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INTRODUCTION
Ruptured abdominal aortic aneurysm (rAAA) is a lethal 

disease with overall mortality of over 30%–50% [1]. Studies 
in western countries have reported a distinct decrease in 
the incidence of rAAA over the last 1 to 2 decades. The 
advancements in endovascular repair and increased screening 
have resulted in early intervention, which has ultimately led to 

decreased incidence and lowered mortality from rAAA [1-6]. In 
contrast, eastern countries have reported increasing incidences 
of rAAA with varying reports in outcome [7-9]. Despite the 
increasing incidence and high mortality, true incidence reports 
and review of treatment outcomes are limited. 

Furthermore, unlike the United Kingdom or the United 
States, Korea lacks nationwide registries, and epidemiologic 
studies are based on health insurance data. In nations without 
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Purpose: Studies in western countries have shown a decline in the incidence of ruptured abdominal aortic aneurysm (rAAA) 
with advancements in endovascular repair and screening. However, according to health insurance data in Korea based on 
rAAA code (I71.3), overall rAAA has been increasing. This study aimed to validate the I71.3 code for rAAA and attempt to 
define the true incidence of rAAA in Korea.  
Methods: A 20-year multicenter retrospective review of rAAA was undertaken from the period of January 1, 2000 to 
December 31, 2020. All patients were diagnosed with the rAAA code I71.3 in each of the 4 hospitals. The CT images and 
surgical records of these patients were reviewed to differentiate true rAAA and misdiagnosis. Further data on true rAAA 
patient outcomes including mortality and treatment success were also collected.
Results: A total of 305 rAAA (I71.3) codes were identified in the 4 centers. However, medical record review showed true 
rAAA in only 131 (43.0%). The remaining 174 cases (57.0%) were misdiagnosed. Impending ruptures were the most 
common misdiagnoses (37.9%). The total in-hospital mortality including deaths before treatment was 38.9% (n = 51), while 
mortality of treated patients was 24.4% (n = 15).
Conclusion: The analysis of I71.3 code for rAAA showed that only 43.0% were true rAAA and the remaining 57.0% were 
misdiagnosed. This indicates that the I71.3 code is overestimated in National Health Insurance-based data and that the 
true incidence of rAAA could be much lower. 
[Ann Surg Treat Res 2023;104(3):170-175]

Key Words: Aortic rupture, Diagnostic errors, Insurance claim review, International classification of diseases, Prevalence

mailto:bbahn77@gmail.com


 Annals of Surgical Treatment and Research 171

such systemized registries, disease related groups (DRG) 
statistics can provide an indirect and estimated overall picture 
of disease patterns [10]. However, without proper validation, 
there is a risk of over or underestimation of disease prevalence 
and incidence. The code for abdominal aortic aneurysm (AAA) 
is relatively simple and has not had any major changes over 
the last few updates in both the International Classification 
of Diseases (ICD) and the Korean Classification of Diseases 
[9]. There exist only 2 codes pertaining to AAA which are 
I71.3, which is the ruptured AAA code, and I71.4, which is 
AAA without rupture. The rupture code covers a wide range 
of various clinical situations and etiologies. As a result, there 
exists a discrepancy between the real-world disease and 
diagnosis claimed by healthcare providers. This resultantly has 
an effect on the outcome of the disease. 

This study aimed to validate the I71.3 code for rAAA and 
attempt to define the true incidence of rAAA in Korea. 

METHODS
The current study was conducted in accordance with the 

ethical principles that have their origins in the Declaration of 
Helsinki. The study protocol was approved by the Institutional 
Review Board of Seoul National University Hospital (No. 1803-
015-926) and the need for informed consent was waived due to 
the retrospective nature of the study.

Nationwide database
In South Korea, the National Health Insurance (NHI) system 

is an obligatory universal health insurance system that covers 
98% of the population. The Health Insurance and Review 
Assessment (HIRA) database is a government-operated organi
zation that reviews and assesses NHI claims. Data from the 
year 2010 onwards are publicly accessible online and include 
sociodemographic information, utilization of inpatient and 
outpatient services, medical dispensing claims, and as well 
as diagnoses according to the ICD 10th revision, clinical 
modification (ICD-10) code.

All patients diagnosed with rAAA from the HIRA database 
by ICD-10 code I71.3 from January 1, 2010 to December 31, 2020 
were identified and reviewed.

