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Abstract: Objective: We aimed to analyse patient outcomes following open (OAR) or endovascular repair
(EVAR) of an abdominal aortic aneurysm (AAA) in Finland and Sweden from 1998 to 2017. Both intact
and ruptured AAAs (rAAAs) were included in the analysis. Methods: Patient-level data from national
registries in Finland and Sweden were analysed, pairing operations for intact and ruptured AAA repair
with mortality data (date of death). All-cause mortality was the primary endpoint. Anonymized patient
data from both countries were pooled, comprising a total of 32,324 operations. Ruptured and intact
AAAs were considered separately. In total, EVAR was performed on 9619 intact AAAs and 1470 rAAAs,
while OAR was performed on 13,241 intact AAAs and 7994 rAAAs. The patient’s age, sex and the date
of operation were obtained as demographic information. Cox regression and Kaplan–Meier analyses
were used to evaluate long-term (10-year) survival after the treatment of AAA or rAAA with either
modality. Kaplan–Meier analysis was performed in three different age groups (<65 years, 65–79 years and
≥80 years). Results: Considering all age groups together, the 1-, 3- and 10-year Kaplan–Meier survival
rates after EVAR were 93.4%, 80.5% and 35.3%, respectively, for intact AAA repair and 67.2%, 55.9%
and 22.2%, respectively, for rAAA repair. For OAR of intact AAAs, the 1-, 3- and 10-year Kaplan–Meier
survival rates were 92.1%, 84.8% and 48.7%, respectively. The respective rates for OAR of rAAAs were
55.4%, 49.3% and 24.6%. In a Cox regression analysis, a more recent year of operation was associated
with improved survival, and older age affected survival negatively for both intact and ruptured AAA
repair. If patients survived the first 90 days after the operation, the survival after intact AAA repair was
13.5 years for those <65 years (general population: 18.0 years), and 7.3 years for those ≥80 years (general
population: 7.9 years). After rAAA repair, the mean survival was 13.1 years for patients <65 years and
5.5 years for patients ≥80 years, respectively. Conclusions: The long-term survival of patients undergoing
intact AAA treatment at the age of 80 or older is close to that of the general population, provided they
survive the operation. Conversely, for patients younger than 65, the long-term survival is markedly
worse. The long-term survival of AAA patients has improved over time. Open surgery is still a safe and
effective option for young patients undergoing intact AAA repair. Our results support the ESVS guidelines
recommendation of EVAR being the first-line treatment for patients with rAAA.
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1. Introduction

The following two surgical modalities exist for the treatment of an abdominal aortic
aneurysm (AAA): open surgery (OAR) and endovascular repair (EVAR). EVAR was intro-
duced in the 1990s and gained popularity due to its significantly lower invasiveness [1–4].
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In Finland, the proportion of EVAR has increased steadily during the last decade [5]. EVAR
has made AAA treatment accessible to patients who are ineligible for open surgery due to
the risks associated with major surgical procedures. Indeed, the perioperative mortality as-
sociated with EVAR has been found to be lower than that of OAR in numerous randomized
controlled trials [2,6–9]. In the follow-up studies of these same trials, EVAR has not been as
durable as OAR in the long term, carrying a higher risk of rupture and reintervention [10].

In AAA repair, a high case volume has been associated with favourable outcomes
in various healthcare systems [11–13]. While the aforementioned RCTs revolutionized
AAA treatment, EVAR was a relatively uncommon operation at the start of these trials,
and experienced high-volume centres did not exist. Furthermore, the trials used older-
generation endografts with poorer performance than newer models [14].

In this study, we analysed patient mortality following OAR and EVAR in Finland
and Sweden between 1998 and 2017, utilizing national registries from both countries.
This binational approach was chosen to acquire a large dataset. Notably, these registries
collectively span the entire populations of both nations, minimizing potential selection
bias. The analysis included both intact and ruptured AAAs. As we did not have access to
comorbidity or anatomical data (factors that are known to affect patient selection to EVAR
or OAR), we do not aim to compare the treatment modalities, but to evaluate the long-term
mortality after each treatment.

