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Abstract

Introduction: Hostile anatomic characteristics in patients undergoing endovascular abdominal aortic aneurysm repair
(EVAR) may lead to technical non-success, late complications, reintervention or death.

Objective: To analyze specific anatomical features of abdominal aortic aneurysms and to study the association with
postoperative endoleak and survival.

Methods: Retrospective review of all consecutive elective EVARs between 2010 and 2016, with available data, at
one institution, for infra-renal aortic aneurysms. Patients comorbidities and preoperative computed tomography scans were
analyzed considering characteristics of the proximal and distal landing zones, the aortic aneurysm and eventual concomitant
iliac aneurysm or peripheral occlusive disease. Outcomes were endoleak development and survival.

Results: We analyzed 56 patients, 54 (96%) male with a mean age of 78 (min 61, max 89) years. During a mean of 3.4
years of follow up, 12 (21%) patients developed endoleak (10 type Il and 2 type I) and 18 (32%) died. The adjusted analysis
showed a significant association between aneurysm angulation (p=0.044), patency of the inferior mesenteric artery and the
lumbar arteries (p=0.044) and aneurysm diameter (p=0.009) with endoleak development. All except one endoleak were diag-
nosed within the first year after EVAR. None of the deaths that occurred during the follow up period were correlated to post

intervention aneurysm enlargement or rupture.

Conclusion: Unfavorable aneurysm morphologic characteristics for EVAR may predict complicated endograft placement
or higher incidence of post intervention endoleak, which should be taken into consideration. For such clinical cases, comple-
mentary endovascular procedures or a surgical approach should be considered.

INTRODUCTION

Endovascular aneurysm repair (EVAR) has become
the standard method for abdominal aortic aneurysm (AAA)
treatment. The main reason for that evolution is the mini-
mally invasive approach when compared to open surgery
with consequent lower short-term patient morbidity and
mortality.'?

Nevertheless, each manufacture establishes their
own instructions for use for specific aortic stent grafts
which requires precise anatomic characteristics (aortic neck
diameter, length and neck angle; iliac artery morphology)
so that the patient may be suitable for EVAR. Still, the lite-
rature describes that about 20% of patients have hostile
necks for current endografts® while some other studies
consider that 60% of AAA patients are excluded from EVAR
due to their unfavourable anatomy.*

Considering that data, recent endograft evolution
has expanded its applicability from conventional AAA with
favourable anatomy to aorto-iliac aneurysms with more
complex anatomy, particularly in high-risk patients.

Notwithstanding initial technical deployment

success, endograft failure may develop along follow up
secondary to stent graft migration, endoleak or sac enlar-
gement which may lead to a higher risk of aortic rupture.
And the reason for that non-success in not necessarily cor-
related to technical skills but to specific anatomic predic-
tors. That is why, despite latest advancements, EVAR on
patients with unfavourable anatomy remains a challenge.

OBJECTIVE

The purpose of the present study was to analyze the
data from previous EVAR'’s conducted in our Vascular Sur-
gery department considering anatomic characteristics and
correlate them with technical short and long-term success
(endoleak development and survival).

MATERIALS AND METHODS

We conducted a retrospective study. Data from every
patient who underwent elective EVAR for an infra-renal
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AAA between January 2010 and December 2016 at our
Vascular Surgery department was retrospectively reviewed.
The study excluded patients who underwent EVAR for rup-
tured, thoracoabdominal, pararenal or isolated iliac aneu-
rysms.

Patient demographic information was obtained
from the electronic medical record, available at the Institu-
tional software program, SClinico®, including age, sex and
medical history with analysis of risk factors (smoking, chro-
nic obstructive pulmonary disease (COPD), chronic renal
disease, dyslipidemia, diabetes mellitus and hypertension)
and described in table 1. Data was analyzed in conformity
with applicable safety standards published by the Servicos
Partilhados do Ministério da Saude.

Pre-operative patients characteristics

Age, mean (SD) 78 (5)
Male, n (%) 54 (96%)
Smoking, n (%) 42 (78%)
COPD, n (%) 16 (30%)
Chronic Renal Disease, n (%) 18 (33%)
Dyslipidaemia, n (%) 36 (67%)

Diabetes Mellitus, n (%) 12 (%)
Hypertension, n (%) 44 (83%)

SD: Standard deviation

All measurements and evaluations were based on
the computed tomographic angiography (CTA) previous
to the procedure. The software used for this propose was
Osirix with implementation of center lumen line. Measu-
rements were always made by the same operator to avoid
inter-observer variability and done three times for each
parameter analyzed and used the mean of those values.
Aneurysm characteristics taken into consideration were:

