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Background: Many studies have evaluated anatomy of infrarenal abdominal aortic aneurysm (AAA) and
outcomes after endovascular abdominal aneurysm repair (EVAR) but mostly in non-Asian populations.
The objective of this study was to evaluate anatomical features and early outcomes for EVAR in the Thai
population in a single-center experience.
Objective: Treatment of AAA with suitable anatomy has been trending towards EVAR. This study aimed to
analyze anatomical features and early outcomes of EVAR in Thai population at King Chulalongkorn Memorial
Hospital (KCMH).
Methods: Retrospective review of 82 patients who underwent EVAR since January 2012 to December 2016.
The medical records were analyzed for demographic data, anatomical features of AAA and outcomes in 30 days.
Results: Presentations were asymptomatic 38 cases (46.0%), symptomatic 19 cases (23.0%), ruptured AAA
13 cases (16.0%), and mycotic aneurysm 12 cases (15.0%). Anatomical features of the neck and aortic aneurysms
in all groups were similar. Overall mortality was found 7 cases (8.5%). The ruptured group had a significantly
higher mortality rate 4 cases (30.0%).
Conclusion: Anatomical features of AAA at KCMH were similar to other Asian populations. Early outcome of
EVAR in asymptomatic, symptomatic, and mycotic aortic aneurysm was good. Thirty-day mortality was higher
in ruptured AAA patients. Emergency and urgency conditions to treat AAA did not affect procedure-related
complications. Iliac limb stent graft occlusion tends to occur in distal landing zone in the external iliac artery.
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Treatment of infrarenal abdominal aortic aneurysm
(AAA) has shifted towards endovascular abdominal
aneurysm repair (EVAR) over the past two decades
since the first report from Parodi JC, et al. in 1991.(1)

EVAR is increasingly used for elective repair and other
indications such as ruptured AAA(2) and mycotic aortic
aneurysm.(3) Many studies have evaluated the anatomy
of AAA and outcomes after EVAR,(4) but mostly in
non-Asian populations. The objective of this study was
to evaluate anatomical features and early outcomes

for EVAR in the Thai population in a single-center
experience.

Materials and methods
Symptomatic AAA patient was defined as patient

presenting with abdominal or back pain without
evidence of rupture from imaging.(5)

Ruptured AAA (rAAA) patient was defined as
an AAA with evidence of the Presence of blood
or hematoma outside the aneurysm wall (abdominal
aorta, common iliac artery, or both) on computed
tomography.(2)

Mycotic aortic aneurysm was defined as a patient
with clinical evidence of infection or positive blood
culture. In cases with negative blood culture, the
diagnosis was confirmed by characteristics on
radiologic appearance (rapidly growing or saccular
aneurysm). (6 - 8)
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Ninety-one patients who underwent EVAR from
January 2012 to December 2016 in the Vascular Unit,
Department of Surgery, King Chulalongkorn Memorial
Hospital (KCMH were retrospectively reviewed.
Nine patients were excluded from the study due to
fenestrated endovascular aneurysm repair (4 cases),
reintervention from previous EVAR from outside
hospitals (3 cases) and lack of data (2 cases). The
patients were classified into four groups following
indications for EVAR as asymptomatic, symptomatic,
ruptured and mycotic aortic aneurysm.

Primary outcomes of this study were anatomical
features, 30-day mortality, systemic and procedure
related complications and mortality. Secondary
outcomes were operative time, intensive care unit
(ICU) and length of stay. Risk factors associated
with each complication were analyzed. Demographic
and clinical characteristics of patients was analyzed
with Cchi-square. Risk factors associated with
complication and mortality were analyzed with
univariate analysis and assessed using Mann-Whitney
U test for continuous variables.  Statistical analysis
was performed with the statistical package for social
sciences, version 22.0 (SPSS Inc, Chicago, Illinois,
USA). A P-value  0.05 was considered significant
difference.

Results
Patient mean age was 74.0  9.0 years.

Predominantly male, there were 65 cases (79.3%)

with hypertension as the most common co-morbidity
as described in Table 1. Indications for EVAR were
asymptomatic 38 cases (46.0%), symptomatic AAA
19 cases (23.0%), ruptured AAA 13 cases (16.0%),
and mycotic aneurysm 12 cases (15.0%). Three
cases had previous open aortic operation. The first
case had delayed aortic dilatation after 10-year
follow up. The two other cases had para-anastomosis
pseudoaneurysm and saccular aneurysm, respectively.
Graft configuration for EVAR were bifurcated graft
71 cases (87.0%), aorto uni-iliac (AUI) 7 cases (8.0%)
and straight tube graft 5 cases (4.0%). Stent grafts
that were used Zenith Flex51 cases (6.0%) and
Endurant® II 31 cases (38.0%).

