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WHAT THIS PAPER ADDS

This paper presents a comprehensive overview of the diagnostic value of endoscopy in colonic ischaemia (CI)
after aneurysm surgery. The 12 prospective studies included in this review showed that endoscopy is an accurate
tool in ruling out CI rather than diagnosing the presence of the clinically relevant transmural CI. Endoscopy is a
safe diagnostic test as none of the studies reported adverse events. The decision whether an exploratory lap-
arotomy is necessary should also include the presence of pre- and post-operative risk factors of patients sus-
pected of CI.
Background: Colonic ischaemia (CI) is a devastating complication after abdominal aortic aneurysm (AAA) surgery.
The aim of this review was to evaluate the diagnostic test accuracy of routine endoscopy in diagnosing CI after
treatment for elective and acute AAA.
Patients and methods: The Pubmed and Embase database searches resulted in 1188 articles. Prospective studies
describing routine post-operative colonoscopy or sigmoidoscopy after elective or emergency AAA repair were
included. The study quality was assessed with the QUADAS-2 tool. Sensitivity and specificity forest plots were
drawn. Diagnostic odds ratios were calculated by a random effect model.
Results: Twelve articles were included consisting of 718 AAA patients of whom 44% were treated electively, 56%
ruptured and, 6% by endovascular repair. Of all patients, 20.8% were identified with CI (all grades), and 6.5% of
patients had Grade 3 CI. The pooled diagnostic odds ratio for all grades of CI on endoscopy was 26.60 (95% CI
8.86e79.88). The sensitivity and specificity of endoscopy for detection of Grade 3 CI after AAA repair was 0.52
(95% CI, 0.31e0.73) and 0.97 (95% CI 0.95e0.99) respectively. The positive post-test probability is up to 60% in
all kinds of AAA patients and 68% in ruptured AAA patients.
Conclusion: Routine endoscopy is highly accurate for ruling out CI after AAA repair. Clinicians should be aware
that endoscopy is less accurate in diagnosing the presence of the clinically relevant transmural CI. Endoscopy is a
safe diagnostic test to use routinely as none of the studies reported adverse events.
� 2018 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
Article history: Received 30 August 2017, Accepted 8 February 2018, Available online 17 March 2018
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INTRODUCTION

Colonic ischaemia (CI) is a rare but severe and potentially
fatal complication after abdominal aortic aneurysm (AAA)
repair. Recent reports have shown an incidence of clinically
significant CI of 1.4e2.8% after elective repair of an AAA
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and even higher after ruptured AAA.1e4 CI can raise the
mortality more than sevenfold after emergency repair
compared with elective repair.5 Open repair, emergency
repair, peri-operative hypotension, abdominal compartment
syndrome, and female sex are known risk factors for
developing CI after AAA repair.

To lower the mortality after AAA repair, the early diag-
nosis of CI is important to allow for prompt and timely
treatment of CI.6 Different tests have been studied to
determine the presence of CI but most lack specificity.7e10

Bloody diarrhoea or early passage of stool occurred only in
just over half of patients with transmural CI which makes
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Accuracy of Endoscopy after AAA repair for CI 23
clinical assessment very challenging. Moreover, measuring
intra-abdominal pressure or sigmoid intramural pH did not
correlate sufficiently with the occurrence of CI.

The diagnostic test most frequently used for diagnosing
CI is sigmoidoscopy or colonoscopy. The majority of CI
diagnosed on endoscopy will not involve transmural CI and
will resolve with supportive care. However, full thickness CI
may lead to colonic perforation and associated increased
mortality and thus necessitates immediate diagnosis and
treatment.

The aim of this review was to evaluate the diagnostic test
accuracy of routine endoscopy in diagnosing CI after treat-
ment for AAA, in both the elective and emergency setting.

METHODS

This systematic review was written according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA)11 and the Cochrane handbook for
diagnostic test accuracy reviews.12

Objective

The study objective was divided in three key questions to
improve full clinical comprehension.
Key question 1: What is the value of endoscopy (all
grades) to diagnose CI confirmed at positive
laparotomy or CI related death in AAA patients?
Key question 2: What is the value of Grade 3 CI
(transmural) at first post-operative endoscopy
confirmed at positive laparotomy or confirmation of
CI on post-mortem in AAA patients?
Key question 3: What is the value of Grade 3 CI
(transmural) at first post-operative endoscopy
confirmed at positive laparotomy or confirmation of
CI on post-mortem in ruptured AAA patients?
Data sources

PubMed and Embase were searched up to March 1, 2017,
identifying eligible studies. The search strategy was formu-
lated with the assistance of a clinical librarian (see
Supplementary material 1). Medical subject heading13

terms and additional free entry terms for the patient
groups (patients with an AAA, ruptured or elective, treated
endovascular or with open surgery), the diagnostic test and
result (endoscopy with CI), the reference standard (lapa-
rotomy), and outcome (sensitivity and specificity) were
used. The references of the selected papers were reviewed
for the completion of the list of articles eligible for full text
assessment.

