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Abstract
Purpose There is no clear consensus on how to assess low
rectal anastomotic integrity and patency prior to reversal of
de-functioning stoma. The aim of this systematic review was
to assess the utility of contrast enema (CE) in this context and
to clarify the natural history of radiological leaks.
Methods Keyword search of electronic databases (Embase,
MEDLINE, Cochrane Library, Google Scholar) and biblio-
graphic cross-referencing were performed to identify appro-
priate studies. Data extraction and synthesis was performed
with the primary outcomes being the sensitivity and specific-
ity of CE for detecting clinically significant abnormalities.
Statistical analysis was performed using Open Meta-Analyst
software. Narrative review of outcomes including those of
clinical and radiological leaks was also undertaken.
Results A total of 1,142 CE from 11 articles were included in
the final meta-analysis. CE had high specificity (95.4; 95 %
confidence interval=92.0–97.4) and negative predictive value
(98.4; 97.4–99.1) and moderate sensitivity (79.9; 63.9–89.9)
and positive predictive value (64.6; 55.5–72.9) for the detec-
tion of clinically significant anastomotic problems. There was

a high degree of correlation between CE and clinical exami-
nation findings (96.7 %). Occult radiological leaks were seen
in 5.7 % of CE, and all but one (97 %) eventually underwent
successful reversal. Only three quarters of patients with clin-
ical leak underwent successful reversal.
Conclusion CE is effective at excluding clinically significant
anastomotic problems, especially after clinical anastomotic
leaks. However, false positive results can be observed in
asymptomatic patients, and it is unclear how much additional
information CE provides over clinical assessment in the low
uncomplicated anastomosis.

Keywords Low anterior resection . Ileostomy . Contrast
enema . Anastomotic leak

Introduction

Anastomotic leak after restorative low rectal surgery carries
serious short- and long-term sequalae [1]. Consequently, most
surgeons chose to protect such anastomoses with a loop sto-
ma. As a result, the true incidence of anastomotic dehiscence
may be somewhat masked, and the incidence of this compli-
cation varies widely in the literature from 3 to 21 % [2]. Nev-
ertheless, significant leaks do become clinically evident even
in the presence of faecal diversion [3], and occult leaks may be
detected after postoperative recovery by widespread use of
contrast enemas. The natural history of these leaks is not wide-
ly qualified, and figures for subsequent restoration of intesti-
nal continuity may vary from 20 to 60 % [4]. Consequently,
there are no best practice guidelines for timing of stoma clo-
sure, assessment of anastomotic integrity and management of
radiological leaks.

Mostly, low anastomoses are evaluated by digital rectal
examination (DRE), flexible endoscopy or a contrast enema.
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Although clinical examination is an integral part of this eval-
uation, the practice of performing a routine contrast enema has
been challenged more recently [5–7] and even omitted in
some cases [7–9]. The aims of this systematic review were
to assess the utility of performing contrast enema for anasto-
motic assessment after low rectal surgery and to examine the
natural history of radiological leaks.

Methods

Search strategy Two authors (KH, AG) performed system-
atic Medical Subject Heading (MeSH) search using Embase,
MEDLINE, Cochrane Library and Google Scholar. Time
frame for search was from the inception of databases till De-
cember 2013 following Preferred Reporting Items for System-
atic Reviews and Meta-Analysis (PRISMA) statement. Key-
words used for search included ‘anterior resection’ OR ‘low
anterior resection’ OR ‘proctectomy’ OR ‘proctocolectomy’,
AND ‘ileostomy’, OR ‘de-functioning ileostomy’ OR ‘de-
functioning stoma’ AND ‘contrast enema’ OR ‘contrast
study’, OR ‘water soluble contrast study’ AND ‘anastomotic
leak’OR ‘complications’. Advanced search options including
synonyms, partial word and combinations were used. Bibli-
ographies of the retrieved articles were hand searched for fur-
ther articles.

Inclusion criteria Studies pertaining to use of contrast en-
emas to assess low bowel anastomosis with a covering loop
stoma following low anterior resection, proctectomy or
procto-colectomy were included. The types of anastomoses
included were straight colo-anal, colo-rectal as well as colonic
J pouches. Studies involving restorative procto-colectomy and
ileal pouch anal anastomosis were included only if they were
reported as subgroup of a larger colorectal anastomosis assess-
ment study. Conflict of opinion was resolved by discussion
and consensus (KH, AG, DW, FM, TW).

