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Summary

AIM OF THE STUDY: To analyse hospital incidence and 
in-hospital mortality of patients treated for abdominal aor-
tic aneurysms in Switzerland.

METHODS: Secondary data analysis of case-related hos-
pital discharge data of the Swiss Federal Statistical Office 
for the years 2009–2018. Patients who were hospitalised 
and surgically treated for nonruptured abdominal aortic 
aneurysms or hospitalised and treated for ruptured ab-
dominal aortic aneurysms were included in the analysis. 
Standardised annual incidences rates were calculated us-
ing the European standard population 2013. In-hospital 
all-cause mortality rates were calculated as raw values 
and standardised for age, sex, and the van Walraven co-
morbidity score.

RESULTS: A total of 10,728 cases were included in this 
study, of which 87.1% were male. Overall, 22.7% of the 
patients presented with a ruptured abdominal aortic 
aneurysm; 46% of these cases were surgically treated 
whereas 54% received conservative therapy. The age-
standardised cumulative hospital incidences for treatment 
of nonruptured abdominal aortic aneurysms were 2.6 
(95% confidence interval 2.5–2.8) and 19.7 (19.2–20.1) 
per 100,000 for women and men, respectively; for rup-
tured aneurysms it was 0.4 (0.3–2.4) per 100,000 in 
women, and 2.7 (2.6–2.9) in men. The annual incidence 
rates were stable in the decade observed. The adjusted 
mortality rates for treatment of nonruptured aneurysms 
decreased from 5.5% (2.6–11.2%) in 2009 to 1.4%
(0.5–3.6%) in 2018 in women, and from 2.4% (1.3–4.5%) 
in 2009 to 0.6% (0.2–1.5%) in 2018 in men. The adjusted 
mortality rates for treatment of ruptured abdominal aortic 
aneurysms remained high without relevant improvements 
for either sex over time: for women 32.4% (24.1–42.1%), 
for men 19.7% (16.8–22.8%).

CONCLUSIONS: The hospital incidence rates for nonrup-
tured and ruptured abdominal aortic aneurysms remained
unchanged in the decade observed. Compared with Ger-
many, there was no evidence for a decrease in the annual
incidence rates for ruptured abdominal aortic aneurysms
in Switzerland. Mortality rates in the elective setting were
low and decreased in the last decade but remained high in
patients treated for ruptured aneurysms. Efforts to reduce
the incidence of ruptured abdominal aortic aneurysms are
needed to reduce aneurysm-related mortality in Switzer-
land.

Introduction

Several countries have published epidemiological data and
treatment results for patients with abdominal aortic
aneurysms [1–5]. In recent years, endovascular aortic re-
pair (EVAR) has become the recommended standard treat-
ment option for patients with abdominal aortic aneurysms
(AAA) in both elective and emergency settings [6]. Thus,
EVAR is nowadays used in up to 80% of elective cases
and in up to 60% of ruptured cases in several European
countries [7]. A recently published analysis of data from
Switzerland's national registry for vascular interventions
(Swissvasc) showed a different picture for Switzerland,
especially for the treatment of ruptured abdominal aortic
aneurysms (rAAA). Open aneurysm repair (OAR) was
performed in more than 60% of the patients presenting
with rAAA [8]. However, data were only presented for the
years 2018–2020, not all hospitals enter data in Swissvasc,
and the registry has not been validated yet [8]. Thus, ro-
bust long-term nationwide epidemiological data on AAA
for Switzerland are lacking.

A secondary data analysis of diagnosis-related group
(DRG) data on the epidemiology of aortic pathologies in
Germany revealed relevant information that might help to
further improve the treatment quality [5, 9, 10]. The aim
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of this study was to analyse hospital incidence, treatment
modality and in-hospital mortality after treatment of AAA
in Switzerland between 2009 and 2018 using case-related
hospital discharge data of the Swiss Federal Statistical Of-
fice (SFSO) to gain a better understanding of the health-
care setting in Switzerland.

