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ABSTRACT

Background: Ruptured abdominal aortic aneurysm (rAAA) is a serious complication of 
abdominal aortic aneurysm associated with high operative mortality and morbidity rates. The 
present study evaluated the perioperative and long-term outcomes of Korean patients with 
rAAA based on national health insurance claims data.
Methods: The National Health Insurance Service (NHIS) database was searched 
retrospectively to identify patients with rAAA who underwent endovascular aneurysm 
repair (EVAR) and open surgical repair (OSR) from 2009 to 2018. Perioperative (≤ 30 days), 
early postoperative (≤ 3 month), and long-term (> 3 month) survival, reinterventions, and 
complications were assessed.
Results: The search identified 1,034 patients with rAAA, including 594 who underwent 
EVAR and 440 who underwent OSR. When the study period was divided into two, the total 
numbers of patients with rAAA, patients who underwent EVAR, and octogenarians were 
higher during the second half. The perioperative mortality rate was 29.8% in the EVAR 
and 35.0% in the OSR group (P = 0.028). Hartmann’s procedure for bowel infarction was 
performed more frequently in the OSR than in the EVAR group (adjusted odds ratio, 6.28; 
95% confidence interval [CI], 2.33–21.84; P = 0.001), but other complication rates did not 
differ significantly. All-cause mortality during the entire observation period did not differ 
significantly in the EVAR and OSR groups (adjusted hazard ratio, 1.17; 95% CI, 0.98–1.41; P = 
0.087). Abdominal aortic aneurysm-related reintervention rate was significantly lower in the 
OSR group (adjusted hazard ratio, 0.31; 95% CI, 0.14–0.70; P = 0.005).
Conclusion: Although EVAR showed somewhat superior perioperative outcomes for rAAA, 
the long-term outcomes of EVAR after excluding initial 3 months were significantly worse 
than OSR. When anatomically feasible for both treatments, the perioperative mortality risk 
and reasonable prospects of long-term survival should be considered in rAAA.
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INTRODUCTION

Ruptured abdominal aortic aneurysm (rAAA) is associated with high mortality and morbidity 
rates despite recent technical advances in surgical procedures and critical care. Over the last 
decade, endovascular aneurysm repair (EVAR) has emerged as a less invasive but clinically 
comparable alternative to open surgical repair (OSR) for the treatment of rAAA, markedly 
altering rAAA management.1 Furthermore, guidelines from both the Society for Vascular 
Surgery (SVS) and the European Society for Vascular Surgery (ESVS) recommend EVAR as a 
first-line option for anatomically suitable rAAA management.2,3 The relative effectiveness 
of these procedures for rAAA repair remains unclear.4-6 Randomised trials have reported no 
significant differences between EVAR and OSR,7-10 whereas other studies have suggested that 
EVAR significantly reduced mortality risk.11,12 In non-rAAA, early postoperative mortality was 
significantly lower with EVAR than OSR, although their long-term benefits were unclear.13,14 
Observational studies on rAAA and findings extrapolated from studies on non-rAAA have 
suggested that EVAR may provide advantages for long-term survival.5,11,12 Because the use of 
EVAR is limited by aortic anatomy and the initial presentation of rAAA varies among patients, 
the therapeutic outcome of rAAA in real world situations outside randomised trials is greatly 
affected by factors other than the outcome of the procedure itself.

Variations in the short-term outcomes of previous studies and the relative lack of long-term 
comparisons of EVAR with OSR indicate the need for additional studies evaluating the 
effectiveness of EVAR. The present study therefore assessed the nationwide annual trend of 
treatment of rAAA for 10 years in Korea and the outcomes of EVAR and OSR using National 
Health Insurance Service (NHIS) data.

METHODS

Data on patients with rAAA from 2009 to 2018 were collected retrospectively from the NHIS 
administrative database. The study flow diagram is depicted in Fig. 1. To exclude patients 
possibly misdiagnosed with abdominal aortic aneurysm (AAA), the NHIS database was 
screened for patients aged ≥ 50 years and diagnosed with an International Classification of 
Diseases,Tenth Revision (ICD-10) code for AAA. Patients who visited the outpatient clinic 
only once with a relevant ICD-10 code for AAA were excluded. To limit the study to patients 
with the degenerative type of AAA, patients with AAA related to Behcet’s disease (ICD-10 
code M35.2) or syphilis (ICD-10 code A50-53) were excluded, as were patients with a history 
of typhoid fever or salmonellosis (ICD-10 code A02, and procedure codes NHIS O2034, 
O2036, and O2039) within the 6 months prior to the diagnosis of AAA. Patients with rAAA 
were identified using the ICD-10 codes I71.3 and I71.8. Patients enrolled during the first 6 
months and the last 6 months of the study period were also excluded. The index date of AAA 
was defined as the initial date of diagnosis of AAA.

