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Background: The factors influencing common iliac artery aneurysm (CIA) growth are not fully known.
Intraluminal thrombus (ILT) has been studied as a marker of growth in abdominal aortic aneurysms (AAA), but
its role in CIAs is unknown. This study aims to examine the factors associated with growth of CIAs coexistent
with AAA using serial cross-sectional imaging (CT and MRI) with multiplanar reconstruction (MPR).
Methods: Patients with synchronous AAA and CIA observed at contrast-enhanced CT or MRI were
included. The maximal diameters of both CIA and AAA were measured using MPR. Correlation of the
baseline aneurysm diameter and growth rate between CIA and AAA was evaluated. Multivariate regression
analysis was used to investigate the factors associated with CIA growth.

Results: Seventy-five AAA patients (age 749 years; all male) with 100 CIAs were followed for an average
of 2.2+1.2 years. CIA and AAA growth were positively correlated (r=0.39, P<0.001). Multivariate analysis
showed that CIA baseline diameter, AAA baseline diameter, and smoking were positively related to CIA
growth. In 2-3 cm CIAs (n=59), ILT tends to be an independent predictor of AAA growth (P=0.076), and
CIAs with ILT grow at more than twice the rate of CIAs without ILT (1.7 vs. 0.8 mm/year, P=0.036), despite
similar baseline diameters.

Conclusions: CIA baseline diameter, coexisting AAA baseline diameter, and smoking are associated with
CIA growth. In CIAs measuring 2-3 cm, the presence of ILT is associated with faster growth, and should
be taken into account when determining surveillance intervals and timing of intervention for patients being

considered for AAA repair.
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Introduction Although typically asymptomatic (3,5), CIAs expand over

Common iliac aneurysms (CIAs) are frequently identified time with a potential for life-threatening rupture, similar to

during routine abdominal aortic aneurysm (AAA) screening that of AAAs (6). CIAs also complicate the management of
and surveillance (1). Up to half of patients with an AAAs have AAA disease: iliac artery aneurysms can rupture after AAA

an iliac artery aneurysm, and of these 70% are CIAs (2-4). repair, and following endovascular AAA repair, patients
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with concomitant iliac artery aneurysms have higher rates
of distal stent-graft endoleak and iliac limb occlusion (7,8).
Despite their clinical importance, clinical follow-up data on
CIAs is scarce.

Risk factors for AAA growth are well studied, with
literature supporting or proposing the use of baseline
aneurysm diameter, intraluminal thrombus (ILT) burden and
composition, high mechanical wall stress, smoking status,
and other clinical factors to guide surveillance strategies
(9-12). However, the few studies of CIA disease have
focused mainly on aneurysm diameter, which is correlated
with symptomatic disease and rupture risk (3,13). Given
the linkage between the two disease processes, we sought
to determine if other AAA risk factors may be predictive of
progressive CIA disease. In particular, while ILT burden has
been proposed as a marker of faster AAA growth (10,14),
the impact of ILT on CIA growth has not been studied.

This study aims to identify the factors associated with
CIA growth in patients with coexistent AAA disease, and
examine the role of ILT in CIA progression. Previous
studies measuring CIA growth relied predominantly on
ultrasound, the accuracy and reproducibility of which is
limited in many common clinical scenarios (4,15). Most
prior cross-sectional imaging studies do not employ
standardized multiplanar reconstruction (MPR) to measure
CIA diameter, or had relatively small sample sizes and short
follow-up duration (10). To address these shortcomings, we
intend to use serial high-resolution cross-sectional imaging
(CT or volumetric black blood MRI) with standardized
MPR in a large cohort of patients with CIA disease.

Methods
Study population

The institutional review board of the San Francisco
Veterans Affairs Health Care System (SFVAHCS) approved
this retrospective study; the requirement for patients’
written consent was waived. Patients who underwent
contrast-enhanced CT or high-resolution black blood MRI
of the abdomen and pelvis were selected using radiology
records from February 2000 to April 2018 if one of their
exams demonstrated a AAA and a subsequent cross-sectional
imaging study was available for follow-up comparison.
Studies were further screened to identify AAA patients
with coexisting CIA disease. We defined a CIA as a dilated
common iliac artery with a diameter of greater than 1.8 cm
(3,6,13,16). The inclusion criteria for our study were: (I)
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the presence of AAA (abdominal aorta diameter of 3 cm or
greater) and coexisting CIA on a baseline contrast enhanced
CT or MRI; and (II) availability of at least one follow-up
CT or MRI between 6 months and 5 years after the baseline
exam. The exclusion criteria for our study were: (I) open or
endovascular repair of a CIA; and (II) poor image quality
precluding reliable aneurysm measurement. Demographic
and clinical information of the study cohort, including
age, sex, smoking history, and coexistence of hypertension,
diabetes, and ischemic heart disease were also recorded.

