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WHAT THIS PAPER ADDS

This paper provides an overview of trends in peri-operative outcomes of patients who underwent standard
endovascular aneurysm repair (EVAR) or open surgical repair (OSR) for an intact abdominal aortic aneurysm
between 2014 and 2019 and who were registered in a mandatory nationwide registry. This study shows that all
peri-operative outcomes (mortality, major complications, and textbook outcome) of EVAR and OSR for intact
abdominal aortic aneurysms have improved since 2014, except for peri-operative mortality following EVAR
which remained unchanged.
Objective: The Dutch Surgical Aneurysm Audit (DSAA) initiative was established in 2013 to monitor and improve
nationwide outcomes of aortic aneurysm surgery. The objective of this study was to examine whether outcomes
of surgery for intact abdominal aortic aneurysms (iAAA) have improved over time.
Methods: Patients who underwent primary repair of an iAAA by standard endovascular (EVAR) or open surgical
repair (OSR) between 2014 and 2019 were selected from the DSAA for inclusion. The primary outcome was peri-
operative mortality trend per year, stratified by OSR and EVAR. Secondary outcomes were trends per year in
major complications, textbook outcome (TbO), and characteristics of treated patients. The trends per year
were evaluated and reported in odds ratios per year.
Results: In this study, 11 624 patients (74.8%) underwent EVAR and 3 908 patients (25.2%) underwent OSR. For
EVAR, after adjustment for confounding factors, there was no improvement in peri-operative mortality (aOR
[adjusted odds ratio] 1.06, 95% CI 0.94 e 1.20), while major complications decreased (2014: 10.1%, 2019:
7.0%; aOR 0.91, 95% CI 0.88 e 0.95) and the TbO rate increased (2014: 68.1%, 2019: 80.9%; aOR 1.13, 95%
CI 1.10 e 1.16). For OSR, the peri-operative mortality decreased (2014: 6.1%, 2019: 4.6%; aOR 0.89, 95% CI
0.82 e 0.98), as well as major complications (2014: 28.6%, 2019: 23.3%; aOR 0.95, 95% CI 0.91 e 0.99).
Furthermore, the proportion of TbO increased (2014: 49.1%, 2019: 58.3%; aOR 1.05, 95% CI 1.01 e 1.10). In
both the EVAR and OSR group, the proportion of patients with cardiac comorbidity increased.
Conclusion: Since the establishment of this nationwide quality improvement initiative (DSAA), all outcomes of
iAAA repair following EVAR and OSR have improved, except for peri-operative mortality following EVAR which
remained unchanged.
Keywords: Abdominal aortic aneurysm, Endovascular procedure, Operative procedure, Quality of care, Treatment outcome, Trends
Article history: Received 9 March 2021, Accepted 15 August 2021, Available online XXX
� 2021 The Author(s). Published by Elsevier B.V. on behalf of European Society for Vascular Surgery. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).
mbers of the collaboration group listed in Alberga et al.36

responding author: Scientific Bureau, Dutch Institute for Clinical Auditing, Rijnsburgerweg 10, 2333 AA, Leiden, The Netherlands.
il address: a.alberga@erasmusmc.nl (Anna J. Alberga).
-5884/� 2021 The Author(s). Published by Elsevier B.V. on behalf of European Society for Vascular Surgery. This is an open access article under the CC BY license
creativecommons.org/licenses/by/4.0/).
://doi.org/10.1016/j.ejvs.2021.08.019

cite this article as: Alberga AJ et al., Treatment Outcome Trends for Non-Ruptured Abdominal Aortic Aneurysms: A Nationwide Prospective Cohort Study,
ean Journal of Vascular and Endovascular Surgery, https://doi.org/10.1016/j.ejvs.2021.08.019

http://creativecommons.org/licenses/by/4.0/
mailto:a.alberga@erasmusmc.nl
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ejvs.2021.08.019


2 Anna J. Alberga et al.
INTRODUCTION

As a result of endovascular aneurysm repair (EVAR), the
management of intact abdominal aortic aneurysms (iAAA)
has changed dramatically in the last decades resulting in
improved peri-operative outcomes.1 Since the first EVAR
was performed in the 1990s, many patients with suitable
anatomy have received EVAR rather than open surgical
repair (OSR) because of the lower peri-operative risks of
EVAR,2 with a subsequent decrease in the number of pa-
tients treated by OSR.2e5 Furthermore, frail patients can
receive EVAR rather than conservative treatment.6 These
changes in treatment strategy probably have resulted in
fewer OSRs per hospital, which may have negatively influ-
enced the outcomes of OSR.7