The primary outcomes were perioperative mortality and in-hospital mortality. Perioperative 
mortality was defined as mortality within 30 days of AAA repair, and in-hospital mortality 
was defined as mortality during index admission. The secondary outcome was long-
term mortality. Diagnostic codes for complications and outcomes are summarised in 
Supplementary Table 1.

2/11

Treatment Outcomes of Ruptured Abdominal Aortic Aneurysm

https://doi.org/10.3346/jkms.2023.38.e321https://jkms.org

https://orcid.org/0000-0002-1681-1014
https://orcid.org/0000-0002-1681-1014
https://orcid.org/0000-0002-5315-0155
https://orcid.org/0000-0002-5315-0155
https://orcid.org/0000-0002-3510-9175
https://orcid.org/0000-0002-3510-9175
https://orcid.org/0000-0002-3307-2970
https://orcid.org/0000-0002-3307-2970
https://orcid.org/0000-0001-9010-5460
https://orcid.org/0000-0001-9010-5460


Statistical analysis
Categorical variables were presented as number (frequency) and compared by Pearson χ2 
tests, whereas continuous variables were presented as mean and standard deviation (SD), 
and compared by Student’s t-tests. Perioperative and long-term outcomes were compared, 
and odds ratio (OR) and corresponding 95% confidence intervals (CIs) were calculated for 
comparisons of EVAR and OSR, with the EVAR group as a reference. Patient survival and 
reinterventions related to rAAA were assessed by the Kaplan–Meier method and compared 
with the Cox proportional hazard model, with hazard ratios (HRs) and corresponding 
95% Cis calculated with the EVAR group as a reference. The incidence rate of rAAA was 
presented per 100,000 population after standardisation to the Korean population in 2005. 
The reintervention rate was analysed using a Fine and Gray subdistribution hazard model 
that considered death as a competing risk. Statistical analyses were performed using SAS 
Enterprise guide version 7.1 (SAS Institute Inc., Cary, NC, USA) and R software version 
4.0.3 (R Foundation for Statistical Computing, Vienna, Austria), with P < 0.05 considered 
statistically significant.

Ethics statement
The protocol of the present study was approved by the Institutional Review Board (IRB 
approval number: 2020-1242) of Asan Medical Centre, which waived the requirement for 
written informed consent due to the retrospective nature of this study.
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NHIS data of adults ≥ 50 years
2008–2019

Repaired ruptured AAA
(n = 1,034)

Degenerative type AAA
(n = 69,119)

OSR
(n = 440)

EVAR
(n = 594)

• Unruptured untreated AAA (n = 54,454)
• Unruptured treated AAA (n = 13,631)

Excluded (n = 68,085)

ICD-10 code of AAA, I71.3, I71.8–9

• Patients visited the outpatient clinic only
once with a relevant ICD-10 code of AAA
(n = 5,438)

• Patients enrolled in the first and last
6 months of the study period (n = 6,793)

• History of Behcet's disease (n = 65)
• History of salmonellosis/typhoid (n = 72)
• History of syphilis (n = 1,234)

Excluded (n = 13,602)

Fig. 1. Flow diagram. 
NHIS = National Health Insurance Service, ICD-10 = International Classification of Diseases-Tenth Revision, AAA = 
abdominal aortic aneurysm, OSR = open surgical repair, EVAR = endovascular aneurysm repair.



RESULTS

Demographic characteristics of patients with rAAA and incidence rate of 
rAAA indicated for treatment
The review of the NHIS database identified 1,034 patients diagnosed with rAAA, including 
594 who underwent EVAR and 440 who underwent OSR (Fig. 1). Patients’ baseline 
demographic and clinical characteristics are summarised in Table 1. The percentages of 
patients with high surgical risk factors, including diabetes, hypertension and chronic kidney 
disease, were higher in the EVAR than in the OSR group. The majority of procedures were 
conducted in urban areas, including the capital area and six metropolitan cities, rather 
than rural areas, and in tertiary hospitals rather than other types of hospitals. There was a 
significant difference in the proportion of procedures between EVAR and OSR.

The annual standardised incidence rate of rAAA showed an overall increasing trend between 
2008 and 2019 (Fig. 2A). When the study period was divided into halves, the number of EVAR 
procedures was higher and the number of OSR procedures was lower during the second than 
during the first half (Table 2). The incidence rate of rAAA was especially high in octogenarian 
patients, especially in women. The number of patients diagnosed with rAAA was highest in 
the group aged 75–79 years (Fig. 2B), and 178 patients (22.8%) were aged < 65 years.