Image acquisition

All CT studies were acquired helically on clinical CT
scanners, using standard institutional protocols. The initial
exam for each patient was a contrast enhanced study and
a range of CT techniques are represented in the data, as
no strict requirement was made about the specific imaging
protocol applied. Protocols included CT angiography,
routine portal venous phase CT, multiphase imaging for
liver or pancreatic mass evaluation, and CT Urography. The
overwhelming majority (~90%) of exams were performed on
GE scanners, including Lightspeed 16, Lightspeed Ultra,
Lightspeed VCT, Discovery CT750 HD, and Revolution
CT. 120-kVp tube potential was common to all studies with
the exception of those performed on a dual energy system,
and automatic tube current modulation was applied on all
exams. A variety of bolus timing and tracking strategies
were applied across the different protocols and years in
which exams were performed. Images were reconstructed at
1- to 5-mm slice thickness.

Black blood MRI exams were acquired on a 3T whole-
body system (MAGNETOM Skyra, Siemens Healthcare,
Erlangen, Germany) with an 18-channel body coil. A fast-
spin-echo sequence using variable flip angle (SPACE) with
DANTE blood suppression was used (DANTE-SPACE)
(17,18). Images were acquired in the coronal plane during
free breathing, covering the abdominal aorta from the renal
arteries to the proximal iliac arteries. Imaging parameters:
TR/TE =800/20 ms; 32x32 cm’ field of view (FOV); 52
coronal slices with 1.3mm slice thickness. 1.3mm isotropic
resolution, and scan time of 7 minutes.

Iimage analysis

All images were transferred to an offline workstation, and
analysis was performed with commercial image viewing and
processing software (Horos, 3.3.5). Two reviewers with 6
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Length: 2.776 cm

Figure 1 MPR on CT to measure the maximum diameter of CIA. Noted that the location of iliac artery is deep and the geometry is

tortuous.

and 7 years’ experience in reviewing abdominopelvic CT
and MR images performed the image review and aneurysm
measurements. The maximal diameters of the CIAs were
measured orthogonal to the long axis of the vessel using the
MPR method (18) (Figure I). The CIA and coexisting AAA
diameters at the earliest time point (baseline diameters) and
the latest available time point (follow-up diameters) were
measured independently, and the aneurysm growth rate
(mm/year) was calculated as (follow-up diameter —baseline
diameter)/follow-up duration (years). At baseline, ILT was
defined as present if the ILT plus vessel wall thickness was
greater than 5 mm. When it was difficult to differentiate
ILT from intramural hematoma in a few cases, it was not
considered as ILT if the signs of calcification ingression
or penetrating atherosclerotic ulcer were observed. The
presence of ILT in CIA and coexisting AAA was recorded.
At the maximal diameter location of each CIA, the maximal
ILT thickness was recorded. In 40 randomly selected
datasets, both reviewers measured the CIA diameter
separately and the inter-observer agreement was evaluated.

Statistical analysis

Data were assessed for normality by using the Shapiro-

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Wilk test. Continuous data were summarized using the
mean = standard deviation. Categorical data were expressed
as counts or percentages. Continuous data were compared
using either a Mann-Whitney U test or Student’s ¢-test.
Categorical variables were analyzed using the Chi Square
test. Spearman’s r was used to describe the correlation
between measured parameters. The reproducibility of
measurements between two observers was evaluated by
intraclass correlation coefficient ICC). Measurement error
between scans was quantified by the coefficient of variance
(CV, defined as standard deviation between measurements/
mean x100%). Power analysis based on a two-sample
unpaired z-test (two-sided) was performed with 90% power
and 5% significance level to denote statistical significance
(19,20). Since some patients had bilateral CIAs, the growth
rate of which might be correlated with each other, statistical
adjustment for this factor was made. Linear mixed-
effects models were therefore employed for univariate
and multivariate analysis to identify the independent
predictors of aneurysm growth. A P value of less than 0.05
was considered statistically significant. All P values were
two-sided. SPSS (Statistics Version 26) was used for data
analysis.
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Table 1 Patient demographics

Patient demographics N=75

Age, mean + SD 74.0+8.5
Male 75 (100%)
BMI (kg/m?), mean + SD 27.416.0

Hypertension* 53 (70.7%)
DM 20 (26.7%)
Smoking 19 (25.3%)

*, hypertension is defined as resting blood pressure >140/90
mmHg. BMI, body mass index; DM, diabetes mellitus.