Previous studies have reported trends in the manage-
ment and outcomes of iAAA repair. A study of an interna-
tional cohort of vascular registries that described trends in
the management and outcomes of iAAA repair from 2005
up to 2013 reported an overall decrease of peri-operative
mortality from 3.0% to 2.4% while the peri-operative mor-
tality after OSR increased from 3.9% to 4.4%.8 Although this
international study reported numerous patient outcomes,
many of the registries included patients on a voluntary
basis.9 Furthermore, Swedvasc, the Swedish national
vascular registry, reported a decrease in 30 day mortality
rates following OSR (3.1% in 2006 e 2011, 2.5% in 2012 e
2016).2 To date however, no studies have examined the
most recent trends in the management and outcomes of
iAAA repair, reflecting real world nationwide data.

The Dutch Surgical Aneurysm Audit (DSAA) is a mandatory
quality registry for all aortic aneurysm repairs performed by
vascular surgeons in The Netherlands, established in 2013, to
monitor and improve the outcomes of the treatment of
abdominal aortic aneurysms (AAAs). In the DSAA, all hospitals
that perform AAA repair have insight into their results, using
quality indicators, with other hospitals presented anony-
mously with a 95% confidence interval around the national
average for comparison. In this way, internal feedback on the
performance of hospitals is provided.10,11 Although audit and
feedback generally lead to small but potentially important
improvements in professional practice,12 it is not known yet
whether the outcomes of iAAA repair have improved in The
Netherlands since the establishment of the DSAA.

The aim of this study was to evaluate whether national
outcomes of iAAA repair have improved since the establish-
ment of the DSAA. Furthermore, changes in patient selection,
hospital volumes, and preferred operative technique since
2014 were investigated.

METHODS

This was a retrospective nationwide study of patients who
underwent repair of an iAAA in The Netherlands. The study
followed the STROBE statement.13

Data source

The dataset was retrieved from the DSAA, a prospective
registered compulsory quality registry for all aortic
Please cite this article as: Alberga AJ et al., Treatment Outcome Trends for Non-Ru
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aneurysm repairs performed by vascular surgeons in The
Netherlands. The DSAA was established in 2013 and started
by registering all Dutch patients undergoing infrarenal and
juxtarenal AAA repair without previous aortic surgery. Since
2016, complex endovascular aneurysm repair, thoracic
aortic aneurysm repair, and revision surgery have been
registered. Data verification took place over 2015 through a
random sample of hospitals showing a case ascertainment
of 98.4% and no discrepancies in deaths or re-in-
terventions.14,15 Data verification will be repeated in the
near future.
Participants

All consecutive participants that were registered in the
DSAA and underwent primary iAAA repair using either
standard EVAR or OSR, between January 2014 and
December 2019 were included. Patients with missing data
on variables date of birth, date of surgery, sex, and survival
status at the time of discharge or 30 days post-operatively,
as well as patients aged < 18 or > 110 years were excluded.
No ethical approval or informed consent was required for
this study according to Dutch law. No distinction exists
between private and public healthcare in The Netherlands.
Definitions

Intact AAA repairs included both electively treated aneu-
rysms and aneurysms that caused symptoms. Aneurysm
treatments were categorised by intention to treat; attempts
at endovascular treatment for aneurysms that were con-
verted from EVAR to OSR during surgery were categorised
as EVAR. The variables “pulmonary comorbidity” and “car-
diac comorbidity” were dichotomised per patient into cat-
egories “present” or “absent”. From 2014 to 2018, the
variables regarding pulmonary and cardiac comorbidities
were based on parameters from the V-POSSUM,16 while
from 2019, “pulmonary comorbidity” and “cardiac comor-
bidity” were based on ICD-10 codes (Supplementary Table
S1). During the study period, some hospitals have been
merged. When hospitals have been merged during the
study, the hospitals were classified as one hospital in the
years before the merger.

Outcomes. The primary outcome was the peri-operative
mortality trend per year (30 day mortality and in hospital
mortality). Secondary outcomes were trends per year in the
outcomes major complications and textbook outcome
(TbO), and trends per year in patient characteristics, hos-
pital volume, and applied surgical technique (OSR or EVAR).
As described before,17,18 major complications were defined
as either intra-operative complications or peri-operative
complications within 30 days that caused a prolonged stay
(length of hospital stay above the 75th percentile of living
patients registered in the DSAA, stratified by OSR, EVAR,
elective, or symptomatic [thresholds: EVAR, elective > 3
days; EVAR, symptomatic > 7 days; OSR, elective > 12 days;
OSR, symptomatic > 14 days]), intra-operative complica-
tions or peri-operative complications that caused a re-
ptured Abdominal Aortic Aneurysms: A Nationwide Prospective Cohort Study,
j.ejvs.2021.08.019



