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Background/purpose: Identification of the culprit lesion in patients with non-ST elevation acute coronary syn-
drome (NSTE-ACS) allows appropriate coronary revascularization but may be unclear in patients with
multivessel coronary disease (MVD). Therefore, we investigated the rate of culprit lesion identification during
coronary angiography in NSTE-ACS and multivessel disease.
Methods/materials:Consecutive patients presentingwithNSTE-ACS andMVD, between January 2012andDecem-
ber 2016were evaluated. Coronary angiograms, intravascular imaging, and ECGswere analyzed for culprit lesion
identification. Long-term clinical outcomes in terms of major adverse cardiac events (MACE) andmortality were
reported in patients with or without culprit identification.
Results: A total of 1107 patients with NSTE-ACS andMVDwere included in the analysis, 310 (28.0%) with unsta-
ble angina and 797 (72.0%) with non-ST elevation myocardial infarction. The culprit lesion was angiographically
identified in 952 (86.0%) patients, while no clear culprit lesion was found in 155 (14.0%) patients. ECG analysis
allowed to predict the location of the culprit vessel with low sensitivity (range 28.4%–36.7%) and high specificity
(range 90.6%–96.5%). Higher lesion complexity was associatedwith inability to identify the culprit. Intravascular
imaging was applied in 55 patients and helped to identify the culprit lesion in 53 patients (96.4%). There was no
difference in all-cause mortality (21.4% vs. 25.8%, p = 0.24) and MACE (39.2% vs. 47.6%, p = 0.07) between the
cohorts with or without culprit lesion identification by angiography.
Conclusions: The culprit lesion appeared unclear by coronary angiography in>10% of patientswithNSTE-ACS and
MVD. Complementary invasive imaging substantially enhanced the diagnostic accuracy of culprit lesion
detection.

© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Multivessel coronary artery disease (MVD) is common in patients
with non-ST elevation acute coronary syndrome (NSTE-ACS) ranging
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between 40 and 80% of patients undergoing coronary angiography,
and is associated with worse clinical outcomes compared with single
vessel disease [1–7].

The term culprit lesion is used to designate the coronary stenosis
considered to be responsible for the acute coronary syndrome (ACS)
and its early recognition enables appropriate treatment in patients
with MVD [8]. This culprit lesion is often characterized by typical as-
pects of unstable plaque, such as intraluminal filling defects consistent
with thrombus, plaque ulceration, plaque irregularity, dissection, and
impaired flow [1,9–11]. Accurate identification of the culprit lesion by
invasive angiography may be challenging in patients with NSTE-ACS
and multivessel disease. Intravascular imaging could complement con-
ventional angiography and unveil the culprit lesion by offering a de-
tailed analysis of lumen and vessel wall [12–14]. Electrocardiographic
changes may be transient, absent, or even misleading [15–17].

Inability to correctly identify the culprit lesion in MVD may
affect clinical outcome in the context of a culprit-only or staged
the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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revascularization strategy [18]. In a recent series of unselected NSTEMI
patients, a total of 27% of the patients underwent revascularization of
the non-culprit coronary artery as determined by cardiac magnetic res-
onance (CMR) [19]. Furthermore, pathological and imaging studies sug-
gested the possibility ofmultiple unstable lesionswith characteristics of
plaque rupture in patients with ACS [20,21].

Given this background, the aim of our studywas to evaluate the abil-
ity to identify the culprit lesion by coronary angiography in patients
with NSTE-ACS and multivessel disease, its possible impact on long-
term clinical outcomes and the additional value of intravascular
imaging.

2. Materials and methods

2.1. Study population

Between January 2012 and December 2016, consecutive patients
undergoing PCI at the Thoraxcenter, Erasmus University Medical Center
(EMC), Rotterdam, The Netherlands, were retrospectively evaluated.
Patients older than 18 years, presenting with unstable angina (UA) or
non-ST elevation myocardial infarction (NSTEMI) and MVD at coronary
angiography, were included in the study [1]. Patients presentingwith ST
elevation myocardial infarction (STEMI), stable angina, single vessel
coronary artery disease (CAD), normal epicardial coronary arteries,
out-of-hospital cardiac arrest, previous coronary artery bypass graft
(CABG), and cardiogenic shock were excluded. Information regarding
baseline clinical characteristics and 12‑lead electrocardiogram (ECG)
were obtained from hospital databases.

