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Abstract

Background: Calcified plaque build-up can increase the risk of subsequent vascular complications in pelvic solid organ transplan-
tation and vascular bypass procedures.
Objectives: To assess the atherosclerotic calcification of pelvic vessels by measuring Agatston score and comparing it among ab-
dominal aorta, common iliac artery (CIA), external iliac artery (EIA), and common femoral artery (CFA).
Patients and Methods: We retrospectively reviewed the unenhanced computed tomography scans of 197 patients from August 2016
to March 2018. Using calcium-scoring software, we examined the distribution map of calcified plaques, focusing on four different
arterial segments -the abdominal aorta, the common iliac artery (CIA), the external iliac artery (EIA), and the common femoral artery
(CFA)- to determine which one showed the least mural calcification.
Results: A total of 197 patients (118 men, 79 women) with a mean age of 61.19 ± 10.8 years were included in this study. The right EIA
segment had the lowest average calcification score (92.1± 18.2), including 180 cases (91.4%) of zero calcification, followed by 178 cases
(90.4%) of zero calcification in the left EIA. When adjustments were made for age, gender, smoking status, diabetes, hypertension
and hyperlipidemia, the odds ratio (OR) of the left EIA for reaching a higher calcium score level was 1.19 (P = 0.44) times greater than
the reference group (right EIA). The ratio was markedly higher in the abdominal aorta segment (OR = 146.7.4, P < 0.001), followed
by the right CIA (OR = 42.5, P < 0.001), the left CIA (OR = 27.3, P < 0.001), the right CFA (OR = 3.96, P < 0.001), and the left CFA (OR =
3.51, P < 0.001).
Conclusion: The study demonstrates a significantly less calcific plaque burden in EIA compared to the adjacent arterial bed.
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1. Background

Atherosclerosis, or the hardening of arteries, usually
manifests with mural calcification (1). Vascular calcific
deposition has long been implicated in the formation of
atherosclerosis. The vascular calcification in the intimal
or medial layers of the arterial wall is routinely detected.
Many studies have indicated that calcified plaque buildup,
termed arterial calcification, could be associated with tech-
nical failure of arterial anastomosis, delayed graft func-
tion (DGF), subsequent vascular morbidity analogous to
steal syndrome and risk of operative complexity (2, 3). Ar-
terial calcification is quantified by a measurement tech-
nique called the Agatston score and has a substantial ef-
fect on patient survival (4, 5). Over the past few years, we
noticed a relative atherosclerotic sparing of the external il-
iac artery (EIA) compared to adjacent arteries. This is not a

well-described phenomenon in the literature. Similar find-
ings in other vessels have been attributed to the histologi-
cal features of the wall or its anatomical feature (6).

2. Objectives

This study was designed to test our hypothesis that
fewer atherosclerosis changes occur in the EIA than that of
adjacent arteries. If true, this could have significant impli-
cations on vascular and transplant surgery, for example in
the choice of arterial anastomosis in solid organ transplan-
tation or bypass graft placement.

3. Patients and Methods

Institutional review board approval was obtained for
collecting data and interpreting the analysis. The study
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protocol was approved by our institution’s research ethics
committee. In this study, 197 patients with non-contrast-
enhanced abdominopelvic computed tomography (CT)
scan from August 2016 to March 2018 were retrospectively
evaluated (Figure 1). A non-contrast-enhanced CT scan of
the abdomen and pelvis was performed in patients with
non-traumatic abdominal pain, suspected renal stones,
and urologic disorders or fever of unknown origin (highly
suspected to be of abdominal abscess). Image evaluations
were performed simultaneously by an experienced cardio-
vascular radiologist. Patients with prior arterial stent im-
plantation in the abdominal aorta, common iliac artery
(CIA), external iliac artery (EIA), common femoral artery
(CFA), a history of operation on the arteries of interest, a
former pelvic surgery, presence of a severe motion artifact
or metallic artifacts from adjacent prosthesis that preclude
accurate interpretation (at radiologist’s discretion) were
deemed ineligible for our study.