Patients registered in DSAA from 2014
up to 2019 (n = 23 063)

Patients underwent primary repair for an intact AAA
between 2014 and 2019 (EVAR/OSR) (n = 15 562)

Patients eligible for analysis (n = 15 532)

Patients underwent EVAR (including 29 patients
  that were converted from EVAR to OSR during
  surgery) (n = 11 624)
Patients underwent OSR (n = 3 908)

Patients not included (ruptured AAA repair, thoracic
  aortic aneurysm repair, secondary AAA repair, complex
  endovascular repair) (n = 7 501)

Patients excluded: (n = 30)
  Unknown sex (n = 4)
  Unknown date of birth / date of surgery (n = 4)
  Unknown survival status (at time of discharge/30 days
    postoperatively) (n = 19)
  Age <18 or >110 (n = 3)

Figure 1. Flow diagram of patients registered for the Dutch Surgical Aneurysm Audit (DSAA) who underwent
endovascular (EVAR) or open surgical (OSR) repair for intact abdominal aortic aneurysm (AAA) in The
Netherlands in 2014 e 2019.
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intervention or death. The specific complications included in
the categories of peri-operative complications that were
included in the DSAA are shown in the Supplementary Table
S3. TbO is a desirable composite outcome measure that
provides information on the overall quality of care that can
be used for internal quality improvement,19e22 and could
be valuable in shared decision making processes. As
described by Karthaus et al.,21 TbO is achieved in the
elective setting if no intra-operative or post-operative sur-
gical complications, no re-interventions, no prolonged stay
(� 4 days for EVAR, � 10 days for OSR), no re-admissions
and no peri-operative mortality occur within 30 days.

Statistical methods

Firstly, descriptive statistics of outcomes per year were
shown for both EVAR and OSR patients together, as well as
separately. To examine the linear time trends per year for
outcomes, univariable as well as multivariable logistic
Table 1. Univariable and multivariable logistic regression analyses t
who underwent endovascular (EVAR) or open surgical (OSR) repai

Outcome 2014
(n [ 2 753)

2015
(n [ 2 709)

2016
(n [ 2 655)

2
(

Peri-operative motalityy 62 (2.3) 61 (2.3) 52 (2.0) 5
Univariable
Multivariable*

Major complicationsz 405 (14.7) 350 (12.9) 332 (12.5) 3
Univariable
Multivariable*

Data are presented as n (%), unless stated otherwise. Missing values o
multivariable models (number of missing values for variable cardiac co
variable, pulmonary comorbidity: 275 patients [1.8%]).
* Multivariable analysis: type of surgery, sex, age, pulmonary history, card
aneurysm (per 10 mm), urgency, location of aneurysm (abdominal or aor
y Peri-operative mortality: 30 day mortality and in hospital mortality.
z Major complication: post-operative death or an intra-operative or post-op
stay. Prolonged hospital stay: EVAR, elective repair: > 3 days, EVAR, repa
OSR, repair for a symptomatic AAA: > 14 days.
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regression analyses, using known confounders “sex”, “age”,
“pulmonary comorbidity”, “cardiac comorbidity”, “haemo-
globin”, “creatinine”, “urgency”, “aneurysm diameter”, and
“aneurysm location” were performed. For these multivari-
able analyses, the missing values of categorical variables
were included in the models as separate categories. Missing
values of continuous variables were not included in the
multivariable analyses as these were < 5%. Because of the
low missing value rate, it was decided not to impute these
using multiple imputation. Secondly, linear time trends per
year of patient characteristics were examined from 2014 to
2019 using univariable logistic and linear regression ana-
lyses for dichotomous variables and continuous variables,
respectively. Trends per year regarding hospitals that
treated fewer than 30 patients per year and number of
hospitals were examined using univariable linear regression
analyses. Additionally, the trends regarding hospital volume
were shown using boxplots. For linear regression analyses,
o examine the trend in outcomes per year of all 15 532 patients
r for intact abdominal aortic aneurysm in The Netherlands

017
n [ 2 481)

2018
(n [ 2 489)

2019
(n [ 2 445)

OR per year
(95% CI) (ref: 2014)

0 (2.0) 42 (1.7) 55 (2.2)
0.98 (0.91e1.04)
0.95 (0.89e1.02)

