79 0.64

Vessel territory (per lesion)

LAD 222/452(49.1) 208/417(49.9) 0.82

RCA 74/452(16.4) 75/417(18.0) 0.68

LCx 138/452(30.5) 123/417(29.5) 0.78

Left main stem 18/452(4.0) 8/417(1.9) 0.08

CABG 0/452(0.0) 3/417(0.7) n.d.*

SYNTAX score¶ 16.8±8.4 16.7±8.9 0.93

(n=198) (n=182)

Postprocedure

Number of stents 2.4±1.5 2.2±1.3 0.33

Number of stented lesions 1.75±0.80 1.74±0.77 0.92

Mean stent diameter, mm 2.88±0.33 2.89±0.32 0.89

Mean stent length, mm 17.6±14.7 17.8±4.9 0.72

Total stent length, mm 40.9±25.8 39.8±26.1 0.64

Use of glycoprotein 2b/3a 65(25.2) 46(19.2) 0.11

Hospital stay, days 3.2±3.1 3.2±3.1 0.88

*At least one observation required in both groups; ¶only calculated if both

left and right angiograms were available; patients with previous CABG

excluded; CABG, SES and BES as before; LVEF: left ventricular ejection

fraction; LAD: left anterior descending artery; RCA: right coronary artery;

LCx: left circumflex artery

Table 3. Summary of stenting technique.

True bifurcations Partial bifurcation P value
Variables, n(%) BES SES BES SES True vs.

(n=131) (n=102) (n=151) (n=150) Partial

Number of wires 0.76

One 32(24.4) 27(26.5) 30(19.8) 42(28.0)

Two 99(75.6) 75(73.5) 121(80.2) 108(72.0)

Stenting technique p<0.0001

One stent 94(71.8) 75(73.5) 129(85.4) 135(90.0)

1 wire 32(24.4) 27(26.5) 30(19.9) 42(28.0)

2 wires (Provisional T-stent) 55(42.0) 41(40.2) 57(37.7) 59(39.3)

2 wires (2nd wire post MB stenting) 7(5.3) 7(6.9) 42(27.8) 34(22.7)

Two stents 37(28.2) 27(26.5) 22(14.6) 15(10.0)

Cross-over from 1-stent technique 7(5.3) 8(7.8) 6(4.0) 3(2.0)

Classic T 7(5.3) 8(7.8) 9(6.0) 7(4.7)

Crush 16(12.2) 7(6.9) 3(2.0) 4(2.7)

Culotte 7(5.3) 0(0.0) 1(0.7) 0(0.0)

Modified T 0(0.0) 1(1.0) 2(1.3) 0(0.0)

V stenting 0(0.0) 3(2.9) 1(0.7) 1(0.7)

Post dilatation 73(55.7) 49(48.0) 58(38.4) 52(34.7) p=0.003

MB only 5(3.8) 3(2.9) 8(5.3) 14(9.3)

MB-SB ostium 16(12.2) 14(13.7) 19(12.6) 16(10.7)

Kissing balloon 52(39.7) 32(31.4) 31(20.5) 22(14.7)

BES: biolimus-eluting stent; SES: sirolimus-eluting stent; MB: main branch; SB: side branch; No significant difference in technique between BES and SES for

true or partial bifurcation
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Stent thrombosis (Table 5)

The overall rates of early and late ST were similar between all

patients treated with BES or SES, which was irrespective of the type

of BL treated (True BL: BES 5.6% vs. SES 4.0%, p=0.76; Partial

BL: BES 3.0% vs. SES 3.6%, p=1.00); or the number of stents used

(one stent strategy: BES 4.9% vs. SES 3.6%, p=0.62; two stent

strategy: BES 1.9% vs. SES 4.8%, p=0.48).

Clinical research

Table 4. Clinical outcomes at 1-year follow-up.

Outcome n(%) BES SES P Value
(n=258) (n=239)

Hierarchical outcomes (1-year)

Cardiac death 7(2.7) 7(2.9) 1.00

MI 21(8.1) 12(5.0)

Q-wave 3(1.2) 2(0.8)

Non-Q wave 18(7.0) 10(4.2)

Clinically justified TVR 5(1.9) 20(8.4)

Percutaneous 4(1.6) 18(7.5)

Surgical 1(0.4) 2(0.8)

Any MACE 33(12.8) 39(16.3) 0.31

Non-hierarchical outcomes (1-year)

Death 9(3.5) 7(2.9) 0.80

Cardiac death 7(2.7) 7(2.9) 1.00

MI 23(8.9) 13(5.4) 0.17

All TLR 12(4.7) 29(12.1) 0.003

Percutaneous 12(4.7) 28(11.7) 0.005

Surgical 1(0.4) 4(1.7) 0.20

Clinically justified TLR 9(3.5) 23(9.6) 0.006

Percutaneous 9(3.5) 22(9.2) 0.009

Surgical 1(0.4) 2(0.8) 0.61

All TVR 16(6.2) 34(14.2) 0.004

Percutaneous 14(5.4) 32(13.4) 0.003

Surgical 3(1.2) 5(2.1) 0.49

Clinically justified TVR 11(4.3) 27(11.3) 0.004

Percutaneous 11(4.3) 26(10.9) 0.006

Surgical 1(0.4) 3(1.3) 0.36

TLR: target lesion revascularisation; TVR: target vessel revascularisation;

MACE: major adverse cardiovascular events; MI, BES, SES as previously

described

Figure 2. Kaplan Meier survival curves for (A) clinically indicated target

vessel revascularisation, (B) myocardial infarction, and (C) MACE.
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The primary endpoint at 12-months was not influenced by the type

of BL treated (true or partial), or the stenting technique used (one or

two-stent strategy); however compared to SES, the use of BES was

associated with significantly lower rates of percutaneous

revascularisation (TLR and TVR) amongst those patients with a true

BL, and those treated with one-stent (p<0.05 for all).

Table 5. Stent thrombosis events at 30-days and 1-year.

BES SES p value
(n=258) (n=239)

30-days

Stent thrombosis 7(2.7) 7(2.9) 1.00

Definite 5(1.9) 6(2.5) 0.76

Possible 0(0.0) 0(0.0) n.d.*

Probable 2(0.8) 1(0.4) 1.00

1-year

Stent thrombosis 11(4.3) 9(3.8) 0.82

Definite 5(1.9) 6(2.5) 0.77

Possible 4(1.6) 2(0.8) 0.69

Probable 2(0.8) 1(0.4) 1.00

BES, SES as previously described; n.d*; not done (≥1 observation required in

both groups)
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Discussion
This is the first analysis comparing the management of patients with

BL using a DES with a biodegradable polymer to a DES with a

durable polymer, and demonstrates similar overall clinical

outcomes between both patient groups, irrespective of the type of

BL treated or the stenting strategy used.

Clinical outcomes
The use of DES have improved outcomes in patients with complex

coronary artery disease, with significant reductions in restenosis,

however “off-label” use of DES, such as in BL, is still associated with

higher rates of restenosis and ST compared to “on-label” use.15,16

Encouraging evidence from this study suggests newer DES, such as

BES, may have the potential to improve some of these adverse

clinical outcomes. In this study the significantly lower rate of repeat

revascularisation in those patients treated with BES was achieved

despite any significant differences between stent groups in baseline

clinical, angiographic and lesion characteristics, or in procedural

technique. This suggests other factors such as differences in stent

design, strut thickness, cell size and the drug polymer may have

had an influential role on restenosis, as indicated by previous

studies comparing different DES in patients with BL treated with the

same stenting technique. For example Pan et al reported

a significantly lower rate of TLR with Cypher (Cordis, Johnson &

Johnson, Warren, NJ, USA) compared to the TAXUS (Boston

Scientific, Natick, MA, USA) stent (4% vs. 13%, p<0.05) in 205

patients undergoing provisional T stenting,17 whilst more recently, in

patients undergoing culotte stenting, Adriaenssens et al reported

restenosis rates of 18%, 29% and 35% with Cypher, Endeavor

(Medtronic, Minneapolis, MN, USA) and TAXUS stents, respectively

(p=0.12).18 These repeated observations warrant formal assessment

in dedicated randomised trials.

In contrast to this reduction in repeat revascularisation, those

patients treated with BES had a numerically higher incidence of MI,

which was irrespective of the type of BL treated or the stenting

strategy employed. Additional analysis indicates that these events

were driven by a significantly higher rate of periprocedural MI with

BES, which in the vast majority was triggered by the detection of a

rise in cardiac enzymes.

Although these periprocedural MIs are a concern, their overall

significance is questionable when considering that the rate of death

amongst patients who sustained an MI was 0.0% at 30-days.

However, setting this, and the on-going discussion regarding the

significance of periprocedural MIs aside for a moment,19 there is no

disputing that these events did occur, and with a greater frequency

in those patients treated with BES. Enzyme rises may be secondary

to procedural factors20 however in this study amongst those patients

experiencing a periprocedural MI there were no significant

differences between stent groups in TIMI flow (MB or SB) either pre-

or post-PCI, or plaque shift. Notably however lesion pre-dilatation

was significantly higher in the group of patients with periprocedural

MIs who were treated with BES (88% vs. 43%, p=0.03).

The physical properties of the stent may also influence enzyme

release. For example a smaller cell size can increase the chances of

side branch occlusion; however bench studies indicate that the

maximum cell circumference of a 3 mm BES is 10.8 mm compared

to 9.5 mm in a similarly sized SES. Another physical stent property

which merits discussion is the integrity of the polymer coating.

Basalus et al recently evaluated the biodegradable coating on BES

in vitro using electron microscopy, and observed cracks in the

polymer after high pressure balloon inflation, which could

potentially lead to the formation of free polymer fragments, capable

of embolising and causing subsequent enzyme release.21 These

observations however must be interpreted with caution because

these assessments were performed in vitro which may have

affected the polymer’s stability, and without the use of vascular

phantoms which may have stabilised the polymer. In addition, the

significant reductions in TLR and TVR with BES are unlikely to have

been observed in the presence of polymer fragmentation which

ultimately would have reduced the dose of biolimus that could be

eluted.

Stent thrombosis

A DES with a biodegradable polymer offers the potential to reduce

the risk of late/very-late ST, which is pertinent in patients with BL, as

these lesions represent an independent risk factor for ST, and have

higher rates of ST when compared with non-BL treated with the

same DES (p=not significant).5,22 The cause of this increased risk of

ST is likely to be multi-factorial, but stent malapposition, and

incomplete stent expansion, particularly in angulated bifurcation

lesions, are likely to be two major contributing factors.23

Reassuringly recent studies have dispelled the initial concerns that

rates of ST are higher with the use of complex as opposed to simple

stenting strategies, or between different complex strategies.24-28

Following on from this, the rates of ST in this study were similar

irrespective of stent type (BES vs. SES), type of BL (partial vs. true)

or stenting strategy used (one vs. two). Encouragingly provisional

results from 2-year follow-up of all patients enrolled in the LEADERS

trial does suggest a reduction in very late ST events in patients

treated with a stent with a biodegradable polymer;29 however the

current study is not powered in isolation to draw any definitive

conclusions regarding ST.

Stenting technique for bifurcation lesions

Despite the frequent occurrence of BL, the optimal procedural

strategy remains to be established. In the current study a single-

stent strategy was preferred for BL, being used to treat over 80% of

cases, with a respectable cross over rate from a one to a two stent

strategy of 5.3%, and comparable MACE rates of 14.0% and

16.7% for one and two stent strategies, respectively. Historically a

two stent strategy was considered the ideal method of dealing with

a BL as this produced the best angiographic result, however data

from multiple randomised studies3,24,30-33 and three recent meta-

analyses indicate that a provisional stenting strategy is as

efficacious as a two stent strategy.25,26,34 The current study

supports this data, and demonstrates that these results are

achievable in an unselected population where ≥50% of patients

were treated for ACS.
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Limitations
This sub-group analysis is limited by its post-hoc nature. The initial

study was not a dedicated bifurcation study, and therefore

angiographic analysis of BL was only available using conventional

QCA. It is widely recognised that this is limited in its ability to

accurately assess a BL, and as a consequence no QCA data is

presented here.35 In view of the results obtained a more detailed

assessment of BL is warranted using dedicated bifurcation software;

however the number of patients with BL returning for follow-up

angiography is also a potential limiting factor of the analysis.

Conclusion
In the treatment of BLs, the use of BES lead to superior efficacy and

comparable safety compared to SES.
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5-Year Clinical Outcomes of the ARTS II
(Arterial Revascularization Therapies Study II)
of the Sirolimus-Eluting Stent in the Treatment
of Patients With Multivessel De Novo
Coronary Artery Lesions
Patrick W. Serruys, MD, PHD,* Yoshinobu Onuma, MD,* Scot Garg, MBCHB,* Pascal Vranckx, MD,†
Bernard De Bruyne, MD, PHD,‡ Marie-Claude Morice, MD,§ Antonio Colombo, MD,�
Carlos Macaya, MD,¶ Gert Richardt, MD,# Jean Fajadet, MD,** Christian Hamm, MD,††
Monique Schuijer, PHD,‡‡ Tessa Rademaker, MSC,‡‡ Kristel Wittebols, MSC,§§
Hans Peter Stoll, MD,§§ on behalf of the ARTS II Investigators

Rotterdam, the Netherlands, Hasselt, Aalst, and Waterloo, Belgium; Paris and Toulouse, France; Milan, Italy;
Madrid, Spain; and Bad Segeberg and Bad Nauheim, Germany

Objectives The purpose of this study is to compare the 5-year clinical outcomes, safety, and efficacy of sirolimus-eluting
stents (SES) in the ARTS II (Arterial Revascularization Therapies Study II) with the outcomes of coronary artery
bypass graft (CABG) and bare-metal stenting (BMS) from the ARTS I.

Background The long-term outcomes after SES implantation in patients with multivessel disease remains to be established.

Methods The ARTS I was a randomized trial of 1,205 patients with multivessel disease comparing CABG and BMS. The ARTS II study
was a nonrandomized trial with the Cypher sirolimus-eluting stent (Cordis, a Johnson & Johnson Company, Warren, New
Jersey), applying the same inclusion and exclusion criteria, end points, and protocol definitions. The ARTS II trial enrolled
607 patients, with an attempt to enroll at least one-third of patients with 3-vessel disease.

Results At 5-year, the death/stroke/myocardial infarction event-free survival rate was 87.1% in ARTS II SES, versus
86.0% (p � 0.1) and 81.9% (p � 0.007) in ARTS I CABG and BMS cohorts, respectively. The 5-year major ad-
verse cardiac and cerebrovascular event (MACCE) rate in ARTS II (27.5%) was significantly higher than ARTS I
CABG (21.1%, p � 0.02), and lower than in ARTS I BMS (41.5%, p � 0.001). The cumulative incidence of defi-
nite stent thrombosis was 3.8%. Thirty-two percent (56 of 176) of major adverse cardiac events (MACE) at 5
years were related to possible, probable, or definite stent thrombosis.

Conclusions At 5 years, SES had a safety record comparable to CABG and superior to BMS, and a MACCE rate that was
higher than in patients treated with CABG, and lower than in those treated with BMS. Approximately one-third of
the events seen with SES could be prevented through the elimination of early, late, and very late stent
thrombosis. (J Am Coll Cardiol 2010;55:1093–101) © 2010 by the American College of Cardiology Foundation

The randomized RAVEL (Randomized Comparison of a
Sirolimus-Eluting Stent With a Standard Stent for Coro-

nary Revascularization), SIRIUS (Randomized Study with
the Sirolimus-Coated Bx Velocity Balloon-Expandable
Stent in the Treatment of Patients with de Novo Native
Coronary Artery Lesions), and TAXUS VI studies have all
demonstrated the efficacy and safety of drug-eluting stents
(DES) compared with bare-metal stent (BMS) at 5-year
follow-up (1–3). These studies, however, enrolled patients
with simple de novo lesions, and although important, their
results are not applicable to the 60% to 70% of today’s
percutaneous coronary intervention (PCI) patients who
receive DES for “off-label” indications (4). Compared with
“on-label” use, the use of DES for off-label indications is

From the *Thoraxcenter, Erasmus Medical Center, Rotterdam, the Netherlands;
†Hartcentrum, Hasselt, Belgium; ‡Onze Lieve Vrouw Ziekenhuis, Aalst, Belgium;
§Cardiovascular Institute, Paris, France; �San Raffaele Hospital, Milan, Italy;
¶Hospital Clinico San Carlos, Madrid, Spain; #Segeberger Kliniken GmbH, Bad
Segeberg, Germany; **Clinique Pasteur, Toulouse, France; ††Kerckhof-Klinik, Bad
Nauheim, Germany; ‡‡Cardialysis BV, Rotterdam, the Netherlands; and §§Cordis
Clinical Research EMEA, a Johnson and Johnson Company, Waterloo, Belgium.
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Boston Scientific.
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associated with poorer outcomes
and a higher risk of stent throm-
bosis (ST); conversely, for off-
label lesions, DES are associated
with superior outcomes when
compared with BMS (4 – 8).
These data are limited to only
short- and medium-term follow-
up, and the outcomes at 5 years
in this complex patient group
remain to be fully established.
The ARTS II (Arterial Revascu-
larization Therapies Study II)
population clearly represents off-
label use of sirolimus-eluting
stents (SES), with a mean of 3.7
stents implanted per patient, and
a mean total stent length of 72.5
mm per patient. Therefore, al-
though a nonrandomized trial,
ARTS II can address important
issues regarding the safety of
DES implantation in patients
with complex multivessel disease.

The present analysis is the final report on the 5-year
safety and effectiveness of the SES in patients with
multivessel disease: it compares the outcomes of ARTS II
with the outcomes of the 2 historical arms of ARTS I,
and assesses the impact on long-term outcome of ST,
which has been readjudicated according to the new
Academic Research Consortium (ARC) definitions (9).

Methods

Study design. ARTS II was a multicenter, nonrandom-
ized, open-label trial designed to compare the safety and
efficacy of the SES in patients with de novo multivessel
coronary artery disease, with the surgical group of ARTS I
acting as a historical control (10–16). In order to obtain a
population comparable to ARTS I, patients were stratified
by clinical site in order to ensure the inclusion of at least
one-third of patients with 3-vessel disease. The details of
patient selection and end point definitions are described
elsewhere (16–21). In the current analysis, the ARTS II
population, the PCI arm, and CABG arm from the ARTS
I trials are labeled as SES, BMS, and coronary artery bypass
graft (CABG) groups, respectively.
Study objectives. The primary objective of ARTS II was to
compare the safety and effectiveness of coronary stent
implantation using the SES with the surgical arm of ARTS I.
End points are measured in terms of major adverse cardiac
and cerebrovascular events (MACCE) comprising all-cause
death, any cerebrovascular accident (CVA), nonfatal myo-
cardial infarction (MI), or any repeat revascularization,
which is equivalent to the patient-oriented clinical end
points of ARC definition (9).

The secondary objectives of this study were to compare
the ARTS II patients with both arms of ARTS I with
respect to: MACCE at 30 days and 1, 3, and 5 years; the
composite end point of death, CVA, and MI; the itemized
outcomes of death, CVA, MI, and repeat revascularization;
resource utilization at 30 days and 1 year; cost effectiveness
at 1 year; and quality of life at 6 months and 1, 3, and 5
years. Finally, the study aimed at describing the prognostic
value of the SYNTAX score (22,23) on the MACCE rates
in the ARTS II population.

The tertiary objectives of the current study were to report
the rate of ST and major cardiac adverse events (MACE;
defined as a composite of all-cause death, nonfatal MI, or
repeat revascularization) with post hoc readjudication of
events according to the ARC definition, which was first
described during the follow-up of this trial (9).
End point measurement. In ARTS II, the interventional
procedure was performed within 48 h of inclusion,
whereas in ARTS I, patients were randomized after
informed consent had been obtained, after which, pa-
tients were placed on a waiting list; there were 3 deaths
in the ARTS I CABG arm while patients were awaiting
revascularization. To compensate for the temporal differ-
ence in allocation between groups, events for the present
report were counted from the time of the procedure for
all 3 arms and not from the time of allocation as
previously published.

In ARTS I and II, only data on subacute thrombotic
occlusion (�30 days) were collected in the case record
form. In ARTS II, ST was readjudicated according to the
ARC definitions. In this process, all coronary angiograms,
both procedure-related (n � 104) and nonprocedure-related
(n � 165), were reviewed by an independent core laboratory
and adjudicated by an independent critical event committee.
Thus far, no attempt has been made to assess data on ST in
ARTS I in a similar fashion.

In addition, a detailed coronary risk score that has been
previously published and tested in a subgroup of ARTS II
patients with 3-vessel disease (the SYNTAX score) was
used to characterise the complexity of the coronary anatomy
(19). In brief, each coronary lesion producing �50% lumi-
nal obstruction, in vessels �1.5 mm, was separately scored
and added to provide the overall SYNTAX score. The
SYNTAX score was calculated using dedicated software
that integrates the number of lesions with their specific
weighting factors based on the amount of myocardium
distal to the lesion according to the score of Leaman et al.
(24), and the morphologic features of each single lesion, as
previously reported (23). This SYNTAX score is now
available for the entire ARTS II population and its impli-
cations in terms of prognosis at 5 years are reported in the
current paper.
Statistical analysis. Binary variables are reported as per-
centages, and the difference between groups was presented
with 95% confidence intervals. Time-to-event variables are

Abbreviations
and Acronyms

ARC � Academic Research
Consortium

BMS � bare-metal stent(s)

CABG � coronary artery
bypass graft

CVA � cerebrovascular
accident

DES � drug-eluting stent(s)

MACCE � major adverse
cardiac and
cerebrovascular event(s)

MACE � major adverse
cardiac event(s)

MI � myocardial infarction

OR � odds ratio

PCI � percutaneous
coronary intervention

SES � sirolimus-eluting
stent(s)

ST � stent thrombosis
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presented as Kaplan-Meier curves, and incidences were
compared using the log-rank test.

A separate multivariate regression analysis was per-
formed to determine independent predictors of MACE
and ST (according to ARC definition) within the ARTS
II population only. The following variables were tested
on a per patient basis by univariate analysis to determine
suitability for inclusion in the multivariate model: sex,
previous history of MI, current smoking habit, left
ventricular ejection fraction, presence of diabetes, hyper-
tension, 3-vessel disease, family history of MI or sudden
death at age �55 years, presentation with unstable
angina, use of glycoprotein IIb/IIIa inhibitors, logistic
euroSCORE, and SYNTAX score. Finally, a logistic
regression model was built using the significant univariate
predictors (p � 0.1).

Results

Baseline and procedural characteristics. Between April
1997 and June 1998, a total of 1,205 patients were
randomly assigned to PCI with BMS (n � 600) or
CABG (n � 605) in 67 participating centers in the
ARTS I trial. Between February 2003 and November
2003, 607 patients at 45 participating centers were
treated by PCI using SES and entered into the ARTS II
study. Table 1 presents their baseline demographic and
angiographic characteristics. Patients treated in ARTS II
were significantly older than those in ARTS I. ARTS II
had a significantly higher incidence of diabetes mellitus,
hypertension, hypercholesterolemia, and silent ischemia,
and a lower percentage of current smokers or patients
with a history of prior MI as compared with the CABG
groups. Seven patients did not receive any stents during
the index procedure (4 underwent elective CABG, 1
required emergent CABG, 1 underwent PCI 35 days
later, and 1 remained on medical therapy).

The percentage of percutaneous 3-vessel treatment was
46.6% in SES versus 18.0% in BMS (p � 0.001). The mean
number of significant lesions per patient was 3.6 � 1.3 in SES
versus 2.8 � 1.0 in CABG (p � 0.001) and 2.8 � 1.0 in BMS.
SES patients received 3.7 � 1.5 stents with an average total
stented length of 72 � 32 mm compared with 2.8 � 1.3 stents
and 48 � 22 mm in BMS patients (p � 0.001). In the SES
population, SYNTAX score and logistic euroSCORE were
20.8 � 9.51 and 2.16 � 15.2, respectively.
5-year follow-up. MACCE. Clinical follow-up at 5 years
was available in 97.6% of ARTS II population (Fig. 1).
The 5-year event rates are depicted in Table 2 and Figure 2.
The survival rate in ARTS II was comparable to the historical,
surgical, and PCI groups from ARTS I (SES: 94.5%, CABG:
92.6%, BMS: 92.0%). The death/CVA/MI event-free survival
was 87.1% in ARTS II, versus 86.0% (log-rank p � 0.42) and
the 81.9% (log-rank p � 0.008) in the CABG and BMS
cohorts, respectively. At 5-years follow-up, the MACCE-free

survival rate in ARTS II (72.5%), which had been comparable
to the surgical cohort of ARTS I at 3 years, was significantly
lower than CABG (78.9%, p � 0.02), and significantly higher
than BMS (58.5%, log-rank p � 0.001).

ST ACCORDING TO THE ARC DEFINITIONS. In ARTS II, a
total of 57 patients (Table 3) experienced at least 1 stent
thrombotic event (definite, probable, or possible) at 5 years.
The rate of ST (definite or probable or possible) in ARTS II
was 1.5% at 30 days, 3.1% at 1 year, 4.4% at 2 years, 6.4% at
3 years, and 9.4% at 5 years, respectively. The rate of definite
ST was 1.0% at 30 days, 1.6% at 1 year, 2.1% at 2 years, 3.5%
at 3 years, and 3.8% at 5 years. Among the 23 patients with
definite ST, the numbers experiencing acute (�30 days), late
(�30 days, �1 year), and very late (�1 year) ST were 6, 4, and
13, respectively. Four of the acute thrombotic events occurred
within the first 4 days post-procedure.

