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Abstract

Background: Increased use of endovascular aneurysm repair (EVAR) and reduced open surgical repair (OSR), has decreased postoper-
ative mortality after elective repair of abdominal aortic aneurysms (AAAs). The choice between EVAR or OSR depends on aneurysm
anatomy, and the experience and preference of the vascular surgeon, and therefore differs between hospitals. The aim of this study
was to investigate the current mortality risk difference (RD) between EVAR and OSR, and the effect of hospital preference for EVAR
on overall mortality.

Methods: Primary elective infrarenal or juxtarenal aneurysm repairs registered in the Dutch Surgical Aneurysm Audit (2013–2017)
were analysed. First, mortality in hospitals with a higher preference for EVAR (high-EVAR group) was compared with that in hospitals
with a lower EVAR preference (low-EVAR group), divided by the median percentage of EVAR. Second, the mortality RD between
EVAR and OSR was determined by unadjusted and adjusted linear regression and propensity-score (PS) analysis and then by
instrumental-variable (IV) analysis, adjusting for unobserved confounders; percentage EVAR by hospital was used as the IV.

Results: A total of 11 997 patients were included. The median hospital rate of EVAR was 76.6 per cent. The overall mortality RD
between high- and low-EVAR hospitals was 0.1 (95 per cent �0.5 to 0.4) per cent. The OSR mortality rate was significantly higher
among high-EVAR hospitals than low-EVAR hospitals: 7.3 versus 4.0 per cent (RD 3.3 (1.4 to 5.3) per cent). The EVAR mortality rate was
also higher in high-EVAR hospitals: 0.9 versus 0.7 per cent (RD 0.2 (�0.0 to 0.6) per cent). The RD following unadjusted, adjusted, and
PS analysis was 4.2 (3.7 to 4.8), 4.4 (3.8 to 5.0), and 4.7 (4.1 to 5.3) per cent in favour of EVAR over OSR. However, the RD after IV analysis
was not significant: 1.3 (�0.9 to 3.6) per cent.

Conclusion: Even though EVAR has a lower mortality rate than OSR, the overall effect is offset by the high mortality rate after OSR in
hospitals with a strong focus on EVAR.

Introduction
Postoperative mortality in elective abdominal aortic aneurysm
(AAA) surgery has decreased significantly since the introduction
of endovascular aneurysm repair (EVAR)1. A meta-analysis2 of
four historical randomized trials reported an odds ratio (OR) as
low as 0.40 for mortality following EVAR compared with open
surgical repair (OSR). Furthermore, in the mandatory registry, the
Dutch Surgical Aneurysm Audit (DSAA), there was a 4.1 per cent
risk difference (RD) in mortality between EVAR and OSR (0.9 and
5.0 per cent respectively)1,3. For comparison, in the earlier

DREAM (Dutch Randomized Endovascular Management) trial in
the Netherlands, the RD between EVAR and OSR was 3.4 per cent
(EVAR 1.2 per cent, OSR 4.6 per cent)4.

The question remains whether the RD has truly increased, for
example by expanding indications for EVAR, because of hospital
preference, and how the mortality difference seen in clinical tri-
als relates to the difference in observational studies reflecting
practice in general. Trials include a selected group of patients
and therefore might not reflect the real world5. However, in ob-
servational data from national registries, comparisons may be
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biased because of both measured and unmeasured confounders6.
For instance, confounding by indication occurs when the choice
of a specific treatment is influenced by characteristics and co-
morbidities of the patient, and the preference of both the patient
and surgeon7.

Changes in patient selection, hospital preference, and techni-
cal skills over time could explain the increased mortality RD be-
tween EVAR and OSR in the DSAA, compared with that in
randomized trials. However, the last two factors cannot be risk-
adjusted for easily. Standard statistical methods for the adjust-
ment of measured confounders are multivariable regression
analysis and propensity score analysis. However, these methods
do not adjust for variables that are not or cannot be measured,
such as interpretation of the anatomical characteristics of the
aneurysm or the preference for one surgical procedure over the
other. Possible techniques to adjust for unmeasured confounders
are instrumental-variable (IV) analysis or ecological analysis6,8.

The aim of this study was to compare overall mortality in
hospitals with a high preference for EVAR with those with a
low preference for EVAR to determine the current mortality RD
between OSR and EVAR.

