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Abstract

Background: Previous studies have focused on patient-related risk factors to explain the higher mortality risk in women undergoing
elective abdominal aortic aneurysm (AAA) repair. The aim of this study was to evaluate whether hospital-related factors influence
outcomes following AAA repair in women.

Methods: Patients undergoing elective AAA repair in 61 hospitals in the Netherlands were identified from the Dutch Surgical
Aneurysm Audit registry (2013–2018). A mixed-effects logistic regression analysis was conducted to assess the effect of sex on in-
hospital and/or 30-day mortality. This analysis accounted for possible correlation of outcomes among patients who were treated
in the same hospital, by adding a hospital-specific random effect to the statistical model. The analysis adjusted for patient-related
risk factors and hospital volume of open surgical repair (OSR) and endovascular aneurysm repair (EVAR).

Results: Some 12034 patients were included in the analysis. Themortality rate was higher in women than amongmen: 53 of 1780 (3.0
per cent) versus 152 of 10 254 (1.5 per cent) respectively. Female sex was significantly associated with mortality after correction for
patient- and hospital-related factors (odds ratio 1.68, 95 per cent c.i. 1.20 to 2.37). OSR volume was associated with lower mortality
(OR 0.91 (0.85 to 0.95) per 10-procedure increase) whereas no such relationship was identified with EVAR volume (OR 1.03 (1.01 to
1.05) per 10-procedure increase).

Conclusion: Women are at higher risk of death after abdominal aortic aneurysm repair irrespective of patient- and hospital-related
factors.

Introduction
Patients with an abdominal aortic aneurysm (AAA) can be
treated electively by open surgical repair (OSR) or endovascular
aneurysm repair (EVAR)1. Previous studies2–5 have shown
that excess perioperative mortality is evident among women
following both types of repair. Well known patient-related
risk factors are associated with increasedmortality risk, includ-
ing age, cardiac and pulmonary co-morbidity, and impaired
renal function6–9. Despite correction for such factors, female
sex has persistently been associated with increased
mortality2,8.

Hospital-level factors such as expertise in AAA surgerymay in-
fluence patient outcomes. Volume can be used as a proxy for ex-
pertise and has been found to have an inverse relationship with
mortality1,10,11. However, previous studies2,8,12 have focused
only on patient-related factors. The aim of this study was to es-
tablish whether hospital-level factors could explain some of the
differences in outcome associated with women after AAA
surgery.

Methods
Study design and data source
A retrospective study from the Dutch Surgical Aneurysm Audit
(DSAA) was conducted in accordance with the STROBE state-
ment13. The DSAA is a nationwide andmandatory quality registry
that was initiated in 2013, and obtains data on all patients who
undergo surgery for an aortic aneurysm in the Netherlands across
61 hospitals.

Study population
Patients eligible for the present study were women and men
registered in the DSAA who underwent primary elective OSR or
EVAR for an asymptomatic AAA between January 2013 and
December 2018.

Variables and definitions
Patient- and hospital-related factors considered to have an im-
pact on mortality from a clinical point of view and/or known
from the literature were assessed before the analysis by means
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of a directed acyclic graph to minimize bias (Table S1). The
patient-related risk factors age, AAA diameter, cardiac and pul-
monary co-morbidity, serum creatinine levels, and type of repair
were extracted from the registry. Cardiac and pulmonary co-
morbidities were registered in the DSAA in accordance with
POSSUM14. This score is used to predict 30-day mortality and
morbidity rates after surgery, and was designed specifically for
surgical audit purposes15,16. The hospital-related factor hospital
volume was divided into OSR and EVAR volume, as the separate
volumes can be differently associated with mortality17. The
volumes of both types of repair were calculated as the total
number of primary elective repairs in each hospital throughout
the 6-year study period. The total number of patients who had
surgery for an aortic aneurysm per hospital was used to calculate
hospital volume, regardless of whether patients had missing
values on patient-related risk factors as all of the registered
repairs add to the cumulative hospital expertise.