Although clopidogrel was only recommended for 3 months,
a total of 266 patients were still using thienopyridines at 1 year.
The impact of ST on the ARC-defined patient-oriented
composite end point is presented in Figure 3A. If none of these
ST events (definite, probable, and possible) had occurred, the
event-free rate from mortality, the composite of mortality or
any MI, and the patient-oriented composite end point
would have increased from 94.5%, 84.3%, 70.7% to 96.8%,
92.7%, 78.0%, respectively (absolute difference: 2.3%, 8.4%,
and 7.3%).

IMPACT OF SYNTAX SCORE ON CLINICAL OUTCOME. A sig-
nificant separation of MACCE-free survival was observed
when patients were stratified according to SYNTAX score
tertiles, with low, intermediate, and high groups defined by
SYNTAX scores of �16 (n � 209), 16 to 24 (n � 199)
(Fig. 4). When compared with the lowest tertile group
(SYNTAX score: �16, 5-year MACE-free rate: 80.1%),
both the intermediate (SYNTAX score: 16 to 24) and high
(SYNTAX score: �24) tertile groups demonstrated a lower
MACE-free survival rate (intermediate: 70.1%, log-rank
p � 0.02; high: 67.1%, p � 0.001).
Multivariate analysis. Univariable and multivariable inde-
pendent predictors for 5-year MACE and ST were presented
in Table 4. In univariate analysis, diabetes, logistic euro-
SCORE, and SYNTAX score were significant predictors of
MACE. In multivariate analysis, diabetes (odds ratio [OR]:
1.68 [95% CI: 1.24 to 2.28]), logistic euroSCORE (OR 1.09
[95% CI: 1.003 to 1.14]), and SYNTAX score (OR: 1.68
[95% CI: 1.24 to 2.28]) remained significant, although history
of carotid surgery was not. With respect to ST (definite,
probable, or possible), SYNTAX score, use of glycoprotein
IIb/IIIa inhibitors, and logistic euroSCORE were significant
predictors in the univariate analysis, whereas multivariate
analysis demonstrated that only SYNTAX score (OR: 1.03
[95% CI: 1.00 to 1.05]) and the use of glycoprotein IIb/IIIa
inhibitors (OR: 1.71 [95% CI: 0.99 to 1.32]) were independent
predictors of ST at 5 years.
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Discussion

The current analysis reports the 5-year outcomes of patients
with multivessel disease treated with SES, and historical
cohorts treated with CABG and BMS. The main findings
of the study are the following: 1) 5-year mortality was
similar between SES, CABG, and BMS groups; 2) the
5-year composite safety end point of death, stroke, and MI

in the SES group was comparable to the CABG group, and
lower than the BMS group; 3) at 5 years, the MACCE rate
in the SES group was higher than the CABG group, which
was mainly driven by a higher rate of repeat revasculariza-
tion in the SES group; however, the MACCE rate of the
SES group remained lower than that of the BMS group;
4) at 5-year follow-up, ST events (early, late, and very late)
were potentially involved in approximately one-third of

Baseline and Procedural Characteristics of ARTS II and I PopulationTable 1 Baseline and Procedural Characteristics of ARTS II and I Population

SES
(n � 607)

CABG
(n � 605)

BMS
(n � 600)

SES/CABG
Difference (95% CI)

SES/BMS
Difference (95% CI)

Baseline characteristics

Male sex 77 76 77 0.6% (�4.2% to 5.4%) �0.4% (�5.2% to 4.4%)

Age (yrs) 63 � 10 61 � 9 61 � 10 1.5 (0.4 to 2.6) 2.1 (1.0 to 3.2)

Body mass index (kg/m2) 27.5 � 4.1 27.4 � 3.7 27.2 � 3.7 0.2 (�0.3 to 0.6) 0.3 (�0.1 to 0.8)

Risk factors

Myocardial infarction 34 42 44 �7.6% (�13.0% to �2.1%) �9.9% (�15.4% to �4.4%)

Diabetes 26 16 19 10.3% (5.8% to 14.9%) 7.5% (2.8% to 12.2%)

Hypertension 67 45 45 22.3% (16.8% to 27.7%) 22.5% (17.1% to 28.0%)

Hypercholesterolemia 74 58 58 16.4% (11.2% to 21.7%) 16.1% (10.8% to 21.4%)

Family history of MI or sudden
death at age �55 yrs

36 42 39 �6.0% (�11.5% to �0.5%) �3.2% (�8.7% to 2.2%)

Current smoker 19 26 28 �6.5% (�11.2% to �1.8%) �8.7% (�13.4% to �3.9%)

Peripheral vascular disease 7 5 6 1.8% (�0.9% to 4.5%) 1.4% (�1.3% to 4.2%)

Indication for treatment

Stable angina 53 58 56 �4.8% (�10.4% to �0.8%) �3.1% (�8.7% to 2.5%)

Unstable angina 36 37 38 �0.8% (�6.2% to 4.6%) �1.3% (�6.7% to 4.2%)

Silent ischemia 10 5 6 5.6% (2.6% to 8.5%) 4.4% (1.3% to 7.5%)

Angiographic characteristics

Ejection fraction 60 � 12 60 � 13 61 � 12 �0.2 (�1.6 to 1.3) �0.8 (�2.2 to 0.7)

No. of lesions with stenosis �50% 3.6 � 1.3 2.8 � 1.0 2.8 � 1.0 0.8 (0.6 to 0.9) 0.8 (0.6 to 0.9)

No. of diseased vessels

1
2
3

0
46
54

4
66
30

4
69
27

�3.4% (�5.0% to �1.8%)
�20.1% (�25.6% to �14.6%)

23.5% (18.1% to 28.9%)

�3.6% (�5.3% to �2.0%)
�22.4% (�27.9% to �17.0%)

26.1% (20.7% to 31.4%)

Vessel territory with stenosis
(% of lesions)

Right coronary artery
Left main
Left anterior descending
Left circumflex artery

29
0

42
29

29
0

41
29

31
0

39
29

�0.4% (�3.3% to 2.5%)
�0.1% (�0.2% to 0.1%)

0.4% (�2.7% to 3.6%)
0.0% (�2.9% to 3.0%)

�2.1% (�5.0% to 0.9%)
�0.1% (�0.2% to 0.1%)

2.1% (�1.1% to 5.3%)
0.0% (�2.9% to 3.0%)

Lesion length (visual) (% of lesions)

Discreet (�10 mm)
Tubular (10–20 mm)
Diffuse (�20 mm)

61
27
12

68
25

7

66
27

7

�7.3% (�10.4% to �4.2%)
2.0% (�0.9% to 4.9%)
5.3% (3.4% to 7.2%)

�4.7% (�7.9% to �1.5%)
�0.1% (�3.0% to 2.8%)

4.8% (2.9% to 6.7%)

Lesion classification (% of lesions)

Type A
Type B1
Type B2
Type C

7
23
56
14

7
31
54

8

6
26
60

8

0.0% (�1.6% to 1.6%)
�7.9% (�10.8% to �5.1%)

1.9% (�1.3% to 5.1%)
6.0% (4.0% to 8.0%)

0.9% (�0.7% to 2.5%)
�3.0% (�5.8% to �0.2%)
�3.7% (�6.9% to �0.5%)

5.9% (3.9% to 7.8%)

Procedural characteristics

Bifurcation requiring double wiring 34 32 35 2.2% (�0.9% to 5.3%) �0.6% (�3.7% to 2.6%)

Number of stents implanted 3.7 � 1.5 — 2.8 � 1.3 — 0.9 (0.7 to 1.0)

Total stent length (mm) 72.5 � 32.1 — 47.6 � 21.7 — 24.9 (21.8 to 28.1)

Maximum dilatation pressure (atm) 16.4 � 2.9 — 14.6 � 2.8 — 1.7 (1.4 to 2.1)

Direct stenting (% of lesions) 34.6 — 3.3 — 31.3% (29.1% to 33.6%)

Duration of procedure (min) 85 � 43 193 � 67 99 � 50 �108.2 (�114.6 to �101.8) �13.6 (�18.9 to �8.3)

Post-procedural hospital stay (days) 3.4 � 2.7 9.6 � 4.9 3.9 � 3.7 �6.2 (�6.6 to �5.8) �0.5 (�0.9 to �0.2)

Values are % or mean � SD. Data are expressed per patient unless stated otherwise.
BMS � bare-metal stent(s); CABG � coronary artery bypass graft; CI � confidence interval; MI � myocardial infarction; PCI � percutaneous coronary intervention; SES � sirolimus-eluting stent(s).
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MACE events; and 5) baseline SYNTAX score has a role in
the prediction of 5-year MACCE events.
Long-term safety. Despite the more complex angio-
graphic profile and clinical risk factors in the SES cohort,
there was no difference in 5-year mortality between the
ARTS II and I cohorts. Although the present study
might have been underpowered to demonstrate any
significant difference in mortality, the findings concur
with the meta-analyses of randomized trials of CABG
versus BMS and more specifically, CABG versus mul-

tivessel stenting with BMS (25,26). In the current study,
the composite end point of mortality, stroke, and MI was
lowest in the SES group and was significantly better than
in the BMS cohort.
Long-term efficacy. The significantly higher MACCE
rate in the SES group compared with the CABG cohort
(21.1% vs. 17.5%, p � 0.02) at 5-years was not observed
consistently through the study. At 1 year, the MACCE rate
was slightly lower in the SES cohort compared with the
CABG group, whereas at 2 and 3 years, following a

Figure 1 Flow Chart of 5-Year Follow-Up

*Electrocardiogram (ECG) obtained by center. FUP � follow-up; GP � general practitioner.

Clinical End Points at 5 Years (Hierarchical and NonhierarchicalMACCE Up to 1,800 Days, Per Patient) Counted Since Date of ProcedureTable 2 Clinical End Points at 5 Years (Hierarchical and Nonhierarchical
MACCE Up to 1,800 Days, Per Patient) Counted Since Date of Procedure

SES
(n � 607)

CABG
(n � 602)*

BMS
(n � 600)

SES/CABG
Difference (95% CI)

SES/BMS
Difference (95% CI)

Hierarchical

Death 33 (5.4) 43 (7.1) 47 (7.8) �1.7 (�4.4 to 1.0) �2.4 (�5.2 to 0.4)

CVA 17 (2.8) 16 (2.7) 19 (3.2)

MI 27 (4.4) 24 (4.0) 41 (6.8)

Death/CVA/MI 77 (12.7) 83 (13.8) 107 (17.8) �1.1 (�4.9 to 2.7) �5.1 (�9.2 to �1.1)

Revascularization 88 (14.5) 42 (7.0) 140 (23.3)

(re) CABG 15 (2.5) 5 (0.8) 47 (7.8)

(re) PTCA 73 (12) 37 (6.1) 93 (15.5)

Any MACCE 165 (27.2) 125 (20.8) 247 (41.2) 6.4 (1.6 to 11.2) �14 (�19.3 to �8.7)

Nonhierarchical

CVA 22 (3.6) 20 (3.3) 23 (3.8) 0.3 (�1.8 to 2.4) �0.2 (�2.3 to 1.9)

MI 35 (5.8) 34 (5.6) 49 (8.2) 0.1 (�2.5 to 2.7) �2.4 (�5.3 to 0.5)

Revascularization 123 (20.3) 52 (8.6) 181 (30.2) 11.6 (7.7 to 15.5) �9.9 (�14.8 to �5.0)

(re) CABG 17 (2.8) 7 (1.2) 63 (10.5) 1.6 (0.1 to 3.2) �7.7 (�10.5 to �4.9)

(re) PTCA 108 (17.8) 49 (8.1) 138 (23.0) 9.7 (5.9 to 13.4) �5.2 (�9.7 to �0.7)

Values are n (%). *3 patients on the waiting list died.
CVA � cardiovascular accident; MACCE � major adverse cardiac and cerebrovascular event; PTCA � percutaneous transluminal coronary angioplasty; other abbreviations as in Table 1.
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comparatively greater number of additional MACCE events
in the SES group, the overall MACCE rate was insignifi-
cantly higher in the SES group compared with CABG
(17,27). This reversal was mainly driven by the relatively
higher rates of reintervention in patients in SES compared

with CABG, such that the absolute difference in repeat
revascularization between the 2 groups increased progres-
sively from 4.2 % at 1 year to 6.2%, 7.9%, and 11.6% at 2,
3, and 5 years, respectively. Therefore, the current trial
confirms that surgical revascularization is more durable than
percutaneous revascularization. It is noteworthy, however,
that the freedom from surgical or percutaneous reinterven-
tion at 5 years increased from 69.1% in the BMS to 79.2%
in SES. Furthermore, at 5 years, only 2.8% of patients from
the SES cohort required CABG compared with 10.5% from
the BMS cohort.
ST. Occurrence of late and very late ST has been
recognized as a long-term safety concern with drug-
eluting stents (28,29). Recent studies have suggested that
in patients with 2- and 3-vessel disease, ST negatively
impacts long-term outcomes (30). There was a gradual
rise in the rate of ST during follow-up, but overall rates
of definite ST were similar to those reported in all-comer

Figure 2 Kaplan-Meier Curves of Freedom From Clinical Events

Kaplan-Meier estimates up to 1,800 days of: (A) freedom from all-cause mortality; (B) freedom from a composite of death, cerebrovascular accident (CVA), or myocardial infarc-
tion (MI); (C) freedom from revascularization; and (D) freedom from major adverse cardiac and cardiovascular events (MACCE) (all-cause mortality, any MI, CVA, or any reinter-
vention). ARTS � Arterial Revascularization Therapy Study; BMS � bare-metal stent(s); CABG � coronary artery bypass graft; SES � sirolimus-eluting stent(s).

ST According to the ARC DefinitionsTable 3 ST According to the ARC Definitions

ARTS II
Death Up to
1,800 Days

MI Up to
1,800 Days*

Acute/subacute
(�30 days)

9 (1.4%) 1/9 (11%) 9/9 (100%)

Late (�1 yr) 9 (1.4%) 3/9 (30.0%) 4/9 (40.0%)

Very late (�1 yr) 39 (6%) 10/39 (26%) 29/39 (74%)

Definite 23 (4%) 2/23 (9%) 19/23 (83%)

Definite or probable 46 (8%) 3/46 (7%) 42/46 (91%)

Definite, probable or
possible

57 (9%) 14/57 (25%) 42/57 (74%)

*MI according to ARC definition.
ARC � Academic research consortium; MI�myocardial infarction; ST � stent thrombosis.
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populations treated with DES (28,29). When analyzing
the impact of ST on safety outcomes, reassurance can be
obtained by considering the rate of all-cause mortality
(5-year mortality, SES: 5.4% vs. BMS: 7.8%) and MI
(5-year MI, SES: 5.8% vs. BMS: 8.2%), because despite
the fact that two-thirds of the patients with definite ST
sustained an MI or underwent a repeat revascularization,
only 2 of these 23 patients died at 5-year follow-up. The
ST events from ARTS I PCI have not been reported
because of the absence of any adjudication of late and
very late stent thrombotic events.

Figure 3 illustrates the fact that early, late, and very late,
as well as definite, probable, or possible ST all contributed
to a deterioration in the treatment effect expressed as
freedom from death, death/MI, and death/MI/repeat revas-

cularization. Of the 176 patients who had a major adverse
cardiac event (ARC definitions), 22 had definite ST, 45
definite or probable ST, and 56 definite, probable, or
possible ST (32% of adverse events). Thus, one-third of
adverse events occurring during 5-year follow-up could be
explained, and potentially prevented, by eliminating ST.
These results emphasize the importance of optimal stent
implantation, development of less thrombogenic devices
such as DES with biocompatible or bioabsorbable coatings,
or fully bioabsorbable DES, and in addition, more effective
antithrombotic therapies (31–35).
Impact of SYNTAX score on long-term clinical outcome.
The recently reported SYNTAX trial compared surgery
with percutaneous treatment in patients with left main or
3-vessel disease (36). Of interest, when patients with
3-vessel disease from the SYNTAX trial were subdivided
into tertiles of SYNTAX score (cutoff of 23 and 33), the
lowest tertile group showed similar 1-year MACCE rates
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Figure 3 Kaplan-Meier Curves of Freedom
From ARC-Defined MACE, With or Without ST

Kaplan-Meier estimates of freedom from death (red lines), death or myocardial
infarction (MI) (orange lines), and major adverse cardiac events (MACE) (all-
cause mortality, MI, or revascularization) (yellow lines) according to Academic
Research Consortium (ARC) definition (A). Possible stent thrombosis (ST) is
superimposed on the Kaplan-Meier curves as a triangle, probable stent throm-
bosis as a square, and definite stent thrombosis as a circle. If all these ST-
related events had been eliminated (B), freedom from death at 5 years would
have increased from 94.5% to 96.8%, freedom from death or death/MI from
84.3% to 92.7%, and freedom from MACE from 70.5% to 78.0%. Please note
MI and MACE were readjudicated according to ARC definition. *All-cause death,
MI, or any revascularization according to ARC definition. Troponin was not col-
lected in the ARTS II.
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MACCE According to Tertiles of SYNTAX Score

Freedom from protocol-defined major adverse cardiac and cerebrovascular
event (MACCE) rate according to SYNTAX score tertiles (A). When the coronary
artery bypass graft (CABG) MACCE rate is superimposed, the lowest SYNTAX
score tertile shows a similar event rate at 5 years (B).
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between PCI and CABG. On the other hand, for the
highest tertile groups, the 1-year MACCE rate was signif-
icantly higher in the PCI group (36).

After applying the tertile division of the SYNTAX score
to the ARTS II study (cutoffs 16 and 24), patients with a
score of �16 had a MACCE-free survival rate that was
greater than patients in the middle or highest tertiles. In
addition, the SYNTAX score was identified as an indepen-
dent predictor of 5-year ST and MACE, indicating that it
has a role in the risk stratification of patients with multives-
sel disease. Furthermore, the MACE rate was similar
between the lowest tertiles of the ARTS II group and the
entire surgical cohort from ARTS I (Fig. 4). These results
further support the notion that patients with multivessel
disease and a low SYNTAX score may be adequately treated
with PCI, whereas those patients with high SYNTAX
scores benefit more from CABG.

Of note, the cutoff values for the tertile division of the
SYNTAX score in the SYNTAX trial (23 and 33) are for
obvious reasons different from those in the ARTS II trial
(16 and 24). Further assessment of the distribution and
clinical impact of the SYNTAX score in various populations
is warranted; however, only a propensity-matched analysis
based on SYNTAX score will allow a definitive comparison
of outcomes between the SYNTAX randomized controlled
trial and the ARTS II registry.
Study limitations. First, it was nonrandomized, and thus
the groups are not directly comparable, precluding a
formal noninferiority comparison. In view of the higher
risks anticipated as a result of the greater severity of
disease in the ARTS II population compared with the
ARTS I population, the clinical outcomes may be biased
against ARTS II; however, this may be partially offset by
other advances in interventional technology. Statistical
adjustment therefore might be required to correct for the
differences. This is currently being conducted and will be
presented in a separate report. Second, there was a 5-year
time lag between the enrollment periods of the ARTS I
and II cohorts. With recent improvements in surgical
techniques and concomitant medication (statins), it is
more than likely that the clinical results of a true

randomized trial would have come out more in favor of
surgical treatment. Third, the incidence and impact of
ST was not readjudicated according to the ARC defini-
tions in the ARTS I study, which was primarily because
pieces of clinical information required for readjudication
were missing and not obtainable retrospectively. Finally,
the baseline SYNTAX scores in the historical cohorts
have not been calculated because the baseline cine-
angiograms are no longer available.

Reprint requests and correspondence: Dr. Patrick W. Serruys,
Thoraxcenter, Ba-583, ‘s Gravendijkwal 230, 3015 CE Rotterdam,
the Netherlands. E-mail: p.w.j.c.serruys@erasmusmc.nl.
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- 1 -

Abstract
Aim: The aim of this study was to compare the 5-year outcomes of patients with multivessel disease (MVD)

involving the proximal left anterior descending (LAD) artery who were treated with sirolimus drug eluting

stents (SES), bare metal stents (BMS) and coronary artery bypass surgery (CABG).

Methods and results: Clinical outcomes were compared between the 682 patients enrolled in the ARTS-I

and ARTS-II study who had MVD involving the proximal LAD, and were treated with BMS (27.4%), CABG

(30.2%), and SES (42.4%). At 5-year follow-up the primary endpoint of major adverse cardiovascular and

cerebrovascular events (MACCE) occurred in 33.7%, 18.0% and 24.9% of patients treated with BMS,

CABG and SES, respectively (BMS vs. SES p=0.04, CABG vs. SES p=0.07). Unadjusted and adjusted rates

of mortality and death/stroke/myocardial infarction (safety) were comparable between all three treatments.

Repeat revascularisation was significantly lower following CABG irrespective of adjustment. The absolute

difference in MACCE between patients with a logistic EuroSCORE above and below the mean (i.e., 2.09%)

was 18.8% (p=0.001), and 1.9% (p=0.28) for CABG and SES, respectively. In patients with a high

EuroSCORE, SES was a significantly safer treatment (p=0.04) whilst repeat revascularisation remained

lower with CABG irrespective of the EuroSCORE.

Conclusions: At 5-year follow-up CABG has comparable safety, and superior efficacy in terms of reducing

repeat revascularisation compared to BMS and SES in the treatment of patients with MVD involving the

proximal LAD however, appropriate patient selection remains imperative.
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Drug eluting stents,

bare metal stents,

CABG, proximal LAD
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Revascularisation of the proximal LAD

Introduction
The proximal segment of the left anterior descending (LAD) artery is

the most important segment of the coronary tree after the left main

stem (LMS). Its importance is highlighted by the poor prognosis if

left untreated,1 and the recent appropriateness guidelines for

revascularisation from the American Heart Association/American

College of Cardiology (AHA/ACC), which do not deem revascularisation

of the proximal LAD inappropriate, even if it is present in isolation, or

associated with no symptoms in patients on little, or no therapy.2

The optimal method of revascularisation in patients with multivessel

disease (MVD) (with or without involvement of the proximal LAD)

continues to remain a contentious issue.3 Although patients with

MVD have preferentially been treated with coronary artery bypass

grafting (CABG), no survival advantage has ever been demonstrated

in randomised trials comparing CABG to percutaneous coronary

intervention (PCI) with either bare metal stents (BMS) or drug

eluting stents (DES).4-6 Moreover, recent evidence suggests that PCI

with DESs offer a safe and suitable alternative to CABG in specific

groups of patients with MVD.6-7

In patients with MVD with proximal LAD involvement previous

observational studies have demonstrated a prognostic advantage

following revascularisation with CABG compared to balloon

angioplasty, or PCI with BMS.8-10 This benefit however, has not been

reproduced in the sub-group analyses of patients with proximal LAD

lesions enrolled in randomised studies of MVD comparing BMS to

CABG.11,12 Moreover, in this group of patients the data on the use of

DES, which offer the advantage of reduced rates of restenosis

compared to BMS,13 is limited by the availability of only medium

term outcomes.14-16

The Arterial Revascularisation Therapies Part I (ARTS-I) and Part II

(ARTS-II) studies both recruited patients with MVD using the same

inclusion criteria.17-18 In the ARTS-I study patients were randomised to

treatment with a BMS or CABG, whilst in the single arm ARTS-II study all

patients received a sirolimus eluting stent (SES). The 3-year outcomes of

682 patients with proximal LAD disease from the ARTS-I and ARTS-II

study have been published previously.14 The aim of this report was to

describe the 5-year outcomes (i.e., major adverse cardiovascular and

cerebrovascular events – [MACCE]) of this important pre-specified sub-

group of patients, which consequently represents the longest reported

follow-up of proximal LAD disease treated with DES.

Methods

Study population

The ARTS-I and ARTS-II studies have been published previously.17,18

In brief, the multicentre ARTS-I study randomised 1,205 patients

between April 1997 and June 1998 to treatment with PCI with a BMS

or CABG. The ARTS-II study was a multicentre, non-randomised,

open label trial which recruited 607 patients between February and

November 2003 who were all treated with PCI using a SES.

Patient selection

The inclusion and exclusion criteria for both studies were the same.

Patients with stable angina, unstable angina or silent ischaemia, who

had ≥2 coronary lesions, located in different major epicardial vessels

and/or their side-branches (not including the LMS) that were

potentially amenable to stent implantation were eligible for inclusion.

All patients were required to have a lesion with a diameter stenosis

>50% in the LAD, and ≥1 other major epicardial coronary artery.

The goal was to achieve complete anatomic revascularisation. There

was no restriction on the total implanted stent length. Decisions to

place stents in lesions with bifurcations, fresh thrombus, calcification,

diffuse disease, complex anatomy or stenting of side branches were

left to the discretion of the operators. By protocol surgical

revascularisation was performed “on-pump”, and where possible the

left internal mammary artery graft was used for LAD revascularisation.

The major exclusion criteria were: patients with previous PCI, LMS

disease, overt congestive heart failure, left ventricular ejection fraction

<30 percent, history of a cerebrovascular accident (CVA), transmural

myocardial infarction (MI) in the preceding week, severe hepatic or

renal disease, neutropenia or thrombocytopenia, an intolerance or

contraindication to acetylsalicylic acid or thienopyridines, the need for

concomitant major surgery and life-limiting major concomitant non-

cardiac diseases. Written informed consent was obtained from each

patient prior to enrolment, and the study was approved by the ethics

committee of each participating site.

The five year outcomes of the ARTS-I and ARTS-II patient cohorts

have already been published elsewhere.19,20 This pre-specified sub-

group analysis included only those patients with a >50% diameter

stenosis lesion in the proximal LAD, defined as the coronary

segment between the branching point of the LMS and the first

major septal branch (segment 6 in the AHA classification).21

Endpoints

The primary endpoint of this study was MACCE, defined as a

composite of death, stroke, MI and repeat revascularisation

(percutaneous or surgical) at 5-year follow-up. Secondary endpoints

included death, stroke, MI, safety (a composite of death, stroke and

MI) and repeat revascularisation at 5-year follow-up.

