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Objective
Many surgeons continue to place a prophylactic drain in the
pelvis after completion of a colorectal anastomosis, despite
considerable evidence that this practice may not be useful.
The authors conducted a systematic review and meta-analy-
sis of randomized controlled trials to determine if placement of
a drain after a colonic or rectal anastomosis can reduce the
rate of complications.

Methods
A search of the Medline database of English-language
articles published from 1987 to 1997 was conducted using
the terms "colon," "rectum," "postoperative complications,"
"surgical anastomosis," and "drainage." A manual search
was also conducted. Four randomized controlled trials, in-
cluding a total of 414 patients, were identified that com-
pared the routine use of drainage of colonic and/or rectal
anastomoses to no drainage. Two reviewers assessed
the trials independently. Trial quality was critically ap-
praised using a previously published scale, and data on
mortality, clinical and radiologic anastomotic leakage rate,

wound infection rate, and major complication rate were ex-
tracted.

Results
The overall quality of the studies was poor. Use of a drain did
not significantly affect the rate of any of the outcomes exam-
ined, although the power of this analysis to exclude any differ-
ence was low. Comparison of pooled results revealed an
odds ratio for clinical leak of 1.5 favoring the control (no drain)
group. Of the 20 observed leaks among all four studies that
occurred in a patient with a drain in place, in only one case
(5%) did pus or enteric content actually appear in the effluent
of the existing drain.

Conclusions
Any significant benefit of routine drainage of colon and rectal
anastomoses in reducing the rate of anastomotic leakage or
other surgical complications can be excluded with more confi-
dence based on pooled data than by the individual trials
alone. Additional well-designed randomized controlled trials
would further reinforce this conclusion.

Many surgeons use a prophylactic drain routinely for
colorectal anastomoses. Abundant evidence from animal
studies 12 as well as controlled trials in humans3-8 sug_
gests that prophylactic drainage does not improve major
morbidity outcomes, such as anastomotic leakage, and
may even be harmful. A possible reason for the persis-
tence of this practice may be that surgeons are not con-
vinced by the negative results of the existing trials. The
relatively small sample size and the rarity of the out-
comes of interest in these studies limit their power to
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exclude a true benefit, should one exist.9 Pooling the
results of similar trials using meta-analysis may be used
to increase the confidence of a negative conclusion by
increasing the overall sample size for analysis.9"10

This report uses a systematic review of the literature and
meta-analysis of randomized controlled trials to answer the
question of whether any appreciable benefit of prophylactic
drainage of colorectal anastomoses can be found, based on
the existing data.

METHODS
Literature Search
A computer search of the Medline database for the years

1987 to 1997 was carried out using the following MeSH

U
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headings: "colon," "rectum," "postoperative complica-
tions," "surgical anastomosis," and "drainage." The com-
bined set was limited to English-language publications on
human subjects. All titles and abstracts were scanned, and
appropriate citations were reviewed. Consultation with a
content expert and a manual search of the bibliographies of
relevant papers was also carried out to identify trials for
possible inclusion.

Inclusion Criteria
The inclusion criteria for this analysis were randomized

controlled trials of any size that compared the prophylactic
use of a drain for a colonic or rectal anastomosis to a control
group of patients who did not receive a drain.

Data Collection
Critical appraisal and data extraction were conducted

independently by two reviewers, and discrepancies were
resolved by consensus. Trials were evaluated according to
criteria proposed by Detsky et all1 and graded on an ordinal
22-point scale, with higher scores representing studies of
higher quality.

Analyses
Comparisons of results across studies were pooled for the

following outcomes: mortality, clinical anastomotic leak,
radiologic leak, wound infection, and respiratory complica-
tions. Rates of adverse events were based on data extracted
directly from the various studies. Definitions of cinical
leak, radiologic leak, wound infection, and respiratory com-
plications were accepted -as reported, with the understanding
that there may be differences in these definitions between
studies. All analyses were conducted on a personal com-
puter using Review Manager 3.0 (The Cochrane Collabo-
ration, Software Update, Oxford).