Materials and methods

This was a secondary data analysis of case-related hospital
discharge data of the SFSO. Every hospital, birthing cen-
tre and medical specialty institution in Switzerland is
bound to report all hospitalisations to the SFSO annually.
The SFSO collects sociodemographic variables such as
age, sex, up to 50 ICD-10 diagnosis codes, up to 100 pro-
cedure codes, type of admission, length of stay and dis-
charge information including in-hospital mortality for each
case. Information on hospital admission includes location
before admission and type of admission. Information on
the hospital stay includes diagnoses, treatment, insurance
class, time to treatment, total length of stay, length of stay
on the intensive care unit (ICU), and duration of ventila-
tion.

Diagnoses are recorded using the 10th revision of the Inter-
national Classification of Diseases (ICD-10), procedures
are recorded using the Swiss classification of surgical in-
terventions (CHOP). Because of personal data protection
regulations, information on patients' residences is unavail-
able and the exact institution description is encoded. Thus,
the data do not allow the identification of patients with
reinterventions during new hospital admissions. The insti-
tution codes for the treating hospitals were not available
for data protection reasons. However, hospitals were cate-
gorised into five levels of care, with levels one and two de-
noting university hospitals and other tertiary referral cen-
tres ("major hospitals"), and levels three to five denoted
smaller secondary hospitals ("regional hospitals") [11]. In-
formation on hospital discharge includes the destination af-
ter discharge. The analysis of this anonymised dataset did
not require ethical approval (waived by the local ethics
board: BASEC-Nr. Req–2021–01010). The original data
can be requested from the SFSO. This study is reported in
accordance with the STROBE statement [12]. The research
protocol of this study has not been published.

Inclusion and exclusion criteria

All cases in which either nonrupturedAAA (nrAAA,
ICD-10: I71.4) or ruptured AAA (rAAA, ICD-10: I71.3)
were coded as the primary or secondary diagnosis during
the reporting years 2009–2018 were included. Cases for
which nrAAA or rAAA were coded as a secondary diag-
nosis but no surgical treatment for the aneurysm was coded
were excluded. Cases with nrAAA a primary diagnosis but
without coding of surgical treatment were excluded like-
wise. Rare cases with hybrid treatments were also exclud-
ed, i.e., treated with both open aneurysm and endovascular
aortic repair. To avoid duplicates, all cases that had been
transferred to another hospital without surgical treatment
(open or endovascular repair) and all patients with double
entries in the dataset were excluded as well.

Statistical analysis

For descriptive analyses, mean and standard deviation
(SD) were reported for approximately normally distributed
continuous variables. For variables with skewed distribu-
tion, median and interquartile range (IQR) were calculated.
For categorical variables, frequency and percentage were
given. Distributional assumptions were investigated by in-
spection of density, violin and QQ plots.

Raw cumulative hospital incidences were calculated with
logit-Wald 95% confidence intervals (95% CIs). Addition-
ally, directly age-standardized cumulative incidences were
calculated using the European standard population from
2013 and for the Swiss population using SFSO da-
ta [12–14]. Since the age-specific distribution of the Swiss
population was missing for the year 2009, the age distribu-
tion of 2010 of the total Swiss population for the year 2009
was used. Logit-Wald 95% CIs for the directly age-stan-
dardised estimates were adjusted as suggested by Altman
et al. but on the logit-scale [15]. Although the data for this
study contain all cases in Switzerland from 2009 to 2018
and therefore inferential statistics using CIs would not be
needed, we decided to additionally report CIs to provide a
better impression of the uncertainty to be expected in fu-
ture observations. Pearson’s chi-square statistics were used
to test for differences in incidence rates.

In-hospital mortality rates were calculated raw and stan-
dardised for age and a sum score of weighted Elixhauser
ICD-10 diagnosis groups according to van Walraven [16].
For adjustment, a generalized linear model with binomial
error distribution and logit as link function and with age
(continuous), year (factor), sex (factor), van Walraven co-
morbidity score (continuous) as independent variable and
death (factor) as dependent variable was built. Simultane-
ous CIs were calculated using the R package multcomp
(version 1.4.17). The Van Walraven score was calculated
from all available ICD-10 codes using the comorbidity
R package (version 0.5.3). A complete list of all used R
packages with version details is available in the appendix
(supplementary table S1). No statistical methods to han-
dle missing data were needed since no missing values were
present in all variables of the primary analyses. All analy-
ses were performed using R version 4.1.1 on Windows
10 [17]. All p-values were two-sided with an α-level of
5%.