Definitions

Deaths included mortality from any cause. Cerebrovascular

accidents included transient ischaemic attacks, reversible

neurological deficits, intracranial haemorrhage, and ischaemic

stroke.17 MI was defined in the first seven days after the

intervention, if there was documentation of new abnormal Q-waves

and either a ratio of serum creatinine kinase MB (CK-MB)

isoenzyme to total creatinine kinase (CK) that was ≥0.1, or a CK-MB

value that was five times the upper limit of normal. Serum CK and

CK-MB isoenzyme concentrations were measured 6, 12, and

18 hours after the intervention. Commencing eight days after the

intervention (the length of the hospital stay after surgery), either

abnormal Q-waves or enzymatic changes were sufficient for

a diagnosis of MI. An MI was only confirmed after the relevant

electrocardiograms had been analysed by the core laboratory and

adjudicated by the clinical-events committee. This two-part method

of defining MI was developed for ARTS-I to address the difficulty in

diagnosing an MI after cardiac surgery.17 The incidence of stent

thrombosis according to the Academic Research Consortium

definitions was only available for patients in ARTS-II.22
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Statistical methods

Continuous variables are expressed as mean±standard deviation (SD)

and were compared using the unpaired Student’s t-test. Categorical

data are presented as percentages, and were compared using the χ2

test or Fischer’s exact test. Survival curves were constructed for time-

to-event variables using Kaplan-Meier estimates, and compared by

the log-rank test. Patients lost to follow-up were considered at risk

until the date of last contact, at which point they were censored. The

overall association between treatment type and MACCE was further

examined using univariate and multivariate Cox proportional hazard

models. In the multivariate model, to compensate for difference in

baseline and procedural characteristics between patients enrolled in

ARTS-I and ARTS-II adjustments were made for the potential

confounders of gender, logistic EuroSCORE (EUROLOG), smoking

status, diabetes, hypercholesterolaemia, hypertension, and previous

myocardial infarction. Finally patient outcomes were also stratified

into two groups according to the mean value of the EUROLOG. A p

value of <0.05 was considered significant, and all tests were two-

tailed. Data were analysed with SPSS version 17.0 software (SPSS

Inc., Chicago, IL, USA).

Results
The ARTS-I study recruited 1,205 patients, of whom a total of 393

(32.6%) had involvement of the proximal LAD. The ARTS-II study

enrolled 607 patients, of whom 289 (47.6%) had proximal LAD

disease. In total there were 682 patients in this sub-group analysis

of whom 187 (27.4%), 206 (30.2%), and 289 (42.4%) received

treatment with BMS, CABG and SES, respectively.

Baseline angiographic characteristics (Table 1)

Baseline angiographic characteristics of the study population,

stratified according to method of revascularisation, have been

published previously, and are summarised in Table 1.11,14 As

expected considering the time lag between the two studies the

incidence of risk factors was significantly higher in the cohort treated

with SES. Despite this however, the overall risk as assessed using the

EuroSCORE (additive or logistic) was similar for each treatment group.

Angiographic and lesion characteristics (Table 2)

The characteristics of the proximal LAD lesions are shown in

Table 2. Patients treated with SES had significantly more complex

lesions as indicated by the longer lesion length, and greater

proportion of Type C lesions, calcified lesions and bifurcations when

compared with those treated with BMS or CABG. The

characteristics of coronary lesions in segments other than in the

proximal LAD are presented elsewhere.14 Overall patients treated

with SES had more extensive disease, and significantly lower rates

of complete revascularisation compared to those treated with BMS

or CABG. Patients receiving CABG had the longest hospital stay.

Clinical research

Table 1. Baseline patient characteristics.

Variable (%) unless stated ARTS-II SES ARTS-I BMS ARTS-I CABG
(N=289) (N=187) (N=206)

Baseline characteristics
Male gender 80.6 78.1 181.1
Age, years 63.0±10.2 60.1±9.5¶ 62.0±9.0
Body mass index, kg/m2 27.5±4.1 26.9±3.6 27.4±3.4

Risk factors
Previous myocardial infarction 32.5 44.4¶ 37.9
Diabetes 24.9 11.2¶ 14.6¶

Hypertension 65.7 41.2¶ 44.2
Hypercholesterolaemia 74.0 63.1¶ 58.5
Current smoker 17.6 27.4¶ 20.4
Peripheral vascular disease 8.0 5.3 5.3
Chronic obstructive 
airways disease 4.8 6.4 4.4
EuroSCORE

Additive 2.49±2.02 2.22±1.87 2.28±1.78
Logistic (%) 2.23±1.67 1.99±1.40 1.98±1.31

Ejection fraction 59.2±11.5 60.8±12.2 60.5±13.3

Indication for treatment
Stable angina 57.4 53.5 59.7
Unstable angina 32.9 41.7 34.5
Silent ischemia 9.7 4.8 5.8

¶ p<0.05 vs. ARTS-II SES group; SES: sirolimus eluting stent; BMS: bare

metal stent; CABG: coronary artery bypass graft surgery

Table 2. Angiographic and procedural characteristics.

Variable (%) unless stated ARTS-II SES ARTS-I BMS ARTS-I CABG
(N=289) (N=187) (N=206)

Proximal LAD lesion characteristics

Ostial LAD 17.4 26.2 21.4

Lesion Length(visual)

Discreet (<10 mm) 49.8 64.2¶ 69.9¶

Tubular (10-20 mm) 25.4 25.1 27.2

Diffuse (>20 mm) 22.0 6.4¶ 1.0¶

Lesion classification

Type A 3.1 1.1 7.3¶

Type B1 11.9 20.9¶ 21.8¶

Type B2 61.9 68.9 70.6

Type C 23.1 7.5¶ 1.9¶

Moderate/heavy calcification 59.9 36.7¶ 27.7¶

Thrombus containing lesions 0.0 2.8 1.0

Eccentric lesion 86.8 86.1 80.6

Occlusion 0.0 3.2 1.0

Bifurcation requiring

double wiring 51.2 42.8 39.3¶

Additional disease characteristics

No. of diseased vessels 2.5±0.5 2.3±0.5¶ 2.3±0.5¶

No. of diseased lesions 

with stenosis > 50% 3.7±1.3 3.0±1.0¶ 3.0±1.1¶

Extent of other coronary disease

Two-vessel disease 45.3 67.4¶ 60.2¶

Three-vessel disease 54.0 29.4¶ 36.9¶

Location of other lesions (% of all lesions)

Circumflex artery 28.5 29.3 29.0

Right coronary artery 28.6 24.3 25.7

Procedural characteristics

Total number of stents

implanted 3.8±1.6 2.9±1.2¶ –

Total stent length, mm 73.9±33.4 48.3±21.5¶ –

Number of anastomoses – – 3.0±1.0

Left internal mammary 

graft use – – 94.5

Completeness of 

revascularisation 57.7 70.1¶ 87.1¶

Length of hospital stay, days 3.56±2.68 3.80±3.60 9.76±4.74¶

¶ p<0.05 vs. ARTS-II SES group; No.: number; LAD: left anterior descending

artery; SES: sirolimus eluting stent; BMS: bare metal stent; CABG: coronary

artery bypass grafting
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Outcomes at 5-years (Table 3, Figure 1)

The hierarchical and non-hierarchical outcomes at 5-years follow-up

are shown in Table 3, whilst unadjusted Kaplan Meier survival curves

are shown in Figure 1. Overall there was a significant reduction in the

primary endpoint of 5-year MACCE following treatment with SES

compared to BMS (Relative risk [RR] 1.35, 95% CI [1.02-1.80],

p=0.04), whilst only a trend towards a lower incidence of MACCE was

seen amongst those treated with CABG compared to SES (RR 0.72,

95% CI [0.51-1.03], p=0.07). In general, safety was comparable

between all three treatments modalities.

Figure 1. Kaplan Meier survival curves at 5-year follow-up for (A) death (B) death/stroke/myocardial infarction (C) any repeat revascularisation and

(D) major adverse cardiovascular and cerebrovascular events (MACCE) for treatment with sirolimus eluting stents (SES), bare metal stents (BMS)

and coronary artery bypass surgery (CABG).

Table 3. Unadjusted clinical outcomes at 5-year follow-up.

Variable (%) unless stated ARTS-II SES ARTS-I BMS ARTS-I CABG SES vs. BMS SES vs. CABG
(N=289) (N=187) (N=206)

Hierarchical events
Death 3.5 7.0 6.3 2.00[0.90-4.49] p=0.08 1.82[0.82-4.08]p=0.14
Cerebrovascular accident 2.8 2.1 1.5
Myocardial infarction 4.5 5.9 4.9

Q wave 2.1 4.3 4.4
Non-Q wave 2.4 1.6 0.5

Death/CVA/MI 10.7 15.0 12.6 1.18[0.91-1.52] p=0.17 1.08[0.84-1.39] p=0.52
Repeat revascularisation 14.2 18.7 5.3

PCI 11.1 12.8 4.9
CABG 3.1 5.9 0.5
Any MACCE 24.9 33.7 18.0 1.35[1.02-1.80] p=0.04 0.72[0.51-1.03] p=0.07

Non-hierarchical
Cerebrovascular accident 3.1 2.7 1.9 0.86[0.29-2.52] p=0.78 0.62[0.20-2.00] p=0.42
Myocardial infarction 4.5 7.5 6.8 1.66[0.80-3.46] p=0.17 1.51[0.73-3.15] p=0.27

Q wave 2.1 5.3 6.3 2.58[0.95-6.97] p=0.053 3.04[1.18-7.87] p=0.02
Non-Q wave 2.4 2.1 0.5 0.88[0.26-2.98] p=0.84 0.40[0.08-1.91] p=0.23

Repeat revascularisation 18.3 25.1 6.8 1.37[0.97-1.94] p=0.08 0.37[0.21-0.65] p<0.001
PCI 15.2 20.9 6.3 1.37[0.93-2.02] p=0.11 0.41[0.23-0.75] p=0.002
CABG 3.5 7.0 0.5 2.00[0.90-4.49] p=0.08 0.14[0.02-1.00] p=0.03

PCI: percutaneous coronary intervention; CABG: coronary artery bypass grafting; CVA: cerebrovascular accident; MI: myocardial infarction; MACCE: major

adverse cardiovascular and cerebrovascular events; BMS: bare metal stent; DES: drug eluting stent
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The 5-year outcomes between patients treated with CABG and SES

stratified according to a EUROLOG above or below the mean of

2.09% is shown in Figure 2. The absolute difference in MACCE for

patients treated with CABG, and SES between those with low and

high EUROLOG was 18.8% (p=0.001), and 1.9% (p=0.28),

respectively, which was primarily driven by the increased incidence

of death/CVA/MI in those patients with high EUROLOG. Repeat

revascularisation remained lower with CABG irrespective of

EUROLOG; in addition, within each treatment group there was no

significant difference in rates of repeat revascularisation between

patients with high or low EUROLOG.

Figure 3 shows the univariate and multivariate Cox proportional

hazard models for outcomes between SES and CABG at 5-year

follow-up. After adjusting for confounding factors, rates of mortality,

the composite of safety, and the composite of MACCE remained

comparable between SES and CABG. Of note, even after

adjustment CABG remained the most effective treatment in terms of

reducing repeat revascularisations.

Clinical research

Figure 3. Unadjusted ( ) and adjusted (  ) Hazard ratios at 5-years

 follow-up between treatment with sirolimus eluting stents (SES) and

coronary artery bypass surgery (CABG). Hazard ratios were adjusted for

gender, logistic EuroSCORE, smoking status, diabetes, hypercholes-

terolaemia, hypertension, and previous myocardial infarction.

*Adjusted for, gender, logistic EuroSCORE, smoking status, diabetes,

hypercholesterolaemia, hypertension, and previous myocardial infarc-

tion.

Figure 2. Kaplan Meier survival curves at 5-year follow-up up for (A)

death/stroke/myocardial infarction (B) any repeat revascularisation and

(C) major adverse cardiovascular and cerebrovascular events (MACCE)

for treatment with sirolimus eluting stents (SES), and coronary artery

bypass surgery (CABG) stratified according to patients with a logistic

EuroSCORE above (dotted line) or below (solid line) 2.09%.
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Definite stent thrombosis according to ARC definitions occurred in

2.8% of the ARTS-II proximal LAD patients (early 0.7%; late 0.3%;

very late 1.7%), while the composite of definite or probable stent

thrombosis occurred in 6.6% (early 1.4%; late 0.7%; very late

4.5%).

Discussion
The main findings from this study are that in patients with MVD

involving the proximal LAD, overall long-term safety outcomes are

comparable following treatment with SES, BMS, or CABG.

Moreover, this study also demonstrates that in this complex group

of patients CABG remains the most effective treatment in terms of

reducing repeat revascularisation out to 5-year follow-up.

The proximal LAD occupies an important location in the coronary

arterial tree, and as such it is no surprise that untreated lesions in

this location are associated with poor outcomes.1 Its importance is
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further reflected by recommendations that revascularisation of any

significant proximal LAD lesions, even in the absence of symptoms,

is not deemed inappropriate.2

Proximal LAD disease can occur in isolation or in association with

MVD. The former has been the subject of numerous randomised

controlled trials, which have compared PCI using BMS, to

surgical revascularisation by standard CABG or minimally

invasive direct CABG with a LIMA-to-LAD anatomosis.23-25 Meta-

analysis of these studies report similar survival between groups

out to 5-year follow-up, and reduced repeat revascularisation

with CABG.

In the setting of MVD, data is confined to retrospective studies, and

long-term outcome (>3 years) data is limited.9-12,14-16 In general

there is little dispute over the superiority of DES over BMS in terms

of reducing rates of target lesion revascularisation (TLR).13 For

lesions in the proximal LAD however, the issue is complicated by

the proximal LAD having a normal mean minimum lumen diameter

of approximately 3 mm,26 the cut off above which DES have been

shown to offer only limited clinical benefit.27 Consistent with this,

Bonello et al recently reported no significant difference in MACE or

TLR at 1-year follow-up among 487 patients with MVD and non-

ostial proximal LAD lesions, treated with BMS or DES (mean stent

diameter 3.2 mm).15 In contrast to these results, the current study

demonstrates not only comparable safety, but also a significant

reduction in repeat revascularisation (p(log-rank)=0.04) and overall

MACCE (p(log-rank)=0.02) out to 5-years with the use of DES

compared to BMS.

In this the sub-group of patients with MVD and proximal LAD

lesions, treatment with CABG has shown a consistent benefit in

terms of reduced repeat revascularisation compared to balloon

angioplasty, and PCI with either BMS or DES.9-12,14,16,28 With respect

to safety, there have been conflicting results. The majority of the

data comes from sub-group analyses of the New York State registry,

and results demonstrate a consistent and significant improvement

in adjusted survival out to 3-years follow-up after treatment with

CABG compared to balloon angioplasty or stenting with BMS.9,10 In

contrast however, comparable safety was seen in this group of

patients in the sub-group analysis of the randomised ARTS-I

study.11

Similar inconsistent results have also been seen in the more recent

observational studies which have included patients treated with

DES. Yan et al recently reported comparable adjusted mortality at 2-

year follow-up between DES and CABG,16 whilst Hannan et al

demonstrated no difference in unadjusted survival between groups,

however following adjustment, outcomes were superior following

CABG.28 In addition, Kukreja et al reported the 3-year outcomes

from the current cohort and showed significantly improved

unadjusted survival following SES implantation. This benefit has not

been maintained out to 5-years, and is likely to reflect the larger

absolute increase in death (SES ∆2.4%, CABG ∆1.0%) and MI

(SES ∆2.8%, CABG ∆1.0%) between 3- and 5-years follow-up

observed in patients treated with SES compared to CABG. It is more

than likely that these events were driven by definite/probable stent

thrombosis which rose by 73% in this cohort between 3- and 5-year

follow-up.

One of the limitations of these previous observational studies is the

difficulty in effectively adjusting outcomes according to different

baseline clinical and angiographic variables.29 In daily practice, this

heterogeneity reiterates the importance of appropriate patient

selection when deciding individualised revascularisation strategy in

patients with MVD.6,7 Historically CABG has been the preferred

method of revascularisation in these patients; however it is now

apparent that in select patients, PCI is a safe and effective

alternative.6 In the current study the EUROLOG identified those

patients who were at highest risk of adverse events following

treatment with either CABG or PCI. Most importantly, in those

patients with a high EUROLOG, PCI offered a significantly safer

treatment, and an improved MACCE free survival compared to

CABG. This is in keeping with previous published data which have

indicated that the EuroSCORE has a role to play in risk stratification

amongst patients undergoing revascularisation by either PCI or

CABG.30,31

In contrast to this patient based risk assessment, assessment of

coronary anatomy, using for example, the SYNTAX score, is also of

vital importance.32 Studies indicate that the SYNTAX score can help

aid revascularisation decisions; however it also has an increasingly

important role in patient risk stratification.6,7,33,34 Importantly the

calculation of the SYNTAX score requires a careful and through

review of the coronary angiogram. This may identify those patients

in whom completely revascularisation with PCI cannot be achieved,

which can have significant implications on overall outcome.35 In the

current cohort complete revascularisation was accomplished in only

57.7% of patients in the SES group, compared to 87.1% (p<0.05)

of those treated with CABG. In additional incomplete revascularisation

was a univariate predictor of MACCE in patients treated with SES

(HR:1.65, 95% CI:1.02-2.66, p=0.04). These results reiterate the

importance of a comprehensive risk assessment to ensure that

patients receive the most appropriate tailored revascularisation

strategy, which takes into consideration their comorbidities and

coronary anatomy.36,37

Limitations
The current study is limited by the long time lag between the

enrolment of patients in ARTS-I and ARTS-II, which may have

influenced outcomes. The development of new surgical techniques

and increasing use of arterial conduits may of lead to improved

surgical outcomes if the CABG patients had been enrolled at the

same time as ARTS-II patients. Conversely the patients in ARTS-II

had a worse baseline and procedural risk profile compared to those

included in ARTS-I, however better stent design, improved PCI

technique and equipment, as well as the advances in

pharmacological therapy probably account for the overall improved

outcomes. In addition ARTS-II was a registry, and as such suffers

from the inherent limitation of this type of study. Moreover, this

cohort represents a sub-group analysis and therefore endpoints

were not adequately powered to provide definitive results. Leaving

these study design limitations aside, the absence of SYNTAX scores

in patients treated with CABG is a limitation which otherwise would

have allowed a more effective comparison of anatomical complexity.

Unfortunately the angiographic films for ARTS-I are unavailable.
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Conclusion
At 5-years follow-up surgical revascularisation remains the most

effective treatment in terms of reducing repeat revascularisation in

patients with MVD involving the proximal LAD. Safety at 5-year follow-

up is comparable overall; however in those patients with a high

EUROLOG SES appears to provide a safer alternative to CABG. These

results reiterate that appropriate patient selection, taking into account

both anatomical and clinical variables is imperative when determining

the optimal revascularisation strategy in these complex patients.
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ABStRACt

objectives: This study compared the 5-year clinical outcomes of diabetic patients with multivessel 

disease who were treated with bare metal stents (BMS), sirolimus eluting stents (SES), and coronary 

artery bypass surgery (CABG) and enrolled in the Arterial Revascularization Therapies Studies (ARTS) 

Part I and II.

Background: Diabetes is an established risk factor for major adverse cardiac events after revascular-

ization. Recent trials, however, suggest that revascularization with drug eluting stents has equivalent 

safety to by-pass surgery up to three-years.

methods and Results: The ARTS I and II included 367 diabetic patients (BMS: 112, SES: 159 and CABG: 

96) and 1445 non-diabetic patients (BMS: 509, SES 448 and CABG 488). The rate of major adverse 

cardiovascular and cerebrovascular events (MACCE), a composite of death, myocardial infarction, 

stroke and repeat revascularization was significantly higher in diabetic patients treated with BMS 

(BMS 53.6% vs. SES 40.5% vs. CABG 23.4%; log rank p<0.01for SES vs. BMS and SES vs. CABG). Overall 

there were no significant differences in either mortality (BMS 13.6%, SES 9.0%, CABG 8.6%, p=0.23 

for SES vs. BMS and p=0.91 for SES vs. CABG) or MI (BMS 11.0%, SES 4.8% and CABG 5.2%, p=0.04 

for SES vs. BMS and p=0.76 for SES vs. CABG) amongst all three treatment groups. The rate of repeat 

revascularization was significantly lower in patients treated with CABG compared to patients treated 

with SES (SES 33.2% vs. CABG 10.7%, p<0.001). The superior outcomes with CABG persisted even 

after adjustment of confounding factors. Revascularization rate of patients treated with SES at 5 years 

approached that of patients treated with BMS (43.7%), although it remained significantly lower. This 

“catch-up” phenomenon was not apparent in the non-diabetic population.  

Conclusion At 5-year follow-up, CABG has comparable safety, and superior efficacy in terms of reduc-

ing repeat revascularization compared to BMS and SES in the treatment of diabetic patients with 

multivessel disease. MI rate was twofold higher in diabetic patients treated with BMS than in patients 

treated with either SES or CABG.
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iNtRoDUCtioN

Diabetes mellitus is an established risk factor for development and progression of coronary athero-

sclerosis, and is associated with an increased incidence of major adverse cardiac events (MACE) after 

revascularization.(1-2) The difference in MACE between diabetic and non-diabetic patients treated 

with percutaneous revascularization has consistently been driven by the higher rates of repeat 

revascularization in diabetic patients.(3-4) Similarly, among diabetic patients with multivessel (MVD) 

disease randomized to treatment with percutaneous coronary intervention (PCI) or coronary artery 

bypass surgery (CABG), a correspondingly higher rate of repeat revascularization has been seen in 

those treated with PCI. With respect to mortality, other than the BARI trial which reported a lower 

mortality with CABG compared to balloon angioplasty,(5) more contemporary studies report equiva-

lent mortality amongst diabetic patients with MVD treated with CABG or PCI with either bare metal 

or drug eluting stents (DES).(4,6-10) 

At present there are limited data on the long-term follow-up of patients with diabetes and MVD 

treated with DES. The Arterial Revascularization Therapies Part I (ARTS-I) and Part II (ARTS-II) stud-

ies both recruited patients with MVD using the same inclusion criteria.(11-12) In the ARTS-I study 

patients were randomized to treatment with a bare metal stent (BMS) or CABG, while in the single 

arm ARTS-II study all patients received a sirolimus eluting stent (SES). The 3-year outcomes of 367 

patients with diabetes from the ARTS-I and ARTS-II study have been published previously.(3) The aim 

of this report was to describe the 5-year outcomes of this important sub-group of patients, which 

consequently represents the longest reported follow-up of diabetic patients with MVD treated with 

DES. (3-4)

metHoDS

ARtS-ii study design

The ARTS-I and ARTS-II studies has been published previously.(11-12)  In brief, the ARTS-II study was 

a multicenter non-randomized open label trial designed to assess the safety and efficacy of SES in 

patients with native MVD, and to compare the results with historical controls enrolled in the ARTS-I 

study.(3,13-14)

The inclusion and exclusion criteria for both studies were the same. Patients with stable or unstable 

angina, or silent ischemia who had ≥2 coronary lesions, located in different major epicardial vessels 

and/or their side-branches (not including the left main stem) that were potentially amenable to stent 

implantation were eligible for inclusion. All patients were required to have a lesion with a diameter 

stenosis>50% in the LAD, and ≥1 other major epicardial coronary artery.  Stents with a diameter of 

2.5 to 3.5mm and length up to 33mm were used. The goal was to achieve complete anatomic revas-

cularization. There was no restriction on the total implanted stent length. Decisions to place stents in 

lesions with bifurcations, fresh thrombus, calcification, diffuse disease, complex anatomy or stenting 

of side branches were left to the discretion of the operators. 
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Patients with any prior coronary intervention, left main coronary disease, overt congestive heart fail-

ure or a left ventricular ejection fraction of less than 30% were excluded. Additional exclusion criteria 

included: history of a cerebrovascular accident, transmural myocardial infarction in the preceding 

week, severe hepatic or renal disease, neutropenia or thrombocytopenia, intolerance or contraindi-

cation to acetylsalicylic acid or thienopyridines, need for concomitant major surgery, and life-limiting 

major non-cardiac diseases. The study was approved by the ethical committees of each participation 

institution. All patients signed informed consent prior to study entry.

Patient population

In total 367 diabetic patients (20.4% of the overall ARTS I and II population) were studied in this 

analysis comprising of the 208 diabetic patients enrolled in the ARTS-I trial who were treated with 

BMS (n=112) or CABG (n=96), and the 159 diabetic patients enrolled in ARTS-II treated with SES. In 

addition, comparison is made with the non-diabetic patient cohort.

Study objectives and endpoints

The primary objectives of the present analysis were to assess the long-term safety and efficacy of 

the SES compared to BMS and CABG in patients with diabetes and MVD. Comparison with the non-

diabetic population is also provided.

The primary endpoint of this study was 5-year MACCE, a composite of death, stroke, myocardial 

infarction (MI), and repeat revascularization. Other secondary endpoints included: death, stroke, MI, 

repeat revascularization, and stent thrombosis at 5-year follow-up.

endpoints and definitions

Deaths from all causes were reported.  Cerebrovascular events (CVA) included: stroke, transient 

ischemic attacks, and reversible ischemic neurologic deficits.  Within 7 days after the intervention, a 

diagnosis of myocardial infarction was made if new abnormal Q-waves (according to the Minnesota 

code) and either a ratio of serum creatine kinase MB (CK-MB) isoenzyme to total cardiac enzyme that 

was greater than 0.1 or a CK-MB value that was 5 times the upper limit of normal were present. Serum 

creatine kinase levels were measured 6 and 12 hours after the intervention and before discharge. 