Outcomes in terms of intraoperative data and
postoperative hospital and ICU length of stay are
reported in Table 2. Operative times were longer in
rAAA and more contrast was used but was not
statistically significant among the groups. The
estimated blood loss in rAAA group was significantly
higher (1003.8 ml vs. 279.5 ml; P  0.001).
Intraoperative blood transfusions were also higher in
ruptured group (3.0 unit vs. 0.2 unit; P  0.001). In
the postoperative period, the ruptured group had longer
length of stay in ICU than asymptomatic group
(3.6 days vs. 21.2 days; P = 0.03). For postoperative
length of hospital stay, the rupture group had a longer
period than elective group, however, it did not
reach statistical significance (41.3 days vs. 11.4 days;
P = 0.088).

Table 1.  Demographic data and comorbidities.

Sex (male) 65 (79.3) 30 (78.3) 15 (78.9) 11 (91.7) 9 (69.2) 0.503
Age (years) 74.2  9.0 75.0 75.5 68.6 75.2 0.721
Comorbidity

Hypertension 61 (74.4) 31 (81.6) 13 (68.4) 10 (83.3) 7 (53.8) 0.048
Dyslipidemia 30 (36.6) 17 (44.7) 8 (42.1) 3 (25.0) 2 (15.4) 0.059
Ischemic heart disease 17 (20.7) 6 (15.8) 8 (42.1) 0 (0.0) 3 (23.1) 0.552
CKD (Cr > 2.0 mg/dl) 10 (12.2) 2 (5.3) 3 (15.8) 1 (8.3) 4 (30.8) 0.014
DM 9 (11.0) 2 (5.3) 2 (10.5) 3 (25.0) 2 (15.4) 0.241
COPD 8 (9.8) 5 (13.2) 1 (5.3) 0 (0) 2 (15.4) 0.840
CVD 8 (9.8) 3 (7.9) 3 (15.8) 2 (16.7) 0 (0) 0.296
CHF 6 (7.3) 1 (2.6) 3 (15.8) 2 (16.7) 0 (0) 0.555
ESRD 4 (4.9) 0 (0) 0 (0) 1 (8.3) 3 (23.1) 0.002

CKD: chronic kidney disease, DM: diabetes mellitus, COPD: chronic obstructive pulmonary disease,
CVD: Cardiovascular disease, CHF:Chronic heart failure, ESRD: end stage renal disease.

N (%) Asymptomatic Symptomatic Mycotic Rupture P - valve
(38) (19) (12) (13)
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Aortic anatomical features are reported in
Table 3. Anatomical features of the neck and aortic
aneurysms in all groups were similar with an exception
in mycotic patients who had smaller neck diameter
(20.0 mm vs. 24.4 mm; P = 0.009) and distal aortic
diameter (20.9 mm vs. 26.3 mm; P = 0.022) compared
with asymptomatic group. Length of aorta from lowest
renal artery to aortic bifurcation was also similar in all
groups. Iliac length and diameter were slightly longer
and larger in left common iliac artery but not statistically
significant.

Mycotic aneurysms were 12 cases (15.0%).
Mean age was 68.6  13.7 (range 33 - 83) years old.
Ten cases (83.0%) were male. Comorbidities were
hypertension (n = 10, 83.0%), diabetes mellitus (DM)

(n = 4, 33.0%), end stage renal disease (ESRD)
(n = 1, 8.3%), human immonodeficiency virus (HIV)
(n = 1, 8.3%). One case had coexisting ascending
cholangitis due to common bile duct (CBD) stone. All
cases had abdominal or back pain with computerized
tomographic angiography (CTA) morphology as
pseudo aneurysm. Other presenting symptoms
were fever (n = 9, 75.0%), diarrhea and arthritis.
Mean leukocyte counts were 10,352  3,388 per l
(range 5,410 – 18,450 per l). Pathogens were
identified in 7 cases (58.3%). Five cases had positive
culture for Salmonella species, other pathogens
were staphylococcus aureus and mycobacterium
tuberculosis.

Table 2.  Intraoperative and postoperative data.

