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Original Article

Is there a relationship between
endoleak and antiaggregant treatments
in the change of the aneurysm sac after
endovascular treatment in abdominal
aortic aneurysm?

Abstract

Aim: It was aimed to determine the prognosis and treatment in relation to the risk
factors of the patient group by recording the changes in aneurysm sac, thrombus
diameter and thrombus load in the follow-up of patients treated with endovascular
stent-graft for abdominal aortic aneurysm (AAA).

Material and Methods: Preoperative and postoperative 1st, 3rd, 6th and 12th
month CT-A's of 112 patients who were followed up regularly were performed and
changes in aneurysm sac diameter, thrombus diameter and thrombus percentage
were recorded.

Results: When the measurements were evaluated, an increase was detected in the
mean thrombus diameter at post-operative month 1 with a gradual reduction over
time; however, it was observed to be higher than the pre-operative values even at
month 12. These changes were statistically significant (p<0.001). Aneurysm sac
diameters of the cases in the pre-operative work-up ranged between 50mm and
108mm with a mean of 65.53+12.08mm. Pre-operative thrombus burden was
measured to be 28% minimum and 96% maximum with a mean of 61.8+18.69%.
In the post-operative measurements, the mean thrombus burden was 86.0+13.47 at
month 1, 85.9+15.46 at month 3, 82.94+14.27 at month 6 and 82.27+13.82 at month
12. Similar to the changes in thrombus diameter, there was an increase at month
1 with a gradual reduction over time; however, the values at month 12 were still
higher than the pre-operative values. These changes were also statistically significant
(p<0.001).

Conclusion: The present study showed that the changes in aneurysm sac diameter
and endoleak formation may affect prognosis and single antiaggregant treatment
would be more suitable compared to the combination treatment.

Keywords: Endoleak, aneurysm sac, endovascular aortic aneurysm repair,
antiaggregant treatmentss

hospital stays, minimal surgical trauma, and being able to be used
in patients with high morbidity and in elderly. Several studies

Aneurysm sac shrinkage after endovascular aortic aneurysm
repair (EVAR) is an important indicator of successfully excluding
the aneurysm and resolving the pressure issue there (1). The aim
of the aortic aneurysm repairs is to prevent aortic rupture (2).
Since early 1990s, EVAR has been an alternative to open surgery
for the treatment of abdominal aortic aneurysm (AAA) and
substantially reduced the operative mortality (3). The advantages
of EVAR procedures include the short intensive care unit and
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have been performed to scrutinize the independent parameters
which may affect the aneurysm sac after the endovascular
repair (4-6). The main parameters studied include pre-operative
aneurysm diameter, the number and diameter of the aortic
branches, thrombus burden, the length and shape of the proximal
neck, diameter of the minor neck, presence of neck plates/
thrombi, age, sex, antiaggregant and anticoagulant treatment,
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and smoking. Endoleak is defined as the “continued or recurring
perfusion of the aneurysm sac after stent graft implantation™,
and while it affects 25% of the patients during follow-up, the
aspects of the many cases have yet to be clearly understood
(7,8). “Endoleak” classification includes the following: Type I
“endoleak”, originating from the proximal or distal end of the
graft; Type II, originating from the retrograde flow into aneurysm
sac from lumbar arteries or other collaterals; Type III, originating
from the rupture caused by manufacturing defect or modular
joint; and Type IV, caused by increased permeability of the graft
(9). Endoleaks are one of the most frequent complications of
endovascular aneurysm repair and the most important cause of
post-procedural secondary interventions. Studies have shown
the correlation between the pre-operative thrombus burden
and the changes in sac size following EVAR. In their study,
Yeung et al. observed that the odds of aneurysm sac shrinkage
is lower in patients with higher thrombus burden compared to
the patients with lower thrombus burden.2 There have also been
studies evaluating the association between type 2 endoleaks
and aneurysm sac size, and it has been shown that it is more
frequently associated with sac enlargement (10,11). In some
other studies, however, no significant correlation could be shown
between pre-operative aneurysm sac thrombus burden and post-
operative sac shrinkage (12,13). Significant shrinkage in sac size
is an important indicator of the continued treatment success (14).
This study aimed to determine prognosis and treatment methods
in association with the risk factors of the patient group by
recording the changes in the aneurysm sac, thrombus diameter
and thrombus burden during the follow-up of the patients treated
using endovascular stent-graft for AAA.