Endpoints The primary endpoint for meta-analysis was evi-
dence of any clinically significant abnormality as reflected by
alteration of clinical management prior to reversal or evidence
of significant abnormality after reversal. Secondary endpoints
were clinically relevant leaks or strictures. Narrative analysis
of methodological variation and minor outcomes was also
performed.

Data extraction and synthesis Data extraction was per-
formed to identify true positive, true negative, false positive
and false negative rates based on the above criteria. Sensitivity
and specificity values of contrast enema were calculated for
each study from the extracted data. Positive and negative pre-
dictive values were generated from the cumulative data. These
parameters were used, as it is the accuracy of the positive or

negative contrast enema result that is of interest to the
clinician.

Statistical analysis Data was analysed using OpenMeta-An-
alyst, an open access, freely available software developed with
funding from the National Centre for Research Resources,
USA and Agency for Healthcare Research and Quality [10].
Analysis was performed using the random effects model
based on DerSimonian-Laird method [11]. Cumulative ana-
lytic technique was used to assess the evolution of evidence
over time. Forest plots were constructed for primary and sec-
ondary outcomes. Cumulative sensitivity and specificity were
calculated and reported with 95 % confidence interval (CI).
Heterogeneity in the studies was assessed and reported as I2

statistic with P value. Heterogeneity was considered signifi-
cant if the I2 statistic exceeded 50 % and the P value was
<0.05.

Results

Six hundred and three articles were retrieved; out of which, 17
full-text articles were analysed after screening the abstracts.
Ten articles fulfilled the inclusion criteria. Two articles were
included from cross-referencing. A total of 12 studies were
included in the review (Fig. 1). Out of these, ten studies were
focused on role of contrast enema prior to ileostomy closure,
whereas two studies also addressed the bowel function in the-
se patients after ileostomy closure. Eleven studies were in-
cluded in the final meta-analysis, and one study was excluded
due to its case control design [12]. Details of these studies are
given in Table 1.

Technique for contrast enema

One thousand one hundred sixty-nine contrast enema studies
were performed in total. One case was excluded due to iatro-
genic perforation. Technique of performing contrast enema
was similar in most of the studies with minor variations. It
involved passage of variable sized Foley catheter through
the anal canal. The tip of which was placed just above the
anastomosis. In majority of studies, the catheter balloon was
not inflated to avoid false negative result from occlusion of
anastomotic leak and to prevent potential disruption of the
anastomotic site [8, 6]. Anastomosis was then distended using
hydrostatic pressure of water-soluble contrast enema run from
a container held at the height of 0.5 to 1 m [13]. Although
Gastrografin and Urografin were the most commonly used
contrast media, two studies mentioned using diluted barium
[5, 14]. Only two papers mentioned the specific proximal
height of contrast. In one study, the contrast was instilled till
the proximal sigmoid [15] and in the other till the de-
functioning ileostomy [6]. Although a control film was not
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routinely obtained, a post-evacuation view was taken in the
majority of patients. Results were reported by gastrointestinal
specialist radiologists and were deemed accurate.

Utility of contrast enema for all detecting all abnormalities

One thousand one hundred forty-two contrast enemas were
performed in the 11 studies included in the final meta-analysis.
Abnormalities (leak, stricture or fistula) were reported in 127
contrast enema studies (Table 1). Of these, 82 were considered
true positive as clinically it was not deemed safe to reverse the
stoma or because patients developed pelvic sepsis following
attempted reversal. The sensitivity of contrast enema for all
clinically significant abnormalities was 79.9 % (CI=63.9–
89.9 %) without significant heterogeneity (Fig. 2). The
resulting positive predictive value was 64.6 % (CI=55.5–
72.7 %). Of the 1,015 studies that were reported as negative,
significant problems that prevented reversal or were found
after reversal were seen in 16, giving a specificity of 95.4 %
(CI=92.0–97.4 %) and negative predictive value of 98.4 %
(CI=97.4–99.1 %; Fig. 3).

