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Early and Mid-term Results of Endovascular Treatment of Abdominal Aortic Aneurysm 
in Patients Over 65 Years of Age

Abstract
Objective: In patients over the age of 65, the most appropriate treatment modality for abdominal aortic 
aneurysms (AAA) is controversial, but the use of endovascular treatment methods is increasing. The aim 
of this study was to investigate the duration of intensive care unit stay, need for reintervention, and early 
and late mortality rates after endovascular treatment in octogenerians with abdominal aortic aneurysm.
Material and Method: A total of 220 patients who underwent endovascular aneurysm repair for abdominal 
aortic aneurysm under elective conditions were included in the study. Patients over 70 years of age 
constituted Group-1 (n=102) and those under 70 years of age constituted Group-2 (n=118). The groups 
were analyzed in terms of postoperative intensive care stay, need for reintervention, and early and late 
mortality rates.
Results: The ratio of males was higher in group 1 (94.5% vs. 84.9, p=0.017). Length of ICU stay was 
higher in group 1 (12 hours vs. 8 hours, p=0.014). All four cases of early mortality were in patients over 
65 years of age (p=0.031). There was no difference between the groups in terms of follow-up period (32 
vs. 31 months, p=0.859), late mortality (8% vs. 13%, p=0.219), or the need for secondary intervention 
(6% vs. 7%, p=0.770). There was no difference between the groups in terms of survival and the 3-year 
survival was 91% vs. 85%. (p=0.199).
Conclusion: In octogenerians, endovascular aneurysm repair can be performed with acceptable mortality 
rates and satisfactory mid-term outcomes.
Keywords: Abdominal, aortic aneurysm,  endovascular repair.

Özet
Amaç: 65 yaş üstü hastalarda abdominal aorta anevrizmalarının en uygun tedavi yöntemi tartışmalıdır, 
ancak endovasküler tedavi yöntemlerinin kullanımı artmaktadır. Bu çalışmanın amacı, abdominal aorta 
anevrizması olan 65 yaş üstü hastalarda endovasküler tedavi sonrası yoğun bakım süresini, yeniden 
müdahale ihtiyacını ve erken ve geç dönem mortalite oranlarını araştırmaktır.
Gereç ve Yöntem: Elektif koşullar altında abdominal aorta anevrizması için endovasküler anevrizma 
onarımı uygulanan toplam 220 hasta çalışmaya dahil edildi. 65 yaşın üzerindeki hastalar Grup-1’i (n=102) 
oluştururken, 65 yaşın altındakiler Grup-2’yi (n=118) oluşturdu. Gruplar, postoperatif yoğun bakım süresi, 
yeniden müdahale ihtiyacı ve erken ve geç dönem mortalite oranları açısından analiz edildi.
Bulgular: Erkeklerin oranı grup 1’de daha yüksekti (94.5% vs. 84.9, p=0.017). Yoğun bakım süresi grup 
1’de daha uzundu (12 saat vs. 8 saat, p=0.014). Erken mortalite gerçekleşen dört vakanın tümü 65 yaşın 
üzerindeki hastalardaydı (p=0.031). Gruplar arasında takip süresi (32 vs. 31 ay, p=0.859), geç dönem 
mortalite (8% vs. 13%, p=0.219) veya sekonder müdahale ihtiyacı (6% vs. 7%, p=0.770) açısından fark 
yoktu. Gruplar arasında yaşam süresi ve 3 yıllık yaşam oranı açısından fark yoktu, 3 yıllık yaşam oranı ise 
%91 vs. %85’ti (p=0.199).
Sonuç: Yaşlı hastalarda, endovasküler anevrizma onarımı kabul edilebilir mortalite oranlarıyla ve tatmin 
edici orta dönem sonuçlarıyla gerçekleştirilebilir.
Anahtar Sözcükler: Abdomial, aort anevrizması, endovasküler tamir.
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 Introduction     
 Abdominal aortic aneurysm (AAA) is an asymptomatic 
disease that is often detected incidentally and its 
frequency increase with age. In some cases, the first 
symptom may be aneurysm rupture. 
 AAA is currently treated with open surgical repair 
(OSR) and endovascular aneurysm repair (EVAR). The 
choice of these two treatment modalities is based on 
the patient’s comorbid factors and the anatomical 
features of the aneurysm.
 In older patients, the mortality and morbidity of 
OSR increases with the increase in comorbid factors. 
For this reason, EVAR has become the treatment 
of choice for AAA, especially in older patients, due 
to its minimally invasive nature and lower peri-
operative complication rates (2). At the same time, 
the lower operative mortality and satisfactory early 
results of EVAR have led to an increase in its use 
in elderly patients and patients with comorbidities 
(3). Some studies have shown that EVAR has lower 
mortality and morbidity than surgical treatment in 
elective AAA patients with advanced age (4). While 
the technical success of EVAR in elderly patients is 
high, complication rates are also high (5).
 The outcome of EVAR in patients over 65 years of 
age and those under 65 years of age is still a matter 
of debate.
 In order to evaluate the safety and viability of 
EVAR in older patients, it is imperative to juxtapose 
the post-procedural outcomes of indiviuals within 
this age bracket against those under the age of 65.
The aim of this study was to investigate the technical 
success, survival, and complication rates of EVAR in 
patients over 65 years of age.

