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Abstract 

Background The role of prophylactic drainage (PD) in gastrectomy for gastric cancer (GC) is not well‑established. 
The purpose of this study is to compare the perioperative outcomes between the PD and non‑drainage (ND) in GC 
patients undergoing gastrectomy.

Methods A systematic review of electronic databases including PubMed, Embase, Web of Science, the Cochrane 
Library, and China National Knowledge Infrastructure was performed up to December 2022. All eligible randomized 
controlled trials (RCTs) and observational studies were included and meta‑analyzed separately. The registration num‑
ber of this protocol is PROSPERO CRD42022371102.

Results Overall, 7 RCTs (783 patients) and 14 observational studies (4359 patients) were ultimately included. Data 
from RCTs indicated that patients in the ND group had a lower total complications rate (OR = 0.68; 95%CI:0.47–0.98; 
P = 0.04; I2 = 0%), earlier time to soft diet (MD =  − 0.27; 95%CI: − 0.55 to 0.00; P = 0.05; I2 = 0%) and shorter length of 
hospital stay (MD =  − 0.98; 95%CI: − 1.71 to − 0.26; P = 0.007; I2 = 40%). While other outcomes including anastomotic 
leakage, duodenal stump leakage, pancreatic leakage, intra‑abdominal abscess, surgical‑site infection, pulmonary 
infection, need for additional drainage, reoperation rate, readmission rate, and mortality were not significantly dif‑
ferent between the two groups. Meta‑analyses on observational studies showed good agreement with the pooled 
results from RCTs, with higher statistical power.

Conclusion The present meta‑analysis suggests that routine use of PD may not be necessary and even harmful in 
GC patients following gastrectomy. However, well‑designed RCTs with risk‑stratified randomization are still needed to 
validate the results of our study.
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Background
Gastric cancer (GC) is one of the most common causes of 
cancer-related deaths worldwide [1, 2]. Despite encour-
aging advances in chemoradiotherapy, targeted therapy, 
and immunotherapy, surgery remains the cornerstone of 
treatment for GC. Gastrectomy is regarded as a techni-
cally demanding abdominal surgery, with considerable 
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postoperative complications rate, such as anastomotic 
leakage, bleeding, and intra-abdominal abscess [3, 4].

Prophylactic drainage (PD) has long been routinely 
performed in abdominal surgery for the purpose of pre-
venting and managing potential postoperative abdomi-
nal complications [5, 6]. However, as related research 
advances, evidence is accumulating that PD may not be 
as clinically valuable as thought [7, 8]. A previous study 
involving 17 randomized controlled trials (RCTs) dem-
onstrated that PD did not contribute to the reduction of 
morbidities following colorectal surgery, appendectomy, 
hepatectomy, and cholecystectomy [9]. In this context, 
avoidance of PD is strongly recommended for inclusion 
in the enhanced recovery after surgery (ERAS) pathway 
for GC surgery.

However, evidence for avoiding routine PD after sur-
gery in patients with gastric cancer is sparse. In 2020, a 
meta-analysis based on 10 studies concluded that PD 
avoidance may favor a reduction in morbidities and a 
trend towards a decrease in length of stay [10]. Never-
theless, these pooled results were based on only 3 RCTs, 
which were not in line with those derived from obser-
vational studies. Also, the role of PD in other important 
perioperative outcomes was not well elucidated due to 
limited data. As a series of new RCTs and observational 
studies have been published over the years, we aim to 
perform an updated meta-analysis based on existing evi-
dence to investigate the role of PD in GC patients after 
gastrectomy.

Methods
Our meta-analysis was performed in line with the 
requirements from PRISMA (Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses) guidelines 
[11] and assessing the methodological quality of system-
atic reviews (AMSTAR) Guidelines [12]. The meta-analy-
sis was registered in PROSPERO (CRD42022371102).

Search strategy
Relevant studies from electronic datasets including Pub-
Med, Embase, Web of Science, the Cochrane Central 
Register of Controlled Trials, and China National Knowl-
edge Infrastructure were systematically examined up to 
December 15, 2022. The following key words (limited 
to title or abstract) were combined with Boolean opera-
tors AND or OR, to comprehensively capture potential 
articles: “drainage,” “drain,” “gastric cancer,” “gastric car-
cinoma,” “stomach cancer,” and “stomach neoplasm”. The 
search strategy was applied to suit each database, and the 
complete search strategy was reported in the supplemen-
tary file: Table S1. During the search process, language 
restrictions were not applied. In addition, the refer-
ences of the included studies were manually searched for 

additional reports. The search was performed by two 
investigators independently (HY-P and LH-C).

