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ÖZ
Amaç: Bu çalışmada Türkiye’nin ilk hibrit ameliyathanesinde 
yaklaşık yirmi yıllık süreçte endovasküler aort anevrizma onarımı 
uygulanan hastalarda mortalite ve yeniden girişimi etkileyen 
faktörler incelendi.
Ça­lış­ma pla­nı: Aralık 2006 - Aralık 2020 tarihleri arasında 
endovasküler aort anevrizma onarımı yapılan toplam 372 hasta 
(349 erkek, 23 kadın; ort. yaş: 70.4±8.2 yıl; dağılım, 45-89 yıl) 
retrospektif olarak incelendi. Otuz günlük, bir yıllık ve beş 
yıllık mortalite oranının bağımsız öngördürücüleri belirlendi. 
Kaplan-Meier analizlerinde cerrahi yaklaşımların ve greft 
türlerinin sonuçları karşılaştırıldı.
Bulgular: Mortalite oranı 30. günde %6.5, birinci yılda 
%14.2 ve beşinci yılda %21.8 idi. Çok değişkenli analizde 
ameliyat sonrası komplikasyonlar (risk oranı [HR]=3.68, 
p=0.034), kreatinin artışı (HR=1.58, p=0.004), uzamış 
entübasyon (HR=1.01, p<0.001) ve kan transfüzyon hacminde 
artış (HR=1.17, p=0.003) 30 günlük mortalitenin bağımsız 
öngördürücüleri idi. İleri yaş, beş yıllık mortalitenin anlamlı 
bir öngördürücüsü idi (HR=1.09, p<0.001). Elektif cerrahiler 
ve bi-iliyak greftler tüm zaman noktalarında sağkalımı anlamlı 
düzeyde artırdı (p<0.001).
So­nuç: Bu gerçek yaşam analizi, endovasküler aort anevrizma 
onarımı sonrası mortalite ile ilişkili çeşitli işlemsel ve hasta 
ile ilgili faktörleri tanımlamaktadır. Ameliyat sonrası bakım 
göstergeleri, anatomik veya demografik faktörlerden daha güçlü 
bağımsız ilişkilere sahip olarak görülmüş olup, endovasküler aort 
anevrizma onarımı yönetiminde kapsamlı perioperatif bakımın 
optimize edilmesinin önemini vurgulamıştır.
Anah­tar söz­cük­ler: Abdominal aort anevrizması, endovasküler işlemler, 
mortalite, yeniden girişim, sağkalım analizi.

ABSTRACT
Background: This study aims to examine factors influencing 
mortality and reintervention among endovascular aortic aneurysm 
repair patients treated over nearly two decades in the first hybrid 
operating room of Türkiye.
Methods: Between December 2006 and December 2020, a total 
of 372 patients (349 males, 23 females; mean age: 70.4±8.2 
years; range, 45 to 89 years) who underwent endovascular aortic 
aneurysm repair were retrospectively analyzed. Independent 
predictors of 30-day, one-year, and five-year mortality rate were 
identified. The Kaplan-Meier analyses compared outcomes across 
surgical approaches and graft types.
Results: Mortality rates were 6.5% at 30 days, 14.2% at one 
year, and 21.8% at five years. Multivariate analysis identified 
postoperative complications (hazard ratio [HR]=3.68, p=0.034), 
elevated creatinine (HR=1.58, p=0.004), prolonged intubation 
(HR=1.01, p<0.001), and increased blood transfusion volume 
(HR=1.17, p=0.003) as independent predictors of 30-day mortality. 
Advanced age emerged as a significant predictor of five-year 
mortality (HR=1.09, p<0.001). Elective procedures and bi-iliac 
grafts demonstrated significantly improved survival across all 
timeframes (p<0.001).
Conclusion: This real-world analysis identifies several procedural 
and patient-related factors associated with mortality following 
endovascular aortic aneurysm repair. Postoperative care indicators 
consistently demonstrated stronger independent associations with 
mortality than anatomical or demographic factors, highlighting 
the importance of comprehensive perioperative care optimization 
in endovascular aortic aneurysm repair management.
Keywords: Abdominal aortic aneurysm, endovascular procedures, 
mortality, reintervention, survival analysis.
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Over the last two decades, endovascular aortic 
repair (EVAR) emerged as the first treatment 
option in patients with abdominal aortic aneurysms 
(AAAs) with suitable anatomy.[1,2] According to the 
EVAR 1 trial results, EVAR showed an early survival 
benefit compared to open repair. Though, EVAR 
procedure is burdened by a substantially higher 
rate of secondary procedures.[3] The EVAR 1 trial 
demonstrated a 5% reintervention rate in the first 
four years after EVAR.[3] The long-term outcomes 
of EVAR are still under-researched, particularly in 
real-world settings beyond randomized clinical trials.

