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ABSTRACT

Background

Gastrectomy remains the primary therapeutic method for resectable gastric cancer. Thought of as an important measure to reduce post-
operative complications and mortality, abdominal drainage has been used widely after gastrectomy for gastric cancer in previous decades.
The benefits of abdominal drainage have been questioned by researchers in recent years.

Objectives

The objectives of this review were to assess the benefits and harms of routine abdominal drainage post-gastrectomy for gastric cancer.

Search methods

We searched the Cochrane Upper Gastrointestinal and Pancreatic Diseases (UGPD) Group Specialised Register and the Cochrane Central
Register of Controlled Trials (CENTRAL) in The Cochrane Library (2014, Issue 11); MEDLINE (via PubMed) (1950 to November 2014); EMBASE
(1980 to November 2014); and the Chinese National Knowledge Infrastructure (CNKI) Database (1979 to November 2014).

Selection criteria

We included randomised controlled trials (RCTs) comparing an abdominal drain versus no drain in patients who had undergone
gastrectomy (not considering the scale of gastrectomy and the extent of lymphadenectomy); irrespective of language, publication status,
and the type of drain. We excluded RCTs comparing one drain with another.

Data collection and analysis

We adhered to the standard methodological procedures of The Cochrane Collaboration. From each included trial, we extracted the
data on the methodological quality and characteristics of the participants, mortality (30-day mortality), re-operations, post-operative
complications (pneumonia, wound infection, intra-abdominal abscess, anastomotic leak, drain-related complications), operation time,
length of post-operative hospital stay, and initiation of a soft diet. For dichotomous data, we calculated the risk ratio (RR) and 95%
confidence interval (Cl). For continuous data, we calculated mean difference (MD) and 95% Cl. We tested heterogeneity using the Chi? test.
We used a fixed-effect model for data analysis with RevMan software, but we used a random-effects model if the P value of the Chi? test
was less than 0.1.

Main results

We included four RCTs involving 438 patients (220 patients in the drain group and 218 in the no-drain group). There was no evidence of a
difference between the two groups in mortality (RR 1.73, 95% CI 0.38 to 7.84); re-operations (RR 2.49, 95% CI 0.71 to 8.74); post-operative
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complications (pneumonia: RR 1.18, 95% CI 0.55 to 2.54; wound infection: RR 1.23, 95% CI 0.47 to 3.23; intra-abdominal abscess: RR 1.27,
95% C10.29 to 5.51; anastomotic leak: RR 0.93, 95% CI 0.06 to 14.47); or initiation of soft diet (MD 0.15 days, 95% CI -0.07 to 0.37). However,
the addition of a drain prolonged the operation time (MD 9.07 min, 95% Cl 2.56 to 15.57) and post-operative hospital stay (MD 0.69 day,
95% C10.18 to 1.21) and led to drain-related complications. Additionally, we should note that 30-day mortality and re-operations are very
rare events and, as a result, very large numbers of patients would be required to make any sensible conclusions about whether the two
groups were similar. The overall quality of the evidence according to the GRADE approach was 'very low' for mortality and re-operations,
and 'low' for post-operative complications, operation time, and post-operative length of stay.

Authors' conclusions

We found no convincing evidence to support routine drain use after gastrectomy for gastric cancer.

PLAIN LANGUAGE SUMMARY

Inserting a drain after gastrectomy for gastric cancer
Background

Gastrectomy remains the primary therapeutic method for resectable gastric cancer. It is believed that abdominal drains can help in the
earlier detection and drainage of anastomotic fistulas and the prevention of intra-abdominal abscesses. There is no consensus on the
routine placement of abdominal drainage after gastrectomy for gastric cancer.

Review question

To assess the benefits and harms of routine abdominal drainage post-gastrectomy for gastric cancer, we included randomised controlled
trials (RCTs) that compared inserting an abdominal drain versus no drain in patients with gastric cancer who had undergone gastrectomy.
The main outcomes included deaths (30-day mortality), re-operations, post-operative complications, operation time, length of post-
operative hospital stay, and time of initiation of a soft diet.

Study characteristics

This review included four RCTs involving 438 patients that investigated the benefits and harms of routine abdominal drainage post-
gastrectomy for gastric cancer.

Key results

There was no evidence of a difference between the two groups in deaths, post-operative complications, and initiation of a soft diet.
The results showed that drains increased harms by prolonging operation time and post-operative hospital stay, and led to drain-related
complications without providing any additional benefit for patients with gastric cancer undergoing gastrectomy. There was no convincing
evidence to support the routine use of drains after gastrectomy for gastric cancer.

Quality of the evidence

The overall quality of the evidence according to the GRADE approach was 'very low' for deaths and re-operations, and 'low' for post-
operative complications, operation time, and post-operative length of stay. This review included only four RCTs, and not all of the included
studies reported all outcomes that we were assessing. Therefore, the quality was mainly limited by insufficient data.
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Drain versus no drain for gastric cancer

Drain versus no drain for gastric cancer

Patient or population: gastric cancer

Settings: hospital
Intervention: drain versus no drain

Outcomes Illustrative comparative risks* (95% Cl) Relative effect  No of Partici- Quality of the Comments
(95% ClI) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Control Drain versus no drain
30-day mortality 9 per 1000 16 per 1000 RR1.73 438 BOOO
Death during the follow-up (3to71) (0.38t0 7.84) (4 studies) very low 1,2,3
Follow-up: mean 30 days
Post-operative complications See comment See comment Not estimable 0 BDOO
(4 studies) low 3.4
Re-operations 26 per 1000 65 per 1000 RR 2.49 230 ®000
Re-operations during the follow-up (18 to 227) (0.71to0 8.74) (2 studies) very low 3,5,6
Follow-up: mean 30 days
Operation time The mean operation The mean operation time in 378 PO
The time from the start to theend of  time ranged across the intervention groups was (3 studies) low
operation. Scale from: 0 to 100. control groups from 9.07 minutes higher 3,9,10,11,12,13
Follow-up: mean 30 days’ 132 to 159 minutes 8 (2.56 to 15.57 higher)
Length of post-operative hospital The mean length of The mean length of post-op- 438 DBOO
stay post-operative hospi- erative hospital stay in the (4 studies) low 13,9

The time from the day of operation
to the day of discharge. Scale from: 0
to 100.