Inclusion and exclusion criteria
The inclusion criteria were determined according to the 
PICOS approach as follows. P: Patients were pathologi-
cally diagnosed with GC and underwent gastrectomy; 
I: non-drainage; C: prophylactic drainage; O: periopera-
tive outcomes; S: Comparative studies including RCTs, 
cohort and case-controlled studies.

The exclusion criteria were studies (1) reported as case 
reports, reviews, letters, and abstracts and (2) with over-
lapping data.

Data extraction
Two independent reviewers (HY-P and LH-C) conducted 
the data extraction and cross-checked all the results, and 
any discrepancies were resolved by a third reviewer (H S). 
The following data were extracted from each study: first 
author, publication year, study interval, country, study 
design and sample size, age, sex, neoadjuvant therapy, 
surgical approach, gastrectomy extent, combined organ 
resection, surgical margin, lymphadenectomy extent, 
TNM stage, time of drainage removal, and a series of 
perioperative outcomes.

Quality assessment and certainty of evidence assessment
The Cochrane Risk-of-Bias 2.0 (RoB 2.0) [13] tool 
was used to assess the risk of bias for RCTs, from five 
domains: randomization process, deviations from 
intended interventions, missing outcome data, meas-
urement of the outcome, and selection of the reported 
result. While the Risk of Bias in Non-Randomized 
Studies-of Interventions (ROBINS-I) [14] tool was used 
to assess the risk of bias for observational studies, from 
seven domains: confounding factors, selection of par-
ticipants into the study, classification of interventions, 
deviations from intended interventions, missing data, 
measurement of outcomes, and selection of the reported 
results. Regarding the quality of evidence of each out-
come, the Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) [15] approach 
was applied, which scores each endpoint from very low 
to high.

Outcomes of interest and definitions
Perioperative outcomes that occur during hospitaliza-
tion or within 30 days after surgery were assessed in this 
study, including total complications, anastomotic leak-
age, duodenal stump leakage, pancreatic leakage, intra-
abdominal abscess, surgical-site infection, pulmonary 
infection, need for additional drainage, time to first soft 
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diet, length of hospital stay, reoperation, readmission, 
mortality and drain-related complications.

Statistical analysis
The odds ratios (ORs) and mean differences (MDs) 
with their 95% confidence intervals (CIs) were used as 
the effect sizes for dichotomous variables and continu-
ous variables, respectively. For studies that reported 
median with range or inter-quartile range, data were con-
verted into mean with standard deviation (SD) using the 
method reported by McGrath et  al. [16]. Heterogeneity 
among studies was assessed using  I2 statistic. In the pre-
sent study, all meta-analyses were performed assuming 
the random-effects model, which accounts for variance 
across included studies. Subgroup group analysis and 
meta-regression analysis were performed to investigate 
the sources of heterogeneity. Publication bias was tested 
using Begg’s funnel plot when there were at least 10 stud-
ies included. A two-tailed P value < 0.05 was considered 
statistically significant. All of these statistical analyses 
were performed by Review Manager Software, version 
5.3 (Cochrane, London, UK), and Stata, version 12.0 
(Statacorp, College Station, TX).

Results
Study characteristics
A flow chart of the selection process was shown in Fig. 1. 
The search strategy yielded 1886 potential studies. After 
the title, abstract, and full text assessment, 7 RCTs [17–
23] and 14 observational [24–37] studies were finally 
included in the present study. The basic features of the 21 
studies involved were shown in Table 1. A total of 5142 
GC patients were included in this study. These studies 
were from 8 countries and published between 2004 and 
2022, with a sample size ranging from 21 to 1989. Among 
these studies, 5 of them included patients who under-
went neoadjuvant therapy. Open and minimally inva-
sive gastrectomy were both performed in these patients. 
Based on the extent of tumor involvement, these patients 
underwent either distal, proximal, subtotal, or total gas-
trectomy regardless of curative resection or not. Com-
bined organ resection was performed when necessary. 
The criteria of removing the drainage tubes also varied a 
lot among included studies. Additionally, the incidence 
of drain-related complications of included studies ranged 
from 1.5% to 9.4%, mainly including drain site infection, 
continuous leakage, and omentum coming out.

Meta‑analysis of outcomes
Adverse event outcomes
All seven RCTs including 783 patients and 11 observa-
tional studies including 2146 patients contributed data 
for total complications (Table  2 and Fig.  2). The pooled 

analysis deriving from RCTs demonstrated that patients 
in the ND group had a 32% lower risk of total complica-
tions than the PD group (OR = 0.68; 95%CI:0.47–0.98; 
P = 0.04; I2 = 0%); observational data showed concordant 
result, however, without significant difference (OR = 0.87; 
95%CI:0.69–1.11; P = 0.26; I2 = 0%). In addition, we com-
pared the incidence of specific complications between 
the ND and PD groups. As shown in Table 2 and Fig. S1, 
the distribution of all reported specific complications was 
not significantly different between the two groups, either 
in the RCT subset or the observational subset.