1) The proximal landing zone: cross sectional dia-
meter (inner to inner), length from the inferior
renal artery to the aneurysm, presence of throm-
bus (< 25% of cross sectional lumen, 25-50% or
>50%) and calcification (<25% of the perimeter
of the aortic circumference, 25-50% or >50%);

2) The distal landing zone: length of the endograft
limb anchored on a disease-free zone and cross
sectional diameter of that zone;

3) Eventual presence of concomitant iliac aneurysm.
Only accepted fusiform aorto-iliac aneurysms,
without involvement of the internal or external
iliac artery. No maximum aneurysm diameter was
established;

4) Eventual presence of concomitant peripheral
occlusive disease identified on the pre-operative
CTA or Doppler ultrasound or by a reduced ankle-
-brachial pressure index;

5) Aneurysm: maximum cross sectional diameter

(inner to inner), axis deviation (ratio between
central lumen-line distances/straight-line distan-
ces), mural thrombus (< 25% of cross sectional
lumen, 25-50% or >50%) and patency of the
inferior mesenteric artery and the lumbar arteries
with registration whenever their diameter was
superior to 3mm. According to the aneurysm
diameter, patients were divided into three groups
(> 60mm; 60 — 70mm and > 70mm).

Statistical analysis was performed using the IBM
SPSS Statistics®. Descriptive analysis was performed using
mean and standard deviation or minimum/maximum for
continuous variables, and absolute and relative frequencies
for categorical variables. An exploratory univariate analysis
was preformed to assess possible factors associated to out-
comes; the T-test was used for continuous variables and
the X2 for categorical variables. Then, a multivariate analy-
sis (logistic regression) was performed to evaluate which
risk factors were associated with late complications. Pri-
mary outcomes (used as dependent variables for multiva-
riate analysis) were endoleak development or death during
follow-up (FU). Also, subgroup analysis for differences
between endoleak type (I and Il) was performed. Statisti-
cal significance was set for a p-value < 0.05 in inferential
analysis and described in table 2.

The patients included in this study underwent a
surveillance protocol following the European Society of
Vascular Surgery guidelines® applicable at the intervention
date. Every patient submitted to AAA repair by EVAR recei-
ved: best medical treatment including aspirin, statin and
B-blocker if tolerated; plain radiographs with anteropos-
terior and lateral projections and CTA with delayed images
at one month and twelve after the procedure. If no endo-
leak and a good component overlap, thereafter annually,
otherwise would be orientated accordingly to the findings.
Complementary, they received a medical consultant with
evaluation of peripheral pulses. Once missed an appoint-
ment the patient would be re-scheduled. Endoleaks pre-
sent at the end of the procedure on the control angiogram
were excluded. Only new endoleaks during follow up were
considered.

RESULTS

The studied population comprised 56 patients, 54
(96%) males with a mean age of 78 (minimum 61, maxi-
mum 89) years.

Throughout a mean of 3.4 years of FU, 12 (21%)
patients developed endoleak. We detected 2 Type la endo-
leaks due to a caudal migration of the stent graft and 10
type Il endoleaks due to back-bleeding (from the inferior
mesenteric artery in four cases and in the other six from
lumbar arteries). All except one endoleak were diagnosed
within the first year after EVAR procedure. During FU, 18
(32%) patients died. None of the deaths occurred, were
correlated to post intervention aneurysm enlargement or
rupture. Four patients died due to a malignant disease, 8
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Table 2

Predictors of endoleak and mortality in multivariate analysis not considering the aneurysm
characteristics

Endoleak Mortality
Total, n (%) 12 (21%) n.a. 18 (32%) n.a.
Female 2 (17%) 2 (11%)
0.060 0.014*
Male 10 (83%) 16 (89%)
Concomitant iliac aneurysm
Yes 3 (25%) 7 (39%)
0.080 0.090
No 9 (75%) 11 (61%)
Peripheral occlusive disease
Yes 2 (17%) 0.060 8 (44%) 0.080
No 10 (83%) 10 (64%)

n.a.: not applicable. * statistical significant

due to a cardiovascular event (coronary or cerebrovascular)
and the other of unknow cause.

The adjusted multivariate analysis of preoperative
clinical information showed only a statistically significant
association between gender (female) and death during
follow-up (p=0.014). COPD showed a positive trend with
endoleak development.

When considering the proximal landing zone only
aneurysm angulation superior to 60° had a statistical cor-
relation with endoleak development (p=0.044) and none
analyzed factor correlated statistically to death during FU.

