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Abstract
Objectives: Early good outcomes of Endovascular Aneurysm Repair (EVAR) for Ruptured
Abdominal Aortic Aneurysm (RAAA) have been reported. Even though EVAR for RAAA has the
advantage of having low invasiveness, some disadvantages have been reported when it is compared
to Open Repair (OR), which can be adapted to all cases. The aim of this study is to evaluate early and
late outcomes of OR for RAAA in this endovascular era.
Methods: Between September 2004 and October 2015, 150 consecutive patients with RAAA
underwent OR in our institute. We performed left intercostal thoracotomy and descending aorta
clamping for hemodynamic instability. The primary endpoints were early outcome, long-term
survival, and aortic related re-intervention-free rate. Risk factors of 30-day mortality were defined
by univariate and multivariate analysis.
Results: The 30-day mortality was 15.3% (23/150). The cumulative five-year and ten-year survival
rate were 66.2% and 50.7%, respectively. The cumulative five-year and ten-year freedom from aortic
related re-intervention was 96.1% and 90.5%, respectively. Preoperative shock and Cardiopulmonary
Resuscitation (CPR) were defined as risk factors of 30-day mortality.
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Conclusions: Early and late outcomes were satisfactory compared to other reports n the outcomes
of OR (or) EVAR for RAAA. Controlling the preoperative shock state may improve early outcomes.
In the ruptured cases, there were fewer aortic related re-interventions in OR than EVAR. It is
essential to choose the optimal treatment based on the condition of RAAA in OR and EVAR.
Keywords: Ruptured abdominal aortic aneurysm; Long-term survival; Open repair; Reintervention

Introduction
Following the introduction of Endovascular Aneurysm Repair (EVAR) for Abdominal Aorta
Aneurysm (AAA), the treatment has also been employed for Ruptured Abdominal Aorta Aneurysm
(RAAA) [1]. Although good early results of EVAR for RAAA compared to Open Repair (OR) have
been reported [2,3], but some Randomized Controlled Trials (RCTs) reported no difference in
early outcomes [4,5]. The good results of EVAR for RAAA are considered to be attributable to the
retrospective cohort, and do not indicate that EVAR is superior to OR. Although the early results of
EVAR for RAAA are excellent, in the case of an anatomical condition or device time-lag, it is difficult
to adapt to all cases [4]. Furthermore, EVAR can be converted to OR in the event of abdominal
compartment syndrome or endoleak, and the rate of death increases after the conversion [6]. OR
can adapt to all cases and is considered the gold standard for RAAA. The aim of this study was to
evaluate early and late outcomes of OR for RAAA and to identify predictors of 30-day mortality.

Material and Methods
Between September 2004 and October 2015, 150 consecutive patients were diagnosed with infrarenal RAAA and underwent OR in our institute. Patients with preoperative shock were defined
as those with systolic blood pressure of less than 90 mmHg or those who received catecholamine
when they arrived at our hospital. Survival and re-intervention data were collected retrospectively
from medical records. Median follow-up month was 16.5 months. This study shows early and
late outcomes including survival rate and aortic related re-intervention-free rate and evaluates
predictors of 30-day mortality. Preoperative patient demographics are listed in Table 1. All patients
underwent OR in operation room. Eighty patients (53.3%) had preoperative shock status. Six cases
received Cardiopulmonary Resuscitation (CPR). In the cases with severe hemodynamic instability
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Figure 1: Freedom from all cause death.

Figure 2: Freedom from aortic related re- intervention.

or in those receiving CPR, we performed a 5th or 6th left intercostal
thoracotomy and clamped the descending aorta before abdominal
incision.

Table 2: Intra- and postoperative data.
Variables
Operative time (min)

Statistical analysis
All statistical analysis was performed using JMP 11 statistics for
Windows (SAS Institute Japan). Normally distributed continuous
variables were expressed as the mean ± standard deviation, and
non-normally distributed continuous variables were expressed as
the median with range. Categorical variables were expressed as
percentage. Survival rate and re-intervention free rate was calculated
using Kaplan-Meier methods. Multivariate logistic regression analysis
was used to determine the predictors of 30-day mortality, A p value
<0.05 was considered statistically significant.

