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A B S T R A C T

Background

Elective colorectal surgery can involve formation of bowel anastomoses, which may be complicated by postoperative anastomotic leaks.

Routine intra-operative drain placement aims to help clinicians diagnose and treat postoperative leaks. There is little agreement on the

prophylactic use of drains for elective colorectal anastomoses. Once anastomotic leakage has occurred, it is generally agreed that drains

should be used for therapeutic purposes. However, on prophylactic use no such agreement exists.

Objectives

To assess the effectiveness and safety of a prophylactic drain after elective colorectal anastomosis.

Search methods

We searched the Cochrane Colorectal Cancer Group’s Specialized Register (February 2015), the Cochrane Central Register of Controlled

Trials (CENTRAL) (2015, Issue 2), Ovid MEDLINE (1950 to February 2015) and Ovid EMBASE (1974 to February 2015). We also

searched trial registers for ongoing and registered trials, Clinicaltrials.gov and the World Health Organization (WHO) search platform

International Clinical Trials Registry Platform.

Selection criteria

We included randomised controlled trials (RCTs) comparing drainage with non-drainage regimens after anastomoses in elective

colorectal surgery.

Data collection and analysis

Two review authors independently performed selection of studies, assessment of trial quality and extraction of relevant data; a third

review author resolved disagreements. We used GRADE methods to evaluate the quality of evidence.
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Main results

Of the 908 participants enrolled (three RCTs), 454 were allocated for drainage and 454 for no drainage. We found no new RCTs for

this review update. Two trials reported the primary outcome measure of anastomotic dehiscence. There was no statistically significant

difference in anastomotic dehiscence in participants treated with intra-abdominal drainage routinely compared to no treatment (risk

ratio (RR) 1.40, 95% confidence intervals (CI) 0.45 to 4.40; I2 = 0%; 2 RCTs; 809 participants). There was no statistically significant

difference in mortality (RR 0.77, 95% CI 0.41 to 1.45; I2 = 0%; 3 RCTs; 908 participants); surgical re-intervention (RR 1.11, 95%

CI 0.67 to 1.82; I2 = 29%; 3 RCTs; 908 participants); radiological dehiscence (RR 0.85, 95% CI 0.39 to 1.83; I2 = 0%; 2 RCTs;

809 participants) and wound infection (RR 0.82, 95% CI 0.45 to 1.51; I2 = 0%; 3 RCTs; 908 participants) in participants treated

with routine prophylactic drainage compared to no treatment undergoing elective colorectal surgery. The quality of evidence was low

according to GRADE method assessment.

Authors’ conclusions

There was insufficient evidence for the use of prophylactic drains after elective colorectal anastomoses. The conclusions of this review

were limited due to the nature of the available clinical data; The three included RCTs performed different interventions with relatively

small sample sizes of eligible participants.

P L A I N L A N G U A G E S U M M A R Y

Prophylactic anastomotic drainage for colorectal surgery

Background

We designed this review to compare drainage with non-drainage in people having colorectal surgery (a procedure that is used to repair

damage to the colon, rectum, anus and muscle of the lower belly) with bowel anastomosis (where two ends of the bowel are joined to

each other). Elective colorectal surgery (where surgery is planned in advance rather than carried out as an emergency) often involves

removal of part of the large bowel for a variety of diagnoses with subsequent anastomosis. There is the option for the surgeon to place

a drain at the time of surgery to prevent leakage from the anastomosis. This is called a prophylactic drain. Cochrane review authors

assessed the evidence for the routine use of prophylactic drain placement after the formation of colorectal anastomoses.

Study characteristics

We included three clinical trials involving 908 participants. The trials were conducted in Germany and France. All trials compared

routine anastomotic drainage versus no anastomotic drainage after elective colorectal surgery. The evidence was current to February

2015.

Key results

This review showed no apparent difference in anastomotic leak, death, radiological (x-ray) evidence of anastomotic leak, wound infection

or need for re-operation. We found insufficient evidence to support the use of routine prophylactic drains after elective colorectal

anastomosis. We based our conclusion on limited evidence with relatively small numbers of participants; this means that it is difficult

to detect differences between treatment groups that may be present.

Quality of the evidence

The quality of the evidence was low, making it impossible to draw firm conclusions about the use of routine prophylactic drains after

elective colorectal anastomosis. Additional studies are needed to strengthen the conclusion drawn by this systematic review and to

provide further analysis using modern colorectal surgery. We found no new evidence since the previous version of our systematic review

of 2004.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Intra-abdominal drainage compared with no drainage for elective colorectal surgery

Patient or population: unselected population undergoing elective colorectal anastomosis

Settings: high resource settings

Intervention: intra-abdominal drainage

Comparison: no drainage

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of participants

(studies)

Quality of the evidence

(GRADE)

Assumed risk Corresponding risk

No drainage Intra-abdominal drainage

Anastomotic dehiscence Unselected population undergoing elective colorectal anas-

tomosis

RR 1.40 (0.45 to 4.40) 809

(2)

⊕⊕©©

low

12 per 1000* 17 per 1000

(5 to 52.8)

Mortality Unselected population undergoing elective colorectal anas-

tomosis

RR 0.77 (0.41 to 1.45) 908

(3)

⊕⊕©©

low

46 per 1000* 47 per 1000

(19 to 67)

*The basis for the assumed risk (e.g. the median control group risk) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the

comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; RR: risk ratio.

GRADE Working Group grades of evidence (www. gradepro.org)

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.
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Assumed risk: anastomotic dehiscence occurred 5 times in 406 participants in the no drainage (control) group. Mortality occurred 21

times in 454 participants in the no drainage (control) group.

The evidence was downgraded to low quality according to GRADE methods; there was substantial clinical heterogeneity and further

research in current laparoscopic colorectal practice is very likely to have an important impact on our confidence in the estimate of effect

of drainage. In addition, there was a low event rate for anastomotic leak and mortality within the studies assessed, which may not

accurately reflect current clinical estimates.

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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B A C K G R O U N D

Description of the condition

Formation of colorectal anastomoses is common in people under-

going colorectal surgery. A large number of intra-abdominal con-

ditions requiring bowel resection result in the requirement for a

bowel anastomosis, for example, colorectal carcinoma and inflam-

matory bowel disease. There are varying techniques for anastomo-

sis formation, including hand-sewn, stapled and, less commonly,

tissue adhesive techniques (Sajid 2012; Slieker 2013; Vakalopoulos

2013). Complications of bowel anastomoses include anastomotic

leak (AL), bleeding, fistulae and strictures (Davis 2013). Although

a consensus definition of AL is lacking, most surgeons agree that

extravasation of contrast on imaging and faecal material seen in

drains constitutes a clinical leak (Adams 2013). In simple terms,

AL can be defined as the leak of bowel contents from a surgical

join between two hollow viscera. Computed tomography (CT)

imaging is often used to confirm clinical suspicion of the diagno-

sis; however, overall sensitivity of CT scanning to diagnose leakage

is estimated at 0.68 (95% confidence interval (CI) 0.59 to 0.75)

for colonic resection (Kornmann 2013).

AL can be divided into generalised (gross abdominal faecal con-

tamination) or local (localised faecal contamination in the peri-

anastomotic space). Practically, there is a large difference between

the management of a generalised versus local leak. A generalised

leak will result in diffuse peritonitis, acute sepsis and necessitates

immediate surgical re-intervention. This will be performed as an

emergency procedure (laparoscopic or open) to wash out the con-

taminated abdomen, take down or reinforce the anastomosis, de-

function the person using a stoma to divert faeces from the leak,

or a combination of these.

A small contained localised leak in the peri-anastomotic space may

produce a localised collection requiring radiological drainage. If

the person has already been defunctioned with a stoma at the time

of the initial resection, there may be little clinical sequelae. Small

contained leaks can lead to enterocutaneous fistula formation or

anastomotic stricturing with a significant negative impact on out-

come.

AL is associated with prolonged hospital stay; increased morbid-

ity (Montedori 2010; Tsujinaka 2011); and, more pertinently, in-

creased local recurrence, reduced survival following cancer resec-

tions and mortality (Mirnezami 2011). A number of studies have

used multivariate analysis of participant cohorts to identify risk

factors for AL: these are male sex, history of radiotherapy, in-

creased intra-operative times, peri-operative blood transfusion, a

high American Society of Anethesiologists (ASA) score and body

mass index greater than 30 kg/m2(Boccola 2011; Klein 2012;

Kube 2010; McDermott 2015). The incidence of AL varies from

2% to 39% and is inversely proportional to the distance of the

anastomosis from the anal verge (Montedori 2010; Vignali 1997).

