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Abstract

Purpose: Abdominal aortic aneurysm (AAA) growth after endovascular aneurysm repair (EVAR) is still unpredict-
able. The issue of optimal frequency of computed tomography angiography for surveillance and its measurement
method accuracy remain unclear. We aimed to assess the value of abdominal aneurysm sac volume measurement
for detecting expansions and the association of preprocedural intraluminal thrombus (ILT) volume with aneurysm
sac growth following EVAR.

Material and methods: A total of 107 patients underwent elective EVAR. Inclusion criteria provided a cohort of
39 patients. Changes of postoperative maximum aneurysm sac diameter and AAA volume were calculated. Volu-
metric AAA changes and demographic data of the cases with clinically irrelevant AAA diameter enlargement were
evaluated. Preoperative ILT volumes were collected. ILT and AAA sac volume ratio was calculated. Statistical data
analysis was performed using standard methods.

Results: The mean changes of maximum AAA diameter and volume in percentage after EVAR were -5.08 + 8.20 mm
and -13.39 + 23.32%, respectively. A moderate positive linear correlation between those changes was found
(R*=10.731; p < 0.0001). The mean relative AAA volume increase in cases without clinically relevant diameter en-
largement was 11.50 + 8.27%. The means of ILT and AAA sac ratios were 0.59 + 0.17 and 0.52 + 1.8 in growing AAA
sac and in stable or shrinking AAA sac groups, respectively (p = 0.308).

Conclusions: Volumetric AAA measurement may be useful as an additional method to diameter measurement after
EVAR to identify clinically relevant sac growth. Preoperative volume of ILT may not significantly affect the growth
rate of AAA after EVAR.
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Introduction

Endovascular aneurysm repair (EVAR) is the most fre-
quently chosen treatment method for abdominal aortic
aneurysm (AAA). Although it is a well-established, min-
imally invasive procedure with good perioperative results
and short hospital stay, EVAR is associated with a three to
four times higher rate of reintervention than open surgery,

which leads to late aneurysm-related mortality [1]. Because
exclusion of the aneurysm sac is not always definite in
endovascular approach, a small but significant risk of
AAA rupture remains, mainly due to endoleaks or stent
graft migration [2,3]. Post-EVAR aneurysm sac growth
without visible endoleaks may be the result of endoten-
sion. A study by Koole et al. revealed that the risk of AAA
rupture in patients with sac enlargement of 8 mm but
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without endoleak is < 1% during the first four years, but
later the rates increase to between 7.5% and 13.6% [4].

Whereas aneurysm growth remains unpredictable af-
ter EVAR, regular surveillance imaging including comput-
ed tomography angiography (CTA) is necessary. Several
guidelines for surveillance following EVAR have been es-
tablished; however, the issue of optimal frequency of CTA
is still under discussion. It has been noticed that patients
with normal CTA at one month after EVAR do not de-
velop complications requiring reintervention for another
three years, which suggests the possibility of decreasing the
frequency of imaging in such cases [5]. Several predictive
models of post-EVAR complications have been proposed,
which would allow the adjustment of surveillance, accord-
ing to individual risk [6-8]. Moreover, a few recent studies
have suggested that aneurysm sac volume measurement
is a more accurate method to identify patients requiring
vigilant follow-up or reintervention than convention-
al assessment of maximum aneurysm diameter [9,10].
Nevertheless, not all factors influencing aneurysm sac
behaviour and outcomes after endovascular procedure
are clear. One of the widely discussed AAA growth risk
factors is intraluminal thrombus (ILT). Results of differ-
ent studies are controversial [11-13], but it is clear that
ILT is a biochemically active structure, which has both
inflammatory and mechanical effects on the aneurysm
wall. Therefore, more data are necessary to decide what
the summative effect actually is.

This study was designed to investigate the value of an-
eurysm sac volume measurement in addition to diameter
measurements based on CTA after EVAR in the predic-
tion of aneurysm progression. The secondary outcomes
included determining whether there were any associations
of preprocedural intraluminal thrombus volume with the
aneurysm sac growth following EVAR.

Material and methods

The study was approved by the Local Ethics Committee
(registered 13/12/2016 reg. 158200-16-877-386) and was
conducted according to the principles of the Helsinki
Declaration.
This is a longitudinal observational cohort study evaluat-
ing aneurysm parametric outcomes after EVAR. Patients
undergoing elective EVAR between January 2007 and
September 2017 in the university hospital were included
in the study. A total of 107 patients underwent EVAR dur-
ing that period. Inclusion criteria were: written, informed
consent; age over 50 years; preoperative CTA scan of the
entire aorta; at least two CTA scans after EVAR during the
first two years of follow-up; and no endoleak or type 5 en-
doleak (“endotension”). These criteria provided a cohort
of 39 patients for further analysis.