2. Methods

Patient-level data from Sweden and Finland were analysed from 1998 to 2017, allowing
for 10 years of follow-up. All operations for the repair of intact and ruptured AAAs were
identified from national registries and paired with mortality data from cause of death
registries using personal identity codes. In Finland, the National Care Register for Health
Care (HILMO) maintained by the Finnish Institute of Health and Welfare was used to
identify all procedures performed to repair ruptured or intact AAAs, and the causes of
death register by Statistics Finland was searched to identify dates of death. The HILMO
register includes all inpatient and outpatient contacts, including all performed procedures,
irrespective of the care provider, and the causes of death register contains data on all deaths
in Finland. In Sweden, the National Patient Registry (NPR) was employed to identify all
operations and the national cause of death registry for data on dates of death. The Swedish
registries are maintained by the National Board of Health and Welfare (NBHW), and they
contain data on all inpatient and outpatient care (NPR) and deaths, with the registration of
diagnoses and surgical procedures based on standardized coding. The extraction of data
was performed using diagnostic codes for rAAA and intact AAA (I71.3, I71.4), according
to the International Classification of Diseases, 10th revision (ICD-10). Surgical procedures
were assessed based on the NBHW Classification of Surgical Procedures and the Nordic
Medico-Statistical Committee (NOMESCO) Classification of Surgical Procedures [15]. The
NOMESCO codes used can be found in Table S1.

The data gathered included personal ID number, date of birth, date of death, sex,
possible AAA diagnosis (ICD-10), possible rAAA diagnosis (ICD-10) and the operation(s)
performed (NOMESCO codes) and their date. Cross-matching between the cause of death
registries and their respective surgical procedure registries was conducted using personal
ID numbers. These data were then anonymised.

Anonymised data from both countries were combined and analysed in accordance
with the General Data Protection Regulation (GDPR) of the European Union. Only the first
procedure of the study period was included in the analysis. Cox regression and Kaplan–
Meier analysis were used for 10-year survival analysis. Follow-up started from the index
procedure and ended at death (events) or on 31 December 2017 (censored) for all Finnish
AAA and rAAA patients and for all Swedish rAAA patients. Swedish patients with an
intact AAA who were operated on between 1998 and 2013 were followed until end of 2014,
and those who were operated on from 2014 onwards were followed up until the end of 2017.
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For the Kaplan–Meier analysis, patients were divided into three age groups (<65 years,
65–79 years and ≥80 years) according to their age at the date of the primary operation.

SPSS 29.0 (IBM, Armonk, NY, USA) and STATA 16.0 (StataCorp LLC, Collage Station,
TX, USA) were used for statistical analysis. Continuous variables are presented as mean
and standard deviation and compared using Student’s t-test. The proportions are presented
as percentages and compared using a Chi-square test. The mortality after intact AAA and
ruptured AAA repair in the three different age groups is illustrated using Kaplan–Meier
survival curves. Mortality data were analysed with the Cox regression model and adjusted
by country, sex, age, treatment modality and year of primary operation. A p value <0.05
was considered significant.

The proportional hazard assumption was tested with a test based on Schoenfeld
residuals that indicated potential non-proportionality, particularly for the endovascular vs.
open repair variable in the intact AAA model (global test p < 0.001 for an intact AAA and
p < 0.001 for a rAAA).

3. Results

A total of 22,860 intact AAA repairs and 9464 ruptured AAA repairs were included
in the analysis. The proportions of women were 15.4% and 16.8%, respectively (p = 0.002).
Patients with a ruptured aneurysm were slightly older than those with an intact aneurysm
(72.3 vs. 74.0 years (p < 0.01); Table 1). The average duration of follow-up was 5.0 years
(SD 4.3), with a median follow-up duration of 4.1 years (IQR 1.7–7.5).

Table 1. Patient characteristics. Statistical significance between EVAR and OAR groups assessed by
means of the Chi-squared test (% women) and the independent samples t-test (mean age).

EVAR OAR All

Intact AAA

Number of operations
9619 13,241 22,860

SWE 7073 SWE 8854 SWE 15,927
FIN 2549 FIN 4387 FIN 6933

% women
14.5% 16.0% 15.4% p = 0.002

SWE 15.4% SWE 17.8% SWE 16.7% p < 0.001
FIN 12.0% FIN 12.4% FIN 12.2% p = 0.621

Mean age (all)
74.3 (SD 7.4) 70.8 (SD 7.5) 72.3 (SD 7.7) p < 0.001

SWE 73.8 (SD 7.3) SWE 71.1 (SD 7.2) SWE 72.3 (SD 7.4) p < 0.001
FIN 75.5 (SD 7.7) FIN 70.3 (SD 8.1) FIN 72.2 (SD 8.3) p < 0.001

Mean age (men)
74.0 (SD 7.4) 70.5 (SD 7.5) 72.0 (SD 7.6) p < 0.001

SWE 73.6 (SD 7.3) SWE 70.8 (SD 7.2) SWE 72.1 (SD 7.4) p < 0.001
FIN 75.1 (SD 7.7) FIN 69.8 (SD 7.9) FIN 71.8 (SD 8.2) p < 0.001