The Medical Ethics Committee of the Erasmus Medical Center
reviewed the study protocol and waived the need for additional in-
formed consent because of the non-interventional character of this ret-
rospective study using anonymous data collection. The investigation
conforms to the principles outlined in the Declaration of Helsinki.

2.2. Angiographic analysis

Coronary angiographies were reviewed by two experienced cardiol-
ogists to assess the angiographic appearance of the lesion. In case of dis-
agreement a third experienced interventional cardiologist was
consulted, consensus was achieved in all patients. In order to identify
the potential culprit lesion site, information derived from angiographic
images and ECGs were integrated as per common clinical practice.

Multivessel coronary disease was defined as the presence of a ≥ 50%
diameter stenosis in at least two epicardial coronary arteries (>2.5mm)
as assessed by visual estimation [22]. A coronary lesionwas deemed the
culprit when at least two of the following angiographic findings sugges-
tive of plaque rupturewere detected, according to ESC guidelines for the
management of acute coronary syndromes in patients presenting with-
out persistent ST-segment elevation [1]:

- Intraluminal filling defects consistent with thrombus, acute occlu-
sion abruptly ending with a squared-off or convex upstream termi-
nation or an intraluminal filling defect in a patent vessel within or
adjacent to a stenotic region with surrounding homogeneous con-
trast opacification,

- Plaque ulceration described as presence of contrast and hazy con-
tour beyond the vessel lumen,

- Plaque irregularity characterized by irregular margins or overhang-
ing edges,

- Dissection,
- Impaired flow.

2.3. Electrocardiographic analysis

ECGs were interpreted according to the following headings:
- Anterior T-wave changes/ST segment depression (in leads V1-V6).
- Lateral T-wave changes/ST segment depression (in leads V5, V6,
I, aVL).

- Inferior T-wave changes/ST segment depression (in leads II, III, aVF).
- Non-specific changes: left bundle branch block (LBBB), right bundle
branch block (RBBB), diffuse ST/T wave changes.

- ECG within the normal limits.

2.4. Intravascular imaging analysis

Invasive imaging was performed per operator's discretion. Optical
Coherence Tomography (OCT) analysis was analyzed using the
established criteria for OCT plaque characterization by two experienced
specialistswhowere blinded to the clinical cases [23,24]. Plaque rupture
was defined as a ruptured fibrous cap that connects the lumenwith the
lipid pool. Intracoronary thrombus was defined as a mass that pro-
truded into the vessel lumen discontinuous from the surface of the ves-
sel wall, often layered or pedunculated in appearance, mobile in the
arterial lumen. Dissection was identified as rims of tissue protruding
into the lumen, often associated with ruptured plaques.

The American College of Cardiology consensus document criteria on
intravascular ultrasound (IVUS) were applied for the identification of
the culprit lesion [25]. Plaque rupture was described as a plaque ulcera-
tionwith a tear detected in a fibrous cap, plaque ulceration as a recess in
the plaque beginning at the luminal-intimal border, typically without
enlargement of the external elasticmembrane comparedwith the refer-
ence segment, and thrombus was recognized as an intraluminal mass,
often with a layered, lobulated, or pedunculated appearance.

2.5. Clinical follow-up

Long-term clinical outcomes were assessed to investigate the possi-
ble impact of culprit lesion detection on clinical events. The Municipal
Registration in the Netherlands was consulted for the survival data of
all patients. Health questionnaireswere sent to all living patients to cap-
ture major adverse cardiac events (MACE). MACE was defined as all-
cause mortality, myocardial infarction, and repeat revascularization. In
patients who did not return the questionnaire, the hospital records
were investigated. If necessary, referring cardiologists and general prac-
titioners were contacted for additional information.

2.6. Statistical analysis

Categorical variables were reported as either counts or percentages
and compared using Person's Chi-square test or Fisher's exact test as ap-
propriate. Continuous variables were expressed as mean ± standard
deviation (SD), or median and interquartile range (IQR: 25th–75th per-
centile), and compared by Student's t-test or Mann-Whitney U test as
appropriate.

Intraobserver and interobserver variability was estimated re-
analyzing 10% of the coronary angiograms and kappa statistics were
calculated.

