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Suitability of Endovascular Repair with Current Stent Grafts for 
Abdominal Aortic Aneurysm in Korean Patients

Suitability rate of endovascular aneurysm repair (EVAR) and the anatomic features causing 
unsuitability have not been well determined in Asian patients who have abdominal aortic 
aneurysm (AAA). In a single Korean center, a total of 191 patients with abdominal aortic 
aneurysm (maximal diameter ≥ 4 cm) were identified. Aortoiliac morphologic 
characteristics in contrast-enhanced computed tomography images were retrospectively 
reviewed to determine suitability for EVAR with four FDA-approved stent-grafts. AAA was 
considered ideally suitable for EVAR in 46.6% of patients. The most frequent causes for 
unsuitability were common iliac artery (CIA) aneurysm (61.8%) and excessive neck 
angulation (52.9%). Problems such as small and/or short neck and small access were found 
in minor incidences. If CIA aneurysm is dealt by overstenting with sacrifice of internal iliac 
artery, suitability rate can increase to 65%. Larger aneurysms were more frequently 
unsuitable for EVAR and had more chance of having multiple unfavorable features. In 
conclusion, the overall feasibility rate for EVAR in Korean patients was not different from 
that in Western patients. However, considering the difference in the major causes of 
unsuitability, more attention has to be paid to neck angulation and CIA aneurysm to 
provide EVAR for more Korean patients especially who have large aneurysm.
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INTRODUCTION

Although endovascular aneurysm repair (EVAR) has been es-
tablished as a standard intervention for abdominal aortic aneu-
rysm (AAA) (1, 2), it is not ideal or feasible for the patients who 
have challenging anatomic features that cannot be overcome 
by the design of currently available devices (3-6). The estimated 
proportion of AAA patients suitable for EVAR varies and has been 
reported as high as 80% (7-11). However, most of the reports 
came from Western countries and there have been only a few 
data from Asian population who have smaller body size and sub-
sequently may have different anatomic features (12, 13).
  With rapid aging of the population and economical develop-
ment in East Asia, the incidence of newly diagnosed AAA is rap-
idly increasing (14, 15). So, it would be pertinent to answer the 
following questions; 1) how large proportion of patients with 
AAA can be effectively treated with EVAR in the region, 2) are 
the suitability rate and anatomic features different from those 
of Western patients, 3) is there need for modification of device 
design specific to Asian patients? This study aimed to answer 
those questions by retrospective analysis of the aortoiliac mor-
phology in a single-center Korean patient cohort.

MATERIALS AND METHODS

From the database linked to the electronic medical records of 
the hospital, the patients who had AAA as one of their diagnoses 
were sought. Among them, only the patients who underwent 
contrast-enhanced spiral computed tomography (CT) and whose 
maximal aneurysm diameter was 40 mm or larger were includ-
ed for this study. In a 7-yr period from July 2003 through August 
2010, a total of 191 patients were identified (Table 1). For these 
patients, suitability of the aneurysm morphology for EVAR was 
retrospectively investigated by review of their CT images.
  CT angiography was performed using a slice thickness of 2.5 
to 4 mm. Morphologic characteristics of the aneurysm such as 
the diameters and the lengths of the proximal aortic neck and 
both common iliac arteries were measured with digital calipers 
on a PACS workstation. All the diameters were measured in the 
perpendicular plane to the vessels’ long axes on the sagittal or 
coronal images. The lengths were measured in three-dimension-
ally rendered images. Infrarenal neck angulation (in degrees) 
was determined with the digital goniometer. For the common 
iliac artery, the maximal diameter was recorded. To assess the 
suitability for access of device, the narrowest diameter was de-
termined along the external iliac and common femoral arteries 
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at both sides. All the measurements were performed by a single 
reviewer.
  Suitability of EVAR was determined according to the criteria 
recommended by the manufacturers (Table 2) of the four FDA-
approved devices which are available in Korea; AneuRx® (Med
tronic Cardiovascular, Santa Rosa, CA, USA), Talent® (Medtronic 
CardioVascular), Zenith® (Cook Medical., Bloomington, IN, USA), 
and Excluder® (W. L. Gore & Associates, Flagstaff, AZ, USA). The 
aneurysm was considered suitable for EVAR when the morpho-
logic characteristics met the manufacturer’s recommendation 
of any of the four devices. In determining the suitability, only 
the above-mentioned characteristics that were measurable in 
numerical values were considered. Factors prone to subjective 
variation such as wall calcification, luminal thrombus or ather-
oma, shape of the neck (straight vs conical), and iliac artery tor-
tuosity were not taken into consideration.
  All values are given as mean ± standard deviation. Compari-
son between groups were performed for statistical significance 
with Student t-test, one-way ANOVA, Pearson’s correlation, or 
Fisher’s exact tests according to the type of the variables. Those 
tests were performed using SPSS version 15.0 (SPSS Inc, Chica-
go, IL, USA).