Methods
This observational study was conducted in accordance with the
STROBE checklist (https://www.strobe-statement.org). First,
the effect of preference for EVAR on elective AAA mortality at
hospital level was examined and, second, the RD in postoperative
mortality between EVAR and OSR at patient level was calculated.

Data source and participants
Consecutive patients registered in the DSAA, who underwent
operation for a primary infrarenal or juxtarenal EAAA between
2013 and 2017, were included in the analysis3. The DSAA is a
mandatory audit and registers all patients with an AAA undergo-
ing surgical treatment in the Netherlands. Data verification was
performed in 2015; 1.7 per cent of the operated patients were not
registered in the DSAA, and there were no deaths among these
patients9. Patients were excluded from the analysis if data on
date of birth, date of surgery, survival status, emergency setting,
or type of procedure (EVAR or OSR) were missing. Hospitals
performing less than 15 procedures in 5 years were excluded
from the analysis.

Outcomes
The primary outcome of this study was postoperative mortality,
overall, and after OSR and EVAR, in order to determine the
mortality RD between OSR and EVAR. Postoperative mortality
was defined as death within 30 days of surgery or during the ini-
tial admission (30-day/in-hospital mortality).

Statistical analysis
All statistical analyses were done using R statistical software
version 3.5.1 (R Foundation for Statistical Computing, Vienna,
Austria) and SPSSVR version 23.0 (IBM, Armonk, New York, USA).

Hospital level
To investigate the effect of hospital preference for EVAR on post-
operative mortality, hospitals were divided into two groups: The
median was set at 76.6% which is a rounded digit that originates
from 76.633663%. There was one hospital that had exactly this
digit with a percentage of 76.63% which was also a rounded digit

from 76.633663%. SPSS has allocated this hospital to the low %
EVAR group.

Patient level
The RD in postoperative mortality (expressed as a percentage) be-
tween patients treated with EVAR versus OSR was determined in
four ways: using a linear model unadjusted for confounders, a
linear model adjusted for observed confounders, a propensity
score analysis, and an IV analysis adjusted for unobserved con-
founders. Patient characteristics and hospital-related factors
were compared using the t test and v2 test.

Hospitals with high versus low percentage of endovascular
repair
The percentage of patients with an AAA treated by EVAR per hos-
pital (treatment preference of the hospital) was used as IV for fur-
ther analysis. The distribution of measured possible confounders
between high- and low-EVAR groups was assessed.

Unadjusted linear regression analysis
Crude mortality rates in patients treated with EVAR and OSR
were compared using a linear regression model. When consider-
ing a binary outcome, it is standard practice to use logistic regres-
sion, with the effect size estimated as an OR. Linear regression
was used here, however, to estimate the effect as a RD.

Adjusted linear regression analysis
To correct for observed confounders, a linear regression model
was used to compare adjusted mortality rates in patients treated
with EVAR versus OSR. Patient characteristics that influenced
mortality were selected by univariable logistic regression. The
adjusted RD for mortality was calculated by multivariable linear
regression analysis.

Propensity score risk adjustment
This was carried out in two steps. In the first step, a multivariable
logistic regression analysis was undertaken, including every vari-
able associated with choice of treatment in univariable analysis.
In the second step, the RD was estimated by multivariable linear
regression analysis for the primary outcome, postoperative mor-
tality, adjusted for the propensity score obtained in step 1 and
the choice of treatment as predictors.

Instrumental-variable analysis
First, a rough calculation was made, on the basis of the distribu-
tion in the two hospital groups. Then, for the IV analysis, the pro-
portion of patients treated with EVAR at each centre was used as
an IV to adjust for unobserved confounders by the two-stage
least squares (2SLS) method. First, the proportion of EVAR in
each hospital was computed from the hospital identifier. Next, a
model for mortality was fitted with the predicted probability of
EVAR as the only co-variable.

An IV analysis can be used to estimate the effect of a treat-
ment in observational data, corrected for unobserved confound-
ers. An IV is a factor that strongly influences the choice of
treatment, but which has no independent influence on patient
outcome. Thus, an IV is not related to the prognosis of the pa-
tient. When carrying out IV analysis, individual patients with dif-
fering treatments are not compared, but rather the outcomes of
patients with a different chance of receiving a certain treatment.
Methods of IV analysis are described in detail elsewhere6.