Mean age (women)
75.9 (SD 7.3) 72.7 (SD 7.2) 74.0 (SD 7.6) p < 0.001

SWE 75.0 (SD 7.2) SWE 72.3 (SD 7.0) SWE 73.4 (SD 7.2) p < 0.001
FIN 78.9 (SD 6.7) FIN 73.8 (SD 8.5) FIN 75.6 (SD 8.3) p < 0.001

Ruptured AAA

Number of operations
1470 7994 9464

SWE 1318 SWE 5949 SWE 7267
FIN 152 FIN 2045 FIN 2197

% women
18.8% 16.4% 16.8% p = 0.027

SWE 18.9% SWE 18.0% SWE 18.2% p = 0.449
FIN 17.8% FIN 11.8% FIN 12.2% p = 0.034

Mean age (all)
76.2 (SD 8.2) 73.6 (SD 8.0) 74.0 (SD 8.1) p < 0.001

SWE 76.3 (SD 8.1) SWE 73.9 (SD 7.7) SWE 74.3 (SD 7.9) p < 0.001
FIN 74.8 (SD 9.4) FIN 72.7 (SD 8.7) FIN 72.8 (SD 8.8) p = 0.005

Mean age (men)
75.7 (SD 8.3) 73.0 (SD 8.0) 73.4 (SD 8.1) p < 0.001

SWE 75.9 (SD 8.1) SWE 73.4 (SD 7.8) SWE 73.9 (SD 7.9) p < 0.001
FIN 73.4 (SD 9.2) FIN 72.0 (SD 8.6) FIN 72.0 (SD 8.6) p = 0.070

Mean age (women)
78.3 (SD 7.6) 76.4 (SD 7.4) 76.7 (SD 7.4) p < 0.001

SWE 77.9 (SD 7.6) SWE 76.0 (SD 7.2) SWE 76.4 (SD 7.3) p < 0.001
FIN 81.3 (SD 7.2) FIN 78.0 (SD 7.7) FIN 78.3 (SD 7.7) p = 0.031



J. Clin. Med. 2024, 13, 4449 4 of 10

The respective 1-, 3- and 10-year Kaplan–Meier survival rates after endovascular
aneurysm repair were 93.4%, 80.5% and 35.3% for intact AAA repair and 67.2%, 55.9% and
22.2% for rAAA repair. Excluding 90-day mortality, the 1-, 3- and 10-year survival rates for
AAA and rAAA patients treated with EVAR were 95.9% versus 91.7%; 82.7% versus 76.3%;
and 36.3% versus 30.2%, respectively. The mean survival of the patients who were alive
at the 90th postoperative day after EVAR for intact and ruptured aneurysm was 6.9 and
6.2 years, respectively (EVAR vs. rEVAR p < 0.001).

For open repair of intact AAAs, the 1-, 3- and 10-year Kaplan–Meier survival rates
were 92.1%, 84.8% and 48.7%, respectively. The corresponding rates for OAR of rAAAs
were 55.4%, 49.3% and 24.6%, respectively. Excluding 90-day mortality, the 1-, 3- and
10-year survival rates for AAA versus rAAA patients treated with OAR were 97.0% versus
94.5%; 89.3% versus 84.1%; and 51.3% versus 42.0%, respectively. The mean survival of the
patients who were alive at the 90th postoperative day after OAR for intact and ruptured
aneurysm was 7.8 and 7.1 years, respectively (OAR vs. rOAR p < 0.001).

The mean survival after EVAR for patients less than 65 years of age was 7.9 years
(95% CI 7.6–8.2 years) after intact AAA repair and 7.5 (95% CI 6.9–8.1 years) after ruptured
AAA repair; for patients aged 65–79 years, it was 7.9 (7.1–8.3 years) vs. 5.1 (5.4–5.3 years);
and for patients >80 years old, it was 5.6 years (5.5–5.8 years) vs. 3.1 (2.7–3.4 years). The
corresponding figures for OAR were 8.6 years (8.5–8.7 years) vs. 6.5 (6.3–6.8 years) for the
youngest age group; 7.4 years (7.3–7.4 years) vs. 4.4 years (4.3–4.5 years) for the middle age
group; and 5.7 (5.5–5.8 years) vs. 2.3 (2.1–2.4 years) for the oldest age group. The 10-year
Kaplan–Meier survival curves in three different age groups (<65 years, 65–79 years and
≥80 years) are shown for intact AAA repair in Figure 1 and for rAAA repair in Figure 2.
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Figure 1. Kaplan–Meier analysis of 10-year survival after endovascular (EVAR) or open aneurysm
repair (OAR) of an intact AAA in three age groups. (a) <65 years, (b) 65–79 years (c) ≥80 years.
Survival percentages and standard errors (SEs) are presented after the numbers at risk.
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Figure 2. Kaplan–Meier analysis of long-term survival after endovascular (EVAR) or open aneurysm
repair (OAR) of an rAAA in three age groups. (a) <65 years, (b) 65–79 years (c) ≥80 years. Survival
percentages and standard errors (SEs) are presented after the numbers at risk.