Follow-up: mean 30 days

tal stay ranged across
control groups from
8.39to 12.9 days

intervention groups was
0.69 days higher
(0.18 to 1.21 higher)

*The basis for the assumed risk (e.g. the median control group risk across studies) 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% ClI).

Cl: Confidence interval; RR: Risk ratio

GRADE Working Group grades of evidence
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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.

1The four included trials did not report the study design and implementation clearly, so most of the items of methodological quality were unclear.

2 30-day mortality is a zero event for the Kim 2004 and Jiang 2008 trials and as a result less than half the total patients contribute to the meta-analysis.

3 We only included four trials in this review, and all the four studies concluded that use of a drain had no additional benefits. Funnel plot was not drawn because of the limited
numbers of studies.

4 Not all the included studies reported the complication data. And blinding was not clearly stated.

5 The two included trials did not report the study design and implementation clearly, so most of the items of methodological quality were unclear.

6 Only two included studies reported this result.

7 The follow-up time of the three included trials was 30 days.

8 They were the lowest and the highest estimates of the scores in the no-drain groups

9 The three included trials did not report the study design and implementation clearly, so most of the items of methodological quality were unclear.

10 Although the operation time was closely associated with the surgeon, the three trials reported that all the surgical procedures were by the same surgeon or the same group
of surgeons.

11 All three trials compared drain with no drain directly.

12 The sample size of the three included studies was not very small and the operation was measured based on every included patient.

13 All the three studies were randomised controlled trials.
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BACKGROUND

Description of the condition

Although the incidence of, and mortality rates for, gastric cancer
have decreased markedly in most areas of the world in the past few
decades (Jemal 2002), the prognosis of gastric cancer remains poor
and mortality remains high. After lung cancer, gastric cancer is at
present considered the main cause of cancer-related death (Crew
2006). As a result of trends in global aging and population growth,
the potential incidence of gastric cancer for 2010 was estimated
to increase to 1.1 million. Developing countries are expected
to carry most of the disease burden (Parkin 2005), amounting
to about two-thirds of all cases of gastric cancer (Lochhead
2008). Treatments for gastric cancer include surgery, adjuvant
chemotherapy, chemoradiotherapy, palliative chemotherapy, and
complete surgical resection of the tumour, which offers the best
opportunity for a full recovery (Phan 2004). In recent decades
progress has been made in the treatment of gastric cancer, however
the survival remains poor outside of Japan (Lochhead 2008) where
the five-year survival rate is greater than 50%, largely owing to
the introduction of population-based endoscopic screening in the
1960s (Parkin 2005).

Description of the intervention

Thought to be an important measure to reduce post-operative
complications and mortality, for a long time prophylactic drainage
of the peritoneal cavity was considered efficient and was used
widely after various abdominal surgeries, although not much
data existed to scientifically support the practice (Robinson 1986;
Dougherty 1992). Drainage of the abdominal cavity was first
described by Ambroise Pare but as the practice had been in use
earlier it has a long historical tradition (Karliczek 2006). Surgical
drains can be classified into two categories, open drains and closed
drains. Anopen drain is where surgeons place an artificial conduitin
the wound after an operation to drain fluids from the patient’s body
(for example a Penrose drain). There are two types of closed drains;
passive drains, which are gravity assisted (for example a Robinson
drain), and suction drains which work on negative pressure (for
example a Redon drain) (Gurusamy 2007).

How the intervention might work

Although surgical techniques have improved, abdominal drainage
is still used routinely in most centres (Bona 1994). The aims
of prophylactic drainage are to prevent repeated infection (for
example by discharging remnant blood and preventing abscess
formation), control possible leakage from the surgical seam
(by drainage of the digestive closure, for example a colonic
anastomosis), and to provide a warning of potential complications
(for example by providing evidence of pancreatic leakage or
post-operative bleeding, just like an alarm bell) (Schein 2008).
The benefits of routine drainage have been questioned by some
researchers (Sager 1993) who argue that drains might be associated
with increased rates of intra-abdominal and wound infection,
increased abdominal pain, decreased pulmonary function, and
prolonged hospital stay (Liu 2004; Yeh 2005). Furthermore, recent
studies have shown that for a variety of routine intra-abdominal
procedures where drains were once routinely placed, such
as pancreatic resection, partial hepatectomy, cholecystectomy,
splenectomy, colorectal or other gastrointestinal surgery, the
surgery can be completed securely without prophylactic drainage

(Cerise 1970; Monson 1991; Merad 1999; Conlon 2001). Therefore,
routine drainage after abdominal surgeries is an issue of
considerable debate.