Predictors of not identifiable culprit lesion were assessed in univar-
iate logistic regression analysis and the variables with p values of
≤0.10 were considered in a multivariate logistic regression.

A two-sided p-value <0.05 was considered statistically significant
and 95% confidence intervals (CI) were presented for all odds ratio
(OR). Statistical analyses were performed by using IBM SPSS Statistics
for Windows, version 25.0 (IBM Corp., Armonk, New York).

3. Results

A total of 5701 patients treatedwith PCI at the EMC between January
2012 and December 2016 were evaluated; of those 1107 (mean age
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67.1 ± 12.0 years, 72.0% male) were included in the study, 797 (72.0%)
presenting with NSTEMI and 310 (28.0%) with UA (Fig. 1).

Clinical baseline characteristics were similar between patients with
identified culprit by angiography and those with no clear culprit
(Table 1). Lesion complexity was higher when no culprit was identified
(Table 2).

3.1. Culprit lesion identification

Kappa statistics were calculated for estimating the intraobserver
(kappa = 0.94) and interobserver (kappa = 0.89) variability of the
identification of the culprit lesion.

Culprit lesion was identified by coronary angiography in 952 pa-
tients (86.0%). The presence of three-vessel disease, calcifications, and
bifurcation lesions were associated with inability to identify the culprit
lesion (Table 3).

Culprit lesion was located in the left anterior descending (LAD) in
389 (40.9%), in left circumflex artery (LCX) in 277 (29.1%), in right cor-
onary artery (RCA) in 232 (24.4%), in left main (LM) in 46 (4.8%), and in
ramus intermediate in 8 (0.8%). The culprit lesion was unclear by angi-
ography in 155 (14.0%) patients (Fig. 2).

A total of 55 patients of the 155 (35.5%) with no clear culprit lesion
underwent intravascular imaging in order to identify the culprit vessel
and 100 patients had no further imaging (Fig. 1). The invasive imaging
was performed at the operator discretion [26]. In the great majority of
patientswith unclear culprit lesion, the operator performed an immedi-
ate complete revascularization in order to avoid to leave untreated the
actual culprit lesion.
Fig. 1. Flow diagram of the study with inclusion and exclusion process. CABG: coronary arter
infarction, NSTEMI: non-ST segment elevation myocardial infarction, UA: unstable angina, IVU
Intravascular imaging was performed in 63 vessels (in 55 patients)
(Fig. 3): 42 vessels (37 patients)were studied using IVUS, and 21vessels
(18 patients) were studied using OCT.

IVUS imaging showedplaque rupture and superimposed thrombosis
in 22 vessels, plaque rupture without evidence of thrombus in 1 vessel,
luminal thrombosis but no communication of thrombus with lipid pool
in 9 vessels, evidence of severe stenosis in 4 vessels, and no evidence of
plaque rupture or thrombus in the remaining 6 vessels. Plaque rupture
with thrombus was identified in two different vessels of one patient.
All IVUS studies appeared interpretable.

OCT was performed in 21 vessels (18 patients), however due to in-
adequate contrast injection, 2 OCT pullbacks in two patients were not
interpretable. OCT analysis confirmed plaque rupture and thrombus
formation in 3 vessels, thrombus in 7 vessels, plaque rupture without
evidence of thrombus in 1 vessel, severe stenosis in 3 vessels, 1 severe
in-stent restenosis, and 1 severe lesion with dissection. After culprit le-
sion identification, OCT was performed in 3 additional vessels and ruled
out additional unstable lesions.

In patients with angiographically unclear culprit lesion complemen-
tary intravascular imaging allowed culprit lesion identification in 96.4%
of the cases (53 out 55 patients).

3.2. ECG findings

Electrocardiographic analysis revealed ECG within normal limits in
525 (47.4%) cases, inferior ST/T-wave changes in 179 (16.2%) cases, lat-
eral ST/T-wave changes in 166 (15.0%) cases, anterior ST/T changes in
151 (13.6%) cases, and non-specific changes in 86 (7.8%) cases.
y bypass grafting, CAD: coronary artery disease, STEMI: ST segment elevation myocardial
S: intravascular ultrasound, OCT: optical coherence tomography.

Image of Fig. 1


Table 1
Baseline characteristics.

