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Purpose: To evaluate the aortic neck anatomy in Korean patients with abdominal
aortic aneurysms (AAAs).

Materials and Methods: We examined computed tomography scans of 343 pa-
tients with AAAs (=5.5 cm for men or =5 cm for women) between 2009 and 2018.
Eligibility of neck anatomy for endovascular aneurysm repair (EVAR) was assessed
with the standard instructions for use (IFU) (length =15 mm, suprarenal angulation
(SRA) <45°, infrarenal angulation (IRA) <60°, and diameter 18-32 mm) and the ex-
tended 1FU (length =10 mm, SRA <60°, IRA <75°, and diameter 17-32 mm).
Results: There were 71 women (20.7%), and 61 patients (17.8%) with rupture. Wom-
en had smaller neck diameters (21.3 vs. 23.4 mm, P<0.001 for proximal neck; 22.2 vs.
24.5 mm, P<0.001 for distal neck), and higher angulations (51.5° vs. 37.8°, P<0.001
for SRA; 77.7° vs. 57.0°, P<0.001 for IRA) than men. However, the neck length was
not significantly different. Patients with ruptured AAAs had shorter neck lengths
(21.0 vs. 26.8 mm, P=0.005) than those with intact AAAs. However, the neck diam-
eters and angulations were not significantly different. EVAR eligibility for standard
and extended 1FUs was found in 37.5% and 55.1% of men, and 11.3% and 25.4% of
women (P<0.001 for both 1FUs); neck anatomy was eligible in 34.0% of intact AAAs
and 23.0% of ruptured AAAs (P=0.098).

Conclusion: A significant proportion of the Korean patients did not meet the 1FU
for EVAR, mainly due to the angulated neck. Women, and patients with ruptured
AAAs, were less likely to meet the IFU criteria.
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INTRODUCTION

Endovascular aneurysm repair (EVAR) for abdominal
aortic aneurysm (AAA) was first described by Parodi et al. [1]
in 1991 and has been used commonly over the past two de-
cades [2]. For a successful EVAR, components of the proxi-
mal neck anatomy, such as the neck length, angulation, and
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diameter, are the most critical factors for adequate fixation
and sealing at the proximal neck. In cases without these
features, a type 1a endoleak can develop and is associated
with additional intraoperative procedures, complications,
and reinterventions during follow-up [3,4].

According to recent meta-analyses of randomized con-
trolled trials that compared the outcomes between open
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aortic aneurysm repair (OAR) and EVAR [5,6], EVAR is a less
invasive procedure than OAR with lower 30-day mortality
and hospitalization length. However, a considerable number
of patients are not eligible for EVAR due to constraints in
the proximal neck anatomy.

Several factors, such as ethnicity and sex, are known to
be associated with suitability for EVAR, with a lower per-
centage among Asians and women [7,8]. Although there
have been a few reports regarding the aortoiliac anatomy of
AAAs in Asian patients, the results have been inconsistent
because of the small number of patients and the different
inclusion criteria for analysis [7,9-11]. Therefore, further
work is necessary to investigate the aortoiliac anatomy in
Asians, and determine whether there are significant differ-
ences between different Asian populations, as well as be-
tween Asian and Western patients. This effort may provide
benchmarks for future aortic stent graft design for Asians.

The objective of this study was to evaluate the aortic
neck anatomy in Korean patients with AAAs, and to com-
pare their suitability for an on-label EVAR according to sex,
aneurysm status, and presence/absence of treatment.

MATERIALS AND METHODS
1) Data sources and variables

This study was approved ethically and supervised medi-
cally through the Institutional Review Board of Kyungpook
National University Hospital (IRB no. KNUH 2020-03-032).
The need for informed consent was waived due to the ret-
rospective study design. From January 2009 to June 2018,
388 consecutive patients were registered for an AAA indi-
cated for treatment in our vascular registry, a major tertiary
hospital in South Korea. The inclusion criteria were an AAA
with a maximal anteroposterior diameter of 25.5 ¢cm in men
and 25 cm in women on computed tomography (CT) scans.
After excluding cases of AAA with non-enhancement CT
(n=20); an infected AAA (n=6); an AAA associated with vas-
culitis, such as Behget’s disease or Takayasu’s arteritis (n=5);
dissecting aneurysm (n=4); and a suprarenal AAA (n=10), a
total of 343 patients with AAA were eligible for this study.
Tliac artery aneurysms with a small AAA were also excluded.

