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Abstract

BACKGROUND: Endovascular aortic repair (EVAR) of abdominal aortic aneurysms (AAAs) has
been marked as standard practice during the past decades. We aimed to investigate the short-
and long-term outcomes of EVAR in patients with AAAs in Isfahan, Iran. .

METHODS: This retrospective study conducted on 50 patients with AAAs who have undergone
EVAR procedure consequently in four different hospitals (Chamran hospital, Asgarieh hospital,
Sepahan hospital and Saadi hospital) in Isfahan, Iran, between 2017 to 2020. We followed
patients for one year and recorded short-term and one-year outcome include Endoleak, Aorta-iliac
expansion, and mortality in hospital records during one year and telephone follow up. Data was
entered in SPSS (ver.25) and analyzed with Univariate Linear Regression and Chi-Square Test.

RESULTS: The mean age of participants was 66.6+11.7 years old, in which 88%(n=44) of them
were male. Elective EVAR was performed in 88% of patients. Regarding the complications one
year after EVAR, endoleak and CIN (contrast-induced nephropathy) were occurred in 6%(n=3)
and 6%(n=3) of patients, respectively. We also reported the rate of in-hospital mortality and
one-year mortality as 2%(n=1) and 8%(n=4), respectively. Univariate regression analysis
revealed no significant difference regarding one-year mortality in patients who underwent
EVAR. In patients who underwent spinal anesthesia in comparison with general and regional
anesthesia before EVAR, there were lower rate of vascular complications [0% (n=0) versus
23.5% (n=4) and 20.0% (n=2), P=0.053], level of blood urea nitrogen (BUN) [9.8 + 13.9 versus
17.0 + 13.1 and 14 + 6.2, P=0.031] and creatinine (Cr) [0.6+1.1 versus 1.1+0.6 and 1.3+0.5,
P=0.005], respectively.

CONCLUSION: Desirable short- and long-term outcomes as expected, combined with a reduction
in hospital length of stay and mortality and one-year mortality allowed EVAR to become the
favorable therapeutic strategy for AAAs in Iran especially in high-risk patients. Lower rate of
vascular complications, ICU length of stay and lower level of BUN and Cr were observed using
spinal anesthesia in patients who underwent EVAR in our centers.
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studies (2, 3). During the past two decades, the
incidence has raised due to population aging, the
increase in the number of smokers, and improved
diagnostic tools and screening programs (4, 5). To
the best of our knowledge, there is no report about
the mortality rate related to aortic aneurysms in Iran,
however, rupture of these aneurysms causes about
8000 and 15000 deaths per year in the UK and the
USA, respectively (6, 7). Although some patients
have vague symptoms, including back pain or
abdominal pain, most AAAs are asymptomatic until
rupture, which leads to death in 65-85% of patients
(8). There ate various causes of AAAs, in which
a few cases are directly caused by trauma, acute/
chronic infection (brucellosis and salmonellosis/
tuberculosis), inflammatory diseases (Behget and
Takayasu disease), and connective tissue disorders
(Marfan Syndrome, Ehlers-Danlos type IV) (9).
Thus, most cases of AAAs are categorized as non-
specific ones (10, 11). In addition, atherosclerosis and
some additional factors such as tobacco smoking,
Caucasian race, and familial clustering of AAAs are
probably involved in aneurysm development (12-14).
Conventional management of AAA is made through
open repair with a mortality rate (13, 15). During
the past three decades the world has witnessed a
transition from physician-made devices to industry-
made devices with a dramatic improvement in stent-
graft technology. Then, endovascular aortic repair
(EVAR) of AAAs has been marked as standard
practice. It was introduced by Parodi in 1991
consisted of the placement of an endograft across
the aneurysm followed by its fixation to the normal
aortic and iliac artery walls with stents at both ends
to exclude the aneurysm from the circulation (16).
EVAR is more cost-effective in comparison to open
surgery (17). According to a meta-analysis EVAR has
lower mortality compared with open surgery (18).
The lower physiological stress of the minimally
invasive endovascular approach may be associated
with subsequent lower morbidity and mortality rates.
However, similar to open repair, EVAR may be
associated with respiratory, cardiac, renal, neurologic
and hemorrhagic complications, endoleak, stent
migration and stent wire fracture (19, 20). In this
study, we aimed to investigate the short- and long-
term outcomes of EVAR in patients with AAAs in
Isfahan, a referral city for endovascular interventions
in the center of Iran. All of these patients who were
referred to the referral centers in Isfahan were high
risk for open surgical repair.