18 (12.8) 296 (11.9) 288 (11.8)
0.95 (0.93e0.98)
0.93 (0.90e0.96)

f dichotomous variables were added as separate categories to the
morbidity: 400 patients [2.6%], number of missing values for the

iac history, creatinine (per 10 mmol/L), haemoglobin, diameter of the
to-iliac).

erative complication leading to a re-intervention or prolonged hospital
ir for a symptomatic AAA: > 7 days, OSR, elective repair: > 12 days,

ptured Abdominal Aortic Aneurysms: A Nationwide Prospective Cohort Study,
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Table 2. Details of the peri-operative complications that are
defined as a major complication, stratified per category of
peri-operative complications of 15 532 patients who
underwent endovascular (EVAR) or open surgical (OSR)
repair for intact abdominal aortic aneurysm

All patients
(n [ 15 532)

EVAR
(n [ 11 624)

OSR
(n [ 3 908)

Patients with
major
complication

1 989 1 030 959

Abdominal 448 (22.5) 117 (11.4) 331 (34.5)
Neurological 191 (9.6) 82 (8 .0) 109 (11.4)
Pulmonary 491 (24.2) 163 (15.8) 328 (34.2)
Cardiac 340 (17.1) 125 (12.1) 215 (22.4)
Reconstruction 110 (5.5) 74 (7.2) 36 (3.8)
Re-bleeding 176 (8.8) 95 (9.2) 81 (8.4)
Renal 257 (12.9) 64 (6.2) 193 (20.1)
Wound 153 (7.7) 65 (6.3) 88 (9.2)
Arterial occlusion 310 (15.6) 170 (16.5) 140 (14.6)
Infection 252 (12.7) 112 (10.9) 140 (14.6)
Other 491 (24.7) 279 (27.1) 212 (22.1)

Data are presented as n (%). Patients can suffer from more than one
complication. Specific complications included in the categories of peri-
operative complications are detailed in the Supplementary Table S3.
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the beta coefficients, including 95% confidence intervals,
were reported. For logistic regression analyses, the odds
ratios, the exponent of the beta coefficient, including 95%
confidence intervals, were reported. All analyses were
performed using R version 4.0.1.
RESULTS

A total of 23 063 patients (2 587 - 4 176 patients per year)
were registered in the DSAA between January 2014 and
December 2019. Of these, 15 562 patients treated in 61
hospitals underwent EVAR or OSR for a primary iAAA, of
whom 15 532 (99.8%) were eligible (2 445 - 2 753 patients
per year) and 30 (0.2%) were excluded (Fig. 1). The 7 501
patients who were not included in this study underwent
ruptured AAA repair, thoracic aortic aneurysm repair, sec-
ondary AAA repair, or complex endovascular repair.
Time trends in peri-operative outcomes

All patients. Table 1 shows that the peri-operative mortality
of all patients included in this study remained stable (aOR
0.95; 95% CI 0.89 e 1.02). In 2019, the crude peri-operative
mortality of all patients was 2.2%. The crude percentage of
major complications decreased after correction for con-
founders, from 14.7% in 2014 up to 11.8% in 2019. Details
of the peri-operative complications that are defined as a
major complication are shown in Table 2.

Open surgical repair patients and endovascular aneurysm
repair patients. In Table 3, time trends in peri-operative
outcomes per year of EVAR patients and OSR patients are
shown. In EVAR patients, no linear mortality time trend was
found (1.0% in 2014; 1.3% in 2019). Major complications
decreased from 10.1% in 2014 to 7.0% in 2019. TbO
Please cite this article as: Alberga AJ et al., Treatment Outcome Trends for Non-Ru
European Journal of Vascular and Endovascular Surgery, https://doi.org/10.1016/
increased from 68.1% in 2014 to 80.9% in 2019. For OSR
patients, mortality decreased from 6.1% in 2014 to 4.6% in
2019. The percentage of major complications decreased
after adjustment for confounders, from 28.6% in 2014 to
23.3% in 2019. The TbO rate increased from 49.1% in 2014
to 58.3% in 2019.

Time trends in patient characteristics

All patients. Patient characteristic time trends of all patients,
EVAR patients, and OSR patients are shown in Table 4 and
Supplementary Table S2. In the group that describes all EVAR
and OSR patients, the proportion of patients with cardiac
comorbidity increased from 2014 to 2019.