The suitability of the aortic neck anatomy for EVAR was
investigated retrospectively by review of the patients’ CT
images. To avoid selection bias, CT scans were used regard-
less of the presence/absence of treatment or treatment type
(OAR or EVAR). Moreover, for patients with multiple CT
scans, only the most recent scans, before any intervention
(when an intervention had occurred), were identified and
retained. Data of patient and aneurysm characteristics were
analyzed retrospectively, and intraoperative findings dur-

ing EVAR were collected prospectively.

The outcomes of interest were aortic neck anatomy
characteristics and suitability for EVAR according to the
standard and extended instructions for use (IFU). The out-
comes were also compared with respect to sex and AAA
status, and the presence/absence of treatment. In addition,
we compared the findings of completion and final angiog-
raphy among the patients who underwent EVAR according
to 1IFU.

2) Measurement protocols

CT images were processed and reconstructed into three-
dimensional images using Aquarius NET software (Ter-
aRecon Inc., San Mateo, CA, USA). The sac diameter, aortic
neck length, proximal and distal neck diameter, suprarenal
and infrarenal angles, distal aortic diameter, and aortic
tortuosity index were examined in all patients. The sac
diameter was calculated as the maximum anteroposterior
length on CT scans to be compatible with measurements
made using a duplex ultrasound for future follow-up. The
aneurysm neck was defined as the distance between the
lower edge of the lowest renal artery and the beginning of
the aneurysm sac. The neck length was determined along
the centerline between the lowest renal artery and the be-
ginning of the aneurysm sac by moving a cursor along the
centerline path in Aquarius Workstation images. Proximal
and distal neck diameters were determined by measuring
the outer diameters; if the cross-sectional lumen was not
circular and the diameters of major and minor axes were
different, the outer diameter of the major axis was consid-
ered as the neck diameter. Neck angulation was measured
on maximum intensity projection (MIP) images in Aquarius
Workstation. In these MIP images, suprarenal or infrarenal
angulation points were located at the center of the image,
and the image was rotated to enable the suprarenal aorta,
aortic neck, and aortic bifurcation to appear in one image;
thereafter, the suprarenal and infrarenal angles were cal-
culated (Fig. 1). The aortic tortuosity index was calculated
as the difference between the centerline and the straight-
line distance between the lowest renal artery and the aortic
bifurcation. All measurements were performed by two vas-
cular surgeons (DH and HKK); if the measured values were
close to the 1FU criteria, two vascular surgeons performed
repeated measurements to achieve consensus.

In determining the eligibility of the aortic neck anatomy
for EVAR, only the above-mentioned characteristics (neck
length, diameter, and angulations) were considered. Factors
prone to subjective variation, such as aortic wall calcifica-
tion, Tuminal thrombi or atheroma, and shape of the aortic
neck (straight or conical), were not taken into consideration.
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Suprarenal angle

Infrarenal angle §

Fig. 1. An example of aortic neck anatomy measurement. (A) Aortic neck diameter and length measurements. Neck length
was measured along the centerline between the lowest renal artery and the beginning of the aneurysm sac by moving a
cursor along the centerline path in Aquarius Workstation images. Proximal and distal neck diameters were determined by
measuring the greatest outer diameters. (B) Measurements of aortic suprarenal and infrarenal angulations. In maximum
intensity projection images, suprarenal or infrarenal angulation points were located at the center of the image; the image
was then rotated to enable the suprarenal aorta, aortic neck, and aortic bifurcation to appear in one image. Thereafter, the

suprarenal and infrarenal angles were calculated.

With regards to determining the neck diameter for suitabil-
ity for EVAR, the distal neck diameter was considered as a
reference value.

3) Definitions

(D Standard and extended 1FU for neck anatomy

A standard 1FU was defined as follows: aortic neck
length 215 mm, suprarenal angulation <45°, infrarenal an-
gulation <60°, and neck diameter of 18 to 32 mm according
to the strictest IFU of the three currently available devices
in Korea (Zenith Endograft; Cook Inc., Bloomington, 1IN,
USA), Endurant 1Is (Medtronic Cardiovascular, Santa Rosa,
CA, USA), and Incraft systems (Cordis Corporation, Bridge-
water, NJ, USA). We added an extended 1FU and defined it
according to the most liberal 1FU criteria of these 3 devices
as follows: aortic neck length 210 mm, suprarenal angula-
tion <60°, infrarenal angulation <75°, and neck diameter of
17 to 32 mm. When an unfavorable aortic neck anatomy,
including short neck, large angulation, and small or large
neck diameters, did not match the 1FU criteria, patients
were classified into the non-1FU group.