Outcome
The primary outcome of interest for this study was the effect of
sex on perioperative mortality, comprising in-hospital mortality
during primary admission and 30-day mortality.

Statistical analysis
Baseline characteristics of both the total study cohort and com-
plete cases are reported, along with hospital characteristics in-
cluding the percentage of women treated with OSR and EVAR
per hospital. Continuous variables, stratified by sex, are reported
as mean (s.d.) or median (i.q.r.), depending on the distribution.
Categorical variables are reported as absolute numbers with
percentages.

The data can be regarded to have a clustered structure as they
were obtained from 61 hospitals, whereby patients from the same
hospital formed a single cluster (group). It is possible that patients
treated in the same hospital have correlated outcomes18,19. A
wide variety of factors may lead to higher or lower mortality rates
in particular hospitals. To deal with possible correlated out-
comes, a mixed-effects logistic regression model was used. The
following were used as fixed effects in the analysis: OSR volume,
EVAR volume, age, sex, AAA diameter, cardiac and pulmonary co-
morbidity, serum creatinine levels, and type of repair. The ran-
dom effect in the statistical model was a hospital-specific offset,
which was assumed to follow a normal distribution with a
mean of zero. To assess the degree of correlation between

patients treated in the same hospital, the intraclass correlation
coefficient (ICC) was calculated19. The ICC is calculated by divid-
ing the random-effect variance (between-hospital variance) by
the total unexplained variance (between-hospital variance and
assumed within-hospital variance; fixed value of π2/3 in standard
logistic distribution)19,20.

The analysis included patients with complete data on patient-
related risk factors (complete-case analysis). The association be-
tween variables and perioperative mortality was expressed as
odds ratios (ORs) with the corresponding 95 per cent confidence
intervals. P,0.050 was considered statistically significant.
Statistical analyses were conducted with SPSS® 25 (IBM,
Armonk, NY, USA) and R studio version 1.3.959 (The R
Foundation for Statistical Computing, Vienna, Austria).

Results
Participants and descriptive data
Some 13091 patients who underwent elective primary AAA repair
in 61 hospitals were registered in the DSAA (Fig. 1). These data
were used to calculate hospital volume. After exclusion of 30 pa-
tients aged 18 years or under, or for whom information on sex or
mortality was missing, the total study cohort comprised 13 061
patients. Data were considered to be missing completely at ran-
dom as patients with missing values on patient-related factors
were not treated at specific hospitals. Hence, no hospital was ex-
cluded from the analysis. Ultimately, 12 034 patients were in-
cluded in the complete case-analysis. A total of 2827 patients
were treated with OSR (550 women, 19.5 per cent) and 9207
with EVAR (1230 women, 13.4 per cent). Women were older
than men at the time of surgery: mean(s.d.) 74.1(7.7) versus
73.1(7.6) years respectively (P, 0.001) (Table 1).

Hospital characteristics
The median total number of elective AAA repairs over 6 years was
243 (i.q.r. 187–320) per hospital. The median OSR volume was 55
(39–78) and median EVAR volume was 193 (140–240). Some 18.8
per cent of all patients treated by OSR per hospital, and 12.9 per
cent of all those treated by EVAR per hospital, werewomen (Table 2).

Mortality data
The overall mortality rate was higher in women than men (53 of
1780 (3.0 per cent) versus 152 of 10 254 (1.5 per cent); P, 0.001).
Mortality rates were higher in women than in men after both

Primary elective AAA
repairs n = 13 091*

Today study cohort
n = 13 061

Complete-case
n = 12 034 analysis

Excluded n = 30
Aged < 18 years n = 7
Missing data on sex n = 9
Missing data on survival status n = 14

Missing data on
confounders n = 1027

Fig. 1 Study flow diagram

*Used in calculation of hospital volume. AAA, abdominal aortic aneurysm.
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OSR (38 of 550 (6.9 per cent) versus 104 of 2277 (4.6 per cent); P=
0.024) and EVAR (15 of 1230 (1.2 per cent) versus 48 of 7977 (0.6
per cent); P= 0.014).