Beginning 8 days after the intervention, either abnormal Q-waves or enzymatic changes were suffi-

cient for a diagnosis of myocardial infarction. This two-part method of defining myocardial infarction 

was developed for ARTS I to address the difficulty of diagnosing a myocardial infarction after surgery. 

A myocardial infarction was confirmed only after the relevant electrocardiograms had been analyzed 

by the electrocardiographic core laboratory. All repeat revascularization procedures were recorded.  

Events were counted from the time of the start of the initial procedure. All clinical events were adju-

dicated by the clinical events committee. Five year clinical follow-up was required in all patients and 

was obtained via a telephone interview with the patient, and when needed also the patient’s physi-

cian. The incidence of stent thrombosis according to the Academic Research Consortium definitions 

was only available for patients in ARTS-II.(15) Renal impairment was classified by estimated creatinine 

clearance (Ccr) calculated by use of the Cockcroft–Gault formula(16): Ccr (mL/min) = [(140 - age) x 

weight (kg)] / [serum creatinine (mg/dL) x 72]. The formula was multiplied by a factor of 0.85 for 
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female patients. Patients who had Ccr < 60 mL/min was regarded as renal impairment. Amongst 1205 

patients in the ARTS I, 1062 patients (88%) had their Ccr level before the revascularization, while in 

the ARTS II, 580 patients (96%) had CCR level pre-procedure amongst 607 patients. 

Statistical analysis

Baseline characteristics were compared for diabetic patients in both ARTS-I and ARTS-II trial. Continu-

ous variables are reported as mean + standard deviation. Binary variable are reported as percentages 

with 95% confidence intervals. Two group t-test and Fisher tests were used for continuous and dis-

crete variables respectively. Time-to-event variables are presented as Kaplan-Meier curves generated 

using log-rank test. To compensate for differences in baseline and procedural characteristics between 

patients enrolled in ARTS-I and ARTS-II outcomes were adjusted using a Cox regression analysis with 

adjustments made for the potential confounding factors. Post hoc Bonferroni correction was per-

formed for ANOVA analysis. All analyses were performed using SPSS.

table 1. Baseline clinical and angiographic characteristics

Diabetic patients Non-Diabetic patients

SeS           
(N=159)

BmS   
(N=112)

CABG                     
(N=96) P-value

SeS           
(N=448)

BmS   
(N=509)

CABG                     
(N=488) P-value

Age in years, mean 65 63 63 0.12 62 60 61 0.01

Ejection Fraction, % 60 61 60 0.81 60 61 60 0.66

Male % 67 73 69 0.53 80 78 77 0.56

Diabetes insulin-treated % 18 21 17 0.78

Hypertension % 80 64 56 <0.01 63 40 43 <0.01

Hypercholesterolemia % 74 55 49 <0.01 74 59 59 <0.01

Renal impairment, %* 5 15 15 <0.01 4 13 14 <0.01

Previous MI % 30 41 49 <0.01 36 41 41 0.02

Previous PCI % 0 2 2 0.17 1 1 2 0.1

Current Smoking, % 12 21 17 0.15 22 30 28 0.02

Unstable Angina % 32 38 33 0.64 38 38 38 1

Stable Angina % 54 59 63 0.35 53 56 57 0.45

Silent Ischaemia % 15 4 4 <0.01 9 7 5 0.04

2 Vessel Disease, % 49 65 64 0.01 45 69 67 <0.01

3 Vessel Disease, % 50 31 35 <0.01 55 27 29 <0.01

Total Number of implanted 
stent, mean±SD 3.6±1.5 3.0±1.5 <0.01 3.7±1.5 2.7±1.2 <0.01

Total Stented Length in 
mm, mean±SD 73.9±31.9 52.7±25.6 <0.01 72.0±32.1 46.4±20.6 <0.01

Max. Stent Pressure in atm, 
mean±SD 16.2±2.7 14.9±2.9 <0.01 16.4±2.9 14.6±2.8 <0.01

*Patients who had Ccr < 60 mL/min (calculated by Cockcroft-Gault formula) was regarded as renal impair-
ment.
MI = myocardial infarction, PCI = percutaneous coronary intervention, SD = standard deviation, CABG = 
coronary artery bypass graft, SES = sirolimus-eluting stent, BMS = bare-metal stent
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Diabetics 

 Figure 1 A. Cumulative incidence of MACCE up 
to 5 years 
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 Figure 1 B. Cumulative incidence of all-
cause mortality up to 5 years 
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Figure 1 C. Cumulative incidence of  
Myocardial Infarction up to 5 years 
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Figure 1 D. Cumulative incidence of  
CVA up to 5 years 
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Figure 1 E. Cumulative incidence of  
Death/CVA/MI up to 5 years 
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Figure 1 F. Cumulative incidence of  
Any revascularization up to 5 years 
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Figures 1. present cumulative Kaplan-Meier incidence estimates up to 5 years in diabetics and in non-
diabetics, 
(A) for MACCE (major adverse cardiac and cerebrovascular events [a composite of all-cause mortality, myo-
cardial infarction, cardiovascular accident, or revascularization]) 
(B) for all-cause mortality 
(C) for myocardial infarction 
(D) cerebrovascular accidents 
(E) for a composite endpoint of death, cerebrovascular accidents, or myocardial infarction (F) for any revas-
cularization 
SES = Sirolimus-eluting stents, BMS = Bare-metal stents, CABG = Coronary artery bypass graft

Scot BW.indb   567 01-03-11   12:00



568

ReSULtS

Baseline characteristics of diabetic patients

Baseline and procedural characteristics of the 367 diabetic patients enrolled in the ARTS-I and ARTS-II tri-

als are summarized in table 1 and 2. Patients treated with SES were significantly more likely to be hyper-

tensive, have hypercholesterolemia, and complex coronary artery disease (type C lesions) compared to 

historical controls from the ARTS-I trial. Consequently, a greater number of stents and an overall longer 

total length was implanted in the ARTS-II cohort. In addition, reported completeness of revascularization 

was lower for patients treated with SES versus BMS (68.6% for BMS versus 59.9% for SES treated patients 

and 77.4% for CABG treated patients with diabetes; p=0.017).

Five-year clinical outcomes

Overall MACCE, death, MI, CVA and repeat revascularization rates at 5 years are reported in Kaplan-

Meier curves (Figure 1 A-F). The event rates were higher than those reported for the overall ARTS-I and 

ARTS-II populations (17). MACCE rate was the highest in patients treated with BMS (BMS 53.8% versus 

SES 40.5% versus CABG 23.4%; log rank p-values for SES vs. BMS and SES vs. CABG p<0.001). Cumula-

tive incidence of all-cause mortality was 13.6%, 9.0% and 8.6%  for patients treated with BMS, SES and 

CABG, respectively (log rank for SES vs. BMS p=0.23; SES vs. CABG p=0.91). The rate of myocardial infarc-

tion was highest (11.0%) for BMS, versus 4.8% for SES-treated patients and 5.2% for CABG patients (log 

rank SES vs. BMS p=0.04; SES vs. CABG p=0.76); with a statistically significant difference between SES 

and BMS. There were no differences in the rates of cerebrovascular events between treatment groups at 

5 years. Rates of repeat revascularization were the highest in the BMS revascularization group at 43.7% 

versus 33.2% in the SES treated group and 10.7% in the CABG group (log-rank SES vs. BMS p=0.02; SES 

vs. CABG p<0.01). 

In SES group, clopidogrel use at 5 years was 13.2% in diabetic patients and 23.2% in non-diabetic 

patients (p=0.008). Aspirin use was 68.6% in the diabetic patients and 77.7% in the non-diabetic 

patients (p=0.03).

Cox regression analysis

The hazard ratios (adjusted for baseline characteristics) for CABG versus SES and BMS versus SES are 

shown in table 3. Treatment with BMS conferred significantly higher risk of MACCE, death, MI and 

repeat revascularization than treatment with SES. CABG offered no advantage over treatment with 

SES in terms of mortality or risk of myocardial infarction. There was a reduced risk of repeat revas-

cularization and overall (revascularization driven) MACCE with CABG compared to treatment with 

SES in diabetic patients. Similar analysis in the non-diabetic population (table 3) showed equivalent 

hazard ratios for MACCE and MI between CABG and SES and higher mortality for CABG. Revascu-

larization rates remained higher in the SES group when compared to CABG, although the HR was 

0.54 in the non-diabetic population versus 0.31 in the diabetic population. The interaction, however, 

between treatment type and diabetic status was non-significant for all clinical end-points. 
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Stent thrombosis

 In diabetic patients treated with SES there were a total of 17 stent thrombosis events (10.7%) with 

6 definite, 6 probable and 5 possible stent thrombosis events.  This is higher than the overall stent 

thrombosis rate reported for the ARTS-II population of 9.4% and 8.7% for the non-diabetic subgroup. 

The rate of definite stent thrombosis in both the diabetic and non-diabetic patient population was 

3.8%. Two late and two very late stent thrombosis cases occurred in the diabetic patient population. 

Two patients with diabetes receiving SES (1.3% of 159) and 12 patients without diabetes receiving 

SES suffered from very late stent thrombosis (2.7% of 448). 

DiSCUSSioN

In this analysis we present 5 year outcomes of PCI with SES in diabetic patients with multivessel disease. 

At 3-year follow-up of the ARTS-II trial, patients treated with SES had lower MACCE rates than patients 

treated with BMS PCI and CABG in ARTS-I, although the differences did not reach statistical significance.

(3) In contrast, at 5-year follow-up MACCE rates were lowest for diabetic patients treated with CABG in 

ARTS-I. Patients treated with SES had a MACCE rate lower than that of patients treated with BMS but 

considerably higher than that of patients treated with CABG. As illustrated by the Kaplan-Meier curves 

for MACCE (Figure 1 A), while the event rate for patients treated with BMS and CABG reach an asymptotic 

value at 1 year, events continue to accumulate for patients treated with SES. After two years this increase 

in events is partly explained by an increase in myocardial infarction rates (Figure 1 B). This “catch-up” phe-

nomenon is much more apparent in the diabetic population compared to non-diabetic patients (table 

table 3. Adjusted hazard ratios

Diabetic patients Non-diabetic patients
HR              

CABG vs. 
SeS 

p-value
HR             

BmS vs. SeS
p-value

HR           
CABG vs. 

SeS  
p-value 

HR          
BmS vs. 

SeS 
p-value 

Death
1.11          

(0.47-2.66)
0.81

1.77         
(0.85-3.67)

0.13
1.99         

(1.12-3.53) 
0.02

1.88         
(1.05-3.38) 

0.04

CVA
1.24         

(0.42-3.65)
0.70

1.33           
(0.49-3.59)

0.58
0.99         

(0.45-2.18) 
0.99

1.15          
(0.53-2.50) 

0.72

mi
1.19           

(0.38-3.76)
0.76

2.55         
(1.00-6.47)

0.049
1.01          

(0.60-1.73) 
0.96

1.34         
(0.81-2.23) 

0.25

Death/CVA/
mi

1.33           
(0.70-2.50)

0.38
2.09           

(1.21-3.62)
<0.01

1.26           
(0.83-1.72) 

0.33
1.49          

(1.05-2.11) 
0.03

Any Revasc.
0.31         

(0.16-0.62)
0.001

1.61         
(1.08-2.41)

0.02
0.54         

(0.37-0.80) 
<0.01 

2.01           
(1.49-2.71) 

<0.01 

mACCe
0.58         

(0.36-0.95)
0.03

1.80         
(1.25-2.57)

0.001
0.97           

(0.75-1.32) 
0.97

2.10         
(1.64-2.70) 

<0.01 

Hazard ratios are presented with 95% confidence interval in brackets. The cox regression models are con-
structed to adjust the following variables: age, gender, previous myocardial infarction, history of revas-
cularization, CABG, insulin dependence (only for diabetic patients), current smoking, dyslipidemia and 
hypertension.
HR = hazard ratio, other abbreviations as in Table 1and Table2
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3). The rate of repeat revascularizations also continues to accumulate approaching closer to that of the 

BMS treated patients at 5 years (Figure 1 F). Cox regression model hazard ratios suggest an advantage of 

CABG over SES in reducing repeat revascularization procedures but equivalence of the two procedures 

in terms of mortality and myocardial infarction risk after adjusting for baseline covariates in patients 

with diabetes (table 3). SES clearly reduced the risk of myocardial infarction, repeat revascularization 

and overall MACCE but had only a non-significant effect on mortality compared to treatment with BMS. 

Overall stent thrombosis rate in the diabetic population treated with DES is 10.7% at 5 years, which is 

somewhat higher than that observed in the overall ARTS-II population (9.4%). The rates of definite stent 

thrombosis in diabetic and non-diabetic patients are the same at 3.8% with two thirds of the cases classi-

fied as late or very late stent thrombosis.

Our analysis at 5 years follow-up is in agreement with other recent trials such as CARDIA and SYNTAX 

which also demonstrate equivalent mortality of PCI with drug eluting stents and CABG in patients 

with diabetes at one year follow-up.(4,9-10) Both of these studies also demonstrate consistently 

higher revascularization rates in the PCI arms versus CABG arm. The SYNTAX diabetic subgroup analy-

sis may have, however, been underpowered to detect differences in mortality at 1 and 2 years. Our 

results are also consistent with the BARI-2D trial findings where survival rates were similar between 

PCI treated and CABG treated groups (86.4% for CABG vs. 89.2% for PCI) at 5 years. The differences in 

the MACE-free survival rate in patients with multivessel disease randomized to CABG versus medical 

therapy were statistically significant but no such difference was appreciated in patients randomized 

to PCI versus medical therapy. Effectiveness of PCI over medical therapy versus CABG will be assessed 

in the FREEDOM trial, the first properly powered prospective trial of revascularization strategies in 

diabetic patients.

LimitAtioNS

This study is a sub-analysis of the main ARTS-I and ARTS-II trials and hence suffers from inherent 

limitations, such as the lack of sufficient power because of the limited number of patients in the sub-

groups to provide definite answers. While the protocol required that the lesions in ARTS-II be poten-

tially treatable by CABG, the absence of dialogue with the surgeons prior to the intervention may 

have caused a selection bias. Another potential bias of this study is that a five-year time difference 

exists between the groups that were being compared, and technology and medical practice have 

improved with time, as have surgical mortality rates. The study is non-randomized and consequently 

statistical adjustment is required to correct for the differences between the current study population 

and the historical ARTS-I population.  

However, the results of the study after adjustment for differences in risk factors did not substantially 

differ from the unadjusted outcome, since the patients enrolled in ARTS-II were in fact more com-

plex in terms of demographics and lesion characteristics than those included in ARTS-I. In addition, 

some of the factors such as stent length used or operator’s willingness to treat more complex lesions 

with drug eluting stents or use of dual anti-platelet agents could not be adjusted for and can be a 
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confounding factor in the analysis. Given low numbers of events in some of the subgroups the mul-

tivariate model may have been over-fitted.

CoNCLUSioNS

At 5-year follow-up, CABG has comparable safety, and superior efficacy in terms of reducing repeat 

revascularization compared to BMS and SES in the treatment of diabetic patients with multivessel 

disease.
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FOCUSED UPDATE ON PCI FOR UNPROTECTED LEFT MAIN CAD

Long-Term Clinical Results Following Stenting of
the Left Main Stem
Insights From RESEARCH (Rapamycin-Eluting Stent Evaluated at Rotterdam
Cardiology Hospital) and T-SEARCH (Taxus-Stent Evaluated at Rotterdam Cardiology
Hospital) Registries

Yoshinobu Onuma, MD,* Chrysafios Girasis, MD,* Nicolo Piazza, MD,*
Hector M. Garcia-Garcia, MD,* Neville Kukreja, MA,* Scot Garg, MD,*
Jannet Eindhoven, MSC,* Jin-Ming Cheng, MSC,* Marco Valgimigli, MD, PHD,†
Ron van Domburg, PHD,* Patrick W. Serruys, MD, PHD,* on behalf of Interventional
Cardiologists at Thoraxcenter 2000–2005

Rotterdam, the Netherlands; and Ferrara, Italy

Objectives We investigated the long-term clinical outcomes and independent predictors of major
cardiac events in unprotected left main coronary artery disease (ULMCA) patients treated by percu-
taneous coronary intervention with drug-eluting stent (DES).

Background There is limited information on long-term (�3 years) outcomes after DES implantation
for ULMCA. Furthermore, bifurcation angle and SYNTAX (Synergy between Percutaneous Coronary
Intervention with Taxus and Cardiac Surgery) score are emerging as parameters for patient risk strat-
ification, and their prognostic implications have still to be elucidated.

Methods One hundred forty-eight patients with ULMCA treated with DES were analyzed and com-
pared with a historical cohort of 79 patients who received bare-metal stents for the treatment of
ULMCA. Patient-oriented composite end point was defined as the occurrence of all-cause death, any
myocardial infarction, or any revascularization.

Results The 4-year cumulative incidence of all-cause death, any myocardial infarction, any revascular-
ization, and patient-oriented composite were 35.6%, 3.8%, 25.2%, and 54.4%, respectively. These end
points had relatively increased from 1 year to 4 years by ∆70%, ∆5%, ∆50%, and ∆68%, respectively.
When compared with a historical cohort who received bare-metal stents for ULMCA treatment, landmark
analysis performed after the first 2 years of follow-up demonstrated that the DES cohort had signifi-
cantly higher patient-oriented composite end point over the last 2 years of follow-up (26% vs. 8%,
p � 0.02). EuroSCORE (European System for Cardiac Operative Risk Evaluation), cardiogenic shock,
and SYNTAX score were identified as independent predictors for the 4-year patient-oriented com-
posite, whereas bifurcation angle was not.

Conclusions Late increase in patient-oriented composite end points after DES implantation for ULMCA
warrants careful and long-term follow-up. SYNTAX score and EuroSCORE appear to have a significant
prognostic value in long-term patient risk. (J Am Coll Cardiol Intv 2010;3:584–94) © 2010 by the
American College of Cardiology Foundation

From the *Thoraxcenter, Erasmus Medical Center, Rotterdam, the Netherlands; and †The Cardiovascular Institute, University of
Ferrara, Ferrara, Italy.
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The prevalence of left main disease in patients with coro-
nary artery atherosclerosis varies from 2.5% to 10% (1).
Coronary artery bypass graft (CABG) remains the treat-
ment of choice in patients with unprotected left main
coronary artery disease (ULMCA) (2,3). Although percu-
taneous coronary intervention (PCI) using bare-metal stent
(BMS) in patients having 2- or 3-vessel disease is associated
with no significant difference in long-term mortality com-
pared with CABG, restenosis and need for repeat revascu-
larization remain major limitations of this mode of revas-

See page 642

cularization. These latter limitations have precluded the
widespread use of PCI, not only in multivessel disease, but
also in LM disease (4). Reduction of restenosis with
drug-eluting stents (DES), however, has raised the possi-
bility of their use for multivessel treatment as well as LM
treatment. So far, several registries and randomized trials
have investigated the short- and mid-term clinical outcomes
of PCI using DES for ULMCA treatment (5–14), but little
is known about its long-term safety and efficacy beyond 3
years (15). In addition, the rate of potentially fatal conse-
quences of stent thrombosis or in-stent restenosis in this
patient subset has not fully been investigated (16,17).

Several clinical and angiographic parameters for risk
stratification after PCI are emerging. Recently, Euro-
SCORE (European System for Cardiac Operative Risk
Evaluation), a typically surgical risk stratification score, has
been applied to the PCI population (18). As angiographic
analysis, the angle between bifurcated branches has been
recognized as a significant prognostic factor for immediate
procedural outcomes as well as for intermediate-term out-
comes (19–21). In addition, a comprehensive, angiographic
scoring system, the SYNTAX (Synergy between Percutaneous
Coronary Intervention with Taxus and Cardiac Surgery) score
(22,23) based on morphology and location of coronary artery
stenoses in the coronary tree has been proven to predict clinical
outcomes in high-risk patients (9,24,25).

The main aim of this study was to report the long-term
clinical outcomes of patients receiving DES for unprotected
LM lesions in a daily practice of a tertiary medical center. In
addition, we assessed the prognostic value of recently
emerging predictors of adverse outcomes for PCI treatment
of multivessel disease and ULMCA, such as EuroSCORE,
the bifurcation angle, and SYNTAX score.

Methods

Study design and patient population. Between April 2002
and December 31, 2005, 210 consecutive patients under-
went PCI for LM stenting (7,8). Sixty-two patients with a
history of CABG were not retained in this analysis. The
remaining 148 patients are the subject of the present

investigation. On April 16, 2002, our institution adopted
the use of sirolimus-eluting stents (Cypher, Cordis, War-
ren, New Jersey) as the default strategy for all coronary
interventions, as part of RESEARCH (Rapamycin-Eluting
Stent Evaluated at Rotterdam Cardiology Hospital) registry
(26). On February 16, 2003, sirolimus-eluting stents were
replaced by paclitaxel-eluting stents (Taxus Express2, Bos-
ton Scientific, Natick, Massachusetts) as the default stent, as
part of the T-SEARCH (Taxus-Stent Evaluated at Rotter-
dam Cardiology Hospital) registry (27). For evaluation of
long-term outcomes, this DES group was compared with a
historical cohort who received BMS in the unprotected LM
trunk before April 2002 (n � 79).

In this study, the decision to intervene in the patients with
PCI was based on a consensus
reached during a multidisciplinary
medical surgical conference (the
so-called heart-team conference)
involving surgeon, interventional-
ist, and referring physician (28),
except for patients who presented
with ST-segment elevation myo-
cardial infarction (STEMI), con-
sidering the emergent character of
the clinical presentation. All pro-
cedures were performed according
to standard clinical guidelines at
the time. All patients were pre-
treated with 300 mg of clopi-
dogrel. At least 1 month of clopi-
dogrel treatment (75 mg/day) was
recommended for patients treated
with BMS. Clopidogrel was pre-
scribed for at least 3 months for
patients with DES. Life-long as-
pirin therapy was recommended
in all patients.
QCA analysis. To assess the bi-
furcation angle between the left
anterior descending and left cir-
cumflex arteries, 3-dimensional quantitative coronary angiog-
raphy (QCA) analyses were performed by 2 observers blinded
to the patient data and clinical outcomes. A validated program
was used to reconstruct 3-dimensional images from 2 different
projections at least 30° apart from each other (CardiOp-B
system version 2.1.0.151, Paieon Medical Ltd., Park Afek,
Israel) (29–31). Separate 3-dimensional angiographic images
were constructed for systolic and diastolic phases. The bifur-
cation angle was defined as the angle between the left anterior
descending and left circumflex arteries (32). In cases where the
separate projections were not available, 2-dimensional bifurca-
tion software (CAAS version 5.6, Pie Medical, Maastricht, the
Netherlands) was used to calculate bifurcation angle (33). In
primary PCI cases where TIMI (Thrombolysis In Myocardial

Abbreviations
and Acronyms

BMS � bare-metal stent(s)

CABG � coronary artery
bypass graft

CI � confidence interval

DES � drug-eluting stent(s)

HR � hazard ratio

LM � left main

MACCE � major adverse
cerebrovascular cardiac
event

MACE � major adverse
cardiac events

PCI � percutaneous
coronary intervention

QCA � quantitative coronary
angiography

STEMI � ST-segment
elevation myocardial
infarction

TVR � target vessel
revascularization

ULMCA � unprotected left
main coronary artery disease
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Infarction) flow grade was 0 or 1 pre-procedure, the cinean-
giography following the first balloon angioplasty was analyzed
for the determination of the angle.
SYNTAX score. Two analysts blinded to patient characteris-
tics and clinical outcomes reviewed the angiograms to
calculate the SYNTAX score (22,23). In case of disagree-
ment, the opinion of a third observer was obtained and the
final decision was made by consensus. Each coronary lesion
producing �50% luminal obstruction in vessels �1.5 mm
was separately scored and added to provide the overall
SYNTAX score. The SYNTAX score was calculated using
dedicated software that integrates the following: 1) the
number of lesions with their specific weighting factors based
on the amount of myocardium distal to the lesion according
to the score of Leaman et al. (34); and 2) the morphologic
features of each single lesion (35,36). The reproducibility of
the SYNTAX score was recently reported (22).
Clinical follow-up. Survival data for all patients were ob-
tained from municipal civil registries on a yearly basis. A
questionnaire was subsequently sent to all living patients
with specific enquiries on rehospitalization and major ad-
verse cardiac events (MACE). As the principal regional
cardiac referral center, most repeat revascularization (either
percutaneous or surgical) is normally performed at our
institution and recorded prospectively in our database. For
patients who suffered an adverse event at another center,
medical records or discharge letters from the other institu-
tions were systematically reviewed. General practitioners
and referring physicians were contacted for additional in-
formation if necessary. Causes of death were obtained from
medical records when they happened during hospitalization,
and otherwise from the Central Bureau of Statistics, The
Hague, the Netherlands (37,38). Causes of death were
classified according to the International Classification of
Diseases and Related Health Problems-10th Revision. For
the present analysis, death from ischemic heart disease (I-20
to I-25), sudden cardiac death (I-46), sudden death unde-
fined (R-96), or death from heart failure (I-50) were
considered to be cardiac. Death from cancer was defined as
any death from malignant neoplasm (C-009 to C-97). All
the remaining deaths were classified as being due to other
causes, and no further distinction was made. In this study,
there was no mandatory angiographic follow-up.
End point definitions. The primary end point was a patient-
oriented composite defined as all-cause death or any myo-
cardial infarction (MI) or any revascularization (all surgical
and percutaneous, target lesion, target vessel, and non–
target vessel revascularization) according to the Academic
Research Consortium definitions (39). The secondary end
point was the device-oriented composite end point defined as
cardiac death, MI in the target vessel territory, or a target lesion
revascularization. In addition, each individual component end
point was analyzed in a nonhierarchical way. Definite stent

thrombosis was also considered as a separate secondary end
point.

