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Purpose: The aim of this study was to retrospectively evaluate the association of need for early relaparotomy with clinical
outcomes after elective open repair of abdominal aortic aneurysms (AAAs).

Methods: A total of 292 consecutive patients who underwent elective open AAA repair at Asan Medical Center from January
2001 to December 2010 were included in this study, and we compared the demographics, clinical characteristics, related
risk factors, and clinical outcomes of early relaparotomy versus nonrelaparotomy patients.

Results: The incidence of early relaparotomy during a single hospital stay was 4.1% (n = 12, and the most common causes
were bowel ischemia (n =5, 41.7%) and postoperative bleeding (n = 3, 25.0%). Among the demographics and clinical
characteristics significantly associated with relaparotomy were: age (P = 0.025), chronic obstructive pulmonary disease
(COPD) (P =0.010), number of RBC units transfused during the AAA repair (P = 0.022) and in the following week (P = 0.005),
and length of intensive care (P < 0.001) and overall hospital stay (P < 0.001). On multivariate analysis, presence of COPD
(P =0.009) and number of RBC units transfused during the AAA repair (P = 0.006) were statistically significantly associated
with relaparotomy. Furthermore, early relaparotomy was associated with perioperative (within 30 days) (P = 0.048) and
overall in-hospital mortality (P = 0.001).

Conclusion: Early relaparotomy has an adverse effect on clinical outcomes: increased mortality and hospital length of stay.

Presence of COPD and need for RBC transfusion are associated with early relaparotomy.

[Ann Surg Treat Res 2015;88(3):160-165]
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INTRODUCTION

Abdominal aortic aneurysm (AAA) is a degenerative disease
that becomes more prevalent with age. Due to the increase
in overall life expectancy in developed countries, more and
more elderly patients require AAA repair [1]. Open repair of
an infrarenal AAA has a considerably higher perioperative
mortality rate than endovascular aneurysm repair (EVAR),
approximately 5% versus 1%-2% [2-5]. This has, naturally,
increased the popularity of the endovascular approach to

elective repair. However, it should be acknowledged that these
procedures are performed for different indications (i.e., open
AAA repair is performed for aneurysms which are far more
anatomically complex), and even in this era of increasing
endovascular procedures, most surgeons still perform open
repair when the anatomy does not favor the use of EVAR [6-
9]. Although there have been many studies of the factors
associated with perioperative mortality in patients undergoing
open AAA repair [7-13], very few have considered whether early
relaparotomy is associated with the clinical outcomes.
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The aim of our study was to retrospectively evaluate the
risk factors and clinical outcomes of early relaparotomy after
elective open repair of an AAA.

METHODS

This was a retrospective, observational study, using data
extracted from patients’ medical records. The study protocol
was approved Asan Medical Center Institutional Review Board
(NO. 2014-0065). Between January 2001 and December 2010, a
total of 511 consecutive patients underwent an AAA repair at
our institution. Of these patients, 137 (26.8%) received EVAR
and 374 (73.2%) received open AAA repair. The treatment
modality for an AAA repair, whether EVAR or open AAA
repair, was determined by the morphology of an AAA based
on the preoperative computed tomography angiogram, the
patient’s comorbidities, and a thorough explanation of the
risks and benefits of each treatment modality. Among the 374
patients undergoing open AAA repair, 82 patients (21.9%) with
emergency repair of a ruptured AAA were excluded, and a total
of 292 patients (78.1%) who underwent an elective open AAA
repair were included in this study.

Elective open AAA repair was performed according to
accepted guidelines with resection of the aneurysm and graft
interposition. Patent internal iliac arteries were retained unless
there was severe calcification or aneurysmal change. A patent
inferior mesenteric artery was ligated, but it was anastomosed

to the graft when ischemia of the sigmoid colon was suspected
clinically (pale or pulseless sigmoid colon). The decision
whether to give a blood transfusion during the repair was made
by the anesthesiologist based on the volume of blood loss and
the vital signs. Postoperatively, transfusion was performed
when hemoglobin levels fell below 8 g/dL or if bleeding was
suspected based on a consistent decrease in hemoglobin or
blood pressure. Early relaparotomy was defined as the need
for opening of the peritoneum due to any causes located in the
abdominal cavity or on the abdominal wall during the patient's
hospital stay after open AAA repair. The operating time was
calculated from skin incision to closure, and the duration of
hospital stay was defined as the time from surgery to discharge.
Of the 292 patients, 12 (4.1%) had to undergo early relaparotomy
after elective open AAA repair during the same hospital stay.
We compared the demographics, clinical characteristics,
related risk factors, and clinical outcomes between the early
relaparotomy and nonrelaparotomy (control) patients.