Mixed-effects logistic regression analysis
After adjusting for patient- and hospital-related factors, female sex
was significantly associated with perioperative mortality (OR 1.68,
95 per cent c.i. 1.20 to 2.37). Advanced age, cardiac and pulmonary
co-morbidity, higher serum creatinine levels, and OSR as type of
repair were also associated with an increased mortality risk
(Table 3). Higher hospital OSR volume was associated with a lower
risk of mortality (OR 0.91 (0.85 to 0.95) per 10-procedure increase),
whereas higher hospital EVAR volume was associated with a high-
er risk of death (OR 1.03 (1.01 to 1.05) per 10-procedure increase).

The estimated hospital-specific offset variance across hospi-
tals was 0.08. An ICC of 0.024 (2.4 per cent) suggested that the out-
comes of patients treated in the same hospital were only slightly
correlated.

Discussion
The associations between both patient- and hospital-related fac-
tors and mortality in AAA surgery have been well reported

previously. In the investigation of the higher mortality rate in wo-
men following elective AAA repair, contemporary studies2,3,5

have focused foremost on patient-related risk factors. As
hospital-level factors can affect outcomes as well, a study com-
bining both factors was conducted to find an explanation beyond
patient-related factors for why women are at higher risk. Using
nationwide data on aortic aneurysm repair in the Netherlands,
the present study found that female sexwas associatedwithmor-
tality after additional correction for interhospital variation.

These findings corroborated those of a recent study21 that in-
vestigated sex as a modifier in the volume–outcome relationship.
The authors concluded that female sex was associated with in-
creased mortality and that hospital volume did not have a con-
sistent effect in women21. Another study11 that investigated
various hospital-level variables showed that institutional practice
patterns had a relatively minor impact on mortality in compari-
son to patient-level risk factors. These reports suggest that fac-
tors at patient level may be more important in explaining the
higher mortality risk among women. The patient-level risk fac-
tors advanced age, cardiac and pulmonary co-morbidity, high ser-
um creatinine levels, and OSR as type of repair were associated
with mortality in the present study, in agreement with previous
studies6,22,23. Further in-depth research on other patient-related
risk factors, such as anatomical, genetic or biological differences
between women and men, are needed to identify potential expla-
nations for the sex-specific mortality risk.

Hospital volume as a measurable parameter at hospital level
was used as a proxy to express possible variation in expertise in
AAA surgery and other hospital-related processes, such as re-
sources for dealing with postoperative complications.
Cumulative number of OSR or EVAR procedures performed over
6 years in each hospital was used as hospital volume, which
can be considered to correspond to the average annual volume
used in previous studies24–26. The focus of the present analysis
was themortality risk among patients who underwent elective re-
pair. As such, ruptured AAA procedures were not taken into the
calculation of hospital volume, which may not have done justice

Table 2 Type of repair and proportion of women treated per
hospital across 61 hospitals in the Netherlands (2013–2018)

Total study cohort
(n=13061)

Complete cases
(n=12034)

% OSR per hospital 23.2 (16.5–30.0) 23.1 (16.3–29.1)
% women treated per

hospital
14.8 (12.6–16.2) 14.6 (12.7–16.0)

% women treated by OSR
per hospital

18.2 (14.7–21.8) 18.8 (15.2–22.9)

% women treated by EVAR
per hospital

12.6 (10.5–15.2) 12.9 (10.7–15.4)

Values are median (interquartile range). OSR, open surgical repair. EVAR,
endovascular aneurysm repair.