In a Cox regression analysis, a more recent year of operation was associated with improved
long-term survival, and older age affected survival negatively in the repair of both intact and
ruptured AAAs. For intact AAAs, female sex and treatment with OAR were associated with
improved long-term survival, but for rAAAs, the reverse was true (Table 2). Mean survival
times for patients after intact AAA and rAAA repair are shown in Table 3.

Table 2. Cox regression analysis of survival after the repair of an intact or ruptured AAA during
10-year follow-up. Hazard ratios and 95% confidence intervals are shown with corresponding
p-values.

HR 95% CI p Value

AAA Country (Finland vs. Sweden) 1.22 1.16–1.27 <0.001

Female sex 0.93 0.88–0.99 0.020

Age (10-year increments) 1.81 1.75–1.87 <0.001

EVAR vs. OAR 1.21 1.15–1.27 <0.001

Year of operation 0.97 0.97–0.98 <0.001

rAAA Country (Finland vs. Sweden) 1.03 0.97–1.10 0.310

Female sex 1.14 1.07–1.21 <0.001

Age (10-year increments) 1.81 1.75–1.87 <0.001

EVAR vs. OAR 0.81 0.75–0.87 <0.001

Year of operation 0.98 0.98–0.99 <0.001
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Table 3. Mean survival in years after intact or ruptured AAA repair according to age group. The
bottom half of the table shows survival if the patient survived the first 90 days after the operation
and 95% confidence intervals are shown.

Age Mean Survival (Years), 95% CI

AAA <65 13.22 12.90–13.53
65–79 9.67 9.52–9.81
≥80 6.84 6.57–7.11

RAAA <65 10.29 9.82–10.77
65–79 5.75 5.57–5.93
≥80 2.59 2.44–2.74

If alive after first 90 days
AAA <65 13.49 13.17–13.81

65–79 10.06 9.91–10.21
≥80 7.28 7.00–7.57

RAAA <65 13.07 12.59–13.55
65–79 9.07 8.85–9.29
≥80 5.53 5.30–5.79

4. Discussion

In the Cox regression, a later calendar year of the primary operation was associated
with improved survival after both AAA and rAAA repair. Not surprisingly, age was the
strongest predictor of long-term mortality after both AAA and rAAA treatment. Female
sex and OAR were independently associated with better long-term survival after intact
AAA repair but with poorer survival after rAAA repair. If patients survived the first
90 days after rAAA repair, their long-term survival was almost as good as that of patients
after intact AAA repair, particularly in the youngest age group.

Considering the proportions of nationalities and sexes in our study population, the
mean remaining life expectancy of the corresponding general population during the study
period was 18.0 years at 65 years old, 12.1 years at 73 years old and 7.9 years at 80 years
old [16,17]. Considering EVAR and OAR together, mean survival after intact AAA repair
at the age of 80 years or older is close to the life expectancy of the general population of
the same profile, if the operation is successful (i.e., if the patient survives the first 90 days
after the operation). Conversely, in patients younger than 65 years of age, survival falls
markedly short of the general population. This observation is probably explained by the
comorbidities associated with an AAA, as well as smoking status, rather than the durability
of the repair itself.

During the study period, frail patients with comorbidities were likely deemed unfit
for OAR and treated with EVAR instead. Thus, the EVAR patients in this study are likely to
have significantly more comorbidities than the OAR patients. On the other hand, patients
with a rAAA who were selected for EVAR, particularly at the beginning of the study period,
were likely hemodynamically stable at presentation and had a more favourable anatomy
than patients selected for OAR. Because of this selection bias, no conclusions should be
drawn on the superiority of either treatment option.

That being said, in the present study, EVAR yielded better survival for patients with
rAAAs than OAR in all age groups during the follow-up period (Figure 2). This finding is
consistent with the 3-year results from the IMPROVE trial [18]. Additionally, previous data
suggest that the introduction of EVAR has resulted in lower turn-down rates for patients
presenting to Swedish hospitals with an rAAA, thus contributing to a reduction in overall
rAAA-related mortality within the population [19].