We reported categorical data as counts and percentages, and
continuous data as means and standard deviations. To compare
continuous and categorical variables, we used the Mann-
Whitney U test, the chi-square test, or Fisher exact test. Kaplan-
Meier estimates of survival together with the log-rank test were
used to compare overall survival between the two groups. All
reported P-values were two-sided, and P-values <0.05 were
considered statistically significant. Statistical analysis was
performed with SPSS ver. 14.0 (SPSS Inc., Chicago, IL, USA).

Table 1. Demographic and preoperative clinical characteristics associated with early relaparotomy after open repair of

abdominal aortic aneurysm

Variable Total (n =292)

Age (yr) 67.1+9.2
Male sex 251 (86.0)
Body mass index (kg/m’) 23 5+3.0
Diabetes mellitus 1(14.0)
Hypertension 202 (69.2)
Smoking 166 (56.8)
Coronary artery disease 74 (25.3)
LV dysfunction (EF<45%) 11 (3.8)

Cerebrovascular accident 32 (11.0)
COPD 68 (27.0)
Chronic kidney disease 28(9.6)

Carotid artery stenosis” 34 (14.1)
Peripheral artery disease 30 (10.3)
Previous abdominal surgery 6(12.3)
Aspirin 108 (37.0)
Clopidogrel 42 (14.4)
B-blockers 74 (25.3)
Anticoagulants 3 (1.0

Values are presented as mean = standard deviation or number (%).

Relaparotomy (n =12)  Nonrelaparotomy (n =280)  P-value
71.7 £10.1 66.9 £9.2 0.025
10 (83.3) 241 (86.1) 0.679
22.1+4.2 23.6£3.0 0.100
1(8.3) 40 (14.3) 1.000

9 (75.0) 193 (68.9) 0.761

8 (66.7) 158 (56.4) 0.483
5(41.7) 9 (24.6) 0.188

0 (0) 1(3.9) 1.000
1(8.3) 1T(11.1) 1.000

7 (63.6) 1(25.3) 0.010
2(16.7) 6(9.3) 0.322
3(33.3) 1(13.4) 0.119

2 (16.7) 8 (10.0) 0.355

2 (16.7) 4(12.1) 0.648

6 (50.0) 102 (36.4) 0.370

2 (16.7) 40 (14.3) 0.685
5(41.7) 69 (24.6) 0.188

0 (0) 3(1.1) 1.000

LV, left ventricle; EF, ejection fraction; COPD, chronic obstructive pulmonary disease.

YUnilateral or bilateral stenosis >50%.
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Table 2. Perioperative and postoperative clinical characteristics associated with early relaparotomy after open repair of

abdominal aortic aneurysm

Variable Total (n =292) Relaparotomy (n =12)  Nonrelaparotomy (n = 280) P-value
Maximal diameter (cm) 6.20 = 1.59 6.02 + 1.65 6.21 +1.58 0.618
Suprarenal clamping 43 (14.7) 2 (16.7) 41 (14.6) 0.692
Operating time (min) 298.1 £ 82.6 346.7 +118.0 296.1 £ 80.4 0.091
Transfusion (RBC units)

Intraoperative 3.90 +£3.29 7.50 + 6.02 3.75+£30.5 0.022

Postoperative 7 days 1.11+£1.90 3.17 £ 4.00 1.02 +1.72 0.005
Internal iliac arteries” 253 (86.6) 10 (83.3) 243 (86.8) 0.666
Inferior mesenteric artery 7(2.4) 1(8.3) 6(2.1) 0.257
Length of ICU stay (day) 34+77 21.1£29.2 2.6 +3.7 <0.001
Length of hospital stay (day) 11.9+13.9 51.6 + 46.5 10.2 £ 6.7 <0.001
30-Day mortality 9.1 2(16.7) 7 (2.5) 0.048
In-hospital mortality 12 (4.1) 5(41.7) 7 (2.5) 0.001
Follow-up period (mo) 58.9 +39.9 26.4 £41.0 60.3 +38.7 <0.001

Values are presented as mean =+ standard deviation or number (%).

ICU, intensive care unit.
“Unilateral or bilateral internal iliac artery.