 Material and Method
 This research was designed as a retrospective 
and observational study. A total of 220 patients 
who underwent EVAR under elective conditions for 
AAA between January 2015 and January 2020 were 
included in our study. The study was conducted in 
accordance with the Declaration of Helsinki and 
with the approval of the Ankara Bilkent City Hospital 
Clinical Research Ethics Committee (No. E1-19-161, 
24-12-2019). 
 Patients included in the study were divided into 
two groups as those under 65 years of age (n = 102) 
and over 65 years of age (n = 118). Both groups were 
analyzed in terms of follow-up periods, early mortality, 
late mortality, need for secondary intervention, length 
of intensive care unit stay, and discharge times.
All EVAR procedures were performed by a dedicated 
cardiovascular surgery team in a hybrid operating 
room setting. Ankura stent-graft systems (Lifetech 

Scientific Corporation, Shenzen,China)  were employed 
to all patients The procedures were performed under 
general or local-regional anesthesia according to the 
preference of the surgical team, anesthesiologist, 
and patient. Modular endografts were placed using 
standard methods. After the procedure was completed, 
a final angiography was performed. Type 1 endoleaks 
were treated with balloon angioplasty and placement of 
an extension graft when necessary; type 2 endoleaks 
were monitored during follow-up.
 Postoperative follow-up was performed clinically 
and radiologically at discharge, 1 month, 6 months, 
12 months, and then annually. Computed tomography 
examination and Doppler ultrasonography were 
performed for the first time at postoperative one 
month. If there was no type 1 or 3 endoleak in the 
initial evaluation, subsequent endoleak and sac 
diameter evaluations were performed only with 
Doppler ultrasonography (1). Type 2 endoleaks 
were evaluated using Doppler ultrasonography only, 
because they are considered benign endoleaks in the 
absence of sac enlargement. If there was a suspicion 
of sac enlargement on ultrasonographic examination, 
this finding was evaluated using tomography. Sac 
enlargement was defined as an increase of at least 
5 mm compared to the preoperative diameter. When 
a secondary intervention, such as extension of stent-
graft was required was required, contrast-enhanced 
angiography was performed only in the hybrid room.
 Statistical Analysis
 The variables were analyzed using both visual 
methods, such as histograms and probability plots, as 
well as analytical methods, including the Kolmogorov–
Smirnov/Shapiro–Wilk tests to assess the normality 
of data distribution. Continuous variables that were 
normally distributed were presented as mean ± 
standard deviation, while non-normally distributed 
variables were presented as median values with 
their range. Categorical variables were expressed 
as percentages and numbers. The Mann–Whitney 
U test and Chi-square test were used to compare 
demographic parameters, operating variables, and 
follow-up data. Kaplan–Meier analysis was performed 
to demonstrate long-term all-cause mortality. The 
log-rank test was conducted to assess difference 
between groups. A p-value of < 0.05 was deemed 
statistically significant, and statistical analysis was 
performed using SPSS for Windows version 15.0 
software program (SPSS Inc., Chicago, IL, USA).