Study selection

Two investigators (G.v.M. and G.M.) individually reviewed
1188 titles and abstracts. Discrepancies were resolved
through consensus and consultation with the last author.
Pre-specified inclusion and exclusion criteria in the research
protocol were used to select potentially eligible studies for
full text analysis. Inclusion of a study followed if the study
used prospective data and performed at least one manda-
tory (routine) endoscopy after AAA repair. Acute and elec-
tively treated AAA patients were included as well as open
and endovascular treated AAA patients. Both colonoscopy
and sigmoidoscopy based studies were included. The en-
doscopies had to be done in the same admission as the
initial treatment of the AAA. The studies needed to include
at least 10 patients. There was no restriction in the year of
publication or language of the study. The process of study
inclusion was summarised in a flow diagram with explana-
tion of exclusion of studies mentioned.

Data extraction

The two investigators (G.v.M. and G.M.) independently
extracted the necessary information from the eligible arti-
cles. The data were cross-checked, and any discrepancies
were resolved by discussion between the two investigators.
Some of the studies also reported on the grade of CI: Grade
1 was defined as mucosal ischaemia; Grade 2 was defined
as mucosal ischaemia and involvement of the muscularis
layer; and Grade 3 was defined as transmural ischaemia,
gangrene, and perforations.14 If any of the main variables
were missing or not reported separately for AAA patients
and aortic occlusive disease the authors of that particular
study were contacted.

Quality assessment

The methodological quality of the included studies was
independently assessed by two investigators (G.v.M. and
G.M.). The quality assessment tool for diagnostic accuracy
studies guidelines (QUADAS-2)15 was used to judge the risk
of bias and applicability of the studies for the research
question. Patient selection, the index test, the reference
standard, and flow and timing were included in this
assessment.

Data synthesis and analysis

Sensitivity and specificity forest plots were drawn using
RevMan version 5.3.316 per key question. Pooled sensitiv-
ities and specificities were calculated using 2 � 2 contin-
gency tables and reported to show an estimation of the
direction of the trend. Heterogeneity was investigated using
the I2 statistic and interpreted as follows: 0e40% was
considered not to be important, 30e60% represented
moderate heterogeneity, 50e90% represented substantial
heterogeneity, 75e100% indicated considerable heteroge-
neity.17 The heterogeneity of the included studies was also
visually drawn for all analyses in hierarchical summary
receiver operating characteristics (HSROC). Publication bias
was tested using the linear regression method and funnel
plot of Deeks et al.18 A p value < .05 in this linear regres-
sion model indicated potential publication bias.

For the three key questions the pooled odds ratios were
calculated using a random effect model because there was
moderate heterogeneity between studies. Weighted esti-
mates for each study were calculated and illustrated in a
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forest plot. To evaluate the meaning of a positive or nega-
tive test result the pre-test probability, and positive and
negative post-test probability were calculated and shown in
a bar chart. All tests were two sided with a p < .05 indi-
cating statistical significance. Meta-analyses were per-
formed using STATA version 13.0 (StataCorp, College
Station, TX, USA).

RESULTS

The search strategy identified 1188 potential studies after
excluding duplicate records. Twelve prospective cohort
studies met the inclusion criteria for the final analysis
(Fig. 1).6,10,14,19e27 The studies included a total of 845 aortic
surgery patients of which 718 were aneurysm patients
(elective 44%, ruptured 56%). No randomised controlled
trials were identified. The full overview of study variables is
shown in Table 1. Included patients were 86.6% male with a
mean age of 69.5 years. Only one study included patients
treated exclusively endovascularly (44 patients). All patients
underwent a routine sigmoidoscopy or colonoscopy post-
operatively (median time 3 days, range 1e13 days). At
endoscopy 20.8% patients were identified with CI (all
grades); 6.5% of patients had Grade 3 CI. Sixty-eight percent
of patients with Grade 3 CI underwent a laparotomy. A
resection or confirmation of transmural CI was reported in
Figure 1. PRISMA flow diag
74% of all laparotomies performed. The reported CI related
death rate was 3.7% (20/546, 9 studies). This accounts for
24.2% of the total 30 day mortality (16/66, 6 studies).
Quality assessment, heterogeneity, and publication bias