Statistical analysis was carried out with a fixed effects
model using methods described by Yusuf et al12 and Mantel
and Haenszel.13 The summary statistic used was the odds
ratio, which represents the odds of an adverse event occur-
ring in the treatment group compared with the control
group. Odds ratios <1 favor the treatment group, and the
point estimate of the odds ratio is considered statistically
significant at the p < 0.05 level only if the 95% confidence
interval (95% CI) does not include the vertical bar at 1. Any
value lying within the 95% CI is considered to be consistent
with the data, in the sense that it cannot be rejected at the
p < 0.05 level.

Homogeneity of the data was confirmed using the chi
square test of heterogeneity. The fixed effects model implies
that variation between the results of different studies occurs
only because of within-study sampling error (not because of
systematic differences between studies), and may be em-
ployed if the test of heterogeneity is negative. Sensitivity

analyses were performed by omitting trials of lower quality,
trials that included <50% rectal or anal anastomoses, and
trials not using closed suction drains.

Sample Size Considerations
Because anastomotic leakage rate is an infrequent cate-

gorical outcome, extremely large sample sizes would be
required to have sufficient power to exclude a difference
between treatment groups. Assuming a baseline leak rate of
5%, ruling out a 20% relative risk reduction in leak rate
(from 5% to 4%) with a 5% significance level and 80%
power would require 1080 patients in each treatment arm in
a traditional randomized controlled trial. Higher baseline
rates of anastomotic leakage, or accepting a larger minimal
clinically important difference, would decrease the number
of study patients required, whereas an increase in desired
statistical power would demand a higher sample size.

RESULTS
Six randomized controlled trials that evaluated the use of

prophylactic drains in colorectal surgery were identified.
Two studies were excluded because of the absence of a
control group where no drain was used,34 leaving four
randomized trials that constitute the basis for this analysis.
Characteristics of the studies, including quality score, are
summarized in Table 1.
The studies dated from 1987 to 1995 and contained from

60 to 148 subjects, yielding a total of 414 patients for this
analysis. Two studies used corrugated drains and two used
closed suction-type drains. Drains were allowed to remain
in place for variable periods of time in different studies,
ranging up to 7 days. One study included only intraperito-
neal colonic anastomoses,5 one included only pelvic (rectal
or anal) anastomoses,8 and the other two studies reported
pelvic anastomoses on 29%7 and 52%6 of subjects. Overall,
198 of 414 anastomoses (48%) evaluated in this meta-
analysis were to the rectum or anus.
On review of the data extraction, there was 100% agree-

ment between the two reviewers. Agreement on critical
appraisal of the individual trials was also extremely high
(weighted kappa = 0.96). In general, the quality of the
studies was poor on critical appraisal (mean quality score 14
on a 22-point scale), a phenomenon that has been observed
in other reviews of randomized controlled trials and meta-
analyses of surgical trials.14'15 Many of the shortcomings
were related to inadequate randomization and the non-
blinded and subjective assessment of outcomes.
The pooled odds ratios for all the outcomes are summa-

rized in Figure 1. For only one outcome (respiratory com-
plication rate) did the summary point estimate favor the
treatment group, but the 95% CIs always include 1, indi-
cating that there were no statistically significant differences
between treatment groups for any outcome. The estimates of
effect size (odds ratio of each event in the drained group vs.
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Table 1. SUMMARY OF TRIALS

Hoffmann5 Johnson6 Sagar7 Sagar8

Year 1987 1989 1993 1995
Total number of subjects 60 106 148 100
Drain type Corrugated latex Corrugated Silastic Closed suction Closed suction
Duration of drainage (days) 5 Variable (median = 3) 3 or 7 7
% Rectal or anal 0 52 29 100
anastomoses