Population
(N = 1107)

Culprit lesion identified by angiography (N = 952) Culprit lesion not identified by angiography (N = 155) P value

Male (%) 797 (72.0%) 687 (72.2%) 110 (71.0%) 0.77
Age (years) 67.1 ± 12.0 67.2 ± 11.8 66.9 ± 13.3 0.83
BMI 28.1 ± 8.0 28.0 ± 8.4 28.2 ± 4.8 0.80
Diabetes mellitus (%) 291 (26.3%) 246 (25.9%) 45 (29.0%) 0.43
Hyperlipidemia (%) 560 (50.6%) 470 (49.4%) 90 (58.1%) 0.06
Hypertension (%) 680 (61.4%) 576 (60.5%) 104 (67.1%) 0.13
Smoking history (%) 483 (43.8%) 429 (45.3%) 54 (34.8%) 0.02
Family history of CAD (%) 333 (30.1%) 282 (29.6%) 51 (32.9%) 0.45
Previous MI (%) 337 (30.4%) 293 (30.8%) 44 (28.4%) 0.57
Previous PCI (%) 352 (31.8%) 305 (32.0%) 47 (30.3%) 0.71
PVD (%) 124 (11.2%) 101 (10.6%) 23 (14.8%) 0.13
COPD (%) 92 (8.3%) 74 (7.8%) 18 (11.6%) 0.12
Heart failure (%) 121 (10.9%) 104 (10.9%) 17 (11.0%) 1.00
Renal failure (%) 195 (17.6%) 172 (18.1%) 23 (14.8%) 0.36
Clinical presentation UA 310 (28%) 265 (27.8%) 45 (29.0%) 0.77
Clinical presentation NSTEMI 797 (72%) 687 (72.2%) 110 (71.0%) 0.77
Aspirin 1094 (98.8%) 940 (98.7%) 154 (100.0%) 0.16
Clopidogrel 499 (45.1%) 403 (42.4%) 96 (62.7%) <0.001
Prasugrel 181 (16.4%) 152 (16.0%) 29 (19.0%) 0.35
Ticagrelor 379 (34.2%) 355 (37.3%) 24 (15.7%) <0.001

BMI, bodymass index; CAD, coronary artery disease;MI, myocardial infarction; PCI, percutaneous coronary intervention; PVD, peripheral vascular disease; COPD, chronic obstructive pul-
monary disease; UA, unstable angina; NSTEMI, non-ST-elevation myocardial infarction.
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ECG was most specific for LAD culprit vessels (sensitivity: 31.1%,
specificity: 95.8%) followed by LCX culprit vessels (sensitivity: 27.8%,
specificity: 89.6%), and RCA culprit vessels (sensitivity: 39.3%, specific-
ity: 89.5%) (Fig. 4). ECGs within normal limits or non-specific ECG
changes were found in 78.1% (N = 121) of cases with no identifiable
culprit lesion and in 51.5% (N = 490) of the cases with an identifiable
culprit lesion on coronary angiography (p < 0.001).

3.3. Clinical events

Median follow-up was 42.0 months, (IQR: 29.5–60 months). Sur-
vival and MACE data were available in 1101 (99.5%) and 1070 (96.7%)
Table 2
Angiographic characteristics.

Population
(N = 1007)

Culprit lesion identified by angiograp

Radial access 829 (75.0%) 730 (76.8%)
2-Vessel disease 739 (66.8%) 652 (68.5%)
3-Vessel disease 368 (33.3%) 300 (31.5%)
Left main disease 169 (15.3%) 133 (14.0%)
Bifurcation 387 (35.0%) 307 (32.2%)
Calcification 331 (29.9%) 260 (27.3%)
Aorto-ostial lesion 200 (18.1%) 158 (16.6%)
CTO lesion 217 (19.6%) 192 (20.2%)
Heart team prior to treatment 385 (34.8%) 294 (30.9%)
Average contrast used 182.5 ± 86.5 181.9 ± 88.9
Number of stents 2.4 ± 1.4 2.4 ± 1.4
Length of stents (mm) 50.2 ± 30.0 48.6 ± 28.8
Average diameter (mm) 3.0 ± 0.4 3.0 ± 0.4
Periprocedural complications: 104 (9.4%) 92 (9.7%)
- Dissection 50 (4.5%) 46 (4.8%)
- No-reflow 34 (3.1%) 30 (3.2%)
- Perforation 10 (0.9%) 10 (1.1%)
- Effusion/tamponade 4 (0.4%) 4 (0.4%)
- Vessel closure 9 (0.8%) 6 (0.6%)
- Cardiac arrest 10 (0.9%) 10 (1.1%)
- Periprocedural death 2 (0.2%) 2 (0.2%)
- TIA/stroke 6 (0.5%) 5 (0.5%)
- Urgent CABG 1 (0.1%) 1 (0.1%)
- Major bleeding 4 (0.4%) 3 (0.3%)