Myocardial infarction included periprocedural MI (diag-
nosed by a rise in creatine kinase-myocardial band fraction
of 3 times the upper limit of normal), reinfarction (defined
as recurrence of symptoms together with ST-segment ele-
vation or new left bundle branch block and an increase in
cardiac enzymes following stable or decreasing values), or
spontaneous MI (diagnosed by any rise in creatine kinase-
myocardial band fraction above the upper limit of normal)
(40). Target lesion revascularization was defined as a repeat
revascularization of in-stent or within 5 mm proximal or
distal to the stent implanted in the index procedure (41).
Target vessel revascularization (TVR) was defined as any
revascularization in the same epicardial vessel treated in the
index procedure. Definite stent thrombosis was defined as
TIMI flow grade 0 or 1 or the presence of a flow-limiting
thrombus, accompanied by acute symptoms, irrespective of
whether there had been an intervening reintervention (42).
The timing of stent thrombosis was categorized as early
(within 30 days after implantation), late (between 30 days
and 1 year), or very late (more than 1 year) (39).
Statistical analysis. Continuous variables are presented as
mean � SD, whereas categorical variables are expressed as
percentages. Comparisons among groups were performed by
the independent t test for continuous variables and Pearson
chi-square test for categorical variables. All statistical tests were
2-tailed, and p value of �0.05 was considered as statistically
significant. The incidence of events over time was studied with
the use of the Kaplan-Meier method, whereas log-rank tests
were applied to evaluate differences between the current cohort
and the historical control. Patients lost to follow-up were
considered at risk until the date of last contact, at which point
they were censored. Cox regression models were built to
elucidate independent predictors of clinical end points. Signif-
icant variables in univariate analysis (p � 0.1) were selected to
put in the multivariate model. The following pre-procedural
variables were included in the initial univariate analysis: gender,
diabetes, current smoking habit, hypertension, hypercholester-
olemia, age, previous history of myocardial infarction or PCI,
SYNTAX score, EuroSCORE, shock at entry, clinical pre-
sentation, and bifurcation angle. Clinical presentation
(STEMI, unstable angina or non-STEMI, and stable angina)
was coded as a categorical variable. Bifurcation angle was
partitioned according to tertiles (lowest tertile as a reference).
The results are presented as adjusted hazard ratios (HR) with
95% confidence intervals (CI). Statistical analysis was per-
formed with SPSS version 16 for windows (SPSS Inc.,
Chicago, Illinois).

Results

Baseline and procedural characteristics. The baseline and
procedural characteristics of the patients are shown in Table 1.
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The mean age of the patients was 64.9 years old, 16.2% of
the patients had diabetes, and 33% had previous history of
MI. Approximately one-quarter of patients presented with
STEMI, and 8% presented with severe hemodynamic com-
promise at entry. The average additive EuroSCORE and
SYNTAX score was 4.26 and 39.4, respectively.
Clinical outcomes. Clinical follow-up was available in all
patients, with a median duration of follow-up of 1,473 days
(interquartile range: 1,182 to 1,848 days) for patients alive at

follow-up. Hierarchical count of adverse events is shown in
Table 2. Patient-oriented composite increases from 32.4%
at 1 year to 51.4% at 4 years (�58%), which was mainly driven
by an increase in all-cause mortality from 19.6% at 1 year to
33.1% at 4 years, a relative increase of 68%. There was 1 case
of definite late stent thrombosis at 1 year, and there was 1 case
of definite very late stent thrombosis at 4 years.

Kaplan-Meier estimates of clinical end points are pre-
sented in Figures 1A to 1C. At 4 years, the cumulative

Table 1. Baseline Characteristics

Current Cohort With DES
(n � 148)

Historical Cohort With BMS
(n � 79) p Value

Demographics

Age, yrs 64.9 � 12.1 65.1 � 11.2 0.96

Men 108 (73) 49 (62) 0.10

Diabetes 24 (16.2) 15 (19) 0.59

Hypertension 61 (41) 34 (43) 0.89

Hypercholesterolemia 80 (54) 34 (43) 0.13

Family history of coronary artery disease 47 (32) 15 (19) 0.04

Current smoking 27 (18) 14 (18) 1.00

Previous PCI 32 (22) 25 (32) 0.11

Previous MI 49 (33) 24 (30) 0.77

Additive EuroSCORE 4.26 � 3.54 4.37 � 3.57 0.82

SYNTAX score 39.4 � 22.9 36.8 � 24.6 0.96

LVEF, % 45.3 � 13.6 41.8 � 16.9 0.48

Presentation

STEMI 36 (24.3) 22 (27.8) 0.64

Stable angina 60 (40.5) 30 (33.3) 0.78

Unstable angina/non-STEMI 52 (35.1) 27 (34.2) 1.00

Shock at entry 13 (8.8) 6 (7.6) 1.00

Pre-procedural quantitative angiographic analysis

Bifurcation angle in diastole, ° 94.1 � 25.5 89.5 � 25.3 0.29

Bifurcation angle in systole, ° 84.9 � 26.6 81.42 � 23.8 0.42

Minimal lumen diameter, mm 1.09 � 0.32 1.08 � 0.27 0.92

Reference vessel diameter, mm 3.35 � 2.49 3.31 � 0.36 0.69

Procedural characteristics

Number of implanted stents 3.08 � 0.37 2.85 � 0.47 �0.0001

Total stented length per patient 59.9 � 40.4 42.4 � 28.4 �0.0001

Average stent diameter 3.08 � 0.37 3.52 � 0.47 �0.0001

Clopidogrel duration in month 7.53 � 5.32 5.27 � 4.86 0.01

IVUS use 48 (32) 34 (43) 0.15

Stenting strategy

Provisional 114 (77) 70 (89) 0.07

Culotte 13 (9) 1 (1)

T-stenting 15 (10) 8 (10)

Crush stenting 4 (3) 0

Kissing technique 2 (1) 0

Post-procedural bifurcation angle

Bifurcation angle in diastole, ° 85.1 � 24.8 84.2 � 25.9 0.83

Bifurcation angle in systole, ° 80.0 � 23.7 76.7 � 21.2 0.38

Values are expressed as n (%) or mean � SD.

BMS � bare-metal stents; DES � drug-eluting stents; EuroSCORE � European System for Cardiac Operative Risk Evaluation; IVUS � intravascular

ultrasound; LVEF � left ventricular ejection fraction; MI � myocardial infarction; PCI � percutaneous coronary intervention; STEMI � ST-segment

elevation myocardial infarction; SYNTAX � Synergy Between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery.
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incidence of all-cause death, MI, any revascularization, and
patient-oriented composite were 35.6% (95% CI: 27.3% to
43.8%), 3.8% (95% CI: 0.5% to 7.1%), 25.2% (95% CI:
16.9% to 33.6%), and 54.4% (95% CI: 45.8% to 63.1%),
respectively. Cardiac mortality, all-cause mortality, and any
revascularization rate relatively increased from 1 year to 4
years by �68%, �82%, and �49%, respectively, whereas the
changes in target lesion revascularization and MI was less
increased from 1 year to 4 years (�5% and �28%, respec-
tively) (Figs. 1A and 1B). In summary, the device-oriented
and patient-oriented composite increased from 1 year to 4
years by �56% and �68%, respectively (Fig. 1C). If strati-
fied by the presentation with STEMI versus others (non-
STEMI, unstable angina, and stable angina), the patient-
oriented composite was higher in STEMI patients (68.6%)
than the others (49%, p � 0.001), also the device-oriented
composite, all-cause death, and cardiac death were higher in
the STEMI patients than the others (53% vs. 30%, p � 0001;
55% vs. 29%, p � 0.001; 48% vs. 16%, p � 0.001) (Fig. 2A).
With stratification according to the tertiles of EuroSCORE
(�2, �2 and �5, �5), the patient-oriented composite was
higher in the high tertile (76.8%) than in the low (41.2%,
log-rank p � 0.001) or intermediate tertiles (51.8%, log-rank
p � 0.001) (Fig. 2B). If stratified according to type of DES
(Cypher and Taxus), the patient-oriented composite was
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Figure 1. Kaplan-Meier Estimates After Implantation of DES

(A) Kaplan-Meier estimates demonstrate all-cause mortality (black line) and
cardiac mortality (red line). (B) Kaplan-Meier estimates present the end points
of any myocardial infarction (red line), target lesion revascularization (blue
line), target vessel revascularization (green), and any revascularization includ-
ing target and non–target vessel revascularization (black line). (C) Kaplan-
Meier estimates show the composite end point (red line) of cardiac mortality,
myocardial infarction in the stented vessel territory, or target lesion revascular-
ization and the composite end point (black line) of all-cause mortality, any
myocardial infarction, or any revascularization. DES � drug-eluting stent.

Table 2. Hierarchical Count of Patient-Oriented Composite After
DES Implantation Compared With the Historical Cohort With BMS

Current Cohort
With DES
(n � 148)

Historical Cohort
With BMS
(n � 79) p Value

1 yr

All-cause death 29 (19.6) 23 (29.1) 0.14

Any MI 2 (1.4) 1 (1.3) 1.00

Any revascularization 17 (11.5) 10 (12.7) 1.00

Patient-oriented composite 48 (32.4) 34 (43) 0.15

2 yrs

All-cause death 35 (23.6) 27 (34.2) 0.11

Any MI 3 (2.0) 1 (1.3) 1.00

Any revascularization 19 (12.8) 11 (13.9) 0.84

Patient-oriented composite 57 (38.5) 39 (49.4) 0.12

3 yrs

All-cause death 41 (27.7) 29 (36.7) 0.18

Any MI 3 (2.0) 1 (1.3) 1.00

Any revascularization 23 (15.5) 11 (13.9) 0.85

Patient-oriented composite 67 (45.3) 41 (51.9) 0.4

4 yrs

All-cause death 49 (33.1) 30 (38) 0.47

Any MI 3 (2.0) 1 (1.3) 1.00

Any revascularization 24 (16.2) 11 (13.9) 0.7

Patient-oriented composite 76 (51.4) 42 (53.2) 0.9

Event rates were calculated as number of events divided by total number of patients and

therefore differ from those in the figures, where event rates were calculated by Kaplan-Meier

methods. In this table, comparison was made with the chi-square or Fisher exact test.

Abbreviations as in Table 1.
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Figure 2. Kaplan-Meier Estimates After Implantation of DES With Stratification of Subgroups

(A) All-cause mortality and (B) patient-oriented composite end point (all-cause mortality, any myocardial infarction [MI]), or any revascularization) according to a
presentation of ST-segment elevation myocardial infarction or the others (stable angina, non–ST-segment elevation myocardial infarction, or unstable angina).
Patient-oriented composite end point stratified by (C) tertile division of EuroSCORE (European System for Cardiac Operative Risk Evaluation) with cutoff values of
2 and 5 and (D) tertiles of SYNTAX (Synergy Between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery) score of the current cohort (cutoff
values of 27 and 44). (E) The patient-oriented composite end points were classified according to tertiles of bifurcation angle (BA) between the left anterior
descending and circumflex arteries (cutoff values of 67 and 91.7). Abbreviations as in Figure 1.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S , V O L . 3 , N O . 6 , 2 0 1 0 Onuma et al.

J U N E 2 0 1 0 : 5 8 4 – 9 4 Long-Term Outcome After LM Stenting

589

Scot BW.indb   580 01-03-11   12:00



581

PCI of the LM in RESEARCH and T-SEARCH   Chapter 8.4

53.8% in Cypher and 54.8% in paclitaxel-eluting stent (p �
0.83), whereas the all-cause mortality was 30.8% versus 36.5%,
respectively (p � 0.56).
Comparison with historical cohort. Patient demographics in
the historical control (n � 79) were similar to the current
cohort except for a lower frequency of family history of
coronary artery disease (32% vs. 19%, p � 0.04), reflecting that
the changes in clinical practice, number of implanted stents,
stent length, stent diameter, and clopidogrel duration are
higher in the current cohort than in the historical control
group.

Figure 3 shows the Kaplan-Meier estimates of all-cause
mortality and the patient-oriented composite end point of
the current cohort with DES and the historical control with
BMS. At 1 year, the rate of all-cause death (current cohort
19.6% vs. historical cohort 29.1%) and patient-oriented
composite (32.4% vs. 43.0%) was lower in the current
cohort than in the historical cohort (Figs. 3A and 3B). At 4
years the events rate, however, became comparable between
the 2 groups (all-cause mortality: 38.0 vs. 35.6%, p � 0.48;
patient-oriented composite: 54.4 vs. 53.2%, p � 0.64) as a
result from a late increase of events in the current cohort.
Kaplan-Meier estimate before 2 years yielded a numerically
higher patient-oriented composite end point in the histor-
ical cohort (log-rank p � 0.1), whereas landmark analysis
(Fig. 3B) after the second year demonstrated a significantly
higher event rate in the current cohort than the historical
cohort (log-rank p � 0.02).
SYNTAX score. In the current cohort, the SYNTAX score
ranged from 7 to 104 with median of 33.0. If the SYNTAX
score is divided into tertiles, the cutoff values were 27.0 and
44.0. The Kaplan-Meier curves of device-oriented compos-
ite stratified by these tertiles of SYNTAX score are presented
in Figure 2C. The 4-year event rates were 46.2%, 55.1%, and
69.6% in low, intermediate, and high tertile groups, respec-
tively. High tertile group demonstrated significantly higher
event rates than intermediate tertile (log-rank p � 0.03) and
low tertile (log-rank p � 0.005) groups did.
Three-dimensional QCA analysis. Three-dimensional QCA
analysis was feasible in only 50.7% of patients due to the
unavailability of 2 separate angiographic views of more than
30° that is a prerequisite for 3-dimensional QCA; in the
remaining patients, 2-dimensional QCA was performed.
The results are shown in Table 1. In the patient receiving
DES, the Kaplan-Meier curves of patient-oriented compos-
ite were separated according to the tertiles of systolic
bifurcation angle (high �91.7, intermediate �91.7 and
�67, low �67) as shown in Figure 2E. High tertile group
demonstrated higher patient-oriented composite at 4 years
(66.3%) than the intermediate (51.0%) and the low (45.2%)
groups did (log-rank high vs. low: p � 0.04; high vs.
intermediate: p � 0.09).
Predictor of adverse events. Table 3 shows the results of the
univariate and multivariate analyses to identify the predic-

tors for all-cause mortality and for patient-oriented com-
posite. Bifurcation angle did not remain as a significant
predictor of either all-cause mortality or patient-oriented
end point in the multivariate analysis.

At 1 year, multivariate analysis demonstrated that Euro-
SCORE, age, shock at entry, and SYNTAX score were
independent predictors for all-cause mortality and patient-
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Figure 3. Kaplan-Meier Estimates of DES and BMS Cohorts

Kaplan-Meier estimates of the current cohort treated with drug-eluting
stent (red line) or historical cohort treated with bare-metal stent (black
line). All-cause mortality is demonstrated in (A), whereas (B) demonstrates
patient-oriented composite end point (all-cause mortality, any myocardial
infarction, or any revascularization) with a landmark analysis more than 2
years after implantation. Dotted lines � 95% confidence interval. BMS �

bare-metal stent(s); other abbreviations as in Figure 1.
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oriented composite. At 4 years, in the final multivariate
models, age, shock at entry, the SYNTAX score and
EuroSCORE remained as independent predictors for all-
cause mortality, whereas EuroSCORE, shock at entry, and
SYNTAX score were identified as independent predictors
for patient-oriented composite.

Discussion

The main findings of the current study are the following:
1) At 4-year follow-up after DES implantation in
ULMCA, patient-oriented composite end point was 51.4%
with a 58% relative increase of events from 1 year to 4 years.
2) A landmark analysis of the last 2 years of follow-up
indicated a higher composite end point for the current
cohort with DES when compared with the historical cohort
with BMS (25% vs. 8%, p � 0.02). 3) EuroSCORE and
SYNTAX score were independent predictors for both
all-cause mortality and the patient-oriented composite end
point up to 4 years, whereas pre-procedural bifurcation
angle between the left circumflex and left anterior descend-
ing arteries was not.

According to the current guidelines of the European
Society of Cardiology and the American Heart Association
and American College of Cardiology guidelines (40,43), the
presence of a stenosis in the LMCA is a class IIB or III
indication for PCI unless the patient is not eligible for
CABG in presence of extreme comorbidities and STEMI.
In the recent U.S. criteria for appropriateness of revas-
cularization, percutaneous treatment of LM disease is

considered “inappropriate” (2). In European daily prac-
tice, however, 4.6% of patients treated in the catheter-
ization lab have LM stenosis, and 58% of those are
treated by percutaneous means (44).

Up to now, 2 randomized trials have been performed to
compare CABG and PCI using DES in patients undergo-
ing treatment for LM disease. In the LE MANS (Left
Main Coronary Artery Stenting) study by Buszman et al. (10),
PCI was associated with a lower 30-day risk of major
adverse cerebrovascular cardiac event (MACCE) (p � 0.03)
and had comparable 1-year mortality or MACCE to sur-
gery. In the more recent SYNTAX trial (9), which random-
ized 1,800 patients with 3-vessel or LM coronary artery
disease to either CABG or PCI, the use of PCI at 1 year was
associated with safety end points (death, cerebrovascular
accident, and MI) but a higher rate of MACCE than
CABG, due to a significantly higher rate of revasculariza-
tion. However, in the subgroup of patients with LM disease
with an average SYNTAX score of 28.1, PCI and CABG
were associated with similar MACCE rates at 1 year (PCI
15.8% vs. CABG 13.6%). In the DES cohort of the present
study, the 1-year all-cause mortality and revascularization
rate of patients treated with DES (19.6% and 16.9%,
respectively) were higher than rates reported in the LM
subgroup of the randomized cohort in the SYNTAX trial
(4.2% and 12.0%, respectively). This is likely due to the
high-risk nature of our all-comers registry (e.g., including
24% STEMI patients with a mean EuroSCORE of 4.26
and an average SYNTAX score of 39.4).

Table 3. Univariate and Multivariate Analysis for Predictors of All-Cause Mortality and Patient-Oriented Composite After DES Implantation
in the Left Main Trunk

All-Cause Mortality Patient-Oriented Composite

Univariate
Hazard Ratio (95% CI) p Value

Multivariate
Hazard Ratio (95% CI) p Value

Univariate
Hazard Ratio (95% CI) p Value

Multivariate
Hazard Ratio (95% CI) p Value

1-year outcome

EuroSCORE 1.26 (1.17–1.36) �0.001 1.24 (1.11–1.39) �0.001 1.19 (1.12–1.26) �0.001 1.13 (1.03–1.24) 0.009

Presentation of STEMI* 6.77 (3.56–18.66) �0.001 4.38 (2.08–9.23) �0.001

Age 1.06 (1.02–1.09) 0.003 1.05 (1.01–1.10) 0.03 1.05 (1.03–1.08) �0.001 1.04 (1.01–1.08) 0.009

Shock at entry 8.56 (3.83–19.1) �0.001 4.21 (1.50–1.82) 0.006 8.26 (4.09–16.68) �0.001 5.46 (2.35–12.69) �0.001

SYNTAX score† 1.35 (1.17–1.56) �0.001 1.23 (1.06–1.42) 0.006 1.27 (1.13–1.42) �0.001 1.15 (1.02–1.30) 0.03

Hypercholesterolemia 0.33 (0.15–0.73) 0.006 0.43 (0.24–0.76) 0.004

Hypertension 0.41 (0.18–0.96) 0.04 0.34 (0.13–0.88) 0.03 0.45 (0.24–0.84) 0.01

4-year outcome

EuroSCORE 1.19 (1.12–1.26) �0.001 1.13 (1.03–1.24) 0.009 1.16 (1.09–1.24) �0.001 1.09 (1.02–1.16) 0.02

Presentation of STEMI* 4.38 (2.08–9.23) �0.001 3.42 (1.69–6.94) 0.001

Age 1.05 (1.03–1.08) �0.001 1.04 (1.01–1.08) 0.009 1.04 (1.01–1.070) 0.004

Shock at entry 8.26 (4.09–16.68) �0.001 5.46 (2.35–12.69) �0.001 4.61 (2.21–6.61) �0.001 2.74 (1.30–5.80) 0.008

SYNTAX score† 1.27 (1.13–1.42) �0.001 1.15 (1.02–1.30) 0.03 1.22 (1.08–1.38) 0.001 1.12 (1.01–1.24) 0.4

High bifurcation angle‡ 1.99 (0.93–4.26) 0.075

Univariate or multivariate hazard ratios were calculated by Cox regression models.

*Stable angina used as a reference. †Each 10-point increase of SYNTAX score. ‡Low tertile bifurcation angle used as a reference.

Abbreviations as in Table 1.
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In this analysis, we selected a patient-oriented composite
end point as a primary end point, because it represents the
most critical clinical approach for a population undergoing
a new form of treatment. The Academic Research Consor-
tium defined 2 methodological approaches to report clinical
follow-up: 1) the device-oriented composite end point; and
2) the patient-oriented composite end point. The device-
oriented approach put the accent on the efficiency and
efficacy of a new device, therefore, focusing on the cardiac
death, MI, and reintervention related to the device. The
patient-oriented end point is a follow-up, which specifically
considers the welfare of the patient, and includes all-cause
death, any MI, and any revascularization.

In the current analysis, we entered only the pre-
procedural parameters in the multivariate analysis and ex-
cluded the procedural variables such as angulation after
stenting, technique of stenting, number of stent, length of
stent, and so forth, because they are factors reflecting the
treatment modalities rather than the anticipated prognosis
of the treatment. Parameters describing lesion characteris-
tics were also excluded because they were incorporated in
the SYNTAX score: for example, Medina classification,
chronic total occlusion, American College of Cardiology/
American Heart Association lesion classification (45).

Long-term outcomes after PCI in the LM population are
limited. Park et al. (46) reported the 3-year safety composite
rate (death, Q-wave MI, or stroke) of 9.7% with TVR rate
of 12.6%. Vaquerizo et al. (12) demonstrated the device-
oriented composite end point at 2 years of 12.6% after
UCLMA stenting with paclitaxel-eluting stents in 291
patients from multicenter registry. In these registries, the
patients with acute MI or cardiogenic shock were excluded;
whereas in our registry, such patients were included and had
a negative impact on clinical outcomes. Also, frequent use of
intravascular ultrasound might contribute the relatively
lower mortality in the Korean registry than in our European
registry (46). In one of largest “all-comer” DELFT (Drug-
Eluting Stent for Left Main) registries exclusively using
DES in ULMCA with 3-year complete follow-up, Meliga
et al. (15) demonstrated 3-year MACE rate (a composite of
cardiac mortality, MI, and TVR) of 26.5%, cardiac mortal-
ity of 9.2%, and TVR of 14.2%. If the same composite
definition were applied to the present study, the 3-year
MACE rate in our study (26.0%) would be similar to the
DELFT registry (26.5%). Wood et al. (47) reported a
long-term outcome of 100 patients with high surgical risk
after PCI. All-cause mortality at 28 months was 21%;
event-free survival was around 65% at 27 months (47).

In the current study, the baseline patient demographics
are comparable between the current and the historical
cohorts. Although the anatomical complexity reflected by
SYNTAX score was comparable between the 2 cohorts (the
current cohort 39.4 vs. the historical control 36.8, p � 0.96),
the cohort with DES was more aggressively treated than the

historical cohort with BMS, as indicated by a higher
incidence of bifurcation stenting (48% vs. 57%, p � 0.04),
by a larger number of stents implanted (2.85 � 0.47 vs.
3.08 � 0.37), and by on average a longer stented length
(42.4 � 28.4 mm vs. 59.9 � 40.4 mm).

The source of our concerns is the increase of the patient-
oriented composite in the DES group between 2 and 4
years, which was significantly higher than in the historical
cohort of BMS, and the long-term safety of DES in the
treatment of patients with ULMCA remains an unanswered
question. One possible explanation for unfavorable
follow-up could be the occurrence of occult stent thrombo-
sis. Occlusion of the LM trunk with thrombus is likely to be
lethal. Thus, patients can present with sudden and/or
out-of-hospital death rather than with angiographically
proven stent thrombosis. The very late stent thrombosis
presenting with out-of-hospital death, however, can be
undiagnosed and under-reported. The cause of death was
obtained from the civil registry, and it is up to the general
practitioners to classify the cause of mortality according to
International Classification of Diseases and Related Health
Problems-10th Revision unless the patient passed away in
the hospital. Therefore, no attempt was made to impute
death to possible or probable stent thrombosis.

In the large multicenter registry (n � 731) by Chieffo et
al. (17), the cumulative incidence of stent thrombosis at 29.5
months after LM stenting was reported to be 0.95% for
definite stent thrombosis and 2.7% for possible stent throm-
bosis. In DELFT registry (15) (n � 358) at �3-year
follow-up, the incidence of definite, probable, and possible
stent thrombosis were 0.6%, 1.1%, and 4.4%. In ISAR-
LEFT MAIN (Intracoronary Stenting and Angiographic
Results: Drug-Eluting Stents for Unprotected Coronary
Left Main Lesions) trial (48) (n � 607), the 2-year rate of
definite or probable stent thrombosis was about 0.5% to
1.0%. In a series of high surgical risk patients, Wood et al. (47)
reported a 5% possible stent thrombosis presenting as
sudden death. Taking into account the late increase in
mortality shown in our study, follow-up extending beyond 3
years is warranted for patients receiving DES in the setting
of ULMCA.