Methods

This study was conducted on the patients with AAAs
who were under treatment with EVAR in 4 hospitals
(Chamran hospital, Asgarieh hospital, Sepahan
hospital and Saadi hospital) in Isfahan, Iran between
2017 to 2020 consequently. The ethics committee
of Isfahan University of medical science approved
the study protocol (project number: IRMULMED.
REC.1400.017). We have excluded patients who
were not followed or who had missing data on
their documents. Finally, 50 patients were included
in our study. We collected patients’ information
including age, gender, history of diabetes mellitus
(DM), hyperlipidemia (HLP), hypertension (HTN),
coronary artery disease (CAD), chronic kidney
disease (CKD), cerebrovascular accident (CVA),
respiratory disease, revascularization and smoking as
well as family history of AAAs and the indication(s)
of EVAR from hospital records.

We performed multi-detector cardiac tomo-
graphy angiography for all patients at 1, 6 and 12
months follow-up We also collected laboratory data
such as hemoglobin (Hb), creatinine (Cr) and blood
urea nitrogen (BUN) on admission and 72 hours
after EVAR from hospital records. The short-term
outcomes consisted of the duration of hospitalization,
ICU admission and length of stay, pack cell usage,
types of EVAR, type of anesthesia (spinal, regional
and general), success rate and in-hospital mortality
were recorded. We followed patients for 1 year and
also recorded long-term outcomes including endoleak,
contrast-induced nephropathy (CIN) and one-
year mortality. Follow-up was performed by using
telephone contact. If the patient’s answer was positive
on each outcome, he/she was requested to submit
the related documents to us. Final confirmation of
outcomes was obtained after reviewing the patient’s
documents by an interventional cardiology fellow.

Statistical analysis

We used IBM SPSS Statistics25 (IBM Corp. Released
2017. IBM SPSS Statistics for Windows, Version
25.0. Armonk, NY: IBM Corp) for data analysis.
Quantitative and qualitative vatiables ate presented
by mean * standard deviation (SD) and number
(percentage), respectively. Normality assumption
was checked using Kolmogorov-Smirnov test and
Normal quantile-quantile plot, simultaneously. We
used Wilcoxon test for comparison of changes in
laboratorial findings from the time of admission to
72 hours after admission. Comparison of qualitative
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and quantitative variables between three groups of
anesthesia was performed using Chi-square and
KrusKal-Wallis H tests, respectively. Moreover, we
used logistic regression to identify determinants of
one-year mortality in patients with AAA who were
under EVAR. The P-value < 0.05 was considered
statistically significant.

Results

We recruited 50 patients with AAAs who underwent
EVAR. Patients’ characteristics are presented in
Table 1. As shown, these patients were middle aged
and dominantly male. Frequency of smoking and
medical history of diabetes mellitus, hypertension,
hyperlipidemia, coronary artery disease and
revascularization was remarkable while medical
history of chronic artery disease, chronic kidney
disease and family history of aortic aneurysms was
relatively low.

The majority of patients underwent elective
EVAR without any symptoms. The mean*SD
duration of hospitalization was 4.1£3 days. Pack
cell was administrated for about half of patients
during or after the procedure. Regular and Chimney
EVAR were performed in 47 (94%) and 3 (6%) of
patients, according to vessel anatomy, respectively.
The success rate of the EVAR procedure was 100%
(n=50). General, spinal and regional anesthesia were
performed in 17 (34%), 23 (46%) and 10 (46%) of
the patients who underwent EVAR. Regarding the

complications one year after EVAR, endoleak and
CIN were occurred in 3 (6%) and 3 (6%) of patients,
respectively. We also reported the in-hospital and
one-year mortality as 1 (2%) and 4 (8%), respectively.
In-hospital mortality was duo to late hemorrhage
and DIC from open femoral arteriotomy. No patient
developed myocardial infarction (MI), arrhythmia,
thrombosis, ischemia and infection after EVAR in
our survey (Table 2).

Laboratory data are represented in table 3.
Although BUN changed significantly during the 72
hours after EVAR, the differences between Cr level
on admission and 72 hours after admission was not
statistically significant (P-vale>0.05).

To determine predictors of one-year mortality, we
used logistic regression analysis. Since the findings
derived from univariate logistic regression analysis
were non-significant, we did not perform further
multiple logistic regression (Table 4).