% Cancer indication 63 64 73 56
% Stapled anastomoses 16 1 1 27 Not given
% Emergency operation 0 0 21 14
Mean quality score 14 12 16.5 14
(maximum = 22)

the control group) were mortality 1.4 (95% CI 0.6 to 3.3),
clinical leak 1.5 (95% CI 0.7 to 3.1), radiologic leak 1.0
(95% CI 0.5 to 2.3), wound infection 1.7 (95% CI 0.9 to
3.3), and respiratory complications 0.8 (95% CI 0.4 to 1.6).
These results are summarized in Figures 2 through 6. Not
every study reported data on each outcome. The size of the
square on the point estimate of each odds ratio represents
the weight attributed to that particular study, and the width
of the horizontal bars reflects the 95% CI expressed on a
logarithmic scale. The test of heterogeneity for each com-
parison revealed no significant differences between the
studies, permitting pooling of the data using a fixed effects
model.

All articles reported clinical leak rates (see Fig. 3), sim-
ilarly defined across studies as discharge of pus or feces
from the drain site, or presence of an abscess adjacent to an
anastomosis and associated with localized or generalized
peritonitis with tenderness, fever, and leukocytosis. The
point estimates of odds ratio for clinical leak ranged from
1.1 to 2.3, suggesting that drainage is associated with an
increased leak rate. However, the 95% CIs do not exclude 1,
which means that any observed difference is not significant
at the p < 0.05 level.
The ability of an existing drain to "control" an anasto-

motic leak was evaluated by determining the frequency of
pus or enteric content appearing in the drainage material of
drains in place when an anastomotic leak occurred. Of 20
drains present at the time of anastomotic leak, only one
(5%) drained pus or enteric content (Fig. 7).

In the sensitivity analysis, limiting the analysis to only
the higher-quality studies,78 omitting the studies that in-
cluded <50% rectal or anal anastomoses,5'7 or excluding
studies using corrugated (not closed suction) drains7'8 did
not favor the treatment group with 95% confidence.

DISCUSSION
This meta-analysis demonstrated that routine drainage of

colonic or rectal anastomoses does not reduce the rate of
adverse events, including clinical leak rate. However, the

question of greatest clinical importance to be answered in
this review is whether it is of any use to place a prophylactic
drain in the pelvis at the completion of an anastomosis to the
rectum or anus, because most surgeons have already aban-
doned routine drainage of intraperitoneal colonic anastomo-
ses.8 Unfortunately, there are not enough randomized con-
trolled trials aimed specifically at drainage of pelvic
anastomoses to answer this question. Existing studies do not
consistently report data in a manner that facilitates selective
extraction of the results of rectal anastomoses. We therefore
included in this analysis all trials looking at drainage of any
colorectal anastomosis to increase the power of our conclu-
sions. The results of the heterogeneity test and sensitivity
analyses, which demonstrate that the data are robust to the
omission of studies without a significant number of pelvic
anastomoses, suggest that it is reasonable to pool these
studies for meta-analysis.

There are several reasons why prophylactic drainage of
the pelvis may be considered differently from drainage
elsewhere in the abdomen. Rectal dissection results in ex-
posure of the large raw surface of the presacral space.
Previous authors have suggested that drainage is important
to prevent accumulation of exudative fluid. 16,17 Also, anas-
tomoses low in the pelvis are considered more tenuous than
intraabdominal anastomoses, on the basis of increased ten-

Review: Drainage of colorectal anastomoses
Comparison or Outcome Peto Odds Ratio
drain vs no drain (9E%CI)

mortality -

clinical leak -
radiologic leak
wound infection
respiratory complications _

I ,,I
.1 .2 1 5 10

Figure 1. Meta-analysis of all outcomes. Squares indicate point esti-
mates of odds ratio and horizontal bars signify 95% confidence inter-
vals. Values <1 favor the treatment (drainage) group. Point estimates
are significant at the p < 0.05 level if their confidence intervals exclude
the vertical line at 1 ("no effect").
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Review: Drainage of coloectal anastomoses
Comparison: drain vs no drain
Outcome: mortality