Images from the abdominal and pelvic CT scans (Bril-
liance 64, Philips Medical Systems, Cleveland, Ohio) were
retrospectively evaluated. Images were reconstructed with
the following settings: collimation: 32 × 1.25 mm; gantry
rotation time: 0.5 ms; tube voltage: 160 kV; tube current:
390 mAs; and pitch: 0.97. Each complete scan contained
50 - 60 contiguous, non-overlapping, 512×512 matrix slices
over a 35-cm field of view, with peak tube voltage of 160 kV
using 100-ms exposure time with 3-mm slice thickness. For
purposes of this study, we defined abdominal aorta from
the diaphragmatic level to the aortic bifurcation; common
iliac artery (CIA) from the aortic bifurcation to the CIA bi-
furcation; EIA from the CIA bifurcation to the inguinal liga-
ment; and common femoral artery (CFA) from the inguinal
ligament to the CFA bifurcation. To determine the calcium
score of the abdominal aorta, CIA, EIA, and CFA, calcium-
scoring software was used to measure the mean Agatston
score, which is based on the weighted density score given
to the highest attenuation value (Hounsfield unit [HU])
multiplied by the area of the calcified plaque. The mean
Agatston score was calculated with semi-automated soft-
ware (HeartBeat-CS, Brilliance Workspace, Brilliance 64,
Philips Medical Systems) by using detection of calcified
plaque with a threshold of 130 HU and a minimum area of
1 mm2. Due to close proximity of internal iliac artery (IIA)
to the sacral bone and calcification in its small branches,
we could not measure the calcium score by our software
meticulously.

3.1. Statistical Analysis

Generalized estimating equations (GEEs) were used to
evaluate the age, gender, smoking, hypertension, diabetes
and hyperlipidemia -adjusted effect of arterial anatomic

position on the calcification level. The GEE procedure ex-
tends the generalized linear model to allow for the anal-
ysis of repeated measurements or other correlated obser-
vations. The use of this statistical method allows for the
use of other vessels in each patient as the internal control.
This will control the effect of confounders. Calcification
score was considered at four levels: 0, 1 - 100, 101 - 400,
and higher than 400. According to the calcium measure-
ment scale, cumulative logistic function in GEE was used
to estimate the parameters. Sub-group analysis was per-
formed in order to determine the validity of the findings
in patients with more severe atherosclerotic disease. Odds
ratios (ORs) and 95% confidence intervals (CIs) of calcium
scoring were examined for the aforementioned four arte-
rial anatomic positions.

4. Results

A total of 197 patients (118 men, 79 women) with a mean
age of 61.19 ± 10.8 years were included in the study. Analy-
sis of the calcium score levels across the abdominal aorta,
CIA, EIA, and CFA is presented in Table 1 and Figure 2. It
revealed 180 cases (91.4%) of zero calcification in the right
EIA, followed by 178 cases (90.4%) of zero calcification in the
left EIA. High calcium score level (> 400) was seen in 108
(54.8%) cases of abdominal aorta segments, which were dis-
proportionately higher than other segments. The average
calcification score was the lowest in the right EIA segment
(18.21), which was selected as the reference group (Figure 3).
Based on GEE results (Table 2), the OR of the left EIA reach-
ing a higher calcium score level was 1.19 (95% CI = 0.77 - 1.84,
P = 0.44) times greater than the reference group (right EIA).
This ratio was markedly higher (OR = 146.7, 95% CI = 79.9 -
249.0, P < 0.001) in the abdominal aorta segment, followed
by OR = 42.5 (95% CI = 23.4 - 77.2, P < 0.001) in the right CIA,
OR = 27.3 (95% CI = 15.7 - 47.6, P < 0.001) in the left CIA, OR =
3.96 (95% CI = 2.38 - 6.61, P < 0.001) in the right CFA, and
3.51 (95% CI = 2.11 - 5.85, P < 0.001) in the left CFA, when
adjustments were made for age, gender, smoking status,
hypertension (HTN), diabetes mellitus (DM) and hyperlipi-
demia status in the GEE model. Subgroup analysis of pa-
tients with severe atherosclerotic disease (median abdomi-
nal aortic calcium score more than 493) revealed no signifi-
cant difference in relative sparing of EIA when compared to
the subgroup with the least severe atherosclerotic disease
(median abdominal aortic calcium score less than 493) (P
= 0.99).