CTO, chronic total occlusion; TIA, transient ischemic attack; CABG, coronary artery bypass graf
patients, respectively. All-cause mortality occurred in 22.0% (n = 242)
and MACE in 40.4% (n = 432) of the patients. There was no significant
outcome difference in both cohortswith orwithout culprit lesion by an-
giography (mortality 21.4% vs. 25.8%, p = 0.24 and MACE 39.2% vs.
47.6%, p = 0.07, respectively).

3.4. Revascularization strategy

Culprit-only PCI was performed in 311 (28.1%) patients, staged com-
plete revascularization in 100 (9.0%), ad-hoc complete revascularization
in 671 (60.6%), ad-hoc incomplete multivessel revascularization in 6
(0.6%), and conservative medical treatment was adopted in 19 (1.7%).
hy (N = 952) Culprit lesion not identified by angiography (N = 155) P value

99 (63.9%) 0.01
87 (56.1%) 0.03
68 (43.9%) 0.03
36 (23.2%) 0.005
80 (51.6%) <0.001
71 (45.8%) <0.001
42 (27.1%) 0.002
25 (16.1%) 0.28
91 (59.1%) <0.001
186.1 ± 70.0 0.58
2.9 ± 1.6 <0.001
60.2 ± 34.8 <0.001
2.9 ± 0.4 0.03
12 (7.7%) 0.55
4 (2.6%) 0.30
4 (2.6%) 1
0 (0.0%) 0.37
0 (0.0%) 1
3 (1.9%) 0.12
0 (0.0%) 0.37
0 (0.0%) 1
1 (0.6%) 0.60
0 (0.0%) 1
1 (0.6%) 0.45

ting.



Table 3
Univariate andmultivariate logistic regression analysis of prognostic factors for culprit le-
sion not identifiable by angiography.

Univariate analysis Multivariate analysis

OR CI 95% p value OR CI 95% p value

Age (yrs) 0.99 0.98–1.01 0.83
Male 0.94 0.65–1.37 0.94
Diabetes mellitus 1.17 0.81–1.71 0.41
Hypertension 1.33 0.93–1.91 0.12
Hyperlipidaemia 1.42 1.01–2.00 0.045 1.40 0.98–1.99 0.06
Smoking history 0.65 0.45–0.92 0.02 0.65 0.45–0.94 0.02
Family history of CAD 1.17 0.81–1.68 0.41
3-Vessel disease 1.70 1.20–2.40 0.003 1.44 1.01–2.05 0.047
Left main disease 1.87 1.23–2.82 0.003 1.31 0.82–2.09 0.26
Bifurcation 2.24 1.59–3.16 <0.001 1.73 1.19–2.50 0.004
Calcification 2.25 1.59–3.18 <0.001 1.70 1.56–2.49 0.007
Aorto-ostial lesion 1.87 1.26–2.77 0.002 1.17 0.74–1.86 0.50

Results of the univariate logistic regression analyses investigating 12 variables as potential
predictors no identifiable culprit lesion and of the multivariate analysis using the 7 vari-
ables significant at p ≤ 0.10 in the univariate analysis.
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Out of 1005 patients with culprit lesion identified, 311 (30.9%)
underwent culprit-only PCI, 585 (58.2%) underwent ad-hoc multivessel
revascularization (complete revascularization in 581 cases and
Fig. 2. Representative case of NSTEMI andmultivessel disease. A)Multivessel coronary artery d
specific changes.
incomplete revascularization in 4 cases), 92 (9.2%) had a staged com-
plete revascularization, and 17 (1.7%) received a conservative medical
treatment (Fig. 5).

Out of 102 patients with non-identified culprit lesion, ad-hoc
multivessel PCI was performed in 92 (90.2%) patients (complete revas-
cularization in 90 cases and incomplete revascularization in 2 cases),
staged revascularization was performed in 8 (7.8%) patients, and con-
servativemedical treatmentwas prescribed in 2 (2.0%) patients (Fig. 5).

