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Abstract

Background Peritoneal drainage has been used routinely after pancreaticoduodenectomy (PD) or distal pancreatectomy
(DP). Our objective was to compare patients’ outcomes after PD or DP with or without peritoneal drainage.

Methods We performed a systematic search using the following databases: PubMed, Embase, Web of Science, the Cochrane
Central Register of Controlled Trials, and ClinicalTrials.gov until 1 June 2019. We included trials comparing no peritoneal
drainage versus drainage after PD and/or DP.

Results Ten trials involving 2419 patients were eligible for inclusion. The meta-analysis showed a significantly lower rate
of postoperative pancreatic fistula in the no-drain group (odds ratio [OR] 0.39; 95% confidence interval [CI] 0.29-0.51;
p <0.00001). However, there was no significant difference in the analysis of the subgroups, DP and DP+PD peritoneal drain-
age (p=0.10, p=0.19; respectively). The analysis of all studies showed no significant difference between groups regarding
clinically related postoperative pancreatic fistula (OR 0.71; 95% CI 0.41-1.24; p=0.23). Mortality was higher in the drain
group in the PD + DP subgroup (OR 0.41; 95% CI1 0.27-0.62; p <0.0001). No significant differences were found regarding
intra-abdominal abscess, delayed gastric emptying, biliary fistula, postoperative hemorrhage, or morbidity.

Conclusion Our results showed comparable outcomes for PD and DP with or without drainage. However, we can draw no
clear conclusions because of the study limitations. Further studies on this topic are recommended.
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With advances in surgical technique and care, mortality
and morbidity have decreased following pancreatic surgery,
especially in high-volume pancreatic centers [1-3]. The two
main procedures in pancreatic surgery are pancreaticoduo-
denectomy (PD) and distal pancreatectomy (DP). However,
the incidence of postoperative complications with both pro-
cedures remains high. Prophylactic placement of intraperi-
toneal drains following PD and DP has been considered as a
measure to reduce postoperative complications [4—6]. How-
ever, it is unclear whether routine drain placement is essen-
tial [7, 8], especially in DP. Prophylactic drainage may be
placed in PD routinely; however, this concept is not accepted
in DP during past decades. The operations have different
complication profiles in PD and DP. Previous randomized
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controlled trials (RCTs) have demonstrated no significant
difference in cholecystectomy, hepatectomy, gastrectomy, or
colectomy with and without drainage [9-12], and several ret-
rospective studies demonstrated that pancreatectomy without
prophylactic drainage may be safe [7, 13, 14]. A randomized
prospective trial performed by Conlon et al. found no sig-
nificant difference between the drain and no-drain group for
overall morbidity and mortality [4]. In the current study, we
performed a meta-analysis comparing no-drain and drain in
PD and DP.

Method

Search strategy

Two independent reviewers performed a systematic and
electronic search of the PubMed, Embase, Web of Science,

Cochrane Central Register of Controlled Trials (CEN-
TRAL), and ClinicalTrials.gov databases until 1 June 2019.
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The medical subject headings included, but were not limited
to “drainage,” “drain,” “peritoneal drainage,” “Whipple,”
“pancreaticoduodenectomy,” and “distal pancreatectomy.”
The search was restricted to human patients and English
language full-text articles. We also manually reviewed the
references of the articles identified after the initial search.

Inclusion and exclusion criteria

This study was performed according to the PRISMA guide-
lines [15]. We performed a subgroup analysis of PD, DP, and
PD combined with DP. Inclusion criteria were as follows:
(1) studies comparing no drain versus a drain after PD and/
or DP with the definition of POPF according to the ISGPF
definition [16], and (2) the original article must have been
published in English with full text. The exclusion criteria
were as follows: (1) review articles, case reports, abstracts,
editorials, and letters to the editor; (2) research involving
central pancreatectomy or other pancreatic surgery; (3)
repeat publication by the same author or agency; and (4)
insufficient data on outcome measures.

Outcome measures

The primary outcome of this study was POPF and clinically
related POPF (CR-POPF) defined using the ISGPF defini-
tion. The secondary outcomes were biliary fistula, delayed
gastric emptying (DGE), intra-abdominal abscess, postop-
erative hemorrhage, postoperative radiological intervention,
reoperation, morbidity, and mortality. The definition of DGE
and postoperative hemorrhage were according to the ISGPF
criteria [17], and we included all outcomes until the publica-
tion date.