Why it is important to do this review

Currently, there is no consensus on prophylactic drainage post-
gastrectomy. A 2004 systematic review, which concluded that
prophylactic drainage remains indicated after total gastrectomy,
was not based on any prospective studies of prophylactic
drainage versus no drainage (Petrowsky 2004). Nevertheless,
regarding abdominal drainage post-gastrectomy for gastric cancer
there has been some recent progress (Wronski 2007). Advances
in the surgical technique, anaesthesia, and peri-operative
patient care have consistently decreased the number of post-
operative complications after gastric cancer surgery, especially
in countries such as Korea and Japan where gastrectomy with
D2 lymphadenectomy is the standard surgery (Maruyama 1998).
From the perspective of evidence-based medicine, it has become
necessary for us to update our old conceptions with respect to
abdominal drainage post-gastrectomy for gastric cancer.

OBJECTIVES

The objectives of this review were to assess the benefits and harms
of routine abdominal drainage post-gastrectomy for gastric cancer.

METHODS

Criteria for considering studies for this review
Types of studies

We included only parallel group design, randomised controlled
trials (RCTs) comparing drain use and no-drain use post-
gastrectomy for gastric cancer (irrespective of language or
publication status).

Types of participants

We included only patients who had undergone gastrectomy for
gastric cancer (irrespective of whether it was a total, subtotal,
radical, or palliative gastrectomy), not considering the extent of
lymph node dissection. We excluded patients who had undergone
gastrectomy for any other gastric diseases (other benign or
malignant diseases).

Types of interventions

We included only trials comparing abdominal drainage versus no
drainage post-gastrectomy for gastric cancer (irrespective of the
type of the drain). We excluded trials comparing the two types of
drains (open and closed) and studies without a control group.

Types of outcome measures

We assessed the benefits and harms of routine abdominal drainage
post-gastrectomy for gastric cancer.

Primary outcomes

1. Mortality (30-day mortality).
2. Re-operations.

3. Post-operative complications:
a. pneumonia,

b. wound infection,

Abdominal drainage versus no drainage post-gastrectomy for gastric cancer (Review) 5
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c. intra-abdominal abscess,
d. anastomotic leak,
e. drain-related complications.

Secondary outcomes

1. Operation time
2. Length of post-operative hospital stay
3. Initiation of soft diet

Search methods for identification of studies

We considered all eligible published and unpublished studies,
irrespective of language.

Electronic searches

We conducted electronic searches of:

« the Cochrane Upper Gastrointestinal and Pancreatic Diseases
(UGPD) Group Specialised Registe;

« Cochrane Central Register of Controlled Trials (CENTRAL)
(Appendix 1) in the The Cochrane Library (2014, Issue 11);

o MEDLINE via PubMed (1946 to 26 November 2014) (Appendix 2);
o EMBASE (1980 to 26 November 2014) (Appendix 3); and

« Chinese National Knowledge Infrastructure (CNKI) Database
(1979 to 26 November 2014).

We established the search strategy for the review using a
combination of subject headings and text words relating to the use
of drains in patients undergoing gastrectomy for gastric cancer. In
addition, we modified the search strategies for CENTRAL, MEDLINE
and EMBASE to suit the CNKI Database.

Searching other resources

We handsearched the reference lists of eligible trials that were
retrieved by electronic searching to identify further relevant trials.
In addition, we contacted authors of relevant studies, members of
the Cochrane UGPD Group, and experts in the field for additional
published or unpublished data. We also handsearched published
abstracts from the conference proceedings of the United European
Gastroenterology Week (published in Gut) and Digestive Disease
Week (published in Gastroenterology).

Data collection and analysis
Selection of studies

Three review authors (Jungiang Chen (J-Q C), Zhen Wang (ZW), and
Ka Su (KS)) selected relevant articles and independently assessed
their eligibility based on the inclusion and exclusion criteria. For
further assessment, we obtained the full texts for those trials
identified from their titles and abstracts as relevant or possibly
relevant. We resolved disagreements by discussion.

Data extraction and management

Two authors (J-Q C and ZW) independently extracted the
following information from eligible studies, using a predefined data
extraction form, and entered the data into the Review Manager 5
software (RevMan 2012).

1. Year of publication and conduct of the study.
2. Country and publication language of the study.

3. Sample size.
4. Inclusion and exclusion criteria.

5. Baseline characteristics of the participants (age, gender,
comparability between two groups, etc).

Type of operations and drains used.
Pre-operative and post-operative antibiotics.
Primary and secondary outcomes.

Quality of methodology (method of randomisation, allocation
concealment, details of blinding, completeness of outcome
data, selective reporting, and others).

©w ® N o

We resolved any differences in opinion through discussion,
and contacted the authors responsible for studies if data were
unpublished or where confirmation of results was required.

Assessment of risk of bias in included studies

Three authors (J-Q C, ZW, and KS) independently assessed the
quality of the methodology of the included studies, following
the quality checklist supplied in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011). This contains
six items: method of randomisation, adequacy of concealment
allocation, blinding, completeness of outcome data, selective
reporting of outcomes, and other bias. Taking into account the
risk of overestimating intervention effects in randomised trials
with inadequate methodological quality (Kjaergard 2001), we
assessed the methodological quality of the trials according to
the information available in the published articles. If information
was not available in the published article, we tried to contact
the authors for more information. We reached consensus by
discussion.

For all items listed in the sections below, a result of 'Yes' indicated a
low risk of bias, 'No' indicated a high risk of bias, and 'Probably yes'
indicated an uncertain risk of bias.

Sequence generation

In each trial, we assessed risk of bias with respect to method of
randomisation as follows.

o For a result of ‘Yes’, the method for allocating interventions
to participants must be specified and based on some chance
(random) process, such as computer-generated or random
numbers, throwing dice, or coin tossing.