Data on mortality were reported in 13 studies (4 RCTs 
involving 416 patients and 9 observational studies com-
prising 1881 patients). The pooled result from RCTs sug-
gested that there was no evidence that ND increased the 
risk of early death (OR = 1.30; 95%CI:0.14–11.92; P = 0.82; 
I2 = 25%; Table 2 and Fig. S1). Besides, pooled data from 
observational studies indicated a trend towards lower 
mortality in the ND group (OR = 0.56; 95%CI:0.17–1.29; 
P = 0.17; I2 = 0%; Table 2 and Fig. S1).

Postoperative recovery outcomes
A total of 4 RCTs involving 438 patients and 6 observa-
tional studies involving 698 patients reported on time 
to first soft diet (Table  2 and Fig.  3). Pooled data from 
RCTs showed an earlier time to soft diet in the ND group 
(MD =  − 0.27; 95%CI: − 0.55 to 0.00; P = 0.05; I2 = 0%), 
which was in line with the results of observational stud-
ies (MD =  − 0.78; 95%CI: − 1.32 to − 0.24; P = 0.005; 
I2 = 74%). While the results of the heterogeneity test 
demonstrated a high heterogeneity among the observa-
tional studies.

Data regarding postoperative hospital stay were avail-
able from 6 RCTs and 12 observational studies, including 
716 and 2303 patients, respectively (Table 2 and Fig. 4). In 
the RCT subset, patients in the ND group showed a 0.98-
day lower length of hospital stay than patients in the PD 
group (95%CI: − 1.71 to − 0.26; P = 0.007; I2 = 40%). The 
observational data were consistent, although the statisti-
cal difference threshold was not reached (MD =  − 0.43; 
95%CI: − 1.08 to 0.21; P = 0.19; I2 = 61%). The results of 
the heterogeneity test demonstrated a moderate and high 
heterogeneity among the RCTs and observational stud-
ies, respectively.

Need for additional drainage, reoperation, and readmission
As shown in Table  2 and Fig. S1, there were 2 RCTs 
involving 278 patients and 3 observational studies includ-
ing 2411 patients reporting the need for additional 
drainage. Pooled results from both the RCTs (OR = 1.07; 
95%CI:0.15–7.38; P = 0.95; I2 = 0%) and observational 
studies (OR = 1.67; 95%CI:0.38–7.23; P = 0.49; I2 = 85%) 
demonstrated a similar rate of additional drainage 
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between the ND and PD patients. However, the results 
of the heterogeneity test showed a high heterogeneity 
among the observational studies.

Two RCTs comprising 168 patients reported on reop-
eration. Pooled data from RCTs showed no significant 
difference in reoperation rate between the ND and PD 
groups (OR = 0.64; 95%CI:0.23–1.84; P = 0.41; I2 = 25%; 
Table 2 and Fig. S1). Across 5 observational studies com-
prising 1146 patients, the reoperation rate tended to be 
lower in the ND group (OR = 0.57; 95%CI:0.29–1.14; 
P = 0.11; I2 = 0%; Table 2 and Fig. S1).

No RCT was found eligible for evaluating the read-
mission rate in this study. Three observational studies, 

with 950 patients involved, demonstrated that there was 
no significant difference in terms of readmission rate 
between the two groups (OR = 1.47; 95%CI:0.87–2.47; 
P = 0.15; I2 = 0%; Table 2 and Fig. S1).

Subgroup analysis and meta‑regression analysis
Subgroup analyses stratified by the sample size (≥ 100 
vs. < 100) and academic institution (Yes vs. No) were 
performed to explore the potential discrepant treat-
ment effect of different subgroups. Moreover, the 
efficacy of PD was also explored in GC patients who 
underwent laparoscopic surgery or a total gastrectomy. 
As shown in Fig. S2–5, the findings of all subgroup 

Fig. 1 The PRISMA Flowchart of study selection



Page 5 of 13Pang et al. World Journal of Surgical Oncology          (2023) 21:166  

Ta
bl

e 
1 

Ba
si

c 
in

fo
rm

at
io

n 
of

 in
cl

ud
ed

 s
tu

di
es

Re
fe

re
nc

es
Co

un
tr

y
St

ud
y 

de
si

gn
Sa

m
pl

e 
si

ze
 (n

o 
dr

ai
n:

 
dr

ai
n)

St
ud

y 
in

te
rv

al
Se

x 
(M

/F
)

A
ge

, y
ea

r
N

eo
ad

ju
va

nt
 

th
er

ap
y 

(%
)