Perioperative outcomes
Perioperative complications and mortality are summarised in Fig. 3. The complication rates 
did not differ significantly in the EVAR and OSR groups, except that the rate of irreversible 
ischaemic colitis requiring Hartman’s procedure was significantly higher in the OSR group 
(adjusted OR, 6.28; 95% CI, 2.33–21.84; P = 0.001). Overall perioperative mortality rates in 
patients who underwent EVAR and OSR were 29.8% and 35.0%, respectively, and in-hospital 
mortality rates were 31.6% and 38.9%, respectively. Perioperative mortality (adjusted OR, 
1.36; 95% CI, 1.03–1.79; P = 0.028) and in-hospital mortality (adjusted OR, 1.48; 95% CI, 
1.13–1.94; P = 0.004) risks were significantly higher in the OSR group.
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Table 1. Baseline demographic and clinical characteristics of the study patients who underwent repair of rAAA from 
2009 to 2018
Characteristics Total (N = 1,034) EVAR (n = 594) OSR (n = 440) P
Age, yr 72.9 ± 9.2 73.3 ± 9.6 72.5 ± 8.5 < 0.001
Men 801 (77.5) 442 (74.4) 359 (81.6) 0.006
Co-morbidities

Diabetes mellitus 229 (22.2) 148 (24.9) 81 (18.4) 0.013
Hypertension 704 (68.1) 423 (71.2) 281 (63.9) 0.012
Dyslipidemia 486 (47.0) 310 (52.2) 176 (40.0) 0.000
Ischaemic heart disease 10 (0.97) 4 (0.67) 6 (1.36) 0.339
Heart failure 87 (8.4) 43 (7.2) 44 (10.0) 0.114
Chronic kidney disease 77 (7.5) 56 (9.4) 21 (4.8) 0.005
ESKD 21 (2.0) 16 (2.7) 5 (1.1) 0.079
CVA 2 (0.2) 1 (0.2) 1 (0.2) > 0.999

Geographical region 0.826
Urban 857 (82.9) 491 (57.3) 366 (42.7)
Rural 177 (17.1) 103 (58.2) 74 (41.8)

Hospital type 0.061
Tertiary 744 (72.0) 414 (55.6) 330 (44.4)
Others 290 (28.1) 180 (62.1) 110 (37.9)

Values are presented as mean ± standard deviation or number (%).
rAAA = ruptured abdominal aortic aneurysm, EVAR = endovascular aneurysm repair, OSR = open surgical repair, 
ESKD = end-stage kidney disease, CVA = cerebrovascular accidents.
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Long-term outcomes
Survival curves after 30 days were roughly parallel (Fig. 4A). All-cause mortality rates per 100 
person-years of patients in the EVAR and OSR groups were 17.3 and 17.3, respectively (Fig. 5). 
Mortality rate within 3 months was significantly higher in the OSR group (adjusted HR, 1.29; 
95% CI, 1.07–1.55; P = 0.009; Fig. 5), whereas the mortality rate excluding initial 3 months 
outcome was significantly lower in the OSR group (adjusted HR, 0.12; 95% CI, 0.03–0.49; P 
= 0.003). The reintervention rate, considering death as a competing risk, was significantly 
lower in the OSR group (adjusted HR, 0.31; 95% CI, 0.14–0.70; P = 0.005; Figs. 4B and 5).
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Table 2. Numbers of patients who underwent repair of ruptured abdominal aneurysm by time period
Variables 2008.07–2013.12 2014.01–2019.06 Total P
Total 377 657 1,034

EVAR 189 (50.1) 405 (61.6) 594 (57.5) < 0.001
OSR 188 (49.9) 252 (38.4) 440 (42.6)
Agea, yr 71.4 ± 9.3 73.8 ± 9.0 72.9 ± 9.2 0.980
Octogenarians 75 (19.9) 183 (27.9) 258 (25.0) 0.005

Men 286 (75.9) 515 (78.4) 801 (77.5)
EVAR 133 (46.5) 309 (60.0) 442 (55.2) < 0.001
OSR 153 (53.5) 206 (40.0) 359 (44.8)
Agea, yr 70.3 ± 9.0 72.5 ± 8.7 71.7 ± 8.9 < 0.001
Octogenarians 46 (16.1) 109 (21.2) 155 (19.4) 0.571

Women 91 (24.1) 142 (21.6) 233 (22.5)
EVAR 56 (61.5) 96 (67.6) 152 (65.2) 0.398
OSR 35 (38.5) 46 (32.4) 81 (34.8)
Agea, yr 75.0 ± 9.1 78.5 ± 8.4 77.1 ± 8.9 < 0.001
Octogenarians 29 (31.9) 74 (52.1) 103 (44.2) 0.003

Values are presented as mean ± standard deviation or number (%).
EVAR = endovascular aneurysm repair, OSR = open surgical repair.
aAge at time of repair of ruptured abdominal aortic aneurysm.
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Fig. 3. Forest plot comparing perioperative outcomes, including perioperative complications and mortality, in patients who underwent EVAR or OSR for ruptured 
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EVAR = endovascular aneurysm repair, OSR = open surgical repair, OR = odds ratio, CI = confidence interval.