A variety of clinical markers are currently being developed to pre-

dict and diagnose AL accurately and as early as possible. These

include elevated cytokines, metallo-proteinases, serum C-reactive

protein and reduced intra-operative rectal stump blood flow as

measured by laser Doppler (Almeida 2012; Cini 2013; Kao 2012;

Vignali 2000).

AL remains a major and frequent complication following colorec-

tal surgery, and is associated with significant postoperative mor-

bidity and mortality. The incidence of AL after colon surgery is

reported to be 1% to 3%, and after colorectal surgery around 10%

(Alberts 2003; Borowski 2010). Mortality increases significantly

after AL, with AL associated with a 16% mortality compared to

3% without AL (Bakker 2014). It still remains a feared complica-

tion in colorectal surgery. Surgical strategies to minimise the risk

of AL include creating an anastomosis under no tension, with an

adequate blood supply and in a surgical field free of infection.

Description of the intervention

The use of routine prophylactic drains when performing an elec-

tive colorectal anastomosis has been debated since the late 1980s.

The usefulness of the drain to act as an early indicator of AL and

a means of localised drainage to prevent AL remain key points in

this debate. This is weighed against drain-related complications

including drain-site wound infection, pain, herniation and bleed-

ing. There is the suggestion that drain placement may itself be

a risk factor for AL as placement of the drain in close proximity

to the anastomosis may mechanically disrupt the tissue or blood

supply to the join (Tsujinaka 2011).

How the intervention might work

The prophylactic use of a drain adjacent to the anastomosis could

evacuate peri-anastomotic fluid collections, reducing the risk of

sepsis and pressure in and around the anastomosis and thus de-

crease the risk of AL.

The purpose of this review was to compare outcomes after elec-

tive colorectal surgery with and without the use of prophylactic

anastomotic drains.

Why it is important to do this review

This review assessed and summarised the current evidence regard-

ing the efficacy of routine abdominal drainage for colorectal anas-

tomosis. This review is an update of a previous Cochrane review

(Jesus 2004). The comparisons within the review should assist peo-

ple and their clinicians in choosing an appropriate surgical proce-

dure with a better knowledge of the current evidence. The review

serves to highlight the current limitations in the literature and to

highlight the need for further research.
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O B J E C T I V E S

To assess the effectiveness and safety of a prophylactic drain after

elective colorectal anastomosis.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Published and unpublished randomised controlled trials (RCTs)

and cluster-RCTs. We excluded non-randomised and quasi-ran-

domised trials as they are associated with a high risk of bias.

Types of participants

All people undergoing elective primary colorectal anastomosis.

Types of interventions

We included trials if they compared an intra-abdominal drain with

placebo (e.g. blind ended drain) or no treatment.

Types of outcome measures

Primary outcomes

• Anastomotic dehiscence (as defined by the trialists).

Secondary outcomes

• Mortality (30-day all-cause mortality).

• Surgical re-intervention (return to theatre for washout or

intervention for AL (re-operation)).

• Radiological anastomotic dehiscence (as defined by the

trialists).

• Wound infection (as defined by the trialists).

Search methods for identification of studies

We searched for all published and unpublished RCTs, without lan-

guage restriction and in consultation with the Colorectal Cancer

Review Group Trials Search Co-ordinator (Marija Barbateskovic).

Electronic searches

We searched the following electronic databases, trial registers and

websites:

• Cochrane Colorectal Cancer Group’s Specialized Register

(February 2015);

• Cochrane Central Register of Controlled Trials

(CENTRAL, 2015, Issue 2) (Appendix 1);

• Ovid MEDLINE (1950 to February 2015) (Appendix 2);

• Ovid EMBASE (1974 to February 2015) (Appendix 3).

Other electronic searches that we performed included:

• trial registers for ongoing and registered trials:

ClinicalTrials.gov (clinicaltrials.gov) and World Health

Organization (WHO) search platform International Clinical

Trials Registry Platform (www.who.int/trialsearch/Default.aspx);

• Citation indexes (scientific.thomson.com/products/sci);

• PubMed (www.ncbi.nlm.nih.gov/pubmed/);

• OpenGrey database (opengrey.eu/) and Google for grey

literature;

• Conference abstracts in the Web of Knowledge (

wokinfo.com).

Searching other resources

We handsearched reference lists of articles retrieved by the search

and contacted experts in the field to obtain additional data. In ad-

dition, we handsearched relevant journals and conference abstracts

that were not covered in the Colorectal Cancer Review Group

Trials register, in liaison with the Trials Search Co-ordinator (UK

colorectal and general surgery conference proceedings (Associa-

tion of Surgeons in Training (ASiT), Association of Surgeons of

Great Britain and Ireland (ASGBI), Association of Coloproctol-

ogy of Great Britain and Ireland (ACPGBI)) and newsletters were

reviewed since 2011).

Data collection and analysis

Selection of studies

Three review authors (RR, SA and JD) performed an initial screen

of the titles and abstracts retrieved by the search. We retrieved

the full texts of all potentially eligible studies. Two review authors

(RR and JD) independently examined these full-text articles for

compliance with the inclusion criteria and selected studies eligi-

ble for inclusion in the review. We included all relevant trials ir-

respective of whether they reported on measured outcome data.

We corresponded with study investigators, as required, to clarify

study eligibility or to seek further data where necessary. We re-

solved disagreements about study eligibility by discussion or by a

third review author (RN). See Figure 1 for the selection process in

the PRISMA flow chart.

6Intra-abdominal drains for the prophylaxis of anastomotic leak in elective colorectal surgery (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

http://clinicaltrials.gov
http://www.who.int/trialsearch/Default.aspx
http://www.who.int/trialsearch/Default.aspx
http://www.who.int/trialsearch/Default.aspx
http://scientific.thomson.com/products/sci
http://scientific.thomson.com/products/sci
http://scientific.thomson.com/products/sci
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://opengrey.eu/
http://wokinfo.com


Figure 1. PRISMA study flow diagram.
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Data extraction and management

Two review authors (RR and JD) independently extracted the data

from eligible studies using a data extraction form designed and

pilot-tested by the review authors. We resolved any disagreements

by discussion or by a third review author (PN). Data extracted

included study characteristics and outcome data. Where studies

had multiple publications, we used the main trial report as the

reference and derived additional details from the secondary pa-

pers. We corresponded with study investigators for further data

on methods and results, as required.

Assessment of risk of bias in included studies

Review authors (RR and JD) independently assessed the included

studies for risk of bias using the Cochrane ’Risk of bias’ assessment

tool in the Cochrane Handbook for Systematic Reviews of Interven-

tions (Cochrane Bias Methods Group; Higgins 2011) to assess:

• selection bias: allocation (random sequence generation and

allocation concealment);

• performance/detection bias: blinding of participants and

personnel, blinding of outcome assessors;

• attrition bias: incomplete outcome data;

• reporting bias: selective reporting;

• other bias (differences in baseline characteristics, sample

size calculations).

We judged each domain as high, low or unclear risk of bias ac-

cording to criteria used in the Cochrane Handbook for Systematic

Reviews of Interventions (Higgins 2011).

Selection bias

Was the allocation sequence adequately generated?

• Score ’low risk’ if a random component in the sequence

generation process was described (e.g. referring to a random

number table).

• Score ’high risk’ when a non-random method is used (e.g.

performed by date of admission).

• Score ’unclear risk’ if not specified in the paper.

Was the allocation adequately concealed?

• Score ’low risk’ if participants and investigators enrolling

participants could not foresee assignment (e.g. because used a

centralised randomisation scheme, an on-site computer system

or sealed opaque envelopes).

• Score ’high risk’ if non-randomised studies.

• Score ’unclear risk’ if not specified in the paper.

Performance/detection bias

Was knowledge of the allocated interventions adequately

prevented during the study?

• Score ’low risk’ if the authors stated explicitly that the

primary outcome variables were assessed blindly, or the outcomes

were objective (e.g. length of hospital stay).

• Score ’high risk’ if the outcomes were not assessed blindly.

• Score ’unclear risk’ if not specified in the paper.