Su
rg

ic
al

 
ap

pr
oa

ch
G

as
tr

ec
to

m
y 

ex
te

nt
Co

m
bi

ne
d 

or
ga

n 
re

se
ct

io
n

Su
rg

ic
al

 
m

ar
gi

n
Ly

m
ph

ad
en

e 
ct

om
y

TN
M

 
st

ag
e

D
ra

in
ag

e 
re

m
ov

al
D

ra
in

‑r
el

at
ed

 
co

m
pl

ic
at

io
ns

 
(%

)

Ki
m

, 2
00

4 
[2

0]
Ko

re
a

RC
T 

17
0 

(8
4:

86
)

20
01

–
20

01
11

6/
52

N
A

N
A

N
A

ST
G

; T
G

Ye
s

R0
D

2/
D

2 
+

 
I–

IV
D

ra
in

ag
e 

w
as

 le
ss

 
th

an
 1

00
 m

l

N
A

A
lv

ar
ez

 
U

sl
ar

, 2
00

5 
[1

7]

C
hi

le
RC

T 
60

 (3
2:

29
)

20
00

–
20

03
43

/1
7

61
 (r

an
ge

 
36

–7
9)

N
A

N
A

TG
Ye

s
A

ny
 R

D
2

N
A

U
su

al
ly

 
8 

da
ys

 a
ft

er
 

su
rg

er
y

N
A

Ku
m

ar
, 2

00
7 

[3
0]

N
ep

al
O

bs
er

va
‑

tio
na

l
10

8 
(5

2:
56

)
20

01
–

20
05

69
/3

9
55

.6
 ±

 1
5.

7
N

A
N

A
ST

G
N

o
A

ny
 R

D
1/

D
2

I–
IV

D
ra

in
ag

e 
w

as
 c

le
ar

 
an

d 
le

ss
 

th
an

 5
0 

m
l

7.
1

Jia
ng

, 2
00

8 
[1

9]
C

hi
na

RC
T 

10
0 

(5
1:

49
)

20
05

–
20

06
59

/4
1

N
A

0
N

A
D

G
; P

G
; T

G
N

o
R0

D
2

I–
III

D
ra

in
ag

e 
w

as
 c

le
ar

 
an

d 
le

ss
 

th
an

 1
00

 m
l

2.
0

Li
, 2

00
8 

[3
2]

C
hi

na
O

bs
er

va
‑

tio
na

l
67

 (3
5:

32
)

20
03

–
20

07
53

/1
4

62
.0

 ±
 1

1.
0

N
A

N
A

D
G

N
A

R0
D

1/
D

2
N

A
N

A
9.

4

Zh
an

g,
 

20
09

 [3
7]

C
hi

na
O

bs
er

va
‑

tio
na

l
31

1 
(6

6:
24

5)
20

07
–

20
08

23
3/

78
58

.9
 ±

 1
1.

8
N

A
N

A
D

G
; P

G
; T

G
N

A
R0

D
1/

D
2

I–
IV

8.
3 
±

 2
.2

 d
ay

N
A

Zh
an

g,
 

20
10

 [2
3]

C
hi

na
RC

T 
67

 (3
5:

32
)

N
A

53
/1

4
61

.6
 ±

 1
1.

1
N

A
N

A
D

G
N

A
R0

D
1/

D
2

N
A

N
A

9.
4

C
he

n,
 2

01
1 

[1
8]

C
hi

na
RC

T 
13

0 
(6

5:
65

)
20

09
–

20
11

43
/2

2
62

.1
 ±

 3
.2

N
A

N
A

N
A

N
A

R0
N

A
N

A
N

A
N

A

Fu
, 2

01
1 

[2
7]

C
hi

na
O

bs
er

va
‑

tio
na

l
11

7 
(1

3:
10

4)
20

09
–

20
10

86
/3

1
57

.8
 ±

 1
0.

9
0

N
A

D
G

; P
G

N
A

R0
D

1/
D

2
I–

III
N

A
N

A

Is
hi

ka
w

a,
 

20
11

 [2
9]

Ja
pa

n
O

bs
er

va
‑

tio
na

l
21

 (1
1:

10
)

20
04

–
20

08
15

/6
N

A
N

A
La

pa
ro

‑
sc

op
ic

D
G

N
o

N
A

D
1 
+

 a
N

A
U

su
al

ly
 4

 o
r 

5 
da

ys
 a

ft
er

 
su

rg
er

y

N
A

So
ng

, 2
01

1 
[2

2]
C

hi
na

RC
T 

14
8 

(7
4:

74
)

20
06

–
20

09
11

7/
31

 <
 7

5
0

N
A

D
G

; P
G

; T
G

N
A

R0
D

2
I–

IV
N

A
N

A

Ca
i, 

20
13

 
[2

5]
C

hi
na

O
bs

er
va

‑
tio

na
l

25
0 

(4
0:

21
0)