Mean  SD Asymptomatic Symptomatic Mycotic Rupture P -  value

Operative time (min) 157.0  60.0 160.0 146.3 145.0 181.5 0.221
Contrast dose (ml) 64.3  40.3 60.8 66.8 46.7 90.8 0.014
Estimated blood loss (ml) 367.4  476.8 279.5 258.9 200.0 1003.8  0.001
Intraoperative blood 0.7  1.6 0.2 0.4 0.2 3.0  0.001
transfusion (unit)
ICU stay (days) 8.3  26.2 3.6 7.6 10.1 21.2 0.03
Postoperative hospital 18.8  41.9 11.4 15.1 19.3 41.3 0.088
stay (days)

Table 3.  Anatomical characteristic of EVAR patients.

Mean  SD Asymptomatic (38) Symptomatic (19) Mycotic (12) Rupture (13) P - valve

Neck
Diameter (mm) 23.7  4.8 24.4 25.5 20.0 22.6 0.244
Length (mm) 22.9  8.9 23.4 19.6 25.7 23.9 0.893
Angulation 48.5  27.2 49.4 54.6 31.3 53.5 0.754
    (degree)

Aneurysm
Diameter (mm) 59.4  13.3 59.2 62.3 53.9 60.5 0.808
    distal aortic
Diameter (mm) 26.3  18.3 25.7 31.5 20.9 24.6 0.82
Length (mm) 110.8  16.6 111.0 114.6 109.4 106.2 0.26

Right common iliac
   artery

Diameter (mm) 17.4  8.9 19.1 17.0 16.5 13.9 0.042
Length (mm) 38.0  12.9 38.9 35.6 40.3 36.7 0.812

Left common iliac
   artery

Diameter (mm) 18.6  12.5 18.5 16.3 23.8 17.2 0.762
Length (mm) 39.3  14.5 39.4 35.5 44.8 39.9 0.705



16                Chula Med JK. Kritayakirana, et al.

Thirty-day morbidity and mortality are reported
in Table 4. The mortality rate was statistically
significant in rAAA group. The most common
complication was acute kidney injury (AKI) in 13
cases (15.9%). AKI prevalence was statistically
significant in mycotic and ruptured groups comparing
to asymptomatic group. Abdominal compartment
syndrome (ACS) occurred in 5 cases (6.1%): 4 cases
were ruptured AAA; and, 1 case was symptomatic.
All required decompressive laparotomy. One case
developed spinal cord ischemia in symptomatic group.
Other complications such as myocardial infarction
and bowel ischemia also were reported. Myocardial
infarction was higher in symptomatic group compared
to asymptomatic group. Type Ia endoleak was
observed in 9 cases (11.0%). One case was detected
by CTA one week after EVAR and resolution of
endoleak was achieved after undergoing aortic cuff
extension. Eight cases were detected intraoperatively
by angiogram. Three cases underwent immediate
aortic cuff extension. Resolution of Ia endoleak were
immediately achieved in two cases. The other five
cases were managed by follow up CTA at 1 week
after EVAR; 3 cases showed resolution of endoleak;
and, 2 cases still had persistent Ia endoleak. One case
of persistent endoleak underwent aortic cuff extension
and another case denied reintervention.

Iliac limb stent graft occlusion occurred in 6 cases
(7.3%). Five iliac limbs occluded from 22 limbs that
landed in external iliac artery. One limb occluded from
60 limbs landing in the common iliac artery. Risk
factors were cases that underwent distal landing zone
in the external iliac artery (P = 0.001). The occurrence
of iliac occlusion was reported from the immediate
postoperative period until 2 weeks after EVAR.
Five cases were treated by surgical intervention
(femoro-femoral bypass). Another case was treated
by endovascular intervention (balloon angioplasty).

Thirty-day overall mortality was 7 cases (8.5%)
as described in Table 4. The ruptured group had higher
30-day mortality compared with elective group (30.8
vs. 2.6; P < 0.05). There was no difference in 30-day
mortality for symptomatic group (5.3%; P = 0.611)
and mycotic group (8.3%; P = 0.383) compared with
elective group (Table 4).

Discussion
Demographic data of EVAR patients from KCHM

was similar to other Asian populations. From the
Korean EVAR Registry (KER)(4), 87.1% of the
patients were male with mean age of 74.8  7.3 years
with hypertension as the most common comorbidity
(87.1% ) which was comparable to 74.4% from our
study.

Table 4. 30-day morbid and mortality in EVAR patients.