The bifurcation angle has been shown to relate not only
to the difficulty level of the procedure but is also associated
with intermediate outcomes. Dzavik et al. (19) reported that
a bifurcation angle �50 was an independent predictor of
MACE at 1 year after bifurcation crush stenting in 133
patients. In 132 patients receiving Cypher stents in bifur-
cations excluding LM lesions, Adriaenssens et al. (49)
reported that increasing bifurcation angles is an indepen-
dent predictor of binary restenosis (HR: 1.53 [95% CI: 1.04
to 2.23] per 10° increase in angulation) after culotte stent-
ing. The worse outcomes in high-angulated bifurcation
lesions might be the result of the adjacent presence of low
and high shear stress found in bifurcation lesions. High
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shear stress possibly stimulates platelet activation and ag-
gregation, and low shear stress might enhance deposition of
platelets. This mechanism can be potentially exaggerated in
higher bifurcation angles. Furthermore, when bifurcation
stenting is performed in high-angle lesions, the stent will
likely not appose against the wall of bifurcation (50),
especially in the ostium of the left circumflex artery (20). In
the present study, however, we observed that the bifurcation
angle between the left anterior descending and left circum-
flex arteries was not an independent predictor for adverse
events, although there is a weak statistical association with
4-year composite end points in the univariate analysis (HR:
1.99 [95% CI: 0.93 to 4.26], p � 0.07).
Study limitations. This study has several limitations. This is
a single center, observational study that included a modest
number of patients. The results of this landmark analysis
(reporting a higher event rate in patients treated with DES
compared with BMS after 2 years) would need to be
confirmed in a larger study. In addition, the low 1-year
mortality rate compelled us to include only 2 or 3 indepen-
dent variables in the Cox regression model, resulting in
overfitting of the model. Confounding factors, such as
procedural variables, might have been overlooked. Although
baseline characteristics were similar in the historical BMS
and current DES groups, some procedural variables were in
fact different and as a result might have influenced
outcomes.

Conclusions

Our study reports a late increase in adverse events up to 4
years, which warrants careful follow-up of the patient
receiving DES in the LM trunk. The SYNTAX score and
EuroSCORE can be considered important components of
risk stratification.
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CORONARY ARTERY DISEASE
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Five-Year Clinical Outcomes After Coronary Stenting of
Chronic Total Occlusion Using Sirolimus-Eluting Stents:
Insights From the Rapamycin-Eluting Stent Evaluated at
Rotterdam Cardiology Hospital—(Research) Registry

Zhu Jun Shen, MD, Hector M. Garcı́a-Garcı́a, MD, PhD, Scot Garg, MBChB, MRCP,
Yoshinobu Onuma, MD, Lisanne Schenkeveld, MSc, Ron T. van Domburg, PhD,
and Patrick W. Serruys,* MD, PhD, on behalf of the Interventional Cardiologists

at Thoraxcentre in 2000–2003

Background: The use of drug eluting stents (DES) in patients with a successfully recan-
alized chronic total occlusion (CTO) has been associated with a significant decrease in
the need for repeat revascularization, and a favorable short-term clinical outcome
when compared with the use of bare metal stents (BMS). Our group, however, has pre-
viously reported similar rates of target lesion revascularisation (TLR) and major
adverse cardiovascular events (MACE) at 3 years follow-up in patients with a success-
fully opened CTO who were treated with either a sirolimus eluting stent (SES) or a
BMS. The objective of this report was to evaluate the outcomes of these patients at 5-
years clinical follow-up. Methods and Results: A total of 140 (BMS 64, SES 76) patients
with successfully opened CTOs were included. Seven patients died in the BMS group
whilst nine patients died in the SES group (P 5 0.90). Noncardiac death was the major
component of all-cause mortality (11 noncardiac deaths vs. 5 cardiac). There were two
and three myocardial infarctions (MI) in the BMS and SES group, respectively (P 5 1.0).
The composite of death and MI occurred in seven (10.9%) and eleven (14.5%) patients
in the BMS and SES group, respectively (P 5 0.53). Clinically driven TLR was performed
in eight patients (12.5%) in the BMS group, and five (6.6%) in the SES group (P 5 0.26).
Non-TLR target vessel revascularization was performed in one patient in the BMS
group, and four in the SES group (P 5 0.37). The 5-year device-oriented cumulative
MACE rate was 15.6% and 11.8% in the BMS and SES group, respectively (P 5 0.56).
Conclusion: In patients with a successfully treated CTO, clinical outcome after 5 years
was similar between SES and BMS, however, clinically driven TLR was slightly higher
in the BMS group. VC 2009 Wiley-Liss, Inc.

Key words: total occlusions; percutaneous coronary intervention; angiography
coronary

INTRODUCTION

Chronic total occlusions (CTO) are one of the remain-
ing challenges for interventional cardiologists. In recent
times, the use of drug eluting stents (DES) in patients
with a successfully recanalized CTO has been associated
with a significant decrease in the need for repeat revas-
cularization, and a favorable short-term clinical outcome
when compared with the use of bare metal stents (BMS)
[1–4]. However, despite this, in the DES era, CTOs still
remain an independent predictor of restenosis [5].
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Our group has previously reported the 6 month and
3 year angiographic and clinical outcomes of the use
of the sirolimus-eluting stent (SES) in patients with a
CTO. At 6-months, there was a marked reduction in
the rate of restenosis, and major adverse cardiac events
(MACE) with the use of SES, compared with BMS
[6]; however, this difference was not maintained at 3-
year follow-up [7]. The long-term outcomes (>3 years)
in patients with a CTO successfully treated with DES
have not yet been reported in the literature, and there-
fore, the aim of this study was to compare the 5 year
clinical outcomes of patients with a CTO treated with
a SES, to historical controls treated with BMS.

MATERIALS AND METHODS

From April 2002 to February 2003, SES (Cypher
VR
;

Cordis Corporation, Warren, NJ) was the first choice
device of for all percutaneous coronary intervention
(PCI) performed in our institution as part of the Rapa-
mycin Eluting Stent Evaluated At Rotterdam Cardiol-
ogy Hospital (RESEARCH) registry. The RESEARCH
registry was a prospective single center study set-up
with the aim of evaluating the safety and efficacy of
SES in the ‘‘real world,’’ following the dynamic regis-
try design described by Rothman et al [8,9]. The major
reasons for not using a SES stent were as follows:
unavailability of an appropriately sized SES; or partici-
pation in another ongoing study [8].

For this substudy, all consecutive patients with a
successfully treated CTO were enrolled irrespective of
clinical presentation or CTO lesion characteristics.
During the study period, 76 patients with a CTO were
treated with SES, and these patients were compared
with a cohort of consecutive CTO patients, who were
treated with BMS in the year preceding the introduc-
tion of SES.

Angioplasty Procedure

Patients in both cohorts were treated by the same
group of operators, who were permitted to use what-
ever equipment was available at the time of the proce-
dure. The PCI technique was left to the operator’s
discretion, apart from the choice of stent. All patients
were pretreated with 300 mg of clopidogrel, which was
then prescribed at a dose of 75 mg/day for at least
1 month in the pre-SES phase and 6 months in the
SES phase. All patients were advised to maintain
aspirin (�80 mg/day) lifelong.

Clinical Endpoint Definition

A CTO was defined as a total (100%) occlusion of
the coronary artery, with the absence of intraluminal

antegrade blood flow for at least 3 months. The dura-
tion of the occlusion was assessed by using clinical
data such as follows: (i) the date of any previous Q
wave myocardial infarction (MI) in the vascular terri-
tory severed by the occluded artery, (ii) any previous
angiography or angioplasty procedures, and (iii) the
duration of angina symptoms or deterioration in symp-
toms. Complete revascularization was defined as the
treatment of all coronary lesions greater than 50%
diameter stenosis at time of the index CTO procedure,
and/or those planned for treatment within 4 weeks of
the CTO procedure. Primary endpoint was the device-
oriented MACE, calculated as recommended by Aca-
demic Research Consortium (ARC) consensus [10]:
defined as cardiac death, MI (not clearly attributable to
a nontarget vessel), and clinically driven target lesion
revascularization (TLR). The secondary endpoints were
the following: all-cause death, cardiac death, death
from cancer, MI, clinically driven TLR, non-TLR tar-
get-vessel revascularization (TVR), stent thrombosis,
and the patient-oriented MACE which was defined as a
composite of all-cause mortality, any MI (including
nontarget vessel territory), and any repeat revasculari-
zation (including all target and nontarget vessel).

The cause of death was classified according to the
International Classification of Disease and Related
Health Problems, 10th Revision (ICD-10). For the pres-
ent analysis, death from ischemic heart disease (ICD I-
20-I-25), sudden cardiac death (I-46), sudden death
undefined (R-96), or death from heart failure (I-50)
were all considered to be cardiac. Death from cancer
was defined as any death from malignant neoplasms
(C-00-C-97). All the remaining deaths were classified
as being due to other causes and no further distinctions
were made. MI and TLR definitions follow the ARC
consensus on stent trials [10]. Clinically driven TLR
was defined as treatment with either PCI or CABG of
the same lesion, or a 5 mm margin proximal or distal
to the index lesion, which on follow-up angiography
had a percent diameter stenosis �50% and one of the
following occurs: (1) a positive history of recurrent an-
gina pectoris, presumably related to the target vessel;
(2) objective signs of ischemia at rest (ECG changes)
or during an exercise test (or equivalent), presumably
related to the target vessel; or (3) abnormal results of
any invasive functional diagnostic test (e.g., Doppler
flow velocity reserve, fractional flow reserve); or a
TLR or TVR with a diameter stenosis �70% even in
the absence of the aforementioned ischemic signs or
symptoms. TVR was defined as repeat PCI, or coro-
nary artery bypass grafting (CABG) of a lesion in the
same epicardial vessel. Stent thrombosis was defined
angiographically as thrombosis with TIMI grade 0 or
1 flow, or the presence of a flow limiting thrombus
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within a stent accompanied by acute symptoms, irre-
spective of whether there had been an intervening
intervention [11].

Five-Year Follow-Up Data

Patients were followed-up prospectively, and
MACE-free survival was evaluated using both munici-
pal civil registries, and questionnaires sent to patient’s
homes inquiring about postdischarge repeat coronary
interventions (either percutaneous or surgical) and MI.
Our institution is the tertiary referral center for our
region; therefore, most repeat interventions were per-
formed at our institution. The medical records and dis-
charge letters of those patients who had an MI or a
reintervention at another center were requested and
systematically reviewed. Local cardiologists or general
practitioners were also contacted as necessary. Causes
of death were obtained from medical records where
death occurred during hospitalization or from the Cen-
tral Bureau of Statistics, The Hague, The Netherlands.

Statistical Analysis

Continuous variables are presented as mean � stand-
ard deviation and were compared by the Student’s
t test. Categorical variables are presented as counts and
percentages and compared by the Pearson Chi-Square
test or Fisher’s exact test. The cumulative incidence of
adverse events was estimated according to the Kaplan–
Meier method, and curves were compared using the
log-rank test. Patients lost to follow-up were consid-
ered at risk until the date of last contact, at which point
they were censored. The Cox regression analysis was

used to find the independent predictors of MACE, and
those variables with a P value of <0.10 in univariate
analysis were included in the multivariate model. The
final results are presented as adjusted hazard ratios
(HRs). A P value of <0.05 was considered significant,
and all tests were two-tailed. Data were analyzed with
SPSS version 16.0 software (SPSS, Chicago, IL).

RESULTS

Study Population

From March 2001 to February 2003, 186 consecu-
tive patients had a CTO which was initially attempted
by PCI and of these 140 (75.3%) were successfully
recanalized and used in the final analysis: 64 patients
were treated with BMS and 76 patients were treated
with SES. The flow of patients through the registry is
shown in Fig. 1. The overall mean age was 60.7 �
10.2 years (range 40–82), and 70% of patients were
male. Seventy-one patients (50.7%) had had a previous
MI whilst two patients had a previous CABG. There
were no significant differences between the groups
with respect to baseline patient characteristics (Table
I). Although not statistically significant, there were a
greater number of patients in the SES group who were
diabetic and had treatment in the left anterior descend-
ing artery (LAD). As defined by protocol, duration of
clopidogrel treatment was longer in SES group

Fig. 1. Flow chart of clinical follow-up.

TABLE I. Baseline Patient Characteristics

BMS n ¼ 64 SES n ¼ 76 P value

Mean age (years) 60.3 � 10.5 61.0 � 10.6 0.69

Male sex (%) 75.0 65.8 0.24

Current smoker (%) 29.7 18.4 0.12

Diabetes mellitus (%) 4.7 14.5 0.06

Hypertension (%) 34.4 44.7 0.21

Hypercholesterolemia (%) 59.4 65.8 0.43

Previous MI (%) 53.1 48.7 0.60

Previous CABG (%) 0 2.6 0.19

Target vessel (%) 0.25

LAD 27.5 43.4

LCX 27.5 19.7

RCA 44.9 36.8

Vessel diseased (%) 0.41

1 42.2 48.7

2 43.8 32.9

3 14.1 18.4

Mean number of stents 2.6 � 0.8 3.1 � 1.2 0.07

Mean diameter of

the stent (mm)

3.1 � 0.58 2.8 � 0.3 <0.001

Total length of stent (mm) 45.5 � 26.6 56.5 � 30.8 0.027

SES, sirolimus-eluting stents; BMS, bare metal stents; MI, myocardial

infarction; CABG, coronary artery bypass grafting; PCI, percutaneous

coronary intervention; LAD, left anterior descending artery; LCX,

circumflex artery; RCA, right coronary artery.
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(6 months) when compared with the BMS group
(1 month).

Angiographic and Procedural Variables

The target vessel was the LAD in 56 patients, the
circumflex artery in 34, and the right coronary artery
in 57. There was no significant difference in the num-
ber of diseased vessels in both groups (P ¼ 0.41); 106
(75.7%) patients had single vessel disease, and 23
(16.4%) and 11(7.8%) had two vessel disease and three
vessel disease, respectively. A staged PCI was per-
formed in those with multivessel disease such that
within 1 month of the index CTO PCI, 136 patients
(97.1%) were fully revascularised. Of the four patients
who were not completely revascularised, three had dis-
ease in small vessels which were not suitable for PCI
and one had a CTO which was attempted unsuccess-
fully. None of these patients experienced a MACE
event out to 5-years follow-up.

Stent length as well as stent number was larger in
SES group when compared with BMS group (P ¼
0.027 for stent length and P ¼ 0.07 for stent number)

(Table I). Glycoprotein IIb/IIIa inhibitors were used in
15 cases.

Five-Year Clinical Follow-Up

In total, five patients (three SES group vs. two BMS
group) were lost to follow-up (four of them emigrated
from this country); four patients were lost after 1-year
and one patient was lost after 3-years follow-up. All
other patients were evaluated after an overall follow-up
of 5 years, with no difference in 5 years follow-up rate
between the study groups (95.5% versus 96.4% in
BMS and SES, P ¼ 1.0). In SES group, 59% and 40%
had angiographic follow-up at 6 months and 3 years,
respectively. There was no routine follow-up coronary
angiography at 5 years.

Composite clinical endpoint. Table II shows the
clinical events with and without hierarchical ranking at
5-year follow-up. Device-oriented composite MACE
and patient-oriented composite MACE were calculated
separately. The overall patient-oriented composite
5-year cumulative MACE rate for this group of CTO
patients was 23.6%, with 21.9% and 25.0% in BMS
group and SES group, respectively (P ¼ 0.71); the
device-oriented cumulative MACE rate was 15.6% and
11.8% in the BMS and SES group, respectively (P ¼
0.56) (Fig. 2).

Death. all-cause death occurred in 16 patients, seven
in the BMS group and nine in the SES group, (P ¼
0.87). Five patients died from a definite cardiac event,
with two and three in BMS group and SES group,
respectively (P ¼ 1.0). Eight patients died of cancer,
and three died from other causes. Noncardiac death

TABLE II. Clinical Events Upto 5-Year Follow-Up

BMS

n ¼ 64

SES

n ¼ 76

P
value

Patient-oriented composite MACE

Hierarchical ranking n (%)

All-cause death 7 (10.9) 9 (11.8) 0.87

Any MI 0 (0) 2 (2.6)

Reintervention 7 (10.9) 8 (10.5)

MACE 14 (21.9) 19 (25.0) 0.71

Device-oriented composite MACE

Hierarchical ranking n (%)

Cardiac death 2 (3.1) 3 (4.3) 1.0

MI 0 (0) 2 (2.6)

Reintervention

Clinically driven TLR 8 (12.5) 4 (5.3)

MACE 10 (15.6) 9 (11.8) 0.56

Non-Hierarchical ranking n (%)

Death 7 (10.9) 9 (11.8) 0.87

Cardiac death 2 (3.1) 3 (4.3) 1.0

Cancer death 3 (4.7) 5 (6.6) 0.73

Other causes of death 2 (3.1) 1 (1.3) 0.59

MI 2 (3.1) 3 (4.3) 1.0

Definite stent thrombosis 0 (0) 1 (2.6) 1.0

Reintervention

Clinically driven TLR-PCI 7 (10.9) 4 (5.3) 0.26

Clinically driven TLR-CABG 1 (1.6) 1 (1.3) 0.37

Clinically driven non-TLR,

TVR-PCI

1 (1.6) 3 (4.3)

Clinically driven non-TLR,

TVR-CABG

0 (0) 1 (1.3)

SES, sirolimus-eluting stents; BMS, bare metal stents; MI, myocardial

infarction; MACE, major adverse cardiac events; TLR, target lesion

revascularization; TVR, target-vessel revascularization; CABG, coronary

artery bypass grafting; PCI, percutaneous coronary intervention.

Fig. 2. Kaplan-Meier curve of device-oriented MACE between
BMS and SES.
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was the main component of all-cause mortality (11/16,
68.8%).

Myocardial infarction and stent thrombosis. There
were five MIs during the follow-up period (Table III);
with two and three MIs occurring in the BMS and SES
group, respectively (P ¼ 1.0). One patient in BMS
group had successful recanalization of the right coro-
nary artery, but experienced a spiral dissection of the
left main stem during PCI of the LAD. This was
successfully treated with stenting, but the patient died
48 hr later following a MI and cardiogenic shock.
Another patient in BMS group had an MI 669 days
after the index PCI and died of the event. Three
patients treated with SES had an MI: one had an MI
within 11 days of the index PCI which was a definite
stent thrombosis confirmed on angiogram; one patient
had an MI after 975 days due to a de novo lesion,

which was confirmed on angiography and successfully
treated with PCI; the final patient experienced a peri-
procedural MI during a nontarget vessel reintervention
at 904 days follow-up. The composite of death and MI
occurred in seven (10.9%) and eleven (14.5%) patients
in the BMS and SES group, respectively (P ¼ 0.53).

Clinically driven TLR and non-TLR TVR. Non-
hierarchical clinically driven TLR during the follow-up
period is shown in Fig. 3 and Table IV. Clinically
driven TLR was performed in eight patients in the
BMS and five in the SES group (P ¼ 0.26); while
non-TLR TVR was performed in one patients in the
BMS and four in the SES group (P ¼ 0.37). In the first
year, there was more clinically driven TLR in the
BMS group (6/64 vs. 2/76, D ¼ 6.8%, P ¼ 0.14), how-
ever, by year three, the difference in clinically driven
TLR between the two groups had became smaller
(7/64 vs. 4/76, D ¼ 5.6%, P ¼ 0.35). Between years
three and five, there was no further progression in the
difference between the two groups (D ¼ 5.9%).

Multivariate analysis for MACE. Age and diabetes
were the only variables in the univariate analysis with
a P < 0.10 and were subsequently included in the Cox
regression analysis. The only variable that was an
independent predictor of device-oriented MACE was
age (HR 1.06, 95%C.I.: 1.01 to 1.11, P ¼ 0.014).
The stent type was not an independent predictor of
device-oriented MACE (HR 0.68, 95% C.I.: 0.36 to
1.28, P ¼ 0.23).

TABLE III. MI Events During Follow-Up

Patient no. Stent

MI timing

after index

PCI (days) Angiogram Outcome

1 BMS 1 Periprocedural MI due to

another vessel intervention

Died

2 SES 11 Subacute ST re-PCI

3 BMS 669 No Died

4 SES 904 Periprocedural MI during

another vessel reintervention

Recovered

5 SES 975 Yes, PCI done in another vessel Recovered,

died 1 year later

PCI, percutaneous coronary intervention; BMS, bare metal stents; SES, sirolimus eluting stents; MI,

myocardial infarction; ST, stent thrombosis.

Fig. 3. Cumulative rate of clinically driven target lesion re-
vascularization during follow-up. [Color figure can be viewed
in the online issue, which is available at www.interscience.
wiley.com.]

TABLE IV. Cumulative Clinically Driven Target Lesion
Revascularisation (TLR) Events During Follow-Up
Between Sirolimus-Eluting Stents and Bare Metal Stents

Clinically driven

TLR n [(%); years]

Bare metal

stent (n ¼ 64)

Sirolimus-eluting

stent (n ¼ 76) P value

1 6 (9.4) 2 (2.6) 0.14

3 7 (10.9) 4 (5.3) 0.35

5 8 (12.5) 5 (6.6) 0.26
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DISCUSSION

This study reports the longest available clinical
follow-up of DES in the management of patients with
a successfully recanalized CTO. The main finding of
this study is that, at 5-years follow-up, clinical
outcome is similar between SES and BMS, however,
clinically driven TLR is slightly less in patients with
CTOs treated with SES.

Long-Term Follow-Up in Patients Treated With
PCI for CTO Lesion

The initial success of the PCI procedure for a CTO
lesion may influence long-term outcomes. PCI for a
CTO is associated with lower procedural success when
compared with nonocclusive lesions, with the inability
to cross a CTO with a wire as the commonest cited
reason for procedural failure [12]. There is a wide
variation in published rates of procedural success rate,
which vary from 54–90% [13] of all attempted PCI for
CTOs, this variability reflecting differing definitions of
what constitutes a CTO, duration of occlusion, operator
experience and technique, available technology, and
case selection [12]. Furthermore, improvements in
technology, technique, and understanding of the
underlying disease processes have lead to increasing
confidence in tackling CTOs resulting in more complex
lesions being attempted. Fortunately, this has not
increased procedural complications but may account
for a recent plateau in CTO success rates [14,15].

Studies have shown conflicting long-term results
when comparing outcomes depending on the success of
the CTO procedure. Suero et al. demonstrated significant
long-term survival advantages in those with a successful
procedure [14,16], however, more recently Prasad et al.,
who reviewed outcomes over 25-years in a single center,
reported that an unsuccessful procedure was not an inde-
pendent predictor of long-term mortality [15]. de Lab-
riolle et al. also reported that patients with a successful
CTO procedure had no survival or MI benefit compared
with those with an unsuccessful procedure [17].

Previously, our institution has published a success
rate for recanalization of a CTO of �65% during the
period 1992–2002. Furthermore, during this period, we
demonstrated that in patients with a successfully
opened CTO, there is a benefit in 5-year long-term
survival (93.5% vs. 88.0%, P ¼ 0.02) and MACE-free
survival (5.5% vs. 14.8%, P < 0.001) [16].

Clinical Follow-Up of Successfully Recanalized
CTO Patients

In contrast to procedural success, the use of DES in
patients with a CTO lesion has only been shown to

lead to improved short-term outcomes. The only
randomized data is limited to the PRISON II study,
which compared outcomes in 200 patients with a CTO
randomized to either BMS or SES. The results showed
a significant reduction in TLR, binary restenosis, and
target-vessel failure at 6 months follow-up with the use
of SES compared with BMS [18]; however, a major
limitation of the study was that only 45% of patients
had an occlusion which was greater than 3-month-old.
Numerous registries report similar results at 12-months
follow-up [3,4,19], whilst De Felice showed that DES
leads to a significant reduction in TLR when compared
with BMS out to 18-months follow-up. In addition,
they showed that the use of DES is a significant inde-
pendent protective factor of MACE (HR 0.16; 95% CI
0.05–0.52, P ¼ 0.002) [20]. No studies as yet have
demonstrated a reduction in all-cause death or MI.

Long-term studies with the use of DES compared
with BMS are limited; our group previous published
3-year clinical outcomes showing no difference in
MACE rate and TLR [7]. In addition, Han et al.
recently reported the results of 1,184 patients treated
with BMS and DES demonstrating an improved
outcome with DES out to 5-years [21]. The 3-year
results of the PRISON II study also show benefit with
SES in terms of reduced rates of TLR and MACE,
with similar results in the CTO subgroup [22].

The greatest benefit of DES in treating coronary
lesions is decreasing the need for repeat revasulariza-
tion, however, there are always concerns about a late
catch-up in restenosis amongst those treated with
DES[23–25]. Data currently available for the first gen-
eration of DES, namely the Cypher

VR
SES and

TAXUS
VR

paclitaxel eluting stent (Boston Scientific,
Natick), demonstrate that in patients without a CTO,
the initial benefits of DES in terms of lower TLR are
preserved out to 5-year follow-up [26–28]. At 4-year
follow-up intravascular ultrasound in SES-treated
patients has shown that there is a continuous late
chronic artery response, however, no significant
increase in the neointimal volume was observed from
2 to 4 years [29]. This late gradual increase in neoin-
tima with SES did not convert into clinical events.

In this study of CTO patients treated with SES, at
the end of 5-year follow-up, there was a nonsignificant
reduction in non-hierarchical clinically driven TLR.
There was also no difference in device oriented or
patient-oriented MACE rate. In addition, no significant
difference in clinically driven TLR was observed dur-
ing either short or long-term; this may be the result of
the small numbers of patients in this study, such that it
was underpowered for this endpoint.