Clinical and radiological leaks and their natural history

Overt clinical leak rates varied from 0 to 17 % across nine
studies, with a combined leak rate of 5.6 % in 1,003 patients
(Table 1). Outcomes were available for 44 of the 56 patients
with clinical leaks (Table 2). The initial post-recovery contrast
enema showed no leak in 24 (54.5 %). The remaining 20
patients were all managed with delayed reversal and serial
contrast enemas. After serial screening, nine (20.5 %) of these

patients were subsequently found to have a negative contrast
enema. Of the 11 (25 %) with persistent leaks, reversal was
attempted in two cases. One of these developed pelvic sepsis
thereafter. All 33 patients with negative contrast enemas were
reversed without any adverse events.

Covert radiological leak rates varied from 0.7 to 16 %
across 11 studies, with a combined covert radiological leak
rate of 5.7 % in 1,142 examinations (Table 1). Outcomes were
available for 36 patients, though two of these did not undergo
reversal for reasons other than anastomotic leak. In 16
(44.4 %), clinical assessment of the anastomosis was deemed
sufficiently satisfactory to proceed with reversal despite radio-
logical leak. Of the remaining 18 patients, 16 (44.4 %) were
subsequently found to have negative contrast enemas after
serial examinations and were reversed. Only two (5.6 %)
had persistent leaks and one of these was reversed with a
satisfactory outcome. All 32 patients with negative contrast
enemas were reversed without any adverse events.

A further eight patients underwent reversal of their
ileostomies after a persistent leak was demonstrated on serial
contrast enemas. However, it was not possible to determine
whether these patients had overt clinical leaks at the outset or
subsequent covert radiological leaks because these data were
aggregated. Nevertheless, all eight patients had no problems
after reversal. Consequently, only 1 of 11 patients (9 %) suf-
fered from pelvic sepsis after reversal of an ileostomy in the
face of a persistent radiological abnormality.

Sensitivity and specificity of contrast enema to detect a leak
were 77.5 % (CI=59.2–89.0 %) and 96.6 % (CI=93.7–
98.2%), respectively (Supplementary Figs. 5 and Fig. 6). Pos-
itive and negative predictive values for the ability of contrast

Potentially relevant studies identified 

and screened for retrieval 

n = 603 
(Pubmed n = 243, Embase = 327, Google 

Scholar n = 33) 

Studies retrieved for more detailed 

evaluation 

n = 17

Studies excluded n = 586
Non-relevant papers and duplications

Potentially appropriate studies to be 

included in the meta-analysis 

n = 10 + 2 (included from cross referencing)

Studies included in meta-analysis

n = 12

Studies with usable information, by 

outcome, 

n = 11

Studies excluded n = 7
Conference abstracts n = 5
Non English paper n = 1
Not anterior resection n = 1

Studies withdrawn, by outcome, n = 1
Case control study n = 1

Studies excluded from meta-analysis n = 0

Fig. 1 PRISMA diagram of
studies examined in review
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enemas to detect true leaks (both persistence of an overt clin-
ical leak or an occult radiological leak) were 61.7 % (CI=
51.1–71.4 %) and 98.8 % (CI=97.9–99.4 %), respectively.

Anastomotic stricture

Across 11 studies, 36 strictures were detected radiologically
(5.5 %), though the rate of detected strictures varied from 0 to
25 %. Of the 36 detected strictures, 8 (22 %) were deemed to
be clinically irrelevant. In those with no strictures detected on
contrast enema, three (0.3 %) were found to be significant
strictures clinically. The sensitivity of contrast enemas for de-
tection of strictures was 73.9 % (CI=52.4–87.9 %), whilst
specificity was 98.4 % (CI=96.8–99.2 %) without any signif-
icant heterogeneity (Supplementary Figs. 7 and 8). Positive
and negative predictive values for the ability of contrast enema
to detect clinically significant strictures that required dilation
were 77.8 % (CI=60.4–89.3 %) and 99.7 % (CI=99.1–
99.9 %), respectively.

Fistula

Only two studies detected fistulae on contrast enema in six
patients [16, 15]. The clinical examination failed to pick up
these fistulae, although in retrospect some patients had con-
sistent symptoms including perineal pain and discharge. How-
ever, the numbers were too small to perform any meaningful
statistical analysis.

Bowel function in patients with leak on contrast enema

Two studies assessed bowel function after closure of
ileostomy in patients with radiological leaks [3, 12]. Bowel
function was significantly poorer in patients with radiological
leak compared to those without leaks. The median time to
closure of ileostomy was 11 months in those with radiological
leaks compared to median time of 1.5 to 5.2 months in those
without.