Ethics statement
The institutional review board approved the study (IRB No. B- 
1011-116-106) and waived the need of consent from individual 
patients.

RESULTS

Endovascular repair of the abdominal aortic aneurysm would 

have been feasible in 89 patients (46.6%) if the manufacturer’s 
guidelines had been strictly followed without compromise of 
the criteria. The most frequent causes for unsuitability were an-
eurysmal dilatation of the common iliac artery and excessive an-
gulation of the aneurysm neck (Table 3). Especially, common il-
iac artery dilatation was the most frequently found problem (63/ 
191, 33.0%) and bilateral dilatation was present in almost the 
same number of patients as unilateral dilatation. The problem 
of short proximal landing zone was found in a relatively minor 
proportion of the patients (17/191, 8.9%). Other factors that may 
be expected to be present in Asian population whose body size 
is small were present also in relatively small numbers; small neck 
diameter in 12 patients (6.3%), small common iliac artery in 5 
patients (2.6%), and small external iliac/femoral arteries in 9 pa-
tients (4.7%).
  The problems making EVAR unsuitable were present in the 
neck and the common iliac arteries with almost equal incidenc-
es. In addition, both the neck and common iliac arteries had 
morphological characteristics unsuitable for EVAR in 46 patients 
(24% of entire patients and 45.1% of unsuitable patients, Table 
3). When the characteristics of the aortoiliac morphology in this 
series were compared with previous reports from other countries 
(12, 13, 16, 17), there was no difference in the diameter and length 
of the proximal neck and the lengths of the common iliac arter-
ies. The only remarkable difference was the larger average diam-
eter of the common iliac arteries in our patients (Table 4).
  Between the patients who had aneurysm suitable for EVAR 
and those who did not, there was no significant difference in the 
age (72.2 ± 8.3 vs 73.6 ± 7.6 yr), height (165.5 ± 7.4 vs 163.9 ± 8.8 
cm), or body weight (62.2 ± 10.0 vs 59.2 ± 10.8 kg). There was also 
no significant difference in EVAR suitability between genders 
(47.4% in male vs 42.9% in female). While female patients had 
more chance of small access (external iliac and common femo-
ral artery diameter < 8 mm) than male patients (8.6% vs 3.8%), the 

Table 1. Demographic data of the patients (n = 191)

Parameters Findings

Age (yr), mean ± SD (range)   73.0 ± 8.0 (47-93)
Male/female 156/35 (81.7%/18.3%)
Height (cm), mean ± SD (range)        164.7 ± 8.2 (140.0-185)
Weight (kg), mean ± SD (range)     60.6 ± 11.1 (31-92)
Ruptured abdominal aortic aneurysm   17 patients (8.9%)
Management
   Open repair
   EVAR
   No intervention

 
97 patients
35 patients
59 patients

Table 2. Manufacturer’s guidelines of patient selection for EVAR

Parameters AneuRx® Talent® Zenith® Excluder®

Neck angle ≤ 45° ≤ 60° ≤ 60° ≤ 60°
Neck diameter 18-25.5 mm 13-32 mm  18-28 mm  19-29 mm
Neck length      ≥ 15 mm   ≥ 10 mm    ≥ 15 mm    ≥ 15 mm
CIA diameter    10-21 mm   8-22 mm 7.5-20 mm 8-18.5 mm
CIA length      ≥ 25 mm   ≥ 15 mm    ≥ 10 mm    ≥ 10 mm
Femoral artery diameter        ≥ 8 mm     ≥ 8 mm      ≥ 8 mm      ≥ 8 mm

CIA, common iliac artery.

Table 3. Reasons for unsuitability for EVAR in 102 (53.4%) of 192 patients

Reasons No. of patients %

Proximal neck
   Infrarenal neck angulation > 60°
   Infrarenal neck diameter < 18 mm
   Infrarenal neck diameter > 32 mm
   Infrarenal neck length < 10 mm

71
54
12
  5
17

69.6
52.9
11.8
  4.9
16.7

Iliac arteries
   Common iliac artery diameter > 22 mm
      Unilateral
      Bilateral
   Common iliac artery diameter < 7.5 mm
   Common iliac artery length < 10 mm