One hundred and seventeen CTA scans (39 preop-
erative and 78 postoperative) were evaluated by two in-
dependent radiologists. The data on preoperative AAA
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volume and intrasac thrombus volume were collected.
ILT and AAA sac ratio was calculated. Postoperative
maximum aneurysm sac diameter and volume were col-
lected. The change of maximum aneurysm sac diameter
and relative AAA volume change between the first and the
last examinations postoperatively were evaluated. Accord-
ing to the postoperative volumetric AAA sac changes, all
patients were divided into two groups: growing AAA sac
group (n = 12) and stable or shrinking AAA sac group (n
= 27). Clinically relevant AAA sac expansion after EVAR
remains unclear for patients with no endoleaks after
EVAR. According to Society for Vascular Surgery guide-
lines, it was defined as an increase of at least 5 mm for all
AAA sac expansion cases [14]. However, up to 2 mm error
in measuring the diameter may occur using non-electro-
cardiographic (ECG)-gated CTA [15]. Non-ECG-gated
CTA scans are performed at our institution. So, according
to the literature, clinically relevant AAA sac expansion was
defined as an increase of more than 5 mm in maximum
diameter in this study. The volumetric AAA changes and
demographic data of the cases with clinically irrelevant
AAA diameter enlargement were evaluated.

All CT scans were performed using helical CT scan-
ners GE (General Electric Healthcare, Waukesha, Wiscon-
sin, United States) LightSpeed VCT (until 2012) and GE
Discovery CT750 HD (since 2013) under a set acquisition
protocol. Contrast-enhanced images were obtained after
injecting 70-120 ml of non-ionic intravenous contrast
matter. Images were initially reconstructed in axial planes
with a slice thickness of 0.625 mm.

CT images were transferred to Vitrea (Vital Imag-
es, Inc., Minnetonka, Minnesota, United States) picture
archiving and communication system (PACS) archive
for initial assessment of aneurysm sack and stent graft
location, which was performed using Vital Vitrea 6.7.2
software. For measurements of aneurysm length, maxi-
mum aneurysm diameter, aneurysm volume, lumen and
thrombus volume the Vitrea Advanced aorta “stent graft
planning® protocol was used. Automated 3D segmenta-
tion by the software was performed, followed by manual
adjustments to the centreline and outlines of the aneu-
rysm and lumen in each slice where it was considered
inaccurate. On average, the processing and evaluation
of a single examination took 28.9 + 2.3 min and 30.1 *
0.8 min for the two radiologists accordingly. Maximum
aneurysm diameter measurements were taken in orthog-
onal images perpendicular to the axis of aorta, measuring
outer wall to outer wall (Figure 1). All measurements were
recorded in millimetres (to the nearest 0.1 mm). Volumet-
ric measurements included the portion of the abdominal
aorta, aneurysm, and iliac arteries covered by stentgraft
(Figure 2). The software computed the volume of aneu-
rysm (including wall of aorta), lumen, and thrombus ac-
cording to the outlines in millilitres (ml). The thrombus
volume was calculated by subtracting the luminal volume
from the AAA volume.
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Figure 1. Maximum aneurysm diameter measurements (AB) were taken
in orthogonal images

Statistical data analysis was performed using IBM Sta-
tistical Package for the Social Sciences (SPSS) Version 25.0
(Armonk, NY, USA, IBM Corp.).

Descriptive statistics of patients’ baseline characteris-
tics and the interval between two CTA scans were cal-
culated. Bland-Altman analysis was performed to deter-
mine the correlation between measurements done by two
independent radiologists. The bias was calculated as the
average difference between their results. Parametric data
were presented in terms of the mean value and standard
deviation (SD). All nominal data were presented as an
absolute number and percentage prevalence in the study
population. The Shapiro-Wilk test for normality was used
to examine continuous variables. A Pearson’s correlation
was used to examine the linear relationship between two
variables. AAA sac diametric and volumetric changes
were compared using paired ¢-test. One-way analysis of
variance (ANOVA) was used to determine whether there
were any statistically significant differences between pa-
rameters in groups. All p-values were two-sided, and
a p-value of 0.05 was considered statistically significant.

Table 1. Baseline characteristics of patients

Results

Baseline characteristics

There were 107 patients initially included in the study;,
14 (13.1%) of whom were excluded because of endoleaks
that developed during the surveillance period. The study
also excluded 10 (9.3%) patients who had had other
non-endoleak-related complications such as limb oc-
clusion or stent graft migration after EVAR. Forty-four
(41.1%) patients were excluded from the further analy-
sis because of incomplete or no surveillance. Finally, 39
(36.5%) patients were studied, comprising four (10.3%)
women and 35 (89.7%) men; mean age 70.3 + 8.2 years;
age ranging between 51 and 85 years.