The results of comparing different variables
between patients who underwent EVAR via General,
spinal and regional anesthesia are presented in Table
5. As displayed, Frequency of vascular complications,
mechanical ventilation, duration of hospitalization,
duration of ICU admission and one-year mortality
and mean BUN 72 hours after EVAR was lower in
spinal and regional anesthesia groups compared with
general anesthesia group. On the other hand, CIN
and mean of creatinine 72 hours after EVAR was
lower in general anesthesia group. However, these

Table 1. Characteristics of patients with AAA who were under EVAR, 2017-2020, Isfahan- Iran

Variables N =50

Age (years)

Gender
Male
Female

Past medical history
Diabetes mellitus
Hypertension
Hyperlipidemia
Coronary artery disease
Chronic kidney disease
Cerebrovascular accident
Respiratory disease
Revascularization
Smoking
Family history of aortic aneurysms

66.6 (11.7)

44 (88%)
6 (12%)

12 (24%)
26 (52%)
33 (66%)
14 (28%)
1 (2%)
4 (8%)
0 (0%)
31 (62%)
20 (40%)
7 (14%)

Continuous and categorical variables are displayed as Mean (Standard Deviation) and Number (percentage)
AAA: Abdominal Aortic Aneurysms, EVAR: Endovascular Aortic Repair
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Table 2. Short-term and one-year outcomes of patients with AAA who were under EVAR, 2017-2020, Isfahan- Iran
Mean (SD) or Number

Variables
(percentage)

Indication

Elective (diameter more than 5.5 cm) 44 (88%)

Urgent (symptomatic) 6 (12%)
Duration of hospitalization (days) 4.1 (3)
Duration of ICU admission (days) 0.3 (.6)
Pack cell usage 29 (58%)
Plan

Regular EVAR 47 (94%)

Chimney EVAR 3 (6%)
Anesthesia

General 17 (34%)

Spinal 23 (46%)

Regional 10 (20%)
Proglide usage 10 (20%)
Success rate 50 (100%)
Endoleak 1 (2%)
Aorta-iliac expansion 23 (46%)
Contrast-induced nephropathy 3 (6%)
In-hospital mortality 1 (2%)
1-year mortality 4 (8%)

AAA: abdominal aortic aneurysms, EVAR: endovascular aortic repair, SD: standard deviation

Table 3. Laboratory findings in patients with AAA who were under EVAR, 2017-2020, Isfahan- Iran

Variables At admission 72 hours after admission

Hemoglobin 11.6 (4.7) - -
Creatinine 1(0.4) 0.9 (0.6) 0.566*
Blood urea nitrogen 19.5 (9.6) 13 (9.8) <0.001*

2 Results obtained by Wilcoxon test
Values are Mean (Standard Deviation)

Table 4. Predictors of one-year mortality (univariate logistic regression) in patients with AAA who were under EVAR ,
2017-2020, Isfahan- Iran

Univariate analysis

Vel s Exp(B) 95% CI P-value
Age 1.040 0.448-1.141 0.411
Gender (ref: male) 2.733 0.237-31.55 0.420
Diabetes Melitus 3.600 0.449-28.857 0.228
Hyperlipidemia 1.600 0.154-16.661 0.694
Hypertension 0.917 0.115-7.075 0.503
Coronary 0.846 0.081-8.894 0.889
Smoking 1.556 0.201-12.053 0.672
Blood Urea Nitrogen 0.971 0.876-1.078 0.584
Creatinine 1.347 0.139-13.010 0.797
Indication (ref:elective) 2.733 0.237-31.555 0.420
Anesthesia (ref:general)/spinal 0.341 0.028-4.106 0.397
Anesthesia (ref:general)/regional 0.833 0.066-10.553 0.888
Vascular complication 2.733 0.237-31.555 0.420°
Duration of ICU admission (days) 2.296 0.706- 7.474 0.1672
Duration of Hospitalization (days) 1.332 0.991-1.792 0.0582

AAA: abdominal aortic aneurysms, EVAR: endovascular aortic repair, ICU: intensive care unit.
P-value <0.05 was considered significant
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Table 5. Comparison of patients with AAA who were under EVAR with general, spinal or regional anesthesia, 2017-2020,
Isfahan- Iran