@ Completion angiography and final endoleak in EVAR
recipients

Angiograms were checked after completion of the en-
dograft placement and prior to the removal of the delivery
system; we defined this as completion angiography. If type
1 or 3 endoleaks were present, this was defined as an en-
doleak at completion angiography. In cases with type 1 or
3 endoleaks, various additional procedures were performed
to eliminate them. Despite such additional procedures, the
final endoleak was recorded when any suspicious leakage of
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contrast medium was found from the proximal sealing zone
or mid-graft.

4) Data analysis

Results were analyzed using 1BM SPSS Statistics ver. 20.0
for Windows (IBM Corp., Armonk, NY, USA). Categorical vari-
ables were subjected to chi-squared analysis (if the sample size
was adequate) or Fisher’s exact test (for smaller samples). For
continuous variables, the data are presented as the mean and
standard deviation, and Student’s independent t-test was used
to compare means after confirming normality of distribution.
Given the potential for skewness, group comparisons of vari-
ables with non-normal distribution relied on the Mann-Whit-
ney nonparametric U-test. Nonparametric tests for correlation
analysis (Spearman rank correlation) were used to evaluate the
relationship between age and angulations. Partial correlation
analysis was performed using the same test to control for the
effects of the maximal AAA diameter and neck length. Logistic
regression analysis was performed to identify factors associat-
ed with final type 1a endoleak in patients who received EVAR.
0dds radios with 95% confidence intervals were determined,
and statistical significance for all tests was assumed at P<0.05.

RESULTS
1) Patient and aneurysm characteristics

The patient characteristics are summarized in Table 1.
The mean age of patients was 73 years, and 71 (20.7%)
patients were women. Sixty-one (17.8%) patients presented
with a ruptured AAA. The most commonly performed
treatment during the study period was OAR in 177 patients
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(51.6%, 177/343) followed by EVAR in 95 (27.7%). Fifty-
eight patients did not receive any treatment for various
reasons, such as poor general condition or the patient’s re-
fusal, and 13 were transferred to other hospitals.

The characteristics of the overall neck anatomy are sum-
marized in Table 1 and Fig. 2. The mean length of the aor-
tic neck was 25.7 mm, and the mean suprarenal and infra-
renal angles were 40.7° and 61.2°, respectively. The mean
diameters of the proximal and distal neck were 23.0 mm
and 24.0 mm, respectively. The aortic neck anatomy was
suitable for standard 1FU in 32.1% of all patients. The most
common cause of 1FU violation was angulated neck in 39%
of patients, and 16% of patients had 2 or more violations
(Fig. 2). Even when categorized by sex, a single violation
due to angulated neck was the most common cause of 1FU
violation (33% in men and 61% in women). Two or more
violations were demonstrated in 15% of men and 18% of
women (Fig. 2).

2) Aneurysm characteristics according to sex

Women with an AAA were significantly older than men
with AAA (76.9 vs. 71.5 years, P<0.001). The maximal di-
ameter and neck length of the AAAs were not significantly
different according to sex. However, the aortic neck diame-
ter and angulation were significantly different; women had

Table 1. Clinical characteristics of patients with an AAA

smaller neck diameters and more severe angulation than
men (21.3 vs. 23.4 mm for proximal neck diameter, P<0.001;
22.2 vs. 24.5 mm for distal neck diameter, P<0.001; 51.5°
vs. 37.8° for suprarenal angulation, P<0.001; 77.7° vs. 57.0°
for infrarenal angulation; P<0.001). The mean infrarenal
angulation in women exceeded the criteria of both standard
and extended 1FU.

The proportion of patients who met the standard 1FU cri-
teria was significantly lower in women than men (11.3% in
women vs. 37.5% in men, P<0.001). The most common factor
that did not fit the IFU was infrarenal angulation, and only
24% of women met this criterion (Table 2). The feasibility for
EVAR with the extended 1FU demonstrated a similar pattern.
The proportion of patients that complied with the extended
1FU was 55.1% in men and 25.4% in women (P<0.001).