20
05

–
20

11
15

5/
95

58
.9

 ±
 1

1.
8

N
A

N
A

N
A

N
A

N
A

N
A

N
A

N
A

N
A

D
an

n,
 2

01
5 

[2
6]

U
SA

O
bs

er
va

‑
tio

na
l

34
4 

(9
1:

25
3)

20
00

–
20

12
20

0/
14

4
65

 (r
an

ge
 

24
–9

2)
30

.0
O

pe
n/

la
pa

‑
ro

sc
op

ic
TG

Ye
s

R0
/1

D
0–

D
3

I–
III

N
A

N
A

H
ira

ha
ra

, 
20

15
 [2

8]
Ja

pa
n

O
bs

er
va

‑
tio

na
l

78
 (3

3:
45

)
20

11
–

20
14

51
/2

7
N

A
N

A
La

pa
ro

‑
sc

op
ic

D
G

N
A

R0
D

1 
+

 /D
2

I–
III

N
A

N
A

Le
e,

 2
01

5 
[3

1]
Ko

re
a

O
bs

er
va

‑
tio

na
l

19
89

 
(7

40
:1

24
9)

20
12

–
20

13
12

66
/7

23
N

A
0

O
pe

n/
la

pa
‑

ro
sc

op
ic

/
ro

bo
tic

ST
G

; T
G

Ye
s

R0
D

1 
+

 /D
2

I–
III

N
A

N
A

Sc
ho

ts
, 

20
18

 [3
5 ]

N
et

he
r‑

la
nd

s
O

bs
er

va
‑

tio
na

l
10

7 
(4

0:
67

)
20

13
–

20
17

62
/4

5
N

A
66

.4
O

pe
n/

la
pa

‑
ro

sc
op

ic
D

G
; T

G
N

o
R0

D
2

N
A

D
ra

in
ag

e 
w

as
 c

le
ar

 
an

d 
le

ss
 

th
an

 1
50

 m
l

1.
5



Page 6 of 13Pang et al. World Journal of Surgical Oncology          (2023) 21:166 

Ta
bl

e 
1 

(c
on

tin
ue

d)

Re
fe

re
nc

es
Co

un
tr

y
St

ud
y 

de
si

gn
Sa

m
pl

e 
si

ze
 (n

o 
dr

ai
n:

 
dr

ai
n)

St
ud

y 
in

te
rv

al
Se

x 
(M

/F
)

A
ge

, y
ea

r
N

eo
ad

ju
va

nt
 

th
er

ap
y 

(%
)

Su
rg

ic
al

 
ap

pr
oa

ch
G

as
tr

ec
to

m
y 

ex
te

nt
Co

m
bi

ne
d 

or
ga

n 
re

se
ct

io
n

Su
rg

ic
al

 
m

ar
gi

n
Ly

m
ph

ad
en

e 
ct

om
y

TN
M

 
st

ag
e

D
ra

in
ag

e 
re

m
ov

al
D

ra
in

‑r
el

at
ed

 
co

m
pl

ic
at

io
ns

 
(%

)

A
ki

ra
, 2

01
9 

[2
4]

Ja
pa

n
O

bs
er

va
‑

tio
na

l
94

 (6
5:

29
)

20
07

–
20

14
62

/3
2

70
N

A
La

pa
ro

‑
sc

op
ic

TG
N

A
N

A
D

1/
D

1 
+

 /D
2

I–
III

D
ra

in
ag

e 
w

as
 le

ss
 

th
an

 1
00

 m
l

N
A

Sh
im

oi
ke

, 
20

19
 [3

6]
Ja

pa
n

O
bs

er
va

‑
tio

na
l

29
0 

(1
45

:1
45

)
20

11
–

20
17

19
9/

91
N

A
6.

2
La

pa
ro

‑
sc

op
ic

D
G

; T
G

Ye
s

an
y 

R
D

1 
+

 o
r l

es
s/

D
2

N
A

N
A

N
A

Li
m

,2
02

0 
[3

3]
Ko

re
a

O
bs

er
va

‑
tio

na
l

49
9 

(1
11

:3
88

)
20

10
–

20
17

35
3/

14
6

62
.2

 ±
 1

2.
0

N
A

O
pe

n/
la

pa
‑

ro
sc

op
ic

TG
Ye

s
N

A
D

1 
+

 /D
2

I–
IV

U
su

al
ly

 4
 o

r 
5 

da
ys

 a
ft

er
 

su
rg

er
y

N
A

Li
u,

 2
02

1 
[3

4]
C

hi
na

O
bs

er
va

‑
tio

na
l

84
 (4

2:
42

)
20

18
–

20
19

60
/2

4
N

A
7.