70
63
34
29
  5
  2

68.6
61.8
33.3
28.4
  4.9
  2.0

Access
   Diameter of external iliac arteries < 8 mm   9   8.8
Inadequate neck anatomy as the only reason 27 26.5
Inadequate iliac anatomy as the only reason 26 25.5
Inadequate access as the only reason   3   2.9
Two or more of above reasons 46 45.1
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difference was not statistically significant. Although the height 
(160.6 ± 8.1 cm vs 164.9 ± 8.2 cm) and body weight (54.5 ± 13.4 kg 
vs 60.9 ± 13.4 kg) were smaller in the patients who had small access 
problem, the difference was not statistically significant, either.
  Meanwhile, suitability of EVAR was significantly correlated 
with the maximal diameter of aneurysm sac. More than 60% of 
aneurysms with the maximal diameter 6 cm or less were suitable 
for EVAR without compromise of the manufacturer’s guidelines. 
On the contrary, the suitability decreased markedly as the aneu-
rysm sac size increased larger than 6 cm (P < 0.05, Fig. 1). In ad-
dition, the larger the aneurysm became, the more was the chance 
of having problems in both of the proximal and the distal land-
ing zones. Almost 60% of the aneurysms with the maximal di-
ameter 8 cm or larger had unfavorable morphology in the neck 
and common iliac arteries at the same time.

DISCUSSION

Considering the aging of the large population along with eco-

nomic growth and advance of health care system in Asia, there 
will be a rapid increase in the incidence of aortic aneurysm in 
the region. The question of whether the suitability for EVAR is 
the same between different races would be pertinent to modi-
fying the stent-graft design targeting the large potential market. 
However, we could find only two articles addressing this issue 
in previous literature (12, 13). While the former two studies in-
vestigated the anatomical features only in the patients who un-
derwent endovascular repair, our study included all the patients 
who had abdominal aortic aneurysm with the maximal diame-
ter 4 cm or larger. As a result, many patients who declined any 
intervention or underwent conventional surgery were subject 
to analysis (Table 1). Many of our surgical patients could have 
been treated with endovascular procedure if the FDA-approved 
commercial devices had been available (they became available 
in Korea since 2007). This fact makes our study helpful for giving 
insight into the suitability rate for EVAR among the entire AAA 
population and reasons for unsuitability.
  According to our results, morphological characteristics ‘ideal’ 
for stent-graft implantation were found in about a half of Korean 
AAA patients. If the criterion of common iliac artery diameter is 
compromised by placement of the iliac limb of stent-graft in the 
external iliac artery and sacrificing one or both internal iliac ar-
teries, the proportion of ‘feasible’ patients can increase to 65%. 
However, the actual proportion of ‘ideal’ or ‘feasible’ patients 
would have been less if we had taken into consideration other 
factors prone to subjective variation such as wall calcification, 
luminal thrombus or atheroma, shape of the neck, and iliac ar-
tery tortuosity. Considering the all of above factors, we think that 
the overall ‘feasibility’ rate for EVAR may be almost the same or 
a little lower in Korean patients compared with Western popu-
lation. Although the estimates regarding the rate of suitability or 
feasibility for EVAR vary between different reports, recent West-
ern studies reported 48%-66% rate with current commercial de-
vices (7, 8).

Table 4. Morphological characteristics of AAA and iliac arteries: comparison with previous studies of different populations

Parameters Current study Chinese, 2004 (12)*
Asian Hawaiian,  

2004 (13)
EUROSTAR  
2003 (16)

US multicenter  
2003 (17) 

Number of patients 191 65 40 4242 235
Age (yr)   73.0 ± 8.0 (47-93) 73.8 ± 6.8 77.9 ± 8.3 71.8 ± 8.0 73.0 ± 0.5
% Male 81.7% 89% 67.5% 94% 87%
Maximal AAA diameter (mm)       62.2 ± 15.7 (40-130) 62.7 ± 0.9   50 ± 15   57.3 ± 11.2 55.6 ± 0.6
Neck diameter (mm)   21.9 ± 3.8 (13-43) 23.3 ± 3.6 21.8 ± 2.8 23.7 ± 3.1 22.3 ± 0.1
Neck length (mm)   28.0 ± 14.1 (3-80) 23.0 ± 9.7 -   27.1 ± 12.9 28.9 ± 0.7
Infrarenal angle (°)     47.5 ± 26.3 (0-119)   22.0 ± 18.5 - - -
RCIA diameter (mm)   20.9 ± 11.6 (5-75) 20.2 ± 8.7   16.4 ± 10.5 15.7 ± 8.4 12.4 ± 0.2
LCIA diameter (mm) 18.8 ± 9.6 (4-65) 17.9 ± 8.6 14.7 ± 7.4 11.8 ± 0.2
RCIA length (mm)     41.1 ± 14.4 (9-101)   29.9 ± 13.1 - 51.5 -
LCIA length (mm)   43.2 ± 15.3 (6-92)   34.2 ± 13.7 - 53.9 -
REIA diameter (mm)   9.9 ± 2.2 (5-25)   9.0 ± 1.2   8.2 ± 1.1 - -
LEIA diameter (mm)   9.7 ± 2.1 (5-20)   8.9 ± 1.3 - -

*Reference number. AAA, abdominal aortic aneurysm; RCIA, right common iliac artery; LCIA, left common iliac artery; REIA, right external iliac artery; LEIA, left external iliac artery.