MATERIAL AND METHODS
Patient Selection

One hundred and forty-six patients who were assessed using
computerized tomography angiography (CT-A) with the
pre-diagnosis of AAA and planned to undergo endovascular
treatment between 2013 and 2022 in Cardiovascular Surgery
Department, Tekirdag Namik Kemal University Faculty of
Medicine Hospital were included into the study. These patients
underwent radiological imaging before and 1, 3, 6, and 12
months after the procedure. Patients who underwent redo
procedure during the follow-up period, were lost to follow-up
or continued their follow-up in an external center were excluded
from the study. One hundred and twelve patients meeting our
clinical criteria were included into the study. Two groups were
formed based on the treatment method. Group 1 received only
aspirin for treatment and Group 2 received aspirin+clopidogrel.
Among the patients included into the study, 98 were males and 14
were females with a mean age of 76.5+8.7 years. Pre-operative
and post-operative CT-A images of the patients were assessed
retrospectively. Aneurysm sac diameter, thrombus diameter
and thrombus burden measurements were taken using axial,
coronal and sagittal images, and the data were recorded. The risk
factors and demographics of the patients were recorded. This is
a retrospective study with ethics committee approval being taken
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from Ethics Committee, Tekirdag Namik Kemal University.
Assessment and Follow-up Protocol

Pre- and post-operative CT-A images taken included the whole
abdominal aorta and iliac arteries up to the main femoral artery in
all patients. Non-ionic iodinated contrast material with a density
0f 320-400 mg/dL was used for the work-up. Before the work-up,
time-lapse was calculated in the suitable anatomic localization
using 12-16 mL of contrast material injection at a rate of 4 mL/
sec. Axial images were taken by injection of a total of 100-120
mL of contrast material on average.

Evaluation

One hundred and twelve patients were followed up regularly, and
the changes in their aneurysm sac diameter, thrombus diameter
and thrombus percentage were recorded using pre-operative
and post-operative 1-, 3-, 6- and 12-month CT-A images. These
changes were evaluated using the data obtained by several
measurements taken by the same investigator using axial, coronal
and sagittal CT-A images. Reference points of vertebral level,
aortic wall calcifications and arterial orifices were determined in
the section with the widest aneurysm, and the same section was
used in the post-operative work-up to record the measurements

Statistical Analysis

Statistical analysis was performed using SPSS. Data were
expressed as meantstandard deviation (SD), number and
percentage. First, the findings were determined. Pre-operative
data on the aneurysms were compared with post-operative
data. Pearson Chi-square test was used to compare the different
parameters. Independent t-test was used for the comparison of the
continuous variables between the groups. Patients were followed
up regularly. Endoleak development and sac behaviours were
analysed and compared during the follow-up visits. A p value of
<0.05 was considered to be statistically significant.

RESULTS

The mean age of 112 patients included into the study was found
to be 76.5+8.7 years. Ninety-eight of the patients (87.5%)
were males and 14 (12.5%) were females. Table 1 shows the
demographic characteristics and risk factors of the patients.
According to this, 90 patients (80.3%) had hypertension, 64
(57.1%) had hyperlipidaemia, 84 (75%) had chronic obstructive
pulmonary disease (COPD), 72 (64.2%) coronary artery disease
(CAD) and 4 (35.7%) had peripheral artery disease (PAD).
Seventy-four patients (66%) had the history of smoking. The
mean body mass index (BMI) was 28.17+2.76. During the
follow-up, 70.5% of the patients received Aspirin for treatment
and 29.5% Aspirin + Clopidogrel. Table 2 shows the pre- and
post-operative changes in aneurysm sac, thrombus diameter and
thrombus burden. Aneurysm sac diameters of the cases in the
pre-operative work-up ranged between 50mm and 108mm with
a mean of 65.53+12.08mm. In the post-operative measurements,
the mean aneurysm sac diameter was 64.32+11.24mm at month
1, 59.36+12.40mm at month 3, 56.32+13.24mm at month 6