3) Aneurysm characteristics according to status

Sixty-one patients presented with ruptured AAAs; there
were no differences in age or sex in terms of ruptured or
intact AAAs. The maximal AAA diameter was, of course,
larger in those with a ruptured AAA than an intact AAA (73.5
vs. 62.5 mm). Regarding the aortic neck anatomy, the neck
diameter and angulations were not significantly different
between groups, however, the neck length was significantly
shorter in ruptured AAAs than in intact AAAs (21.0 vs. 26.8

Parameters

Findings (n=343)

Age (y)
Female
Ruptured AAA
Management
OAR
EVAR
No interventions
Transfer to another hospital
Morphology of AAA
Neck length (mm)
Suprarenal angulation (°)
Infrarenal angulation (°)
Diameter, proximal neck (mm)
Diameter, distal neck (mm)
Maximal AAA diameter (mm)
Diameter, aortic bifurcation (mm)
Length of infrarenal abdominal aorta, straight-line (mm)
Length of infrarenal abdominal aorta, centerline (mm)
Aortic tortuosity index

72.6+8.4 (35-97)
71 (20.7)
61(17.8)

177 (51.6)
95 (27.7)
58 (16.9)
13 (3.8)

25.7+14.6 (0-69.1)
40.7+26.6 (0-124.3)
61.2+28.5 (9.2-135.1)
23.0+3.8 (15.2-38.4)
24.0+4.0 (15.3-39.3)
64.5+11.1 (50.0-114.6)
30.8+11.2 (12.6-98.4)
117.8+16.0 (57.8-182.1)
133.7+19.9 (68.8-197.5)
1.14+0.11 (1.01-1.84)

Values are presented as meantstandard deviation (range) or number (%).
AAA, abdominal aortic aneurysm; OAR, open aortic aneurysm repair; EVAR, endovascular aneurysm repair.

T4
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[ Suitable (n=110)

I Only neck diameter
unsuitable (n=4)

[ Two or more factors
unsuitable (n=54)

[ Only neck length
unsuitable (n=41)

1 Only neck angulation
unsuitable (n=134)

Y=

[ Suitable (n=8)

1 Only neck diameter
unsuitable (n=3)

[ Two or more factors
unsuitable (n=13)

[ Only neck length
unsuitable (n=4)

I Only neck angulation
unsuitable (n=43)

mm, P=0.005) (Table 3).

The proportion of patients who met the standard and
extended 1FU criteria was non-significantly lower in those
with a ruptured AAA than with those with an intact AAA
(23.0% vs. 34.0%, respectively; P=0.098 for standard 1FU;
39.3% vs 51.19%, respectively; P=0.120 for extended 1FU).
The most common factor that did not fit the criteria was
infrarenal angulation in the standard 1FU (Table 3).

4) Aneurysm characteristics with and without treatment

After exclusion of 13 patients who were transferred to
other hospitals, 272 patients received either OAR or EVAR,
while 58 did not receive any treatment. Patients without
treatment were older (77.6 vs. 71.1 years, P<0.001) and had
a higher tendency to be women (29.3% vs. 19.5%, P=0.111)
than patients with treatment. The maximal AAA diameters
and neck lengths were not significantly different between
the treatment/non-treatment groups; however, the neck
diameter was larger (23.8 vs. 22.8 mm for proximal neck di-
ameter, P=0.049; 24.9 vs. 23.7 mm for distal neck diameter,

https://doi.org/10.5758/vsi.200016

[ Suitable (n=102)

1 Only neck diameter
unsuitable (n=1)

[ Two or more factors
unsuitable (n=41)

[ Only neck length
unsuitable (n=37)

1 Only neck angulation
unsuitable (n=91)

Fig. 2. The distribution of patients according to the suit-
ability for standard instructions for use (IFU) and the num-
ber of IFU violations (A) in whole patients (n=343), (B) male
patients (n=272), and (C) female patients (n=71).

P=0.031) and infrarenal angulation was more severe (69.7°
vs. 59.3°, P=0.012) in patients without treatment than in
patients with treatment (Supplementary Table 1).