In the case of intact AAA repair, the Kaplan–Meier analysis shows better early survival
for EVAR in patients aged 65 years and older (Figure 1). This difference disappeared after
2 to 3 years, and 10-year survival was poorer for patients treated with EVAR in all age
groups except the over 80-year-olds. The advantage of EVAR in early survival is probably
related to its low perioperative mortality in intact AAA repair. The disadvantage of EVAR
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in long-term survival in turn is related to the probable selection bias discussed earlier. Thus,
EVAR patients are likely to have poorer overall survival than OAR patients regardless
of AAA repair durability and EVAR should not be considered an inferior option for the
treatment of an intact AAA due to these findings. Nevertheless, OAR does seem to provide
a durable long-term solution in younger patients with an intact AAA.

Cox regression analysis also demonstrated that the country of treatment was a sig-
nificant predictor of 10-year survival after intact AAA repair. This result was not ob-
served for rAAA repair. For intact AAA repair, survival was better in Sweden than in
Finland. Swedish patients were, perhaps, healthier than Finnish patients. During our
study period, the average male life expectancy at 65 years was 0.95 years longer for the
Swedish general population in comparison to Finland’s general population (17.80 years vs.
16.85 years) [19,20]. Furthermore, AAA screening was launched in Sweden during our
study period in 2006. After screening, the mean aneurysm diameter in Sweden was proba-
bly smaller, which may positively impact mortality after the treatment of an intact AAA.
Finally, the intact AAA caseload was greater in Sweden during our study period. Swedish
AAA treatment centres may benefit from this high patient volume compared to their Finnish
counterparts. Notably, Sweden also outnumbered Finland in rAAA cases, but no difference
was observed in 10-year survival of rAAA patients between the countries.

Mao et al. published the results of intact AAA repairs from Australia, Germany and the
United States from 2010 to 2017/18 [20]. The median age of their patients was 76–77 years,
which is slightly older than the median age of 73 years of our patients treated during the same
period. Mao et al. only included patients aged 65 years or older. In our patients, the median age
after excluding those aged 65 or younger was 75 years. Use of EVAR was more common in the
populations described by Mao et al. than in our study: 74.4–87.3% versus 61.6%, respectively.
Their results on survival after EVAR versus open repair show similar trends to ours, with
EVAR having an initial benefit and similar or poorer results in the long term, although they
demonstrated some differences between the studied countries. The differences between EVAR
and open repair, in terms of survival, were similar. The mortality rates from the three countries
were similar to our results when we included only patients who were operated on from 2010
to 2017 and who were over 65 years of age. In our study, EVAR mortality at 60 days was 2.0%
and OAR mortality was 4.4% compared to their reported mortality of 1.9–2.9% for EVAR and
5.5–8.4% for OAR. The respective 5-year mortality rates in our study were 32.1% and 25.6%,
compared to their respective rates of 30.0–40.1% and 25.9–37.8%.

The strength of the current study is that it provides real-world data on AAA op-
erations, capturing the entire population of two neighbouring countries using national
registries. Patient-level data could be used for analysis, with reliable data on times of death.
Additionally, the registers used in the study are mandatory for all healthcare providers
in the two countries and capture very similar data, with personal ID numbers enabling
precise cross-matching [21]. The populations of the two countries are genetically, culturally,
and socio-economically similar, making it possible to analyse the data from both countries
as one large cohort. Although there are differences in treatment traditions between the
countries, these variations are comparable to those found between different centres within
each country. Importantly, the study’s primary focus is not on comparing the countries,
but on describing the outcomes of open surgical repair (OAR) and endovascular aneurysm
repair (EVAR) in a large, combined population-based real-world dataset with a very high
data quality.

The limitations of this study include the questions regarding the reliability of registry
data [21]. The registries in question are nationwide, and the number of missed cases should
therefore be minimal. Data in the registry can be mislabelled, but given the large number
of cases in our study, the effect of mislabelling should be negligible when looking at large
trends over a long period of time. Additionally, the proportional hazard assumption test
based on Schoenfeld residuals indicated potential non-proportionality, particularly for
the endovascular vs. open repair variable in the intact AAA model. This was expected
and may lead to conservative bias (lower power to detect difference) in models assessing
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long-term survival. As discussed above, the limitation in comparing EVAR and OAR is
that the available data do not allow us to adjust for comorbidities or aortic anatomy for the
purposes of comparing the patient groups, and, thus, the patient groups cannot be adjusted
according to the patients’ comorbidities. Another notable limitation of this study is that
the study period ended in 2017. Since then, new EVAR devices have been introduced, and
AAA treatment guidelines have evolved. The long-term outcomes for patients today are
likely better than those during the study period. However, we believe this unique and large
dataset effectively describes long-term trends in the survival of OAR and EVAR patients.

