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	 Summary
	 Background:	 Routine imaging follow-up after endovascular treatment of abdominal aortic aneurysms (EVAR) is 

mainly aimed at detection of endoleaks. The aim of the study was to assess changes in the size of 
the abdominal aortic aneurysm sack using CT angiography (CTA) after successful treatment using 
endovascular stent graft implantation.

	 Material/Methods:	 A retrospective analysis of CTA results included 102 patients aged 54–88, who had no postoperative 
complications. Patients underwent CTA before EVAR and after the treatment (mean time between 
studies, 7.6 months). The largest cross-sectional area of the aneurysm sac was measured using 
a curved multiplanar reconstruction. A change of the aneurysm cross-sectional over 10% was 
considered significant.

	 Results:	 The average cross-sectional area decreased after EVAR by 3% and this change was not statistically 
significant. Regression of the cross-sectional area was observed in 18.6% of patients, progression 
was in 23.5%, and no change was seen in 57.8%. Cross-sectional areas before and after EVAR were 
significantly correlated (r=0.75, p<0.0001). There was no correlation between the cross-sectional 
area change after EVAR and patients’ age or the time between the treatment and the follow-up 
CTA. Cross-sectional area before the treatment predicted changes in the aneurysm size after EVAR 
(p=0.0045).

	 Conclusions:	 Remodeling of abdominal aortic aneurysms after EVAR is not uniform. The change of aneurysm 
size depends on the initial aneurysm size but not on the time from EVAR. The size of the aneurysm 
after EVAR should not be considered as a measure of the treatment efficacy.
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Background

Abdominal aortic aneurysm (AAA) is defined as at least 
1.5-fold increase in diameter of the abdominal aorta com-
pared to its normal size, or widening of more than 3 cm 
along the maximal diameter [1]. AAA occurs 3-4 times 
more often in males than females [1]. It is estimated that it 
affects approximately 4-8% of men and ca. 1-2% of women 
aged above 65 [2–4].

Qualification and planning of surgical treatment of an 
abdominal aortic aneurysm is based on two essential cri-
teria, i.e. its maximal diameter and growth rate. In recent 
years, indications for endovascular aneurysm repair (EVAR) 
have been expanded. Although EVAR is a minimally inva-
sive technique, patients treated using this method require 
systematic imaging control in order to determine the 
effectiveness of the procedure, detect possible complica-
tions and verify the need for secondary procedures [5,6]. 
In clinical practice, EVAR is considered successful when an 
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endoleak is excluded, there is no progression of the aneu-
rysm outside the stent region and the patient’s symptoms 
resolve [7]. There is limited knowledge about the processes 
involving thrombus after implantation of a stent graft and 
the purpose of measuring the aneurysm after successful 
EVAR.

The aim of the study was to assess the change in size of 
an abdominal aortic aneurysm using CT angiography (CTA) 
after successful endovascular aneurysm repair.

Material and Methods

CTA scans of the abdominal aorta in 102 consecutive 
patients aged 54 to 88 (involving 16 women and 86 men) 
were a subject to a retrospective analysis. The inclusion 
criteria were as follows: routine control of the abdominal 
aorta after EVAR, infrarenal aortic location of EVAR and 
good technical quality of the scan. The exclusion criteria 
included: placement of an atypical stent graft (custom-
made, fenestrated, branched, Nellix), postoperative com-
plications requiring reoperation, long-term complications 
found on CTA (significant angulations, contrast media leak-
age, migration of the sent).

The patients underwent CTA prior to EVAR and 1 to 41 
months after the intervention (the mean time between 
scans was 7.6 months). CTA scans were performed using 
Siemens DEFINITION AS+ tomograph, after administra-
tion of Ultravist 370 contrast agent in the dose of 70 ml 
with 4 ml/s flow, with layer thickness of 1 mm. The maxi-
mal transverse and anteroposterior (AP) diameters were 
measured on multiplanar reconstruction, and the area of 
the cross-section was calculated. The measurements were 
obtained using GE AW VolumeShare 5 diagnostic station.

Parametric data were presented in terms of mean value 
and standard deviation (SD). The greatest cross-sectional 
areas before and after EVAR were compared, while only 
differences of more than 10% were considered significant. 
Relationships between the studied variables were assessed 
using the Spearman’s correlation rank coefficient. To assess 
parameters between the groups, the Kruskal-Wallis test 
was implemented. The statistical analysis was conduct-
ed using Statistica 10 software (StatSoft Inc., Tulsa, OK), 
as well as MedCalc Statistical Software v. 13.3 (MedCalc 
Software bvba, Ostend, Belgia). P<0.05 was considered 
significant.

Results

Mean cross-sectional areas prior to and following EVAR did 
not differ significantly (Table 1) and the mean area change 

was 3%. A decrease of cross-sectional area was observed in 
19 patients (18.6%) – Figure 1A, progression – in 24 (23.5%) 
– Figure 1B, and no change in size in 59 (57.8%) – Figure 2.

No relationship was found between the time since the stent 
grafting and the patient’s age, in relation to change in size 
of the aneurysm. The cross-sectional area after EVAR was 
significantly correlated with the initial size of the aneu-
rysm (r=0.75, p<0.0001) – Figure 3. A weak significant cor-
relation was shown between the initial size of an aneurysm 
and the size change after treatment (r=0.38, p=0.0021) – 
Figure 4. The greatest tendency for regression after EVAR 
was observed in aneurysms with smaller initial cross-sec-
tional area. However, aneurysms with greater initial size 
showed regression or no significant change of their area 
between the scans – Figure 5. The initial cross-sectional 
area of an aneurysm was a predictive factor of its change 
in size after procedure (p=0.0045).

