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Abstract

Objectives: Aneurysmal Sac (SAC) absorption after endovascular treatment (EVAR) of Abdominal
Aortic Aneurysms (AAA) is related to a better prognosis but its long-term mandatory and predictive
factors remain unclear. Our study aims to assess the impact of its total resorption on patient survival,
as well as the factors that favor resorption.

Methods: We followed al87 patients who underwent EVAR with a fully thrombosed SAC for 22
years in the postoperative control of Angio-CT. We established the significance of the factors for
SAC resorption by logistic regression models, evaluating comorbidities, diameter, sex and age of the
patient. We also compared the impact of absorption sac absorption with survival.

Results: Diameter and age were significant for the resorption of the SAC together or even
independently (p-value <0.001), the diameter (OR-0.29) showed a greater influence than age (OR=
-0.063). The comorbidities studied and the sex of the patients was not statistically significant.
Patients who had significant absorption (= 10 mm) had a survival rate of 12.72 + 0.96 years, those
with moderate absorption (5 mm to 9 mm) had of 8.34 + 1.62 years and those without significant
resorption or growth had 3.27 + 0.48 years (p-value <0.001). Among patients with absorption of > 5
mm in the first year, we found greater chances of total absorption (OR=4.72 p-value <0.001).

Conclusion: Total sac resorption proved to be an important prognostic factor for patient survival
after EVAR. The age of the patient and mainly the initial diameter of the sac were the factors
significantly associated with the resorption of the sac.

Keywords: Endovascular treatment; Long-term follow up; Sac shrinkage; Aneurysm resorption

Introduction

The aorta is the largest artery in the body and the most frequently affected by degenerative
aneurysms, of which over 80% occur in its infrarenal portion. The main complication of an aneurysm
is rupture, which has a mortality rate of around 90%. It is estimated that the prevalence of abdominal
aortic aneurysms is 2% in the population aged 60 and approximately 5% after 70. It is 2 to 3 times
more common in males [1]. Endovascular Aneurysm Repair (EVAR) is an alternative to traditional
open surgery and is considered the main option for selected patients [2]. Although EVAR offers
immediate advantages over open surgical repair such as a lower mortality rate, lifelong surveillance
is required due to the risk of complications such as endoleaks, graft migration and aneurysmal sac
enlargement [3]. During the surveillance, the aneurysmal sac shrinkage is considered a marker for
clinical success, signalizing the exclusion of the aneurysm from arterial pressure. It is also related
to a lower mortality rate [4]. Despite the importance of this outcome, there is no consensus on the
determining factors for the evolution of the aneurysmal sac after EVAR [5]. The objective of this
study was to identify the factors that expedite the sac remodeling post-EVAR.

Methods

The protocol for this study was approved by the ethics and research committee of the Hospital
Universitario Clementino Fraga Filho, with registration number 17412. All subjects gave their
informed consent. From 1997 to 2008, patients undergoing EVAR of an infrarenal AAA in a public
hospital in Rio de Janeiro, Brazil, were enrolled in this protocol. 363 patients received modular
bifurcated devices, 14 aortouniliac devices and 2 patients received straight stent-grafts. All procedures
were carried out by the same surgical team, using exclusively the talent endovascular stent-graft
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Figure 1: Images of an aneurysmal sac 30 days ( A), 2 years (B) and 5 years (C) after EVAR demonstrating the total absorption of the aneurysmal sac.

(Medtronic AVE, Santa Rosa, California). We considered candidates
for endovascular treatment were patients with AAA with: (1) SAC
diameter > 45 mm; (2) patients with a diameter equal to or greater
than twice the diameter of the normal infrarenal aorta; (3) patients
with a greater than 5mm increase in AAA diameter in six months.
Patients were excluded from the study: (1) from another geographic
region that could not be followed (n=103); (2) patients with non-
bifurcated stents (n=22); (3) Patients undergoing the procedure with
clinical signs of rupture or hemodynamic instability (n=5); (4) Patients
with inflammatory aneurysm (n=2) [6]. In the present analysis, only
patients with complete sac thrombosis and with available annual
postoperative follow-up CT angiography were included. Out of a total
of 231 patients, in order to have a group of patients as homogeneous
as possible in long-term follow-up, the group of patients that
showed thrombosis in the 30-day postoperative control computed
tomography scan was chosen. Complete sac. Patients who had some
type of endoleak (n=44) were excluded. In the present analysis, only
patients with complete aneurysmal sac thrombosis and with available
preoperative and annually postoperative follow-up angiotomography
scans were included (Figure 1).