5. Discussion

There is a paucity of studies showing sparing calcifica-
tion in EIA despite gross calcifications in different adjacent
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266 patients were referred to the imaging 

department for doing non-contrast enhanced 

abdomino-pelvic CT scan 

Images of 197 patients with non-traumatic 

abdominal pain, suspected renal stones, 

urologic disorders or fever of unknown 

origin were evaluated. 

               Exclusions: 

-Prior stent implantation 

(N = 14) 

-History of operation on 

those arteries (N = 13) 

-Former pelvic surgery 

(N = 20) 

-Presence of a severe 

motion artifact (N = 22) 

Figure 1. Flow chart of the study population selection including patient recruitment and exclusion criteria

Table 1. Frequency (Percent) of Calcification Level Across Different Arterial Segments

Artery
Calcification level, frequency (percent) Calcium score

0 1 - 100 101 - 400 > 400 Median (min - max) Mean ± SD

Aorta 4 (2.0) 39 (19.8) 46 (23.4) 108 (54.8) 493.3 (0 - 13140) 1235.8 ± 1828

CIA right 57 (28.9) 37 (18.8) 36 (18.3) 67 (34.0) 113.4 (0 - 7263) 436.1 ± 798

CIA left 68 (34.5) 43 (21.8) 38 (19.3) 48 (24.4) 44.4 (0 - 5906) 334.7 ± 697

EIA right 180(91.4) 8 (4.1) 5 (2.5) 4 (2.0) 0 (0 - 763) 18.2 ±92.1

EIA left 178 (90.4) 6 (3.0) 8 (4.1) 5 (2.5) 0 (0 - 1432) 26.1± 136.2

CFA right 146 (74.1) 27 (13.7) 19 (9.6) 5 (2.5) 0 (0 - 1544) 43.4 ± 147

CFA left 149 (75.6) 27 (13.7) 17 (8.6) 4 (2.0) 0 (0 - 1383) 44.3 ± 141

Abbreviations: CFA, common femoral artery; CIA, common iliac artery; EIA, external iliac artery; SD, standard deviation

vascular segments, abdominal aorta, CIA, and CFA. We ex-
amined the distribution map of calcified plaque, focusing
on four different arterial segments to determine the low-
est calcification score among them and we found out that
EIA shows a significantly lower degree of atherosclerotic
calcification compared to abdominal aorta, CIA and CFA.
The importance of this finding may influence decisions for
the usefulness of harvested EIA as an allograft in place of
synthetic grafts or xenografts, which are currently used for
some cases who are in need of a vascular graft.

Conduit calcification and stenosis is one of the compli-

cations in the placement of right ventricle to pulmonary
artery conduit (7). Previously, the pulmonary homograft
(PH) was selected mostly for the right ventricle to pul-
monary artery (RV-PA) conduit (8). However, calcifica-
tion and stenosis with deterioration of valve function have
been shown in different studies (8-10). Amongst various
conduit materials, the expanded polytetrafluoroethylene
(ePTFE) has yielded minimal rates of complications includ-
ing conduit stenosis, conduit regurgitation and conduit
reoperation (8, 11). Despite its benefits, the availability of
ePTFE could be limited at small institutions. Based on our
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Table 2. Generalized Estimating Equation (GEE) (Cumulative Ordinal Logistic) Resultsa , b

Arteryc
Compared to EIA right Compared to EIA left

OR (95% CI) P value OR (95% CI) P value

Aorta 146.7 (79.9 - 249.0) < 0.001 123.4 (69.5 - 219.2) < 0.001

CIA right 42.5 (23.4 - 77.2) < 0.001 35.7 (20.8 - 61.4) < 0.001

CIA left 27.3 (15.7 - 47.6) < 0.001 23.0 (13.6 - 38.8) < 0.001

EIA right 1 0.84 (0.54 - 1.30) 0.44

EIA left 1.19 (0.77 - 1.84) 0.44 1

CFA right 3.96 (2.38 - 6.61) < 0.001 3.33 (2.09 - 5.31) < 0.001

CFA left 3.51 (2.11 - 5.85) < 0.001 2.96 (1.88 - 4.66) < 0.001

Abbreviations: CFA, common femoral artery; CIA, common iliac artery; EIA, external iliac artery
aThe effects of age, gender, smoking status, hypertension, diabetes and hyperlipidemia were adjusted in GEE model
bOdds ratio (OR) and 95% confidence interval (CI) of calcification in different arterial segments were determined based on an ascending succession in the arterial system.
cThe Wald’s chi-square value for artery variable was 418.20, DF = 6 and P < 0.001.
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Figure 2. Different calcification levels among different arterial segments. CFA, com-
mon femoral artery; CIA, common iliac artery; EIA, external iliac artery