« For a result of ‘Probably yes’, the study must be described as
randomised but with the method used for randomisation not
clearly described.

« Foraresult of ‘No’, the method of sequence generation should be
non-randomised, for example, by using participants’ birth dates,
dates of admission, or their inpatient or outpatient numbers.

Adequacy of concealment allocation

In each trial, we assessed risk of bias with respect to how
adequately allocation was concealed as follows.

« For a result of ‘Yes’, an effective approach should be used that
will ensure that participants and investigators cannot predict
the assignment, such as using sealed or opaque envelopes, a
central independent unit, or an on-site locked computer.

Abdominal drainage versus no drainage post-gastrectomy for gastric cancer (Review) 6
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« For a result of ‘Probably yes’, the trial must be described as
randomised but with the method used to conceal the allocation
not reported.

« Foraresult of ‘No’, this means that the allocation sequence was
known to the investigators who recruited the participants.

Blinding

We did not assess double blinding as we considered that it was
impractical in our review. However, we recorded whether or not
the drain was placed by a second surgeon who was not otherwise
involved in the operation.

Completeness of outcome data

In each trial, we assessed risk of bias with respect to completeness
of outcome data as follows.

« For a result of ‘Yes), there should be no missing data, unless
missing data were balanced in numbers across intervention
groups or had been imputed using appropriate methods, or if
the reasons for missing outcome data did not affect the true
outcome of the trial, etc.

« For a result of ‘Probably yes’, there should be insufficient
reporting of missing data to permit a judgement of ‘Yes’ or ‘No’.

« For a result of ‘N0, it should be clear that the true outcome
was affected by the missing data, with either an imbalance in
numbers or reasons for missing data across the intervention
groups, or with inappropriate application of imputation, etc.

Selective reporting of outcomes

In each trial, we assessed risk of bias with respect to selective
reporting of outcomes as follows.

« Foraresult of ‘Yes’, all of the study's pre-specified outcomes that
were of interest to the review should be reported.

« For a result of ‘Probably yes’, there should be insufficient
information to permit a judgement of ‘Yes’ or ‘No’.

« For a result of ‘No’, some of the study's pre-specified outcomes
were missing, some primary outcomes might be reported using
methods or subsets of the data that were not pre-specified,
some primary outcomes that were not pre-specified might be
reported, outcomes of interest in the review might be reported
incompletely, or the study might fail to report a key outcome.

Other bias

In each trial, we assessed risk of other bias as follows.

« For a result of ‘Yes’, the study should appear to be free of other
sources of bias such as conflict of interests.

o For a result of ‘Probably yes’, there should be insufficient
information to assess whether an important risk of bias existed,
or insufficient rationale or evidence that an identified issue
caused bias.

« For a result of ‘No’, there should be at least one important
source of risk of bias (potential source of bias related to specific
study design used, extreme baseline imbalance, or some other
problem etc.).

Measures of treatment effect

To secure accuracy of data, one review author (ZW) entered all data
into Review Manager (RevMan 2012) and another review author (J-
Q C) checked them. For continuous data, we presented the results
as mean differences (MD) and 95% confidence intervals (Cl); for
dichotomous data, we calculated risk ratio (RR) and 95% CI.

Unit of analysis issues

Cluster-randomised and cross-over trials did not appear in our
review. And there was no study with multiple treatment arms.

Dealing with missing data

If data were missing or incomplete, we contacted the study authors
to help find relevant information for the review. We used the
data available from the articles if there was no response from the
authors.

Assessment of heterogeneity

We explored the clinical and methodological heterogeneity of
included studies from the aspects of baseline characteristics of
participants, interventions, and study designs, and we found
clinical and methodological heterogeneity was not significant in
our review. We explored statistical heterogeneity using the Chi2 test
(Higgins 2011).

Assessment of reporting biases

We did not explore bias by using a funnel plot because of the small
number of included studies, according to the instructions of the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011).

Data synthesis

We calculated pooled statistics using a fixed-effect model. We
did not use a random-effects model because the P values of the

heterogeneity tests (Chi2 test) were all greater than 0.1.

Subgroup analysis and investigation of heterogeneity

We investigated clinical heterogeneity according to the scale of
gastrectomy. Methodological heterogeneity (study design) and
statistical heterogeneity were not significant in this review. We used
subgroup analysis according to the scale of gastrectomy.

Sensitivity analysis

We performed sensitivity analyses to investigate the effect on
outcome, by:

1. comparing fixed-effect model results to random-effects model
results;

2. excluding studies published in different languages; and
3. using different statistical parameters.

RESULTS

Description of studies

See: Characteristics of included studies; Characteristics of excluded
studies.
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Results of the search

We identified a total of 1196 references through electronic searches
of CENTRAL in The Cochrane Library (n = 57), PubMed (n = 489),
EMBASE (n = 474), and CNKI (n = 176). After reading the titles
and abstracts, we found 503 duplicates and 687 clearly irrelevant

references. From the remaining six articles we excluded two trials
(Lerut 2001; Petrowsky 2004) and the reasons are listed in the
Characteristics of excluded studies table. Finally, we included four
RCTs in this review (Kim 2004; Alvarez 2005; Kumar 2007; Jiang
2008). See Figure 1.
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Figure 1. Study flow diagram.
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Included studies

We included four RCTS with a total of 438 patients (220 patients
in the drain group and 218 in the no-drain group) in this review
(please see Characteristics of included studies). Three studies were
from Asia (Kim 2004; Kumar 2007; Jiang 2008) and one study was
from South America (Alvarez 2005). The publication dates were
from 2004 to 2008, and the sample sizes were from 60 to 170. Three
studies were published in English (Kim 2004; Alvarez 2005; Kumar
2007) and onein Chinese (Jiang 2008). None of the included studies
carried out a sample size estimation. Two trials clearly described
the inclusion criteria in the reports (Kim 2004; Jiang 2008) but
the other two did not (Alvarez 2005; Kumar 2007). Only one study
included patients who received a palliative operation (Kumar2007).