Study design
To assess the diagnostic accuracy of the rAAA I71.3 code, a 

detailed retrospective review of patients was undertaken from 
the following centers located in various regions of Seoul: Seoul 
National University Hospital, Seoul Metropolitan Government-
Seoul National University Boramae Medical Center, Korea 
University Guro Hospital, and Korea Kyunghee Medical Center. 
All ICD-10 code I71.3 diagnosed patients from the period of 
January 1, 2000 to December 31, 2020 at each center were 

identified. The CT images and surgical records of these patients 
were reviewed by at least 2 physicians at each center.

True rAAA was defined as degenerative AAA with anterior 
intraperitoneal rupture, posterior retroperitoneal rupture, or 
aortic fistula to surrounding organs including inferior vena cava, 
duodenum, or renal vessels [11]. The code cases of I71.3 that did 
not fit the above definition were categorized as misdiagnoses. 
This included patients with nondegenerative AAA ruptures due 
to infection or aortitis, thoracic aorta aneurysms, non-ruptures 
such as impending ruptures, and patients with uncertain 
data. Uncertain data includes patients with missing CT images 
and discordant surgical records that state intact AAA without 
rupture, despite diagnosis with I71.3 code.

Procedural code
The procedure code system in Korea is based on the 

Korean Health Insurance Classification of Procedures in 
Medicine. Unlike the ICD-10, it is complex and there are 
multiple treatment codes that are applicable to the treatment 
of AAA. The open repair codes for AAA are O0023, Resection 
of Aneurysm-Abdominal Aorta (suprarenal and juxtarenal); 
O0224, Resection of Aneurysm-Abdominal Aorta (infrarenal); 
and O02034, Resection of Aneurysm-Abdominal Aorta and 
Iliac Artery. The endovascular aneurysm repair (EVAR) codes 
for AAA are M6603, Percutaneous Intravascular Installation 
of Metallic Stent-Aortic; M6611, Percutaneous Intravascular 
Installation of Stent Graft-Aortic; and M6612, Percutaneous 
Intravascular Installation of Stent Graft-Aortic and Iliac.

An additional operational definition combining both I71.3 
code and treatment codes for both EVAR and open repair were 
added to extract rAAA patients at each hospital was performed. 
The addition of this operational definition was attempted to 
increase diagnostic specificity. The CT images and surgical 
records of these patients were reviewed to identify true rAAA 
according to the same definitions as above.

Clinical data and outcomes
The demographic and clinical variables including age, sex, 

body mass index, past medical history, and comorbidities 
were collected. Specific comorbidities included diabetes 
mellitus, hypertension, chronic obstructive pulmonary disease, 
pneumonia, cerebrovascular disease, coronary artery disease, 
dyslipidemia, peripheral arterial disease, other aneurysms, 
congestive heart failure within <30 days, malignancy, chronic 
kidney disease, and rheumatoid arthritis. 

Among true rAAA patients, the in-hospital mortality outcome 
was reviewed. The total in-hospital mortality was defined as 
the mortality combing both the treatment group and deaths 
before treatment group. Deaths before treatment included death 
on arrival and futile patients that died before treatment could 
be offered. The in-hospital mortality of the treatment group 
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was defined as any death within 30 days of rAAA treatment by 
either EVAR or open repair.

RESULTS

National incidence of I71.3 ruptured abdominal 
aortic aneurysm
The newly diagnosed case number of rAAA according to the 

HIRA database has increased annually (Fig. 1). A total of 6,516 
cases were observed over the last decade. Of these cases, 28.9% 
(n = 1,885) occurred in Seoul, the capital of South Korea, and 
the location of the centers involved in this study. The annual 
incidence according to sex shows an increase in rAAA cases 
in male patients while female patients did not significantly 
increase over time (Fig. 2).

True ruptured abdominal aortic aneurysm
A total of total 305 patients were diagnosed with I71.3 code 

during the study period of 2000 to 2020 in the 4 centers. Upon 
review of each patient, only 131 patients (43.0%) were true 
rAAA. The remaining 174 cases (57.0%) were misdiagnoses (Fig. 
3). Impending ruptures were the most common misdiagnoses 
(37.9%), followed by uncertain data (18.4%), mycotic aneurysm 
(13.2%), thoracic aortic aneurysm (12.1%), penetrating aortic ulcer 
(9.2%), previously repaired aneurysm (4.6%), and aortitis (4.6%) 
(Table 1).

The combination of I71.3 code and operational codes resulted 
in a total of 126 patients. A review of each patient showed that 
39 (31.0%) were true rAAA.