Data extraction and quality assessment

The standardized selection form included the first author,
year of publication, type of study, country in which the
study was performed, and the sample size. Conflicts in data
abstraction were resolved by consensus and by referring to
the original article. We assessed the quality of the RCTs
in accordance with the Cochrane Collaboration Handbook
[18], and non-RCTs were assessed using the criteria of the
Newcastle—Ottawa scale [19].

Statistical analysis

This meta-analysis was performed using Review Manager
(RevMan) version 5.3 software (Cochrane Informatics and
Knowledge Management Department, Nordic Cochrane
Centre, Copenhagen, Denmark). Odds ratios (ORs) with
95% confidence intervals (Cls) were calculated using fixed
or random effects models. The I? index was used as an
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indicator of between-study heterogeneity. We used a fixed
effects model with I? < 50%; otherwise, we used a random
effects model. A two-tailed p value of <0.05 was considered
statistically significant. We assessed the potential for publi-
cation bias by visually inspecting a funnel plot asymmetry.

Results
Study selection and trial characteristics

We identified 177 potentially eligible papers following
the described search strategy; of these, we excluded 120
duplicate articles. The remaining 57 studies were retrieved
based on their titles and abstracts, and an additional 47 cita-
tions were excluded for various reasons. Finally, ten stud-
ies involving 2419 participants were included in the current
meta-analysis [7, 8, 13, 14, 20-25]. In this study, four trials
were RCT and six were retrospective. A flowchart of the
literature search process is shown in Fig. 1, and the char-
acteristics of the included articles are presented in Table 1.
PD was performed in six studies and DP was performed in
two studies. Researchers in two studies performed PD + DP.

152 of records
identified through
database
searching

25 of additional
records identified
through other
sources

\_‘_1

120 of records after duplicates
removed

Fig. 1 Flow diagram of the published articles evaluated for inclusion

in this meta-analysis

57 of records
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32 of records
excluded

l

25 of full-text
articles assessed
for eligibility

15 of full-text
articles excluded,
with reasons

1

10 of studies
included in
qualitative
synthesis

L

10 of studies
included in
quantitative
synthesis
(meta-analysis)
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Table 1 Characteristic of including studies in this meta-analysis
Author Year Country Design Type of procedure Sample = Male/Female Male/Female Age Age
(No/Yes) (No) (Yes) (No) (Yes)
Adham 2013  France Retrospective PD +DP 112/130  61/51 66/64 66.5 (19-85) 61.5 (20-85)
Fisher 2011 USA Retrospective  PD+DP 47/179 19/40 78/101 59 (51-57) 63 (53-72)
Kunstman 2017 USA Retrospective PD 53/53 33/20 31722 62.2+124 63.3+10
Lim 2013 France Retrospective  PD 27127 8/19 8/19 62 (38-78) 62 (40-76)
McMillan 2014 Italy RCT PD 69/68 NA NA NA NA
Mehta 2013 USA Retrospective  PD 458/251  232/226 130/121 62.5 60
Paulus 2012 USA Retrospective  DP 30/39 NA NA 58 (52-68) 52 (44-66)
Van Buren 2014 USA RCT PD 69/68 38/31 37/31 643+126  62.1+11.7
Van buren 2017 USA RCT DP 170/174  67/103 72/102 60 (47-73) 61 (49-73)
Witzigmann 2016 Germany RCT PD 193/202  126/67 130/72 62.5 64.3

RCT randomized clinical trials; DP distal pancreatectomy; PD pancreaticoduodenectomy; No no drain; Yes yes drain

Outcome measures
POPF

Seven studies reported POPF data, and the meta-analysis
showed a lower incidence of POPF in the no-drain group
vs the no-drain group (OR 0.39; 95% CI 0.29-0.51;
p<0.00001) (Fig. 2A). Four studies reported POPF data in
the subgroup undergoing PD, only one study provided data
for the DP subgroup, and two studies provided data for the
PD + DP. There was no significant difference between the
drain and no-drain groups in the DP and PD+ DP (OR 0.08;
95% CI10.00-1.56; p=0.10 and OR 0.35; 95% CI 0.07-1.68,
respectively; p =0.19) (Fig. 2B). However, the incidence of
POPF in the PD subgroup receiving a lower incidence in the
no-drain group (OR 0.42; 95% CI 0.29-0.62; p <0.00001)
(Fig. 2B).