Results

From 01 January 2009 to 31 December 2018, 35,149 cases
were hospitalised with either nrAAA or rAAA as a prima-
ry or secondary diagnosis. Cases with nrAAA as a prima-
ry diagnosis, or as a secondary diagnosis but without sur-
gical treatment during the hospitalisation were excluded
(n = 23,553). Cases with a rAAA that were transferred
without treatment (n = 489) and other potential duplicates
(n = 38) were excluded (fig. 1). A total of 10,728 cases
were included in this study, of which 87.1% were male
(table 1). In total, 77.3% were treated for nrAAA and
22.7% for rAAA. Data were complete for the published
variables.
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Figure 1: Patient flow. The total dataset contained all hospitalisations in the Swiss population in the years from 2009 to 2018. ICD: Internation-
al Classification of Diseases (version 10); rAAA: ruptured abdominal aortic aneurysm; nrAAA: non-ruptured abdominal aortic aneurysm.

Table 1:
Baseline characteristics.

Nonruptured AAA Ruptured AAA

EVAR, n = 4849 OAR, n = 3449 EVAR, n = 390 OAR, n = 733 Conservative, n = 1307

Female sex, (%) 506 (10.4) 466 (13.5) 55 (14.1) 85 (11.6) 274 (21.0)

Age, median (IQR) 74 (68 to 79) 70 (64 to 76) 75 (68 to 81) 73 (66 to 80) 80 (72 to 86)

Location before admission Home or care home, n (%) 4617 (95.2) 3228 (93.6) 230 (59.0) 452 (61.7) 862 (66.0)

Hospital, n (%) 172 (3.5) 173 (5.0) 151 (38.7) 269 (36.7) 417 (31.9)

Other, n (%) 60 (1.2) 48 (1.4) 9 (2.3) 12 (1.6) 28 (2.1)

Type of hospital Level 1 university, n (%) 1605 (33.1) 1140 (33.1) 211 (54.1) 298 (40.7) 220 (16.8)

Level 2 major, n (%) 2692 (55.5) 1978 (57.3) 166 (42.6) 418 (57.0) 661 (50.6)

Level 3 regional, n (%) 299 (6.2) 159 (4.6) 9 (2.3) 13 (1.8) 134 (10.3)

Level 4 regional, n (%) 199 (4.1) 147 (4.3) 3 (0.8) 3 (0.4) 65 (5.0)

Level 5 regional, n (%) 19 (0.4) 13 (0.4) 1 (0.3) 1 (0.1) 17 (1.3)

Specialty clinics, n (%) 35 (0.7) 12 (0.3) 0 (0.0) 0 (0.0) 210 (16.1)

van Walraven, median (IQR) 2 (2 to 3) 3 (2 to 4) 3 (2 to 4) 3 (2 to 5) 2 (1 to 3)

Data were complete if not otherwise stated. Counts are presented with percentages in parentheses. Continuous variables are presented as median and interquartile range (IQR).
AAA: abdominal aortic aneurysm; OAR: open aortic repair; EVAR: endovascular aortic repair.
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Hospital incidence of abdominal aortic aneurysm

The overall age standardised hospital incidence rates for
treatment of nrAAA was 19.6 (95% CI 19.2–20.1) in
100,000 men and 2.6 (95% CI 2.5–2.8) in 100,000 women.
For treatment of rAAA the overall age standardised hos-
pital incidence rate was 2.6 (95% CI 2.5–2.8) in 100,000
men and 0.4 (95% CI 0.3–0.4) in 100,000 women. The
overall age standardised hospital incidence rate for conser-
vative management of rAAA was 2.7 (95% CI 2.6–2.9) in
100,000 men and 0.7 (95% CI 0.6–0.8) in 100,000 women.
The incidence rates were stable in the observed decade
(fig. 2). All incidence rates were significantly higher in
men than in women, p <0.0001 for each comparison (chi-
square statistics).

Mode of treatment

The proportion of cases of nrAAAtreated with EVAR
steadily increased from 46.5% in 2009 to 67.0% in 2018.
In the same period the proportion of cases of rAAA treated

with EVAR increased from 29.1% to 44.3% (fig. 3). Of
the 2430 cases presenting with rAAA, 46.2% underwent
surgery (open or endovascular repair), the remaining cases
received conservative treatment.