Patients with unidentified culprit lesion underwentmore frequently
complete revascularization comparedwith patients showing a clear cul-
prit (96% vs. 67%, p < 0.001), no differences were found in stage com-
plete revascularization (7.8% vs. 9.2%, p = 0.856), ad-hoc incomplete
multivessel revascularization (2.0% vs. 0.4%, p = 0.099), conservative
medical treatment (2.0% vs. 1.7%, p = 0.692).

Complete revascularization was performed overall in 771 (69.6%)
patients and incomplete revascularization in 336 (30.4%) (Fig. 5).

In the culprit lesion identified group, 673 patients received a com-
plete revascularization and 332 patients incomplete.

In the no culprit identified group 98 patients received complete re-
vascularization and 4 patients incomplete.

An incomplete revascularization was observed more often in pa-
tients with a clearly identified culprit (33%) compared with those hav-
ing no clear culprit (3.9%) (p < 0.001).
isease (red arrows) with no clear culprit by angiography, B) In this case the ECG shows no-

Image of Fig. 2


Fig. 3. Intravascular imaging findings in patients with non-identifiable culprit lesion by angiography.
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Lower events rate was reported in complete revascularization than
in incomplete revascularization (mortality 20.2% vs. 26.0%, p = 0.03
and MACE 38.0% vs. 45.7%, p = 0.02).

4. Discussion

The present study is the first report specifically evaluating culprit le-
sion identification in patients presenting with NSTE-ACS in the setting
of multivessel disease. The main findings of the study are: 1) culprit le-
sion was not identified by angiography in 14% of patients with NSTE-
ACS andMVD, 2) higher lesion complexity was associatedwith inability
Fig. 4. Sensitivity, specificity and predictive values of ECG abnormalities to predict culprit les
coronary artery, PPV: positive predictive value, NPV: negative predictive value.
to identify the culprit, 3) ECG showedhigh specificity but low sensitivity
in the detection of culprit lesions, 4) OCT and IVUS assessment allowed
the detection of culprit lesion in 96.4% of the cases, and therefore could
complement conventional angiography to help locate the culprit lesion.
4.1. Identification of the culprit lesion by coronary angiography

Culprit lesion identification can be challenging in patients with
NSTE-ACS, with unclear culprit by angiography in up to one third of
the cases and in particular in presence of multivessel disease [11,19].
ion on angiography. LAD: left anterior descending, LCX: left circumflex artery, RCA: right

Image of Fig. 3
Image of Fig. 4


Fig. 5. Treatment strategies The revascularization strategy was at the operator discretion. In the great majority of patients with unclear culprit lesion, the operator performed a complete
revascularization in order to avoid to leave untreated the actual culprit lesion.
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In our study the culprit lesion identificationwas relatively high com-
paredwith previous investigations, suchfindingsmight be due to differ-
ences in patient selection and for the VANQWISH trial, reporting data
from subjects enrolled between 1993 and 1995, a relevant difference
in terms of angiographic image quality cannot be excluded as a key fac-
tor impacting culprit lesion identification [11].

In our series lesion complexity including calcifications and bifurca-
tions made culprit lesion detection less evident. Hypothetically, lesion
complexity may mask unstable features especially in the absence of
thrombus formation. Furthermore, patients with no clear culprit lesion
required more stents, longer stent length, and smaller stent diameter.
4.2. ECG analysis

Previous studies conducted in patients with STEMI, correlated ECG
findings to infarct size, infarct location and prognosis [27,28]. Con-
versely, in patients with NSTE-ACS and MVD, the correlation between
ECG and culprit location is less clear. The predictive value of the ECG
to identify the culprit artery has not been systematically assessed in
NSTE-ACS, moreover, previous studies showed normal ECG in a consid-
erable percentage of patients ranging between 15% and 39% [19,29,30].

In our study, ECG had a low sensitivity (range 28.4%–36.7%) and a
high specificity (range 90.6%–96.5%) to detect the culprit artery. These
findings are in line with previous studies that showed low sensitivity
(30–90%) and good specificity (70–100%) in acute coronary syndromes
[15,27,29,31–33]. We further observed that patients with no obvious
ECG changes were more likely to have an unclear culprit by conven-
tional angiography and might benefit from intravascular imaging.