findings, EIA could be used as a graft target due to its less
calcific plaque burden compared to the adjacent arterial
bed. There is scant evidence of using EIA as a conduit place-
ment option. It may be worthy to plan a study for harvest-
ing EIA as cadaver arterial allograft for placement of the
right ventricle to pulmonary artery conduit with regards
to relative atherosclerotic sparing of the EIA.

Additionally, future studies could be performed in or-
der to demonstrate EIA as a less vasculopathic arterial graft
target in different regions. This can be done by end-to-end
anastomosis to the patent part and replacing the occluded
section by EIA.

It is well established that vascular calcification is the
main cause of multiple complications in renal transplant
surgeries, including the process of anastomosis, difficulty

Figure 3. A 56-year-old man with no significant medical history presented with com-
plaints of non-traumatic abdominal pain. To evaluate a patient with suspected vas-
cular disease, a noncontrast computed tomography scan of the abdomen and pelvis
was performed. Less calcification formation in the external iliac artery compared
to adjacent arteries is seen. The calcium content of each artery was calculated with
semi-automated software. The scores are as follows: Aorta: 6779.8, right common
iliac artery (CIA): 1016.5, left CIA: 290.1, right external iliac artery (EIA):0, left EIA:0,
right common femoral artery (CFA):548.7, and left CFA: 416.9.

in vessel clamping, impaired graft function, and the occur-
rence of arterial steal syndrome or limb ischemia (12). Most
practices require an entity of vascular imaging (usually an
ultrasound) before deciding the proper site for anastomo-
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sis of the new implant, in part to assess the size and health
of patent arteries. Calcification can occur in either the in-
timal or medial layer of the arteries (13). Intimal calcifica-
tions can be accelerated by advanced age, diabetes, and the
presence of atherosclerosis; however, medial calcification
can be found in people of younger age and in those who are
on dialysis therapy (3). Aitken et al. showed high intraoper-
ative complication rates and delayed graft function in pa-
tients with moderate to severe vascular calcifications (12).

The presence of vascular calcification has an impact on
fusion and anastomosis events, which exacerbates the con-
dition. Agatston score as an additional prognostic factor
can describe arterial calcification. Therefore, careful eval-
uation and scoring of vascular calcification based on Agat-
ston score preceding surgery may facilitate surgical inter-
vention and improve efficacy and outcomes.

At our institution, most of the renal transplantations
are performed by end-to-end anastomosis to the internal
iliac artery (IIA). Previously, some studies favored EIA end-
to-side anastomosis over other arteries in renal transplan-
tation (14). This finding could be attributed to larger cal-
iber, existence of accessory renal arteries, and lower risk of
compromising distal vascular supply to the pelvis (14, 15).
However, Matheus et al. called this finding into question
by showing no differences in clinical or surgical complica-
tions for arterial anastomosis between end-to-side anasto-
mosis to the EIA and end-to-end anastomosis to the IIA (16).

This study compares calcification plaque in different
segments of pelvic arteries. Our findings suggest that
EIA can possibly be a less vasculopathic target for arterial
grafts.

Our study was limited by its retrospective design and
its small sample size, which reduced its precision. There-
fore, future studies with larger sample sizes, more detailed
evaluation of patient’s history and CT angiography as a bet-
ter choice to define plaque burden will be necessary for bet-
ter understanding of this phenomenon and its etiology.

In conclusion, EIA has a significantly lower degree of
atherosclerotic calcification compared to the adjacent vas-
culature. This can prove a useful alternative in selecting a
less diseased target for arterial graft and pelvic solid organ
arterial anastomoses.
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