5. Conclusions

This study presents the long-term survival of intact AAA and rAAA patients treated
with either EVAR or OAR in Finland and Sweden between 1998 and 2017. We used high-
quality real-world data from large national registries of the two countries over a long
period of follow-up. Our results show that long-term survival of patients after successful
AAA treatment at the age of 80 years or older is close to that of the general population.
Conversely, for patients younger than 65, the long-term survival is markedly worse. The
long-term survival of AAA patients has improved over time. As we did not adjust for
comorbidities, no conclusions should be drawn on the superiority of either treatment option.
Nevertheless, our data suggest that open surgery continues to be a safe and effective option
for young patients undergoing repair of an intact AAA. In the case of rAAAs, EVAR yielded
good results in all age groups and, thus, our results support the recommendation of EVAR
as the first-line treatment for rAAA outlined in current ESVS clinical guidelines [22].

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/jcm13154449/s1, Table S1: NCSP (Nomesco Classification of
Surgical Procedures), 1998–2017.

Author Contributions: Conceptualization, R.P., M. L., K.M., K.G., A.W., R.S. and M.V.; Methodology,
M.T.L., R.S. and M.V.; Formal analysis, M.T.L. and R.S.; Investigation, R.P.; Resources, M.V.; Data
curation, M.T.L., K.M., K.G., A.W. and M.V.; Writing—original draft, R.P.; Writing—review and
editing, M.T.L., K.M., K.G., A.W. and M.V.; Supervision, M.V.; Project administration, M.V. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by The Finnish Foundation for Cardiovascular Research, grant
number 240051 and Suomen Angiologiayhdistysry, grant number not applicable. The APC was
partially funded by University of Helsinki Institutional Open Access Program.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of HUS in Finland (research permit §
100/2023 (20 December 2023)). In Finland, no separate ethical committee approval is required for
registry studies. In Sweden, the study was approved by the regional ethical board of Uppsala (DNR
2014/078) in 2014 and the national ethical board (DNR 2019-05615) in 2019.

Informed Consent Statement: Patient consent was waived due to the registry-based nature of the
study. National registries in Finland and Sweden do not require informed consent or notification of
participation from the patients.

Data Availability Statement: The data used in this study were not publicly available due to legislative,
privacy and ethical restrictions. Data were accessed from national registries in Finland and Sweden,
and their use was approved under specific research permits. Requests for data access can be directed
to the corresponding author, Riku Pirinen, with appropriate ethical approval.

Acknowledgments: Open access funding provided by University of Helsinki.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

https://www.mdpi.com/article/10.3390/jcm13154449/s1
https://www.mdpi.com/article/10.3390/jcm13154449/s1


J. Clin. Med. 2024, 13, 4449 9 of 10

References
1. Parodi, J.C.; Palmaz, J.C.; Barone, H.D. Transfemoral intraluminal graft implantation for abdominal aortic aneurysms. Ann. Vasc.

Surg. 1991, 5, 491–499. [CrossRef] [PubMed]
2. United Kingdom EVAR Trial Investigators. Endovascular versus open repair of abdominal aortic aneurysm. N. Engl. J. Med. 2010,

362, 1863–1871. [CrossRef] [PubMed]
3. Lederle, F.A.; Freischlag, J.A.; Kyriakides, T.C.; Padberg, F.T.; Matsumura, J.S.; Kohler, T.R.; Lin, P.H.; Jean-Claude, J.M.; Cikrit,

D.F.; Swanson, K.M.; et al. Outcomes following endovascular vs. open repair of abdominal aortic aneurysm: A randomized trial.
JAMA 2009, 302, 1535–1542. [CrossRef] [PubMed]

4. De Bruin, J.L.; Baas, A.F.; Buth, J.; Prinssen, M.; Verhoeven, E.L.; Cuypers, P.W.; van Sambeek, M.R.; Balm, R.; Grobbee, D.E.;
Blankensteijn, J.D. Long-term outcome of open or endovascular repair of abdominal aortic aneurysm. N. Engl. J. Med. 2010, 362,
1881–1889. [CrossRef] [PubMed]

5. Laine, M.T.; Laukontaus, S.J.; Sund, R.; Aho, P.S.; Kantonen, I.; Albäck, A.; Venermo, M. A population-based study of abdominal
aortic aneurysm treatment in Finland 2000 to 2014. Circulation 2017, 136, 1726–1734. [CrossRef] [PubMed]