In NSTE-ACS the ECG changes can be minimal, absent, or non-
specific, and they may reflect intermittent ischemia [16,34,35]. Severe
3-vessel disease may be associated with diffuse ST depression, and
wide QRS complex and pre-existing ECG changes which could hide
new ischemic signs.
4.3. Intravascular imaging analysis

Current ESC Guidelines onmyocardial revascularization advocate the
use of intravascular imaging to evaluate lesion morphology and charac-
terize plaque composition [36]. IVUS and OCT may identify plaque rup-
ture, thrombus, dissection, calcification, as well as plaques without
endothelial discontinuities, supporting the idea that intravascular imag-
ing might enhance the diagnostic accuracy in culprit lesion detection.

In the expert consensus document of the European Association of
Percutaneous Cardiovascular Interventions on clinical use of
intracoronary imaging, intravascular imaging is considered appropriate
to aid diagnosis and guide treatment in NSTE-ACS when a culprit lesion
is not evident angiographically [37].

Takaoka et al. studied IVUS to investigate culprit lesion morphol-
ogies in patients with ACS and found that ruptured plaques and throm-
bus were more frequent in STEMI than in NSTEMI (56% vs. 17% and 51%
vs. 14%, respectively) [38]. Hong et al. further found multiple plaques
ruptures in 22% of patients with STEMI and in 13% with NSTEMI [39].
Kotani et al. confirmed plaque ruptures outside the culprit lesion in
10.5% of patients with ACS [40].

In our study, intravascular imagingwas used in search for the culprit
lesion in one-third of the patientswith no clear culprit lesion by conven-
tional angiography and appeared successful in the majority of these
cases (96.4%). We found multiple plaque ruptures in only 1 (1.9%)
patient.

However, the presence ofmultiple plaque ruptures does not indicate
the presence of multiple culprit lesions. Multiple plaques may have un-
stable features due to a generalized inflammatory response in ACS that
may increase the probability of atheroma disruption at multiple sites
[20,21]. Conventional angiography may underestimate the true pres-
ence of unstable plaques. Non-culprit lesionswith complexmorphology
might be associated with rapid lesion progression and increased event
rates. Whether the presence of multiple unstable plaques would justify
ad hoc complete revascularization remains elusive.

Image of Fig. 5
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In our study, the operators were more likely to perform a complete
revascularization when no culprit lesion was identified, and this might
have an impact on clinical outcomes.

No significant difference in terms of long-term mortality and MACE
were observed between patients with or without a clear culprit lesion
although numerically more events occurred in patients without a clear
culprit lesion. From a practical perspective, the identification of the cul-
prit lesion seems important. Otherwise the operator may be forced to
proceed with ad hoc complete revascularization in order to avoid leav-
ing unstable plaques untreated and expose the patient to a continued
risk for early MACE. Further studies will help clarify the optimal treat-
ment strategy. The currently on-going BIOVASC study (Percutaneous
Complete Revascularization Strategies Using Sirolimus Eluting Biode-
gradable Polymer Coated Stents in Patients Presenting With Acute Cor-
onary Syndromes and Multivessel Disease NCT03621501) is a
randomized trial that compares adhoc complete vs. staged complete re-
vascularization in patients who present with ACS and MVD and will
probably add in further information on the optimal revascularization
strategy in patients with ACS and multivessel disease.

4.4. Limitations

This is a single center retrospective observational study with its in-
herent limitations of selection bias andmissing data. Treatment strategy
including the decision to proceed with invasive imaging was per indi-
vidual operator's discretion. Invasive imaging was applied in approxi-
mately half of patients with no clear culprit lesion. Ad hoc invasive
imaging interpretation during the index procedure may have differed
from the post hoc evaluation by (blinded) experts. ECG was recorded
on admission and not necessarily during chest pain. Whether intravas-
cular imaging during ACS could complement conventional angiography,
help determine treatment strategy and affect clinical outcome requires
further study in appropriately powered prospective (randomized)
trials.

4.5. Conclusion

The culprit lesion appeared unclear by coronary angiography in
>10% of patients with NSTE-ACS and MVD. Invasive imaging substan-
tially enhanced the diagnostic accuracy of culprit lesion detection.
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