5) Subgroup analysis for patients who received EVAR

Ninety-five patients received EVAR using various de-
vices, and the characteristics according to the standard
IFU are summarized in Table 4. Among them, 50 patients
met the standard 1FU criteria for neck anatomy (IFU EVAR
group) and 45 patients did not (non-1FU EVAR group). The
frequency of type 1a endoleak on completion angiography
showed a non-significant trend toward being more preva-
lent in the non-IFU EVAR group than in the 1FU EVAR
group. Type 1a endoleaks on completion angiography oc-
curred in 8 (16.0%) patients in the TFU EVAR group and in
14 (31.1%) patients in the non-1IFU EVAR group (P=0.094).
With the exception of one open conversion performed in
the non-1FU EVAR group during surgery, endovascular
means were generally used to correct endoleaks. After
additional endovascular procedures, the final type 1a en-
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Table 2. Anatomic differences in patients with an AAA according to gender

Parameters Total (n=343) Men (n=272) Women (n=71) P-value’
Age (y) 72.6+8.4 71.548.0 76.9+8.7 0.000
Maximal AAA diameter (mm) 64.5+11.1 64.7+11.0 63.9+11.7 0.604
Aortic neck length (mm)° 25.7+14.6 26.2+15.3 23.8+11.4 0.298
Aortic diameter, proximal neck (mm) 23.0+3.8 23.4+3.6 21.3+4.1 0.000
Aortic diameter, distal neck (mm) 24.0+4.0 24.5+3.8 22.2+4.3 0.000
Suprarenal angulation (°) 40.7+26.6 37.8+26.2 51.5+25.4 0.000
Infrarenal angulation (°) 61.2+28.5 57.0£27.0 77.7+27.9 0.000
Overall suitability for standard IFU 110 (32.1) 102 (37.5) 8 (11.3) 0.000
Neck length 215 mm 260 (75.8) 201 (73.9) 59 (83.1) 0.121
Suprarenal angulation <45° 214 (62.4) 182 (66.9) 32 (45.1) 0.001
Infrarenal angulation <60° 173 (50.4) 156 (57.4) 17 (23.9) 0.000
Neck diameter 18-32 mm 315(91.8) 256 (94.1) 59 (83.1) 0.005
Overall feasibility for extended IFU 168 (49.0) 150 (55.1) 18 (25.4) 0.000
Neck length 210 mm 290 (84.5) 227 (83.5) 63 (88.7) 0.357
Suprarenal angulation >60° 265 (77.3) 216 (79.4) 49 (69.0) 0.008
Infrarenal angulation >75° 231 (67.3) 201 (73.9) 30 (42.3) 0.000
Neck diameter 17-32 mm 324 (94.5) 258 (94.9) 66 (93.0) 0.561

Values are presented as meantstandard deviation or number (%).
AAA, abdominal aortic aneurysm; IFU, instructions for use.
‘Comparison between men and women. "Nonparametric Mann-Whitney U-test was used for analysis.

Table 3. Anatomical differences in patients with an AAA according to aneurysm status

Parameters Intact (n=282) Ruptured (n=61) P-value
Age (y) 72.6+8.3 72.7+8.8 0.938
Male 222 (78.7) 50 (82.0) 0.607
Maximal AAA diameter (mm)* 62.549.5 73.5+13.5 0.000
Aortic neck length (mm) 26.8+14.5 21.0+14.4 0.005
Aortic diameter, proximal neck (mm) 23.1+3.8 22.6+4.1 0.360
Aortic diameter, distal neck (mm) 241441 23.8+3.8 0.622
Aortic suprarenal angulation (°)°* 39.9+25.7 44.1+30.6 0.525
Aortic infrarenal angulation (°)° 61.6+27.4 59.6+33.1 0.494
Overall feasibility for standard IFU 96 (34.0) 14 (23.0) 0.098
Aortic neck length 215 mm 223 (79.1) 37 (60.7) 0.003
Aortic suprarenal angulation <45° 180 (63.8) 34 (55.7) 0.246
Aortic infrarenal angulation <60° 142 (50.4) 31 (50.8) 1.000
Aortic neck diameter 18-32 mm 258 (91.5) 57 (93.4) 0.798
Overall feasibility for extended IFU 144 (51.1) 24 (39.3) 0.120
Aortic neck length =10 mm 243 (86.2) 47 (77.0) 0.081
Aortic suprarenal angulation <60° 223 (79.1) 42 (68.9) 0.093
Aortic infrarenal angulation <75° 191 (67.7) 40 (65.6) 0.764
Aortic neck diameter 17-32 mm 266 (94.3) 58 (95.1) 1.000