The quality assessment of all included studies is shown in
Fig. 2. Some studies included not only patients with an
aneurysm but also occlusive aortic disease, which accounts
for the higher risk of bias assessment in patient selection.
However, the results were mostly reported separately for
both types of patients in these studies. The general risk of
bias and applicability was deemed to be low in the included
studies. The heterogeneity chi square statistic was 3.70
(p ¼ .079) and the I2 statistic was 46% (95% CI 0e100),
which indicate moderate heterogeneity that is to be ex-
pected in a diagnostic accuracy test review.12 In Fig. 3 the
HSROC per key question is shown to visually interpret the
heterogeneity as well. Significant evidence of publication
bias was found (p ¼ .001, Supplementary material 2) by
using the linear regression method of Deeks et al.18
Key questions

In Fig. 4 the forest plots of sensitivities and specificities
related to the three key questions is shown. These forest
ram of study selection.



Table 1. Study characteristics and outcomes of the included studies.

Variables studies Study duration Number of
patients

AAA surgery Colonoscopy AAA patients Laparotomy AAA patients 30 day
mortality
AAA patients

Total AAA
surgery

Non-
ruptured

Ruptured N (%) CI (n) with gradesa Time after
surgery

N Positive
laparotomy

Assadian 2008 Jan 1999eDec 2003 100 100 N/A N/A 100 (100%) 13
9 Gr 1e2
4 Gr 3

3e6 days 1 1 N/A

Bast 1990e Jan 1986eJul 1987 107 107 69 38 100 (100%)b 9
6 Gr 1e2
3 Gr 3

Days 2 and 4 3 1 N/A

Champagne 2004 Jul 1995eSep 2002 88 88 0 88 62 (86%)b 24
18 Gr 1e2
6 Gr 3

<48 h 9 9 24% (21/88)

Champagne 2007 Jan 2002eJan 2006 44 44 (all EVAR) 0 44 36 (92%)b 8
6 Gr 1e2
2 Gr 3

<24 h 3 3 N/A

Ernst 1976 N/A 50 27 25 2 27 (100%) 2 <4 days 0 0 3.7% (1/27)
Fanti 1997 May 1991eMay 1994 105 105 88 17 105 (100%) 12 <3 days 0 0 N/A
Megalopoulos 2008 Mar 1999eDec 2005 62 59 0 59 59 (100%) 19

16 Gr 1e2
3 Gr 3

<48 h þ
every 12 h

11 9 29.0% (18/62)

Scherpenisse and
van Hees 1989e

‘2 years’ 48 48 (4 TAAA) 25
(2 TAAA)

23
(2 TAAA)

48 (100%) 24
15 Gr 1e2
9 Gr 3

<4 days 4 1 14.6% (7/48)

Schiedler 1987 May 1985eFeb 1986 34 20 16 4 20 (100%) 9 <13 days
mean 3.2 days

3 3 N/A

Tottrup 2013 Jan 2010eSep 2011 51 41 0 41 41 (100%) 9
5 Gr 1e2
4 Gr 3

<24 h 2 2 33.3% (17/51)

Welch 1998 N/A 56 28 28 0 28 (100%) 16d <7 days 0 0 34% (19/56)
Zelenock 1989 1983e1986 100 58 N/A N/A 58 (100%) 3 <48 h 3c 0c 2% (2/100)
Total 1976e2011 845

(12 studies)
718
(12 studies)

248/560
(44%, 10
studies)

312/560
(56%, 10
studies)

718 (12
studies)

148/718 (20.8%,
12 studies)
Grade 3: 31/480
(6.5%, 7 studies)

Median 3 days
(12 studies)

39/718 (5.4%,
12 studies)

29/718 (4.0%,
9 studies)
74.4% positive
laparotomies

85/432
(19.7%,
7 studies)

AAA ¼ abdominal aortic aneurysm; CI ¼ colonic ischaemia; EVAR ¼ endovascular aortic repair; TAAA ¼ thoraco-abdominal aortic aneurysm.
a Grades of CI; Grade 1 was defined as mucosal ischaemia; Grade 2 was defined as mucosal ischaemia and involvement of the muscularis layers; and Grade 3 was defined as transmural
ischaemia, gangrene, and perforations.
b Percentage of patients who survived long enough to be offered a colonoscopy, were not lost to follow up for other reasons.
c Data according to all patients included in the study not only AAA patients.
d The diagnosis of ischaemic colitis was determined by colonoscopy and histology.
e Studies from the same hospital in which the included patients might have overlapped.
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Figure 2. QUADAS-2 tool for quality assessment of the included studies for risk of bias and applicability concerns.