The majority of the 8298 cases with a nrAAA were treated
at major hospitals (33.1% at university hospitals, level 1,
and 56.3% at other major hospitals, level 2). The remaining
883 cases (10.6%) were treated in small hospitals (regional
hospitals, level 3 to 5). The vast majority of rAAA treat-
ments, 1093 of 1123 (97.3%), were performed at major
hospitals (level 1 or 2). A total of 423 (37.4%) were re-
ferred from regional hospitals (level 3 to 5) to major hos-
pitals (level 1 and 2) (see table 1).

Comorbidities were summarised as the van Walraven
score. The mean van Walraven score steadily increased
from 2009 to 2018 in both men and women and for both
nrAAA and rAAA (supplementary fig. S1 in the appen-
dix).

Figure 2: Incidence of abdominal aortic aneurysm (AAA). Standardised incidence rates are presented with 95% confidence intervals for each
year and stratified by sex and diagnosis (nonruptured [nrAAA] versus ruptured [rAAA] aneurysms). To increase readability, the y-axis was dif-
ferent for nrAAA and rAAA incidences.
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Treatment outcomes

The overall raw mortality rate was 2.2% (95% CI
1.9–2.5%) in cases treated for nrAAA and 23.1% (95% CI
20.7–25.6%) in cases treated nonconservatively for rAAA.
The mortality rates were stratified by sex and type of treat-
ment (endovascular versus open aortic repair). Mortality
rates were lower in men than in women for both nrAAA
and rAAA, and lower in cases treated by EVAR com-
pared with OAR for nrAAA, but not for rAAA.

The adjusted mortality rates for treatment of nrAAA de-
creased from 2.4% (95% CI 1.3–4.5%) in 2009 to 0.6%
(95% CI 0.2–1.5%) in 2018 in men, and from 5.5% (95%
CI 2.6–11.2%) to 1.4% (95% CI 0.5–3.6%) in women (fig.
4 and table 2).

The adjusted mortality rates for treatment of nrAAA de-
creased from 1.6% (95% CI 0.6–3.8%) in 2009 to 0.3%
(95% CI 0.1–1.0%) in 2018 in cases treated by EVAR, and
from 4.4% (95% CI 2.0–9.6%) to 0.9% (95% CI 0.3–2.8%)
in cases treated by OAR (supplementary fig. S2).

The adjusted mortality rates for treatment of rAAA re-
mained high without relevant improvements for either sex
(fig. 5. The overall adjusted mortality rate was 32.4%
(95% CI 24.1–42.1%) in women and 19.7% (95% C:
16.8–22.8%) in men.

The overall adjusted mortality rate was 18.5% (95% CI
12.9–25.8%) for EVAR and 22.0% (95% CI 16.3–28.9%)
for OAR.

Discussion

This is the first study to show the nationwide hospital inci-
dence of AAA treatment in Switzerland. This case-related
hospital discharge data can be used within its limitations
to estimate the actual incidence and treatment outcomes
of patients treated for AAA.

In the analysed period, the hospital incidence for patients
treated with EVAR or OAR for nrAAA was roughly con-
stant for both sexes. In line with previously published
studies, the overall age standardised cumulative hospital
incidence rates for treatment of rAAA and nrAAA were

Figure 3: Proportion of patients with endovascular aortic repair (EVAR). The proportion of patients treated with EVAR for each year stratified
by diagnosis (nonruptured [nrAAA] versus ruptured [rAAA] abdominal aortic aneurysm).
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significantly higher in men than in women [1, 5, 18, 19].
The incidence rates are comparable to epidemiological da-

ta from other European countries and the USA [1, 5, 18,
19].

Figure 4: Hospital mortality of patients treated for nonruptured abdominal aortic aneurysm. Smoothed hospital mortality rates of patients treat-
ed for nonruptured abdominal aortic aneurysms stratified by sex. The solid black line shows the raw mortality rate, the grey area shows the
corresponding 95% confidence interval. The red line shows the mortality rate adjusted for age, sex, year of treatment, van Walraven score.

Table 2:
Treatment outcomes.