Discussion

Abdominal aortic aneurysms are an important health issue 
in individuals above the age of 65, and it is 3–4 times more 
frequent in males than females [1–3]. Most aneurysms are 
located infrarenally (>80%), and less often they are located 
juxta- or suprarenally. AAA formation is a result of weak-
ening of the aortic wall, which leads to focal dilation of the 
vessel [4]. Usually, it develops without causing any symp-
toms or the associated symptoms are atypical. The diag-
nosis is often made only after the rapture of the aneurysm 
or during autopsy [8]. According to population studies, 66% 
of patients with a raptured aneurysm die before the sur-
gery can start, and 41-48% during the emergency interven-
tion [9–11].

Despite possible complications, such as leakage, stent 
migration or obstruction [12–14], endovascular techniques 
become increasingly common in abdominal aortic aneu-
rysm management, especially in the case of its infrarenal 
location. The studies showed that EVAR is effective in pre-
venting rapture of an aneurysm and presents certain ben-
efits compared to open surgery, including shorter hospital 
stay and improved quality of life [12,15–18]. Moreover, 
EVAR reduces the overall mortality related to aneurysm 
compared to open surgery, which is a fundamental end 
point [19].

CTA is a basic method of qualification for endovascular 
procedures and control of therapeutic outcomes [20–25]. 
In the case of EVAR, it brings data that are crucial to per-
form the procedure, namely it determines location of 
the aneurysm in relation to other anatomical structures, 
it is used to assess the proximal and distal region of the 

Parameter Mean value (SD) Minimal value Maximal value

Cross-sectional area before surgery [cm2] 	 29.1	 (14.3) 5.6 106.3

Cross-sectional area after surgery [cm2] 	 28.5	 (14.5) 5.8 110.8

Change of the area 	 –3%	 (–29%) –118% 130%

Table 1. Cross-sectional area measurements for aneurysms.
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implantation site and it allows to assess the iliac arteries 
[20]. Furthermore, CTA allows to check the proper position-
ing of the stent after EVAR, detect possible complications 
(e.g. leakage, breaking of the material) and to assess the 
change in size of the aneurysm. The most commonly used 
method for determination of change in size of an aneurysm 
is to measure its maximal diameter [7,26–31]. In this study, 
the area of the largest cross-section was measured in order 
to prevent the error relating to the shape of an aneurysm.

According to the guidelines by EUROSTAR and the German 
Society for Vascular Surgery [32], CTA is recommended 
in the first year after intervention at 3, 6 and 12-month 

intervals, and after that, it is recommended to repeat the 
scan every year, and later every two years. However, 
it is associated with radiation exposure of, on average, 
145–205 mSv in the course of 5 years. Exposure to radia-
tion of 145 mSv during CTA scan correlates with the risk of 
developing cancer, ranging from 0.42% (1 in 240 patients) 
for a 70-year old male to 0.73% (1 in 140 patients) for a 

Figure 1. �An example of aneurysms, which presented regression (A) and progression (B) after EVAR.

A

B

70

60

50

40

30

20

10

0
Regression ProgressionNo change

Nu
m

be
r o

f p
at

ien
ts

Figure 2. �Number of analyzed aneurysms, in which regression, 
progression or no change between the scans were observed.
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Figure 3. �Relationship between the cross-sectional area of an 
aneurysm before and after EVAR.
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50-year old female [33]. For this reason, the scientific basis 
of such guidelines is disputable [34].

Some authors consider reduction in size of an aneurysm to 
be an indicator of a successful EVAR [35-36]. For instance, 
in the study by Wolf et al., the diameter of an aneu-
rysm decreased by 0.28-0.34mm/month after EVAR [37]. 
In our study, however, most aneurysms (57.8%) did not 
change their size significantly, and only approximately 
one out of four (23.5%) became smaller. In the study by 
Nityanand et al., a statistically significant reduction in 
size of an aneurysm was observed in 43% of patients who 
underwent a planned EVAR [38]. Baumueller et al. defined a 
significant increase in size of an aneurysm as a change of its 

diameter by 0.5 cm and volume by 10% and they observed 
such an increase in 8% of patients. In another 8%, they also 
found a small type II leak, but, according to their studies, 
the presence of endoleaks does not influence the change of 
the maximal size of an aneurysm [39]. Wolf and et. state, 
however, that a significantly larger decrease in size of an 
aneurysm can be observed in patients, who did not present 
endoleaks, compared to patients with endoleaks [37].

Conclusions

Abdominal aortic aneurysms change their size in various 
ways after stent implantation. The change in size of an 
aneurysm does not depend on the time since the interven-
tion, but rather on its initial size. It seems that the behav-
ior presented by an aneurysm after EVAR is influenced 
by its initial mechanical properties, not the hemodynamic 
effect of the procedure. The size of an aneurysm follow-
ing EVAR should not be used to assess the effectiveness of 
treatment.
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Figure 4. �Relationship between the cross-sectional area of an 
aneurysm and its size after EVAR.
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Figure 5. �The initial size of aneurysms, which decreased, enlarged or 
did not show any change after procedure.
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