and 52.36+13.86mm at month 12. During the post-procedural
follow-up, minimum aneurysm sac diameter was measured to be
30mm and maximum to be 102mm. This progressive shrinkage
was statistically significant (Table 2). Pre-operative thrombus
diameter was measured to be 1lmm minimum and 56mm
maximum with a mean of 25.36+8.64mm. In the post-operative
measurements, the mean thrombus diameter was 31.46+7.84mm
at month 1, 28.34+8.32mm at month 3, 26.69+9.22mm at month
6, 26.8611.26mm at month 12. When the measurements were
evaluated, an increase was detected in the mean thrombus
diameter at post-operative month 1 with a gradual reduction
over time; however, it was observed to be higher than the
pre-operative values even at month 12. These changes were
statistically significant (p<0.001) (Table 2). Pre-operative
thrombus burden was measured to be 28% minimum and 96%
maximum with a mean of 61.8+18.69%. In the post-operative
measurements, the mean thrombus burden was 86.0+13.47 at
month 1, 85.9+15.46 at month 3, 82.94+14.27 at month 6 and
82.27+13.82 at month 12. Similar to the changes in thrombus
diameter, there was an increase at month 1 with a gradual
reduction over time; however, the values at month 12 were still
higher than the pre-operative values. These changes were also
statistically significant (p<0.001) (Table 2). In the light of these
results, we can say that abdominal aortic aneurysm starts to take
form at month 3 following EVAR. Table 3 shows the evaluation
of the overall change in the aneurysm sac by antiaggregant use.
When the changes in aneurysm sac diameter were evaluated by
antiaggregant use, the difference between the measurements
was found to be significant (p<0.001). The difference between
2 groups in terms of antiaggregant use was not statistically
significant (p=0.79). Similarly, the changes in thrombus diameter
were evaluated by antiaggregant use. The difference between the
measurements was significant (p<0.001). The difference between
2 groups was not found to be statistically significant in terms
of antiaggregant use (p=0.65). While the difference between

Table 1. Demographic data and risk factors
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the measurements of the changes in thrombus diameter in terms
of antiaggregant use was significant (p<0.001), the difference
between 2 groups by anticoagulant use was not found to be
statistically significant (p=0.32) (Table 3). The rate of endoleak
occurrence was evaluated by antiaggregant use (Table 4).
Endoleak was observed in a total of 14 patients (17.7%) in group
1 and in 24 patients (72.7%) in group 2. None of the patients had
type 1 endoleak in group 1, and two patients had type 1 endoleak
in group 2 and underwent revision procedure. Spontaneous
regression was observed in patients with type 2 endoleak
during follow-up and no increase was observed in the aneurysm
diameter. Table 5 shows the endoleak development by aneurysm
sac diameter and thrombus burden. Aneurysm enlargement was
assessed by the changes in sac diameter, as well as the changes
in sac volume. The mean change in the thrombus volume was
a more sensitive indicator of enlargement than the change in
aneurysm sac diameter (Table 5). The mean volume change in
patients who developed type 2 endoleak (46.3%=+13.1%) was
statistically significant (p<0.0001) compared to the patients who
did not develop endoleak (23.2%+18.6%). The possibility of type
2 endoleak occurrence was lower in patients with high thrombus
burden in the pre-operative CT scan compared to the patients
with minimal thrombus burden. While out of 26 patients with
>50% thrombus burden, only 4 (15.4%) developed endoleak
following EVAR, out of 86 patients with <50% thrombus burden
32 (37.3%) developed endoleak (p<0.0001). Surprisingly, the
mean post-operative thrombus burden did not differ significantly
between the patients who developed and did not develop type 2
endoleak. Therefore, the percentage of increase in the thrombus
burden in patients who developed endoleak (46.3+13.1%)
was higher than the patients who did not develop endoleak
(23.2£18.6%) (p<0.001). This suggests that patients who had
low thrombus burden initially and did not develop post-operative
endoleak develop more rapid or complete thrombosis in their
aneurysm sac.

n (112) Mean+SD/n (%)