When using IV analysis to compare mortality after OSR and
EVAR in patients with an AAA, it was necessary to make two
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essential assumptions, based on earlier results from the DSAA:
that patients with an AAA are divided randomly over all hospitals
that perform AAA surgery in the Netherlands1, and that the qual-
ity of AAA-related care is equal in each hospital1.

The strength of the IV was tested by means of the partial
F-statistic. The co-variables used in this model were the same as
those in the first step of the propensity score analysis, except
that the actual treatment was not in the model. The outcome
was reported as an RD between EVAR and OSR.

Results
A total of 12 350 patients were registered. After application of the
exclusion criteria, 12 009 patients (97.6 per cent) were analysed.
One hospital that registered 12 patients in 5 years was excluded,
leaving 11 997 patients who underwent elective AAA repair
(Fig. 1).

Descriptive data
Of these patients, 9255 (77.1 per cent) were treated with EVAR
without conversion, in 24 (0.2 per cent) the procedure was con-
verted from EVAR to OSR and analysed in the EVAR group, and
2718 patients (22.7 per cent) underwent OSR. The percentage of
EVAR varied between hospitals (range 53.4–100 per cent), with a
mean of 77.3 per cent and median of 76.6 per cent. There were
5961 patients in the high-EVAR group and 6036 in the low-EVAR
group. The mean rates of EVAR were 85.7 per cent versus 69.1 per
cent respectively (mean difference 16.6 per cent). There were

28 high-EVAR hospitals (including 8 university/large teaching
hospitals) and 34 low-EVAR hospitals (including 9 university/
large teaching hospitals). Table 1 shows baseline characteristics.
Patients who had EVAR were older, more often men, had smaller
AAA diameters, and fewer co-morbidities.

The mean overall OSR volume was 52 (range 0–118) patients
per hospital: 35 (0–68) in high-EVAR hospitals and 69 (17–118)
in low-EVAR hospitals The mean overall EVAR volume was
185 (32–387) patients per hospital: 205 (101–382) in high-EVAR
hospitals and 164 (32–387) in low-EVAR hospitals. Information
about suprarenal clamping was registered for 1545 consecutive
procedures since 2015: 1011 patients in low-EVAR hospitals
and 534 patients in high-EVAR hospitals. Of these patients, 256
(25.3 per cent) and 167 (31.3 per cent) respectively underwent su-
prarenal clamping (OR 1.34, 95 per cent c.i. 1.07 to 1.69; P¼ 0.013).

Outcome data
Outcome by hospital preference: endovascular versus open
repair
Table 2 shows the postoperative mortality rate in high- and low-
EVAR hospitals, with a RD of 0.1 (95 per cent c.i. �0.5 to 0.4) per
cent, which was not statistically significant. The mortality rate of
7.3 per cent after OSR in high-EVAR hospitals was significantly
higher than the 4.0 per cent in low-EVAR hospitals (RD 3.3 (1.4 to
5.3) per cent). The EVAR mortality rate was also higher in high-
EVAR hospitals: 0.9 versus 0.7 per cent (RD 0.2 (�0.0 to 0.6) per
cent). To understand differences in outcome related to hospital
preference for EVAR, confounding variables were analysed for

Patients registered in DSAA

Group 1 (high-EVAR) n = 5961
   EVAR n = 5107
   OSR n = 854

Group 2 (low-EVAR) n = 6036
   EVAR n = 4172
   OSR n = 1864

2013
n = 2002

2014
n = 2614

2015
n = 2576

n = 101

2016
n = 2603

n = 57

2017
n = 2555

Excluded from analysis n = 30
Not a primary procedure
   Not an abdominal aortic
   aneurysm or iliac/juxtarenal
   aneurysm
Not EVAR, OSR or converted
   procedure 

Excluded from analysis
based on missing data regarding
date of birth, date of surgery,
operative setting, procedure or
mortality n = 40

n = 85

n = 2470

n = 7

n = 2463

n = 2475 n = 2546

n = 1 n = 9

n = 2474

n = 12 009

n = 11 997

Excluded because 1
   hospital had 12 patients
   registered in 5 years n = 12

n = 2537

n = 3 n = 55

n = 1999 n = 2559

n = 16 n = 7

n = 1983 n = 2552

Fig. 1 Study flow diagram

EVAR, endovascular aneurysm repair; OSR, open surgical repair; DSAA, Dutch Surgical Aneurysm Audit.
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both OSR and EVAR in high- and low-EVAR hospitals (Table 3).
In high-EVAR hospitals, patients in both treatment groups had
significantly less co-morbidity.