 Results      
 Distribution and demographic characteristics of 
the patients are presented in Table-I. The second 
table provides information regarding the procedural 
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details od the patients. Among both groups there were 
more male patients than female, and this finding 
was statistically significant Group-1 (p=0.028). In 
addition, the duration of intensive care unit stay 
was significantly shorter in patients younger than 
65 years (p=0.004). All four cases of mortality seen 
in the early period were in patients over 65 years of 
age (p=0.038).

Table I. Demographic datas

Under 70 years 
old

Over 70 years old p value

Age (year) 64.13±4.87 76.44±5.02 < 0.001

Gender (Male) 107         (94.7%) 92           (86.0%) 0.028

DM 30              26.5% 31              29.0% 0.688

HT 76               67.3% 78              72.9% 0.362

HL 34              30.1% 31              29.0% 0.856

COPD 25              22.1% 33              30.8% 0.142

PVD 11                9.7% 8 7.5% 0.551

CAD 39              34.5% 47              43.9% 0.153

CHF 3 2.7% 6 5.6% 0.322

Smoking 56              49.6% 53 49.5 0.997

TIA/CVE 5 4.4% 10 9.3% 0.148

Cancer 3 2.7% 3 2.8% 1.000

Symptom 37              32.7% 28              26.2% 0.285

EF (%) 52.88± 8.45 52.22± 9.10 0.410

Aneurysm  
Diameter(mm)

64.17± 14.01 66.27± 13.79 0.127

Procedure  
Duration (min)

146.78±43.36 142.79±56.53 0.203

Scopy Duration 
(min)

17.29± 12.02 17.63± 12.26 0.827

Opaque Quantity 
(cc)

64.10± 23.90 61.24± 25.19 0.676

IC Duration 
(hour)

8.20±24.28 11.40±19.22 0.004

Discharge Time 
(day)

2.58±2.38 2.74±2.44 0.643

Early Mortality 0 0.0% 4 3.7% 0.038

Follow-up 
(month)

33.85±16.94 35.32±16.94 0.647

Last pouch  
diameter (mm)

62.62±17.36 65.58±17.03 0.312

Late Mortality 10 8.8% 13              12.1% 0.437

Secondary  
Initiative

7 6.2% 8 7.5% 0.719

 

DM: Diabetes Mellitus  HT: Arterial Hypertension HL: Hyperlipidemia

COPD: Chronic Obstrutive Pulmonary Diease PVD: Peripheral Vascular Disease

CAD: Coronary Artery Disease TIA/CVE: Transial İschemic Attack/Cerebrovascular Event

EF: Ejection Fraction

 There was no significant difference between the 
two groups in terms of comorbid characteristics 
(diabetes mellitus, chronic obstructive pulmonary 
disease, hypertension, coronary artery disease, and 
peripheral artery disease).

 No significant difference was found in terms of 
follow-up time (32 vs. 31 months, p=0.859)
There was no difference in late mortality (8% vs. 13%, 
p=0.219) and the need for secondary intervention 
(6% vs. 7%, p=0.770). 

Figure I. Kaplan Meier Analysis of patients

In the last 5 years, a total of 220 EVAR patients were included in 
the study:
• Male gender predominates in patients under 70 years old compared 
to females (94.5% vs. 84.9%, p=0.017).
• Length of stay in the intensive care unit was longer for patients 
over 70 years old (12 hours vs. 8 hours, p=0.014).
• All 4 cases of early mortality occurred in patients over 70 years 
old (p=0.031).
• There was no significant difference in terms of follow-up duration 
for the patients (32 vs. 31 months, p=0.859).
• There was no statistically significant difference between the 
groups in terms of late mortality (8% vs. 13%, p=0.219) and secondary 
intervention rates (6% vs. 7%, p=0.770).

 No difference was found between the two groups 
in terms of survival, and the 3-year survival was 91% 
vs. 85% (log-rank p=0.199) (Figure-I).
 There was no difference in aneurysm diameters 
between the two groups (p=0.127).