Figure 3. Hierarchical summary receiver operating characteristics (HSROC) per Key Question (KQ1e3). KQ1: all grades of CI on colonoscopy
confirmed at positive laparotomy or confirmation of CI on postmortem in all AAA patients. KQ2: Grade 3 CI (transmural) on colonoscopy
confirmed at positive laparotomy or confirmation of CI on postmortem in all AAA patients. KQ3: Grade 3 CI (transmural) on colonoscopy
confirmed at positive laparotomy or confirmation of CI on postmortem in ruptured AAA patients. AAA ¼ abdominal aortic aneurysm;
CI ¼ colonic ischaemia; HSROC ¼ hierarchical summary receiver operating characteristics.
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plots graphically show the differences in the sensitivities
and specificities of the studies.

Key question 1: All grades of CI on colonoscopy confirmed
at positive laparotomy or confirmation of CI on post-
mortem in all AAA patients. To answer the first key ques-
tion the estimated pooled sensitivity was 1.00 (95% CI
0.88e1.00) because no false negative test results were re-
ported and the specificity was 0.83 (95% CI 0.80e0.86)
(Fig. 4). The positive predictive value (PPV) for this test was
0.20 (95% CI 0.17e0.22) and the negative predictive value
was 1.00. Some of the studies included only the final results
of endoscopy since the endoscopy was repeated post-
operatively. The pooled diagnostic odds ratio for all grades
of CI on endoscopy was 26.60 (95% CI 8.86e79.88) as
shown in Fig. 5. The diagnostic odds ratio reflects the
diagnostic test accuracy of the index test and describes how
many times higher the odds are of obtaining a positive test
result in a diseased rather than a non-diseased person.12
Key question 2: Grade 3 CI (transmural) on colonoscopy
confirmed at positive laparotomy or confirmation of CI on
post-mortem in all AAA patients. The clinically more
important second key question, to diagnose Grade 3 CI by
endoscopy, showed an estimated pooled sensitivity of 0.52
(95% CI 0.31e0.73) and specificity of 0.97 (95% CI 0.95e
0.99) (Fig. 4). The PPV was 0.63 (95% CI 0.43e0.80) and the
NPV 0.96 (0.94e0.97). This corresponds with endoscopy
being able to exclude CI reliably but in contrast, having a
positive test result does not mean CI is definitely present in
all cases. The pooled diagnostic odds ratio for Grade 3 CI on
the first endoscopy was 50.40 (95% CI 13.89e182.89),
which suggests good discriminative power of the test.

Key question 3: Grade 3 CI (transmural) on colonoscopy
confirmed at positive laparotomy or confirmation of CI on
post-mortem in ruptured AAA patients. For ruptured AAA
patients (KQ3) the estimated pooled sensitivity of the first
endoscopy after repair was 0.50 (95% CI 0.28e0.72) with a

John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel




Figure 4. Forest plots of the sensitivities and specificities of the different key questions. KQ1: all grades of CI on colonoscopy confirmed at
positive laparotomy or confirmation of CI on post-mortem in all AAA patients. KQ2: Grade 3 CI (transmural) on colonoscopy confirmed at
positive laparotomy or confirmation of CI on postmortem in all AAA patients. KQ3: Grade 3 CI (transmural) on colonoscopy confirmed at
positive laparotomy or confirmation of CI on postmortem in ruptured AAA patients. TP ¼ true positives; FP ¼ false positives; FN ¼ false
negatives; TN ¼ true negatives.
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specificity of 0.97 (95% CI 0.92e0.99) (Fig. 4). The PPV was
0.73 (95% CI 0.49e0.89) and the NPV 0.92 (95% CI 0.88e
0.94). These results are quite similar to KQ2 as most studies
included ruptured aneurysm patients. The pooled diagnostic
odds ratio for Grade 3 CI on the first endoscopy in ruptured
AAA patients was 47.78 (95% CI 12.09e188.81). There was
no significant difference in the incidence of CI between
patients treated endovascularly and those treated by open
surgery for ruptured aneurysms (6.8% vs. 10.6% resp.
p ¼ .58). This non-significant difference could be explained
by the small EVAR group that could be included in this
review.

Pre- and post-test probabilities

To interpret the results of a positive or negative endoscopy
after aneurysm repair the pre- and post-test probabilities
were calculated (Fig. 6). This shows that having a positive
endoscopy with any grade of CI, the chances of truly
developing clinically relevant CI increase up to 22%. This is
much higher if only Grade 3 is analysed, in which the
positive post-test probability goes up to 60% in both elec-
tive and ruptured AAA patients and 68% in ruptured AAA
patients. The chance of developing Grade 3 CI when the first
endoscopy was negative, decreases to 5% post-endoscopy
for all types of AAA patients, and to 7% for ruptured AAA
patients.