Unadjusted analysis
The overall crude mortality rate was 1.8 per cent (212

patients): 0.8 per cent (75 patients) after EVAR and 5.0 per cent
(137 patients) after OSR (RD 4.2 (95 per cent c.i. 3.7 to 4.8) per
cent).

Adjusting for observed confounders
Potential confounding variables following univariable analysis

for the outcome mortality were sex, age, cardiopulmonary status,

Table 1 Baseline characteristics by type of procedure and by hospital use of endovacular repair

Type of procedure P‡ Hospital use of EVAR P‡

EVAR
(n 5 9279)

OSR
(n 5 2718)

High-EVAR
group (n¼5961)

Low-EVAR
group (n¼6036)

Age (years)* 73.8 (7.5) 70.5 (7.6) <0.001§ 73.3 (7.7) 72.8 (7.7) 0.001§

Sex
M 8086 (87.1) 2186 (80.4) <0.001 5123 (85.9) 5149 (85.3) 0.567
F 1190 (12.8) 530 (19.5) 836 (14.0) 884 (14.6)
Missing 3 (0.0) 2 (0.1) 2 (0.0) 3 (0.1)

Cardiology
No cardiac problems 4191 (45.2) 1205 (44.3) 0.002 2952 (49.5) 2444 (40.5) <0.001
Peripheral oedema 811 (8.7) 191 (7.0) 464 (7.8) 538 (8.9)
Raised CVP 153 (1.6) 35 (1.3) 59 (1.0) 129(2.1)
Medication† 3797 (40.9) 1205 (44.3) 2250 (37.7) 2752 (45.6)
Unknown 327 (3.5) 82 (3.0) 236 (4.0) 173 (2.9)

Pulmonary co-morbidity
No dyspnoea 6840 (73.7) 2015 (74.1) 0.035 4416 (74.1) 4439 (73.5) <0.001
Dyspnoea on exercise 1927 (20.8) 573 (21.1) 1265 (21.2) 1235 (20.5)
Dyspnoea on mild exertion 302 (3.3) 60 (2.2) 188 (3.2) 174 (2.9)
Dyspnoea at rest 90 (1.0) 24 (0.9) 52 (0.9) 62 (1.0)
Unknown/missing 120 (1.3) 46 (1.7) 40 (0.7) 126 (2.1)

Malignancy
No malignancy 7313 (78.8) 2286 (84.1) <0.001 4777 (80.1) 4822 (79.9) 0.438
Malignancy 1904 (20.5) 412 (15.2) 1138 (19.1) 1178 (19.5)
Unknown 62 (0.7) 20 (0.7) 46 (0.8) 36 (0.6)

Aneurysm diameter (mm)* 59.2 (10.2) 61.7 (13.0) <0.001§ 59.5 (10.8) 60.0 (11.0) 0.012§

ECG
No abnormalities 4902 (52.8) 1519 (55.9) <0.001 3314 (55.6) 3107 (51.5) <0.001
Atrial fibrillation 684 (7.4) 149 (5.5) 399 (6.7) 434 (7.2)
MI or other 2753 (29.7) 862 (31.7) 1656 (27.8) 1959 (32.5)
Unknown 940 (10.1) 188 (6.9) 592 (9.9) 536 (8.9)

Creatinine
Normal 6070 (65.4) 1766 (65.0) 0.206 3943 (66.1) 3893 (64.5) <0.001
Abnormal 3007 (32.4) 877 (32.3) 1926 (32.3) 1958 (32.4)
Unknown 202 (2.2) 75 (2.8) 92 (1.5) 185 (3.1)

Sodium
Normal 7903 (85.2) 2371 (87.2) <0.001 5031 (84.4) 5243 (86.9) <0.001
Abnormal 464 (5.0) 148 (5.4) 304 (5.1) 308 (5.1)
Unknown 912 (9.8) 199 (7.3) 626 (10.5) 485 (8.0)

Potassium
Normal 8113 (87.4) 2374 (87.3) 0.001 5208 (87.4) 5279 (87.5) 0.983
Abnormal 520 (5.6) 194 (7.1) 355 (6.0) 359 (5.9)
Unknown 646 (7.0) 150 (5.5) 398 (6.7) 398 (6.6)