Baseline characteristics of the patients are shown in
Table 1.

Reproducibility

The Bland-Altman plot was used to assess interobserv-
er variability, finding no significant difference between
the means of maximum aortic aneurysm diameter
(p > 0.05), volume (p > 0.05), and ILT volume measure-
ments (p > 0.05), the mean differences being 0.4 £ 0.08 mm,
2.1 £0.67 ml, and 1.9 + 0.83 ml, respectively (Figure 3A-C).

Abdominal aortic aneurysm sac parametric changes

The mean follow-up time was 635.3 + 249.7 days. The CT
scans were not performed at the same time intervals for
each patient because a follow-up algorithm had not been
developed at that time. The first follow-up CT was per-
formed after 61.1 £+ 109.9 days, and the second 635.2 +
249.7 days after EVAR.

The mean change of maximum AAA diameter after
EVAR was -5.08 + 8.20 mm. The increase was observed
in 11 (28.2%) cases with a mean of 3.35 + 2.53 mm. It de-
creased in 28 (71.8%) cases with a mean of —8.39 + 7.21 mm.

The mean change of AAA volume percentage after
EVAR was -13.39 + 23.32%. It increased in 12 (30.8%)
cases and decreased in 27 (69.2%) cases, with means of
13.34 £ 15.25% and -25.27 + 14.84%, respectively.

The correlation between the maximum AAA diame-
ter changes and the relative AAA volume changes after
EVAR was determined. After performing regression anal-
ysis, a statistically significant and moderate positive linear
correlation was found (R? = 0.731; p < 0.0001) (Figure 4).

Excluding the measurement errors because of ECG-
non-synchronised CTA, a clinically irrelevant AAA diam-
eter increase after EVAR was observed in eight (72.7%) of
11 cases. The mean clinically irrelevant diameter increase
was 2.04 £ 0.57 mm. The AAA volume changes were also
evaluated in those cases. The mean relative volume in-
crease was 11.50 + 8.27%. There was no statistically sig-
nificant difference between diameter and volumetric AAA

Age (years) 703 +8.2
Gender (%)
Female 10.3
Male 89.7
Cardiovascular risk factors (%)
Smoker 23.1
Hypertension 87.2
Diabetes 10.3
Chronic obstructive pulmonary disease 15.4
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Figure 2. Volumetric abdominal aortic aneurysm measurements

changes in those cases (p = 0.184). However, all eight pa-
tients were non-smoking men with arterial hypertension
and a mean age of 72.25 + 8.71 years.

Association of abdominal aortic aneurysm sac volume
and intraluminal thrombus in groups

The mean volume of ILT of AAA sac was 131.4 + 119.6 ml
preoperatively (164.4 + 155.5 ml in the growing AAA sac
group and 113.0 + 73.5 ml in the stable or shrinking AAA
sac group). ILT and AAA sac ratios of all cases were calcu-
lated for measuring standardisation. The means of ratios
were 0.59 £ 0.17 and 0.52 £ 1.8 in cases in the growing
AAA sac group and in the stable or shrinking AAA sac
group, respectively. No statistically significant association
between post-EVAR growth of AAA sac and preoperative
proportion of ILT was found (p = 0.308).

© Pol J Radiol 2019; 84: 530-e536

Discussion

The main findings of our study are as follows: in some cas-
es, the volumetric aneurysm measurement as an addition-
al method to the maximum AAA diameter measurement
may be useful in detecting a clinically relevant aneurysm
enlargement after EVAR; and the preoperative ILT volume
may not predict postoperative AAA sac expansion.
Currently, measurement of maximum aneurysm diam-
eter in post-EVAR surveillance is the most widely accept-
ed method in daily clinical practice. However, the most
clinical CTA scans are performed without ECG gating.
Therefore, errors may occur in measuring aortic diam-
eter. The main disadvantages of volumetry are that it is
time consuming and expensive, post-processing software
is necessary, and volumetric segmentation must be ac-
curately performed. In the study we found a moderate
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positive linear correlation between the maximum AAA
diameter changes and the relative AAA volume changes
after EVAR.