Design

All four included studies were parallel group RCTs.

Sample sizes

The sample sizes of included studies were from 60 to 170.

Participants

All the included participants were patients who have undergone
gastrectomy for gastric cancer.

Interventions

All included studies compared drain with no drain, but the scale
of gastrectomy and lymphadenectomy, combined organ resection
(splenectomy or pancreatectomy), as well as drain type in the
included studies were different. Kim 2004 performed subtotal
or total gastrectomy with D2 or more lymph node dissection
depending on the extent and location of the primary tumour, and
calculated the results according to the scale of gastrectomy. In this
review we labelled the study as Kim 2004 T (total gastrectomy)
and Kim 2004 S (subtotal gastrectomy) respectively. Splenectomy
was performed if there was suspicion of cancer involvement,
and distal pancreatectomy was not performed for any of the
patients. A two-armed closed suction drain was used in the
subtotal gastrectomy subgroup, and two two-armed closed suction
drains were used in the total gastrectomy subgroup. Drains were
removed when the total output was < 100 ml/24 hours. All
procedures was performed by a single surgeon (SHN). Alvarez
2005 performed total gastrectomy with D2 lymphadenectomy.
Three patients (5.0%) underwent splenectomy and one (1.7%)
underwent spleno-pancreatectomy. Two gross tubular drains were
used in the drain group. Drains were removed after the radiological

study on the eighth post-operative day. Kumar 2007 performed
subtotal gastrectomy with D1 or D2 lymph node dissection.
Splenectomy and pancreatectomy were not clearly recorded in
the article. A single tube drain (28-F) was used in the drain
group. Drains were removed when the total output was < 50
ml/24 hours. All surgical procedures were performed by consultant
surgeons. Jiang 2008 performed total or subtotal gastrectomy with
D2 lymphadenectomy according to the location of the primary
tumour, but did not calculate the results per group. None of
the included patients underwent splenectomy or pancreatectomy.
Drain type was not clearly recorded. Drains were removed when the
total output was < 100 ml/24 hours. Operations were performed by
the same group of surgeons. None of the included studies clearly
recorded the antibiotics used.

Comparisons

All the included studies compared drain with no drain post-
gastrectomy for gastric cancer.

Outcomes

The primary outcomes (30-day mortality, re-operations, and post-
operative complications) were reported in the included studies
except for Kumar 2007, which did not report on re-operations.
Our secondary outcomes (operation time, length of post-operative
hospital stay, initiation of soft diet) were reported in the included
RCTs with the exception of Alvarez 2005, which did not report on
operation time. The overall quality of the evidence according to
the GRADE approach was 'very low' for mortality and re-operations,
and 'low' for post-operative complications, operation time, and
post-operative length of stay (Summary of findings table 1).

Excluded studies

We excluded two articles for the following reasons: Lerut 2001
involved gastric drainage and not abdominal drainage; Petrowsky
2004 was a systematic review article. Please see Characteristics of
excluded studies.

Risk of bias in included studies

Three review authors (J-Q C, ZW, and KS) independently performed
methodological quality assessments according to the guidance
in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011). We did not rate the studies; we accepted or
rejected each one based on the six items noted above. We resolved
disagreements by consensus. A summary of the 'risk of bias'
assessments can be found in Figure 2 and Figure 3.
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Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

None of the included trials described the method used to
generate allocation sequence. Only one trial (Kim 2004) mentioned
that randomisation was performed after determining that the
primary tumour was resectable and the surgery was curative.
We considered that the method of allocation concealment was
inadequate in the included studies.

Blinding

Double-blinding was impractical in our review but we recorded
whether or not the drain was placed by a second surgeon who
was not otherwise involved in the operation. Operations were
completed by a single surgeon (SHN) in one trial (Kim 2004). The
other three studies (Alvarez 2005; Kumar 2007; Jiang 2008) did not
record whether or not the drain was placed by a second surgeon.

Incomplete outcome data

There were no dropouts or cross-overs in the included studies. We
considered the included studies to have a low risk of incomplete
outcome data bias.

Selective reporting

Because we could not obtain the protocols of the included trials,
it was difficult to confirm whether all pre-specified outcomes were
reported. Considering that clinical results, whether favourable or
unfavourable, were reported in the included trials, we classified
them as having a low risk of selective reporting bias.

Other potential sources of bias

None of the included studies were supported by any company,
therefore we considered that there was no conflict of interest and
assessed them as low risk of other potential sources of bias.

We have presented the findings of our review in 'summary of
findings' tables. We used the GRADEpro software to construct the
tables (GRADEpro 2014). The tables present information on the
body of evidence (for example number of studies), the judgements
about the underlying quality of evidence, key statistical results,
and a grade for the quality of evidence for each outcome. We
used the Grades of Recommendation, Assessment, Development
and Evaluation (GRADE) system to describe the quality of the
evidence and the strength of the recommendation (Guyatt 2011;
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GRADE 2013). We expressed the quality of evidence on a four-point
adjectival scale from 'high' to 'very low".