WBC count (3 109/l)* 8.3(1.9) 8.6(2.1) <0.001§ 8.4(2.0) 8.4(2.0) 0.501§

Systolic BP (mmHg)* 140(20) 141(20) 0.007§ 140(20) 141(20) <0.001§

Pulse rate (b.p.m)
60–100 7207 (77.7) 2129 (78.3) 0.478 4724 (79.2) 4612 (76.4) <0.001
< 60 or >100 1554 (16.7) 430 (15.8) 1013 (17.0) 971 (16.1)
Unknown 518 (5.6) 159 (5.8) 224 (3.8) 453 (7.5)

Haemoglobin (mmol/l)* 8.7(1.0) 8.6(1.0) 0.006 8.7(1.0) 8.7(1.0) 0.089

A Values in parentheses are percentages unless indicated otherwise; *values are mean(s.d.). †ntihypertensives, antianginals, diuretics or digoxin. Normal ranges
used for blood tests: creatinine 45–100 lmol/l, sodium 135–145 mmol/l, potassium 3.5–5.0 mmol/l. EVAR, endovascular aneurysm repair; OSR, open surgical repair;
CVP, central venous pressure; MI, myocardial infarction; WBC, white blood cell count. ‡v2 test, except §t test.

Table 2 Crude analysis of mortality by preference of hospital for
endovascular aneurysm repair and procedure type

Mortality rate

OSR EVAR Overall

High-EVAR group 62 of 854 (7.3) 46 of 5107 (0.9) 108 of 5961 (1.8)
Low-EVAR group 75 of 1864 (4.0) 29 of 4172 (0.7) 104 of 6036 (1.7)
Odds ratio* 1.87 (1.32, 2.64) 1.30 (0.81, 2.07) 1.05 (0.80, 1.38)

Values in parentheses are percentages unless indicated otherwise; *values in
parentheses are 95 per cent confidence intervals. Rates are those recorded in
the Dutch Surgical Aneurysm Audit. OSR, open surgical repair; EVAR,
endovascular aneurysm repair.
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abnormality on ECG, AAA diameter, sodium, potassium,
creatinine, and haemoglobin levels, and year of surgery.
Adjusting for these resulted in an RD of 4.4 (95 per cent c.i. 3.8 to
5.0) per cent.

Propensity score risk adjustment
Two models were fitted. The first was a model to estimate the

probability of EVAR, given the co-variables selected by univari-
able analysis: the propensity score (Table 4). The second model es-
timated the EVAR/OSR effect, with adjustment for the propensity
score. The RD was estimated at 4.7 (95 per cent c.i. 4.1 to 5.3) per
cent in favour of treatment with EVAR.

Adjusting for unobserved confounders
Hospitals were divided into high-EVAR versus low-EVAR

hospitals, according to the percentage of patients treated by

EVAR, and the (dichotomized) percentage used as an IV. The
mean difference in EVAR treatment was 16.6 per cent between
high- and low-EVAR hospitals. The overall RD in postoperative
mortality was 0.1 per cent (Table 2). Therefore, the mortality
advantage of EVAR compared with OSR was 0.6 per cent (0.1
per cent/0.166). This was a crude number, but much lower
than the RDs calculated from unadjusted and adjusted analy-
ses.

On the basis of IV analysis (2SLS with percentage EVAR
per hospital as IV), the RD was estimated at 1.3 (95 per cent
c.i. –0.9 to 3.6) per cent in favour of EVAR over OSR and
the strength of the instrument was good (F-statistic: 1.286 on 1
and 11 995 d.f.; P ¼ 0.257).