First hybrid cardiovascular surgery operating 
room of Türkiye was established at our institution 
in 2007. Since then, all the endovascular procedures 
are carried out solely by cardiovascular surgeons 
without any regular collaboration with interventional 
radiologists or cardiologists. The EVAR procedures 
constitute a significant portion of the hybrid 
interventions, as we published our mid-term results 
previously.[4,5] In the present study, we aimed to 
provide a comprehensive analysis of nearly 20 years 
of real-world EVAR data, examining variables such 
as age, aortic diameter, surgical timing, graft type, 
and device brand to determine their impact on 
survival and complication rates.

PATIENTS AND METHODS
This single-center, retrospective cohort study 

was conducted at İzmir Atatürk Training and 
Research Hospital, Department of Cardiovascular 
Surgery between December 2006 and December 
2020. A total of 501 patients who underwent EVAR 
at our center were evaluated. After excluding 129 
patients who were lost to follow-up during the 
postoperative period, a total of 372 patients (349 
males, 23 females; mean age: 70.4±8.2 years; range, 
45 to 89 years) were included in the analysis. The 
pre- and postoperative data, as well as outpatient 
clinic attendance information, were obtained from 
the hospital information system. Written informed 
consent was obtained from each patient. The study 
protocol was approved by the İzmir Katip Çelebi 
University Ethics Committee (Date: 19.11.2020, 
No: 1068). The study was conducted in accordance 
with the principles of the Declaration of Helsinki.

Statistical analysis
Study power analysis and sample size calculation 

were performed using the G*Power version 3.1.9.7 
software (Heinrich-Heine-Universität Düsseldorf, 
Düsseldorf, Germany) to evaluate the statistical 
power of the relationship between surgical status 

(emergency/elective) and five-year mortality. With an 
effect size of w=0.189, α=0.05, and a sample size of 
372 patients, the analysis yielded a power of 0.954. 
This value confirms the adequacy of our sample size 
in evaluating the effect of surgical type on mortality.

Statistical analysis was performed using the 
Jamovi version 2.3.28 and JASP version 0.18.3 
software (R Foundation for Statistical Computing, 
Vienna, Austria). Continuous data were expressed 
in mean ± standard deviation (SD) or median 
(min-max), while categorical data were expressed in 
number and frequency. Data normality was assessed 
using the Shapiro-Wilk test or Kolmogorov-Smirnov/
Anderson-Darling test. Categorical variables were 
analyzed using the Pearson chi-square or Fisher 
exact tests. For continuous variables, independent 
samples t-test or Mann-Whitney U test was applied 
based on normality assumptions. Survival analyses 
were conducted using the Kaplan-Meier method to 
evaluate the impact of different surgical approaches, 
graft types, and device brands on survival 
outcomes. To identify independent predictors of 
mortality, Cox proportional hazards regression 
analyses were performed at 30-day, one-year, 
and five-year follow-up periods. First, univariate 
analyses were conducted and variables showing 
significant associations in the univariate analyses 
were subsequently included in the multivariate 
models. Due to insufficient mortality events in 
non-Medtronic™ categories (no deaths on Days 
30, only three deaths at one year), the device brand 
variable could not be incorporated into 30-day and 
one-year mortality models. Hazard ratios (HRs) and 
95% confidence intervals (CIs) were calculated for 
each variable. A p value of <0.05 was considered 
statistically significant.

RESULTS
Hypertension was the most prevalent comorbidity, 

followed by hyperlipidemia, coronary artery disease, 
and chronic obstructive pulmonary disease (COPD). 
A ruptured AAA was present in 10.8% of cases, and 
20.7% underwent emergency procedures. The median 
aortic diameter measured 63.0 mm. Medtronic™ 
devices (Medtronic Inc., MN, USA) were used 
most frequently, followed by Endologix™ (Endologix 
Inc., CA, USA) and Gore™ (Gore Inc., DE, USA). 
Bi-iliac grafts were applied in nearly four out of 
five procedures, while uni-iliac grafts were used 
less commonly. Endoleak was observed in 13.1% of 
patients, with Type 1A and Type 1B being the most 
frequent subtypes. Postoperative complications were 
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noted in over a quarter of the cohort, and 16.7% 
required secondary interventions. The observed 
mortality rates at 30 days, one year, and five years 
were 6.5%, 14.2%, and 21.8%, respectively, with a 
median follow-up time of 17 (range, 1 to 149) months.