6. Brown, L.; Powell, J.; Thompson, S.; Epstein, D.; Sculpher, M.; Greenhalgh, R. The UK endovascular aneurysm repair (EVAR)
trials: Randomised trials of EVAR versus standard therapy. Health Technol. Assess. 2012, 16, 1–218. [CrossRef] [PubMed]

7. Blankensteijn, J.D.; de Jong, S.E.; Prinssen, M.; van der Ham, A.C.; Buth, J.; van Sterkenburg, S.M.; Verhagen, H.J.; Buskens, E.;
Grobbee, D.E. Two-year outcomes after conventional or endovascular repair of abdominal aortic aneurysms. N. Engl. J. Med.
2005, 352, 2398–2405. [CrossRef] [PubMed]

8. Becquemin, J.-P.; Pillet, J.-C.; Lescalie, F.; Sapoval, M.; Goueffic, Y.; Lermusiaux, P.; Steinmetz, E.; Marzelle, J. A randomized
controlled trial of endovascular aneurysm repair versus open surgery for abdominal aortic aneurysms in low-to moderate-risk
patients. J. Vasc. Surg. 2011, 53, 1167–1173. [CrossRef]

9. Lederle, F.A.; Freischlag, J.A.; Kyriakides, T.C.; Matsumura, J.S.; Padberg, F.T.J.; Kohler, T.R.; Kougias, P.; Jean-Claude, J.M.; Cikrit,
D.F.; Swanson, K.M. Long-term comparison of endovascular and open repair of abdominal aortic aneurysm. N. Engl. J. Med. 2012,
367, 1988–1997. [CrossRef] [PubMed]

10. Powell, J.T.; Sweeting, M.J.; Ulug, P.; Blankensteijn, J.D.; A Lederle, F.; Becquemin, J.-P.; Greenhalgh, R.M.; Beard, J.D.; Buxton,
M.J.; Brown, L.C.; et al. Meta-analysis of individual-patient data from EVAR-1, DREAM, OVER and ACE trials comparing
outcomes of endovascular or open repair for abdominal aortic aneurysm over 5 years. Br. J. Surg. 2017, 104, 166–178. [CrossRef]
[PubMed]

11. Gray, W.K.; Day, J.; Horrocks, M. Editor’s choice—volume–outcome relationships in elective abdominal aortic aneurysm surgery:
Analysis of the UK hospital episodes statistics database for the Getting It Right First Time (GIRFT) programme. Eur. J. Vasc.
Endovasc. Surg. 2020, 60, 509–517. [CrossRef] [PubMed]

12. Trenner, M.; Kuehnl, A.; Salvermoser, M.; Reutersberg, B.; Geisbuesch, S.; Schmid, V.; Eckstein, H.-H. Editor’s choice—High annual
hospital volume is associated with decreased in hospital mortality and complication rates following treatment of abdominal
aortic aneurysms: Secondary data analysis of the nationwide German DRG statistics from 2005 to 2013. Eur. J. Vasc. Endovasc.
Surg. 2018, 55, 185–194. [CrossRef] [PubMed]

13. Sawang, M.; Paravastu, S.C.; Liu, Z.; Thomas, S.D.; Beiles, C.B.; Mwipatayi, B.P.; Verhagen, H.J.; Verhoeven, E.L.; Varcoe, R.L. The
relationship between operative volume and peri-operative mortality after non-elective aortic aneurysm repair in Australia. Eur. J.
Vasc. Endovasc. Surg. 2020, 60, 519–530. [CrossRef] [PubMed]

14. Verzini, F.; Isernia, G.; De Rango, P.; Simonte, G.; Parlani, G.; Loschi, D.; Cao, P. Abdominal aortic endografting beyond the
trials: A 15-year single-center experience comparing newer to older generation stent-grafts. J. Endovasc. Ther. 2014, 21, 439–447.
[CrossRef] [PubMed]

15. NOMESCO Classification of Surgical Procedures. 2011. Available online: https://norden.diva-portal.org/smash/get/diva2:
968721/FULLTEXT01.pdf (accessed on 7 January 2024).

16. Statistics Sweden Statistical Database. Available online: https://www.statistikdatabasen.scb.se/pxweb/en/ssd/ (accessed on 2
September 2023).

17. Statistics Finland Statistical Database. Available online: https://stat.fi/tup/tilastotietokannat/index_en.html (accessed on 2
September 2023).