Table 3 Baseline characteristics by type of procedure in relation to hospital use of endovascular aneurysm repair

OSR P‡ EVAR

Low-EVAR group
(n 5 1864)

High-EVAR group
(n 5 854)

Low-EVAR group
(n¼4172)

High-EVAR group
(n¼5107)

P‡

Age (years)* 70.7 (7.7) 70.3 (7.4) 0.225§ 73.8 (7.5) 73.8 (7.6) 0.928§

Sex
M 1510 (81.0) 676 (79.2) 0.314 3639 (87.2) 4447 (87.1) 0.904
F 352 (18.9) 178 (20.8) 532 (12.8) 658 (12.9)
Missing 2 (0.1) 0 (0.0) 1 (0.0) 2 (0.0)

Cardiology
No cardiac problems 765 (41.0) 440 (51.5) <0.001 1679 (40.2) 2512 (49.2) <0.001
Peripheral oedema 147 (7.9) 44 (5.2) 391 (9.4) 420 (8.2)
Raised CVP 31 (1.7) 4 (0.5) 98 (2.3) 55 (1.1)
Medication† 865 (46.4) 340 (39.8) 1887 (45.2) 1910 (37.4)
Unknown 56 (3.0) 26 (3.0) 117 (2.8) 210 (4.1)

Pulmonary co-morbidity
No dyspnoea 1394 (74.8) 621 (72.7) 0.139 3045 (73.0) 3795 (74.3) <0.001
Dyspnoea on exercise 385 (20.7) 188 (22.0) 850 (20.4) 1077 (21.1)
Dyspnoea on mild exertion 35 (1.9) 25 (2.9) 139 (3.3) 163 (3.2)
Dyspnoea at rest 14 (0.8) 10 (1.2) 48 (1.2) 42 (0.8)
Unknown/missing 36 (1.9) 10 (1.2) 90 (2.2) 30 (0.6)

Malignancy
No malignancy 1572 (84.3) 714 (83.6) 0.862 3250 (77.9) 4063 (79.6) 0.044
Malignancy 279 (15.0) 133 (15.6) 899 (21.5) 1005 (19.7)
Unknown 13 (0.7) 7 (0.8) 23 (0.6) 39 (0.8)

Aneurysm diameter (mm)* 61.6(12.7) 61.8(13.7) 0.757§ 59.3 (10.1) 59.1 (10.2) 0.449§

ECG
No abnormalities 994 (53.3) 525 (61.5) <0.001 2113 (50.6) 2789 (54.6) <0.001
Atrial fibrillation 115 (6.2) 34 (4.0) 319 (7.6) 365 (7.1)
MI or other 612 (32.8) 250 (29.3) 1347 (32.3) 1406 (27.5)
Unknown 143 (7.7) 45 (5.3) 393 (9.4) 547 (10.7)

Creatinine
Normal 1200 (64.4) 566 (66.3) 0.140 2693 (64.5) 3377 (66.1) <0.001
Abnormal 605 (32.5) 272 (31.9) 1353 (32.4) 1654 (32.4)
Unknown 59 (3.2) 16 (1.9) 126 (3.0) 76 (1.5)

Sodium
Normal 1640 (88.0) 731 (85.6) 0.222 3603 (86.4) 4300 (84.2) 0.001
Abnormal 95 (5.1) 53 (6.2) 213 (5.1) 251 (4.9)
Unknown 129 (6.9) 70 (8.2) 356 (8.5) 556 (10.9)

Potassium
Normal 1633 (87.6) 741 (86.8) 0.503 3646 (87.4) 4467 (87.5) 0.977
Abnormal 126 (6.8) 68 (8.0) 233 (5.6) 287 (5.6)
Unknown 105 (5.6) 45 (5.3) 293 (7.0) 353 (6.9)

WBC count (3 109/l)* 8.5 (2.1) 8.7(2.2) 0.169§ 8.3 (1.9) 8.4 (1.9) 0.168§

Systolic BP (mmHg)* 141 (20) 141 (21) 0.291§ 141 (20) 139 (20) 0.002§

Pulse rate (b.p.m)
60–100 1446 (77.6) 683 (80.0) 0.031 3166 (75.9) 4041 (79.1) <0.001
< 60 or > 100 294 (15.8) 136 (15.9) 677 (16.2) 877 (17.2)
Unknown 124 (6.7) 35 (4.1) 329 (7.9) 189 (3.7)

Haemoglobin (mmol/l)* 8.6 (1.0) 8.6 (1.0) 0.879§ 8.7 (1.0) 8.7 (1.0) 0.162§

Values in parentheses are percentages unless indicated otherwise; *values are mean(s.d.). †Antihypertensives, antianginals, diuretics or digoxin. Normal ranges
used for blood tests: creatinine 45–100 lmol/l, sodium 135–145 mmol/l, potassium 3.5–5.0 mmol/l. EVAR, endovascular aneurysm repair; OSR, open surgical repair;
CVP, central venous pressure; MI, myocardial infarction; WBC, white blood cell count. ‡v2 test, except §t test.
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Discussion
This study showed that hospitals with a higher preference for

EVAR provided no benefit in overall postoperative mortality over

hospitals with a lower preference for EVAR. The postoperative

mortality rate after OSR in high-EVAR hospitals was 7.3 per cent,

with a RD of 3.3 per cent in favour of low-EVAR hospitals. After
adjustment for known confounders, the RD was 4.4 per cent.