12.00

9.00

6.00 A

AAA growth rate (mm/year)

0.00 A

—2.00 .00 2.00 4.00 6.00 8.00
CIA growth rate (mmlyear)

Figure 2 The correlation of the growth rate of CIA and AAA.

Results

Between 2000 and 2018, 230 patients with AAA were
imaged more than once with CT and/or MRI. Among
them, 81 patients with 107 CIAs were identified. One
patient with a unilateral CIA was excluded for follow-up less
than 6 months, and 2 patients (with a total of 3 CIAs) were
excluded for follow-up time longer than 5 years. Three
patients, each with unilateral CIAs, were excluded due to
unsatisfactory image quality. Our final study cohort was
comprised of 75 patients with 100 CIAs that were followed
up for an average of 2.2x1.2 years; patient demographics
are shown in Table 1. Twenty-seven patients (36.0%) had
bilateral CIAs. CIAs were more commonly observed on the
right (55.0%). All 75 patients underwent contrast-enhanced
CT as the baseline exam. Nine patients had volumetric

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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black blood MRI at the latest follow up assessment, while
the remaining patients were imaged by CT for the latest
follow up.

CIA growth rate

CIAs had an overall baseline diameter of 2.4+0.6 cm with
growth rate of 1.0+1.3 mm/year. There were no significant
differences in baseline diameter or growth rate between left
and right CIAs (P=0.862, 0.671 respectively), or between
bilateral and unilateral CIAs (P=0.386, 0.378 respectively).

Correlation between CIA and coexisting AAA

CIA growth was positively correlated with AAA growth
(r=0.39, P<0.001) (Figures 2,3), whereas the baseline
diameters of CIA and AAA were not significantly correlated
(P=0.583). Twenty-seven CIAs (27.0%) contained ILT,
with the coexisting AAA containing ILT in 21/27 instances.
In the remaining 73 CIAs without ILT, ILT within the
coexisting AAA was seen only 35 times. The presence of
ILT in a CIA was associated with that in the coexisting AAA
(P<0.01).

Univariate and multivariate analysis to identify factors
associated with CIA growth, and the potential role of ILT

Univariate and multivariate analysis showed that CIA
baseline diameter, baseline diameter of coexisting AAA, and
smoking were independent risk factors for CIA growth, as
shown in Table 2. Diabetes tended to have a protective effect
from CIA growth but this did not reach significance.

There were significant differences in baseline diameter
and growth rate between CIAs with (n=27) and without
(n=73) ILT. Specifically, in CIAs measuring 2-3 cm (n=59),
which represented the largest subgroup (59.0%), the growth
rate of CIA with ILT was more than double that of CIAs
without ILT (1.7 vs. 0.8 mm/year, P=0.036), whereas the
baseline CIA diameter did not differ significantly between
groups with and without ILT (Zable 3, Figures 4,5). In CIAs
with ILT (n=27), ILT thickness was significantly correlated
with aneurysm growth rate (r=0.50, P=0.007). Among the
parameters identified as risk factors in the whole group,
only ILT tended to be predictive of CIA growth rate in
the 2-3 cm subgroup, with a borderline P value of 0.076
(Table 4).
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Figure 3 A 72 years old male with a right CIA with ILT, along with a AAA with ILT. CT shows detailed aorto-iliac anatomy, and
both aneurysms grow after 3.1 years of surveillance. (A) MPR of the baseline CT images; (B) measurement of the AAA at baseline; (C)
measurement of the right CIA at baseline; (D) MPR of the follow-up CT images; (E) measurement of the AAA on the follow-up study; (F)
measurement of the right CIA on the follow-up study.

Table 2 Uni- and multi-variate analysis by linear mixed effect model for CIA growth rate

CIA growth rate

Univariate analysis

Multivariate analysis

Estimate SD P Estimate SD P
Baseline diameter 0.074 0.022 0.002* 0.067 0.023 0.005*
ILT 0.084 0.030 0.006* 0.026 0.032 0.423
AAA baseline diameter 0.039 0.015 0.012* 0.042 0.012 0.001*
Age -0.001 0.002 0.532 NA - -
BMI 0.000 0.002 0.940 NA - -
Smoking 0.091 0.031 0.004* 0.064 0.027 0.021*
DM -0.046 0.032 0.148 NA - -
HTN 0.052 0.031 0.101 NA - -

*, P<0.05. NA, not applicable.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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Table 3 Growth rate of CIAs by diameter range and ILT status