Considering the relationship between 
demographic and clinical variables with mortality, 
age was found to be significantly higher in 
patients who died across all mortality timeframes 
(p<0.001). Similarly, the presence of ruptured 
AAA and emergency surgical intervention were 
significantly associated with higher mortality 
rates (p<0.001). Other demographic variables and 
comorbidities did not demonstrate statistically 
significant associations with mortality (p>0.05) 
(Table 1).

Analysis of surgical characteristics revealed that 
abdominal aortic diameter was significantly larger in 
patients with 30-day (p=0.002), one-year (p=0.001), 
and five-year (p=0.004) mortality. Device brand 
analysis demonstrated that Medtronic™ devices were 
significantly more prevalent in patients with 30-day 
(p=0.025) and one-year (p=0.004) mortality. Uni-iliac 
graft procedures were associated with significantly 
higher mortality rates across all timeframes 
(30-day: p=0.003; one-year: p<0.001; five-year: 
p=0.001). Additionally, postoperative complications, 
blood transfusion requirements, intubation duration, 
and length of stay in the intensive care unit (ICU) 
were all significantly elevated in non-survivors 
across all mortality timeframes (p<0.05) (Table 2).

Laboratory parameter evaluation demonstrated 
significantly elevated creatinine (p<0.001), 
international normalized ratio (INR) (p=0.018), 
and aspartate aminotransferase (AST) (p<0.001) 
levels, along with significantly decreased platelet 
counts (p=0.002) in patients with 30-day mortality. 
In one-year mortality analysis, INR (p=0.009) 
and AST (p=0.008) values remained significantly 
elevated, while five-year mortality analysis revealed 
only creatinine levels to be significantly higher 
(p=0.003) (Table 3).

In the analysis of endoleak development, no 
significant differences were observed between 
patients with and without endoleak in terms of 
abdominal aortic diameter, device brand, surgical 
timing, or graft configuration. However, the 
abdominal aortic diameter was significantly smaller 
in patients with Type 1 endoleak (p=0.042), while 
no statistically significant differences were found 
for Type 2 or Type 3 endoleaks with respect to these 
variables (p>0.05 for all comparisons).
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Kaplan-Meier survival analyses clearly 
demonstrated the effect of surgical approaches on 
long-term outcomes. The mean survival times were 
significantly longer in patients undergoing elective 
surgery compared to emergency cases across all 
mortality timeframes (Table 4, Figure 1). Similarly, 
while examining the impact of graft type on 
survival, patients with bi-iliac grafts demonstrated 

significantly longer survival times compared to those 
with uni-iliac grafts across all mortality intervals 
(Table 4, Figure 2). While assessing the influence of 
device brand on survival, a statistically significant 
difference was observed in short and mid-term 
follow-up (30 days: p=0.034; 1 year: p=0.005), 
whereas this significance was lost in long-term 
follow-up (5 years: p=0.106). As demonstrated in 

Table 4. Kaplan-Meier survival analysis comparing 30-day, 1-year, and 5-year mortality by surgical timing, graft 
type, and device brand

30-day mortality 1-year mortality 5-year mortality
Mean survival (days) Mean survival (days) Mean survival (days)

Variables Mean±SD p Mean±SD p Mean±SD p
Surgical status

Elective
Emergency

243.5±2.2
139.9±8.5

<0.001
227.0±4.1
119.8±9.5

<0.001
208.6±5.1
114.0±9.6

<0.001

Graft type
Bi-iliac
Uni-iliac

205.9±2.6
212.9±10.2

<0.001
192.6±3.8
180.5±12.8

<0.001
179.0±4.5
162.7±13.4

<0.001

Device brand
Gore
Anaconda
Medtronic
Cook

-
-
-
-

0.034
-
-
-
-

0.005
-
-
-
-

0.106

SD: Standard deviation; Bold p-values indicate statistical significance (p≤0.05). Mean survival times are presented as mean ± standard error. Device 
brand-specific survival estimates are not presented as individual values were not uniformly available across all timepoints. Log-rank test was used for 
statistical comparison of survival curves.
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Elective 295 252 168 125 65 9 1