Statistical Analysis

Categorical variables are given as a count and percentage of
patients and compared using x* or Fisher’s exact test. Continuous
variables were summarized using the mean and its standard error
and analyzed with 2-tailed t-tests or compared with a Mann-Whitney
U-test for independent data as appropriate. Associations between
clinical characteristics (age, gender, smoking, hypertension, diabetes,
Chronic Obstructive Pulmonary Disease (COPD) and aneurysm
size) and the occurrence of complete aneurysmal sac shrinkage were
tested using logistic regression models. The shrinkage was considered
complete when the aneurysmal sac touched the prostheses (Figure
1). The variables with significant associations on univariate analysis
(P-value <0.2) were selected by the stepwise method and they were
subsequently tested on a multivariate logistic regression analysis.
Model comparisons were conducted using the Akaike Information
Criterion (AIC) together with P-values based on likelihood ratio
testing. Lower values of AIC represent a more parsimonious fit
of the model to the data set and provide a measure of how well
the model represents the patient data on which it is based. P<0.05
was considered statistically significant. All data was analyzed using
the R software (R Core Team-2017 A language and environment
for statistical computing. R Foundation for Statistical Computing,

Vienna, Austria).
Results

A total of 187 patients fulfilled the selection criteria and they
were followed for a minimum of 11 years and a maximum of 22
years. 139 (74.3%) have died and 48 (25.7%) are still under clinical
follow-up. Patient characteristics are summarized in Table 1. Most
of them were elderly men. The main associated clinical conditions
were hypertension (63.6%), smoking (63.1%), Chronic Obstructive
Pulmonary Disease (COPD) (26.2%) and diabetes (13.4%) as in Table
1. Among these patients, three (1.63%) required a second endovascular
procedure, due to the elbow branching of the endoprosthesis. Seven
patients (3.7%) had endotension, with an increase in the diameter
of the aneurysm sac greater than 10 mm. One (0.5%) required open
surgical correction by increasing the diameter of the sac by 24 mm
over 11 years. In this sample, there was a significant correlation
between death and complete shrinkage (P-value 0.002). The median
rate of aneurysmal sac resorption after EVAR is being followed
for a long-term. In the preoperative period, the mean aneurysmal
sac diameter was 59.3 + 14.3 mm (median 57 mm). 30 days after
the procedure, it reduced to 57.6 + 14.7 mm (median 55 mm) and
continued decreasing during the follow-up. In the first year (n=163)
the mean diameter of the sac was 55.4 + 15.4 mm (median 53.5 mm).
After 5 years (n=102), the average size of the sac was 49.1 + 17.3 mm

Table 1: Patient characteristics.

Characteristics N =187 (%) or median (SD)
Aneurysmal sac diameter 59.3+14.3 mm
Male/female 151 (80.7)/36 (19.3)
Age 71.7 + 7.8 years
Hypertension 119 (63.6)
Smoking 118 (63.1)
Diabetes 25 (13.4)
Chronic obstructive pulmonary disease 49 (26.2)

Table 2: Best fit model for shrinkage prediction and logistic regression
coefficients.

Parameters Estimate Standard error z P value
(Intercept) 17.64824 3.46419 3.50E-07

Age -0.06364 0.03499 0.0689
Aneurysmal size -0.28609 0.05338 8.34E-08
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Table 3: Probability of complete shrinkage according to age and aneurysmal size.

Size & Age 62 years 72 years 82 years
45 mm 69.60% 54.80% 39.10%
55 mm 11.60% 6.50% 3.50%
65 mm 0.70% 0.40% 0.20%

(median 46 mm). After 10 years (n=63), the mean was 42.7 + 16.4 mm
(median 36 mm). After 15 years (n=34), the average size of the SAC
was 40.4 £ 16.4 mm (median 34 mm). Finally, after 20 years of follow-
up, (n=12) the mean size of the sac was 31.7 £ 8.8 mm (median 31
mm). The univariate analysis identified that only age (P-value <0.001)
and aneurysmal size (P-value <0.001) were statistically significant
for complete shrinkage. The final best fit model according to AIC to
predict complete aneurysmal shrinkage included the combination of
age and aneurysmal size before EVAR (Table 2).