Attrition bias

Were incomplete outcome data adequately addressed?

• Score ’low risk’ if missing outcome measures were unlikely

to bias the results (e.g. reasons for missingness unlikely to be

related to true outcome, missing outcome data balanced in

numbers across intervention groups with similar reasons for

missing data or missing data were imputed using appropriate

methods).

• Score ’high risk’ if missing outcome data were likely to bias

the results.

• Score ’unclear risk’ if not specified in the paper.

Reporting bias

Were reports of the study free from selective outcome

reporting?

• Score ’low risk’ if there is no evidence that outcomes were

selectively reported (e.g. the study had a protocol pre-specifying

the outcomes, or all relevant outcomes in the methods section

were reported in the results section).

• Score ’high risk’ if some pre-specified outcomes were

subsequently omitted from the results.

• Score ’unclear risk’ if not specified in the paper.

Were reports of the study free from selective analysis

reporting?

• Score ’low risk’ for each outcome if there was no evidence

that analyses were selectively reported (e.g. analyses were defined

in the methods section of the protocol or paper).
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• Score ’high risk’ if there was evidence of selective analysis

reporting (e.g. multiple adjusted analyses were carried out and

only one reported, or unusual cut-points were used for

categorising an outcome).

• Score ’unclear’ risk if unclear from the paper.

We resolved disagreements by discussion or by a third review au-

thor (RN). We described all the judgements fully and presented

the conclusions in the ’Risk of bias’ table. We used sensitivity anal-

yses to incorporate the risk of bias into the interpretation of review

findings. We took care to search for within trial selective reporting,

such as trials failing to report obvious outcomes or reporting them

in insufficient detail to allow inclusion. We sought published pro-

tocols and compared the outcomes between the protocol and the

final published study.

Measures of treatment effect

All outcomes were dichotomous. We used the numbers of events

in the control and intervention groups of each study and calcu-

lated risk ratios (RRs). We planned to reverse the direction of ef-

fect of individual studies, if required, to ensure consistency across

trials. We presented 95% CI for all outcomes. We compared the

magnitude and direction of effect reported by studies with how

they are presented in the review, taking into account the clinical

significance of these differences.

Unit of analysis issues

All included RCTs were parallel in design, therefore the unit of

analysis was the individual participant. Should we identify any

cluster-randomised trials in future updates, we will include clus-

ter RCTs in the analyses along with individually randomised tri-

als. We will adjust their sample sizes or standard errors using an

estimate of the intracluster correlation co-efficient (ICC) derived

from the trial (if possible), from a similar trial or from a study of

a similar population. If we use ICCs from other sources, we will

report this and conduct sensitivity analyses to investigate the effect

of variation in the ICC. If we identify both cluster-randomised

trials and individually randomised trials, we plan to synthesise the

relevant information. We will consider it reasonable to combine

the results from both if there is little heterogeneity between the

study designs and the interaction between the effect of interven-

tion and the choice of randomisation unit is considered to be un-

likely.

Dealing with missing data

We analysed studies on an intention-to-treat basis, as far as pos-

sible. If data were unclear or missing, we contacted the authors

of the studies for further details. If there were no further data or

details made available from the contacted authors, we assessed the

studies on the data provided and excluded them from overall anal-

ysis if they did not meet the inclusion criteria.

Assessment of heterogeneity

We considered whether the clinical and methodological charac-

teristics of the included studies were sufficiently similar for meta-

analysis to provide a clinically meaningful summary. We assessed

statistical heterogeneity using the I2 statistic. An I2 value greater

than 50% indicated substantial heterogeneity (Higgins 2011).

Assessment of reporting biases

Reporting biases arise when the dissemination of research findings

is influenced by the nature and direction of results. Some types

of reporting bias (e.g. publication bias, multiple publication bias,

language bias) reduce the likelihood that all studies eligible for a

review will be retrieved. If all eligible studies are not retrieved, the

review may also be biased. In view of the difficulty of detecting

and correcting for publication bias and other reporting biases, we

aimed to minimise the potential impact by ensuring a comprehen-

sive search for eligible studies and by being alert for duplication of

data. We sought published protocols and compared the outcomes

between the protocol and the final published study. As the review

included only three RCTs, the use of funnel plots to evaluate pub-

lication bias was not appropriate.

Data synthesis

When studies were sufficiently similar, we combined the data us-

ing a fixed-effect model. The trials were clinically heterogeneous;

however, there were not enough to inform the distribution of ef-

fects in a random-effects model, therefore the choice of a fixed-

effect model was due to the small number of trials. An increase in

the RRs of a particular outcome, which is detrimental to the par-

ticipant (e.g. AL) is displayed graphically in the meta-analysis to

the right of the centre line and a decrease in the RR of an outcome

to the left of the centre line.

Subgroup analysis and investigation of heterogeneity

We performed subgroup analysis to determine if the incidence of

AL in the two drainage groups was affected by the level of colorec-

tal anastomosis (intra- or extra-peritoneal) and type of drainage

(active or passive drains).

Sensitivity analysis

We conducted sensitivity analyses for the primary outcome to de-

termine whether the conclusions were robust to arbitrary deci-

sions made regarding the eligibility and analysis. These analyses

included consideration of whether the review conclusions would
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have differed if we restricted eligibility to studies without high risk

of bias.

Summary of findings

We assessed the quality of evidence for the outcomes anasto-

motic dehiscence and mortality for intra-abdominal drainage ver-

sus no drainage for elective colorectal surgery using the Grading

of Recommendations, Assessment, Development and Evaluation

(GRADE) approach and created a ’Summary of findings’ table us-

ing the GRADEpro Guideline Development tool (GRADEpro).

The GRADE approach classifies the quality of evidence in one of

four grades:

• high: further research is very unlikely to change our

confidence in the estimate of effect;

• moderate: further research is likely to have an impact on our

confidence in the estimate of effect and may change the estimate;

• low: further research is very likely to have an important

impact on our confidence on the estimate of effect and is likely

to change the estimate;

• very low: any estimate of effect is very uncertain.

The quality of evidence can be downgraded by one (serious con-

cern) or two levels (very serious concern) for the following reasons:

risk of bias, inconsistency (unexplained heterogeneity, inconsis-

tency of results), indirectness (indirect population, intervention,

control or outcomes) and imprecision (wide CIs, single trial). The

quality can also be upgraded by one level due to a large summary

effect estimate.

R E S U L T S

Description of studies

Results of the search

The search resulted in a total of 837 records. After deleting du-

plicates, we screened 577 records. We excluded 568 clearly irrele-

vant records leaving nine potentially eligible studies of which we

retrieved full texts (Mennigen 1989; Merad 1998; Merad 1999;

Brown 2001; Hoffmann 1987; Johnson 1989; Sagar 1993; Sagar

1995; Hagmuller 1990). We excluded five studies for reasons

listed in the Characteristics of excluded studies table (Brown 2001;

Hoffmann 1987; Johnson 1989; Sagar 1993; Sagar 1995), and

listed one study as awaiting classification (Hagmuller 1990) as

we were unable to retrieve the original paper from authors (see

Characteristics of studies awaiting classification table). Finally,

three studies met our inclusion criteria (Mennigen 1989; Merad

1998; Merad 1999). Figure 1 shows the study flow diagram.

See: Characteristics of included studies table, Characteristics of

excluded studies table and Characteristics of ongoing studies table.

Included studies

Study design and setting

The review included three RCTs (Mennigen 1989; Merad 1998;

Merad 1999). One trial was conducted in a single centre (

Mennigen 1989), and two trials were conducted in multiple cen-

tres (Merad 1998; Merad 1999). The trials were conducted in

France (Merad 1998; Merad 1999), and Germany (Mennigen

1989).

Participants

The studies randomised 908 adults (Mennigen 1989; Merad 1998;

Merad 1999). Participant’s ages ranged from 15 to 98 years. Male

to female ratios were approximately balanced. The majority of

participants underwent colorectal resection for carcinoma. The

other reasons for resection included benign tumours, diverticular

disease and inflammatory bowel disease.

Interventions

One study used silicone passive drain (Mennigen 1989), one study

used closed suction and silicone passive drains (Merad 1998), and

one study used closed suction drain (Merad 1999). Drains were

positioned at the site of anastomosis. They used silk sutures to

secure the drain.