Open surgical repair patients and endovascular aneurysm
repair patients. Table 4 and Supplementary Table S2 show
that the mean age of EVAR patients increased from 2014,
whereas it did not in OSR patients. Moreover, both in EVAR
patients and OSR patients, the proportion of patients with
cardiac comorbidity increased (EVAR: 50.6% in 2014 to
77.4% in 2019; OSR: 47.0% in 2014 to 75.9% in 2019),
while the proportion of patients with pulmonary comor-
bidity remained stable (EVAR: 22.4% in 2014 and 24.8% in
2019; OSR: 22.4% in 2014 and 26.0% in 2019), and the
mean aneurysm diameter decreased since 2014 (EVAR:
60.4 mm in 2014 to 59.0 mm in 2019; OSR: 63.8 mm in
2014 to 61.6 mm in 2019). The proportion of patients
treated for an AAA below the ESVS guideline diameter
threshold of 55 mm for men, 50 mm for women23 was
stable (EVAR: 16.0% in 2014 and 13.5% in 2019, OR 1.00,
95% CI 0.99 e 1.00; OSR: 13.2% in 2014 and 12.1% in
2019, OR 1.00, 95% CI 0.99 e 1.00). In EVAR patients,
aneurysms were increasingly treated in symptomatic set-
tings (5.9% in 2014 to 8.0% in 2019), while in OSR patients,
the reverse applied (14.3% in 2014 to 12.9% in 2019). In
both EVAR and OSR patients, the mortality of patients
treated in elective settings was lower compared with pa-
tients treated in symptomatic settings (EVAR: 0.7% vs.
4.1%, p < .001, OSR: 4.9% vs. 8.7%, p < .001). Additional
analysis regarding the proximal clamp location was per-
formed in OSR patients. OSR did not seem to be more
complex over the years, as the proximal clamp location
(suprarenal vs. infrarenal, only registered from 2016) did
not change over time (suprarenal clamp 30.9% in 2016,
31.4% in 2019; OR 1.02, 95% CI 0.95 e 1.10; not shown in
Table 4).

Time trends in the application of surgical techniques

Table 3 and Figure 2 show the number of patients that
received standard EVAR and OSR. Complex EVAR (fenes-
trated EVAR, chimney EVAR, and iliac branched devices
[IBD]), which was registered in the DSAA from 2016, was
shown to provide a complete overview of trends in the
application of surgical techniques. In 2014 and 2015, the
numbers of patients that underwent OSR were 683 (24.8%)
and 585 (21.6%) per year, respectively. From 2016, the
percentage of patients that underwent OSR increased from
23.2% in 2016 to 26.8% in 2019 (OR 1.07, 95% CI 1.03 e
ptured Abdominal Aortic Aneurysms: A Nationwide Prospective Cohort Study,
j.ejvs.2021.08.019



Table 3. Univariable and multivariable logistic regression analyses to examine the trend in outcomes per year, stratified for
endovascular (EVAR) and open surgical (OSR) aneurysm repair of intact abdominal aortic aneurysm in a total of 15 532 patients

2014 2015 2016 2017 2018 2019 OR per year
(95% CI) (ref: 2014)

EVAR patients e n 2 070 2 124 2 003 1 860 1 833 1 734
Peri-operative mortalityy 20 (1.0) 18 (0.8) 15 (0.7) 21 (1.1) 16 (0.9) 22 (1.3)
Univariable 1.06 (0.95e1.18)
Multivariable* 1.06 (0.94e1.20)

Major complicationsz 210 (10.1) 202 (9.5) 181 (9.0) 171 (7.2) 144 (7.9) 122 (7.0)
Univariable 0.93 (0.89e0.97)
Multivariable* 0.91 (0.88e0.95)

Textbook outcome,
electivex

1 326/1 948
(68.1)

1 498/1 962
(76.4)

1 380/1 813
(76.1)

1 330/1 689
(78.7)

1 333/1 682
(79.3)

1 291/1 596
(80.9)

Univariable 1.13 (1.10e1.16)
Multivariable* 1.13 (1.10e1.16)

OSR patients e n 683 585 652 621 656 711
Peri-operative mortalityy 42 (6.1) 43 (7.4) 37 (5.7) 29 (4.7) 26 (4.0) 33 (4.6)
Univariable 0.90 (0.83e0.98)
Multivariable* 0.89 (0.82e0.98)

Major complicationsz 195 (28.6) 148 (25.3) 151 (23.2) 147 (23.7) 152 (23.2) 166 (23.3)
Univariable 0.95 (0.91e0.99)
Multivariable* 0.95 (0.91e0.99)

Textbook outcome,
electivex

287/585
(49.1)

291/499
(58.3)

318/550
(57.8)

291/532
(54.7)

337/593
(56.8)

361/619
(58.3)

Univariable 1.05 (1.01e1.09)
Multivariable* 1.05 (1.01e1.10)