Anesthesia
VENELGS ((};2;"172;1 Spinal (n=23) liig: (1)8;1 1 P-value
Vascular complications 4(23.5) 0(0) 2(20) 0.0532
Endoleak 1(5) 1(4) 1(10) 0.821°
CIN 1(5.9) 2(8.7) 0(0) 0.627°
Mechanical ventilation 4(23.5) 3(13) 1(10) 0.8372
One-year mortality 2(11.8%) 1(4.3%) 1(10%) 0.671°
Age 66 (12) 69(17) 64(3) 0.563°
Duration of Hospitalization (days) 3(5) 4(2) 5(4) 0.664°
Duration of ICU admission (days) 0(1) 0(0) 0(0) 0.040°
BUN (72 hours after EVAR) 17(13.1) 9.8(13.9) 14(6.2) 0.031°
Creatinine (72 hours after EVAR) 1.1(0.6) 0.7(1.1) 1.3(0.5) 0.005°

AAA: abdominal aortic aneurysms, EVAR: endovascular aortic repair, CIN: contrast-induced nephropathy ICU: Intensive Care
Unit, BUN: blood urea nitrogen.
Continuous and categorical variables are displayed as Mean (Standard Deviation) and Number (percentage), respectively.

2 results obtained by chi-square test
b results obtained by Kruskal-Wallis test
P-value <0.05 was considered significant

differences were significant just for duration of ICU
admission, BUN and creatinine 72 hours after EVAR.

Discussion

Generally, we found that one-year mortality among
patients who underwent EVAR was 8%. In the
current study, women were significantly less likely to
meet the criteria for EVAR procedure. This finding
was similar to Erben et al. study (21) .The proportion
of females to males in our survey could show this
fact.

Despite the endoleak is a common complication
(22), the endoleak formation occurred in 3 patients
after a one-year follow-up and was less reported
compared to some previous reports which observed
endoleak complication in approximately one-fourth
of patients (23). Besides. the reaserchers had no
report of rupture in the one-year follow-up after
EVAR. In a population-based, retrospective cohort
study that has compared 6100 patients underwent
EVAR and 11583 patients underwent open surgery,
there was not significant difference between two
groups in terms of rupture (24). The most common
complications after EVAR in current studies
were aneurysm expansion, rupture and endoleak
formation that can occur even after a successful
procedure (25). Endoleak is defined as a blood flow
inside the aneurysm sac external to the stent graft.
The aneurysm sac communicates with the systemic

circulation through a variety of mechanisms, but the
most common way is the reversal of flow through
aortic branch vessels which then empty into the
aneurysm sac (20).

One of the advantages of EVAR was short-term
hospitalization length as seen in previous studies
(27). Our data demonstrating the approximate mean
duration of hospitalization of 4 days is consistent
with these studies. The overall one-year mortality was
8% in our study in-hospital mortality was 2% which
was due to complications of open surgery. Beck et
al. reported 5.8% one-year mortality after EVAR
in their study (28). In another study by Lieberg ]
et al.,, 30-day, 90-day and 5-year mortality rate of
patients underwent elective AAAs were 0.9%, 2.6%,
and 32%, respectively (29). Bush RL et al. have also
demonstrated lower one-year mortality in EVAR vs.
open repair of AAAs (8.7% vs 12.1%, p = 0.018)
(30).

Furthermore, we observed significant differences
regarding vascular complications, duration of ICU
length of stay and BUN and Cr levels at 72 hours
after EVAR between three groups of anesthesia.
It has been proven that local anesthesia is safe and
may decrease recovery times and medical morbidity
compared to general and regional anesthesia (31).
To best of our knowledge, this is the first study
which reveals these relationships in cases who
undergo EVAR. But in our study, no advantage for
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an anesthetic technique could be demonstrated by
evaluation of one-year mortality. Parra et al. were also
unable to show any difference in mortality rate using
different anesthesia techniques (31). The absence
of such advantages could be attributed to the small
number of participants in each studied anesthesia
group in our study.

Conclusion

Desirable short- and long-term outcomes as
expected, combined with a reduction in hospital
length of stay and one-year mortality allowed EVAR
to become the favorable therapeutic strategy for
AAAs in Iran. Lower vascular complications and
limited ICU length of stay were also observed using
spinal compared to general and regional anesthesia
in patients who underwent EVAR in our center.
Additionally, spinal anesthesia was associated with
lower BUN and Cr level at 72 hours post EVAR. To
best of our knowledge, this is the first study which
reveals these relationships.
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