CR-POPF

Nine trials provided data for the rate of CR-POPF, which
was 9% (96/1058) in the no-drain group and 13% (135/1017)
in the drain group. A pooled analysis showed no significant
difference between the groups (OR 0.71; 95% CI 0.41-1.24;
p=0.23) (Fig. 3A), and a subgroup analysis showed no sig-
nificant difference for any of the following three subgroups:
PD, DP, and PD+DP (p=0.25, p=0.10, and p=0.73,
respectively) (Fig. 3B).

DGE

Four studies provided data for the incidence of DGE, which
was 15% (51/336) for the no-drain group and 19% (93/476)
for the drain group. A pooled analysis showed no signifi-
cant difference between the two groups (OR 0.79; 95% CI
0.27-2.27; p=0.66) (Fig. 4A). No studies provided data for

DGE in the DP subgroup, and we found no significant dif-
ference between the no-drain and drain groups in the PD
subgroup (OR 1.08; 95% CI1 0.31-3.79; p=0.90) (Fig. 4B).
A study performed by Fisher et al. showed that the incidence
of DGE was lower in the no-drain group (p =0.03).

Biliary fistula

Biliary fistula was pooled in five studies, and we found no
significant difference between the drain and no-drain groups
(OR 0.89; 95% C10.32-2.47; p=0.82) (Fig. 5A) and in the
three-subgroup analysis (PD, DP, and PD + DP; p=0.74,
p=0.51, and p=0.50; respectively) (Fig. 5B).

Intra-abdominal abscess

Intra-abdominal abscess was reported in eight studies, and
we found no significant difference between the drain and
no-drain groups (OR 1.03; 95% CI 0.72-1.48; p=0.86)
(Fig. 6A). Similar results were also seen in the subgroup
analysis for PD, DP, and PD+DP (p=0.96, p=0.78, and
p=0.95; respectively) (Fig. 6B).

Postoperative hemorrhage

Four studies provided data for postoperative hemorrhage,
and we found no significant difference between the drain
and no-drain groups (OR 0.79; 95% CI1 0.41-1.54; p=0.49)
(Fig. 7A). No studies evaluating DP and PD + DP provided
data for postoperative hemorrhage (Fig. 7B).

Postoperative radiological intervention
Nine studies provided data for postoperative radiological

intervention, and we found no significant difference between
the drain and no-drain groups (OR 0.90; 95% CI 0.65-1.23;

@ Springer



4994 Surgical Endoscopy (2020) 34:4991-5005
Experimental Control Odds Ratio Odds Ratio
3 0, N 0,
Adham2013 14 112 21 130 10.5% 0.74 [0.36, 1.54) -
Fisher2011 5 47 79 179 18.1% 0.15 [0.086, 0.40] - v
Lim2013 0 27 6 27  3.9% 0.06 [0.00, 1.13] ¢
McMillan2014 14 69 21 68 10.4% 0.57 [0.26, 1.24] -/ T
Mehta2013 48 458 61 251 43.4% 0.36 [0.24, 0.55) =
Paulus2012 0 30 6 39 34% 0.08 [0.00, 1.56] ¢
Van Buren2014 14 69 21 68 10.4% 0.57 [0.26, 1.24) - I
Total (95% Cl) 812 762 100.0% 0.39 [0.29, 0.51] L 4
Total events 95 215
Heterogeneity: Chi? = 11.23, df = 6 (P = 0.08); I = 47% lo.o " of ; ; 1f0 ] 00’
Test for overall effect: Z = 6.67 (P < 0.00001) Favours [experimental] Favours [control]
A
Experimental Control Odds Ratio Odds Ratio
_Study or Subgroup _ Events  Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% ClI
1.1.1PD
Lim2013 0 27 6 27 23% 0.06 [0.00, 1.13] *
McMillan2014 14 69 21 68 17.6% 0.57 [0.26, 1.24] -
Mehta2013 48 458 61 251 27.5% 0.36 [0.24, 0.55] -
Van Buren2014 14 69 21 68 17.6% 0.57 [0.26, 1.24] |
Subtotal (95% ClI) 623 414 65.1% 0.42[0.29, 0.62) ‘
Total events 76 109