Emergency 77 48 15 7 3 0 0

Numbers at risk

Time-to-event

Surgical status
Elective
Emergency

Figure 1. Kaplan-Meier survival curves comparing 30-day 
mortality between elective and emergency EVAR procedures 
(p<0.001).
EVAR: Endovascular aortic repair.
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Figure 2. Kaplan-Meier analysis comparing 1-year survival 
between bi-iliac and uni-iliac grafts in EVAR procedures 
(p<0.001).
EVAR: Endovascular aortic repair.
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Figure 3. Comparison of 5-year survival rates among different 
device brands in EVAR procedures (p=0.106).
EVAR: Endovascular aortic repair.

p<0.001

Device brand
Gore
Anaconda
Medtronic
Cook

Figure 3, Cook™ (Cook Medical LLC, IN, USA) 
and Anaconda™ (Anaconda Biomed S.L., Barcelona, 
Spain) brands exhibited better survival curves 
compared to Medtronic™, although this difference 
lost statistical significance at the five-year follow-up 
(Table 4).

To elucidate the independent predictors of 
mortality at different time points, we performed 
Cox proportional hazards regression analysis 
(Table 5). The multivariate analysis revealed 
several consistent predictors across different 
timeframes. For 30-day mortality, postoperative 
complications, elevated creatinine levels, prolonged 
intubation duration, and increased blood transfusion 
volume emerged as independent predictors. In the 
univariate analysis, age, ruptured AAA, emergency 
surgical status, and abdominal aortic diameter all 
demonstrated significant associations with 30-day 
mortality; however, these relationships did not 
persist in the multivariate model.

The analysis of one-year mortality identified 
advanced age, prolonged intubation duration, 
and increased blood transfusion requirements as 
independent predictors. While graft type showed a 
significant association in the univariate analysis, this 
association did not maintain statistical significance 
in the multivariate model.

The five-year mortality analysis demonstrated 
that advanced age, postoperative complications, 
prolonged intubation duration, and increased blood 
transfusion volume maintained their significant 
impact on long-term survival. Notably, device brand 
showed a significant association with five-year 
mortality in the univariate analysis, but this effect was 
attenuated in the multivariate model. Device brand 
could not be analyzed in the 30-day and one-year 
mortality models due to the absence or limited 
number of mortality events in non-Medtronic™ 
device categories during these timeframes.

DISCUSSION
In our study, we examined the long-term 

mortality outcomes of patients undergoing EVAR 
and assessed the effects of various patient and 
procedure-related factors. Our findings support 
the safety of EVAR in older populations while 
highlighting significant differences between 
emergency and elective surgeries. Within this 
context, the alignment of our study with existing 
literature and its novel contributions are emphasized.

One of our primary findings is the increase 
in long-term mortality rates following EVAR, 
particularly in older patients and those with larger 
abdominal aortic diameters. This observation, 
consistent with prior studies, underscores the 
sensitivity of EVAR outcomes to age and aortic 
diameter.[6] Similarly, in the study by Bulder et 
al.,[7] higher long-term mortality risk was reported 
among women following AAA repair, with the 
impact of age, comorbidity, and complications being 
particularly pronounced.

Comparing emergency and elective surgeries, 
our study demonstrated a lower mortality rate for 
elective procedures, emphasizing the importance 
of timely and planned EVAR implementation. This 
finding is corroborated by Khan and Fisher’s[8] 
study, which associated emergency EVAR with 
higher mortality, particularly within older age 
groups.