Effects of interventions

See: Summary of findings for the main comparison Drain versus
no drain for gastric cancer

Comparison 1: drain versus no drain
Primary outcomes
The 30-day mortality

All included studies (438 patients) reported post-operative
mortality, without statistical significance. The overall 30-day
mortality was 1.4% and there was no clear evidence of a difference
between the two groups (1.8% in the drain group and 0.9% in the
no-drain group). No heterogeneity existed using the Chi2 test (I2
statistic = 0%) when we used the fixed-effect model. There was no
clear evidence of a difference in mortality between the two groups
(RR1.73,95% Cl10.38 to 7.84; Analysis 1.1). The result did not change
when we calculated the risk difference (RD), adopted the random-
effects model, or excluded the study published in a different
language. We performed a subgroup analysis to investigate the
effect of a different scale of gastrectomy. The result of the subgroup
analysis suggested there was no clear evidence of a difference
between the two groups (RR 3.20, 95% Cl 0.14 to 75.55 in the total
gastrectomy subgroup; and RR 1.39, 95% Cl 0.24 to 8.01 in the
subtotal gastrectomy subgroup). Details of mortality are listed in
Table 1. According to Table 1, we can see that 30-day mortality was
a zero event outcome for Kim 2004 and Jiang 2008 and, as a result,
less than half of the total number of patients contributed to the
meta-analysis. A very large numbers of patients would be required
to make any sensible conclusions about whether the two groups
were similar.

Re-operations

Only two studies (230 patients) reported re-operations (Kim 2004;
Alvarez 2005). None of the patients in Kim 2004 underwent re-
operation. Alvarez 2005 reported that the number of re-operations
was higher in the drain group but with no clear evidence of a
difference between the two groups (24.1% in the drain group and
9.7% in the no-drain group, P = 0.12). A test for heterogeneity
was not applicable and we used the fixed-effect model. There
was no clear evidence of a difference between the two groups
for this outcome (RR 2.49, 95% Cl 0.71 to 8.74; Analysis 1.2). The
result did not change when we calculated the RD or adopted the
random-effects model. Subgroup analysis was not applicable to the
reported data.

Post-operative complications

Allincluded studies (438 patients) reported data on post-operative
complications, but the results of the four studies were not
consistent. Alvarez 2005 reported that complications were less
frequent in the no-drain group (37.9% in the drain group and 9.7%
in the no-drain group, P = 0.02). The other three trials reported no
significant difference between the two groups (Kim 2004; Kumar
2007; Jiang 2008).

Pneumonia

All trials (438 patients) reported this outcome. The Chi2 test
indicated no significant heterogeneity (12 statistic = 0%) using

the fixed-effect model. The result of meta-analysis suggested that
there was no clear evidence of a difference between the two
groups for this outcome (RR 1.18, 95% Cl 0.55 to 2.54; Analysis
1.3). There was no change in the result when we calculated the
RD, adopted the random-effects model, or excluded the study
published in a different language. Subgroup analysis did not reveal
any statistically significant difference when considering the scale of
gastrectomy (RR 2.37,95% CI 0.39 to 14.23 for the total gastrectomy
subgroup; RR 0.95, 95% CI 0.36 to 2.50 for the subtotal gastrectomy
subgroup; Analysis 1.3).

Wound infection

Three studies (378 patients) reported data for this outcome
(Kim 2004; Kumar 2007; Jiang 2008). There was no significant
heterogeneity (12 statistic = 0%) so we applied the fixed-effect
model. Meta-analysis did not reveal any statistically significant
difference between the two groups (RR 1.23, 95% CI 0.47 to 3.23;
Analysis 1.4). The result did not change when we calculated the
RD, adopted the random-effects model, or excluded the study
published in a different language. Subgroup analysis according to
the scale of gastrectomy did not reveal any statistically significant
difference in this outcome (RR 0.23, 95% CI 0.01 to 5.37 for the total
gastrectomy subgroup; and RR 1.41. 95% CI 0.45 to 4.46 for the
subtotal gastrectomy subgroup; Analysis 1.4).

Intra-abdominal abscess

Only two studies (230 patients) reported intra-abdominal
abscesses (Kim 2004; Alvarez 2005). The Chi2 test indicated no
significant heterogeneity (12 statistic = 0%) and we used the fixed-
effect model. The result of the meta-analysis suggested there was
no clear difference between the two groups for this outcome (RR
1.27, 95% CI 0.29 to 5.51). There was no change in the result
by calculating the RD or adopting the random-effects model.
Subgroup analysis considering the scale of gastrectomy did not
reveal any statistically significant difference (RR 0.68, 95% CI 0.04 to
10.24 for the total gastrectomy subgroup; and RR 1.65, 95% CI: 0.28
to 9.88 for the subtotal gastrectomy subgroup; Analysis 1.5).

Anastomotic leak

Only one trial (108 patients) reported this outcome (Kumar 2007).
There was no statistically significant difference between the two
groups (RR 0.93, 95% CI 0.06 to 14.47; Analysis 1.6).

Drain-related complications

Drain-related complications were mainly complications caused
by the placement of an abdominal drain (for example drain-site
infection, omentum coming out through the drain site after removal
of the drain, etc.). Only two studies (208 patients) reported this
outcome (Kumar 2007; Jiang 2008). There were four drain-related
complications in one trial (Kumar 2007) and one drain-related
complication in the other (Jiang 2008).

Secondary outcomes
Operation time

Three studies (378 patients) reported this outcome (Kim 2004;
Kumar 2007; Jiang 2008). There was no significant heterogeneity
(12 statistic = 0%) so we applied the fixed-effect model. The result
suggested that operation time was significantly longer in the drain
group (MD 9.07 min, 95% Cl 2.56 to 15.57). There was no change
in the result by adopting the random-effects model or excluding
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the study published in a different language. Subgroup analysis
indicated that there was no statistically significant difference in the
total gastrectomy subgroup (MD 2.00 min, 95% CI -12.16 to 16.16)
but the operation time was significantly longer in the subtotal
gastrectomy subgroup (MD 12.43 min, 95% CI 4.09 to 20.78; Analysis
1.7).