Complication Number Asymptomatic Symptomatic P - valve Mycotic P - valve Rupture P - valve P - value
(%) (n = 38) (n = 19) (n = 12)  (n =13)

Acute kidney injury 13 (15.9) 2 (5.3) 2 (10.5) 0.463 5 (38.5) 0.009 4 (30.8) 0.003 < 0.05
Abdominal 5 (6.1) 0 (0) 1 (5.3) 0.154 0 (0) .. 4 (30.8) < 0.05 < 0.05
compartment
syndrome
Myocardial infraction 3 (3.7) 0 (0) 2 (11.8) 0.042 0 (0) .. 1 (7.7) 0.842 0.16
Bowel ischemia 2 (2.4) 0 (0) 1 (5.3) 0.154 0 (0) .. 1 (7.7) 0.842 0.36
Spinal cord ischemia 1 (1.2) 0 (0) 1 (5.3) 0.154 0 (0) .. 0 (0) .. 0.34
Endoleak type

Ia 9 (11) 3 (7.9) 4 (21.1) 0.154 2 (16.7) 0.315 0 (0) 0.438 0.25
Ib 2 (2.4) 2 (5.3) 0 (0) 0.309 0(0) 0.128 0 (0) 0.394 0.49
IIa 34 (41.5) 19 (50) 5 (26.3) 0.088 7 (53.8) 0.417 3 (25) 0.813 0.16
IIIa 1 (1.2) 0 (0) 0 (0) .. 0 (0) .. 1 (7.7) 0.842 0.14

Iliac limb occlusion 6 (7.3%) 3 (7.9) 1 (5.2) 0.741 2 (16.7) 0.375 0 (0) .. 0.83
Death 7 (8.5%) 1 (2.6) 1 (5.3) 0.611 1 (8.3) 0.383 4 (30.8) 0.003 < 0.05
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Few studies have evaluated the anatomy of AAA
and outcomes after EVAR in Asian populations.
Regarding to anatomical features of AAA, aneurysmal
diameter was almost the same as The KER
(59.4  13.3 mm vs. 57.2  14.2 mm) in other previous
studies. (9) In our study, we focused on patients who
had suitable anatomy for standard EVAR. Anatomical
features of neck of aneurysm; diameter 23.7  4.8
mm, length 22.9  8.9 mm and angulation 48.5  27.2
degrees, were similar among Asian populations.
Common iliac arteries, right and left, in our study were
17.4  8.9 mm and 18.6  12.5 mm in diameter,
respectively. Length of right and left common iliac
arteries were 39.3  14.5 mm and 39.3  14.4 mm.
The anatomical features of CIA were also similar
among the Asian population. (4, 9) We reported the
mycotic aneurysm having small size of aorta. The neck
diameter (20.0 mm vs. 24.3 mm; P = 0.009) and distal
aortic diameter (20.9 mm vs. 26.3 mm; P = 0.022)
was compared with asymptomatic group. Anatomical
features are advantageous for the stocking of EVAR
devices in hospitals due to increased cases of EVAR,
however, since all current implant devices studied and
designed for non-Asians with different anatomical
features, future development of implant devices
designed specifically for Asian populations should be
considered.

In symptomatic group, many studies showed
higher complication and mortality rates than in elective
group. The American College of Surgeons National
Surgical Quality Improvement Program showed a
higher rate of postoperative myocardial infarction

(1.2% in asymptomatic group vs. 2.9% in symptomatic
group; P = 0.02).(5) Our study showed the same result.
Myocardial infarction was the only complication
that was higher in symptomatic group compared
with elective group (0.0% vs. 11.8%; P = 0.042).
Symptomatic group may require more urgency to
perform EVAR than elective group; therefore there
is limited time to perform a complete preoperative
cardiac evaluation and cardiac intervention prior to
EVAR.  The 30-day mortality rate in our study was
the same between elective and symptomatic groups.
Nowadays, EVAR is a new trend for treatment
of mycotic aneurysm. (3) In our report, 25.0% of the
patients had DM which was higher than 8.6% in
nonmycotic patients but had no statistical significance.
Technical success was 100.0%. All of our cases were
nonfistula patients. Presentations were abdominal
pain in almost all cases (83.0%) and other symptoms
such as diarrhea. Pathogen identification in our data
was 58.3% compared with other studies at 50.0 –
65.0 %. (3, 6) Salmonella species were the most common
pathogen. Staphylococcus aureus and mycobacterium
tuberculosis were also reported as pathogens.
Anatomical features in mycotic group had smaller
aortic neck and distal aorta than other groups. This
result may be due to most mycotic aneurysms having
secular morphology which involves only the affected
part. Outcomes were good with 30-day mortality
in 1 case (8.3%) compared with prior results reported
at 6.0%. (6) No postoperative requirement of
explantation endovascular stent graft occurred.