Several previous studies revealed a significant discrep-
ancy between volumetric and diametric parameters in the
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Figure 4. Correlation between the maximum abdominal aortic aneurysm
(AAA) diameter changes and the relative AAA volume changes after endo-
vascular aneurysm repair
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Figure 3. The Bland-Altman plots of maximum abdominal aortic aneurysm
diameter (A), volume (B) and intraluminal thrombus volume (C) measure-
ments

AAA — abdominal aortic aneurysm, ILT — intraluminal thrombus, SD — standard deviation

detection of AAA growth [16-20]. The sensitivity of diam-
eter measurements was the lowest and the greatest discrep-
ancy with volumetric parameters noticed at early follow-up
(six months or one year) [18,20]. The higher sensitivity of
volumetry in aneurysm growth detection seems logical be-
cause absolute changes of volumetric parameter are greater
than diameter. In the study by Parr et al. [16], a 1 mm in-
crease in orthogonal diameter equated to a 4 ml increase
in AAA volume. Moreover, the single diameter measure-
ment does not reflect changes at other sites, for example,
lengthening of the aneurysmatic segment [16]. Therefore,
volumetric measurements should be considered, especially
during early follow-ups. If enlargement is not detected us-
ing this method, diametric measurements may be applied
for further surveillance and individualisation of its frequen-
cy without compromising patient safety.

We analysed the data of patients whose maximum
AAA diameter enlargement after EVAR was clinically
irrelevant. More than 11% of AAA volume enlargement
was found in those cases. The threshold for clinically rel-
evant volumetric AAA sac expansion after EVAR remains
unclear. However, a postoperative aneurysm increase by
more than one tenth may be important and may require
further investigation to prevent late complications like
AAA rupture. In the present study all the patients with
irrelevant AAA enlargement after EVAR were non-smok-
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ing men with arterial hypertension and a mean age of
72 years.

No significant association between preoperative vol-
ume of ILT and post-EVAR growth of the AAA sac was
found in the present study. Some previous studies revealed
that the thrombus has a different influence on aneurysm
sac behaviour following endovascular treatment, but all
these investigations differ considerably. Yeung et al. [13]
identified that AAAs with larger preoperative thrombus
were associated with failure of aneurysm sac shrinkage in
the first 12 months after EVAR in patients who were free
from endoleaks. Furthermore, Sirigano et al. [11] reported
that a increases of thrombus area by more than 60% and
thrombus volume by more than 59% were related to high-
er rates of reintervention. In contrast, other studies asso-
ciated larger preoperative thrombus with protection from
post-EVAR sac enlargement; however, in all of those stud-
ies aneurysm growth was related with type II endoleaks
[12,21,22]. Hiraoka et al. [22] found that only older age,
and not preoperative thrombus burden, was an independ-
ent risk factor in the patient group with sac enlargement
but without an endoleak. In addition, a study by Rai et al.
[23] did not show significant association between preop-
erative thrombus volume and clinical failure, endoleak, or
reintervention after endovascular treatment. Miiller-Wille
et al. [21] revealed that circumferential thrombus distri-
bution is a protective factor against aneurysm growth fol-
lowing EVAR. It should be noted that it is quite difficult to
compare these findings because the results were obtained
using different methods of measuring thrombus volume
or burden. It is possible that in the case of low preoper-
ative thrombus burden, a lot of free space between the
stentgraft and the aneurysm wall remains. It can also be
associated with an increased number of patent lumbar
arteries because preoperative thrombus is thought to oc-
clude aortic side branches. Therefore, ongoing perfusion
and subsequent pressurisation of the aneurysm sac may
occur in such conditions [24,25].

As mentioned before, quantitative and qualitative prop-
erties of the thrombus may have a significant impact on
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AAA remodelling after EVAR. ILT has been demonstrated
to be a biologically active structure that contains large num-
bers of polymorphonuclear leukocytes, high concentrations
of cytokines, matrix metalloproteinases (MMPs), serine
proteases, myeloperoxidase (MPO), etc. [26-29]. Most of
the MMPs and other proteases are secreted by inflamma-
tory cells and platelets entrapped in the thrombus, while
MMP-2 is mostly released by vascular smooth muscle cells
under hypoxic conditions [27]. Inflammation and enzymat-
ic activity lead to changes in the biochemical state of the
AAA wall and its subsequent degradation and weakening.

Further experimental and prospective cohort investi-
gations are necessary to clarify the impact of the thrombus
on the aneurysm sac and its behaviour following EVAR.

The main drawback of this study is the modest sam-
ple, which may be explained by the relatively short peri-
od of surveillance for a small population. The size of the
sample may have been impacted by the fact that there are
more than five centres in our country, in which EVARs are
performed for a total population of 2.5 million. Another
significant source of bias is the number of patients lost on
follow-up (68 [63.6%] out of 107).

Conclusions

Volumetric AAA measurement may be useful as an ad-
ditional method to diameter measurement after EVAR to
identify clinically relevant sac growth. However, further
studies are needed to determine in which cases it could be
useful. The volume of ILT probably does not significantly
affect the growth rate of AAA after EVAR. However, the
impact of ILT and volumetric AAA sac changes to aneu-
rysm behaviour after EVAR remains unclear and also re-
quires further investigation.
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