Length of post-operative hospital stay

Allincluded studies (438 patients) reported this outcome. The Chi2
test indicated no significant heterogeneity (I2 statistic = 19%) and
we applied the fixed-effect model. The result suggested that the
length of post-operative hospital stay was significantly longer in
the drain group (MD 0.69 day, 95% CI 0.18 to 1.21). There was
no change in the result by adopting the random-effects model or
excluding the study published in a different language. Subgroup
analysis indicated that there was no clear difference between the
two groups in the total gastrectomy subgroup (MD 0.77 day, 95% Cl
-2.13t0 3.68) but the length of hospital stay was significantly longer
in the subtotal gastrectomy subgroup (MD 0.64 day, 95% CI 0.01 to
1.27; Analysis 1.8).

Initiation of soft diet

All included studies (438 patients) reported this outcome. No
heterogeneity existed using the Chi2 test (12 statistic = 0%) and we
used the fixed-effect model. There was no statistical significance
in the time for initiation of a soft diet between the two groups
(MD 0.15 days, 95% CI -0.07 to 0.37). The result did not change
when adopting the random-effects model or excluding the study
published in a different language. Subgroup analysis did not reveal
any statistically significant difference between the two groups (MD
0.44 day, 95% Cl -0.87 to 1.76 for the total gastrectomy subgroup;
and MD 0.11 day, 95% CI -0.12 to 0.34 for the subtotal gastrectomy
subgroup; Analysis 1.9).

DISCUSSION

Prophylactic placement of drains after abdominal surgery has
been used routinely for many years. To our knowledge there is
little information assessing the scientific evidence for prophylactic
drainage placement after gastrectomy for gastric cancer. In this
review we evaluated the value of prophylactic drainage placement
in gastric cancer surgery.

Summary of main results

We included four RCTs involving 438 patients and found that
routine drain use after gastrectomy for gastric cancer had
no significant advantage. However, drains prolonged operation
time and post-operative hospital stay and led to drain-related
complications without providing any additional benefits.

The main purpose of abdominal drains after gastrectomy is
earlier detection and drainage of anastomotic fistulas, reducing
the number of re-operations. If it is not detected in time, fatal
complications such as peritonitis can result. However, in this review
we found no clear evidence of a difference in anastomotic leak
between the drain group and the no-drain group. Additionally, no
death caused by anastomotic leak was reported. On the contrary,
one study reported higher numbers of re-operations in the drain
group (Alvarez 2005). Anastomotic leak was reported as one for
each group in one trial (Kumar 2007), suspected clinically and

confirmed after re-exploration. This suggests that the drain did not
help in the identification and management of anastomotic leak.

Another purpose of abdominal drains in gastric cancer surgery is to
remove blood and other exudates and so prevent intra-abdominal
abscesses. Two of the four included studies reported on intra-
abdominal abscesses, without any significant difference between
the two groups (Kim 2004; Alvarez 2005). Additionally, patients
who developed intra-abdominal abscesses had no evidence of
anastomotic leak and were managed with ultrasound-guided
percutaneous drainage or surgical drainage, but not abdominal
drainage.

Compared with the no-drain group, operation time and post-
operative hospital stay were significantly longer in the drain
group, and initiation of soft diet was later although without
statistical significance. This will lead to waste of medical resources
and an increased economic burden on patients. Additionally, as
reported in the literature (Fong 1996; Nakajima 2002), drain-related
complications such as drain-site infection, omentum coming out
through the drain site after removal of the drain will cause more
pain for patients. However, long term complications such as tumour
recurrence in the drain site were not studied in the included trials.

Critics of prophylactic drain placement have claimed that the drain
caused more post-operative infections, such as pneumonia and
wound infection (Budd 1982; Monson 1991). We found that the
rate of pneumonia and wound infections were higher in the drain
group although without statistical significance. This result was
stable in sensitivity analyses changing the statistical model and
using different statistical parameters. This suggested that our result
is reliable. The possible reason for the higher rate of pneumonia
is associated with the pain induced by the drain. One included
study showed increased analgesic use after surgery in the drain
group compared with the no-drain group (Kim 2004). Indirectly, this
confirmed our speculation.

In order to evaluate the value of drains after gastrectomy for
gastric cancer without potential confounding by differences in the
extent of surgery, and to increase the reliability of our results,
we performed a subgroup analysis according to the scale of
gastrectomy. It is reported that post-operative complications after
gastric cancer surgery are related to pancreatico-splenectomy and
the extent of lymphadenectomy (Sano 1996; Wang 2010). In the
four included studies, pancreatico-splenectomy and the extent
of lymphadenectomy were confounding and were not clearly
reported, so we could not perform a subgroup analysis. The value
of drain placement after gastrectomy combined with pancreatico-
splenectomy and extended lymphadenectomy is worthy of further
study. A Cochrane review comparing the value of different drains in
other surgical procedures failed to show any significant difference
in any of the outcomes measured, except pain at the drain site
(Cochrane 2009). So far, there are no RCTs comparing the value of
different drains (such as a suction drain versus a passive closed
drain) after gastrectomy for gastric cancer, therefore we did not
compare different types of drains.