The case number of true rAAA over the 20-year study period 
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Fig. 2. National incidence of ruptured abdominal aortic 
aneurysms according to sex identified using I71.3 from 
Health Insurance and Review Assessment data. 
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Fig. 1. Total national incidence and region-specific incidence 
of ruptured abdominal aortic aneurysm identified using I71.3 
from Health Insurance and Review Assessment data.

Table 1. ICD71.3 Cases excluded as misdiagnosis (n = 174)

Reasons for exclusion No. of cases (%)

Impending rupture   66 (37.9)
Uncertain data   32 (18.4)
Mycotic aneurysm   23 (13.2)
Thoracic aorta aneurysm   21 (12.1)
Penetrating atherosclerotic ulcers 16 (9.2)
Previously repaired aneurysm   8 (4.6)
Aortitis   8 (4.6)

ICD I71.3, rAAA
(n = 305)

True rAAA
(n = 131)

Misplaced diagnosis
(n = 174)

Transfer
(n = 15)

Deaths before treatment
(n = 19)

Treated rAAA
(n = 97)

EVAR
(n = 15)

Open repair
(n = 82)

Fig. 3. Flowchart of validation cohort patients. rAAA, 
ruptured abdominal aortic aneurysm; EVAR, endovascular 
aneurysm repair.  
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in the centers varies annually, but there is a clear increasing 
trend over the decades (Fig. 4).

Patient demographics and baseline characteristics 
The patient demographics and baseline characteristics are 

summarized in Table 2. The mean (standard deviation, SD) age 
of the patients was 73.6 (±10.12) years and 77.1% were males. 
The most common underlying diseases were diabetes mellitus 
(26.0%), coronary artery disease (21.4%), and smoking (20.6%). 
The mean (SD) AAA max diameter was 7.2 (±2.8) cm (Fig. 5).

Treatment and mortality
Among the true rAAA patients, death before treatment 

occurred in 19 (14.5%); 15 (11.5%) were transferred to other 
centers; and 97 (74.0%) were treated with either open repair (n = 
82, 62.6%) or EVAR (n = 15, 11.5%).

The total in-hospital mortality was 38.9% (n = 51), while in-
hospital mortality of treated patients was 24.4% (n = 15). This 
included 1 EVAR patient and 31 open repair patients.

DISCUSSION
According to the HIRA database, the national incidence 

of rAAA in Korea has been annually increasing over the last 
decade. However, this 20-year multicenter retrospective analysis 
of I71.3 code for rAAA showed that only 43.0% were true rAAA 
and the remaining 57.0% were misdiagnoses, of which the most 
common misdiagnosis was impending rupture (37.9%). This 
indicates that the I71.3 code is overestimated in the NHI-based 
data and that the true incidence of rAAA could be much lower. 

In an attempt to lower false positives in incidences using 
only diagnostic I71.3 code, procedure codes for both open and 
endovascular repair were added. The combination resulted 
in a total of 126 patients, of which only 39 (31.0%) were true 
rAAA incidences. Such discrepancies may be due to the lack 
of standard procedure code classification. There exist multiple 
treatment codes in the treatment of AAA and delineations for 
each are not clear. Furthermore, death before treatment, which 

Table 2. Patient demographics and baseline characteristics 

Characteristic Total 

No. of patients 131
Age (yr)   73.59 ± 10.12
Male sex 101 (77.1)
Body mass index (kg/m2) 22.96 ± 3.58
Underlying disease 
    Diabetes mellitus 34 (26.0)
    CAD 28 (21.4)
    Smoking 27 (20.6)
    CVD 15 (11.5)
    CKD 15 (11.5)
Max diameter of AAA (cm) 7.20 ± 2.80

Values are presented as number only, mean ± standard deviation, 
or number (%).
CAD, coronary arterial disease; CVD, cerebrovascular disease; 
CKD, chronic kidney disease; AAA, abdominal aortic aneurysm.
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Fig. 5. Number of patients according to the diameter of true 
ruptured abdominal aortic aneurysm (AAA) from multicenter 
data.
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occurred in 19 (14.5%), and transfers, which occurred in 15 
(11.5%), are not accounted for in this operational definition and 
results in an underestimation of true incidence.