Heterogeneity: Tau* = 0.02; Chi* = 3.32, df =3 (P = 0.34); I? = 10%
Test for overall effect: Z = 4.53 (P < 0.00001)

1.1.2DP

Paulus2012 0 30
Subtotal (95% CI) 30
Total events 0

Heterogeneity: Not applicable
Test for overall effect: Z = 1.66 (P = 0.10)

1.1.3 DP+PD

Adham2013 14 112
Fisher2011 5 47
Subtotal (95% CI) 159
Total events 19

6

21
79

100

39
39

130
179
309

2.3%
2.3%

18.8%
13.8%
32.6%

Heterogeneity: Tau? = 1.11; Chi* = 6.78, df = 1 (P = 0.009); I* = 85%

Test for overall effect: Z = 1.32 (P = 0.19)

Total (95% ClI) 812
Total events 95

215

762 100.0%

Heterogeneity: Tau? = 0.16; Chi* = 11.23, df = 6 (P = 0.08); I* = 47%

Test for overall effect: Z = 3.89 (P = 0.0001)

Test for subaroup differences: Chi* = 1.21. df =2 (P = 0.55). P = 0%

B

0.08 [0.00, 1.56) *
0.08 [0.00, 1.56] = —
0.74 [0.36, 1.54) —
0.15 [0.08, 0.40) —
0.35 [0.07, 1.68] —e——
0.40 [0.25, 0.64) >
0.01 0.1 1 10 100

Favours [experimental] Favours [control]

Fig.2 Forest plot of the meta-analysis comparing the drain and no-drain groups for postoperative peritoneal drainage regarding the rate of POPF
for A all included studies and B the subgroup analysis

p=0.50) (Fig. 8A) or in the subgroup analysis (PD, DP,
and PD +DP; p=0.55, p=0.53, and p=0.91; respectively)

(Fig. 8B).

Reoperation

Seven studies provided data for reoperation, and we found
no significant difference between the drain and no-drain
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groups (OR 1.27; 95% CI 0.79-2.04; p=0.33) (Fig. 9A).
However, the rate of reoperation was higher in the no-
drain group in the PD + DP subgroup (OR 5.21; 95% CI
1.34-20.24; p=0.02) (Fig. 9B). We found no significant
difference between the drain and no-drain groups for the
remaining two subgroups (PD, DP; p=0.93, p=0.59;
respectively) (Fig. 9B).
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Adham2013
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Kunstman2017
Lim2013
McMillan2014
Mehta2013
Paulus2012

Van Buren2014
Witzigmann2016

Total (95% CI)
Total events

Experimental Control

13 112 12 130 13.9%
5 47 21 179 11.9%
4 53 10 53 10.1%
0 27 5 27  3.0%
14 69 9 68 13.1%
35 458 41 251 176%
0 30 6 39 31%
14 69 7 68 12.4%
11 193 24 202 14.9%
1058 1017 100.0%

96 135

Heterogeneity: Tau? = 0.40; Chi? = 22.07, df = 8 (P = 0.005); I = 64%
Test for overall effect: Z = 1.21 (P = 0.23)

A

Experimental

Control

_Study or Subgroup  Events Total Events Total Weight M-H. Random, 95% Cl

1.21PD
Kunstman2017
Lim2013
McMillan2014
Mehta2013

Van Buren2014
Witzigmann2016
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4

0
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35
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53 10
27 5
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193 24
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68 13.1%
251 17.6%
68 12.4%
202 14.9%
669 71.1%

Heterogeneity: Tau* = 0.48; Chi* = 16.94, df = 5 (P = 0.005); I* = 70%
Test for overall effect: Z = 1.14 (P = 0.25)

1.2.2DP
Paulus2012
Subtotal (95% ClI)
Total events

0

0

Heterogeneity: Not applicable
Test for overall effect: Z = 1.66 (P = 0.10)

1.2.3 PD+DP
Adham2013
Fisher2011
Subtotal (95% CI)

Total events

13
5

18

112 12
47 21

159
33

39 31%
39 3.1%

130
179
309

13.9%
11.9%
25.8%

Heterogeneity: Tau? = 0.00; Chi? = 0.29, df = 1 (P = 0.59); I = 0%
Test for overall effect: Z = 0.34 (P = 0.73)