Expt cM Peto OR Weight Peto OR
Study n/N n/N (95%CI Fbced) % (95%CI Fixed)
Hoffmann 0 /28 3 /32 14.4 0.14(0.01,1.44]
Johnson 2 /49 1 /57 * 14.6 2.31 [0.23,22.87]
Sagarl 9 /94 1 /51 42.6 3.25(0.85,12.41]
Sagar2 3 /52 3 /48 28.4 0.92 [0.18,4.76J

Total (95%CI) 14 /223 8 /188 100.0 1.3810.57,3.311
Chi-square 5.69 (df=3) Z=0.72

.1 .2 1 lb1
Favours Treatment Favours Control

Figure 2. Pooled estimates of mortality risk. Squares indicate point estimates of treatment effect (odds
ratio), with the size of the square representing the weight attributed to each study. Ninety-five percent
confidence intervals are indicated by horizontal bars. The summary odds ratio from the pooled studies with
95% confidence intervals is represented by the diamond. Values to the left of the vertical line at 1 favor the
treatment (drainage) group. Point estimates are significant at the p < 0.05 level if their confidence intervals
exclude the vertical line at 1 ("no effect").

sion, poorer blood supply, lack of serosa on the distal
segment of intestine, and less proximity to protective omen-
tuM.8'18 However, the randomized studies that examined
pelvic fluid accumulation in the presence and absence of a
drain demonstrated no reduction in fluid accumulation de-
spite the presence of a functioning drain.7'8 Further, there is
no evidence that fluid exuded from the presacral fascia will
remain in the pelvis rather than communicate with the free
peritoneal cavity, and may therefore not be susceptible to
capture by a pelvic drain.19'20 The assumption that some
anastomotic dehiscences are caused by infection of adjacent
fluid collections may not be correct, and the finding of an
abscess communicating with a disrupted anastomosis may
be due to infection of a sterile collection by an anastomotic
leak. In addition, a drain will usually not serve to "control"
an anastomotic leak as many surgeons expect, reflected by
the fact that in only one instance of all of the 20 leaks
among drained patients evaluated in this analysis did pus or

Review: Drainage of colorectal anastomoses
Comparison: drain vs no drain
Outcome: clinical leak

Expt CM

enteric content drain to the exterior through an existing
drain (see Fig. 7).
The pooled odds ratio for clinical leak, the primary out-

come of this study, was 1.5, with 95% CIs ranging from 0.7
to 3.1 (see Fig. 3). The fact that the point estimate is >1
favors the control (no drain) group, but the inclusion of
unity within the confidence intervals precludes the finding
of a statistically significant difference. Clearly, the evidence
does not suggest that drainage is of any significant benefit.
The more important issue to consider, however, is to what

extent these data can conclude that drainage is not benefi-
cial. The most extreme value of the odds ratio within the
95% CI favoring the treatment group is 0.7. This means that
a true odds ratio of 0.7 or better in favor of drainage is not
consistent with the data evaluated here. The relative risk
reduction associated with an odds ratio of 0.7 is 30%, so this
study can exclude a risk reduction of >30%. If any benefit
of routine drainage of anastomoses does exist, it must there-

Peto OR Weight Peto OR
Study n/N n/N (95%CI Fbied) % (95%CI Fixed)
Hoffmann 1 /28 1 /32 - * -.4 6.9 1.15[0.07,18.88J
Johnson 6 /49 6 /57 37.4 1.1810.36,3.93]
Sagar 8 /94 3 /51 32.7 1.45(0.40,5.23]
Sagar2 5 /52 2 /48 23.0 2.29(0.50,10.58]

Total (95%CI) 20 /223 12 /188 100.0 1.4710.71,3.061
Chi-square 0.48 (df=3) Z=1.03