Nonruptured AAA Ruptured AAA

EVAR, n = 4849 OAR, n = 3449 EVAR, n = 390 OAR, n = 733 Conservative, n = 1307

In-hospital mortality, n (%) 52 (1.1) 130 (3.8) 84 (21.5) 175 (23.9) 769 (58.8)

Type of discharge Home,n (%) 4'383 (90.4) 2'530 (73.4) 150 (38.5) 223 (30.4) 397 (30.4)

Care home, n (%) 55 (1.1) 30 (0.9) 10 (2.6) 14 (1.9) 41 (3.1)

Rehabilitation, n (%) 233 (4.8) 576 (16.7) 75 (19.2) 233 (31.8) 78 (6.0)

Acute care hospital, n (%) 104 (2.1) 153 (4.4) 61 (15.6) 85 (11.6) 1 (0.1)

Other, n (%) 22 (0.5) 30 (0.9) 10 (2.6) 3 (0.4) 21 (1.6)

Length of stay OECD, median (IQR) 6 (4 to 9) 12 (9 to 16) 11 (6 to 20) 15 (9 to 24) 4 (1 to 15)

Length of stay DRG, median (IQR) 5 (4 to 8) 11 (9 to 15) 11 (5 to 20) 14 (9 to 23) 3 (1 to 15)

Length of stay ICU, median (IQR) 0 (0 to 20) 23 (0 to 54) 28 (0 to 91) 50 (16 to 189) 0 (0 to 0)

Data were complete. Counts are presented with percentages in parentheses. AAA: abdominal aortic aneurysm: OAR: open aortic repair; EVAR: endovascular aortic repair. Length
of stay OECD (Organization for Economic Co-operation and Development) is calculated by excluding day cases. Length of stay DRG (diagnosis-related groups) includes day
cases. Both measures are summarised as median days with interquartile range (IQR). Length of stay ICU (intensive care unit) is summarised as median hours with interquartile
range.
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A previously described but not fully understood gender
gap in survival rates was also detected in Switzerland [19].
The adjusted in-hospital mortality rates for patients treated
for nrAAA decreased in the last decade substantially: for
men from 2.4% in 2009 to 0.6% in 2018; for women in
the same period from 5.5% to 1.4%. Epidemiological da-
ta from the 2011 VASCUNET report including patients
treated from 2005 to 2009 in eight European countries and
Australia showed a pooled mortality rate of 2.6% (95%
CI 2.4–2.8%) in men and 4.0% (95% CI 3.4–4.6%) in
women [1]. More recent German data for men treated from
2005 to 2014 reported a mortality rate of 3.3% [5]. For
women, the mortality rate was higher in 2009 but was com-
parable to international data thereafter. Though, due to the
relatively low number of women treated for AAA, the 95%
CI for the observed mortality rates are wide and hinder re-
liable comparisons.

These advances in survival rates might be explained not
only by the broad use of EVAR, which is known to lower
in-hospital mortality, but also by the development of spe-

cialised vascular surgery clinics in Switzerland in the last
decade. Our data were in line with previous publications
and confirmed lower mortality rates in patients treated for
nrAAA by means of endovascular as compared with open
aortic repair [5]. Due to a high risk of confounding and the
inability to address this with the available data, OAR and
EVAR were not formally compared.

The adjusted mortality rates for the treatment rAAA of
19.7% in men and 32.4% in women were substantially
lower in Switzerland than historical international data re-
porting overall mortality rates of about 35–45% [5, 20, 21].
In line with international data, mortality was substantially
higher in women than men [5, 20]. In contrast to the elec-
tive setting, no improvement in survival in patients treated
for rAAA was observed in the last decade for either sex.
Interpretation and direct comparison of results from pa-
tients operated on for rAAA is hindered by the lack of stan-
dardised reporting of turndown rates for patients present-
ing with a rAAA. Of note, survival rates were similar in
patients treated with EVAR or OAR.