Values are presented as mean+standard deviation or number (%).
AAA, abdominal aortic aneurysm; IFU, instructions for use.
*Nonparametric Mann-Whitney U-test was used for analysis.
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Parameters Standard IFU group (n=50) Non-standard IFU group (n=45) P-value
Age (y) 72.5+7.9 73.448.0 0.572
Female (%) 5(10.0) 19 (42.2) 0.000
Ruptured AAA 5(10.0) 3(6.7) 0.718
Maximal AAA diameter (mm)? 60.0+7.9 64.5+10.7 0.030
Aortic neck length (mm) 31.8+12.1 28.2+11.5 0.144
Aortic diameter, proximal neck (mm) 21.6+2.7 20.7+2.7 0.100
Aortic diameter, distal neck 22.443.1 21.3+3.4 0.092
Aortic suprarenal angulation (°)° 19.2+12.1 47.7421.5 0.000
Aortic infrarenal angulation (°)° 37.3+11.2 72.7+19.0 0.000
Stent-graft model
Excluder 23 19
C3 7 7
Endurant 7 8
Endurant IIs 8 9
AFX 3 0
Zenith 2 2
Infrarenal fixation device 30 (60.0) 26 (57.8) 0.826
Values are presented as mean+standard deviation, number (%), number only.
EVAR, endovascular aneurysm repair; IFU, instructions for use; AAA, abdominal aortic aneurysm.
*Nonparametric Mann-Whitney U-test was used for analysis.
Table 5. Uni- and multivariable model for final type 1a endoleak in patients with EVAR
Univariable analysis Multivariable analysis
OR (95% Cl) P-value Adjusted OR (95% Cl) P-value
Female 2.640 (0.647-10.778) 0.224
Age 1.101 (0.989-1.225) 0.080
Ruptured AAA 3.810 (0.644-22.523) 0.166
Maximal AAA diameter 1.038 (0.976-1.103) 0.235
Neck length 0.979 (0.919-1.043) 0.512
Distal neck diameter 0.831 (0.645-1.070) 0.150
Suprarenal angulation 1.028 (1.000-1.058) 0.052
Infrarenal angulation 1.037 (1.007-1.069) 0.017 1.034 (1.004-1.065) 0.026

EVAR, endovascular aneurysm repair; OR, odds ratio; Cl, confidence interval; AAA, abdominal aortic aneurysm.

doleak was not significantly different between groups
(6.0% for TFU group [3/50] vs. 13.3% in non-1FU group
[6/45], P=0.300). Among 45 patients in the non-1FU group,
36 demonstrated single 1FU violation, and 9 showed 2 or
more violations. In patients with a single violation, the rate
of final type 1a endoleak was 8.3% (3/36); however, the
frequency of final type 1a endoleak was 33.3% (3/9) in pa-
tients with 2 or more violations (P=0.084).

The results of EVAR according to the extended 1FU re-
vealed more prominent results compared to the standard
IFU. Sixty-five patients met the criteria of extended 1FU,
and 30 patients did not. The frequencies of type 1a endole-
aks on completion angiography and final type 1a endoleaks

https://doi.org/10.5758/vsi.200016

were more prevalent in patients who did not meet the ex-
tended 1FU (37% vs. 17% for type 1a endoleak on comple-
tion angiography, P=0.041; 20% vs. 5% for final type 1a
endoleak, P=0.026). In multivariable analysis for the risk
factors of final type 1a endoleak, infrarenal angulation was
associated with final type 1a endoleak (P=0.026) (Table 5).

DISCUSSION

Currently, up to 80% of patients with an AAA are treat-
ed with EVAR in Western and Asian countries, and EVAR
is considered to be a standard therapy for anatomically
suitable patients [12-15]. However, the exact proportion of

77



78

Hwang et al.

patients that are anatomically fit for EVAR has not been
well studied, especially for Asian patients. A recent meta-
analysis, mostly comprising Western populations, about the
suitability for EVAR demonstrated that the overall pooled
estimate of suitability for EVAR was 549% in men and 34%
in women [8]. This report was a pooled analysis of 5 studies
based on morphological criteria for suitability according to
the device TFU including both aortic neck and iliac anato-
mies. The criteria of angulation and neck diameter was
similar to the standard 1FU of the current study; however,
two studies of this pooled analysis used a neck length of
10 mm for 1FU instead of 15 mm. In addition, it is known
that the common anatomic barriers for EVAR in Western
patients with an AAA are a short neck and large neck di-
ameter, which are more important factors than angulation
[16,17].