The difference in clinically driven TLR rate between
BMS and SES was 6.8%, 5.6%, and 5.9% at 1-, 3-,
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and 5-year follow-up. Therefore, no obvious ‘‘catch
up’’ in TLR rate was observed between year 1 and 3,
whilst the difference did not increase between years
3 and 5.

Safety Concerns of DES in CTO Patients

There have been concerns regarding the long-term
use of DES with respect to very late stent thrombo-
sis[8]. In our institution, we have previously reported a
significantly higher rate of definite ST with DES com-
pared with BMS out to 4 years follow–up (3.3% vs.
1.6%, P ¼ 0.002) [30]. Conversely, three recent reports
from trials of PES and SES reported no difference in
rates of death, MI, and ST at 5-year follow-up com-
pared with BMS [26–28]. In patients with a CTO
treated with SES, the rate of ST was 1.3% lower than
the overall population treated with a DES (3.3%). Sim-
ilarly, in previous studies of CTO lesions, there have
been few reported stent thrombosis events. These low
rates may be secondary to the small numbers of
patients which have been recruited, or the definition
used for ST. In this study, ST was defined on the basis
of symptoms, however, it has been shown that reocclu-
sion of a successfully opened CTO can be asymptom-
atic, and therefore, ST may be under reported. For
example, Valenti et al. reported a rate of reocclusion in
successfully opened CTO lesions of 11.2% in the 282
patients who return for angiographic follow-up at 8
months, however, only three patients experienced an
MI [31], the rate of stent thrombosis was not reported.

LIMITATIONS

This study has the following limitations. First of all,
it is a nonrandomized, observational study having a
historical cohort as a control; additionally, the patient
numbers are relatively small to enable any definite con-
clusions to be drawn.

Our data is limited by not being collected by direct
patient contact. We relied on patient’s to remember all
pertinent information. It is conceivable in view of the
long duration of follow-up that some events were
forgotten or omitted, although the annual follow-up
ensured that this was kept to a minimum.

Another limitation is the comparison between two
stents over different time periods, which makes it
impossible to control for changes in procedural tech-
nique and developments in available equipment, such
as lower profile balloons and stents.

Stent length was longer in SES group when
compared with BMS group, but nevertheless despite
this, no other difference in the two stents was noted.
Restenosis or even reocclusion within the CTO lesion
may not have been clinical apparent, which makes the

evaluation of clinical events at follow-up less sensitive
and also affects the assessment of the status of the
stent. Angiogram follow-up was shown to bias data
assessment during clinical follow-up in the TAXUS IV
trial [32]. In our study, 59% and 40% of the SES
group had angiographic follow-up at 6 months and
3 years, respectively, and therefore, our results may be
biased by this angiographic follow-up which occurred
only in one group.

CONCLUSIONS

After 5-years, clinically driven TLR was slightly
lower in the SES group when compared with a consec-
utive historical control BMS group but no benefit
exists in terms of reducing rates of MI, death, and
MACE when compared with the use of BMS.
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Discussion/Summary
The revascularization of patients with increasing co-morbidities and complex coronary artery dis-

ease has reiterated the importance of appropriate risk stratification. Accordingly, after establishing 

which patients should be revascularized, and discussing contemporary and future coronary stents, 

this thesis examined the current and newly developed tools available to stratify risk in those patients 

undergoing percutaneous coronary intervention (PCI). Finally after assessing the impact of clinical 

factors, coronary anatomy, and coronary stents on clinical outcomes, this thesis concluded by report-

ing the long-term outcomes of patients with complex disease treated with PCI using drug-eluting 

stents (DES).

The need for revascularization

In recent times there have been improvements in clinical outcomes following percutaneous or 

surgical revascularization, which coupled with the increasing number of institutions performing 

revascularization procedures, has resulted in an overall lower threshold for referring stable patients 

for mechanical revascularization. The expense of this however is that patients are often on sub-

optimal medical therapy, or given insufficient time to stabilize on prescribed medication, before 

being referred for revascularization. Revascularization procedures carry an inherent procedural 

risk, and should ultimately only be performed in those patients in whom they improve symptoms 

and/or prognosis. Chapter 1 of this thesis contains a key discussion comparing the three available 

treatments for patients with stable angina: medical therapy, PCI and coronary artery bypass surgery 

(CABG). Importantly in 2007, the COURAGE trial provided data with respect to the benefits of opti-

mal medical therapy in patients with stable angina, challenging the concept that all patients with 

obstructive coronary lesions require revascularization. As highlighted in the chapter however, there 

was a clear sub-set of patients (those with objective evidence of ischaemia) who did benefit from 

mechanical revascularization. Ultimately in those patients in whom revascularization is required, the 

age old discussion between whether patients should be treated with PCI or CABG still rages on. For-

tunately however, the developments and advances in percutaneous techniques, which are discussed 

extensively in Part 2, have helped to confine a large quantity of this debate to history, and the discus-

sion is now really only applicable to those patients with the most severe disease as explored in Parts 

2, 3 and 8.

Coronary stents

Part 2 of this thesis provided an in-depth review of current and future coronary stents, indicating 

that although there are clear benefits from using DES over historical bare metal stents, their use 

is not without some associated degree of risk. The first and second generation DES have all been 

studied in randomized trials, which have now reported long-term data, however most of these stud-

ies employed restrictive inclusion criteria, hindering extrapolation of the results to routine practice. 

There were safety concerns following widespread use of the early DES, which precipitated the devel-

opment of newer stent platforms, polymer technologies and anti-proliferative agents. Many of these 

newer stents are still in the early phases of assessment; however results thus far appear promising. 

Importantly, and as reported later in Chapter 7, some of these newer stents are being assessed in 
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unrestricted patient populations, enabling the study results to be more reflective of the stent’s per-

formance when used in everyday practice.  Unfortunately many questions still remain unanswered 

with respect to one of the major risks of stent implantation – stent thrombosis. Chapter 2.3 included 

an in-depth discussion of the most pertinent issues regarding this undesirable and frequently fatal 

complication. It is hoped that an improved understanding of these factors will ultimately facilitate 

identification of optimal preventive strategies.

Individualized assessment for mechanical revascularization

Part 3 provided an overview of the risk models that are available to physicians to assist in the assess-

ment of patients in need of mechanical revascularization. As discussed, current risk models rely 

on the assessment of clinical factors, or the complexity of coronary artery disease, whilst the more 

recently proposed models, which are explored in Part 4, rely on a combination of these two types 

of variables. Ultimately this chapter reiterates that patients in need of revascularization require an 

individual assessment, and moreover the modality of revascularization needs to be tailored after 

considering the patient’s co-morbidities, disease complexity, and personal preferences, whilst also 

taking into account the expertise of the physicians/surgeons performing the procedure. 

Tools for risk assessment in patients treated by PCI

Continuing on from the general discussion on risk models, Part 4 examined in greater detail those 

models which are appropriate for patients having PCI. In particular the benefits of using the euroS-

CORE and the SYNTAX score, together with an assessment of the SYNTAX score’s reproducibility are 

examined in Chapters 4.1 to 4.3, respectively. Following this were a series of studies assessing the 

utility of using newer risk models in a variety of different patient populations. The ACEF score, which 

represents a simple clinical based score that has only previously been validated in patients undergo-

ing CABG, was shown to be effective in risk stratifying patients undergoing PCI who were enrolled in 

the all-comers LEADERS study. Intuitively, a complete assessment of risk should consider both clinical 

and angiographic characteristics. Consequently the combined scores – Clinical SYNTAX score, and 

Global Risk Classification – have been developed, both of which utilise a clinical based score such 

as the ACEF score or the euroSCORE, in combination with the SYNTAX score. As reported in Chapter 

4.5, the first assessment of the Clinical SYNTAX score in a population of patients with complex coro-

nary artery disease demonstrated its superior discriminatory ability for endpoints such as mortal-

ity, and major adverse cardiovascular and cerebrovascular events when compared to the SYNTAX 

score alone. Similarly, in a population of patients with unprotected left main disease, the Global Risk 

Classification was also shown to be superior to using the SYNTAX score alone. All-in-all these series 

of studies provide evidence to support the use of combination risk models, as opposed to models 

assessing only clinical or angiographic characteristics. 

Influence of clinical factors on clinical outcomes

Part 5 reported that patients presenting for PCI in contemporary practice continue to have a high 

prevalence of risk factors, some of which are uncontrolled, and consequently these patients repre-

sent a sizable population in whom secondary preventative therapy should be aimed and/or opti-

mized. Further to that, although patient age is included as a variable in the euroSCORE and ACEF 
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score, in the complex patients enrolled in the ARTS-II study, age was only shown to influence out-

comes in patients treated by CABG, and not PCI. In contrast, body mass index was shown to be an 

independent risk factor for major adverse cardiovascular events amongst the patients enrolled in the 

LEADERS study.

Influence of coronary anatomy on clinical outcomes

Part 6 comprised a number studies which for the most part assessed the impact of coronary artery 

complexity, as quantified using the SYNTAX score, on clinical outcomes at 1- and 5-year follow-up. As 

reported in Chapters 6.1-6.6, the use of the SYNTAX score enables the identification of those patients 

treated with PCI who are at highest risk of mortality and/or major adverse cardiovascular events dur-

ing follow-up. Two additional applications of the SYNTAX score are explored in Chapters 6.5 and 6.7. 

Specifically in Chapter 6.5 the SYNTAX score was shown to have a potential role in the assessment 

of stent performance, whilst in Chapter 6.7 it was shown to be useful in assisting in the selection of 

patients with complex disease who did not require complete revascularization. Overall this series 

of studies indicate that the complexity of coronary anatomy has a major influencing role on the 

outcomes of patients having PCI. Although this is perhaps obvious, there has not been any previ-

ous method of accurately quantifying the complexity of coronary disease, stressing the need for the 

SYNTAX score, and reaffirming its role in the risk stratification of patients having PCI. 

Influence of stent type on clinical outcomes

The earlier discussion on coronary stents highlighted the important differences between different 

DES. Furthermore, as previously discussed in Part 2, it was the safety concerns with first generation 

DES that prompted the development of newer coronary stents. In Chapter 7 early and late outcome 

data from randomised studies which have assessed the performance of these newer DESs are pre-

sented, demonstrating that overall stent type does have an impact on clinical outcomes. Currently 

there are only limited long-term data from randomised trials comparing first and second generation 

DES.  This deficiency reiterates the significance of the first two chapters of Part 7, which confirmed 

the favourable outcomes, at 3- and 4-year follow-up, following use of the second generation evero-

limus-eluting stent.  There are several second generation DES, and Chapter 7.3 provided important 

data from the first randomised comparison of two second generation DES, with results demonstrat-

ing non-inferiority of the RESOLUTE zotarolimus-eluting stent compared to the everolimus-eluting 

stent. Likewise, similar outcomes were also demonstrated in Chapters 7.5 and 7.6, in the comparison 

between the first generation sirolimus-eluting stent, and the newer biodegradable polymer biolimus-

eluting stent. In contrast, in Chapter 7.4, the novolimus-eluting stent was shown to be superior to the 

second-generation zotarolimus-eluting stent.  Overall these studies provide important data on the 

performance of these newer stents, and notably the RESOLUTE (Chapter 7.3) and LEADERS (Chapter 

7.5) studies enrolled ‘all-comers’ patient populations, which facilitates extrapolation of these results 

to everyday clinical practice, whilst also overcoming some of the deficiencies of earlier DES studies 

which recruited selective less-representative patient populations. Unfortunately however, none of 

these studies were adequately powered to detect differences in stent thrombosis, and therefore the 

question as to whether these newer DESs really lower rates of stent thrombosis remains unanswered. 
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Percutaneous revascularization of complex disease

The lower threshold to investigate patients with symptoms of angina has inevitably lead to increas-

ing numbers of patients with complex coronary artery disease presenting in need of definitive revas-

cularization. Historically these patients would have received surgical revascularization; however in 

contemporary practice the availability of DES has ensured that the modality of revascularization is 

not as clear cut as before. Therefore Chapter 8, which reports the long-term safety and efficacy of 

using DES in patients with a spectrum of conditions, which all fit under the umbrella of ‘complex 

patients and/or disease’ provides important data that are relevant to everyday practice. Chapters 8.1 

to 8.3 report data from the ARTS-II registry which compared DES use with historical patients enrolled 

in the ARTS-I study who were randomised to treatment with bare-metal stents or CABG. These three 

studies demonstrate that use of DES is feasible in these complex patients, with no significant differ-

ence seen when compared with CABG, in rates of death or the composite of death/myocardial infarc-

tion/stroke. The rates of repeat revascularization were consistently lower in surgically revascularized 

patients, which remains an important consideration when deciding, and counselling patients, with 

respect to the mode of revascularization. The final two analyses in this Chapter utilise data from the 

RESEARCH and T-SEARCH registries, both of which were unrestricted DES registries. Importantly the 

studies fail to demonstrate any superiority at long-term follow-up of using a DES compared to a bare 

metal stent for patients with unprotected left main lesions or chronically occluded arteries. 

CoNCLUSioNS

This thesis has several main findings. Firstly, since its inception in the late 1970s there have been sig-

nificant improvements in outcomes following percutaneous revascularization, which in part can be 

attributable to the introduction and development of coronary stents. Nevertheless, stent thrombosis 

remains a valid concern following PCI, and attempts to minimise this continue through the develop-

ment of newer stents, physician and patient education, and on-going research. The second major 

finding is that these advances in PCI have ensured that percutaneous revascularization is technically 

feasible for the majority of coronary lesions; however this may not be the most appropriate treat-

ment for the patient in question. Therefore in those patients in need of revascularization, and most 

notably in those with the most complex disease, a through and individualised assessment, which 

includes consideration of clinical co-morbidities, the complexity and extent of coronary artery dis-

ease and a patient’s preferences, is mandatory before a final decision is made on the optimal method 

of treatment. 
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Samenvatting en conclusies
De revascularisatie van patiënten met toenemende comorbiditeiten en complexe aandoeningen van 

de coronairvaten benadrukt nogmaals het belang van passende risicostratificatie. Dienovereenkom-

stig werden in deze thesis, na het vaststellen van welke patiënten gerevasculariseerd zouden moeten 

worden en het bespreken van de huidige en toekomstige coronaire stents, de huidige en nieuw te 

ontwikkelen beschikbare instrumenten bestudeerd voor het stratificeren van het risico bij patiënten 

die percutane coronaire interventie (PCI) ondergaan. Tenslotte sluit deze thesis na de beoordeling 

van de impact van klinische factoren, coronaire anatomie en coronaire stents op klinische resultaten 

af met een rapportage van de langetermijnresultaten van patiënten met complexe aandoeningen 

die werden behandeld met PCI met gebruik van drug-eluting stents (DES).

De noodzaak voor revascularisatie

In het recente verleden hebben verbeteringen plaatsgevonden in de klinische resultaten na percu-

tane of chirurgische revascularisatie. Gekoppeld aan het toenemende aantal instituten dat revascu-

larisatieprocedures uitvoert, heeft dit geleid tot een overall lagere drempel voor het doorverwijzen 

van stabiele patiënten voor mechanische revascularisatie. Het gevolg hiervan is echter dat patiënten 

vaak een suboptimale medische behandeling krijgen, of onvoldoende tijd krijgen om te stabiliseren 

op de voorgeschreven medicatie voordat zij worden doorverwezen voor revascularisatie. Revascula-

risatieprocedures brengen een eigen procedureel risico met zich mee en zouden uiteindelijk alleen 

uitgevoerd moeten worden bij patiënten bij wie het de symptomen en/of de prognose zou verbe-

teren. Hoofdstuk 1 van deze thesis bevat een hoofddiscussie waarin de drie beschikbare behande-

lingen voor patiënten met stabiele angina pectoris worden vergeleken: medische behandeling, PCI 

en coronaire bypassoperatie (CABG). Van belang is dat in 2007 de COURAGE trial gegevens leverde 

met betrekking tot de voordelen van een optimale medische behandeling bij patiënten met stabiele 

angina pectoris, waarbij het concept dat alle patiënten met obstructieve coronaire laesies revascu-

larisatie behoeven in twijfel wordt getrokken. Zoals in dit hoofdstuk echter ook wordt benadrukt, 

was er een duidelijke ondergroep patiënten (patiënten met feitelijke sporen van ischemie), die niet 

profiteerde van mechanische revascularisatie. Uiteindelijk duurt bij patiënten die revascularisatie 

behoeven, de eeuwenoude discussie of patiënten behandeld moeten worden met PCI of met CAGB, 

nog steeds voort. Gelukkig hebben de ontwikkelingen en vooruitgang in percutane technieken, 

die uitgebreid worden besproken in deel 2, ertoe bijgedragen dat een groot deel van dit vraagstuk 

inmiddels geschiedenis is. De discussie is nu alleen nog van toepassing op patiënten met de ernstig-

ste vorm, zoals uiteengezet in deel 2, 3 en 8.

Coronaire stents

Deel 2 van deze thesis toont een uitgebreid overzicht van huidige en toekomstige coronaire stents, 

waarmee wordt aangegeven dat hoewel er duidelijke voordelen zijn aan het gebruik van DES in ver-

gelijking met historische metalen stents, hun gebruik niet zonder enig risico is. De eerste en tweede 

generatie DES werden allemaal onderzocht in gerandomiseerde onderzoeken, die nu langeter-

mijngegevens hebben opgeleverd. De meeste van deze onderzoeken maakten echter gebruik van 

beperkte inclusiecriteria, waardoor de extrapolatie van de resultaten naar routinepraktijk gehinderd 
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wordt. Er bestond twijfel over de veiligheid na het wijdverspreide gebruik van de vroegere DES. Hier-

door werd de ontwikkeling van nieuwere stentplatformen, polymeer technologieën en antiprolifera-

tieve middelen bespoedigd. Veel van deze nieuwere stents bevinden zich nog in de eerste beoorde-

lingsfase, maar de resultaten zien er tot dusver veelbelovend uit. Van belang is dat, en dit wordt ook 

later in hoofdstuk 7 uiteengezet, sommige nieuwere stents worden beoordeeld bij een onbeperkte 

patiëntpopulatie, waardoor de onderzoeksresultaten een beter beeld geven van de prestatie van 

de stent dan wanneer gebruikt in de praktijk van alle dag.  Helaas blijven nog veel vragen onbe-

antwoord als het gaat om een van de grote risico’s van stentimplantatie, namelijk stenttrombose. 

Hoofdstuk 2.3 bevat een diepgaande discussie over de belangrijkste problemen met betrekking tot 

deze ongewenste en vaak fatale complicatie. Het is te hopen dat een beter begrip van deze factoren 

uiteindelijk de identificatie van optimale preventieve strategieën mogelijk zal maken.

Individuele beoordeling voor mechanische revascularisatie

Deel 3 toont een overzicht van de risicomodellen die artsen tot hun beschikking staan ter onder-

steuning van de beoordeling van patiënten die mechanische revascularisatie behoeven. Zoals reeds 

besproken, zijn de huidige risicomodellen gebaseerd op de beoordeling van klinische factoren, of 

de complexiteit van de aandoening van de coronairvaten, terwijl de recentere modellen, die worden 

onderzocht in deel 4, zich baseren op een combinatie van deze twee typen variabelen. Tenslotte 

herhaalt dit hoofdstuk dat patiënten die revascularisatie behoeven, individueel beoordeeld moeten 

worden en daarnaast moet de modaliteit van revascularisatie passend worden gemaakt, waarbij de 

comorbiditeiten van de patiënt, de complexiteit van de aandoening en persoonlijke voorkeuren in 

overweging worden genomen, terwijl er ook rekening wordt gehouden met de expertise van de 

artsen/chirurgen die de procedure uitvoeren. 

Tools voor de risicobeoordeling van patiënten die behandeld worden met PCI

Voortbordurend op de algemene discussie over risicomodellen, onderzocht deel 4 gedetailleerder 

de modellen die geschikt zijn voor patiënten met PCI. Met name de voordelen van het gebruik van 

de euroSCORE en de SYNTAX-score, in combinatie met een beoordeling van de reproduceerbaarheid 

van de SYNTAX-score worden bestudeerd in hoofdstuk 4.1 tot 4.3. Hierna volgde een aantal studies 

waarin het nut van het gebruik van nieuwere risicomodellen werd beoordeeld in een reeks verschil-

lende patiëntpopulaties. De ACEF-score, die een eenvoudige klinische score vertegenwoordigt die 

alleen eerder werd gevalideerd bij patiënten die CABG ondergingen, liet zien effectief te zijn in de 

risicostratificatie van patiënten die PCI ondergingen die deelnamen aan het voor iedereen toegan-

kelijke LEADERS onderzoek. Intuïtief zou een complete risicobeoordeling zowel klinische als angio-

grafische kenmerken in overweging moeten nemen. Derhalve werden de gecombineerde scores, 

de klinische SYNTAX-score en de globale risicoclassificatie, verder ontwikkeld. Beide maken gebruik 

van een klinische score als de ACEF-score of de euroSCORE, in combinatie met de SYNTAX-score. 

Zoals eerder vermeld in hoofdstuk 4.5, toonde de eerste beoordeling van de klinische SYNTAX-score 

bij een populatie van patiënten met een complexe aandoening aan de coronairvaten, het superi-

eure opmerkzame vermogen voor eindpunten aan, zoals mortaliteit en ernstige cardiovasculaire en 

cerebrovasculaire bijwerkingen, in vergelijking met alleen de SYNTAX-score. Op een vergelijkbare 

manier werd bij een populatie van patiënten met onbeschermde linker coronairvataandoening ook 
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aangetoond dat de globale risicoclassificatie superieur was in het gebruik van alleen de SYNTAX-

score. Al met al leveren deze onderzoeken het bewijs voor ondersteuning van het gebruik van een 

combinatie van risicomodellen, in tegenstelling tot modellen die alleen klinische of angiografische 

kenmerken beoordelen. 

Invloed van klinische factoren op klinische eindresultaten

Deel 5 liet zien dat patiënten die voor PCI kwamen nog steeds een hoge prevalentie van risicofacto-

ren hebben, waarvan sommige niet gereguleerd zijn. Derhalve vertegenwoordigen deze patiënten 

een aanzienlijke populatie waarbij een secundaire preventieve behandeling het doel moet zijn en/

of geoptimaliseerd moet worden. Daarnaast werd, hoewel de leeftijd van de patiënt als variabele 

wordt toegevoegd aan de euroSCORE en ACEF-score, bij de complexe patiënten die deelnamen aan 

het ARTS-II onderzoek, de leeftijd alleen getoond om de resultaten te beïnvloeden van patiënten 

die werden behandeld met CABG, en niet met PCI. Daar tegenover werd aangetoond dat de body 

mass index een onafhankelijke risicofactor was voor ernstige cardiovasculaire bijwerkingen onder de 

patiënten die deelnamen aan het LEADERS onderzoek.

Invloed van coronaire anatomie op klinische eindresultaten

Deel 6 bestond uit een aantal studies die voor het grootste gedeelte de impact beoordeelden van 

coronairvatcomplexiteit, uitgedrukt met gebruik van de SYNTAX-score, op klinische eindresultaten 

na 1 jaar en 5 jaar follow-up. Zoals vermeld in hoofdstuk 6.1-6.6, maakt het gebruik van de SYNTAX-

score de identificatie mogelijk van patiënten die werden behandeld met PCI en die het hoogste 

risico lopen op mortaliteit en/of ernstige cardiovasculaire bijwerkingen tijdens de follow-up. Twee 

extra toepassingen van de SYNTAX-score worden uiteengezet in hoofdstuk 6.5 en 6.7. Voornamelijk 

in hoofdstuk 6.5 liet de SYNTAX-score zien dat het een belangrijke rol speelt bij de beoordeling van 

stentprestatie. In hoofdstuk 6.7 liet het juist zien nuttig te zijn ter ondersteuning van de keuze van 

patiënten met een complexe aandoening die geen complete revascularisatie behoefden. Over het 

geheel genomen tonen deze onderzoeken aan dat de complexiteit van de coronaire anatomie van 

zeer grote invloed is op de eindresultaten van patiënten die PCI ondergaan. Hoewel dit misschien 

voor de hand liggend is, is er nog geen eerdere methode geweest voor het nauwkeurig kwantifice-

ren van de complexiteit van coronaire aandoeningen, waarmee de noodzaak voor de SYNTAX-score 

wordt benadrukt en de rol in de risicostratificatie van patiënten die PCI ondergaan, nogmaals wordt 

bevestigd. 