DISCUSSION

This review evaluated the diagnostic accuracy of routine
post-operative endoscopy in diagnosing CI after AAA repair.
Endoscopy shows a high negative predictive value for
diagnosing CI but a less sufficient positive predictive value.
Therefore endoscopy has a place in clinical practice ruling
out CI when the suspicion arises but does not necessarily
allow the clinician to link a positive result to immediate
laparotomy. The most ideal timing for the first endoscopy
appears to be between days 2 and 3 after initial treatment
as most patients were diagnosed around this time in the
included studies. Particularly for patients treated for a
ruptured AAA, in whom the incidence is highest (10% in this
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Figure 5. Pooled diagnostic odds ratios (OR) for Key Question 1: all grades of CI on colonoscopy confirmed at positive laparotomy or
confirmation of CI on postmortem in all AAA patients. AAA ¼ abdominal aortic aneurysm; CI ¼ colonic ischaemia.

Figure 6. Pre- and post-test probabilities of the different Key Questions (KQ1e3). KQ1: all grades of CI on colonoscopy confirmed at
laparotomy or confirmation of CI on postmortem in all AAA patients. KQ2: Grade 3 CI (transmural) on colonoscopy confirmed at positive
laparotomy or confirmation of CI on postmortem in all AAA patients. KQ3: Grade 3 CI (transmural) on colonoscopy confirmed at positive
laparotomy or confirmation of CI on postmortem in ruptured AAA patients. AAA ¼ abdominal aortic aneurysm; CI ¼ colonic ischaemia.
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review), endoscopy has additional value to screen for CI.
Additionally, none of the studies reported any adverse
events due to the endoscopy. Therefore, the use of routine
endoscopy, especially in ruptured AAA patients, could be a
safe method to screen for CI after repair as presenting
symptoms of CI are frequently unreliable and non specific.7

The reported overall pre-test probability in this review of
7% for CI is the combined incidence for elective and
emergency AAA repair and therefore higher compared with
most elective AAA studies.4 Additionally, this reported
incidence might be slightly higher than previously published
cohorts because of the mandatory endoscopy protocol
resulting in a overestimation of the clinically relevant
transmural CI in whom intervention is necessary. Unfortu-
nately, not enough data from the included studies were
present to distinguish the value of endoscopy between
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open and endovascularly treated patients reliably. Cham-
pagne et al.14 was the only study including endovascularly
treated AAAs and showed an incidence of CI of 6.8% in
ruptured AAA patients against 10.6% in the ruptured AAA
patients treated by open surgery but this was not signifi-
cantly different. Previous cohorts did show that the inci-
dence of CI was significantly higher in patients treated by
open repair than endovascular repair. No difference in CI
incidence was shown in the AJAX or IMPROVE trial between
the two treatment modalities for ruptured AAAs28,29 or
elective endovascular and open AAA repair (DREAM trial;
n ¼ 2 after open vs. n ¼ 1 after endo).30

As endoscopy also identifies clinically less important
ischaemic lesions the sensitivity is relatively low. Endoscopy
is insufficient to differentiate between severe mucosal
ischaemia and clinically relevant transmural ischaemia.31

Only a subsequent laparotomy can definitively confirm
the presence of transmural ischaemia. A quarter of patients
who underwent a laparotomy in this review had a negative
laparotomy but it is unclear how this affected the morbidity
and mortality in these patients.

It is important to realise the mechanism of developing CI
after AAA repair is multifactorial and it is suggested to be
caused by ligation of the inferior mesenteric artery (IMA)
with occluded or stenotic internal iliac arteries,9,22 hypo-
perfusion in the acute setting and during aortic clamp-
ing,6,14,32 and abdominal compartment syndrome.8

Endoscopy might cause an extra risk of increased intra-
abdominal pressure (IAP) due to insufflation. If the pa-
tient has a borderline IAP, CI may develop as a complication
of the investigation, although this cannot be corroborated
with data.