Total (95% ClI)
Total events

96

1058
135

1017 100.0%

Heterogeneity: Tau? = 0.40; Chi* = 22.07, df = 8 (P = 0.005); I = 64%
Test for overall effect: Z = 1.21 (P = 0.23)

Test for subaroup differences: Chi* = 3.57. df =2 (P = 0.17). P = 43.9%

B

Odds Ratio Odds Ratio

Random, 95% ndom, 95% Cl

1.29 (0.56, 2.96) S =

0.90 [0.32, 2.52) B
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1.67 [0.67, 4.16) =

0.42 (0.26, 0.69) —

0.08 [0.00, 1.56] *

2.22(0.83, 5.90) T

0.45(0.21, 0.94] —

0.71 [0.41, 1.24] -

0.01 0.1 1 10 100
Favours [experimental] Favours [control]
Odds Ratio Odds Ratio
M-H, Random, 95% ClI

0.35[0.10, 1.20] B

0.07 [0.00, 1.42] *

1.67 [0.67, 4.16] T

0.42 [0.26, 0.69) —

2.22[0.83, 5.90] T

0.45[0.21, 0.94] —

0.66 [0.33, 1.34] .

0.08 [0.00, 1.56) *

0.08 [0.00, 1.56] = —

1.29 [0.56, 2.96) T
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1.12[0.59, 2.14] -
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Favours [experimental]

Favours [control]

Fig. 3 Forest plot of the meta-analysis comparing the drain and no-drain groups for postoperative peritoneal drainage regarding the rate of CR-

POPF for A all studies and B the subgroup analysis

Morbidity

Seven studies provided morbidity data, and we found no
significant difference between the drain and no-drain groups
(OR 1.64; 95% C1 0.88-3.06; p=0.12) (Fig. 10A) or in the

subgroup analysis (PD, DP, and PD+DP; p=0.16, p=0.19,
and p=0.99; respectively) (Fig. 10B).
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Experimental Control Odds Ratio Odds Ratio
—Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI % Cl
Fisher2011 4 47 43 179 24.3% 0.29(0.10, 0.87) N S
Lim2013 4 27 3 27 18.7% 1.39(0.28, 6.91)
Van Buren2014 29 69 16 68 28.1% 2.36(1.13,4.92) —
Witzigmann2016 14 193 31 202 28.9% 0.43(0.22, 0.84) —
Total (95% CI) 336 476 100.0% 0.79 [0.27, 2.27]
Total events 51 93
Heterogeneity: Tau? = 0.90; Chi? = 15.38, df = 3 (P = 0.002); I* = 80% ’0.0 " of r : 1‘0 . 00‘
Test for overall effect: Z = 0.4 (P = 0.68) Favours [experimental] Favours [control]
A
Experimental Control Odds Ratio Odds Ratio
dy o ents ota ents 95% CI
1.3.1PD
Lim2013 4 27 3 27 18.7% 1.39[0.28, 6.91]
Van Buren2014 29 69 16 68 28.1% 2.36[1.13,4.92)
Witzigmann2016 14 193 31 202 28.9% 0.43[0.22, 0.84)
Subtotal (95% Cl) 289 297 75.7% 1.08 [0.31, 3.79]
Total events 47 50
Heterogeneity: Tau® = 0.96; Chi* = 11.48, df = 2 (P = 0.003); I* = 83%
Test for overall effect: Z = 0.13 (P = 0.90)
1.3.2DP
Subtotal (95% ClI) 0 0 Not estimable
Total events 0 0
Heterogeneity: Not applicable
Test for overall effect: Not applicable
1.3.3 PD+DP
Fisher2011 4 47 43 179 24.3% 0.29 [0.10, 0.87) -
Subtotal (95% CI) 47 179 24.3% 0.29 [0.10, 0.87] —~—
Total events 4 43
Heterogeneity: Not applicable
Test for overall effect: Z = 2.22 (P = 0.03)
Total (95% CI) 336 476 100.0% 0.79 [0.27, 2.27] ~—
Total events 51 93
Heterogeneity: Tau? = 0.90; Chi? = 15.38, df = 3 (P = 0.002); I = 80% 0 P o? - : 1‘0 3 00’

Test for overall effect: Z = 0.44 (P = 0.66)
Test for subaroun differences: Chi? = 2.39. df = 1 (P = 0.12). I’ = 58 2%

Favours [experimental] Favours [control]