Figure 1.  Indication for EVAR

Indication

Asymptomatic

Mycotic

Rupture

Symptomatic
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Since EVAR is frequently used to treat ruptured
AAA in cases with suitable anatomy, the ruptured
group required more intraoperative blood transfusions
and longer length of stay in the ICU when compared
to the asymptomatic group. The mortality rate was
higher. AKI was also higher. Abdominal compartment
syndrome was reported in 30.8% of the ruptured
group which was higher compared with the
asymptomatic group.

Acute kidney injury was the most frequent
systemic complication. Current data reported
incidence of AKI was 2.9% – 18.0% in elective cases.
(10, 11)  Our data showed AKI 15.9% of overall cases
and 5.3% of elective cases. Incidence of AKI in
mycotic and ruptured groups were 38.5% and 30.8%,
respectively and were significantly higher than
asymptomatic group. The overall 30-day mortality was
high in our study (8.5%) because our data included
elective and emergency conditions. In 38 elective
cases, mortality occurred in only 1 case. The patient
was an 81-year-old female with hypertension, ischemic
heart disease and chronic kidney disease (Cr > 2 mg/
dL). After EVAR, she developed acute kidney injury
requiring hemodialysis and died in day 30 after EVAR.
In symptomatic cases, our mortality rate (5.2%) was
slightly higher when compared with 3.8% from the
data of the American College of Surgeons National
Surgical Quality Improvement Program.(5) The rupture
AAA patients had highest mortality of 30.7% which
was near the 35.4% reported from the IMPROVE
trial. (2)

Type Ia endoleak is typically corrected when
recognized in the operating room. Bastos Goncalves
F, et al. reported 8 of the 15 primary type-Ia endoleaks
disappeared spontaneously on the first postoperative
computed tomographic angiography (CTA) obtained
within 1 week of EVAR. (12) According to our data,
Type Ia endoleak may resolve spontaneously. Type
Ib endoleak was detected in 2 cases. One case was
detected intraoperatively after EVAR with aortic
tube graft for saccular aneurysm then converted to
aorto-uni-iliac (AUI) with femero-femoral bypass.
Another case was detected on computed tomographic
angiography (CTA) postoperative at one week after
EVAR. Then re-intervention with ipsilateral internal
iliac artery embolization and iliac extension to landing
in external iliac artery was performed successfully.
Type II endoleak was reported at 20.0%. (8) In our
study, type II endoleak (41.5%) was observed on post-
operative imaging. Although our study had high

incidence of type II endoleak, they did not required
re-intervention at the early period.

Type III endoleak was detected in one case by
postoperative day 1 duplex ultrasound at iliac limb in
a mycotic aneurysm of left common iliac aneurysm
case. Computer tomography 1 week after EVAR
showed disappearance of endoleak, no further
intervention was required. Iliac limb occlusion was
reported at 2.3 - 3.7%. (8) Faure et al. reported the
predictors for iliac limb occlusion were distal landing
zone on the external iliac artery, external iliac artery
diameter  10 mm, and kinking. (13) Daoudal A, et al.
reported occurrence of distal landing zones in the
external iliac artery (15.4% vs. 2.1%, P = 0.006). (14)

In our study, we reported iliac limb occlusion occurred
in 6 cases (7.3%). Risk and risk factors were cases
undergoing distal landing zone at external iliac artery
(P = 0.001). Timing for detection or symptomatic
occurrences were immediate postoperative period until
2 week after EVAR. Treatment of an occluded limb
includes thrombectomy or lytic therapy with secondary
endovascular or surgical intervention. One case
was treated by balloon angioplasty. Four cases were
treated with femorofemoral bypass. Another, case of
AUI with femerofemoral bypass, was treated by
axillofemoral bypass.

Our study has limitations due to the retrospective
nature of the study and the decision to perform EVAR
or open AAA repair was made by physician and not
compared. We reported only early (30 days) outcomes
and management.

Conclusion
Anatomical features of AAA in patients at KCMH

were similar to other Asian populations. The mycotic
aneurysm had smaller size of aorta. Early outcomes
of EVAR in asymptomatic, symptomatic and mycotic
aortic aneurysm were good. Thirty-day mortality was
high in ruptured AAA patients. Complication such as
AKI and myocardial infarction were lower in the
asymptomatic group. Emergency and urgency
conditions to treat AAA did not affect procedure
related complications. Iliac limb stent graft occlusion
tends to occur in distal landing zone in external iliac
artery.
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