0
La

pa
ro

‑
sc

op
ic

D
G

N
A

N
A

N
A

I–
III

N
A

N
A

M
ud

ul
y,

 
20

22
 [2

1]
In

di
a

RC
T 

10
8 

(5
4:

54
)

N
A

77
/3

1
56

.4
 ±

 1
1.

3
32

.4
N

A
D

G
; P

G
; S

TG
; 

TG
N

A
R0

D
2

I–
IV

D
ra

in
ag

e 
w

as
 c

le
ar

 
an

d 
le

ss
 

th
an

 2
00

 m
l

N
A

M
 M

al
e,

 F
 F

em
al

e,
 R

CT
  R

an
do

m
iz

ed
 c

on
tr

ol
le

d 
tr

ia
l, 

M
IS

 M
in

im
al

ly
 in

va
si

ve
 s

ur
ge

ry
, T

G
 To

ta
l g

as
tr

ec
to

m
y,

 S
TG

 S
ub

to
ta

l g
as

tr
ec

to
m

y,
 P

G
 P

ro
xi

m
al

 g
as

tr
ec

to
m

y,
 D

G
 D

is
ta

l g
as

tr
ec

to
m

y,
 N

A 
N

ot
 a

va
ila

bl
e



Page 7 of 13Pang et al. World Journal of Surgical Oncology          (2023) 21:166  

analyses demonstrated that the perioperative outcomes 
of the ND group were not inferior to the PD group. In 
addition, among patients undergoing laparoscopic gas-
trectomy, the incidence of anastomotic leakage and 
pancreatic leakage was slightly lower in the ND group. 
And in patients undergoing total gastrectomy, the 

reoperation rate (P = 0.06) tended to be lower in the 
ND group than in the PD group.

For pooled outcomes with significant heterogeneity 
(time to first soft diet and postoperative hospital stay), 
meta-regression analyses based on the following covari-
ates were also performed to investigate the sources of 

Table 2 Perioperative outcomes of gastric cancer patients between the PD and ND groups

Downgrade quality of evidence: a: risk of bias; b: inconsistency; c: indirectness; d: imprecision; e: publication bias. Upgrade quality of evidence: f: large effect; g: 
plausible confounding would change the effect; h: dose–response gradient. OR Odds ratio, MD Mean difference, CI Confidence interval

Variables Study design Studies, n Patients, n OR or MD (95%CI) P value I2 (%) Publication bias 
(Begg’s P value)

Quality of 
evidence 
(GRADE)