RESULTS

Between January 2001 and December 2010, 292 patients
underwent open repair of an intact AAA. Of these, 12 patients
(4.1%) underwent relaparotomy during the same hospital
stay. The patients’ demographic and preoperative clinical
characteristics are summarized in Table 1. Patient age was
the only demographic factor that was significantly different
in the relaparotomy and nonrelaparotomy groups (71.7 years
vs. 609 years, respectively, P = 0.025). Of the preoperative
clinical characteristics, only the presence of chronic obstructive
pulmonary disease (COPD) was significantly different in the
two groups (63.6% vs. 25.3%, relaparotomy vs. control, P =
0.010). Perioperative and postoperative clinical characteristics
are summarized in Table 2. The mean number of RBC units
transfused during the AAA repair and in the first 7 days after
the repair, the mean lengths of intensive care unit (ICU) stay
and overall hospital stay, and the perioperative (within 30 days)
and overall in-hospital mortality rates were all significantly
different between the two groups. The mean number of
RBC units transfused during AAA repair was 7.50 in the
relaparotomy patients and 3.75 in the nonrelaparotomy patients
(P = 0.022), and in the first 7 days after AAA repair, it was 3.17
units vs, 1.02 units, respectively (P = 0.005). The mean length
of stay in the ICU was 21.1 days in the relaparotomy patients
and 2.6 days in the control group (P < 0.001), and the overall
length of hospital stay was 51.6 days in the relaparotomy
patients and 10.2 days in the control group (P < 0.001). The
perioperative and overall in-hospital mortality rates among all
292 patients were 3.1% and 4.1%, respectively. The perioperative
mortality rate was 16.7% in the relaparotomy patients and 2.5%

Table 3. Multivariate analysis of risk factors associated with
early relaparotomy

Variable Odds ratio (95% CI)  P-value
Age 1.05 (0.96-1.15) 0.247
COPD 6.42 (1.60-25.75) 0.009
Intraoperative transfusion 1.23 (1.06-1.43) 0.006
Postoperative transfusion 1.23 (0.99-1.54) 0.060
Maximal diameter of AAA 0.63 (0.38-1.05) 0.075

Cl, confidence interval; COPD, chronic obstructive pulmonary
disease; AAA, abdominal aortic aneurysm.

in the controls (P = 0.048), and the overall in-hospital mortality
rate was 41.7% in the relaparotomy patients and 2.5% in controls
(P =0.001).

The difference in the mean operating times between the
relaparotomy and nonrelaparotomy patients may be clinically
significant, although it was not statistically significant (P =
0.092). Maximum diameter of the AAA, use of suprarenal
clamping, and postoperative patency of the internal iliac
arteries and the inferior mesenteric artery were not signi-
ficantly different in the two groups. On univariate analysis
of risk factors associated with early relaparotomy, increasing
age, presence of COPD, and need for RBC transfusions were
statistically significantly associated with early relaparotomy
(data not shown). On multivariate analysis, presence of COPD (P
= 0.009) and number of RBC units transfused during the AAA
repair (P = 0.006) were statistically significantly associated
with relaparotomy (Table 3).

In our study, two of the 12 patients received several
relaparotomies during the patients’” hospital stay after open
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Table 4. Causes of early relaparotomy after open abdominal
aortic aneurysm repair

Cause No. of patients (%)
Ischemic colitis 5(41.7)
Bleeding 3 (25.0)
Evisceration 2 (16.7)
Mechanical ileus 1(8.3)
Graft limb thromboembolism 1(8.3)
Total 12 (100)

Table 5. Causes of in-hospital mortality

Cause No. of patients (%)

Relaparotomy patients
Sepsis
Acute respiratory distress syndrome

5 (41.7)
4
1
Nonrelaparotomy patients 7 (2.5)
3
1
1
1
1

Acute respiratory distress syndrome
Myocardial infarction

Cerebral air embolism

Metabolic encephalopathy
Ruptured thoracic aortic aneurysm

AAA repair; one patient underwent two relaparotomies, and the
other underwent three, The mean interval from the AAA repair
to the first relaparotomy was 7 days. The causes of relaparotomy
are given in Table 4. The most common were bowel ischemia
(n = 5, 41.7%) and bleeding (n = 3, 25.0%). During the hospital
stay after open repair, there were 5 deaths (41.7%) among the
12 relaparotomy patients and 7 deaths (2.5%) among the 280
control patients (Table 5). In the relaparotomy patients, the
causes of death were sepsis (n = 4, 333%) and acute respiratory
distress syndrome (n = 1, 83%). In the nonrelaparotomy group,
the causes of death were acute respiratory distress syndrome (n
= 3, 1.1%), myocardial infarction (n = 1, 0.4%), and others (n =
3, 1.1%). Patients requiring early relaparotomy had an increased
rate of intraoperative and postoperative RBC transfusion,
increased length of ICU and hospital stay, and increased
mortality.