Data are presented as n (%), unless stated otherwise. OR¼ odds ratio. CI¼ confidence interval. Missing values of dichotomous variables were added
as separate categories to the multivariable models (EVAR patients: number of missing values for variable cardiac comorbidity: 308 patients [2.6%],
variable pulmonary comorbidity: 185 patients [1.6%], OSR patients: variable cardiac comorbidity: 92 patients [2.4%], variable pulmonary
comorbidity: 90 patients [2.3%]).
* Multivariable analysis: sex, age, pulmonary history, cardiac history, creatinine (per 10 mmol/L), haemoglobin, aneurysm diameter (per 10
mm), urgency, location of aneurysm.
y Peri-operative mortality: 30 day mortality and in hospital mortality.
z Major complication: post-operative death or an intra-operative or post-operative complication leading to a re-intervention or prolonged hospital
stay. Prolonged hospital stay: EVAR, elective repair: > 3 days, EVAR, repair for a symptomatic AAA: > 7 days, OSR, elective repair: > 12 days,
OSR, repair for a symptomatic AAA: > 14 days.
x Textbook outcome: desirable composite outcome measure that could be achieved in the elective setting if no intra-operative or post-operative
surgical complications, no re-interventions, no prolonged stay (� 4 days for EVAR, � 10 days for OSR), no re-admissions and no peri-operative
mortality occurred within 30 days.
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1.11, ref: 2016). Moreover, the percentage of patients that
underwent standard EVAR decreased compared with the
percentage of patients that underwent OSR and complex
EVAR (standard EVAR: 71.1% in 2016, 65.3% in 2019, OR
0.91, 95% CI 0.88 e 0.95).

Time trends in total volume, number of hospitals, and
hospital volume

Total volume per year and number of hospitals. Table 5
shows the total number of patients per year, including pa-
tients that received complex EVAR from 2016. From2016, the
total number of patients per year appears to decline, from 2
814 patients in 2016 to 2 647 patients in 2019. Five hospitals
stopped performing AAA surgery (from 61 to 56 hospitals),
and another six hospitals merged into three hospitals during
the study period (not shown in Table 4).

Hospital volume. The number of patients treated per
hospital (hospital volume) did not change statistically over
the years (b coefficient 0.59, 95% CI -0.75 e 1.94). As
shown in Figure 3A, in 2014, the median hospital volume
Please cite this article as: Alberga AJ et al., Treatment Outcome Trends for Non-Ru
European Journal of Vascular and Endovascular Surgery, https://doi.org/10.1016/
was 40 (IQR 26, 58), while in 2019, the median hospital
volume was 42 (IQR 34, 56.5). The number of hospitals that
treated fewer than 30 patients per year decreased from 20
in 2014, to 10 in 2019 (Table 5). Figure 3B shows the
median hospital volume and IQR, including complex EVAR
stratified by OSR and EVAR. The median hospital volume
per year of OSR was stable, around 11 patients per hospital
per year.

DISCUSSION

The present study aimed to evaluate whether iAAA repair
outcomes have improved since the establishment of the
DSAA, a mandatory registry of all AAAs operated on in The
Netherlands. The study demonstrated that several impor-
tant iAAA repair outcomes in The Netherlands improved
from 2014 up to 2019, while patient characteristics showed
that patients with similar or more comorbidities underwent
surgery. The number of patients per hospital remained
stable; however, the number of hospitals that treated fewer
than 30 patients decreased, which is a sign of region-
alisation of vascular services.
ptured Abdominal Aortic Aneurysms: A Nationwide Prospective Cohort Study,
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Table 4. Patient characteristics in 2019 and trends in patient characteristics since 2014 stratified by all patients, and patients
undergoing endovascular (EVAR) or open surgical (OSR) repair for intact abdominal aortic aneurysm (AAA) in The Netherlands

Intact AAA e all patients Intact AAA e EVAR Intact AAA e OSR

2019
(n[2 445)

Unadjusted
OR / b coefficient
per year (95% CI)
(ref: 2014)

p 2019
(n[1 734)

Unadjusted
OR / b coefficient
per year (95% CI)
(ref: 2014)

p 2019
(n[711)

Unadjusted
OR / b coefficient
per year (95% CI)
(ref: 2014)

p

Women 385 (15.7) 1.02
(0.99-1.04)

.24 245 (14.1) 1.01
(0.98e1.05)

.37 140 (19.7) 1.00
(0.96e1.05)

.90

Age e y* 73.57
� 7.69

0.08
(0.01e0.15)

.021 74.89
� 7.41

0.19
(0.11e0.27)

<.001 70.35
� 7.42

-0.08
(-0.22e0.06)