Total complications RCT 7 783 0.68 (0.47–0.98) 0.04 0

Observational 11 2146 0.87 (0.69–1.11) 0.26 0

Total 18 2929 0.81 (0.66–0.99) 0.04 0 0.600 Low a

Anastomotic leakage RCT 4 383 0.62 (0.15–2.49) 0.50 0

Observational 11 4010 0.95 (0.56–1.62) 0.76 0

Total 15 4393 0.90 (0.55–1.48) 0.69 0 0.755 Low a

Duodenal stump leakage RCT 2 168 0.33 (0.05–2.22) 0.25 0

Observational 5 674 1.06 (0.21–5.34) 0.94 9

Total 7 842 0.67 (0.20–2.22) 0.51 0 ‑ Very low a, e

Pancreatic leakage RCT 1 60 0.30 (0.01–7.70) 0.47 ‑

Observational 5 1301 0.61 (0.19–1.93) 0.40 18

Total 6 1361 0.56 (0.21–1.49) 0.25 0 ‑ Very low a, e

Intra‑abdominal abscess RCT 4 445 0.72 (0.25–2.04) 0.53 0

Observational 7 1219 1.26 (0.65–2.43) 0.50 0

Total 11 1664 1.07 (0.61–2.43) 0.81 0 0.451 Low a

Surgical‑site infection RCT 5 593 0.77 (0.38–1.54) 0.45 0

Observational 7 1292 0.72 (0.40–1.32) 0.29 0

Total 12 1885 0.74 (0.47–1.17) 0.20 0 0.542 Low a

Pulmonary infection RCT 5 545 0.95 (0.39–2.28) 0.90 0

Observational 7 1055 0.80 (0.44–1.45) 0.46 0

Total 12 1600 0.84 (0.51–1.38) 0.50 0 0.502 Low a

Need for additional drain‑
age

RCT 2 278 1.07 (0.15–7.38) 0.95 0

Observational 3 2411 1.67 (0.38–7.23) 0.49 85

Total 5 2689 1.49 (0.45–4.90) 0.51 73 ‑ Very low a, b, e

Time to first soft diet RCT 4 438  − 0.27 (− 0.55–0.00) 0.05 0

Observational 6 698  − 0.78 (− 1.32 to − 0.24) 0.005 74

Total 10 1136  − 0.54 (− 0.85 to − 0.23) 0.0007 56 0.119 Very low a, b

Length of hospital stay RCT 6 716  − 0.98 (− 1.71 to − 0.26) 0.007 40

Observational 12 2303  − 0.43 (− 1.08–0.21) 0.19 61

Total 18 3019  − 0.63 (− 1.14 to − 0.12) 0.02 60 0.529 Very low a, b

Reoperation RCT 2 168 0.64 (0.23–1.84) 0.41 25

Observational 5 1146 0.57 (0.29–1.14) 0.11 0

Total 7 1314 0.61 (0.35–1.04) 0.07 0 ‑ Very low a, e

Readmission RCT 0 0 ‑ ‑ ‑

Observational 3 950 1.47 (0.87–2.47) 0.15 0

Total 3 950 1.47 (0.87–2.47) 0.15 0 ‑ Very low a, e

Mortality RCT 4 416 1.30 (0.14–11.92) 0.82 25

Observational 9 1881 0.56 (0.24–1.29) 0.17 0

Total 13 2297 0.65 (0.30–1.40) 0.27 0 ‑ Low a
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Fig. 2 Forest plot assessing total complications rate between the PD and ND groups

Fig. 3 Forest plot assessing the time to first soft diet between the PD and ND groups
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heterogeneity: study design (RCT vs. non-RCT), sample 
size (≥ 100 vs. < 100), academic institution (Yes vs. No), 
surgical approach (laparoscopic gastrectomy or not) and 
surgical procedure (total gastrectomy or not). As shown 
in Table S2, for these pooled results, none of these vari-
ables contributed to the source of heterogeneity (all P 
values > 0.05).

Risk of bias and certainty of evidence assessment
As shown in Fig.  5A, all 7 RCT studies were evaluated 
using the RoB 2.0 tool and were of some concerns in the 
overall risk of bias. To be specific, three RCTs had some 
concerns in the domain of measurement of outcome, 
and all of them had some concerns in the domain of 
the randomization process because none of the studies 
reported specific implementation methods of randomi-
zation and allocation concealment. The 14 observational 
studies were evaluated using the ROBINS-I tool, and 7 of 
them were moderate risk in the overall risk of bias due 
to 3 studies had a moderate risk in the domain of con-
founding factors and 4 studies had a moderate risk in 
the domain of missing data (Fig.  5B). According to the 
GRADE approach, the overall certainty of the of evidence 
of each outcome was low or very low (Table 2).

Publication bias
The Begg’s funnel plot was used to assess the potential 
publication bias of the pooled outcomes including at 
least 10 studies. As shown in Table  2 and Fig. S6, all of 
the P values were greater than 0.05, indicating that these 
pooled outcomes had a low risk of publication bias.

Discussion
Currently, the routine placement of abdominal drainage 
tubes after gastrectomy is still widely used worldwide for 
the early diagnosis and management of critical abdomi-
nal complications such as post-operative bleeding, anas-
tomotic leakage, and intra-abdominal infections [5]. 
Successive studies, however, have shown no clear ben-
efit from prophylactic abdominal drainage [10, 21]. In 
addition, the placement of drainage tubes increases the 
patient’s postoperative pain, prolongs the use of analge-
sics and leads to the occurrence of drainage-related com-
plications [20]. As a result, some institutions no longer 
routinely perform PD after GC surgery. Nevertheless, as 
these studies are limited by relatively small sample sizes 
and underpowered statistics, the conclusions are unclear.

To our knowledge, this is the largest meta-analysis 
(21 studies including 5142 patients) to evaluate the role 

Fig. 4 Forest plot assessing the length of hospital stay between the PD and ND groups
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of PD in perioperative outcomes of GC surgery. In this 
study, we found that the routine use of PD after surgery 
did not reduce the incidence of abdominal complications 
such as anastomotic leakage and pancreatic leakage. In 
contrast, the overall complication rate was significantly 
higher in the PD group. In addition, the length of hospital 
stay and the time to soft diet were much longer in the PD 
group than in the ND group. Moreover, PD did not also 
show any benefit in reducing readmission, reoperation, 
or mortality in GC surgery.

Several previously published meta-analyses [10, 
38–40] have demonstrated the potential benefits of PD 
avoidance in GC patients, which were largely in line 
with our results. However, those studies were only able 
to achieve reliable conclusions in a few variables due 
to a limited number of included studies. At variance, 
by integrating all applicable RCTs and observational 
studies, the present study highlighted a faster recov-
ery in the ND group, except for a reduced morbidity 
and hospital stay, while the previous studies did not 
find this difference between the two groups. Moreover, 

benefiting from the increased sample size, nearly all the 
results in our study showed low heterogeneity and good 
agreement across the RCT subset and observational 
subset, further convincing us of the efficacy of ND in 
GC surgery.