IV analysis resulted in a RD of 1.3 per cent in favour of EVAR,

which was not statistically significant.
This apparent paradox requires explanation assuming that IV

analysis, by the adjustment for unknown confounders, generates

a more reliable outcome estimate. Does this mean that there is

really no difference in postoperative mortality between EVAR and

OSR, or does a strong preference for EVAR not give better overall

results owing to the high mortality rate in the residual group of

patients undergoing OSR? What is the reason for the high mortal-

ity rate in this group?
Taking the results of the various statistical analyses together,

EVAR had a lower postoperative mortality rate than OSR.

However, this advantage is likely to be contingent on the
procedure being performed by an experienced surgeon in an
anatomically favourable patient. The IV analysis attempted to
take such caveats into account. However, it did so at the expense
of increased uncertainty, which resulted in loss of formal statisti-
cal significance. The results of IV analysis are expected to be
somewhere between those of RCTs and observational studies10.
This is because RCTs are optimized by patient selection and tend
to overestimate the effect of clinical practice, whereas observa-
tional data might be subject to bias because of confounders that
need to be adjusted for10. When the IV is strong and valid, the RD
would ideally approach those presented in RCTs10. However, in
the Netherlands, after adjustment for non-observed confounders
in the IV analysis, EVAR seemed to result in a non-significantly
lower postoperative mortality rate compared with OSR.

There may be three reasons for this finding: by correcting for
unobserved confounding, bias is removed and the effect is
smaller; by replacement of the actual treatment by the expected
treatment, there is a major loss of information and therefore a
loss of power; and choosing an IV, as explained in the methods
section, means that the hospital is a proxy for the choice of treat-
ment and that the outcome depends only on the choice of treat-
ment and not the hospital or practitioner. However, in IV analysis
there may still be hidden bias at hospital level with regard to de-
gree of surgical skill and hospital infrastructure8. In addition, the
applicability of IV analysis can be questioned when there is doubt
about the two assumptions described in the methods section11.
For example, did hospitals with worse results for either treatment
affect the IV analysis?

The results of OSR were worse in high-EVAR hospitals even
though the patients had less co-morbidity. This could be because
a focus on EVAR left only relatively more complex cases being
treated with OSR, but this information was not available from the
DSAA. The higher mortality rate after OSR in hospitals with a
relative preference for EVAR is not in line with published findings.
A recent meta-analysis12 concluded that the postoperative
mortality rate after OSR in the pre-EVAR and post-EVAR eras is
almost the same at around 2 per cent. Patients who underwent
OSR in the post-EVAR era had more complex anatomy, but were
shown to be fitter, resulting in an unchanged overall postopera-
tive mortality rate12,13. High-EVAR hospitals had a higher
percentage of suprarenal clamping than low-EVAR hospitals in
the present study, with a difference of 6.0 per cent. However,
according to the literature, suprarenal clamping may result in
increased morbidity but hardly affects mortality14. Where supra-
renal clamping is necessary, mortality is comparable to that in
patients undergoing OSR and infrarenal clamping15.

Although it is clear that short-term mortality has decreased
since the implementation of EVAR, there are some controversies
regarding the results of OSR1,16. SWEDVASC reported a decrease
in OSR mortality from 4.7 to 2.7 per cent in 17 years, but
VASCUNET documented an increase to 4.4 per cent17. A recent
publication18 comparing 10-year results in Sweden and the UK
described an overall mortality rate of 2.3 and 3.4 per cent respec-
tively. Although the mortality rate after EVAR was slightly higher
in both countries (1.5 and 1.4 per cent) than in the present study
of patients registered over 5 years in the DSAA, the mortality rate
for OSR was lower (3.1 and 4.7 per cent). The percentage of EVAR
performed did not exceed 50 per cent in 10 years, but showed a
gradual increase in the implementation of EVAR towards 70–80
per cent in 201218. The percentage of EVAR performed in the UK
was, however, similar to the mean percentage of EVAR during the
5 years of the DSAA (77.1 per cent) , but the mortality rate after