Table 1 Baseline characteristics of patients undergoing primary elective abdominal aortic aneurysm repair in the Netherlands (2013–
2018)

Total study cohort Complete cases

Women
(n=1916)

Men
(n=11145)

Women
(n=1780)

Men
(n=10254)

Age (years)* 74.1 (7.7) 73.1 (7.6) 74.1 (7.7) 73.1 (7.6)
AAA diameter (mm)† 55 (52–60) 58 (55–65) 55 (52–60) 58 (55–65)
Missing 30 (1.6) 125 (1.1)

Preoperative cardiac status
No cardiac history 820 (43.9) 4702 (43.7) 780 (43.8) 4492 (43.8)
Medication for hypertension, angina pectoris, diuretics or digoxin 883 (47.3) 4889 (45.4) 841 (47.2) 4631 (45.2)
Peripheral oedema, anticoagulation (vitamin K antagonist), borderline
cardiomyopathy

144 (7.7) 995 (9.2) 138 (7.8) 957 (9.3)

Increased central venous pressure, cardiomegaly 21 (1.1) 182 (1.7) 21 (1.2) 174 (1.7)
Missing 48 (2.5) 377 (3.4)

Preoperative pulmonary status
No dyspnoea 1313 (69.6) 8280 (75.4) 1232 (69.2) 7715 (75.2)
Dyspnoea on exertion 476 (25.2) 2281 (20.8) 457 (25.7) 2145 (20.9)
Disabling dyspnoea 72 (3.8) 318 (2.9) 69 (3.9) 302 (2.9)
Dyspnoea at rest, consolidation, fibrosis 26 (1.4) 100 (0.9) 22 (1.2) 92 (0.90)
Missing 29 (1.5) 166 (1.5)

Creatinine (µmol/l)† 76 (65–92) 92 (79–110) 76 (64–92) 92 (79–109)
Missing 44 (2.3) 305 (2.7)

Values in parentheses are percentages unless indicated otherwise; values are *mean (s.d.) and †median (i.q.r.). Baseline characteristics are shown for 13061 patients
who underwent primary elective abdominal aortic aneurysm (AAA) repair after exclusion of those aged 18 years or less, or with missing values on sex or mortality,
and for 12 034 patients after excluding those whose data set was incomplete.
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to tertiary referral centres that performed more repairs for rup-
tured AAA than other centres and may potentially have affected
outcomes. Although different definitions of volume have been
used, higher hospital volume is reported to be associated with
lower mortality after AAA repair27–29. However, there seems to
be a difference in strength of the association of OSR and EVAR vo-
lume with mortality. Previous research17 has shown that the as-
sociation between OSR volume and mortality is stronger than
that for EVAR volume. Although higher OSR volume was asso-
ciated with lower mortality as identified previously24,30, EVAR vo-
lume was associated with a slightly higher mortality risk in the
present study. As EVAR has a relatively low mortality rate and
EVAR volume has been reported to have no or little relationship
with mortality, a possible explanation for this surprising observa-
tion is that selection bias had occurred24,25. EVAR as a less inva-
sive operation is often the procedure of choice in older patients
with more co-morbidity, and/or offered to a broader selection of
patients31–34. Alternatively, heterogeneity in definitions of hos-
pital volume may also have had an impact on differences in out-
comes. For example, some analyses24–26 used the average annual
hospital volume, whereas another study35 used the annual hos-
pital volume. Although these studies revealed similar outcomes
for OSR (volume–outcome association), a minor difference was
noted for EVAR (minor volume–outcome association or no associ-
ation). Notably, the interpretation of the volume–outcome rela-
tionship in the present study is different from that in studies
that investigated the effect of hospital volume on the mortality
risk of patients undergoing OSR or EVAR25,26,35. As such, the hos-
pital volume–outcome relationship can be investigated in various
ways, reflecting the complexity of the underlying mechanisms.