.1 .2 1 5 10
Favours Treatment Favours Control

Figure 3. Pooled estimates of risk of clinical leak. Squares indicate point estimates of treatment effect
(odds ratio), with the size of the square representing the weight attributed to each study. Ninety-five percent
confidence intervals are indicated by horizontal bars. The summary odds ratio from the pooled studies with
95% confidence intervals is represented by the diamond. Values to the left of the vertical line at 1 favor the
treatment (drainage) group. Point estimates are significant at the p < 0.05 level if their confidence intervals
exclude the vertical line at 1 ("no effect").
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Review: Drainage of coorectl anatomoses
Comparison: drain vs no drain
Outcome: radoogic leak
_.. ~W. Ctri Peto OR Weight Peto OR_

Study n/N n/N (95%CI Fbeed) % (95%CI Fbied)
Hoffmann 1 /28 2 /32 12.3 0.57 0.06,5.77]
Saa 14 /94 6 /51 67.4 1.30[0.48,3.48]
Sagar2 2 /52 3 /48 * 20.4 0.61 [0.10,3.63]

Total (95%Cl) 17 /174 11 /131 100.0 1.01 [0.45,2.261
Chi-square 0.79 (dfk2) Z=0.01

.1 .2 1 5 10
Favours Treabnent Favours Control

Figure 4. Pooled estimates of risk of radiologic leak. Squares indicate point estimates of treatment effect
(odds ratio), with the size of the square representing the weight attributed to each study. Ninety-five percent
confidence intervals are indicated by horizontal bars. The summary odds ratio from the pooled studies with
95% confidence intervals is represented by the diamond. Values to the left of the vertical line at 1 favor the
treatment (drainage) group. Point estimates are significant at the p < 0.05 level if their confidence intervals
exclude the vertical line at 1 ("no effect").

fore be extremely small. Assuming a rate of anastomotic
disruption of 10%, a 30% reduction in risk would reduce
this to 7%, for an absolute risk reduction of 3%. The number
needed to treat associated with this value is 33, which means
that 33 patients would have to have drains placed to prevent
one anastomotic leak (given a lower overall rate of clinical
leaks, the number needed to treat would increase further).
Although this may seem like a reasonable number given the
devastating impact of this complication, one must remem-

ber that drains themselves have been associated with con-

siderable morbidity, such as wound infection, pain, bleed-
ing, and hernia formation.5 Moreover, even this magnitude
of benefit is extremely unlikely. In fact, the data presented
here suggest that placement of a drain may be harmful,
possibly increasing the rate of clinical leak by up to 210%
(the excess risk associated with the upper limit of the 95%
CI in Fig. 3). Therefore, we conclude that any important
benefit of routine drainage on reducing the anastomotic leak
rate may be more effectively excluded on the basis of this
study than by the individual trials. Because so few prophy-

Review: Drainage of colorectal anastomoses
Comparison: drain vs no drain
Outcome: wound infection

Expt Ctrl

lactic drains actually drained material if a leak occurred
(one out of 20 possible events), it is unlikely that prophy-
lactic drains are useful even for the purpose of "controlling"
a leak if one occurs.

Although the technique of meta-analysis is useful when
existing trials are conflicting or inconclusive,'0 there are

potential problems with the use of meta-analysis that must
be considered. Raw data were not extracted from all the
studies and pooled for this meta-analysis; rather, treatment
effects from individual trials were weighted and compared
between studies. Therefore, one must be certain that the
studies are, in fact, comparable.

There are many possible sources of heterogeneity that
may, in theory, have been responsible for some of the
results observed. Factors that have been associated with
outcome in colorectal surgery, such as experience of the
surgeon, emergency operation, cancer indication, and loca-
tion and technique of anastomosis, may have been unevenly
allocated between treatment groups or between studies.
Most of the studies demonstrated equivalence of the treat-

Peto OR Weight Peto OR
Study n/N n/N (95%CI Fixed) % (95%Cl Fixed)
Hoffmann 4 /28 2 /32 15.7 2.41 [0.45,12.86]
Johnson 10 /49 10 /57 46.8 1.20 [0.46,3.18]
Sagarl 9 /94 3 /51 29.0 1.62 [0.47,5.56]
Sagar2 3 /52 0 /48 8.4 7.12 [0.72,70.17]