Other means to identify patients with CI or who are likely
to develop it have previously been studied. Variables such
as age, hypotension, ligation of hypogastric artery, aortic
clamping time, open repair, and many more have been
described as potential risk factors.4,6,9,27 A recent review
including risk factors for CI could only identify open surgery
and emergency repair as definite risk factors for CI.5

Champagne et al.14 showed that lactate was a good
marker for CI, although this is contradicted by others.32

Furthermore, there is evidence that if lactate is used,
plasma D-lactate is more reliable than total blood
lactate.33,34 D-lactate is produced by colonic bacteria rather
than the non specific L-lactate. The use of modalities like
intramucosal pH and IMA stump pressure have not proven
their additional worth.10

Diagnostic accuracy test reviews are generally affected by
high heterogeneity and bias. In this review heterogeneity
was attributable to different types of endoscopy, timing of
the endoscopy after initial treatment (e.g., up to 13 days
after AAA repair in the study of Schiedler et al.10) and the
different thresholds for performing laparotomy. In addition
to this, the publication date of the included studies was
diverse. Also, according to the reported significant publi-
cation bias, studies that were not published due to negative
results or other reasons could not be included in this re-
view.15 From two of the included studies it remains unclear
if study cohorts overlap as they are from the same hospital.
This would mean patients might have been included twice
in this review.

As the incidence of CI is low, a large number of patients is
necessary to reach sufficient statistical power. None of the
included prospective studies mentioned a thorough power
calculation to address this issue.

In conclusion, routine endoscopy has a high accuracy to
rule out CI after AAA repair and is safe. Clinicians should be
aware that endoscopy is less accurate in diagnosing the
presence of clinically relevant transmural CI. The chance of
truly having transmural CI after the diagnosis Grade 3 CI on
endoscopy is 60% in contrast to only 5% when Grade 3 is
not present on endoscopy. Endoscopy is a safe diagnostic
test to use routinely as none of the studies reported
adverse events. In future research a risk score might be
developed to decide which patients would benefit most
from endoscopy post-repair based on peri-operative risk
factors. The decision whether a laparotomy is necessary
should also include the presence of pre- and post-operative
risk factors and comorbidities of patients suspected of CI.

CONFLICT OF INTEREST

None.

FUNDING

None.

APPENDIX A. SUPPLEMENTARY DATA

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.ejvs.2018.02.008.

REFERENCES

1 Miller A, Marotta M, Scordi-Bello I, Tammaro Y, Marin M,
Divino C. Ischemic colitis after endovascular aortoiliac aneu-
rysm repair: a 10-year retrospective study. Arch Surg 2009;144:
900e3.

2 Moghadamyeghaneh Z, Sgroi MD, Chen SL, Kabutey NK,
Stamos MJ, Fujitani RM. Risk factors and outcomes of post-
operative ischemic colitis in contemporary open and endo-
vascular abdominal aortic aneurysm repair. J Vasc Surg
2016;63:866e72.

3 Perry RJ, Martin MJ, Eckert MJ, Sohn VY, Steele SR. Colonic
ischemia complicating open vs endovascular abdominal aortic
aneurysm repair. J Vasc Surg 2008;48:272e7.

4 Ultee KH, Zettervall SL, Soden PA, Darling J, Bertges DJ,
Verhagen HJ, et al. Incidence of and risk factors for bowel
ischemia after abdominal aortic aneurysm repair. J Vasc Surg
2016;64:1384e91.

5 Lee MJ, Daniels SL, Drake TM, Adam IJ. Risk factors for
ischaemic colitis after surgery for abdominal aortic aneurysm: a
systematic review and observational meta-analysis. Int J Colo-
rectal Dis 2016;31:1273e81.

6 Tottrup M, Fedder AM, Jensen RH, Tottrup A, Laustsen J. The
value of routine flexible sigmoidoscopy within 48 hours after
surgical repair of ruptured abdominal aortic aneurysms. Ann
Vasc Surg 2013;27:714e8.

7 Bjorck M, Bergqvist D, Troeng T. Incidence and clinical pre-
sentation of bowel ischaemia after aortoiliac surgeryd2930

https://doi.org/10.1016/j.ejvs.2018.02.008
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref1
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref1
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref1
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref1
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref1
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref2
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref2
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref2
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref2
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref2
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref2
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref3
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref3
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref3
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref3
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref4
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref4
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref4
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref4
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref4
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref5
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref5
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref5
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref5
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref5
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref6
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref6
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref6
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref6
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref6
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref7
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref7
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref7
John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel




30 Gerdine C.I. von Meijenfeldt et al.
operations from a population-based registry in Sweden. Eur J
Vasc Endovasc Surg 1996;12:139e44.

8 Djavani K, Wanhainen A, Valtysson J, Bjorck M. Colonic
ischaemia and intra-abdominal hypertension following open
repair of ruptured abdominal aortic aneurysm. Br J Surg
2009;96:621e7.

9 Ernst CB, Hagihara PF, Daugherty ME, Griffen Jr WO. Inferior
mesenteric artery stump pressure: a reliable index for safe IMA
ligation during abdominal aortic aneurysmectomy. Ann Surg
1978;187:641e6.