The Kaplan-Meier analysis showed that the survival rates
were significantly different in the two groups (P < 0.001) (Fig.
1). Cumulative patient survival at 1, 2, and 5 years was 50.0%,
40.0%, and 30.0%, respectively, in the relaparotomy patients and
94.3%, 92.0%, and 81.1%, respectively, in the nonrelaparotomy
patients.

DISCUSSION

Open repair of an infrarenal AAA is associated with con-
siderably higher perioperative mortality than EVAR, which has
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Fig. 1. Survival of relaparotomy and nonrelaparotomy pa-
tients after elective open abdominal aortic aneurysm repair.

increased the popularity of the endovascular approach for these
aneurysms. In our institution, there has also been a dramatic
evolution of elective AAA repair from open to EVAR over the
course of the study period (from January 2001 to December
2010). During the early study period (from January 2001 to
December 2006), only 18 patients received EVAR for an elective
AAA repair, whereas 119 patients received EVAR during the late
study period (from January 2007 to December 2010). However,
open AAA repair is still performed when the anatomy does not
favor the use of EVAR. In this study, we evaluated the causes
and risk factors of need for early relaparotomy and investigated
whether early relaparotomy had any effect on clinical outcomes.
We found that increasing age, presence of COPD, number of
RBC units transfused during AAA repair and for the first 7 days
afterwards, and lengths of ICU stay and overall hospital stay
were associated with early relaparotomy after open AAA repair.
Furthermore, early relaparotomy was significantly associated
with perioperative and overall in-hospital mortality rates.

In previous studies, both patient age and COPD have been
linked to poor prognosis after open AAA repair [10,13,14]. Our
findings suggest that they could also be risk factors of early
relaparotomy. Considering that the relaparotomy patients had
higher perioperative and overall mortality rates, it is possible
that increasing age and COPD play a role in both. The two
groups did not differ significantly in terms of factors that raise
the level of difficulty of AAA repair, including maximal AAA
diameter, use of suprarenal clamping, and obesity. However,
the mean operating time was longer in the relaparotomy
patients (not significantly so, but the difference may have had
clinical significance). When we compared the numbers of RBC
units transfused during and after the AAA repair in the two
groups, it was higher in the relaparotomy patients, and it may
not be incorrect to assume that relaparotomy is associated
with more bleeding complications. Although the exact etiology
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of postoperative ischemic colitis is not fully understood, it is
known that long operating times and large volumes of blood
loss are related risk factors [15], and ischemic colitis and
bleeding were the main causes of early relaparotomy in our
study. Additionally, a much longer ICU and hospital stay was a
natural outcome for the relaparotomy patients.

The incidence of ischemic colitis after open repair of an
intact AAA varies from 0.6% to 3% [16-18], and the perioperative
mortality rate due to ischemic colitis is reported to be 40%—60%
[15,19,20]. In this study, ischemic colitis, diagnosed by clinical
suspicion, computed tomographic scan and/or endoscopic
evaluation, was the most common cause of early relaparotomy
(n = 6, 50%). Three of the six patients died, mainly of sepsis
resulting from ischemic colitis. Postoperative bleeding, the
second most common cause of relaparotomy, may be preventable
in some cases, and it is critical to minimize such complications to
improve the clinical outcomes of open AAA repair.

Although many studies have attempted to identify factors
associated with mortality in patients undergoing open AAA
repair, and various risk assessment tools have been used to
predict perioperative mortality [10-13], there are few studies
investigating whether early relaparotomy can be a significant
risk factor to affect the clinical outcome in these patients. In

our study, patients requiring relaparotomy had a much higher
overall in-hospital mortality rate (41.7% vs. 25%, P = 0.001), and
lower five-year survival (30.0% vs. 81.1%, P < 0.001) than the
control group. Therefore, these findings seem to confirm that
need for early relaparotomy has a negative impact on short- and
long-term prognosis.

The main limitation of our study was that the relaparotomy
group was small and heterogeneous. Relaparotomy has many
indications, and the number of cases associated with each of
these indications was very small. Further studies with larger
numbers and with a multicenter design might be required to
confirm our findings.

In summary, early relaparotomy has an adverse effect on
clinical outcomes after open repair of intact AAAs: increased
mortality and hospital length of stay. Presence of COPD
and need for RBC transfusion are associated with early
relaparotomy.
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