The study aimed to control for possible unexplained interhos-
pital variation that may have affected patient outcomes, by ac-
counting for possible correlation between outcomes of patients
treated in the same hospital. Hospital parameters that may
vary included the concept of heterogeneity in differences in surgi-
cal experience with type of repair or differences in experience
with postoperative AAA care in women. As a secondary finding,
the analysis showed that there was no heterogeneity between
hospitals after correction for the fixed effects; all hospitals

performed equally. Although the study aimed to capture these
unmeasured hospital-related parameters, there is a possibility
that the authors could not have accounted for all such factors.

The study showed that female sex is associated with highmor-
tality after elective AAA repair. The high mortality risk in women
may in part be due to a minor delay in treatment, reflected by a
median AAA diameter of 5.5 cm, with potentially more advanced
AAA disease and need for complex repair. However, as women are
at higher risk of perioperative mortality, perhaps the trade-off of
treating women with surgery should be re-evaluated. The thresh-
old for treating AAA in women is currently set at an aortic diam-
eter of 5.0 cm, which is lower than the threshold of 5.5 cm inmen,
possibly because women have a higher risk of aneurysm rupture
than men1,36. Yet, perhaps the perioperative mortality risk ex-
ceeds the rupture risk at the lower AAA diameter threshold. As
further studies are warranted to investigate this trade-off, a
more dynamic approach to treatment may be suggested mean-
while. For women undergoing open repair, the threshold should
perhaps be increased until as-yet unidentified risk factors for
mortality have been elucidated, whereas a lower threshold may
be indicated for EVAR considering the lowmortality risk. It is clear
that a tailormade decision is required, by incorporating the pa-
tient’s preference into shared decision-making37.

There were some limitations to this study. First, potential risk
factors that were not registered in the DSAA could not be taken
into account. These include both patient- and hospital-related
factors; the former include AAA parameters such as aneurysm
anatomy and operative complexity, and the latter surgeon vo-
lume (number of procedures performed per surgeon) which has
been proposed to be associated with mortality38,39. Social factors
such as caregiver status may also influence outcomes, which
could not be taken into account in the present analysis. Second,
this retrospective study used data from a quality registry that
was not primarily designed for research and could have missing
values. The percentage of missing values for each co-morbidity
was less than 4 per cent and the incomplete data were distributed
over approximately 8 per cent of the patients. The information
bias of the extracted variables was therefore considered to be
acceptable.

Table 3 Mixed-effects logistic regression analysis to determine the effect of sex on 30-day and/or in-hospital mortality following
elective abdominal aortic aneurysm repair in the Netherlands

Odds ratio P

Sex (F versus M) 1.68 (1.20, 2.37) 0.003
Age (per year) 1.07 (1.05, 1.10) , 0.001
AAA diameter (per 10 mm) 1.04 (0.91, 1.18) 0.577
Cardiac co-morbidity
No cardiac history 1.00 (reference)
Medication for hypertension, angina pectoris, diuretics or digoxin 1.31 (0.94, 1.83) 0.108
Peripheral oedema, anticoagulation (vitamin K antagonist), borderline cardiomyopathy 1.86 (1.17, 2.95) 0.009
Increased central venous pressure, cardiomegaly 2.64 (1.12, 6.23) 0.026

Pulmonary co-morbidity
No dyspnoea 1.00 (reference)
Dyspnoea on exertion 2.36 (1.73, 3.21) , 0.001
Disabling dyspnoea 2.12 (1.03, 4.36) 0.042
Dyspnoea at rest, consolidation, fibrosis 8.33 (3.86, 17.99) , 0.001

Creatinine (per 100-µmol/l increase) 1.61 (1.33, 1.96) , 0.001
Type of repair (OSR versus EVAR) 12.23 (8.69, 17.23) , 0.001
Hospital volume OSR (per 10 procedures) 0.91 (0.85, 0.95) 0.002
Hospital volume EVAR (per 10 procedures) 1.03 (1.01, 1.05) 0.017

Values in parentheses are 95 per cent confidence intervals. OSR, open surgical repair; EVAR, endovascular aneurysm repair. These are the results of the analysis
investigating the effect of sex on perioperative mortality, with correction for confounders.
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