10 Schiedler MG, Cutler BS, Fiddian-Green RG. Sigmoid intramural
pH for prediction of ischemic colitis during aortic surgery. A
comparison with risk factors and inferior mesenteric artery
stump pressures. Arch Surg 1987;122:881e6.

11 Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred
reporting items for systematic reviews and meta-analyses: the
PRISMA statement. PLoS Med 2009;6. e1000097.

12 Deeks JJWS, Davenport C. Chapter 4: guide to the contents of a
Cochrane diagnostic test accuracy protocol. In: Deeks JJ,
Bossuyt PM, Gatsonis C, editors. Cochrane Handbook for sys-
tematic reviews of diagnostic test accuracy version 1.0.0. The
Cochrane Collaboration; 2013. Retrieved February 22, 2018,
http://srdta.cochrane.org/.

13 Sheth R, Someshwar V, Warawdekar G. Treatment of acute
lower gastrointestinal hemorrhage by superselective trans-
catheter embolization. Indian J Gastroenterol 2006;25:290e4.

14 Champagne BJ, Darling 3rd RC, Daneshmand M, Kreienberg PB,
Lee EC, Mehta M, et al. Outcome of aggressive surveillance
colonoscopy in ruptured abdominal aortic aneurysm. J Vasc
Surg 2004 Apr;39:792e6.

15 Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ,
Reitsma JB, et al. QUADAS-2: a revised tool for the quality
assessment of diagnostic accuracy studies. Ann Intern Med
2011;155:529e36.

16 Collaboration TC. Review manager (RevMan) [computer Pro-
gram]. Version 5.3. Copenhagen: The Nordic Cochrane Centre;
2014.

17 Higgins JPT. Cochrane handbook for systematic reviews of in-
terventions version 5.1.0. The Cochrane Collaboration; 2011
[updated March 2011]. Retrieved February 22, 2018, from,
www.handbook.cochrane.org.

18 Deeks JJ, Macaskill P, Irwig L. The performance of tests of
publication bias and other sample size effects in systematic
reviews of diagnostic test accuracy was assessed. J Clin Epi-
demiol 2005;58:882e93.

19 Assadian A, Senekowitsch C, Assadian O, Hartleb H,
Hagmuller GW. Diagnostic accuracy of sigmoidoscopy
compared with histology for ischemic colitis after aortic
aneurysm repair. Vascular 2008;16:243e7.

20 Bast TJ, van der Biezen JJ, Scherpenisse J, Eikelboom BC.
Ischaemic disease of the colon and rectum after surgery for
abdominal aortic aneurysm: a prospective study of the inci-
dence and risk factors. Eur J Vasc Surg 1990;4:253e7.

21 Champagne BJ, Lee EC, Valerian B, Mulhotra N, Mehta M.
Incidence of colonic ischemia after repair of ruptured
abdominal aortic aneurysm with endograft. J Am Coll Surg
2007;204:597e602.

22 Ernst CB, Hagihara PF, Daughtery ME, Sachatello CR,
Griffen Jr WO. Ischemic colitis incidence following abdominal
aortic reconstruction: a prospective study. Surgery 1976;80:
417e21.

23 Fanti L, Masci E, Mariani A, Chiesa R, Jannello A, Melissano G,
et al. Is endoscopy useful for early diagnosis of ischaemic colitis
after aortic surgery? Results of a prospective trial. Ital J Gas-
troenterol Hepatol 1997;29:357e60.

24 Megalopoulos A, Vasiliadis K, Tsalis K, Kapetanos D, Bitzani M,
Tsachalis T, et al. Reliability of selective surveillance colonos-
copy in the early diagnosis of colonic ischemia after successful
ruptured abdominal aortic aneurysm repair. Vasc Endovasc
Surg 2007;41:509e15.

25 Scherpenisse J, van Hees PA. The endoscopic spectrum of
colonic mucosal injury following aortic aneurysm resection.
Endoscopy 1989;21:174e6.

26 Welch M, Baguneid MS, McMahon RF, Dodd PD, Fulford PE,
Griffiths GD, et al. Histological study of colonic ischaemia after
aortic surgery. Br J Surg 1998;85:1095e8.

27 Zelenock GB, Strodel WE, Knol JA, Messina LM, Wakefield TW,
Lindenauer SM, et al. A prospective study of clinically and
endoscopically documented colonic ischemia in 100 patients
undergoing aortic reconstructive surgery with aggressive
colonic and direct pelvic revascularization, compared with
historic controls. Surgery 1989;106:771e9. discussion 779e
780.