Primary outcome

• Anastomotic leak

All trials reported anastomotic dehiscence. Anastomotic dehis-

cence was determined clinically by clinical signs and radiologi-

cal imaging. Definitions of outcome measures were consistent be-

tween the three studies. However, radiological anastomotic dehis-

cence was subject to radiologist interpretation on each of the sites

and, therefore, may have differed between the studies in reporting

rates of AL. AL usually presents within seven to 10 days postop-

eratively; however, reporting for AL is at 30 days postoperatively.

Secondary outcomes

All trials reported the following secondary outcomes:

• mortality;

• surgical re-intervention;

• radiological anastomotic dehiscence;

• wound infection (not standardised across trials).
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The participants assigned to the drainage group compared with

the participants assigned to non-drainage group showed:

• anastomotic dehiscence: 4% (18/454) participants

compared to 4% (18/454) participants;

• mortality: 3.5% (16/454) participants compared to 6.6%

(30/454) participants;

• surgical intervention: 6.8% (31/454) participants compared

to 6.2% (28/454) participants;

• radiological anastomotic dehiscence: 2.4% (11/454)

participants compared to 2.9% (13/454) participants;

• wound infection: 4% (18/454) participants compared to

4.8% (22/454) participants.

Excluded studies

The review excluded six trials for the following reasons:

• Brown 2001, Hoffmann 1987, and Johnson 1989 were

quasi-randomised. These studies stated “drawing of sealed

envelopes” as the method of sequence generation for

randomisation. We judged this as pseudo-randomisation as the

investigators were taking from a receptacle. There was no

description of random sequence generation and the authors did

not provide further information, for example sequentially

numbered envelopes. If future assignments can be anticipated,

either by predicting them (number of envelopes left in

receptacle) or knowledge of envelope contents (previous

envelope used again in same receptacle), then selection bias can

arise due to the selective enrolment and non-enrolment of

participants into the study (Section 8.9.1; Cochrane Handbook

for Systematic Reviews of Interventions (Higgins 2011)).

• Sagar 1993 and Sagar 1995 included people having

emergency surgery;

• Hagmuller 1990 awaiting classification. Review authors

awaiting paper for detailed analysis (requested from German

authors).

Risk of bias in included studies

See Characteristics of included studies table.

Allocation

All included trials were at low risk of selection bias related to

sequence generation as they used random number tables. None of

the included trials described the allocation concealment method

used and were at unclear risk of selection bias related to allocation

concealment.

Blinding

We considered that blinding of participants and outcome observers

would not influence the objective primary or secondary outcomes.

It would not be possible to blind the personnel involved in surgi-

cal interventions. It would have been challenging to blind study

participants. It would have been possible to blind outcome asses-

sors following drain removal. None of the included trials stated

whether participants and outcome assessors were blinded.

Incomplete outcome data

All trials reported their exclusions and losses to follow-up. The

studies were at low risk of attrition bias. The reported drop-out

rates were low for all three studies, 1/100 (1%) (Mennigen 1989),

and lost to follow-up rates were 2/317 (less than 1%) (Merad

1998), and 2/492 (less than 1%). An assumption was made that

the five participants who dropped out were unlikely to bias the

results (e.g. reasons for the drop-out unlikely to be related to true

outcome measures).

Selective reporting

We were unable to identify published protocols for the included

studies. The included RCTs reported all outcomes that were pre-

stated in the methods section. All included RCTs reported adverse

events.

Other potential sources of bias

No studies reported substantial baseline differences in the treat-

ment and control groups and in sample size calculation.

Effects of interventions

See: Summary of findings for the main comparison Intra-

abdominal drainage compared with no drainage for elective

colorectal surgery

Primary outcome

Anastomotic dehiscence (30-day postoperative)

There was no statistically significant difference in anastomotic

dehiscence in participants treated with intra-abdominal drainage

compared with no treatment (RR 1.40, 95% CI 0.45 to 4.40; 2

RCTs; 809 participants) (Analysis 1.1). There was a low degree of

heterogeneity (I2 = 0%); however, this has little value due to the

low number of included trials. When we carried out the pre-de-

fined subgroup analysis, anastomotic dehiscence was not affected

by the level of colorectal anastomosis or drain type (Analysis 1.1;

Analysis 2.1). We were unable to carry out the pre-defined sen-

sitivity analysis, as all included trials were associated with a high

risk of bias.
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Secondary outcomes

Mortality (30-day postoperative)

All trials reported 30-day mortality. There was no statistically

significant difference in anastomotic dehiscence in participants

treated with intra-abdominal drainage compared with no treat-

ment (RR 0.77, 95% CI 0.41 to 1.45; 3 RCTs; 908 participants)

(Analysis 1.2). There was a low degree of heterogeneity (I2 = 0%).

Surgical re-intervention (30-day postoperative)

All trials reported surgical re-intervention. There was no statis-

tically significant difference in anastomotic dehiscence in partic-

ipants treated with intra-abdominal drainage compared with no

treatment (RR 1.11, 95% CI 0.67 to 1.82; 3 RCTs; 908 partici-

pants) (Analysis 1.3). There was a low degree of heterogeneity (I2

= 29%).

Radiological anastomotic dehiscence (30-day postoperative)

All trials reported radiological anastomotic dehiscence. AL was as-

sessed clinically and with radiological imaging. There was no sta-

tistically significant difference in anastomotic dehiscence in par-

ticipants treated with intra-abdominal drainage compared with no

treatment (RR 0.85, 95% CI 0.39 to 1.83; 3 RCTs; 908 partici-

pants) (Analysis 1.4). There was a low degree of heterogeneity (I2

= 0%).

Wound infection (30-day postoperative)

All trials reported wound infection. Trials did not use a validated

classification system to define wound infection. The definition of

wound infection was based on clinical signs and elevated labora-

tory blood markers for infection. There was no statistically signif-

icant difference in wound infection in participants treated with

intra-abdominal drainage compared with no treatment (RR 0.82,

95% CI 0.45 to 1.51; 3 RCTs; 908 participants) (Analysis 1.5).

There was a low degree of heterogeneity (I2 = 0%).

D I S C U S S I O N

The purpose of this review was to compare outcomes after elec-

tive colorectal surgery with and without the use of prophylactic

anastomotic drains.

Meta-analysis of three RCTs showed no statistically significant dif-

ference in the incidence of clinically or radiologically determined

AL associated with the use of drains (Mennigen 1989; Merad

1998; Merad 1999). There was no detectable difference in mor-

tality between the drainage and non-drainage groups (Mennigen

1989; Merad 1998; Merad 1999). Re-operation rates were consis-

tent between the two groups, suggesting that in the event of AL,

a drain placed at the time of surgery may not have a therapeutic

benefit or change the outcome. However, the power of the analyses

in this review was low, therefore, no firm conclusions can be made

based on current evidence (Mennigen 1989; Merad 1998; Merad

1999).

The incidence of AL in the two drainage groups was also not af-

fected by whether the anastomosis was intra- or extra-peritoneal,

there was no evidence of a greater benefit in drains covering low

rectal anastomoses (Merad 1999). This subgroup analysis was lim-

ited in its conclusion due to limited participant numbers and a

very low event rate of AL (4%); low participant numbers makes

it difficult for analyses to detect differences between groups that

may be present. Many surgeons routinely place drains after mid-

to low-rectal resections with a view to draining pelvic haematomas

postoperatively rather than detecting or preventing ALs. Further

high-quality large RCTs are required to address this topic in greater

detail.

There may be several reasons why drains placed at surgery appear

to be of no benefit. Following surgery, drains will often become

blocked, eradicating their therapeutic potential (Averbach 1995).

Drains may also become displaced from their original placement

site. Furthermore, the studies employed in this meta-analysis used

various types of drain. The differing properties of the drainage

systems used could have affected the results and needs to be in-

vestigated further. The reasoning against the use of drains in col-

orectal surgery includes concerns about potential negative effects

of drains. Indeed, the routine use of drains is not recommended

in colorectal enhanced recovery programmes, which have become

widespread in recent years, due to concerns regarding increased

pain, difficulty with mobilisation and subsequent complications

(Lassen 2009).