Absorption x AAA size

Among the 75 patients with small aneurysms (<55 mm), 36
(48.0%) had a reduction of 10 mm or more in the initial diameter; 7
patients (9.3%) had a moderate reduction (between 5 mm to 9 mm)
in the diameter of the aneurysm and 32 (42.7%) had no significant
reduction or presented an increase in the diameter of the aneurysm.
Finally, 28 (37.3%) had complete shrinkage. Among the 112 patients
with large aneurysms (= 55 mm), 34 (30.4%) presented a reduction
> 10 mm; 21 (18.8%) had a moderate reduction (5 mm to 9 mm)
and 57 (50.9%) had no significant reduction or had an increase in
the diameter of the aneurysm. Only six patients (5.4%) had complete
shrinkage. There was a significant difference (P-value <0.001)
for complete shrinkage between patients with small versus large
aneurysms.

Absorption x age

Assessing patients by age, we analyzed them in two groups
by the median in the sample in order to have a similar “n” of the
groups. Therefore, we considered patients up to 72 years old to be the

youngest group and patients aged 73 years or older to be the oldest

group. In the group of young patients (n=101 patients), the average
age was 65.3 + 5.5 years (median 67 years) and the diameter of the sac
preoperatively was an average of 58.3 + 15.1 mm (median 55 mm). In
control CT angiography, 30 days after the procedure, the mean size
of the sac was 56.1 + 15.1 mm (median 52 mm). Among the young
patients, 43 (42.6%) presented a decrease of 10 mm or more in the
sac, 14 (13.9%) presented a moderate decrease (5 mm to 9 mm) and
44 (43.6) presented little or no resorption of the sac. In this group of
young patients, 24 (23.8%) had total absorption. The group of older
patients (n=86 patients) had a mean age of 77.6 + 4.1 years (median 78
years). The average diameter of the sac preoperatively was 60.4 + 13.2
mm (median 58.5 mm). In the tomographic control, 30 days after the
endovascular procedure, the patients had an average of 59.3 + 14.1
mm. Among the older patients, 26 (30.2%) presented a decrease of 10
mm or more in the sac, 14 (16.3%) presented a moderate decrease (5
mm to 9 mm) and 46 (53.5%) presented a small or no resorption of the
sac. In this group of older patients, 10 (11.6%) had total absorption.
The statistical difference in sac absorption between the youngest half
and the oldest half was significant (p=0.029).

Sac absorption of small aneurysms and younger patients

When evaluating patients classified as younger (< 72 years) and
having aneurysms considered small (<55 mm), there was a group
of 55 patients with an average age of 64.9 * 5.5 years (median 67
years). The average diameter of the sac was 48.3 + 4.8 mm (median
49 mm). In the tomographic control, the patients had an average of
46.1 £ 5.1 mm (median 46 mm). After one year (n=49), the mean
diameter was 43.7 £ 6.2 mm (median =44 mm). After 5 years, (n=40)
the average size of the sac was 39.1 + 9.6 mm (median 36 mm). After
10 years (n=32), the mean was 37.4 + 11.5 mm (median 32.5 mm).
After 15 years (n=20), the average was 36.3 = 11.7 mm (median 32
mm). After 20 years (n=7), the average was 30.3 + 1.5 mm (median
30 mm) (Figure 2). Among these, 26 (47.3%) presented a decrease in
aneurysmal sac > 10 mm, 9 (16.4%) presented a moderate decrease (5
mm to 9 mm) and 20 (36.4%) presented a small or no shrinkage. 22
patients (40.0%) presented a complete shrinkage.
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Figure 3: Kaplan-Meier estimator for survival in patients with significative SAC shrinkage (>10 mm), moderate shrinkage (5-9 mm) and no shrinkage or with growth.
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Figure 4: Kaplan-Meier in patients with early absorption (=5 mm in 1 year) and without early absorption after 22 years.
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Sac absorption of large aneurysms and older patients