28 IMPROVE Trial Investigators, Powell JT, Sweeting MJ,
Thompson MM, Ashleigh R, Bell R, et al. Endovascular or open
repair strategy for ruptured abdominal aortic aneurysm: 30 day
outcomes from IMPROVE randomised trial. BMJ 2014;348:
f7661.

29 Reimerink JJ, Hoornweg LL, Vahl AC, Wisselink W, van den
Broek TA, Legemate DA, et al. Endovascular repair versus open
repair of ruptured abdominal aortic aneurysms: a multicenter
randomized controlled trial. Ann Surg 2013;258:248e56.

30 Prinssen M, Verhoeven EL, Buth J, Cuypers PW, van
Sambeek MR, Balm R, et al. A randomized trial comparing
conventional and endovascular repair of abdominal aortic an-
eurysms. N Engl J Med 2004;351:1607e18.

31 Houe T, Thorboll JE, Sigild U, Liisberg-Larsen O, Schroeder TV.
Can colonoscopy diagnose transmural ischaemic colitis after
abdominal aortic surgery? An evidence-based approach. Eur J
Vasc Endovasc Surg 2000;19:304e7.

32 Levison JA, Halpern VJ, Kline RG, Faust GR, Cohen JR. Periop-
erative predictors of colonic ischemia after ruptured abdominal
aortic aneurysm. J Vasc Surg 1999;29:40e5. discussion 45e47.

33 Assadian A, Assadian O, Senekowitsch C, Rotter R, Bahrami S,
Fürst W, et al. Plasma D-lactate as a potential early marker for
colon ischaemia after open aortic reconstruction. Eur J Vasc
Endovasc Surg 2006;31:470e4.

34 Poeze M, Froon AH, Greve JW, Ramsay G. D-lactate as an early
marker of intestinal ischaemia after ruptured abdominal aortic
aneurysm repair. Br J Surg 1998;85:1221e4.

http://refhub.elsevier.com/S1078-5884(18)30105-9/sref7
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref7
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref7
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref8
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref8
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref8
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref8
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref8
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref9
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref9
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref9
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref9
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref9
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref10
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref10
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref10
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref10
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref10
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref11
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref11
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref11
http://srdta.cochrane.org/
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref13
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref13
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref13
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref13
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref14
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref14
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref14
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref14
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref14
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref15
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref15
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref15
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref15
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref15
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref16
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref16
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref16
http://www.handbook.cochrane.org
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref18
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref18
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref18
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref18
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref18
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref19
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref19
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref19
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref19
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref19
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref20
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref20
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref20
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref20
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref20
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref21
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref21
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref21
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref21
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref21
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref22
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref22
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref22
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref22
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref22
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref23
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref23
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref23
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref23
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref23
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref24
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref24
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref24
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref24
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref24
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref24
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref25
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref25
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref25
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref25
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref26
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref26
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref26
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref26
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref27
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref27
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref27
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref27
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref27
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref27
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref27
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref27
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref28
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref28
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref28
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref28
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref28
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref29
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref29
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref29
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref29
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref29
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref30
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref30
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref30
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref30
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref30
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref31
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref31
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref31
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref31
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref31
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref32
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref32
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref32
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref32
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref32
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref33
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref33
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref33
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref33
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref33
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref34
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref34
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref34
http://refhub.elsevier.com/S1078-5884(18)30105-9/sref34
John Vogel


John Vogel



	Accuracy of Routine Endoscopy Diagnosing Colonic Ischaemia After Abdominal Aortic Aneurysm Repair: A Meta-analysis
	Introduction
	Methods
	Objective
	Data sources
	Study selection
	Data extraction
	Quality assessment
	Data synthesis and analysis

	Results
	Quality assessment, heterogeneity, and publication bias
	Key questions
	Key question 1: All grades of CI on colonoscopy confirmed at positive laparotomy or confirmation of CI on post-mortem in al ...
	Key question 2: Grade 3 CI (transmural) on colonoscopy confirmed at positive laparotomy or confirmation of CI on post-morte ...
	Key question 3: Grade 3 CI (transmural) on colonoscopy confirmed at positive laparotomy or confirmation of CI on post-morte ...

	Pre- and post-test probabilities

	Discussion
	Conflict of interest
	Funding
	Appendix A. Supplementary data
	References