The conclusions of this review were limited by the heterogeneous

nature of the operations performed in the included studies, which

included both intra- and extra-peritoneal anastomoses. The lack

of recruitment of sufficient sample sizes in the included studies

means that the conclusions may be limited due to inadequate

power and, therefore, a type II error. In particular, the studies

included are relatively dated and there was no new evidence for

this review since 2004. The available evidence was insufficient to

draw firm conclusions regarding the benefit or harm from routine

drainage in colorectal resections as the two main results from the

pooled data were contradictory and inconsistent. Further trials are

required, not only to determine the safety and efficacy of drains,

but also their role in diagnosing anastomotic leakage, which has

been one of the purported benefits of routine drain placement. In

addition, trials are needed to investigate the effects of drainage in

the emergency colorectal surgical setting which is not addressed

in this review.
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Summary of main results

There was insufficient evidence to support or refute the routine use

of abdominal drainage for elective colorectal anastomosis. There

were no statistical significant differences in the primary outcome,

postoperative anastomotic dehiscence, or secondary outcomes in-

cluding mortality, surgical re-intervention, radiological anasto-

motic dehiscence and wound infection.

Overall completeness and applicability of
evidence

The trials recruited participants considered at low anaesthetic and

surgical risk, therefore, the applicability of this review to inform

practice in high-risk people undergoing surgery is limited. There

was insufficient evidence to draw any conclusions regarding differ-

ences in efficacy for people with benign disease compared with peo-

ple with malignancy. All trials recruited participants within high

resource settings, which limits the applicability of this research to

inform practice within low resource settings. All included stud-

ies reported the primary and secondary outcomes but there was

substantial clinical heterogeneity. Clinically, colorectal surgery has

moved towards minimally invasive laparoscopic operations and

enhanced recovery pathways. The studies included did not address

the effectiveness of drains in current colorectal surgical practice.

Quality of the evidence

The quality of the evidence for effectiveness outcomes was low, de-

noting that further research is likely to have an important impact

on our confidence in the estimate of effect and may change the

estimate. The methodological bias was low in the included trials

as methods of randomisation were described, and it was unclear if

blinding was likely to affect the objective primary and secondary

outcome measures. There was sufficient evidence to reach pre-

liminary conclusions regarding primary and secondary outcomes.

Lack of power calculations in the included studies means that the

conclusions drawn may be subject to type II errors or due to prob-

lems in participant recruitment to the trial.

Potential biases in the review process

The strengths of this systematic review include its robust search

strategy (guided and developed by the Colorectal Cancer Review

Group) and the methodological design and statistical analysis (de-

veloped with reference to the Cochrane Handbook for Systematic

Reviews of Interventions (Higgins 2011)). The protocol was peer-

reviewed, published and freely available. We applied no limita-

tions such as a publication type, language or date restrictions. Two

review authors independently conducted study selection, risk of

bias assessment and data collection. We resolved disagreements by

discussion or by a third review author (RN or PN). All review

authors have stated that there are no conflicts of interest. Sys-

tematic reviews are not without limitations. The comprehensive

search strategy identified only three trials, making extrapolation

difficult. Notably, two of the studies are from the same research

group, which may be a potential source of bias. The studies in-

cluded are relatively dated in surgical practice and do not account

for advances in laparoscopic surgical approaches. This may limit

the applicability of the conclusions to current practice.

Agreements and disagreements with other
studies or reviews

The results from this systematic review were in agreement with

previous systematic reviews on this topic, which also concluded

that there is insufficient evidence to support the use of routine

drainage in elective colorectal surgery (Karliczek 2006; Urbach

1999; Jesus 2004). We found no new evidence for this review

compared to the first published version of the systematic review

in 2004 (Jesus 2004).

The findings of this review agree with additional systematic re-

views on the routine use of drains for abdominal surgery including

gastrectomy, liver resection, cholecystectomy and incisional her-

nia repair (Gurusamy 2007a; Gurusamy 2007b; Gurusamy 2013;

Wang 2011). There remains a paucity of high-quality RCTs in this

field and large-scale RCTs are required to provide robust scientific

evidence in current surgical practice.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

There remains no firm evidence for the prophylactic use of drains

in preventing anastomotic leak after colorectal surgery, although

the review also does not reveal any significant contraindication to

the use of drains. The conclusions of this review were based on

evidence from three studies all performed in the 1980s and 1990s

with no new studies since the previous systematic review in 2004

(Jesus 2004). The applicability of the conclusions based on the

included studies to current minimally invasive colorectal surgery

with enhanced recovery programmes is unclear and remains a sig-

nificant limitation of the review.

Implications for research

Uncertainty about the effects of drains in colorectal surgery re-

mains. A large-scale randomised controlled trial would help to re-

solve these uncertainties. This trial should be performed in the

context of a modern enhanced recovery programme following elec-

tive laparoscopic resection, with the drainage group having a stan-

dardised passive closed drain. All participants would need to be
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randomised to drainage or no drainage with both groups receiving

enhanced recovery programmes. Blinding participants and clini-

cians to the intervention would not be possible. The endpoints

should be clearly defined, and in addition to the endpoints used

in this review, include measurements of postoperative pain, and

specific drain-related complications such as herniation, wound in-

fection and quality of life scores. A prospective protocol with con-

sensus outcome definitions should be published. In particular, ra-

diological anastomotic leak as an outcome measure requires a con-

sensus opinion between three independent radiologists to confirm

an anastomotic leak to prevent subjective reporting. Given the

relatively high leak rates after low rectal anastomosis, this should

form a separate subgroup for analysis. In addition, separate trials

should be conducted to investigate the effects of drains in emer-

gency colorectal surgery.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Mennigen 1989

Methods Sequence generation: random number tables

Allocation concealment: not described

Blinded: not described

Participants Inclusion criteria: elective resection, intra-abdominal anastomosis

Exclusion criteria: obstruction, perforation or sepsis present at time of performing anas-

tomosis, i.e. emergency operation

Type of disease: 77/100 carcinoma, 6/100 adenoma, 7/100 diverticular disease, 9/100

inflammatory colon disease, 1/100 type of disease not reported (for 1 drop-out)

Type of anastomosis: 59/100 left hemicolectomy, 33/100 right hemicolectomy, 7/100

subtotal colectomy, 1/100 not described

Number of participants: 100

Age range: 15-87 years

Gender: 49 male, 50 female

Place of study: Germany (single centre)

Time of study: June 1984 to November 1986

Interventions Treatment: silicone drain

Control: no drain

Outcomes Primary outcome: anastomotic dehiscence

Secondary outcomes: mortality, surgical re-intervention, radiological anastomotic dehis-

cence and wound infection

Notes Publication: journal article

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Random number tables

Allocation concealment (selection bias) Unclear risk No description

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk Unclear

Blinding of participants and personnel

(performance bias)

All outcomes

High risk No description

17Intra-abdominal drains for the prophylaxis of anastomotic leak in elective colorectal surgery (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Mennigen 1989 (Continued)

Blinding of outcome assessment (detection

bias)

All outcomes

High risk No description

Incomplete outcome data (attrition bias)

All outcomes

Low risk Drop-out 1/100 (1%)

Selective reporting (reporting bias) Low risk Reported all outcomes that were pre-stated

in the methods section

Other bias Unclear risk No studies reported substantial baseline

differences in the treatment and con-

trol groups. We found no other potential

sources of bias within the included studies

Sample size calculation not described.

Source of bias

Merad 1998

Methods Sequence generation: random number tables

Allocation concealment: not described

Blinded: not described

Participants Inclusion criteria: elective resection, intra-abdominal anastomosis

Exclusion criteria: emergency operation, infection at time of inclusion, resection without

anastomosis or with pelvic anastomosis

Type of disease: 223/317 carcinoma, 13/317 sigmoid diverticular disease, 34/317 benign

tumour, 18/317 Crohn’s disease, 27/317 other, 2/317 (information not provided in the

study)

Type of anastomosis: 222/317 ileocolica, 95/317 colocolica

Methods of anastomosis: 124/317 manual, 193/317 stapled

Number of eligible participants: 319

Gender: 135 male and 184 female

Number of participants randomised: 317 (two participants excluded due to protocol

violations); 156 patients were randomized to the abdominal drainage group and 161 to

the no abdominal drainage group

Age range: 21-95 years

Place of study: France (15 centres)

Time of study: 1990-1995

Interventions Treatment: drain (82/156 suction - multi-perforated tubular 14F polyvinylchloride

catheter;

74/156 non-suction - silicone multi-tubular 10 mm)

Control: no drain

Outcomes Primary outcome: anastomotic dehiscence

Secondary outcomes: mortality, surgical re-intervention, radiological anastomotic dehis-

cence and wound infection
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Merad 1998 (Continued)

Notes Publication: journal article

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Random number tables

Allocation concealment (selection bias) Unclear risk No description

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk Unclear

Blinding of participants and personnel

(performance bias)

All outcomes

High risk No description

Blinding of outcome assessment (detection

bias)

All outcomes

High risk No description

Incomplete outcome data (attrition bias)

All outcomes

Low risk Lost to follow-up 2/317 (< 1%)

Selective reporting (reporting bias) Low risk Reported all outcomes that were pre-stated

in the methods section

Other bias Unclear risk No studies reported substantial baseline

differences in the treatment and control

groups

Sample size calculation not described.