.26

Cardiac
comorbidity

1 882 (77.0) 1.22
(1.20e1.24)

<.001 1 342 (77.4) 1.22
(1.19e1.25)

<.001 540 (75.9) 1.22
(1.17e1.27)

<.001

Pulmonary
comorbidity

615 (25.2) 1.02
(0.995e1.04)

.13 430 (24.8) 1.02
(0.99e1.04)

.18 185 (26.0) 1.02
(0.98e1.06)

.41

Haemoglobin
e mmol/L*

8.57
� 1.05

-0.01
(-0.02 e -0.001)

.029 8.58
� 1.03

-0.02
(-0.03 e -0.004)

.008 8.57
� 1.10

0.003
(-0.02 e 0.02)

.75

Creatinine
e mmol/L*

89 (75.00,
107.00)

-0.25
(-0.64e0.13)

.20 90
(76)

-0.27
(-0.73e0.19)

.25 87
(73)

-0.10
(-0.79e0.59)

.78

Symptomatic
AAA

230
(9.4)

1.02
(0.99e1.05)

.26 138
(8.0)

1.05
(1.01e1.09)

.014 92 (12.9) 0.95
(0.90e0.996)

.037

Aneurysm
diameter e mm*

59.76
� 12.47

-0.29
(-0.40 e -0.18)

<.001 59.01
� 11.69

-0.30
(-0.42 e - 0.18)

<.001 61.59
� 14.03

-0.40
(-0.66 e -0.15)

.002

Aorto-iliac
location

189 (7.7) 1.12
(1.08e1.16)

<.001 126 (7.3) 1.10
(1.06e1.15)

<.001 63 (8.9) 1.15
(1.07e1.23)

<.001

Data are presented as n (%) or mean � standard deviation or median (interquartile range) unless stated otherwise. OR ¼ odds ratio; CI ¼
confidence interval. Missing values of < 5% per variable are not shown (cardiac comorbidity: 400 patients [2.6% of all patients], pulmonary
comorbidity: 275 patients [1.8% of all patients], haemoglobin: 394 patients [2.5% of all patients], creatinine: 387 patients [2.5% of all
patients], aneurysm diameter: 108 [0.7% of all patients]).
* For continuous variables, the beta coefficients per year are reported; for other variables, the odds ratios (OR) per year are reported.
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Figure 2. The number of patients that received endovascular
(EVAR) or open surgical (OSR) aneurysm repair for intact abdom-
inal aortic aneurysm, or complex EVAR (fenestrated EVAR
[FEVAR] / chimney EVAR [ChEVAR] / iliac branched device
[IBD]) per year. Complex EVARwas not included in the study and is
shown only to provide a complete overview. Complex EVAR was
registered in the Dutch Surgical Aneurysm Audit (DSAA) since
2016.
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The present study shows that during the study period,
patients who received EVAR became slightly older, and
more patients had cardiac comorbidities. In contrast to OSR,
the peri-operative mortality rate following EVAR did not
decrease and remained between 0.7% and 1.3%, consistent
with rates described in contemporary literature.8 Although
mortality did not change, the major complications after
EVAR declined, and the TbO rate increased remarkably. The
decrease in major complications and the increase in TbO
suggest that the peri-operative care quality for patients that
underwent EVAR has increased. The exact cause of this
improvement is hard to determine and is probably multi-
factorial, including better patient selection, increased
experience, and further regionalisation of services. It is
likely that the audit itself also plays an important role, as
described previously.12

Furthermore, this study shows that all examined patient
outcomes following OSR for iAAA repair improved over
time, while more patients had cardiac comorbidities but
were of similar age during the study period. An important
finding from this study is that the peri-operative mortality
following OSR improved, from 6.1% in 2014 to 4.7% in 2019,
in line with rates described in international registries.8

However, some of these registries might be biased by
voluntary data contributions,24 while the DSAA is a
compulsory registry. Additionally, the percentage of major
complications following OSR declined, and the percentage
of TbO increased. Altogether, this suggests that the out-
comes of patients who received OSR have improved. As for
Please cite this article as: Alberga AJ et al., Treatment Outcome Trends for Non-Ruptured Abdominal Aortic Aneurysms: A Nationwide Prospective Cohort Study,
European Journal of Vascular and Endovascular Surgery, https://doi.org/10.1016/j.ejvs.2021.08.019



Table 5. Univariable regression analyses to examine the trend in the number of hospitals that treat patients with abdominal aortic
aneurysm and the trends in the number of hospitals that treat fewer than 30 patients per year in The Netherlands

2014 2015 2016 2017 2018 2019 Beta coefficient per year
(95% CI) (ref: 2014)

Total number of patients including complex EVAR 2 753 2 709 2 815 2 704 2 723 2 654
Numbers of hospitals 61 60 59 58 56 56

Univariable -1.09 (-1.36 e -0.81)
Number of hospitals that treated < 30 patients / year 20 15 12 13 9 10

Univariable -1.91 (-3.19 e -0.64)

Data are presented as n. CI ¼ confidence interval.
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after EVAR, the exact cause of this is likely to be multifac-
torial, for example a result of stricter case selection.