In recent years, laparoscopic surgery has been widely 
performed in GC, but the role of PD in laparoscopic 
gastrectomy is still unclear. Therefore, we performed a 
subgroup analysis for laparoscopic resections. Based on 
the results from 567 patients who underwent laparo-
scopic gastrectomy, our finding of the benefit of ND in 
these patients remained unchanged. Besides, we found 
that in this subgroup, the incidence of anastomotic 
leakage (P = 0.11) and pancreatic leakage (P = 0.07) was 
slightly lower in the ND group, although there was no 
strong evidence at the pooled analyses that routine ND 
has an effect on reducing these adverse outcomes. With 
advances in surgical techniques and laparoscopic equip-
ment, laparoscopic surgery has been shown to be less 
likely to result in serious postoperative complications in 
experienced centers, due to its minimally invasive nature 

Fig. 5 Risk of bias assessment for randomized control trials using the RoB 2.0 tool (A) and observational studies using the ROBINS‑I tool (B)
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[41–43]. Consequently, we believe that routinely using 
PD following laparoscopic gastrectomy is not necessary.

The avoidance of drainage tubes in simple and routine 
surgery is well understood, but its feasibility in the con-
text of complex surgery is uncertain. Total gastrectomy is 
a highly complex and challenging surgical procedure in 
GC patients. Its operation time, intraoperative blood loss, 
and postoperative complications are much higher than 
other surgical methods [44, 45]. However, in our present 
analysis based on 1049 patients, we found that PD did not 
show any advantage over ND in patients undergoing total 
gastrectomy. Unexpectedly, several recent meta-analyses 
demonstrated that even pancreaticoduodenectomy and 
major liver resection can safely avoid abdominal drain-
age, which indicated that PD is not a substitute for a 
meticulous surgical procedure in complex operations [8, 
46]. In view of this, avoiding routine drainage should also 
be recommended during total gastrectomy.

To further clarify the reliability and generalizability 
of our study, we also analyzed the effect of sample size 
(≥ 100 vs. < 100) and hospital nature (academic institu-
tion vs. non-academic institution) on the perioperative 
outcomes of PD in GC patients. As shown in Fig. S2–3, 
the pooled results of these subgroup analyses remained 
consistent with our previous meta-analyses. These results 
further convinced us that routine drainage after gas-
trectomy was not indispensable, even in non-academic 
hospitals where the surgeons’ expertise and the back 
system are relatively insufficient compared to academic 
hospitals.

Nevertheless, our findings are based on literature, some 
uncertainties exist in the evidence included in this meta-
analysis. The lack of stratified information in the original 
literature prevented us from analyzing the applicabil-
ity of ND in certain specific subgroups, such as patient 
demographics (age, BMI, co-morbidity, and history of 
abdominal surgery), surgical parameters (combined 
organ resection, extended lymphadenectomy, intra-oper-
ative blood loss and sterility of surgery) and oncological 
variables (neoadjuvant therapy and TNM stage). There-
fore, the current evidence does not mean that abdomi-
nal drainage should be discontinued in all patients after 
GC surgery. What we can conclude is the avoidance of 
routine drainage of a prophylactic nature. Drainage is 
strongly recommended in some cases, such as abdominal 
contamination due to perforation and obvious iatrogenic 
organ injury [40, 47]. In addition, there is evidence dem-
onstrating that PD may be useful in high-risk patients 
with long operative time or massive intraoperative bleed-
ing [31, 34].

Recently, the first nomogram for predicting the risk of 
postoperative percutaneous drain placement has been 
constructed [31]. This prediction model encompassed 

sex, age, surgical approach, and operative time, which 
may enable the surgeons to identify high-risk patients, 
so that PD can be performed selectively. However, this 
model was derived from a retrospectively study without 
external validation. Future multicenter RCTs including 
risk-stratified randomization are urgently needed before 
final conclusions can be drawn.

The present study has some limitations that should be 
acknowledged. First, although 7 RCTs were included in 
our study, the quality of these RCTs was not high and 
did not also perform stratified analyses in specific popu-
lations, which had a certain impact on the reliability of 
the results of this study. Therefore, more well-designed 
RCTs with large sample sizes are expected to provide 
more credible evidence on this issue. Second, several 
included studies [24, 26, 33] were published over a large 
time frame, so improvements in gastric surgery and peri-
operative management during this time could potentially 
influence the results. Third, there was considerable het-
erogeneity between studies, including the type of drain 
used and the period of drain placement, which could also 
have an impact on the reliability of our results.

Conclusions
The present meta-analysis suggests that the routine use 
of PD after GC surgery is not beneficial, and even harm-
ful with increased morbidities, and prolonged time to 
soft diet and hospital stay. However, based on the above-
mentioned limitations and low level of evidence of the 
comparisons, more multicenter RCTs with risk-stratified 
randomization are needed to confirm these questions.
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