Source of bias

Merad 1999

Methods Sequence generation: random number tables

Allocation concealment: not described

Blinded: not described

Participants Inclusion criteria: elective resection with pelvic anastomosis

Exclusion criteria: intra-abdominal anastomosis, infection, inadequate haemostasis,

emergency operation

Type of disease: carcinoma: 304/492, sigmoid diverticular disease: 123/492, benign tu-

mour: 23/492, Crohn’s disease: 13/492, other: 26/492, 3/492 (information not provided

in the study)

Type of anastomosis: 360/492 supraperitoneal rectum, 115/492 infraperitoneal rectum,
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Merad 1999 (Continued)

17/492 anus

Methods of anastomosis: 360/492 manual, 132/492 stapled

Number of participants: 492

Age range: 24-98 years

Gender: 248 male, 244 female

Place of study: France (18 centres)

Time of study: September 1990 to June 1995

Interventions Treatment: multi-perforated polyvinyl chloride F14 suction drains

Control: no drain

Outcomes Primary outcome: anastomotic dehiscence

Secondary outcomes: mortality, surgical re-intervention, radiological anastomotic dehis-

cence and wound infection

Notes Publication: journal article

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Random number tables

Allocation concealment (selection bias) High risk No description

Blinding (performance bias and detection

bias)

All outcomes

Unclear risk Unclear

Blinding of participants and personnel

(performance bias)

All outcomes

High risk No description

Blinding of outcome assessment (detection

bias)

All outcomes

High risk No description

Incomplete outcome data (attrition bias)

All outcomes

Low risk Lost to follow-up 2/492 (< 1%)

Selective reporting (reporting bias) Low risk Reported all outcomes that were pre-stated

in the methods section

Other bias Unclear risk No reported substantial baseline differ-

ences in the treatment and control groups

Sample size calculation not described.

Source of bias
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Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Brown 2001 Quasi-randomisation

Hoffmann 1987 Quasi-randomisation

Johnson 1989 Quasi-randomisation

Sagar 1993 Participants undergoing emergency surgery

Sagar 1995 Participants undergoing emergency surgery

Characteristics of studies awaiting assessment [ordered by study ID]

Hagmuller 1990

Methods Randomised prospective clinical study

Participants Prophylactic drainage for elective resection of the colon (intra-peritoneal)

Interventions Capillar drainage (easy-flow-drainage) (n = 60) vs. no drainage(n = 53)

Outcomes Anastomotic leakage; impaired wound healing; re-laparotomy

Notes Unable to source original paper from German authors; awaiting assessment

n: number of participants.
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D A T A A N D A N A L Y S E S

Comparison 1. All studies stratified by type of drain

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Clinical anastomotic dehiscence 2 809 Risk Ratio (M-H, Fixed, 95% CI) 1.40 [0.45, 4.40]

1.1 Active drainage 1 492 Risk Ratio (M-H, Fixed, 95% CI) 1.98 [0.50, 7.84]

1.2 Active and passive

drainage

1 317 Risk Ratio (M-H, Fixed, 95% CI) 0.52 [0.05, 5.63]

2 Mortality 3 908 Risk Ratio (M-H, Fixed, 95% CI) 0.77 [0.41, 1.45]

2.1 Passive drainage 1 99 Risk Ratio (M-H, Fixed, 95% CI) 0.47 [0.04, 5.02]

2.2 Active drainage 1 492 Risk Ratio (M-H, Fixed, 95% CI) 0.79 [0.32, 1.98]

2.3 Active and passive

drainage

1 317 Risk Ratio (M-H, Fixed, 95% CI) 0.80 [0.31, 2.10]

3 Re-intervention 3 908 Risk Ratio (M-H, Fixed, 95% CI) 1.11 [0.67, 1.82]

3.1 Passive drainage 1 99 Risk Ratio (M-H, Fixed, 95% CI) 0.71 [0.17, 2.99]

3.2 Active drainage 1 492 Risk Ratio (M-H, Fixed, 95% CI) 1.65 [0.83, 3.31]

3.3 Active and passive

drainage

1 317 Risk Ratio (M-H, Fixed, 95% CI) 0.69 [0.29, 1.64]

4 Radiological anastomotic

dehiscence

2 809 Risk Ratio (M-H, Fixed, 95% CI) 0.85 [0.39, 1.83]

4.1 Passive drainage 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

4.2 Active drainage 1 492 Risk Ratio (M-H, Fixed, 95% CI) 0.91 [0.41, 2.02]

4.3 Active and passive

drainage

1 317 Risk Ratio (M-H, Fixed, 95% CI) 0.34 [0.01, 8.38]

5 Wound infection 3 908 Risk Ratio (M-H, Fixed, 95% CI) 0.82 [0.45, 1.51]

5.1 Passive drainage 1 99 Risk Ratio (M-H, Fixed, 95% CI) 1.88 [0.18, 20.09]

5.2 Active drainage 1 492 Risk Ratio (M-H, Fixed, 95% CI) 0.71 [0.32, 1.56]

5.3 Active and passive

drainage

1 317 Risk Ratio (M-H, Fixed, 95% CI) 0.88 [0.30, 2.57]

Comparison 2. All studies stratified by level of anastomosis

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Clinical anastomotic dehiscence 2 416 Risk Ratio (M-H, Fixed, 95% CI) 0.66 [0.11, 3.94]

1.1 Intra-peritoneal

anastomosis

2 416 Risk Ratio (M-H, Fixed, 95% CI) 0.66 [0.11, 3.94]

2 Mortality 2 416 Risk Ratio (M-H, Fixed, 95% CI) 0.74 [0.30, 1.80]

2.1 Intra-peritoneal

anastomosis

2 416 Risk Ratio (M-H, Fixed, 95% CI) 0.74 [0.30, 1.80]

3 Re-intervention 2 416 Risk Ratio (M-H, Fixed, 95% CI) 0.71 [0.31, 1.62]

3.1 Intra-peritoneal

anastomosis

2 416 Risk Ratio (M-H, Fixed, 95% CI) 0.71 [0.31, 1.62]
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4 Radiological anastomotic

dehiscence

1 317 Risk Ratio (M-H, Fixed, 95% CI) 0.34 [0.01, 8.38]

4.1 Intra-peritoneal

anastomosis

1 317 Risk Ratio (M-H, Fixed, 95% CI) 0.34 [0.01, 8.38]

5 Wound infection 2 416 Risk Ratio (M-H, Fixed, 95% CI) 1.01 [0.39, 2.66]

5.1 Intra-peritoneal

anastomosis

2 416 Risk Ratio (M-H, Fixed, 95% CI) 1.01 [0.39, 2.66]

Analysis 1.1. Comparison 1 All studies stratified by type of drain, Outcome 1 Clinical anastomotic

dehiscence.

Review: Intra-abdominal drains for the prophylaxis of anastomotic leak in elective colorectal surgery

Comparison: 1 All studies stratified by type of drain

Outcome: 1 Clinical anastomotic dehiscence

Study or subgroup Drainage No drainage Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Active drainage

Merad 1999 6/247 3/245 60.5 % 1.98 [ 0.50, 7.84 ]

Subtotal (95% CI) 247 245 60.5 % 1.98 [ 0.50, 7.84 ]

Total events: 6 (Drainage), 3 (No drainage)

Heterogeneity: not applicable

Test for overall effect: Z = 0.98 (P = 0.33)

2 Active and passive drainage

Merad 1998 1/156 2/161 39.5 % 0.52 [ 0.05, 5.63 ]

Subtotal (95% CI) 156 161 39.5 % 0.52 [ 0.05, 5.63 ]

Total events: 1 (Drainage), 2 (No drainage)

Heterogeneity: not applicable

Test for overall effect: Z = 0.54 (P = 0.59)

Total (95% CI) 403 406 100.0 % 1.40 [ 0.45, 4.40 ]

Total events: 7 (Drainage), 5 (No drainage)

Heterogeneity: Chi2 = 0.92, df = 1 (P = 0.34); I2 =0.0%

Test for overall effect: Z = 0.58 (P = 0.56)

Test for subgroup differences: Chi2 = 0.92, df = 1 (P = 0.34), I2 =0.0%

0.001 0.01 0.1 1 10 100 1000

Favours drainage Favours no drainage
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Analysis 1.2. Comparison 1 All studies stratified by type of drain, Outcome 2 Mortality.