Several studies have suggested that lower hospital vol-
ume is associated with increased mortality.7,25 The present
study described the trends in hospital volume and the
number of hospitals that performed iAAA repair. For OSR,
the median hospital volume of 11 per year raises some
concern,26 and should be investigated in the near future.
Although the hospital volume of all iAAA repairs per year
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Figure 3. Boxplot summarising the number of patients
abdominal aortic aneurysm (A), stratified for endovascula
From 2016, the numbers also include patients who recei
iliac branched device).
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and the median hospital volume of OSR patients did not
increase, the number of hospitals that treated patients
decreased, and the number of hospitals that treated fewer
than 30 patients per year decreased. This regionalisation of
aneurysm care is probably a result of the European Society
for Vascular Surgery (ESVS) guideline,23 which suggests
that a minimum of 30 AAA repairs should be performed
per hospital per year or could be related to the clinical
auditing process of the DSAA.10 The DSAA monitors and
2017 2018 2019
f intervention

2017 2018 2019
f intervention

R OSR

per hospital in The Netherlands treated for intact
r (EVAR) or open surgical (OSR) aneurysm repair (B).
ved complex EVAR (fenestrated or chimney EVAR or
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provides feedback about the number and outcomes of
patients that underwent elective AAA repair per hospital,
as well as the total number of aortic aneurysm repairs per
hospital.

Finally, this study examined the proportion of OSR vs.
EVAR per year, including the total number of patients. It
was noted that the total number of patients per year has
declined since 2016. Interestingly, the proportion of pa-
tients with an AAA diameter below the guideline threshold
remained stable, while the mean diameter of iAAAs
decreased; however, this decrease was small (0.3 mm per
year). The National Vascular Registry reported a decrease in
the number of elective infrarenal AAA repairs in the UK, and
it was stated that this could indicate a more conservative
approach in the management of sicker patients.27 Further-
more, including patients that were treated by complex
endovascular means for AAA, the applied surgical technique
slightly changed with an increase of OSR and decrease of
standard EVAR. The increase in OSR might be a result of the
recent discussion regarding preferred treatment for specific
patients23,28e30 or published findings indicating inferior
long term survival and more secondary interventions after
EVAR.31,32 A decrease in the number of standard EVAR was
also reported in the UK in 2018.27 In 2019, the percentage
of patients that received standard EVAR in the present
study was 65.3% of all patients, which was similar to the
overall proportion of EVAR in international registries from
2010 to 2013 but far lower compared with the USA (79%),
as reported by Vascunet.33

To the present authors’ knowledge, this is the first study
reporting treatment trends for iAAAs based on data from a
compulsory national quality registry for all aortic aneurysm
repairs and therefore represents real world data. One
important limitation of this study is that the DSAA was
initially designed for quality measurement and not for sci-
entific purposes, which may result in some missing vari-
ables. The possible influence of these missing variables was
considered in the present study and attempts were made to
deal accurately with the missing values. Another limitation
is that the DSAA does not contain anatomical morphological
details, and only patients who underwent aneurysm repair
were included in the DSAA. Therefore, selection and con-
founding bias cannot be excluded. Finally, the DSAA does
not include information on surgeon volumes, and therefore,
it was not possible to describe surgeon volume, in contrast
to other countries.34,35

In conclusion, since the establishment of this nationwide
quality improvement initiative (DSAA), all iAAA repair out-
comes following standard EVAR and OSR have improved
except for peri-operative mortality following standard EVAR
which remained unchanged, although the proportion of
patients with cardiac comorbidity increased over time in
this group. The number of major complications after both
OSR and EVAR decreased, and the proportion of TbO
increased. The peri-operative survival after OSR increased,
despite a higher proportion of patients with cardiac co-
morbidity. This nationwide audit provides real world data on
Please cite this article as: Alberga AJ et al., Treatment Outcome Trends for Non-Ru
European Journal of Vascular and Endovascular Surgery, https://doi.org/10.1016/
aneurysm care and can be seen as an important tool for
further quality improvement initiatives.
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