Clinical assessment of anastomosis versus contrast enema

Clinical assessment of anastomosis was compared to contrast
enema in six studies [5–8, 17, 15]. Methods used for assess-
ment varied and included digital rectal examination,
proctoscopy, rigid sigmoidoscopy, flexible sigmoidoscopy
and examination under anaesthetic. Across the 6 studies, 754
pairs of examinations were comparable (Table 3). Clinical
assessment and contrast enema were in agreement in 731
(96.7 %) comparisons.

Safety of contrast enema

Of 1,169 contrast enemas examined across the 12 studies,
there was one reported incidence of an iatrogenic perforation
from barium enema [5]. No other enema-associated morbidity
was reported.

Fig. 2 This forest plot represents the cumulative sensitivity of contrast
enema for detecting clinically significant abnormality. Size of the solid
boxes represents weight of each individual study, and the bars represent
95 % confidence interval. The blue diamond at the bottom of the plot on

the left represents cumulative sensitivity with the edges of the diamond
representing 95 % confidence interval. Estimates and plot on the right
represent contribution of individual studies to the cumulative sensitivity
estimate. CI confidence interval, TP true positive, FN false negative

Fig. 3 This forest plot represents the cumulative specificity of contrast
enema for detecting clinically significant abnormality. Size of the solid
boxes represents weight of each individual study, and the bars represent
95 % confidence interval. The blue diamond at the bottom of the plot on

the left represents cumulative specificity with the edges of the diamond
representing 95 % confidence interval. Estimates and plot on the right
represent contribution of individual studies to the cumulative specificity
estimate. CI confidence interval, TN true negative, FP false positive
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Discussion

It has long been known that rates of permanent stoma between
different centres are highly variable [18, 19]. Increasing pa-
tient expectations, technological developments and the ad-
vancing front of colorectal surgery is driving surgeons to con-
sider performing low rectal and anal anastomoses for a much
wider patient group. Since the consequences of an unprotected
leak in the low pelvis can be so devastating, it follows that
increasing numbers of diverting stoma are being fashioned [4,
19]. Despite this trend, there is no clear guidance as to when
and how to assess anastomotic integrity and patency and to
how best manage the patient with an established leak. This
study examines the use of contrast enema to assess the patency
and integrity of low rectal and anal anastomoses. This inves-
tigation has a high negative predictive value (98.4 %), sug-
gesting that reversal after a negative result is exceptionally
unlikely to result in anastomotic problems. However, the less
favourable positive predictive value (64.6 %) suggests that a
reasonable proportion of patients with a positive result could
be safely reversed.

Despite reasonable positive and negative predictive
values, there is a paucity of data to answer the question as

to whether contrast enema gives any additional useful in-
formation over clinical examination alone. The majority of
patients in this study had low anastomoses, palpable with
digital rectal examination. Comparisons of clinical exami-
nation and contrast enema show a high degree of correla-
tion between the two tests, although contrast enema appears
to miss a large number of anastomotic strictures in compar-
ison to digital rectal examination. Consequently, we would
usually recommend that all patients with a low rectal anas-
tomosis have manual palpation of this prior to reversal. For
anastomoses beyond the reach of the examining finger, di-
rect examination is more problematic and contrast enema
would be advisable [20].

It is clear from this study, and from the wider literature, that
performing contrast enema early after surgery results in a
higher rate of radiological leaks [13]. Two studies that
assessed anastomoses at a median of 4 weeks or less both
had radiological leak rates in the region of 15 % [15, 21],
compared to a rate of 1 to 6 % for those whose studies were
performed typically after 6 weeks [16, 17, 8, 6, 5, 20]. This
suggests that assessment of anastomoses with contrast enema
should be 6 to 8 weeks after surgery to minimise radiological
leaks whilst avoiding unnecessary delay in stoma reversal.