Review: Intra-abdominal drains for the prophylaxis of anastomotic leak in elective colorectal surgery

Comparison: 1 All studies stratified by type of drain

Outcome: 2 Mortality

Study or subgroup Drainage No drainage Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Passive drainage

Mennigen 1989 1/51 2/48 9.8 % 0.47 [ 0.04, 5.02 ]

Subtotal (95% CI) 51 48 9.8 % 0.47 [ 0.04, 5.02 ]

Total events: 1 (Drainage), 2 (No drainage)

Heterogeneity: not applicable

Test for overall effect: Z = 0.62 (P = 0.53)

2 Active drainage

Merad 1999 8/247 10/245 47.9 % 0.79 [ 0.32, 1.98 ]

Subtotal (95% CI) 247 245 47.9 % 0.79 [ 0.32, 1.98 ]

Total events: 8 (Drainage), 10 (No drainage)

Heterogeneity: not applicable

Test for overall effect: Z = 0.50 (P = 0.62)

3 Active and passive drainage

Merad 1998 7/156 9/161 42.3 % 0.80 [ 0.31, 2.10 ]

Subtotal (95% CI) 156 161 42.3 % 0.80 [ 0.31, 2.10 ]

Total events: 7 (Drainage), 9 (No drainage)

Heterogeneity: not applicable

Test for overall effect: Z = 0.45 (P = 0.65)

Total (95% CI) 454 454 100.0 % 0.77 [ 0.41, 1.45 ]

Total events: 16 (Drainage), 21 (No drainage)

Heterogeneity: Chi2 = 0.18, df = 2 (P = 0.92); I2 =0.0%

Test for overall effect: Z = 0.82 (P = 0.41)

Test for subgroup differences: Chi2 = 0.18, df = 2 (P = 0.92), I2 =0.0%

0.1 0.2 0.5 1 2 5 10

Favours drainage Favours no drainage
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Analysis 1.3. Comparison 1 All studies stratified by type of drain, Outcome 3 Re-intervention.

Review: Intra-abdominal drains for the prophylaxis of anastomotic leak in elective colorectal surgery

Comparison: 1 All studies stratified by type of drain

Outcome: 3 Re-intervention

Study or subgroup Drainage No drainage Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Passive drainage

Mennigen 1989 3/51 4/48 14.7 % 0.71 [ 0.17, 2.99 ]

Subtotal (95% CI) 51 48 14.7 % 0.71 [ 0.17, 2.99 ]

Total events: 3 (Drainage), 4 (No drainage)

Heterogeneity: not applicable

Test for overall effect: Z = 0.47 (P = 0.64)

2 Active drainage

Merad 1999 20/247 12/245 43.1 % 1.65 [ 0.83, 3.31 ]

Subtotal (95% CI) 247 245 43.1 % 1.65 [ 0.83, 3.31 ]

Total events: 20 (Drainage), 12 (No drainage)

Heterogeneity: not applicable

Test for overall effect: Z = 1.42 (P = 0.16)

3 Active and passive drainage

Merad 1998 8/156 12/161 42.2 % 0.69 [ 0.29, 1.64 ]

Subtotal (95% CI) 156 161 42.2 % 0.69 [ 0.29, 1.64 ]

Total events: 8 (Drainage), 12 (No drainage)

Heterogeneity: not applicable

Test for overall effect: Z = 0.85 (P = 0.40)

Total (95% CI) 454 454 100.0 % 1.11 [ 0.67, 1.82 ]

Total events: 31 (Drainage), 28 (No drainage)

Heterogeneity: Chi2 = 2.81, df = 2 (P = 0.24); I2 =29%

Test for overall effect: Z = 0.40 (P = 0.69)

Test for subgroup differences: Chi2 = 2.81, df = 2 (P = 0.25), I2 =29%

0.1 0.2 0.5 1 2 5 10

Favours drainage Favours no drainage
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Analysis 1.4. Comparison 1 All studies stratified by type of drain, Outcome 4 Radiological anastomotic

dehiscence.

Review: Intra-abdominal drains for the prophylaxis of anastomotic leak in elective colorectal surgery

Comparison: 1 All studies stratified by type of drain

Outcome: 4 Radiological anastomotic dehiscence

Study or subgroup Drainage No drainage Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Passive drainage

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (Drainage), 0 (No drainage)

Heterogeneity: not applicable

Test for overall effect: not applicable

2 Active drainage

Merad 1999 11/247 12/245 89.1 % 0.91 [ 0.41, 2.02 ]

Subtotal (95% CI) 247 245 89.1 % 0.91 [ 0.41, 2.02 ]

Total events: 11 (Drainage), 12 (No drainage)

Heterogeneity: not applicable

Test for overall effect: Z = 0.23 (P = 0.82)

3 Active and passive drainage

Merad 1998 0/156 1/161 10.9 % 0.34 [ 0.01, 8.38 ]

Subtotal (95% CI) 156 161 10.9 % 0.34 [ 0.01, 8.38 ]

Total events: 0 (Drainage), 1 (No drainage)

Heterogeneity: not applicable

Test for overall effect: Z = 0.66 (P = 0.51)

Total (95% CI) 403 406 100.0 % 0.85 [ 0.39, 1.83 ]

Total events: 11 (Drainage), 13 (No drainage)

Heterogeneity: Chi2 = 0.34, df = 1 (P = 0.56); I2 =0.0%

Test for overall effect: Z = 0.42 (P = 0.67)

Test for subgroup differences: Chi2 = 0.34, df = 1 (P = 0.56), I2 =0.0%

0.1 0.2 0.5 1 2 5 10

Favours drainage Favours no drainage
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Analysis 1.5. Comparison 1 All studies stratified by type of drain, Outcome 5 Wound infection.

Review: Intra-abdominal drains for the prophylaxis of anastomotic leak in elective colorectal surgery

Comparison: 1 All studies stratified by type of drain

Outcome: 5 Wound infection

Study or subgroup Drainage No drainage Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Passive drainage

Mennigen 1989 2/51 1/48 4.7 % 1.88 [ 0.18, 20.09 ]

Subtotal (95% CI) 51 48 4.7 % 1.88 [ 0.18, 20.09 ]

Total events: 2 (Drainage), 1 (No drainage)

Heterogeneity: not applicable

Test for overall effect: Z = 0.52 (P = 0.60)

2 Active drainage

Merad 1999 10/247 14/245 64.0 % 0.71 [ 0.32, 1.56 ]

Subtotal (95% CI) 247 245 64.0 % 0.71 [ 0.32, 1.56 ]

Total events: 10 (Drainage), 14 (No drainage)

Heterogeneity: not applicable

Test for overall effect: Z = 0.85 (P = 0.39)

3 Active and passive drainage

Merad 1998 6/156 7/161 31.3 % 0.88 [ 0.30, 2.57 ]

Subtotal (95% CI) 156 161 31.3 % 0.88 [ 0.30, 2.57 ]

Total events: 6 (Drainage), 7 (No drainage)

Heterogeneity: not applicable

Test for overall effect: Z = 0.23 (P = 0.82)

Total (95% CI) 454 454 100.0 % 0.82 [ 0.45, 1.51 ]

Total events: 18 (Drainage), 22 (No drainage)

Heterogeneity: Chi2 = 0.62, df = 2 (P = 0.73); I2 =0.0%

Test for overall effect: Z = 0.64 (P = 0.52)

Test for subgroup differences: Chi2 = 0.62, df = 2 (P = 0.73), I2 =0.0%

0.1 0.2 0.5 1 2 5 10

Favours drainage Favours no drainage
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Analysis 2.1. Comparison 2 All studies stratified by level of anastomosis, Outcome 1 Clinical anastomotic

dehiscence.