Invloed van stenttype op klinische eindresultaten

De eerdere discussie over coronaire stents benadrukte de belangrijke verschillen tussen verschil-

lende DES. Bovendien, zoals eerder besproken in deel 2, waren het de twijfels over de veiligheid van 

de eerste generatie DES die de ontwikkeling van nieuwe coronaire stents in een stroomversnelling 

brachten. In hoofdstuk 7 worden vroege en late resultaatgegevens van gerandomiseerde onderzoe-

ken die de prestatie van deze nieuwere DESsen onderzochten, gepresenteerd, waarmee wordt aan-

getoond dat het overall stenttype wel degelijk van invloed is op klinische eindresultaten. Er zijn op 

dit moment niet veel langetermijngegevens van gerandomiseerde trials waarin de eerste en tweede 

generatie DES worden vergeleken. Dit gebrek aan gegevens benadrukt nogmaals het belang van de 
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eerste twee hoofdstukken van deel 7, waarin de gunstige resultaten na 3 en 4 jaar follow-up wor-

den bevestigd, na gebruik van de tweede generatie everolimus- eluting stent. Er zijn verschillende 

tweede generatie DES, en in hoofdstuk 7.3 staan belangrijke gegevens van de eerste gerandomi-

seerde vergelijking van twee tweede generatie DES, met resultaten die non-inferioriteit aantonen 

van de RESOLUTE zotarolimus-eluting stent in vergelijking met de everolimus-eluting stent. Boven-

dien werden dezelfde resultaten ook aangetoond in hoofdstuk 7.5 en 7.6, bij de vergelijking tussen 

de eerste generatie sirolimus-eluting stent en de nieuwe, biologisch afbreekbare polymeer biolimus-

eluting stent. In hoofdstuk 7.4 daarentegen toonde de novolimus-eluting stent zich superieur aan de 

tweede generatie zotarolimus-eluting stent.  Over het geheel genomen leveren deze onderzoeken 

belangrijke gegevens over de prestaties van de nieuwere stents, en met name de RESOLUTE- (hoofd-

stuk 7.3) en LEADERS- (hoofdstuk 7.5) onderzoeken waaraan allerlei patiëntpopulaties deelnamen. 

Dit maakt de extrapolatie van deze resultaten mogelijk naar de dagelijkse klinische praktijk, terwijl 

het ook een aantal gebreken ondervangt van eerdere DES-onderzoeken die selectieve, minder repre-

sentatieve patiëntpopulaties rekruteerden. Helaas waren deze onderzoeken echter niet voldoende 

krachtig om de verschillen op te sporen in stenttrombose. Daarom blijft de vraag of deze nieuwere 

DESsen daadwerkelijk het aantal gevallen van stenttrombose verlagen, onbeantwoord. 

Percutane revascularisatie van complexe aandoening

De lagere drempel om patiënten met symptomen van angina pectoris te onderzoeken, heeft onver-

mijdelijk geleid tot een toenemend aantal patiënten met complexe aandoeningen van de coronair-

vaten, die definitieve revascularisatie behoeven. Historisch gezien zouden deze patiënten operatieve 

revascularisatie hebben ondergaan. In de hedendaagse praktijk echter heeft de beschikbaarheid van 

DES ervoor gezorgd dat de modaliteit van revascularisatie niet zo vanzelfsprekend is als dat eerder 

het geval was. Daarom staan er in hoofdstuk 8, met vermeldingen van de veiligheid en werkzaam-

heid op de lange termijn van het gebruik van DES bij patiënten met een spectrum van aandoenin-

gen, die allemaal passen onder de noemer van ‘complexe patiënten en/of aandoeningen’, belangrijke 

gegevens die relevant zijn voor de dagelijkse praktijk. Hoofdstuk 8.1 tot 8.3 leveren gegevens van 

het ARTS-II-register, dat het DES-gebruik vergeleek met historische patiënten die deelnamen aan het 

ARTS-I onderzoek die werden gerandomiseerd naar een behandeling met metalen stents of CABG. 

Deze drie studies tonen aan dat het gebruik van DES uitvoerbaar is bij deze complexe patiënten, 

zonder dat er een significant verschil is te zien in vergelijking met CABG, voor wat betreft percen-

tages van overlijden of de composiet overlijden/myocardinfarct/beroerte. De percentages van 

herhaalde revascularisatie waren consequent lager bij operatief gerevasculariseerde patiënten, wat 

een belangrijke overweging blijft bij de besluitvorming en bij het adviseren van patiënten, voor wat 

betreft de manier van revascularisatie. De laatste twee analyses in dit hoofdstuk gebruiken gegevens 

van het RESEARCH- en T-RESEARCH-register, beide onbeperkte DES-registers. Van belang is dat de 

onderzoeken er niet in slagen eventuele superioriteit bij de langetermijn follow-up aan te tonen van 

het gebruik van DES in vergelijking met een metalen stent bij patiënten met linker coronairvatlaesie 

of chronisch afgesloten arteriën. 
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CoNCLUSieS

Deze thesis laat verschillende hoofdbevindingen zien. In de eerste plaats zijn er sinds de aanvang zo 

rond 1970 significante verbeteringen waargenomen in de resultaten na percutane revascularisatie. 

Dit kan deels worden toegewezen aan de introductie en ontwikkeling van coronaire stents. Toch 

blijft stenttrombose een grote zorg na PCI en pogingen om dit te minimaliseren zetten zich voort 

door middel van de ontwikkeling van nieuwere stents, scholing van artsen en patiënten en voortdu-

rend onderzoek. De tweede grote bevinding is dat deze stappen voorwaarts in PCI ervoor hebben 

gezorgd dat percutane revascularisatie technisch haalbaar is voor de meerderheid van coronaire 

laesies. Dit is wellicht niet de meest geschikte behandeling voor de patiënt in kwestie. Daarom is bij 

die patiënten die revascularisatie behoeven, en vooral patiënten met de meest complexe aandoe-

ningen, een grondige en individuele beoordeling noodzakelijk, waarbij klinische comorbiditeiten, de 

complexiteit en de omvang van de aandoening aan de coronairvaten en de voorkeur van de patiënt 

mede worden meegewogen voordat een uiteindelijke beslissing wordt genomen over de optimale 

behandelingsmethode. 
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Acknowledgements
I have thought long and hard about the acknowledgement section of my thesis, most notably 

because this is probably the only section which will be read by everybody, and for some, it will be the 

only part of this thesis that they read– so I will try my best to make it memorable.

My time at the Thoraxcenter was short, and I calculate it to have been my home for 591 days – 591 

eventful days which will live long in my memory. 

So firstly, how did I end up in Rotterdam working for Patrick W.J.C. Serruys? Well as I was coming 

to end of my specialist training in interventional cardiology in the UK I was told by my supervisors 

that my CV was lacking any research papers, and that my chances of further employment were slim. 

Possibly, harsh; but it was enough of a push, and on one cold January night in 2008 I sent an email 

to Prof Serruys enquiring about the possibility of a research post. I did not hear anything for several 

weeks, (after starting, and viewing Prof’s daily mountain of correspondence – the delay was perfectly 

understandable), but thankfully I was called for an interview, and six months later on a wet, cold, 

overcast November morning I arrived for my first day at the Thoraxcenter. I came with no real plans, 

other than a desire to write some papers, and if possible gain a PhD thesis.

The first 4-6 weeks in Rotterdam were thoroughly miserable, as every fellow will no doubt remember. 

I had no office, and worst of all, had nothing much to do. I spent my first few weeks watching PCI 

cases or in the Erasmus MC library. I later found out that this was, as elegantly described by Prof, the 

period when the fellow is, “marinating in the Thoraxcenter.” I was also told at the time that when the 

work starts you will be asking for it to stop. I am glad to say after this period I became involved in 

some wonderful projects, which most importantly allowed me to meet, and work with marvellous 

determined individuals from all around the world. 

Fellows

My fellow colleagues were a wonderful group of individuals from all corners of the globe, who all 

came to Rotterdam away from their families and friends to work with Prof. On the next page is a 

picture of all of us, which was taken on Valentine’s Day 2009, such that we can all uniquely claim to 

have had our picture in Circulation (2010; 121:f1-f6). Every so often we would have to say good-bye 

to a colleague who would be returning home – resulting in a fellow’s leaving dinner, and the buying 

of leaving present which usually (and consistently) amounted to a book on the sights of Rotterdam. 

Such creativity!

So what can I say of my fellow colleagues – they have been plenty of them and I pleased to say I have 

worked with all of them on one thing or another. It has been a pleasure, and without you, my time in 

Rotterdam would have been all that much harder. It is only fitting to thank each of you individually:

Hector – my first Mexican friend, and certainly the first Dutch speaking Mexican that I have ever met, 

definitely an endangered species in The Netherlands. You were the longest-serving fellow when I 
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arrived, and I am pleased you have now transcending into a more permanent position in Rotterdam. 

You tried for my entire time in Rotterdam to introduce me to different colourful imaging techniques. 

We first worked together when you introduced me to the red and yellow colours (and occasionally 

black) produced by the Lipiscan. I worked hard on getting that catheter into the lab, but I think you 

knew my heart was not in it. Next you tried to convert me with the four colours of your beloved 

virtual-histology (?virtual luck), and although we wrote several papers on this, I didn’t hide my scep-

ticism. I remember your punctual desire for lunch just after noon each day, and the wide variety 

of eateries that you would take us to within a short distance from Cardialysis. You acted as the go 

between for the fellows and the management of Cardialysis, and for that we have to thank you. I also 

had the opportunity to meet your wonderful wife Lulú, and the youngest member of the Garcia-

Garcia household, Andreas. 

 

Giovanna – from my first Mexican friend to my first Italian friend. Giovanna, it was pleasure work-

ing with you in your equally brief time in Rotterdam. We started within a month of each other, and 

slowly worked together on numerous projects, but this was not before you had had your bicycle 

stolen three times. We first worked together on the SYNTAX score website, and then we spent many 

months reviewing angiograms for the SYNTAX score studies, many of which are contained in this 

thesis. Thank you. I remember how you used to enter your references in manually, and how pleased 

you were when you were introduced to Endnote. In between, you like my aforementioned Mexican 

friend had a strong attraction to the colours of VH, and I remember the hours you spent analysing 

images from the AtheroRemo study. I remember the story about your sofa, and how you managed to 

persuade two strangers to carry it up four flights of stairs to your flat, and who could forget the time 

you were apparently stuck in a train station in Sheffield with no money or mobile phone. I think you 

A picture of all (well most) of us, taken on 14th February 2009. Left to right: Me, Apostolos Tzikas, Joanna 
Wykrzykowska, Zhu Jun Shen, Hector M. Garcia-Gracia, Nicolo Piazza, Nieves Gonzalo, Prof, Yoshinobu 
Onuma, Giovanna Sarno, Chrysafios Girasis, Takayuki Okamura, Carl Schultz, and Eun-Seok Shin.
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had offers of help from all over, including Gerrit-Anne whilst he was on holiday in the US, but alas it 

was just a spam email that probably circulated to everybody in this room, and also many eminent 

Cardiologists around the globe. Fun-times. It was a sad when you departed back to your native Italy, 

but I am glad that we have stayed in touch, and now I wish you all the best on your further travels 

across Europe. 

  

Josep – you arrived after I had been in Rotterdam for approximately 10 months. At first I thought of 

you as another Mediterranean, and another Spaniard, however it quickly emerged you were from 

Cataluña and not Spain, and you loved FC Barcelona. I remember your first month here, which was 

spent drawing the infamous circles on VH images, hour after hour. This process of drawing circles was 

flavoured by the release of several firstly Spanish and then quickly Korean swear words, and inter-

rupted only by your cigarette breaks. You were soon given the project on the stent curvature, and I 

admire how you tackled that daunting project, and glad it was successful; the accolades you received 

for it were entirely deserved. Away from Cardialysis, it was fun watching our respective teams play in 

the Champions League...over a beer in the Irish or Mexican bar. I left before the World Cup reached 

its final stages, and I still wonder whether you were happy or sad at the final result. I wish you and 

Marcel all the best in Barcelona.

Juan-Luis – aka Chico, you started a few weeks after me and shared Z-120 with me, although we 

spent the majority of our time at Cardialysis. A man of many talents, you never ceased to amaze. 

Be it with your knowledge of history, the arts, your opera singing, your linguistic expertise which 

extends to speaking nearly all European languages, and being able to imitate the voices of well-

known members of the EAPCI. You are a whizz with statistics, and I have to thank you for helping me 

out with some papers as a result. Needless to say you were always willing to help. Funnily I remember 

your love for tee-shirts whatever the weather, and how you took the Szabo technique with you to 

EuroPCR, the ESC and TCT all within 3 months, and all sponsored. Well done! I know you will continue 

your success when you return back in Spain. 

Joanna – you are certainly one of the hardest working people I have ever met. I am pleased to say 

we worked together on the AtheroRemo project, and numerous manuscripts, many of which are 

included in this thesis. You were never far away from your Blackberry, and an email to you was also 

answered prompted whatever time it was sent. I am sure you will enjoy an equally successfully time, 

and overcome any challenges in your path in your new post at the AMC.

Chrysafios – aka ‘Chris’, we worked together on number of SYNTAX manuscripts, and spent the best 

part of 6-months together calculating the SYNTAX scores from SIRTAX. Due to your clinical commit-

ments and your QCA work, we didn’t see much of you at Cardialysis, but when we did, you certainly 

made yourself heard. I value your straight talking, and am sure a successful career is in the making.  

Taka – we shared Z-120, and I thank you for lending me your key when I first started, whilst I was 

waiting 6 weeks for my key to be cut. You introduced me to the world of new OCT machines, and who 

can forget the Taka-ograms which were so impressive, and ground-breaking. We sometimes had to 
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communicate using your pocket translator, but this owed more to my ignorance of Japanese than 

anything. I am pleased to say we worked together closely on some papers, and I wish you all the best 

now that you are back in Japan.

Apostolos – if things have gone to plan you should be defending your thesis today. I didn’t see much 

of you during the working day as you spent your time in the Fellow’s office in the Thoraxcenter. 

Nevertheless I am glad we had the opportunity to meet when the fellows went out for dinner. It was 

always a pleasure meeting Katrina, and Zoi was always at hand to entertain. You were always down 

to earth, and very pleasant company. You left Rotterdam a short time after me, and I am sure you are 

enjoying your time in Montreal. I wish you and your family all the best. 

 

Michael – I didn’t see much of you at Cardialysis until my final few months in Rotterdam. Nevertheless 

I am glad that we managed to work together before I left, and I have to thank you for helping me out 

with those final papers. 

Shin – we shared the fellows’ room for the best a year, and your passion was always VH. You were 

incredibility hard working, arriving before, and leaving after most of the other fellows, including 

me. Most remarkable was that you were also looking after your son. Through your work on VH, you 

invented the Shin’s method, and I wish you all the success with it. I enjoyed working together, and 

am pleased we wrote some papers together. Language was occasionally a barrier, but we overcame it 

one way or the other. I fondly remember the time when I asked Giovanna to translate what I wanted 

to say into Italo-English before you could understand what I was going on about! You are well on the 

way to being a Prof in South Korea...don’t forget us.

Shen – our time together was short, but I am glad you gained what you wanted out of your time in 

Rotterdam. Before you left I am glad to say we completed a paper together. I have to thank you for 

passing on your bicycle when you left, it really allowed me to experience the true Dutch way of life. 

Salvatore – my Sicilian colleague, you arrived a few months before I left, but we still managed to work 

together on a few manuscripts. I enjoyed savouring your cooking at Giovanna’s leaving party, and 

your dislike of Inter Milano.  Enjoy the rest of your time in Rotterdam.

Roberto – you arrived a similar time to Salvatore, and took over the Lipiscan from me. I wish you all 

the best with your projects. Unfortunately I had to watch your team in the Champions League, and 

worst of all they won. 

Yoshi – you have been in Rotterdam longer than any of the other fellows, and will no doubt be there 

for many years to come. You work incredibility hard, and I am not sure what Prof would do without 

you. I am glad we managed to work together on some projects together, and I wish you all the best 

for your future in The Netherlands. 
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Carl – a fellow Brit in part, I have to thank you for all your help in putting me touch with my landlord 

before I even came to Rotterdam. We worked together on a few projects; however we had different 

interests. I was happy when you got married, and more so when your son Zachery arrived.  I wish you 

all the best for your future in The Netherlands. 

Cardialysis 

Cardialysis is an amazing place, filled with very hard working individuals who I cannot thank enough 

for their help during my time in Rotterdam. Through all my projects I got to know many of the staff 

members very well and I will try and thank as many of them as I can.

Statisticians – Ton, Marco, Tessa, Michael, Pierre, Eric and Dick- you all had to put up with me pestering 

you for data or analyses, and being bombarded by my emails. You made allowances for my statisti-

cal naivety and without you all many of the manuscripts in this thesis would not have made it into 

print. Thank you very much. Ton the analysis for the bifurcation paper from LEADERS seemed to take 

an eternity, and I am glad you didn’t kill me with all my requests. Pierre, Tessa and Marco, I am sure 

you do not need reminding of those three intensive days during the Resolute writing session, when 

things were changing by the minute.  

Study Co-ordinators – Bianca, Monique, Anne-Marie den Drijver, Yvonne, and Jacintha – you also had 

to put with me pestering you for requests, study protocols, CRFs etc. Thank you. You were always 

helpful, and accommodating. Anne-Marie we worked together on the EXCELLA project, and that 

had a successful ending. Yvonne and Jacintha, we worked together on Resolute All-Comers, and I’m 

pleased that things worked out well. Yvonne, you also had to work with me on LEADERS, and I’m 

pleased that that was also very productive.

Peter-Paul – a gentleman – our paths crossed on several projects, not least Resolute All-Comers. It was 

a pleasure working with you.

Marie-Angèle – you were the first to arrive, and the last to leave Cardialysis. You were always full of 

energy, and willing to help. I am glad that I was able to help, when you were tirelessly working on the 

SYNTAX score website. You know everybody, and everybody knows you, in the world of Cardiology. 

We share a passion for football, although our support extends to different teams. It was wonderful 

watching your Orange transformation during the World Cup. I must also thank you and Ravindra for 

buying my son his Dutch football shirt, which he wore whilst he watched his first World Cup final, 

aged 21 days. 

Gerrit-Anne – a statistician and part of the board of directors at Cardialysis. I have to thank you for 

allowing me to be part of the Cardialysis team. We worked together on several projects, and your 

input was always invaluable. 

Paul Cummins – a Scouse loving Irishman. I have to admit I am glad you supported Liverpool; it 

always gave me something to laugh at, and also helped me remember the similar conversations I 
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week-in-week-out back home with similarly deluded Scousers. You are the lynchpin of EuroInterven-

tion, and your door was always open for a chat about anything. In my time in Rotterdam, it has been 

a pleasure to watch EuroIntervention grow and grow, and you certainly deserve a lot of credit for all 

your behind the scenes work. 

Pascal – a weekly visitor to Cardialysis, I am pleased that we got to work on some manuscripts 

together...although it is a pity there weren’t more.  

Thoraxcenter

I did not spend any time in the cath labs of the Thoraxcenter but on occasion when I have needed 

help, John de Vries, Elco, Anne-Marie, Sander, and Marjo de Ronde were always helpful.  I reserve 

special words for Jurgen, a mastermind of intra-vascular ultrasound and with whom I worked with 

closely when the Lipiscan was being introduced. He was always encouraging, and enthusiastic, and I 

enjoyed listening to his interesting tales from when he travelled around Europe in his younger days.  

My supervisor was Prof and I was mainly based at Cardialysis, however through the weekly filmbe-

spreking, EuroIntervention board meetings, and the annual preparations for EuroPCR I am pleased 

to say I got to work with, and got to know many of the staff members who each had their area of 

expertise and knowledge to part. Thank you. 

Hull 

I am indebted to the help given to me by the many different people I worked and became friends 

with during my 5 years of specialist training in Hull, East Yorkshire. In particular:

Ann – my training supervisor, you were always only a phone call away; and always ready to listen. I 

continue to value your well-directed and thoughtful advice. Before I left for Rotterdam, you helped 

me get my OOPE application approved by the post-graduate dean, which ultimately allowed me to 

go. Moreover, whilst I was there, you were still very supportive. Thank you very much. 

Farqad – besides thanking you for my clinical training, I have to thank you for first putting the idea of 

going to Rotterdam in my mind. 

Brags – we left Hull at a similar time, and although you moved to west coast of America, we stayed 

in touch. I have to thank you for your support, and advice, which really helped me during my time in 

Rotterdam. I am glad that you are now back in the UK and that we are still close friends.

Christos – we worked together in Hull for a short time before you moved back to Greece, but I am glad 

we stayed in touch. You came to visit me in Rotterdam, when you were in Brussels on a conference, 

but it was only recently that you told me how you ended up spending the night at Paris-Nord sta-

tion, when you didn’t get off the train in Brussels! Your experiencing of the UK rail system is similarly 

colourful. I am glad that we managed to work together on a few papers, even whilst I was in Rotter-

dam, and now we are back in the UK I hope we will work together again.
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Huan & Shani – I am glad that we stayed in touch; it was always great to see you again when I went 

back to Hull, or when we met at conferences elsewhere. I have fond memories of our dinner in Barce-

lona during the ESC 2009. I wish you well on your new adventures abroad.

Maria, Angie, Becks, Janine, Kim and Liam -- I was sad when I left the cath lab in Hull, but I always looked 

forward to our regular meetings at AAI and PCR. Maria, I have to thank you for always sorting me out 

a place, when needed. It was always great catching up, and I have to thank you all for your support 

whilst I was in Rotterdam. It really did help. When we did we meet up, I don’t think we ever had a dull 

moment together, whether it was drinking canned beers on the beach in Barcelona, or savouring 

wine in the Hilton Metropole.  Long may it continue. Keith Edwards lives on in our thoughts. 

Industry

Cardiology is unique amongst medical specialities through the close interaction between physicians 

and industry. Much of the work contained in this thesis would not have been possible without this 

close interaction, and I would like to thank those people who I have liaised with closely over the past 

few years, enabling me to complete my work in a timely fashion. 

Keith Dawkins–Some of the work contained in this thesis centres on the SYNTAX trial, and I have 

to thank you for taking time out of your busy schedule to respond to my requests for data, which 

ultimately allowed me to complete my work.

Janine, Jason, Frank and Manuela – I enjoyed working with all of you on Resolute All-Comers. The 

week of the writing session in Rotterdam, and the following weeks were intensive to say the least, 

but I am glad that we were able to successfully work together. Frank, I have to thank you for always 

picking the best restaurant for us to eat, even when you couldn’t join us. Special thanks are reserved 

for you J9, for all your additional help, the purple scribed emails, and your ‘advertising’ at EuroPCR. 

Susanne – it has been a pleasure working with you over the past few years. Our paths first crossed in 

preparation for EuroPCR 2009, and I remember our first meeting; you came to Cardialysis to review 

some LEADER’s data that I had been working on, and we met for over 2-hours, and I didn’t even get 

round to offering you a coffee! After that start, I am pleased to say subsequent meetings were a 

considerable improvement. 

Claudia – I am pleased that we had the opportunity to work together on a number of projects. I am 

still waiting however for the masterpiece that you promised for my wall...

Moira – I reserve a special thanks to you Moira. You didn’t know me, but you agreed to help me out 

before I came to Rotterdam. I am glad that we have stayed in touch, and now you work just down the 

road in Belgium. Thank you. 
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Prof

My time in Rotterdam will live long in the memory, and one of the primary reasons for that is Prof 

Serruys. Prior to coming to the Thoraxcenter, I had heard about the unique work that went on, but 

had heard little about Prof himself. The review of his achievements in Circulation last year was simply 

an introduction, and by no means the full story. Prof, I think it is impossible for me to accurately and 

completely describe your achievements, your thirst for research, your innovative thinking and your 

drive to take our speciality forward for the best of our patients, to those who have not experienced 

this first hand – seeing really is believing. Thankfully after witnessing these in the flesh, I could not 

help introducing them into my own work. 

It has been a privilege to work for you, and I am eternally grateful for all the opportunities you gave 

me whilst I was in Rotterdam. The list is endless, but three stick out in my mind. Firstly you asked 

the Chairs of the ESC Guidelines committee for myocardial revascularization to allow me to join the 

Task force, and consequently I attended writing sessions in Barcelona and Bruges. Secondly, you 

nominated me to give a key-note talk on the SYNTAX Trial on your behalf at the Japanese Circulation 

Society in Kyoto. You told me it was on the condition that I took my wife Shruti; not that she needed 

asking! Nevertheless it gave my wife and me the chance to visit Japan for the first time, which was 

an amazing experience. I remember how before I left you spent 30 minutes on the phone to KLM, 

and tried (unsuccessfully) to get my wife upgraded into Business class. At the time you said your 

efforts should at the very least get a mention in my thesis! Thirdly, you got me involved in working 

on the Resolute All-Comers study, which besides being hard-work, was very educational, and very 

rewarding. 

Despite the number of fellows, and the amount of work that you have on, I find it amazing how you 

are still able to remember everything you asked us to do, even when we thought (even hoped) you’d 

forgotten. Usually you would make these enquires first thing in the morning as you were driving to 

work, and none of us were exempt. Similarly amazing is the active interest you took in each of our 

journeys through the Thoraxcenter, and the interest you had in ‘our other lives’ back in our native 

countries. In my last year in Rotterdam, when Shruti was pregnant, you would always ask how she 

was. When she developed problems, you were the first to tell me to go leave asap, and I remember 

how you rang me on a daily basis until our son was born. When I think of the workload that you had 

on, this is made all the more astonishing. The words Thank You don’t really cover the facts. I must 

also thank Danielle. She was always welcoming at the door when I would come on the weekend, 

whatever the time. Thank you for sending Aarav a present, it was most thoughtful. 

Family

Whilst I lived away in Rotterdam, and was meeting new people, and experiencing new things, Shruti, 

was still back in the UK working. I would not have been able to come to Rotterdam, had it not been 

for her support, and her green light. She realised the opportunity I had, and encouraged me to take 

it. The days I was away were hard for both of us, and I am pleased that we got through it. Thank you 

for allowing me to follow my dreams. Our son, Aarav, was the timely cue for me to return back to the 

UK. My mum was an immense help to Shruti and I during my time away, and I don’t think we could 
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have got through things without her contribution. Amongst many other things, she stored all our 

furniture in her house, and made endless trips back and forth from the airport. She also came to Rot-

terdam on several occasions, and helped, along with Shruti, to keep my fridge well stocked. Thanks! I 

must also give thanks to my other close family, many of whom also came to visit me in Rotterdam, in 

particular my mother- and father-in-law, Smisha, Saurabh, and Aanchal. 

Sept 2010
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