Few studies have reported the suitability for EVAR
among Korean patients. One study from a Korean mul-
ticenter registry reported that the mean suprarenal and
infrarenal angulations were 33.9° and 46.8°, respectively,
and the mean aortic neck length was 35.0 mm [9]; however,
this study only included patients undergoing EVAR. An-
other study demonstrated that the suitability of aortic neck
anatomy in Korean patients was 63%, the mean length was
28.0 mm, and the mean infrarenal angulation was 47.5° in
192 patients [10]; however, this study included AAAs more
than 4 cm in maximal diameter, so did not represent typical
patients requiring treatment.

In our series, we reviewed the neck anatomy of Korean
patients with AAAs. Although we only considered neck
anatomy without iliac anatomy, the rate of suitability for
EVAR was significantly different to that of Western patients
and from previous reports of Korean patients with lower
rates of EVAR suitability especially in women, and with
higher infrarenal angulation as the most common barrier
for EVAR. Notably, our series included patients that had
OAR or no interventions, as well as EVAR, so as not to bias
the anatomic evaluation; this point might have influenced
the results with lower suitability for EVAR. As shown in our
results, patients without any interventions were older, more
often women, and had more complex anatomy for EVAR
than patients with interventions.

1t is well known that sex is associated with suitability for
EVAR. Many reports have reported morphological differ-
ences in AAA between sexes, with lower suitability of neck
anatomy in women than in men [8,18,19]. However, the re-
sults after EVAR, such as immediate and late complications,
sac changes, and mortality, are controversial [8,18-20]. n
our series, aortic neck diameters and angulations showed
significant differences between sexes, with smaller neck
diameters and higher angulations in women. In particular,

the mean infrarenal angulation in women exceeded the
standard, and even extended IFU. Consequently, the pro-
portion of neck anatomy fit for standard and extended 1FU
in patients who received an EVAR was significantly lower
in women than in men (21% vs. 63%, P<0.001 for standard
1FU; 38% vs. 79%, P<0.001 for extended 1FU). The rate of
type 1a endoleaks at completion angiography was 18.3%
(13/71) in men and 37.5% (9/24) in women (P=0.053), and
final 1a endoleak occurred in 7.0% (5/71) of men and 16.7%
(4/24) of women (P=0.164). Considering these results to-
gether, our study has shown that the aortic neck anatomy
of women is not anatomically suitable for EVAR in most
Korean patients, and showed a tendency for type 1a en-
doleak to occur. Furthermore, a recent report suggested
that standard EVAR performed on a severely angulated
neck has a high incidence of type 1a endoleaks in the long
term [21]; therefore, careful follow-up is warranted. In addi-
tion, for EVAR in Korean patients, it is necessary to develop
and apply flexible devices that can perform well in cases
with severe angulated neck because the currently usable
devices in South Korea are limited to the Zenith Endograft,
Endurant 1ls, and Incraft systems. In this study, the most
common IFU violation was single violation due to unsuit-
able neck angulation, in 33% of men and 61% of women.
Among the 134 patients with this violation, 127 (94.8%)
patients had an infrarenal angulation above 60°. 1f the 1TFU
of the infrarenal angulation can be raised up to 90°, an ad-
ditional 78 patients could have received the EVAR within
1FU. Therefore, if more flexible devices, such as Aorfix or
Anaconda stent grafts (the 1TFU of these devices is known
to be less than 90° for proximal neck angulation), are avail-
able, a significant proportion of additional Korean patients
can be treated within 1FU, although long-term follow-up
results for these devices are necessary.