Figure 5: Hospital mortality of patients treated for ruptured abdominal aortic aneurysm. Smoothed hospital mortality rates of patients treated
for ruptured abdominal aortic aneurysms stratified by sex. The solid black line shows the raw mortality rate, the grey area shows the corre-
sponding 95% confidence interval. The red line shows the mortality rate adjusted for age, sex, year of treatment, van Walraven score.
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Proportion of ruptures

In contrast to epidemiological data from Germany, the
USA, Sweden, England, Wales, and Scotland, we could
neither show an increasing incidence of treatment in the
elective setting (nonruptured aneurysms) nor a decreasing
incidence for ruptures in Switzerland [1–3, 5]. The propor-
tion of patients treated for rAAA (12.0%) was constant
in the observed period and is in line with current inter-
national epidemiological data [22]. However, we observed
a relatively high proportion of patients presenting with
rAAA that were conservatively treated (54%). Kuehnl et
al. reported a rate of only 43% in conservatively treated
patients with rAAA [5]. This study included patients with
ruptured aneurysms as a secondary diagnosis who did not
receive surgical treatment, a cohort that was not includ-
ed in our study. Therefore, a comparable rate for conser-
vatively treated patients in Germany would be even lower
than the 43%. The substantial difference in the rate of con-
servatively treated patients with rAAA could be explained
either by a higher turndown rate or by a larger proportion
of patients transferred to regional hospitals after success-
ful treatment of the aneurysm. These data do not allow
for a distinction between these two cohorts. Further, within
Switzerland, the proportion of conservatively managed pa-
tients with rAAA was substantially higher in level 2 hospi-
tals than in level 1 hospitals. To some extent, this could be
explained by the fact that a proportion of patients are trans-
ferred to level 2 hospitals after successful treatment of rup-
tured aneurysms in level 1 hospitals. Detailed information
on the burden of comorbidities or the haemodynamic situ-
ation on admission is not available. Still, these remarkable
differences need further exploration in future research.

The persistently high rate of rAAA in Switzerland might
be explained to some extent by the fact that no nationwide
screening programme exists. Several screening pro-
grammes have resulted in a significant reduction of
aneurysm-related mortality in different countries and
cost effectiveness has been demonstrated [23, 24]. These
findings resulted in a clear recommendation in the current
clinical practice guidelines of the ESVS to screen all men
at age 65 years for an AAA with a single ultrasound scan
(class 1, level A) [25]. This study demonstrated that ap-
proximately 75% of all patients presenting with rAAA
were in the proposed target group for screening (male, age
≥65). The feasibility of screening in Switzerland has been
demonstrated in a pilot study by Engelberger et al. in the
Canton Ticino [26]. Nevertheless, no nationwide screening
programme has been implemented yet.

The endovascular era in Switzerland

In 2009, 46.5% of patients with nrAAA were treated with
EVAR. Today, 67% of all patients with nrAAA are treated
with EVAR. This trend is even more pronounced in Ger-
many, where in 2014 already 75% of all men and 68% of
all women with nrAAA were treated with endovascular re-
pair [21]. In the emergency setting, the proportion of pa-
tients treated for rAAA increased from 29.1% in 2009 to
44.3% in 2018. In contrast, German data showed a lower
percentage of endovascular therapy in the emergency set-
ting (16% in 2009 to 36% in 2014, more recent data up to
2018 are not available) [21]. These findings might be ex-

plained by the more advanced centralisation for treatment
of rAAA to specialised centres in Switzerland.

Centralisation of abdominal aortic aneurysm treat-
ment

Approximately 10% (841 of 8321) of all patients with
nrAAA were treated in smaller hospitals. It has been
demonstrated that lower hospital volume is associated with
increased mortality [22, 28, 29]. Therefore, current treat-
ment guidelines recommend that AAA repair should not be
performed in hospitals with an annual caseload <20 [30].
The dataset did not allow exploratory analysis on annual
caseload per hospital and treatment outcomes since hospi-
tal identifiers were not available. However, a recent Swiss-
vasc report demonstrated that the participating smaller hos-
pitals do not achieve this recommended minimum annual
caseload [8].

On the other hand, most patients presenting with ruptured
aneurysms are treated at specialised centres (97.4% at uni-
versity hospitals or tertiary referral centres). Almost all
patients presenting in smaller hospitals with
rAAAs (n = 423) were referred. It has been demonstrated
that a limited time delay in the surgical treatment of pa-
tients with ruptured aneurysms for centralisation is jus-
tified and might increase the overall survival probabili-
ty [20, 21, 31]. In Switzerland, 24/7 helicopter emergency
medical services enable the transfer of most of the patients
with a rAAA from smaller hospitals to centres within one
hour [32]. Thereby, the excellent rescue chain allows the
centralisation of aortic interventions without deprivation of
rural areas.