Wang et al. ILT predicts iliac aneurysm growth

Subgroup based on

Baseline diameter

Growth rate (mm/

baseline diameter (N) LT (cm), mean = SD P year), mean + SD P
All (n=100) Y: 27 (27.0%) 2.9+0.7 <0.001* 1.6+1.8 0.003*
N: 73 2.1+£0.4 0.8+1.0
<2 cm (n=27) Y: 2 (7.4%) 2.00.1 0.088 0.5:0.0 0.783
N: 25 1.9+0.1 0.7+0.9
2-3 cm (n=59) Y: 12 (20.3%) 2.4+0.3 0.128 1.7+2.2 0.036*
N: 47 2.3+0.3 0.8+1.0
>3 cm (n=14) Y: 13 (92.9%) 3.6+£0.4 0.539 1.8+1.5 0.175
N: 1 3.9 4.0
*, P<0.05. Y, with ILT; N, without ILT.
50 0.996) and CV of 3.9%, without significant bias (P=0.99).
22 With ILT = Without ILT Power analysis based on the measurement error of
235 aneurysm diameter change (SD of the difference of
%30 aneurysm diameter change measured by two observers
g;g =0.98 mm) was performed. In CIAs with diameters of
;15 2-3 cm, 5 patients in each group (assuming two equal
10 sample groups) were required in order to detect a 90%
5 difference [as (1.7-0.8 mm/year)/1.0 mm/year) =90%]
ol mem

2-3cm >3 cm

CIA baseline diameter

<2cm

Figure 4 The ILT prevalence in three subgroups of CIAs based on

their baseline diameters.
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Figure 5 Comparison of CIA baseline diameter and growth rate
between subgroups with and without ILT in CIAs of 2-3 cm.

Reproducibility of imaging measurement and power
analysis

There was an excellent interobserver agreement for CIA
diameter measurement, with ICC of 0.993 (95% CI, 0.987-

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

in aneurysm growth rate between CIA with and without
ILT. In our study, sample groups of CIAs with and without
ILT were unequal (12 vs. 47), and the adjusted required
sample sizes were 3 and 12 for CIA with and without ILT,
respectively. The above analysis illustrates that our sample
sizes are sufficient for statistical power. Furthermore, for
two equal sample groups, 104, 17, or 6 patients would
be required in each group to detect 20%, 50%, and 80%
differences of CIA growth rate, respectively.

Discussion

In this study, predictive factors and the role of ILT in
CIA growth were explored using serial cross-sectional
imaging with MPR measurements performed. While ILT
has been studied in the context of AAA disease (14), this is
the first study to investigate the role of ILT in CIAs. We
observed differences in baseline diameter and growth rate
between CIAs with and without ILT;, as well as a significant
correlation between ILT thickness and growth rate in CIAs
containing ILT. In CIAs measuring 2-3 cm, the presence of
ILT was associated with more than 2-fold faster growth.

It is commonly recommended that a 3 cm CIA be

Quant Imaging Med Surg 2020;10(3):703-712 | http://dx.doi.org/10.21037/qims.2020.02.12
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Table 4 Univariate analysis by linear mixed effect model for CIA growth rate in 2-3 cm subgroup

CIA growth rate

Univariate analysis

Estimate SD P
Baseline diameter 0.073 0.055 0.197
ILT 0.082 0.044 0.076
AAA baseline diameter 0.028 0.024 0.243
Smoking 0.074 0.049 0.136

considered for repair due to an increased risk of symptoms
and aneurysm rupture (21-23). In our study, CIAs measuring
2-3 cm comprised the largest subgroup by size, and a subset
for which surveillance intervals should be carefully tailored
given the possibility of near-term intervention. Our results
suggest that the presence of ILT may be an important risk
factor for progressive disease in this subgroup: the growth
rate was more than double in CIAs with ILT compared
to those without, despite comparable baseline aneurysm
diameters. While the presence of ILT was not identified
overall as an independent risk factor of CIA growth in
multivariate regression analysis, this may be explained by
the fact that 13 of 14 large (>3 cm) CIAs contained ILT,
and their growth rate may be predominantly affected by
their already large size, as is the case in AAA. IL'T, however,
tended to be predictive of CIA growth rate in the 2-3 cm
subgroup (P=0.076).