For a ruptured AAA, a recent guideline recommended
EVAR over OAR in anatomically feasible patients because
of its increasing frequency with experience and a decrease
in associated mortality [22]; however, one of the major ex-
cluding criteria for EVAR in ruptured AAAs is inadequate
neck anatomy. An early randomized trial comparing EVAR
and OAR for ruptured AAAs in Western patients revealed
that the suitability for EVAR was 46% [23]. In addition, sev-
eral retrospective and prospective analyses showed a rate
of suitable anatomy of 40% to 65% [24-26]. These results
are different from those of our present study on Korean
patients, which demonstrate that 23% of patients with rup-
tured AAAs were suitable under standard TFU. Although still
controversial, many reports supported that EVAR suitability
is associated with better outcomes in patients with ruptured
AAAs after OAR [27,28]. In the IMPROVE trial [29], neck
length was inversely associated with postoperative mortal-
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ity in patients who received OAR for a ruptured AAA. In
addition, the outcomes were stratified based on the length
of the aortic neck, and it was demonstrate that for patients
with necks of 5 to 9 mm, the 30-day mortality was 63% for
EVAR and 449 for OAR. For patients with neck lengths >30
mm, the mortality in both groups was around 25%. This
suggests that patients with suitable necks tend to do better
than those with unsuitable necks, regardless of the type of
operation offered. In our series, the neck angulations and
diameters were not significantly different between cases
with ruptured or intact AAAs, but the neck length in those
with a ruptured AAA was significantly shorter than those
with an intact AAA. In addition, the overall suitability for
EVAR with a ruptured AAA was 23%, which was lower than
that reported among Western populations. Therefore, OAR
for a ruptured AAA among Korean patients still have a role
due to the higher rate of 1FU violation.

The major limitation of this study is that the analysis
was performed on patients from a tertiary referral center
without a non-Korean control group. In addition, although
we included all patients with AAAs registered to our de-
partment, some patients presented to other department
with poor general condition and significant comorbidities
that may have been missed from analyses. Furthermore,
the analysis was only performed on patients with contrast-
enhanced CT, and the data of some patients with renal
insufficiency were not assessed because they did not un-
dergo contrast-enhanced CT. As a consequence, this study
is unlikely to be representative of neck anatomy in all Ko-
rean patients with an AAA. However, the majority of EVAR
and OAR (70% of EVAR and 86% of OAR) were performed
in tertiary hospitals in 2019 [30]; therefore, to some extent,
this study may reflect the Korean AAA neck anatomy.

Second, we did not provide any reason for the morpho-
logical differences between sexes. However, there are some
possible explanations. In our series, the maximal diameters
of AAAs were similar in both sexes. However, the straight-
line distance from the lowest renal artery to the aortic bi-
furcation was significantly shorter in women than in men
(110.7 vs. 119.7 mm, respectively; P<0.001), while the cen-
terline distance was similar (131.5 for women vs. 134.3 mm
for men; P=0.293); therefore, the aortic tortuosity index
was greater in women. To undergo a large aneurysm in a
confined space, the aortic neck must be short, or angula-
tion must be severe. The maximal diameter of the AAA was
correlated with both neck length and angulation in men,
but only with neck angulation in women and not with neck
length (data not shown). Thus, neck angulation is a promi-
nent feature with increasing size of AAAs in women. In
addition, the correlation analysis revealed a positive corre-
lation between age and both angulations (r=0.215, P<0.001
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for suprarenal angulation; r=0.226, P<0.001 for infrarenal
angulation). After control of maximal AAA diameter and
neck length, partial correlation analysis also showed sta-
tistical significance between age and both angulations.
The angle was severe with age in this analysis; therefore,
as women were significantly older than men in the current
study, this may explain why the angle in women was severe
in this study.

Third, long-term follow-up results of EVAR have not
been provided. Intraoperatively, additional procedures, type
1a endoleaks at completion angiography, and final type 1a
endoleaks were more prevalent in the non-IFU group than
in the TFU group. However, long-term results according to
suitable or unsuitable neck anatomy remain controversial.
Finally, factors prone to subjective variation, such as aortic
wall calcification, Tuminal thrombi or atheroma, shape of
the aortic neck (straight or conical), were not taken into
consideration because the distribution of thrombus and cal-
cification in the aortic neck varies depending on the point
of measurement, and is related to a somewhat arbitrary
measurement. Nonetheless, there is importance in under-
standing the aortic neck anatomy of Asian patients with an
AAA and our study might provide suitable benchmarks for
future stent graft design in this ethnic group.

CONCLUSION

A significant proportion of Korean patients with AAAs
did not meet the 1FU for EVAR, especially due to an angu-
lated neck. Women, and those with a ruptured AAA, were
significantly less likely to meet the 1FU criteria. Korean pa-
tients with AAAs may need to develop and adopt angulated
neck-compatible EVAR devices to allow EVAR within 1FU;
however, long-term follow-up results for these devices are
required.
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