Limitations

There are several limitations to this analysis. First, the data
are not clinical but administrative, using ICD and CHOP
codes. This brings the main advantage compared with reg-
istry data that a nearly complete coverage of the Swiss pop-
ulation is achieved. Thereby, selection bias and the risk
for information bias for hard outcomes such as mortality
is presumably low. However, individual clinical data were
not available and residual selection bias due to coding er-
rors cannot be ruled out. In addition, the data allow non-
independent observations of patients treated twice for the
same ICD code, which leads to double counting and dis-
torts the incidence rates. The proportion of such patients
remains unknown but is likely to be negligible.

Second, comparison of mortality rates with international
data is limited since adjustments were only possible for
age, sex, and the van Walraven comorbidity index,
which reflects neither the cardiovascular risk profile nor
the functional capacity of the treated individuals.

Third, we excluded patients with a secondary diagnosis of
rAAA who did not receive surgical treatment to exclude
patients with a previously successfully treated ruptured
aneurysm. Thereby, an unknown proportion of patients
with a rAAA occurring at the time of the index hospital-
isation might have been excluded, leading to an underes-
timation of the turndown rate for patients presenting with
a ruptured aneurysm. On the other hand, patients who
were transferred after successful surgical treatment of a
rAAA and admitted to other hospitals with rAAA as their
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primary diagnosis fall into the same category, which ob-
scures the actual turndown rate.

Fourth, we only included inpatient treatments. Outpatient
interventions were not included in this analysis; however,
the proportion of highly selected patients treated with
EVAR in an outpatient setting is presumably negligible.

Implications for research and practice

The fact that mortality rates are still significantly higher
in females than males for the treatment of nrAAA asks
for further research leading to an improvement of periop-
erative patient care. Further, the persistently high propor-
tion of patients presenting with rAAA and the remarkably
high turndown rate for patients presenting with ruptured
aneurysms in Switzerland raises questions on the efficacy
of a nationwide target population screening program.

Conclusion

The standardised hospital incidence rates for nonruptured
and ruptured abdominal aortic aneurysms remained un-
changed in the observed decade. The incidence of rAAA is
substantially higher than in Germany and a good half of
these patients are not treated surgically. No decrease in the
proportion of patients treated for ruptures was observed.
Given the low mortality rates in the elective setting, but the
persistently high mortality rate in an emergency, efforts to
identify and treat more AAA before they rupture is needed.
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Appendix

Table S1:
R Packages.

Package Version

ggpubr 0.4.0

DescTools 0.99.44

tableone 0.13.0

comorbidity 0.5.3

gridExtra 2.3

readxl 1.3.1

forcats 0.5.1

stringr 1.4.0

dplyr 1.0.8

purrr 0.3.4

readr 2.1.1

tidyr 1.1.4

tibble 3.1.6

ggplot2 3.3.5

tidyverse 1.3.1

reporttools 1.1.3

xtable 1.8-4

kableExtra 1.3.4

knitr 1.37

multcomp 1.4.17

Package names and version information as used for statistical analysis.
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Figure S1: Comorbidities of patients treated for abdominal aortic aneurysm (AAA). Comorbidities were summarised using a sum score of
weighted Elixhauser ICD-10 diagnosis groups according to van Walraven.18 The score is calculated from grouped ICD-10 diagnosis per pa-
tient and weighted based on the association of each category and mortality. The figure shows the mean score per year stratified by sex and di-
agnosis (nonruptured AAA [nrAAA] versus ruptured AAA [rAAA]). SD = standard deviation.
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Figure S2: Mortality of patients treated for nonruptured abdominal aortic aneurysms (nrAAA) stratified by treatment. Smoothed adjusted in-
hospital mortality rates with 95% confidence interval of patients treated for nrAAA stratified by treatment. Adjustments were made for age, sex,
year of treatment and Elixhauser score. EVAR: endovascular aortic repair; OAR: open aneurysm repair.
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Figure S3: Hospital mortality of patients treated for ruptured abdominal aortic aneurysm (rAAA) stratified by treatment. Smoothed adjusted
hospital mortality rates with 95% confidence interval of patients treated for rAAA stratified by treatment. Adjustments were made for age, sex,
year of treatment and Elixhauser score. EVAR: endovascular aortic repair. OAR: open aneurysm repair.
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