Table 4 Propensity scores for treatment by endovascular repair

Odds ratio

Female sex 0.50 (0.44, 0.56)
Age (per year) 1.07 (1.06, 1.08)
Year of surgery

2013 1.00 (reference)
2014 1.22 (1.05, 1.41)
2015 1.52 (1.31, 1.77)
2016 1.37 (1.18, 1.59)
2017 1.36 (1.17, 1.58)

% EVAR 1.06 (1.06, 1.07)
Aneurysm size (per mm) 0.97 (0.97, .98)
Systolic BP 1.00 (0.99, 1.00)
Haemoglobin (mmol/l) 1.01 (1.05, 1.15)
White blood cell count 0.96 (0.94, 0.98)
Sodium

Normal 1.00 (reference)
High or low 1.01 (0.82, 1.25)
Unknown 1.09 (0.81, 1,47)

Potassium
Normal 1.00 (reference)
High or low 0.78 (0.64, 0.93)
Unknown 1.26 (0.90, 1.77)

Malignancy
No malignancy 1.00 (reference)
Any malignancy 1.30 (1.15, 1.47)
Unknown 0.77 (0.44, 1.33)

ECG
Normal 1.00 (reference)
Atrial fibrillation 1.09 (0.88, 1.34)
MI or any other abnormal result 0.88 (0.79, 0.98)
Unknown 1.35 (1.13, 1.62)

Cardiac co-morbidity
None 1.00 (reference)
Peripheral oedema 1.15 (0.95, 1.39)
Raised CVP 1.74 (1.16, 2.60)
Medication for hypertension 0.95 (0.86, 1.05)
Unknown 0.87 (0.66, 1.15)

Pulmonary co-morbidity
None 1.00 (reference)
Dyspnoea on exercise 1.00 (0.89, 1.12)
Dyspnoea on mild exertion 1.57 (1.16, 2.12)
Dyspnoea at rest 1.47 (0.90, 2.39)
Unknown 0.91 (0.62, 1.32)

Values in parentheses are 95 per cent confidence intervals. Normal ranges
used for blood tests: sodium 135–145 mmol/l, potassium 3.5–5.0 mmol/l. EVAR,
endovascular aneurysm repair; MI, myocardial infarction, CVP, central venous
pressure.
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OSR in the DSAA was also similar to that reported in the UK (4.7
versus 5.0 per cent). Although a gradual increase in implementa-
tion of EVAR did decrease overall mortality and showed similar
results for OSR, high-EVAR hospitals in the DSAA, with a mean
percentage EVAR of 85.7 per cent, had a mortality rate of 7.3 per
cent after OSR. Interestingly low-EVAR hospitals (mean 69.1 per
cent EVAR) had an OSR mortality rate of only 4.0 per cent, which
is more in accordance with other results reported for OSR in the
literature17. Based on IV analysis, applying a low threshold
for EVAR did not lead to a definite mortality benefit for the entire
patient group. This arises the question whether how or if OSR
should be maintained and for what cost.16 An explanation would
be that the low threshold for EVAR may result in EVAR being car-
ried out in relatively more complex cases, more chimneys
(ChEVAR) and fenestrations (FEVAR).12 This strategy leaves the
relatively more complex cases in the OSRgroup, but unfortu-
nately this could not be analyzed with the DSAA data.
Consequently, these more complex procedures approximate the
results of OSR.15,19 In addition, lower hospital volumes overall or
regarding one specific procedure will lead to less experience, and
therefore less good results.

A main limitation of this study, in common with other obser-
vational studies, is patient selection. The turndown rate for sur-
gery may have differed between hospitals, and there may have
been referral selection, meaning that choices of treatment might
have been different. However, in this data set, the university and
large teaching hospitals were divided equally between high- and
low-EVAR groups. High-EVAR centres did not have more
co-morbidities registered, but the severity of co-morbidities is
difficult to capture, even with the items included in the
V-POSSUM20,21. It is possible that patients with difficult anatomy
were referred selectively to high-volume hospitals, leading to a
higher mortality rate in the OSR group in such hospitals. Missing
values are another potential limitation, but there were few in this
study.
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