18. Ulug, P.; Hinchliffe, R.J.; Sweeting, M.J.; Gomes, M.; Thompson, M.T.; Thompson, S.G.; Grieve, R.J.; Ashleigh, R.; Greenhalgh,
R.M.; Powell, J.T. Strategy of endovascular versus open repair for patients with clinical diagnosis of ruptured abdominal aortic
aneurysm: The IMPROVE RCT. Health Technol. Assess. 2018, 22, 1–122. [CrossRef] [PubMed]

19. Gunnarsson, K.; Wanhainen, A.; Björck, M.; Djavani-Gidlund, K.; Mani, K. Nationwide study of ruptured abdominal aortic
aneurysms during twenty years (1994–2013). Ann. Surg. 2021, 274, e160–e166. [CrossRef] [PubMed]

20. Mao, J.; Behrendt, C.-A.; Falster, M.O.; Varcoe, R.L.M.; Zheng, X.; Peters, F.; Beiles, B.M.; Schermerhorn, M.L.; Jorm, L.; Beck,
A.W.; et al. Long-term mortality and reintervention after endovascular and open abdominal aortic aneurysm repairs in Australia,
Germany, and the United States. Ann. Surg. 2022, 278, e626–e633. [CrossRef] [PubMed]

https://doi.org/10.1007/BF02015271
https://www.ncbi.nlm.nih.gov/pubmed/1837729
https://doi.org/10.1056/NEJMoa0909305
https://www.ncbi.nlm.nih.gov/pubmed/20382983
https://doi.org/10.1001/jama.2009.1426
https://www.ncbi.nlm.nih.gov/pubmed/19826022
https://doi.org/10.1056/NEJMoa0909499
https://www.ncbi.nlm.nih.gov/pubmed/20484396
https://doi.org/10.1161/CIRCULATIONAHA.117.028259
https://www.ncbi.nlm.nih.gov/pubmed/28802250
https://doi.org/10.3310/hta16090
https://www.ncbi.nlm.nih.gov/pubmed/22381040
https://doi.org/10.1056/NEJMoa051255
https://www.ncbi.nlm.nih.gov/pubmed/15944424
https://doi.org/10.1016/j.jvs.2010.10.124
https://doi.org/10.1056/NEJMoa1207481
https://www.ncbi.nlm.nih.gov/pubmed/23171095
https://doi.org/10.1002/bjs.10430
https://www.ncbi.nlm.nih.gov/pubmed/28160528
https://doi.org/10.1016/j.ejvs.2020.07.069
https://www.ncbi.nlm.nih.gov/pubmed/32807679
https://doi.org/10.1016/j.ejvs.2017.11.016
https://www.ncbi.nlm.nih.gov/pubmed/29289619
https://doi.org/10.1016/j.ejvs.2020.04.029
https://www.ncbi.nlm.nih.gov/pubmed/32624387
https://doi.org/10.1583/13-4599MR.1
https://www.ncbi.nlm.nih.gov/pubmed/24915595
https://norden.diva-portal.org/smash/get/diva2:968721/FULLTEXT01.pdf
https://norden.diva-portal.org/smash/get/diva2:968721/FULLTEXT01.pdf
https://www.statistikdatabasen.scb.se/pxweb/en/ssd/
https://stat.fi/tup/tilastotietokannat/index_en.html
https://doi.org/10.3310/hta22310
https://www.ncbi.nlm.nih.gov/pubmed/29860967
https://doi.org/10.1097/SLA.0000000000003555
https://www.ncbi.nlm.nih.gov/pubmed/31425332
https://doi.org/10.1097/SLA.0000000000005768
https://www.ncbi.nlm.nih.gov/pubmed/36538620


J. Clin. Med. 2024, 13, 4449 10 of 10

21. Sund, R.; Gissler, M. Use of Health Registers. In Handbook of Epidemiology; Ahrens, W., Pigeot, I., Eds.; Springer: New York, NY,
USA, 2022; pp. 1–27. [CrossRef]

22. Wanhainen, A.; Van Herzeele, I.; Goncalves, F.B.; Montoya, S.B.; Berard, X.; Boyle, J.R.; D’oria, M.; Prendes, C.F.; Karkos, C.D.;
Kazimierczak, A.; et al. Editor’s Choice—European Society for Vascular Surgery (ESVS) 2024 clinical practice guidelines on the
management of abdominal aorto-iliac artery aneurysms. Eur. J. Vasc. Endovasc. Surg. 2024, 67, 192–331. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/978-1-4614-6625-3_5-1
https://doi.org/10.1016/j.ejvs.2023.11.002
https://www.ncbi.nlm.nih.gov/pubmed/38307694

	Introduction 
	Methods 
	Results 
	Discussion 
	Conclusions 
	References