The 2 types of most common misdiagnoses, impending 
ruptures and inflammatory diseases such as mycotic aneurysm 
and aortitis, have different outcomes from true rAAA. Due 
to obscure definitions and ambiguousness of CT findings 
of “impending ruptures,” it is often classified as rAAA and 
is responsible for a significant portion of overestimation 
in rAAA. In this study, impending ruptures accounted for 
37.9% of misdiagnoses. Although these diseases also require 
urgent action, these are not precisely ruptured aneurysms and 
treatment outcomes of such patients are naturally better than 
rAAA. Including such patients would have a false positive 
effect on mortality of rAAA. Inflammatory rAAA, a very minor 
part of rAAA, has different etiologies from degenerative rAAA 
and requires different treatments [12,13]. However, AAA data 
whether degenerative, congenital, traumatic, or infectious are 
collected equally under a single code. 

In this study, out of the 305 patients with the I71.3 code, 
mycotic aneurysms were found in 23 patients (7.5%) and 
aortitis were found in 8 patients (2.6%). This finding is within 
the range of 5%–10% infectious rAAA prevalence found by 
Hellmann et al. [14]. Morphologically, these inflammatory 
aneurysms show marked fibrosis and extensive inflammation 
of the adventitia compared to most lymphocyte and plasma 
cells seen in atherosclerotic aneurysms [13]. The progression 
of these inflammatory aneurysms is also different, and 
often growth and ruptures are more rapid and morbid [13,15]. 
Thus, these aneurysms should be classified differently and 
studied separately. However, due to the infrequency of these 
nondegenerative rAAAs, it is not accurately subdivided in 
HIRA and is collected under a single code. This is an inherent 
limitation of any research performed using the current ICD 
code system on rAAA. 

The total in-hospital mortality including deaths before 
treatment was 38.9%, while in-hospital mortality of treated 
patients only was 24.4%. This 1.5-fold difference, in addition to 
misdiagnosis, may reflect the varying mortality outcomes in 
different studies of rAAA. In reporting of in-hospital mortality, 
many futile and untreated rAAA patients are often not included 
and mortality is underestimated. According to a recent study in 
Germany using DRG data, in-hospital mortality including deaths 
before treatment was higher than that of treatment group [10]. 
Similar results were also found in Switzerland and Belgium 
[16,17]. To select patients for treatment and evaluate risk factors, 
mortality from rAAA should accurately reproduce real-world data 
that includes both futile and salvageable patients. 

Although the HIRA database is a quite complete registry 
covering 98% of the total Korean population, the diagnostic 
codes for diseases need to be further evaluated to be utilized 

as a source of medical research. The I71.3 code of rAAA in HIRA 
is nonhomogeneous information based on reimbursement and 
includes misdiagnosis and aneurysms with several etiologies. 
HIRA data is useful for understanding the big picture, but it 
is not a magic bullet that reflects all the details of real-world 
disease. 

There are several limitations to this study. First, the validating 
data sets provided by the 4 centers are all located in Seoul, 
the capital of South Korea, and thus are not a nationwide 
representation. According to studies by Choi et al. [9] and Kim 
et al. [18], there are significant differences in variables such 
as patient characteristics, code sensitivity, and management 
protocols among different regions of Korea. However, more than 
20% of the total population lives in Seoul and, similarly, the 
prevalence of rAAA in Seoul over the last decade was 28.9% of 
the total rAAA incidence. The incidences of rAAA were higher in 
metropolitan cities, including Seoul, but no regional difference 
was seen in overall mortality [9]. Therefore, as the single city 
with the highest incidence and population density, the dataset is 
sufficient representation to illustrate the significant inaccuracies 
in incidence and morality of the I71.3 code. Second, the anterior 
to posterior diameter of the aneurysms was potentially 
underestimated, because CT images were obtained after the 
aneurysms were already ruptured. Moreover, unlike current 
trends, there were too few cases of EVAR than open repair. 
These few cases were probably the reason that EVAR showed 
better outcomes than open repair, which was inconsistent with 
previous studies conducted in western countries [19]. Yet, this 
study is the first to validate the I71.3 code for rAAA in Korea. 

In conclusion, this study shows that misclassification is 
a potential source of bias when using diagnostic codes for 
claims data and that caution needs to be taken before making 
any conclusive statements. Overreporting of incidence and 
underestimation of mortality can result. It is imperative to 
make an effort to increase external validity of claims data. 
Furthermore, for prospective improvements in treatment 
protocols and health policies of rAAA in Korea, there should 
be a prospective nationwide registry and review with sensitive 
operational definitions.
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