Fig. 1. Maximal diameter of abdominal aortic aneurysm versus EVAR suitability. EVAR, 
endovascular aneurysm repair; AAA, abdominal aortic aneurysm.
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  While the overall feasibility rate is not thought much different, 
we could find differences between our data and previous reports 
regarding the anatomical features making EVAR unsuitable. In 
a report from the Netherlands (7), unsuitability was more fre-
quently caused by inadequate proximal neck, especially inade-
quate length of the neck, than by inadequate iliac anatomy. On 
the contrary, in our series, neck features and iliac anatomy were 
the reasons for unsuitability in almost the same frequency and 
excessive angulation was the most frequent features making the 
neck unstable for EVAR. Our data also shows some difference 
from others reports that investigated Asian population. Cheng 
et al. reported that both the neck and common iliac arteries of 
Chinese patients were larger and shorter compared with Cau-
casians (12). However, the only difference between our patients 
and previous Western series (and the only common finding be-
tween ours and the Chinese report) was that the common iliac 
artery was significantly larger in Asian patients. Another differ-
ence from Cheng’s report was that our patients had significantly 
higher incidence of severe neck angulation. It could be explained 
by the difference of the study material because Cheng’s report 
included only the patients who underwent EVAR while our study 
examined all the patients with AAA. We have to admit that our 
measurement of the neck length may be inaccurate in some pa-
tients, because it was made in sagittal or coronal view (instead 
of center-line program) and sometimes with 4-mm-thick slices 
that is too large for a short neck. However, considering that the 
difference of average neck lengths was just 5 mm between ours 
and the Chinese series that included only the EVAR cases, we 
do not think the possible measurement error had a significant 
impact in interpretation of our data.
  In a study of Hawaiian patients, Masuda et al. (13) reported 
that the external iliac artery diameter was significantly smaller 
in Asians than in other races (8.2 vs 9.5 mm) and this factor was 
related with higher incidences of access-related and device-re-
lated complications after aortoiliac endografting. However, the 
mean external iliac artery diameter of our patients was well above 
9 mm and small access problem was found in only 9 patients 
(4.7%). The difference may be related to the fact that the patients 
in Hawaiian study were significantly older than ours. Although 
their older patients might have smaller body size and subse-
quently smaller iliofemoral arteries than ours, their data did not 
mention about the body size of the patients.
  As both of Chinese series and ours show that the common il-
iac arteries are larger in AAA patients, common iliac artery an-
eurysm may be the most frequent problem that makes EVAR 
more complicated in Asian patients. Among Western literature, 
we could find only one report addressing the issue of common 
iliac artery aneurysm in AAA patients. Armon et al. (18) report-
ed that the mean common iliac artery diameter was significantly 
larger in AAA patients compared with general population. They 
suggested that common iliac artery aneurysm in AAA patients 

should be defined as those greater than 2.4 cm in diameter. With 
their definition, the incidences of unilateral and bilateral com-
mon iliac artery aneurysm were 16% and 12%, respectively. Our 
series shows the similar incidences (14.1% and 15.2%) and inter-
nal iliac artery coverage would have been necessary in 34% of 
our patients if EVAR had been performed. Cheng et al. (12) re-
ported that internal iliac artery coverage was necessary in 51% 
of Chinese patients undergoing EVAR.
  Correlation between EVAR feasibility with gender, age, and 
maximal aneurysm diameter has been controversial in the pre-
vious studies (7, 8, 19, 20). In our series, feasibility for EVAR was 
not different according to the patient’s age or gender. However, 
there was a strong correlation between the size of the aneurysm 
and EVAR suitability. As the maximal aneurysm diameter in-
creases larger than 6 cm, the suitability decreased significantly. 
In addition, it is worth mentioning that unsuitability was caused 
by multiple anatomic features rather than a single factor as the 
aneurysm size increases. Our result is concordant with the pre-
vious studies which showed that larger aneurysms were less suit-
able for EVAR and had higher incidence of complications or un-
satisfactory outcome after EVAR (20-22).
  In conclusion, the overall ‘feasibility’ rate for endovascular 
repair of abdominal aortic aneurysm in Korean patients is not 
thought to be much different compared with Western patients. 
However, considering that the most frequent causes for unsuit-
ability were different from those in Western patients, future mod-
ification of stent-graft design should address excessive neck an-
gulation and more attention has to be paid to common iliac ar-
tery aneurysm to provide endovascular treatment for more of 
Korean patients especially those who have large aneurysm.
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