DISCUSSION

The present study evaluated the annual trends of rAAA management and outcomes using the 
Korean NHIS database. Compared with the first half of the study period, the total number 
of patients diagnosed with rAAA and the mean age of the patients were higher during the 
second half. In addition, the number of EVAR procedures increased, while the number of 
OSR procedures decreased. The perioperative complication rates in the two groups did 
not differ significantly. The bowel infarction rate requiring Hartmann’s procedure and the 
perioperative mortality rate were significantly higher in the OSR group, whereas long-term 
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mortality rate was lower in the OSR group, with no significant between group difference in 
all-cause mortality rate.

Similar to previous studies, EVAR was preferred for patients with rAAA in the present 
study.15,16 Although the EVAR group generally included more patients with co-morbidities 
than the OSR group, the rates of major co-morbidities, including cerebrovascular accidents 
and ischaemic heart disease, were similar in the two groups. The decision whether to 
perform EVAR or OSR for rAAA mainly depended on surgeon preference, with the main 
determinant of procedure type being anatomic suitability rather than co-morbidities. The 
finding, that the reintervention rate was significantly higher in the EVAR than in the OSR 
group, suggests that the application of EVAR to patients with rAAA may be limited. The 
all-cause mortality rates were 17.30/100 person-years in both groups, similar to previous 
findings based on administrative data.15 Because analysis of the Vascular Quality Initiative 
database showed that EVAR was associated with similar long-term survival but lower hospital 
morbidity rates than OSR, recent ESVS and SVS guidelines have recommended EVAR as the 
first-line treatment for rAAA.2,3,17,18 In our study, when excluding initial 3 months’ outcome, 
long-term mortality was significantly higher in the EVAR. This finding was in line with 
previous literature.19 Therefore, considering the higher perioperative mortality in the OSR 
group and the worse long-term survival outcome with a higher reintervention rate in the 
EVAR group, the perioperative mortality risk and life expectancy should be considered when 
deciding the treatment method for rAAA, when anatomically suitable for both treatments.

In the present study, although the rates of postoperative complications were similar in 
the EVAR and OSR groups, the rate of Hartmann’s procedure due to bowel infarction was 
significantly higher in the OSR group. rAAA is regarded as the most important determinant 
of postoperative bowel ischaemia.20 Because bowel ischaemia is significantly associated 
with perioperative mortality, close monitoring, including frequent colonoscopy and early 
exploratory laparotomy, is warranted.3,20

The present study found that the number of patients who underwent repair for rAAA was 
higher during the second half than during the first half of the study period. Although this 
finding may indicate an actual increase in the prevalence of rAAA, the number of procedures 
can be affected by several other factors, including the rate of patients with rupture who 
arrive at the hospital alive and the proportion of patients turned down for surgical repair. 
Of the patients diagnosed with rAAA during the study period, only 22.5% were women, 
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with the percentage decreasing over time. The proportion of women was higher than in 
previous studies,15,21,22 as was the proportion of octogenarians. The latter may be due to 
the marked increase in life expectancy in Korea, but it may also indicate that the number of 
ageing patients with a general condition allowing repair has increased. Thus, in an ageing 
society such as Korea, efforts will be needed to reduce rupture rates and improve mortality 
in the elderly population. An analysis of AAA mortality before and after the introduction of 
screening indicated that screening in itself may further reduce AAA-related mortality.23-25 
Increases in rAAA rates may lead to the introduction of a screening program and the 
identification of appropriate target populations to be screened.

This study had several limitations, including its retrospective design and the inability to 
determine the actual prevalence of rAAA because of limited information on patients dying 
outside a hospital setting. The main strength of this study was its determination of rAAA 
on nationwide data over a relatively long study period. A more reliable comparison of 
reintervention rates could be obtained by considering the high perioperative mortality of 
patients who underwent OSR as a competing risk. Moreover, to account for differences in 
follow-up periods among individual patients, this study calculated mortality rates as person-
years. Detailed determinations of the trends in prevalence and mortality of rAAA may enable 
improvements in health care as well as comparisons with populations of other countries.

In conclusion, the total numbers of Korean patients with rAAA who underwent EVAR and 
the total numbers of octogenarians were higher from 2014 to 2018 than from 2009 to 2013. 
Although EVAR showed somewhat superior perioperative outcomes for rAAA, the long-term 
outcomes of EVAR after excluding initial 3 months were significantly worse than OSR. When 
anatomically feasible for both treatments, the perioperative mortality risk and reasonable 
prospects of long-term survival should be considered in rAAA.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
Diagnostic and treatment codes used to define complications and outcomes in abdominal 
aortic aneurysm treatment

Click here to view
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