Table 2 Outcomes after clinical and radiological leaks

Overt clinical leaks Covert radiological leaks All CE leaksa

Number 56 65 94

Reversal after initial CE negative 24 (54.5 %) N/A N/A

Reversal after initial CE positive 0 16 (44.4 %) 16 (21.9 %)

Reversal after later CE negative 9 (20.5 %) 16 (44.4 %) 34 (46.6 %)

Reversal after CE persistently positive 2 (4.5 %)b 1 (2.8 %) 11 (15.1 %)

Not reversed due to persisting leak 9 (20.5 %) 1 (2.8 %) 10 (13.7 %)

Not reversed for other reasons 0 2 (5.6 %) 2 (2.7 %)

No adverse event after reversal 34/35 (97.1 %) 33/33 (100 %) 60/61 (98.4 %)

Unknown outcome 12 29 21

Data are actual numbers (percentage of known outcomes)

CE contrast enema
a Includes all occult radiological leaks and clinical leaks with a subsequently positive CE
bOne of these two patients suffered pelvic sepsis after reversal

Table 3 Comparison of
outcomes from clinical
examination with contrast enema

Studies Both positive CE positive only Both negative Clinical exam positive only

Da Sliva 2004 0 1 83 0

McLeod 2004 0 0 46 0

Tang 2005 22 12 162 6

Khair 2007 0 4 74 0

Kalady 2008 0 0 204 0

Hong 2012 0 1 143 0

Total 22 (2.9 %) 14 (1.9 %) 712 (94.4 %) 6 (1 %)

CE contrast enema
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Two schools of thought existed with regard to the manage-
ment of radiological leaks in those patients who had not pre-
viously demonstrated any clinical evidence of a leak. Some
centres proceeded to reverse these patients if concurrent clin-
ical examination confirmed an intact anastomosis [17, 6, 16,
15]. No problems were seen after reversal in 16 such cases.
Other centres took a more cautious approach, reversing the
stoma only after the leaks had resolved on serial enemas [3,
21, 12]. It is likely that a reasonable proportion will have no
clinical evidence of a leak and could be safely reversed. Com-
parison of contrast enema with clinical examination in the
study by Tang et al. might suggest that at least a third of
patients with a radiological leak might be in this situation
(18). In view of this, the positive predictive value for contrast
enema is likely to be slightly lower than that estimated by this
study. It is clear from our data, however, that vast majority of
radiological leaks will resolve and become suitable for
reversal.

Those patients with clinical leaks appear to have a very
different postoperative course from those with radiological
leaks. Although around half of patients will have no evidence
of leak at their first contrast enema and undergo uneventful
reversal, less than a half of those with an initial leak will
eventually settle and come to reversal. As with radiological
leaks, no problems were encountered after reversal following
a negative contrast enema, suggesting that this investigation is
valuable in assessing whether patients who have previously
had leaks can be safely reversed.

It is less clear whether patients with a persistent radiologi-
cal leak can be safely reversed. Only 11 patients were identi-
fied who underwent such a reversal. A problem with pelvic
sepsis was only encountered in one of these patients after
reversal. The patient in question had an identified clinical leak

prior to the initial contrast enema. Due to aggregated data, it is
not possible to determine how many of other 11 patients also
had clinical leaks at the outset. However, data suggest that the
risk of sepsis after reversal in such patients is at least 10 %.

Two papers examined the influence of the morphological
appearance of the leak as seen on contrast study on its subse-
quent resolution, but there was little consistency in their find-
ings. Lim et al. found that anatomical characteristics of the
track seen on X-rays were of no clinical importance, but the
presence of a cavity or stricture at anastomotic site was asso-
ciated with non-healing [3]. Palmisano et al. suggested that
track characteristics were significant, and a short linear track
and non-dependent cavity with natural drainage were
favourable factors for healing of anastomotic leak [21].

The chief limitation of this review is that the included stud-
ies are heterogeneous and mostly of weak evidence. Hetero-
geneity observed can be attributed to a large number of vari-
ables including study designs, variable endpoints, underlying
pathology, indications for diversion, operative approach, anas-
tomotic level, provision of adjuvant treatment and variations
in performing contrast enema.

Conclusion

Contrast enema is useful to predict when patients with clinical
leaks may be safely reversed. Its use in asymptomatic patients
is less certain, as a reasonable proportion of patients will have
false positive results and can undergo safe reversal. Contrast
enema should be deferred until 6 to 8 weeks after surgery.
Clinical examination should be used in addition to contrast
enema for anastomoses within reach of the finger to further

Fig. 4 This flow chart represents
the recommended strategy for use
of postoperative contrast enema
based on the findings of this
review
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minimise false negative results. Figure 4 summarises the rec-
ommendations of this review.
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