Intra-and postoperative data are listed in Table 2. Eight patients
died in the operating room and did not receive graft replacement.
The descending aorta was clamped with a left thoracotomy in twelve
patients. Thirty-day mortality, including intraoperative death, was
15.3% (23/150), and the details are presented in Table 3. We analyzed
30-day mortality statistically to identify risk factors of early death
in Table 4. Univariate analysis revealed that preoperative shock
and preoperative CPR were statistically significant risk factors.
Multivariate analysis revealed that only preoperative CPR was a
statistically significant risk factor. Long-term results are presented
in Figure1 and 2. During follow up, there were 47 deaths (31.3%),
including in-hospital deaths. The cumulative five-year and tenyear survival rates were 66.2% and 50.7%, respectively. Three aortic
related re-interventions for graft infection in two cases and residual
aneurysm in one case were conducted. The cumulative five-year and
ten-year freedom from aorta related re-intervention was 96.1% and
90.5%, respectively.

Age (years)

73 ± 9

Male gender

121 (80.7%)

Hypertension

98 (65.8%)

Diabetes mellitus

26 (17.3%)

Dyslipidemia

17 (11.3%)

Prior to abdominal operation

23 (15.3%)

Preoperative shock

80 (53.3%)

Preoperative CPR

6 (4.0%)

Fitzgerald III or IV

110 (77.3%)

I graft

36 (24.0%)

Reconstruction of renal artery

3 (2.0%)

Left thoracotomy

12 (8.0%)

ICU stay (day)

2

In- hospital stay

17

Cerebral infarction

3 (2.0%)

Pneumonia

12 (8.0%)

Dialysis

22 (14.7%)
9 (6.0%)

Table 3: Thirty day mortality.
Reason

N=23

Intraoperative death

10 (43.5%)

Bowel ischemia

8 (34.8%)

Pneumonia

3 (13.0%)

DIC

2 (8.7%)

DIC: Disseminated Intravascular Coagulation
Table 4: Statistical analysis of 30-day mortality.
Variables

Univariate analysis

Multivariate analysis

Age

0.59

Male

0.16

0.22

Hypertention

0.06

0.14

COPD

0.19

0.14

Preoperative shock

0.01

0.08

Preoperative CPR

<0.001

0.004

CPR: Cardiopulmonary Resuscitation

Discussion
After the first report of OR for RAAA [7], although much research
was reported and the surgical techniques and intensive care medicine
advanced, the early mortality rate remained high [2-4]. EVAR was
introduced in Japan in 2006 [8], and it has showed good early outcomes
in elective patients and has spread to ruptured cases. Although many
retrospective or prospective studies reported early the good efficiency
of EVAR for RAAA [2,3,9-12], some RCTs reported no significant
difference in early mortality between OR and EVAR [4-5,13]. Even
though EVAR for RAAA has advantages, such as lower blood loss,

CPR: Cardiopulmonary Resuscitation
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106 (70.7%)

Bowel ischemia

Table 1: Preoperative characteristics.
N=150

184 ± 73

Y graft

Complication

Results

Variables

N=150
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Conclusion

reduce incidence of complications, and shorter length of ICU and
in-hospital stay, it has disadvantages such as limited instructions
for use, endoleak, device time-lag, and Abdominal Compartment
Syndrome (ACS). Although a considerable number of cases that are
ineligible for EVAR might have been included in the OR groups, both
procedures cannot be compared simply. EVAR also has the problem
of open conversion due to endoleak. Karkos et al. [6] reported that
6% of EVAR converted to OR in emergent cases and the mortality
rate rose in the conversion cases. In addition, EVAR could not detect
and immediately manage bowel ischemia in RAAA. Our study had
nine cases of bowel ischemia. Rubenstein et al. [14] reported that 30%
of RAAA patients developed ACS; more frequently in OR than in
EVAR, and the mortality rate was higher in patients with ACS. Based
on this evidence, we hesitate to apply EVAR to whole RAAA and we
have consistently opted for OR.

Compared with other studies, the early outcome of OR for
RAAA in this study was satisfactory. Preoperative shock was the
strong predictor of 30-day mortality. To improve early outcome, it is
important to control preoperative hemodynamic instability. OR had
fewer long-term aortic related re-interventions than EVAR. RAAA
has morphologic or hemodynamic variety, and it is thus necessary to
choose the optimal treatment on a case-by-case basis.
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