Total (95%Cl) 26 /223 15 /188 100.0 1.70 [0.87,3.30]
Chi-square 2.16 (df=3) Z=1.56

.1 .2 1 5 10
Favours Treatment Favours Control

Figure 5. Pooled estimates of risk of wound infection. Squares indicate point estimates of treatment effect
(odds ratio), with the size of the square representing the weight attributed to each study. Ninety-five percent
confidence intervals are indicated by horizontal bars. The summary odds ratio from the pooled studies with
95% confidence intervals is represented by the diamond. Values to the left of the vertical line at 1 favor the
treatment (drainage) group. Point estimates are significant at the p < 0.05 level if their confidence intervals
exclude the vertical line at 1 ("no effect").
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Review: Drainage of colorectal anastomoses
Comparison: drain vs no drain
Outcome: respiratory complications

Expt Ctrl Peto OR Weight Peto OR
Study n/N n/N (95%Cl Fbted) % (95%CI Fbed)
Hoffmann 6 /28 8 /32 i 32.4 0.82[0.25,2.703
Johnson 1 / 49 2 /57 8.7 0.59 [0.06,5.833
Sagarl 9 /94 6 /51 36.8 0.79 [0.26,2.413
Sagar2 4 /52 4 /48 J 22.1 0.92 [0.22,3.873

Total (95%CI) 20 /223 20 /188 100.0 0.81 [0.41,1.593
Chi-square 0.10 (df=3) Z=0.62

.1 .2 1 5 10
Favours Treatent Favours Control

Figure 6. Pooled estimates of risk of respiratory complications. Squares indicate point estimates of
treatment effect (odds ratio), with the size of the square representing the weight attributed to each study.
Ninety-five percent confidence intervals are indicated by horizontal bars. The summary odds ratio from the
pooled studies with 95% confidence intervals is represented by the diamond. Values to the left of the vertical
line at 1 favor the treatment (drainage) group. Point estimates are significant at the p < 0.05 level if their
confidence intervals exclude the vertical line at 1 ("no effect").

ment groups. However, one study included more stapled
rectal anastomoses in the drained group,6 and one study
included significantly more anastomoses performed by
trainees in the drained group7; both of these factors might
bias the results toward demonstrating a benefit of no drain-
age. The similarity of the studies with respect to these
variables and the homogeneity of the data offer reassurance
that between-study variation was not a significant factor in
the observed results.
The issue of publication bias must be addressed in a

meta-analysis that relies primarily on published studies.2123
Publication bias arises because trials with a positive result
are more likely to be published than negative trials, which
makes meta-analyses susceptible to finding a treatment ben-
efit when none exists (making a type I error). However, the
fact that the trials analyzed in this review were all negative
suggests that publication bias was not a significant factor.
The methodologic quality of the studies was low, a dis-

appointing but common finding in the review of surgical

All patients
n=414

Clinical leak No clinical leak
n=32 n=382

Prophylactic drain No prophylactic drain
n=20 n=12

Pus or enteric content No pus or enteric content
observed in drainage fluid observed in drainage fluid
while drain in place while drain in place
n=1 (5%) n=19 (95%)
Figure 7. Flow chart demonstrating efficacy of prophylactic drains in
controlling anastomotic leakage.

trials.'4'15 Surgical treatments have inherent problems, such
as nonblinding of subjects to treatment allocation, that make
designing a "perfect" randomized controlled trial impossi-
ble. However, many of the methodologic shortcomings ob-
served here related to the inadequate documentation of
inclusion criteria, randomization, and full treatment regi-
men. More complete reporting of these areas, as well as a
diligent attempt to make outcome assessment blinded and
objective, would have greatly improved these trials.

Additional large, well-designed randomized controlled
trials, focusing on draining pelvic anastomoses, would give
further credibility to our conclusion that prophylactic drain-
age of colon and rectal anastomoses is not a useful practice
and should be abandoned.
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