Regarding device type, our study identifies 
the Medtronic™ device as associated with 
higher mortality rates compared to other brands. 
Nevertheless, this situation has a simple explanation 
related to our daily practice since only Medtronic™ 
as a company holds a base located in our city. 
Thus, almost all the time the emergency cases 
were/are carried out using Medtronic™ devices, 
unless other brands are in our own armamentarium 
by chance on that particular day. While graft type 
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showed a significant association in the univariate 
analysis, this association did not maintain 
statistical significance in the multivariate model at 
all timeframes. This finding might also be crucial 
in highlighting the impact of device selection 
on patient outcomes and may provide a basis for 
further research in this area.[9]

The influence of graft type in EVAR procedures 
was also analyzed. Our study shows that bi-iliac 
grafts contribute to higher survival rates, a result 
supported by similar findings in the literature, such 
as those by Li et al.,[10] where bi-iliac grafts were 
linked to lower complication rates. This finding also 
has a simple explanation since almost all the uni-iliac 
cases were emergency cases with hemodynamic 
instability and fast deployment of the device was 
crucial. In addition, the only available uni-iliac 
graft was that of Medtronic™ before 2018. Recently, 
we prefer to use bi-iliac devices whenever possible 
and available while attempting to deal with the 
hemodynamic instability using resuscitative balloon 
occlusion of the aorta (REBOA).

Patient-related factors, such as age and 
comorbidities, should be considered in relation to 
long-term mortality. The particularly low survival 
rates in elderly patients underscore the critical 
role of age in EVAR outcomes.[11] Comorbidities, 
particularly hypertension, COPD, and chronic 
kidney disease, further increase mortality risk and 
necessitate carefully planned follow-up protocols for 
these groups.

Among procedural factors, whether EVAR is 
performed under emergency or elective conditions 
directly affects the patient’s postoperative care 
requirements. In our study, elective surgeries were 
associated with longer survival, reinforcing the 
importance of personalized surgical timing. This is 
also observed in the study by Enriquez de Salamanca 
Gambara et al.,[12] where higher mortality was 
reported in emergency EVAR cases.

Nonetheless, there are some limitations to this 
study. One notable limitation is its retrospective 
design, which may inherently limit the ability 
to establish causal relationships between 
variables. While data were rigorously collected 
from a well-documented cohort, the reliance on 
historical records can introduce biases, including 
inconsistencies in record-keeping and potential 
misclassification of clinical events. Additionally, 
although our sample is sizeable, it is confined to a 
single center, which may limit the generalizability 

of the findings to other populations and healthcare 
settings. The variations in device brands and 
types within the study group also present a 
challenge in controlling for manufacturer-specific 
differences that could impact outcomes. Another 
limitation involves the follow-up duration for some 
patients, which may not fully capture late-onset 
complications associated with EVAR, particularly 
in terms of secondary interventions or aneurysm-
related mortality beyond five years. Moreover, the 
study did not incorporate a randomized design, 
indicating that the choice of graft type or device 
may have been influenced by surgeon preference 
or patient-specific characteristics rather than 
random allocation. Finally, while laboratory and 
clinical markers were thoroughly analyzed, the 
absence of more recent imaging data on aneurysm 
morphology limits our ability to assess certain 
structural predictors of endoleak. Future studies 
with a prospective, multi-center approach and 
standardized device selection criteria could help 
validate these findings and offer a broader context 
for interpreting EVAR outcomes.

In conclusion, this study provides a detailed 
examination of long-term outcomes following 
endovascular aortic aneurysm repair in patients 
treated in a hybrid operating room setting. Our 
findings underscore the relationship between 
several preoperative and intraoperative factors, such 
as patient age, abdominal aortic diameter, and 
procedural urgency, and both early and extended 
postoperative mortality rates. Notably, patients 
undergoing elective endovascular aortic aneurysm 
repair demonstrated markedly better survival 
outcomes compared to those receiving emergency 
intervention. Device selection also emerged as a 
key factor, with specific brands linked to differing 
mortality rates and survival times, indicating a 
potential impact of device choice on long-term 
outcomes, although multivariate analysis did not 
confirm this impact.

The study further highlights the survival 
advantage associated with bi-iliac graft use over 
uni-iliac grafts, suggesting that bi-iliac grafting 
could serve as a preferable approach to minimize 
complications like endoleak. Additionally, 
laboratory markers such as elevated creatinine 
and aspartate aminotransferase levels were 
associated with increased mortality, providing 
potential biomarkers for identifying high-risk 
patients preoperatively. Our results also indicate 
that postoperative complications, intensive care 
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unit duration, and blood transfusion requirements 
correlate strongly with poorer outcomes, 
emphasizing the importance of optimized 
perioperative management. By identifying these 
predictors, this study contributes valuable insights 
that may guide future clinical decisions and patient 
management strategies, ultimately enhancing 
survival rates and quality of life for patients 
undergoing endovascular aortic aneurysm repair.
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