The underlying mechanisms by which ILT may influence
aneurysm growth are not fully understood. In the AAA
literature, an earlier study indicated a positive correlation
between thrombus area fraction and AAA expansion
rate (24). A more recent study, however, reported a negative
correlation between the relative size of ILT and aneurysm
expansion rate, suggesting that the growth of AAAs was
slowed by thicker thrombus (25). These conflicting results
highlight two likely coexistent and contrasting influences of
thrombus on aneurysm evolution: (I) a mechanical theory
posits that ILT acts as a “cushion” or protective layer that
reduces the mechanical vessel wall stress (24,26); whereas (IT)
an alternate theory argues that the hypoxia and enzymatic/
inflammatory processes induced by ILT could weaken the
underlying aneurysm wall (27-29). These two opposing
factors likely exist along a spectrum. This is seen in the
complexity and heterogeneity of ILT composition, with the
fresher luminal layer being more enzymatically active than
older thrombus layers. Whereas CT has limited ability to
reveal the heterogeneity of ILT, a recent study using black

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

blood MRI to assess the different signal intensity/features of
ILT in AAA revealed that AAAs with T'1 hyperintense ILT
are larger in diameter and grow faster (12). ILT composition
and heterogeneity warrant further investigation.

Our study finds an average CIA growth rate of
1.0 mm/year, similar to previous studies by Santilli ez 4/. and
Richards er al. (4,6), and lower than that found by Huang
et al., possibly due to their employment of mixed assessment
modalities (3). Identified independent risk factors for the
whole CIA group by multivariate regression included CIA
baseline diameter, coexisting AAA baseline diameter, and
smoking. Results showed a considerable association between
CIA growth and growth of a coexisting AAA, suggesting
that both aneurysms might share systematic vascular
pathogenic factors, and that surveillance of coexisting CIA
is necessary during AAA surveillance. Diabetes tended to be
protective against CIA growth as reported for AAA, but the
effect did not reach statistical significance (10).

Previous studies have typically employed ultrasound
or mixed modality assessment and measurement of the
anteroposterior diameter of abdominal aortic and iliac
artery aneurysms. However, the iliac arteries are located
deep within the body, with often markedly tortuous
geometries as shown in Figure I, making measurement by
ultrasound highly operator-dependent and not ideal for the
assessment of slow-growing CIAs (3,4,6). A meta-analysis
revealed that the repeatability coefficients of anteroposterior
aortic diameter measurements was nearly 5 mm (range,
1.6-10.5 mm) by ultrasound (30), which is approximately
5 times larger on average than that in our study employing
high-resolution cross-sectional imaging and MPR analysis
(repeatability coefficient: 0.98 mm). Therefore, our study
has greater statistical power than previous studies due to a
more reliable measurement technique.

One unique issue in the evaluation of CIA disease is that
some patients may have bilateral disease with correlated
growth rates. Our study employed a linear mixed effects

Quant Imaging Med Surg 2020;10(3):703-712 | http://dx.doi.org/10.21037/qims.2020.02.12
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model for statistical correction for this factor, generating
more reliable statistic results. Another strength of the
present study is the provision of a power calculation to
validate the statistical effects of the current analysis, with
further sample sizes presented to aid future studies aimed at
examining differences in aneurysm expansion rates between
two groups.

There are several limitations of our study. First, only
male patients were included because of the institutional
practice conditions in the VA healthcare system.
Nevertheless, we note that in the general population it
is reported that 81% to 100% of CIA patients are men,
and men constituted more than 80% of subjects in prior
studies (3,4,10). Second, this is a single-center retrospective
study, and although inclusion and exclusion criteria are not
overly complex, selection bias cannot be excluded. Third,
the modalities used for aneurysm surveillance were not
uniform, since 9 patients had volumetric black blood MRI
as their latest follow up exam. However, previous studies
showed that black blood MRI is as accurate as CT and
the vessel measurements should be interchangeable (18).
Fourth, although the comparison of the most recent study
and the baseline study is widely used in practice to assess the
expansion rate of an aneurysm, an episodic expansion might
occur and cannot be fully reflected in the average expansion
rate. Future prospective studies with regular short follow-up
intervals for CIAs are suggested to better address this issue
with greater reliability. In addition, although this study used
maximal diameter on MPR to evaluate CIA and maximal
thickness to quantify ILT, more sophisticated segmentation
and geometric analysis methods can be explored in the
future to calculate the volumes and more sophisticated
descriptors of CIAs and their ILT.

Conclusions

In conclusion, baseline CIA diameter, baseline diameter
of coexisting AAA, and smoking are associated with CIA
growth. In CIAs measuring 2-3 cm, presence of ILT is
associated with faster aneurysm growth, and should be
considered when determining surveillance intervals and
timing of intervention for patients being considered for
AAA repair.
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