Age 76.5+£8.7
Gender

Male 98 87.5%

Woman 14 12.5%
HT 90 80.3%
HL 64 57.1%
BMI 28.17+2.76
Smoke 74 66%
Chronic obstructive pulmonary disease 84 75%
CAD 72 64.2%
PAD 40 35.7%
Chronic renal failure 16 14.2%
Stroke 10 8.9%
Myocardial infarction 2 1.7%
Cancer history 10 8.9%
Use of aspirin 79 70.5%
Use of Aspirin+Clopidogrel 33 29.5%

BMI: body mass index, CAD: coronary artery disease, PAH: peripheral artery disease, MI: myocardial infarction, HT: hypertension,
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Table 2. Preoperative and postoperative evaluation of aneurysm sac and thrombus diameter/burden

(Mean+SD/min-max) Preoperative values

month values

Aneurysm sac diameter (mm) 65.53+12.08 64.32£11.24
¥ (50-108) (p<0.001) (48-102)
. 25.36+8.64 31.46+7.84
Thrombus diameter (mm) (11-56) (p<0.001) (18-59)
61.8+18.69 86.0+13.47
0,
Thrombus burden (mm) (%) (28-96) (p<0.001) (39-101)

Postoperative 1st

Postoperative 3st
month values

Postoperative 6st
month values

Postoperative 12st
month values

60.36:12.40 58.30+13.24 56.36+13.86
(32-84) (32-82) (30-82) (p<0.001)

28.34+8.32 26.69+9.22 26.86+11.26
(13-53) (13-52) (14-55) (p<0.001)

85.9+415.46 82.94+14.27 82.27+13.82
(39-99) (38-98) (38-97) (p<0.001)

Table 3. Preoperative-postoperative comparison of changes in sac diameter, thrombus diameter and thrombus load—subgroup analyzes by antiaggregant use

(meantSD) Preoperative Postoperative 1st  Postoperative 3st  Postoperative 6st  Postoperative 12st

values month values month values month values month values
Aneurysm sac diameter (mm) Group 1 65+13 65+12 60£10 58+12 56+10 <0.001
Group 2 (p=0.79) 65+10 63+13 60£12 57+14 56+14 <0.001
Thrombus diameter (mm) Group 1 27+12 36+10 32+8 30+8 28+7 <0.001
Group 2 (p=0.65) 2416 3149 30+8 28+8 25+10 <0.001
Thrombus burden (%) Group 1 58+16 80=£15 78£12 77£12 7714 <0.001
Group 2 (p=0.32) 62+19 88+6 85+7 83+8 83+8 <0.001
Group 1 (uses only acetyl salicylate), Group 2 (uses acetyl salicylate+clopidogrel)
Table 4. Distribution of endoleak ratio according to antiaggregant use
Endoleak Group 1 (n/%) (n=79) Group 2 (n/%) (n=33)
Type I 0 (0%) 2(6.1%)
Type 11 14 (17.7%) 22 (66.6%)
Total 14 (17.7%) 24 (72.7%)
Group 1 (uses only acetyl salicylate), Group 2 (uses acetyl salicylate + clopidogrel)
Table 5. Type 2 endoleak development according to aneurysm sac diameter and thrombus burden
(mean=SD) Type 2 Endoleak (n: 36) No Type 2 Endoleak (n: 76) P
Preoperative mean aneurysm sac diameter 62.36+12.20 64.16+12.70 NS
Postoperative mean aneurysm sac diameter 65.32+14.24 62.47+11.20 NS
Average diameter change (mm) 2.9+8.6 -1.6£12.7 0.007
Preoperative mean thrombus burden(%) 47.8+£12.69 60.3+£15.46 <0.0001
Postoperative mean thrombus burden(%) 84.1+£12.47 83.5+15.64 NS
Mean change in thrombus volume (%) 46.3+13.1 23.2+18.6 <0.0001
Preoperative <50% thrombus burden (n: 86) 32 (37.3%) 54 (62.7%) <0.0001
Preoperative >50% thrombus burden (n: 26) 4 (15.4%) 22 (84.6%) <0.0001