Reflecting aneurysm diameter analysis, the diameter
larger to 70mm was predictive of endoleak development
(p=0.009). According to the ROC curve, a diameter of
64mm was the threshold. Patency of the inferior mesen-
teric artery (IMA) and the lumbar arteries (p=0.044) were
associated to endoleak. Despite without statistical signifi-
cance we noticed a tendency for endoleak when in pre-
sence of a significant axis deviation.

None of the factors analyzed concerning the distal lan-
ding zone were predictors of endoleak nor death during FU.

DISCUSSION

We present a retrospective study with a reduced
pool of patients that led to limited data, and still a short
period of follow-up where the specificities of each endo-
graft were not analysed. All those factors imply cautionary
measurers when looking at the results. The authors tried to
compare the results with what is written in the literature.
Recently, on the basis of different experience, there has
been a trend in the literature towards preventing endoleaks
instead of treating their complications once they develop.
For such specific clinical cases with unfavorable anatomic
characteristic, additional previous or intra-operative pro-
cedures should be considered while undertaking EVAR.
Analysing our data and, despite the fact that most of our
endoleaks were diagnosed within the first year after inter-
vention, which suits the literature, and even considering
the fact that still, most of the time they are not associated

with patient’s mortality, they may imply further comple-
mentary procedures and increased morbidity, thus should
be prevented.

Type Il endoleaks were the most frequent type of
endoleaks and are associated with patency of aortic side
branch vessels, specially the inferior mesenteric artery.
These results are in concordance with other published
studies. Piazza M et al, suggested that more aggressive
intraoperative aneurism sac embolization should be con-
sidered for patients with a preoperative aneurysm sac
volume >125 c¢cm3.” He published an article where he
suggested that thrombus volume <35% was an additional
predictor for endoleak type Il and endoleak-related reinter-
vention among patients at risk.® Muthu et al have already
described routine intraoperative selective IMA emboliza-
tion and thrombin injection into the aneurysm sac just
before EVAR.®

Type | endoleaks occurred in patients with severe
aneurysm angulation and larger aneurysms were associa-
ted with both types of endoleaks. Schuurmann et al iden-
tified maximum curvature over the length of the aneurysm
sac (>47 m-1; p=0.023), largest aneurysm sac diameter
(>56 mm; p=0.028), and mural neck thrombus (>11° cir-
cumference; p<0.001) as independent predictors of late
migration and type la endoleak. Endograft failure may be
associated with this factors because they do not provide
a stable attachment of the endograft and leave it more
prone to change over time.'® Large aneurysm diameter and
high curvature over the proximal part of the sac may reduce
positional stability, inducing movement of the endograft
within the sac.

Association between COPD and endoleak is deba-
table. Literature suggests an association between lung tis-
sue destruction that occurs in emphysema and aortic wall
degeneration.™

Analysing our data, we noticed that women have
not benefited as men from EVAR, presenting higher mor-
tality. Bendermacher BL et al published the same results
suggesting that differences in hormones, a higher rate of
undiagnosed cardiovascular disease and also anatomical
differences between them could influence the outcome.'?
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Predictors of endoleak and mortality in multivariate analysis considering aneurysm

Table 3 characteristics
Endoleak Mortality
Axis deviation
Yes 8 (67%) 4 (22%)
No 4 (33%) 0.080 14 (78%) 0.062
Patency of IMA or lumbar
Yes 11 (92%) . 7 (39%)
No 1 (8%) 0.044 11 (61%) 0.090
Thrombus
< 25% 6 (50%) 6 (33%)
25-50% 5 (42%) 0.060 4 (22%) 0.070
>50% 2 (8%) 8 (44%)
Cross sectional diameter
< 60mm 3 (25%) 11 (61%)
60-70mm 2 (17%) 0.009* 4 (22%) 0.055
>70mm 7 (58%) 3 (17%)
Proximal landing zone
Thrombus
< 25% 3 (25%) 10 (56%)
25-50% 5 (42%) 0.090 4 (22%) 0.060
>50% 4 (33%) 4 (22%)
Neck angulation
< 60% 1 (8%) 0.044% 14 (78%) 0.100
>60% 11 (92%) ’ 4 (22%)
Neck length
< 15mm 6 (50%) 8 (44%)
> 15mm 6 (50%) 0.100 10 (56%) 0.080
Calcification
< 25% 4 (33%) 3 (17%)
25-50% 7 (58%) 0.060 10 (56%) 0.070
>50% 1 (8%) 5 (28%)
Distal landing zone
Length < 20mm 2 (17%) 8 (44%) 0.080
Length > 20mm 10 (83%) 0.060 10 (56%) ‘
n.a.: not applicable. * statistical significant
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