When evaluating patients classified as older (= 73 years) and
with aneurysms considered large (= 55 mm), there was a group of 52
patients with an average age of 77.9 + 4.0 years (median 78 years). In
the tomographic control, the patients had an average of 66.8 + 12.7
mm (median 62 mm). After one year (n=43), the mean diameter was
66.2 £ 12.6 mm (median =62 mm). After 5 years (n=19), the average
size of the sac was 63.3 + 20.9 mm (median 60 mm). After 10 years
(n=9), the mean was 53.1 £ 19.5 mm (median 48 mm). After 15 years,
there was only 1 patient with an AAA diameter of 45.0 mm (Figure
2). Among these, 14 (26.9%) had a decrease in aneurysmal sac of >
10 mm, 9 (17.3%) had a moderate decrease (5 mm to 9 mm) and 29
(55.8%) had a small or no shrinkage. Two patients (3.8%) presented
a complete shrinkage. There was a significant difference (P-value

<0.001) in the shrinkage between the groups of younger patients
with small aneurysms and older patients with large aneurysms. The
impact of the size of the aneurysm into the probability of complete
shrinkage with EVAR is noteworthy. In Table 3, the probability is
estimated of complete shrinkage for patients aged 72 (the median
sample) varying + 10 years and aneurysmal size 55 mm (cut-off value
for large aneurysms) varying + 10 mm.

Absorption and survival

Among patients (n=89) without significant sac absorption
(<5 mm), life expectancy was 3.27 + 0.48 years. In the cumulative
proportion over time, the survival of these patients was 87.5 + 3.34%
at the end of the first year, 22.5 + 4.6% after five years, 9.0 + 3.4%
after ten years and 6.0 + 2.8% after fifteen years. In patients (n=28)
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with a moderate decrease in sac (5 mm to 9 mm), life expectancy was
8.34 + 1.62 years. In the cumulative proportion over time, the survival
of these patients was 86.4 + 7.3% after one year; 63.6 = 10.3% after
five years; 27.3 + 9.5% after ten years; 22.5 + 9.3% after fifteen years
and 12.3 + 8.6% after 20 years. Finally, in patients with a significant
decrease in sac (n=70; = 10 mm), life expectancy was 12.72 + 0.96
years. The proportion of cumulative survival overtime for these
patients was 95.7 + 2.5% after one year; 85.5 + 4.2% after five years;
53.9 £ 6.1% after ten years; 41.6 + 6.3% after fifteen years and 29.6
+ 6.9% after 20 years (Figure 2). The difference between the three
groups was statistically significant (P-value <0.001) (Figure 3).

Early sac absorption

When evaluating the influence of early sac absorption, we found
that a shrinkage of > 5 mm in the first year after the procedure is
statistically significant for complete shrinkage, with an Odds Ratio
(OR) of 4.72; Confidence Interval (CI) 3.17 to 7.03). Analyzing a sac
shrinkage of > 5 mm in the first month of post operation was not
statistically significant for complete shrinkage. Among patients (n=60)
without early sac absorption (= 5 mm in 1 year), life expectancy was
11.3 £ 1.3 years. In the cumulative proportion over time, the survival
of these patients was 68.9 + 6.1% after five years, 45.2 + 6.9% after ten
years, 32.4 + 6.9% after fifteen years and 25.3 + 7.1% after 20 years.

In patients (n=127) with no significant early sac absorption (<5
mm in 1 year), life expectancy was 6.3 + 0.67 years. In the cumulative
proportion over time, the survival of these patients was 39.2 + 4.7%
after five years; 25.5 + 4.4% after ten years; 15.3 + 3.8% after fifteen
years and 5.2 = 2.8% after 20 years. The difference between both
groups was statistically significant (P-value <0.001) (Figure 4).