NS: non significant

DISCUSSION

In the present study, we studied whether aneurysm sac behaviours
and endoleak development vary by antiaggregant use and
explored the correlation between endoleak development and sac
behaviours. In our study, 87.5% of the patients were males and
12.5% were females. This ratio was consistent with the literature
data (15,16). AAA is observed in 6% of the males over the age of
60 with 1% of the females of the same age being affected (17).
A study has shown that while the prevalence of AAA is lower in
females, its mortality and morbidity is higher . In the same study,
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it was found that the incidence of intra-operative aneurysm neck
and iliac artery rupture is higher, the mean blood loss is greater
and the mean duration of hospital stay is longer in female patients
with no statistically significant difference was detected in terms
of mortality between EVAR and open surgery in females (3.2%-
5.7%); the mortality rate in male patients was 0.96% following
EVAR and 4.7% following open surgery with the difference
being significant (18). As for the risk factors in the present
study, the rate of hypertension was 80.3%, hyperlipidaemia was
57.1%, peripheral artery disease was 35.7%, chronic obstructive
pulmonary disease 75%, coronary artery disease 64.2% and



smoking was 66%. Histories of myocardial infarction, stroke
and cancer were risk factors in <10% of the patients. BMI of
our study group was found to be 28.17+2.76. In the EVAR 1
study, the prevalence of AAA in patients with severe CAD was
detected to be 50%. In the same study, while aspirin+statin use
following EVAR was reported for 35.9% of the patients, no
data was seen on the clopidogrel use (19). In the present study,
64.2% of the patients had CAD with 70.5% of them receiving
only aspirin and 29.5% receiving both aspirin and clopidogrel;
and Type II endoleak was observed in 66.6% of the patients in
group 2 (aspirin+clopidogrel) and 17.7% of the patients in group
1 (aspirin). In their study, Bobadilla et al. (20) found that the
incidence of endoleak following EVAR for AAA to be 20-30%,
and explored the effect of warfarin on endoleak in this study. In
the study including 127 patients, the incidence of endoleak was
found to be 54% in the group receiving warfarin and 25% in
the group receiving single antiaggregant treatment. In another
study, the effect of antiaggregant treatment and type Il endoleak
development following EVAR for AAA on the aneurysm sac
behaviours was studied and it was founded that aneurysm sac
was completely excluded and shrunk only in 60% of the patients
following EVAR. The correlation of aneurysm sac behaviours
with multiple antiaggregant use, hyperlipidaemia, pre-procedural
aneurysm sac diameter, aneurysm proximal neck length and type
II endoleak was studied, and it was concluded that only multiple
antiaggregant use and type Il endoleak have effects on sac
behaviours (21). In the present study, 66.6% of the patients who
developed type Il endoleak were receiving aspirint+clopidogrel
and 17.7% were receiving only aspirin. Therefore, we believe
that the changes in aneurysm sac diameter and the formation
of endoleak may affect prognosis and single antiaggregant
treatment is more suitable. Sixty-six percent of the cases in our
study group were smokers. The most important environmental
factor for aortic aneurysm development is smoking. Therefore,
CAD is also present in the majority of the patients with AAA
even though their physiopathologies differ. In their study,
Koole et al. (22) evaluated the effects of smoking on aneurysm
sac enlargement following EVAR and found that the rates of
percutaneous transluminal angioplasty (PTA) intervention and
graft migration are higher in smokers. Moreover, the incidence
of type II endoleak was found to be 35.5% in smokers and 58.5%
in non-smokers.