Review: Intra-abdominal drains for the prophylaxis of anastomotic leak in elective colorectal surgery

Comparison: 2 All studies stratified by level of anastomosis

Outcome: 1 Clinical anastomotic dehiscence

Study or subgroup Drainage No drainage Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Intra-peritoneal anastomosis

Mennigen 1989 1/51 1/48 34.4 % 0.94 [ 0.06, 14.63 ]

Merad 1998 1/156 2/161 65.6 % 0.52 [ 0.05, 5.63 ]

Total (95% CI) 207 209 100.0 % 0.66 [ 0.11, 3.94 ]

Total events: 2 (Drainage), 3 (No drainage)

Heterogeneity: Chi2 = 0.10, df = 1 (P = 0.75); I2 =0.0%

Test for overall effect: Z = 0.45 (P = 0.65)

Test for subgroup differences: Not applicable

0.001 0.01 0.1 1 10 100 1000

Favours drainage Favours no drainage
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Analysis 2.2. Comparison 2 All studies stratified by level of anastomosis, Outcome 2 Mortality.

Review: Intra-abdominal drains for the prophylaxis of anastomotic leak in elective colorectal surgery

Comparison: 2 All studies stratified by level of anastomosis

Outcome: 2 Mortality

Study or subgroup Drainage No drainage Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Intra-peritoneal anastomosis

Mennigen 1989 1/51 2/48 18.9 % 0.47 [ 0.04, 5.02 ]

Merad 1998 7/156 9/161 81.1 % 0.80 [ 0.31, 2.10 ]

Total (95% CI) 207 209 100.0 % 0.74 [ 0.30, 1.80 ]

Total events: 8 (Drainage), 11 (No drainage)

Heterogeneity: Chi2 = 0.17, df = 1 (P = 0.68); I2 =0.0%

Test for overall effect: Z = 0.66 (P = 0.51)

Test for subgroup differences: Not applicable
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Analysis 2.3. Comparison 2 All studies stratified by level of anastomosis, Outcome 3 Re-intervention.

Review: Intra-abdominal drains for the prophylaxis of anastomotic leak in elective colorectal surgery

Comparison: 2 All studies stratified by level of anastomosis

Outcome: 3 Re-intervention

Study or subgroup Drainage No drainage Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Intra-peritoneal anastomosis

Mennigen 1989 1/51 1/48 8.0 % 0.94 [ 0.06, 14.63 ]

Merad 1998 8/156 12/161 92.0 % 0.69 [ 0.29, 1.64 ]

Total (95% CI) 207 209 100.0 % 0.71 [ 0.31, 1.62 ]

Total events: 9 (Drainage), 13 (No drainage)

Heterogeneity: Chi2 = 0.05, df = 1 (P = 0.83); I2 =0.0%

Test for overall effect: Z = 0.82 (P = 0.41)

Test for subgroup differences: Not applicable
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29Intra-abdominal drains for the prophylaxis of anastomotic leak in elective colorectal surgery (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 2.4. Comparison 2 All studies stratified by level of anastomosis, Outcome 4 Radiological

anastomotic dehiscence.

Review: Intra-abdominal drains for the prophylaxis of anastomotic leak in elective colorectal surgery

Comparison: 2 All studies stratified by level of anastomosis

Outcome: 4 Radiological anastomotic dehiscence

Study or subgroup Drainage No drainage Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Intra-peritoneal anastomosis

Merad 1998 0/156 1/161 100.0 % 0.34 [ 0.01, 8.38 ]

Total (95% CI) 156 161 100.0 % 0.34 [ 0.01, 8.38 ]

Total events: 0 (Drainage), 1 (No drainage)

Heterogeneity: not applicable

Test for overall effect: Z = 0.66 (P = 0.51)

Test for subgroup differences: Not applicable
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Analysis 2.5. Comparison 2 All studies stratified by level of anastomosis, Outcome 5 Wound infection.

Review: Intra-abdominal drains for the prophylaxis of anastomotic leak in elective colorectal surgery

Comparison: 2 All studies stratified by level of anastomosis

Outcome: 5 Wound infection

Study or subgroup Drainage No drainage Risk Ratio Weight Risk Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 Intra-peritoneal anastomosis

Mennigen 1989 2/51 1/48 13.0 % 1.88 [ 0.18, 20.09 ]

Merad 1998 6/156 7/161 87.0 % 0.88 [ 0.30, 2.57 ]

Total (95% CI) 207 209 100.0 % 1.01 [ 0.39, 2.66 ]

Total events: 8 (Drainage), 8 (No drainage)

Heterogeneity: Chi2 = 0.32, df = 1 (P = 0.57); I2 =0.0%

Test for overall effect: Z = 0.03 (P = 0.98)

Test for subgroup differences: Not applicable
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A P P E N D I C E S

Appendix 1. CENTRAL search strategy

Cochrane Central Register of Controlled Trials (CENTRAL) (2015, Issue 2)

#1 MeSH descriptor: [Colorectal Surgery] explode all trees

#2 MeSH descriptor: [Digestive System Surgical Procedures] explode all trees

#3 MeSH descriptor: [Colorectal Neoplasms] explode all trees

#4 MeSH descriptor: [Rectum] explode all trees

#5 MeSH descriptor: [Colon] explode all trees

#6 MeSH descriptor: [Abdomen] explode all trees

#7 ((colorect* or colon* or rect* or anal or anus or intestin* or bowel* or abdom*) and (surger* or resec* or operat*)):ti,ab,kw

#8 (#1 or #2 or #3 or #4 or #5 or #6 or #7)

#9 MeSH descriptor: [Anastomosis, Surgical] explode all trees

#10 (anastomo*):ti,ab,kw

#11 (#9 or #10)

#12 MeSH descriptor: [Drainage] explode all trees

#13 (drain* or dren* or suction*):ti,ab,kw

#14 (#12 or #13)

#15 (#8 and #11 and #14)
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Appendix 2. MEDLINE search strategy

Ovid MEDLINE (1950 to 6 February 2015)

1. exp Colorectal Surgery/

2. exp Digestive System Surgical Procedures/

3. exp Colorectal Neoplasms/

4. exp Rectum/

5. exp Colon/

6. exp Abdomen/

7. ((colorect* or colon* or rect* or anal or anus or intestin* or bowel* or abdom*) and (surger* or resec* or operat*)).mp.

8. 1 or 2 or 3 or 4 or 5 or 6 or 7

9. exp Anastomosis, Surgical/

10. anastomo*.mp.

11. 9 or 10

12. exp Drainage/

13. (drain* or dren* or suction*).mp.

14. 12 or 13

15. 8 and 11 and 14

16. randomized controlled trial.pt.

17. controlled clinical trial.pt.

18. randomized.ab.

19. placebo.ab.

20. clinical trial.sh.

21. randomly.ab.

22. trial.ti.

23. 16 or 17 or 18 or 19 or 20 or 21 or 22

24. humans.sh.

25. 23 and 24

26. 15 and 25

Appendix 3. EMBASE search strategy

Ovid EMBASE (1974 to 6 February 2015)

1. exp colorectal surgery/

2. exp abdominal surgery/

3. exp colon tumor/

4. exp rectum tumor/

5. exp rectum/

6. exp colon/

7. ((colorect* or colon* or rect* or anal or anus or intestin* or bowel* or abdom*) and (surger* or resec* or operat*)).mp.

8. 1 or 2 or 3 or 4 or 5 or 6 or 7

9. exp anastomosis/

10. anastomo*.mp.

11. 9 or 10

12. exp surgical drainage/

13. (drain* or dren* or suction*).mp.

14. 12 or 13

15. 8 and 11 and 14

16. CROSSOVER PROCEDURE.sh.

17. DOUBLE-BLIND PROCEDURE.sh.

18. SINGLE-BLIND PROCEDURE.sh.

19. (crossover* or cross over*).ti,ab.

20. placebo*.ti,ab.
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21. (doubl* adj blind*).ti,ab.

22. allocat*.ti,ab.

23. trial.ti.

24. RANDOMIZED CONTROLLED TRIAL.sh.

25. random*.ti,ab.

26. 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25

27. (exp animal/ or exp invertebrate/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans or man or

men or wom?n).ti.)

28. 26 not 27

29. 15 and 28

W H A T ’ S N E W
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