With advances in the technology of surgery (such as the
increasingly common use of stapled anastomosis), anaesthesia,
and peri-operative care, the incidence of anastomotic leak and
intra-abdominal abscesses have been decreasing internationally
(Csendes 1990; Csendes 2002). This makes routine drain use after
gastrectomy in order to identify and manage anastomotic leak and
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intra-abdominal abscesses less urgent. In our review we found that
prophylactic drains do not help in the detection or treatment of
these complications. Thus we do not recommend routine drain use
after gastrectomy for gastric cancer.

Overall completeness and applicability of evidence

We are unable to give any recommendation for the clinical practice
of routine drain placement after gastrectomy for gastric cancer,
whether subtotal or total gastrectomy. Because of inadequate
and confounding data, we could not perform a subgroup
analysis for additional pancreatico-splenectomy and the extent of
lymphadenectomy, use of routine antibiotic prophylaxis (whether
they are used or not), and types of drains used, as planned
in the protocol. Therefore, we can not ascertain the necessity
of routine drain placement after pancreatico-splenectomy and
extended lymphadenectomy, as well as gastrectomy for other
stomach diseases.

Quality of the evidence

We included only four RCTs involving 438 patients in this review,
and not all included studies reported all the outcomes selected for
this review. The methodological quality of the included studies was
moderate, even low.

All included studies did not clearly report the method and time
of randomisation and of allocation concealment. One trial (Kim
2004) reported that all surgical procedures were performed by
one surgeon, which increased the risk of both performance and
measurement bias to some extent. Three other studies (Alvarez
2005; Kumar 2007; Jiang 2008) did not record whether or not
the drain was placed by a second surgeon. We assessed selective
reporting and other potential sources of bias based on the reporting
of results and funding, and judged them as low risk of bias. This is
subjective and may lead to bias. Additonally, we must note that 30-
day mortality and re-operations are very rare events (for example
30-day mortality was a zero event for Kim 2004 and Jiang 2008 and,
asaresult, less than half of the total number of patients contributed
to the meta-analysis). Very large numbers of patients would be
required to make any sensible conclusions about whether the two
groups were similar. Moreover, operation time and hospital stay
are very unlikely to follow a normal distribution, so the analyses
of mean differences are not necessarily accurate. Therefore, these
results should be interpreted cautiously as the assumption of
normality may not be met for these outcomes.

The overall quality of the evidence according to the GRADE
approach was 'very low' for mortality and re-operations, and
'low' for post-operative complications, operation time, and post-
operative length of stay.

Potential biases in the review process
Potential biases from the included studies

Even though we made great efforts to find suitable trials, only
four RCTs were eligible for inclusion. Three studies were from
Asia (Kim 2004; Kumar 2007; Jiang 2008) and one from South
America (Alvarez 2005); this may suggest possible publication
bias. Additionally, we did not use a funnel plot to test for
publication bias due to the small number of included studies.
As is known, the use of antibiotics can effectively prevent post-
operative infections. However, not allincluded studies recorded the

details of antibiotics usage. Similarly, post-operative complications
are closely associated with the nutritional condition of patients
(especially the albumin levels). The pre-operative nutritional
condition of patients was unclear and we did not know whether it
was the same in the two groups of each study. These factors could
potentially lead to both selection and performance bias.

Potential biases from the review authors

Three review authors independently selected studies, extracted
data, and assessed study quality. Where necessary, we reached
consensus by discussion. We consider that these methods
minimised potential biases in the development of this review.
Additionally, we declare no conflicts of interest. Based on the
above, we consider potential biases from the review authors to be
negligible.

Agreements and disagreements with other studies or
reviews

As far as we know, there is only one systematic review that
compared drain with no drain in gastrointestinal surgery, which
concluded that prophylactic drainage remains indicated after total
gastrectomy (Petrowsky 2004). This conclusion was not based
on any prospective studies so we can not readily accept this
conclusion.

AUTHORS' CONCLUSIONS

Implications for practice

Drains increase harm by prolonging both operation time and post-
operative hospital stay, and lead to drain-related complications
without providing any additional benefit for patients with gastric
cancer undergoing gastrectomy. We found no convincing evidence
to support routine drain use after gastrectomy for gastric cancer.

Although there are many surgical interventions where double
blinding is not possible, the intervention of abdominal drainage
or no abdominal drainage can be blinded if adequate measures
are taken. For example, in the group without drainage a drain
can be used with one end connected to a drain bag and the
other end outside the skin with the drain side covered by opaque
dressing. Thus, we can know if any potential increased risk of chest
complicationsis dueto the perceived fear of the patients or because
patients experience real pain that inhibits breathing.

Quality of life after surgery is an important index to evaluate
treatment effectiveness for patients with malignant tumours.
Unfortunately, none of the included studies reported this clinical
outcome; so quality of life should be taken into consideration in
future clinical practice.

Implications for research

The necessity of drain placement in gastrectomy for other reasons
(such as laparoscopic gastrectomy, gastrectomy combined with
pancreatico-splenectomy and extended lymphadenectomy) and
in surgery for other stomach diseases (such as perforated gastric
ulcer) is worthy of study in the future.

We consider that the accumulation of exudates in the abdominal
cavity without a drain could induce chronic intestinal obstruction
and the tumour to seed in the drain site. So the follow-up
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time should be longer in future research to observe long term
complications in the two groups.

Quality of life after surgery should be included as an outcome in
future studies.

In order to improve the quality of RCTs, studies should be
conducted and reported according to the CONSORT Statement
(www.consort-statement.org).

We can not interpret non-significant results as 'equivalent' in this
review. Consequently, more trials are necessary to investigate this
comparison.
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