 Discussion      
 In patients with AAA of an advanced age with 
comorbidities, the treatment management and 
treatment process can be challenging. The aim of 
elective repair in patients with AAA is to prevent 
rupture, which can often be fatal. 
In older patients, EVAR can be performed with 
acceptable mortality rates as we have shown in 
our study. At the same time, the mid-term survival 
rates of older patients after EVAR are satisfactory 
when compared with younger patients, which is 
demonstrated by our findings.
Current guidelines do not provide clear data on 
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the application of EVAR in elderly patients, and do 
not recommend EVAR only in patients with a life 
expectancy of two or three years (6).
 In a surveillance study conducted in patients who 
were ineligible for AAA repair, it was shown that the 
risk of rupture increased in direct proportion with the 
diameter of the AAA annually (7). Therefore, prevention 
of rupture, which is the most deadly complication of 
AAA, should be considered the most important issue 
without question.
 Endovascular treatment of AAA was introduced in 
1990 and is becoming the main treatment option 
especially in patients with high comorbidity who are 
not suitable for surgical treatment (8). In various 
randomized controlled trials, patients who were 
anatomically suitable for EVAR and OSR, patients 
were compared in terms of early mortality and mid-
term outcomes and similar results were obtained 
for EVAR and OSR (9).
In a 2016 study, it was shown that endovascular 
treatment of AAA was superior to OSR in terms of 
early survival but not in terms of late survival (10). 
In the same study, it was also shown that patients 
who underwent EVAR needed more re-interventions 
during long-term follow-up.
 One of the main factors affecting the success 
of endovascular treatment is the patient having 
appropriate anatomical structure. Some studies have 
shown that in older patients, anatomical difficulties 
may negatively affect the results of endovascular 
treatment (11).
 In the present study, the need for re-intervention 
was found to be low in patients of an advanced age 
who underwent EVAR, and there was no difference 
in mortality between the groups in the mid-term 
follow-up. Mortality occurred in four patients in the 
early period and all of these patients were over 
65 years of age. The causes of these deaths were 
myocardial infarction in three patients and mesenteric 
ischemia in one patient. Myocardial infarction and 
cardiac complications may occur after EVAR and early 
troponin monitoring is recommended to recognize 
these conditions in the early period (12). Early 
troponin elevation after EVAR is considered a risk 
factor for early mortality. In the present study, two 
patients who died due to myocardial infarction also 
had elevated troponin levels measured on admission 
to the intensive care unit after the procedure.
 No significant difference was found between the 
groups in terms of aneurysm diameter. Aneurysm 
diameter is the most important factor determining 
the risk of rupture. It was found that the risk of death 
and rupture was 11% when the diameter of the 
aneurysm was 5.1–6 cm, and this rate increased to 

20% when the diameter was between 6.1–7 cm, and 
to 43% when the diameter was above 7 cm (7-13). 
The prevalence of AAA in the population over the 
age of 65 is approximately 1.5% (14). In a study 
conducted in a population aged 65–74 years, the 
incidence of mortality due to AAA was 36/100,000 
people in the early 2000s, and this rate decreased 
to 10/100,000 people in 2015 (15). In this study, 
the reason for the decline in AAA-related mortality 
was stated as the increased frequency of screening, 
especially in the population over 65 years of age, 
and elective surgery before AAA rupture.
 Complication rates for both OSR and EVAR are 
undoubtedly higher in the population over 65 years 
of age. In patients in this age group, the duration of 
hospitalization, intensive care unit stay, and need for 
blood transfusion were higher after OSR, whereas 
these rates were found to be lower in patients in the 
same age group who underwent EVAR (16).
 Current guidelines do not provide clear 
recommendations for reducing age-related 
complications after EVAR (5). The results obtained 
in the present study showed that the early and 
mid-term outcomes for patients over 65 years of 
age who underwent EVAR were similar to those of 
younger patients and were acceptable. Management 
of patients with advanced age and minimization of 
procedural complications contribute to the survival 
of patients in this age group, as we have shown in 
the present study.
 The most important limitation of the present study 
is that it was single-center study and retrospective 
in nature. Another limitation was that only patients 
treated with the endovascular method were included 
and patients who underwent surgical treatment were 
not analyzed. Hence, a comparison between EVAR 
and open surgical treatment could not be conducted.

 Conclusion
 With increasing technical experience in endovascular 
treatments, EVAR can be performed in patients over 
65 years of age with additional comorbidities with 
satisfactory early and mid-term results.
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