While EVAR provides many successful outcomes for the
treatment of AAA, studies have been performed due to the
anticipated effects of the post-procedural changes in thrombus
diameter, thrombus burden and aneurysm sac over time on the
long-term outcomes of the endovascular method (23). In the
present study, the primary parameter evaluated was whether
there is a change in the aneurysm diameter early after EVAR.
The mean aneurysm sac diameter shrank by 5.1mm during the
first three-month period, by 7.2mm at month 6 and by 9.1mm at
month 12 with the difference being statistically significant. Our
results were consistent with the literature data. Our study is not a
randomized study, but was designed by examining the randomized
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studies in the literature. In a multi-center study involving 676
AAA patients treated using EVAR, aneurysm enlargement was
observed in 8% of the patients during 3-year follow-up (24).
Aneurysm diameters were shown to be shrunk except for the
group showing limited enlargement. In the EVAR TRIAL study,
Sandford et al. (25) stated that a mean of 7.5mm post-operative
shrinkage was observed in the aneurysm sac diameter during the
S-year follow-up. In their series involving 84 cases, Resch et
al. (26) detected a mean of 9mm shrinkage in the aneurysm sac
diameter during the first year following EVAR. Similar results
were obtained in the present study. While it was stated that the
majority of type 2 endoleaks are benign and only require follow-
up in some studies (27,28), it was reported that early intervention
is necessary to prevent sac enlargement and rupture formation in
others (29,30). As is the case with the other studies, there have
also been cases of endoleak in our study. Two patients underwent
revision procedure due to type I endoleak. Thirty-six patients who
developed type II endoleak were followed-up conservatively,
and during their routine follow-up, spontaneous regression was
observed and no increase in the aneurysm diameter was seen. In
our study, the incidence of endoleak in patient who underwent
EVAR due to AAA was found to be 33.9%. In the present study, a
clear correlation seems to exist between pre-operative thrombus
burden, post-operative endoleak presence and aneurysm sac
enlargement following EVAR. There are multiple to-and-fro
vessels usually in patients with type 2 endoleak (31). Similarly in
our study, it was demonstrated that the development of endoleak
is more frequent in patients with low thrombus burden. Frequent
follow-up of the patients using radiological images is an
accepted practice for monitoring the aneurysm morphology and
type II endoleak cases (32). The standard method to evaluate the
aneurysm changes is to measure the sac diameter. This has been
used for reliable monitorization of AAAs after repair and also
to decide which patients require a secondary intervention. Some
studies have demonstrated that using volume measurements
to monitor aneurysm enlargement is a reliable alternative to
diameter measurements (33,34). Bargellini et al. have shown that
aneurysm volume might be a more sensitive method to monitor
the changes in aneurysm sac over time and a better way to predict
endoleaks (35). A more significant difference was shown in our
study, especially in patients with endoleak. While we believe that
volume is a better method to evaluate the changes in aneurysm
sac, it did not gain popularity as it is difficult to obtain. With
the wider use of 3D imaging technologies, this became an
easier-to-obtain measurement and we believe that it should be
used more commonly. At the present time, diameter and volume
measurements are the only parameters which can be obtained
practically.

In the present study, the changes in thrombus diameter and
thrombus burden following EVAR were also considered.
According to our results, the comparisons made with the pre-
operative assessments demonstrated that there is a statistically
significant increase in the thrombus diameter and burden during
the first post-operative month, however, regression is seen during



the follow-ups at months 3, 6 and 12. With that being said, it
was seen that the thrombus diameter and thrombus burden do
not return to the pre-operative values after the end of 12-month
follow-up. Limited number of studies on this subject were found
in our literature search. In the present study, it was seen that post-
operative values of thrombus diameter and burden after 12 months
of follow-up are close to the pre-operative values, however, did
not drop below pre-operative values. The reason for the lack of
predicted regression in the thrombus diameter and burden even
though there is a regression in the aneurysm diameter could not
be determined clearly. The present study has several limitations.
Perhaps, the most important one is the relatively short duration of
follow-up. As the duration of follow-up is limited to 12 months,
it is an early-term study and the obtained results are greatly in
line with the literature data. The retrospective collection of the
demographic characteristics and risk factors of the patients from
the patient files is another limitation. In this sense, our results
originate from the patient files.

CONCLUSION

The present study showed that the changes in aneurysm sac
diameter and endoleak formation may affect prognosis and single
antiaggregant treatment would be more suitable compared to the
combination treatment. One of the important contributions of this
retrospective review is that it provides an alternative measure
of evaluation to help predict the post-procedural aneurysm sac
enlargement, stabilization or shrinkage. While the changes in
aneurysm sac are commonly being used to monitor aneurysm
behaviours, the changes in sac volume was demonstrated to
be a more sensitive indicator of the increase in aneurysm size
following EVAR. It was demonstrated that the possibility of
endoleak development and aneurysm sac enlargement in AAAs
with a high pre-operative thrombus burden is lower than the
AAAs with low thrombus burden. However, long-term studies
including larger patient populations are needed in the literature.
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