Discussion

Data regarding the long-term follow-up of aortic aneurysms
and the relationship between shrinkage and survival is scarce and
contradictory. Despite this, most of the published data attests that
no aneurysmal shrinkage after EVAR increases the risks of long-
term complications such as re-operation, endoleaks and death [7,8].
A decrease of >5 mm after EVAR is associated with a statistically
significant increase in survival [9,10]. Our study showed that patients
with significant aneurysmal sac absorption (>10 mm) survived longer
than those with less resorption (5 mm to 9 mm) and especially in
relation to those with a small (<55 mm) or no absorption. The
aneurysmal size was the most relevant risk factor for shrinkage in
our cohort. Large aneurysms are well known to be associated with
worse outcomes. In a meta-analysis involving 22,104 patients with
AAA correction, the aneurysmal sac diameter was identified as an
important predictor of survival, both for endovascular and open
surgery [11]. Furthermore, age and cardiovascular disease have been
considered independent risk factors. EVAR in small aneurysms is
associated with a lower mortality rate related to aneurysmal rupture.
However, the total number of endovascular procedures increases by
about 21.9% and increases overall costs [12]. In our follow-up, patients
with small aneurysms had significantly higher odds of shrinkage
(P-value <0.01). This data may influence in the discussion about the
cut-off limits for the indication of EVAR in patients with AAA. EVAR
efficacy is not exclusively related to the studied risk factors. There may
be differences in the proportion of sac absorption depending on the
type of endoprosthesis and surgical technique [13]. This study has no
such bias because it was intentionally performed with the same type
of stent (Talent’) and with the same surgical team for all the patients.
Besides aneurysm size, the age of patients was also an important risk

factor for aneurysmal shrinkage (P-value <0.001). In the younger
half, complete shrinkage was about three times more frequent, which
is a finding in accordance with other cohorts [14]. The association
between younger patients (<72 years) with small aneurysms
presented 10.52 times more chances of complete shrinkage than
older patients with large aneurysms (P-value <0.001). According to
our model, a 6.2% risk reduction is estimated for complete shrinkage
for each year. Early sac shrinkage has been an important predictor
for absorption. A > 10% volume aneurysmal sac reduction in the first
six months is a reliable predictor of success [7,11]. An aneurysmal
sac reduction in the postoperative period is related to its behavior
over the years, considering an absorption of 10 mm within 24 months
to be significant [7,11,15,16]. In our study, there was a significant
higher survival in patients who had an initial absorption of 5 mm in
the first year angio-CT control (P-value <0.001) and in patients with
complete shrinkage (P-value <0.001). There are some limitations in
our study. Firstly, we did not use volumetry to evaluate the changes
in the sac sizes, which is considered a superior evaluation tool
compared with measuring the diameter alone [17]. Secondly, this was
a single center retrospective analysis of a prospectively maintained
database. Significant differences may exist among ethnic groups in
terms of demographic and anatomic characteristics and, therefore,
the reproducibility of our findings within other ethnic populations is
unclear [17,18]. Not all possible risk factors were analyzed. Statin use,
renal dysfunction and coronary disease were not tested. Finally, the
relatively small sample (n=187) may have limited the statistical power
analysis for the possible risk factors studied. For example, smoking
is related to less complications after EVAR with a protective effect
on the formation of endoleaks, probably due to its pro thrombogenic
factor [19,20]. However, in our study, although smoking has been a
positive prognostic factor for sac shrinkage, no statistical significance
was found (P-value 0.61).

Patients with a low probability of reducing sac represent a higher
risk of complications and may require more long-term, intensive
observation [10,21,22]. Even patients with a significant shrinkage
of the sac should not stop their clinical follow-up. In this study, 13
patients (6.9%) had an aneurysm growth, five in the first year after
EVAR, one after three years, two after five years, one after six years,
and one after seven years, two after nine years and one after ten years
of follow-up. We believe that abdominal (no contrast) tomography
is sufficient for the proper follow-up after EVAR in patients with
continuous aneurysmal sac reduction [3,23-25]. Our study represents
along-term follow-up (22 years) of patients with EVAR. It reinforces
the concept that aneurysmal sac shrinkage may be considered a
surrogate indicator of the success of EVAR, indicating the exclusion
of the aneurysm from arterial pressure and its relationship with
improved, long-term survival.

Conclusion

Aneurysmal sac shrinkage is a successful marker for the treatment
of patients with AAA submitted to EVAR. Complete shrinkage and
age are significantly associated with longer survival. In this long-term
cohort study, the most important risk factor associated with complete
aneurysmal shrinkage after EVAR is the preoperative aneurysmal
diameter.
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