Fig.4 Forest plot of the meta-analysis comparing the drain and no-drain groups for postoperative peritoneal drainage regarding the rate of DGE

for A all included studies and B the subgroup analysis

Mortality

We found no significant difference between the drain and
no-drain groups regarding mortality, in the pooled analysis
(OR 0.74;95% C1 0.52-1.04; p=0.09) (Fig. 11A). However,
mortality was higher in the drain group in the PD + DP sub-
group (OR; 0.41; 95% C1 0.27-0.62; p <0.0001) (Fig. 11B).
There was no significant difference for mortality in the PD
and DP subgroups (p=0.41 and p=0.06, respectively)
(Fig. 11B).
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Sensitivity analysis

The influence of a single study on the overall meta-analysis
estimate was investigated by omitting one study at a time.
The omission of any study resulted in no significant differ-
ence, indicating that our results were statistically reliable.

Publication bias
Most graphical funnel plots of the parameters were sym-

metrical, and Egger’s test revealed no significant publication
bias.
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Experimental Control Odds Ratio Odds Ratio
_Study or Subgroup _ Events Total Events Total Weight M-H, Fixed. 95% ClI M-H, Fixed, 95%CI

Fisher2011 0 53 1 53 19.0% 0.33[0.01, 8.21) L

Lim2013 0 27 0 27 Not estimable

Van Buren2014 2 69 3 68 376%  0.65[0.10,4.00] e

Van buren2017 0 170 1 174 18.9% 0.34 [0.01, 8.38] =

Witzigmann2016 4 193 2 202 245%  2.12[0.38, 11.69] _—

Total (95% Cl) 512 524 100.0% 0.89 [0.32, 2.47]

Total events 6 7

Heterogeneity: Chi* = 1.82, df = 3 (P = 0.61); I = 0% 0 r o'f 3 ; 1‘0 3 00‘
Test for overall effect: Z = 0.23 (P = 0.82) Favours [experimental] Favours [control]
A

Experimental Control Odds Ratio Odds Ratio
—Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI

141PD

Lim2013 0 27 0 27 Not estimable

Van Buren2014 2 69 3 68 37.6% 0.65 [0.10, 4.00) L

Witzigmann2016 4 193 2 202 245%  2.12[0.38,11.69) I P A

Subtgtal (95% Cl) 289 297  621%  1.23[0.37, 4.07] ~——

Total events 6 5

Heterogeneity: Chi* = 0.87, df =1 (P = 0.35); I = 0%

Test for overall effect: Z = 0.33 (P = 0.74)

1.42DP

Van buren2017 0 170 1 174 18.9% 0.34 [0.01, 8.38] =

Subtotal (95% Cl) 170 174 189%  0.34[0.01,8.38) e —

Total events 0 1

Heterogeneity: Not applicable

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

1.4.3 PD+DP

Fisher2011 0 53 1 53 19.0% 0.33 [0.01, 8.21] =

Subtotal (95% CI) 53 53 19.0% 0.33 [0.01, 8.21] e ——

Total events 0 1

Heterogeneity: Not applicable

Test for overall effect: Z = 0.68 (P = 0.50)

Total (95% Cl) 512 524 100.0% 0.89 [0.32, 2.47)

Total events 6 7

Heterogeneity: Chiz = 1.82, df = 3 (P = 0.61); I = 0% ’0.0 - of . 2 1*0 - 00‘

Test for overall effect: Z = 0.23 (P = 0.82)
Test for subaroun differences: Chi? = 0.99. df =2 (P =0.61). P =0%

B

Favours [experimental] Favours [control]

Fig.5 Forest plot of the meta-analysis comparing the drain and no-drain groups for postoperative peritoneal drainage regarding the rate of bil-

iary fistula for A all included studies and B the subgroup analysis

Discussion

This meta-analysis showed that there was no significant
difference between the drain and no-drain groups regard-
ing CR-POPF. However, the no-drain group had a lower
incidence of POPF, and the subgroup analysis revealed a
higher rate of POPF in the drain group in the subgroup
undergoing PD + DP. No significant differences were

found for intra-abdominal abscess, DGE, biliary fistula,
postoperative hemorrhage, and morbidity.

Surgeons commonly place an intraperitoneal drainage
during abdominal surgery, especially following pancre-
atic surgery; however, debate continues regarding whether
peritoneal drainage is essential. Previous studies showed
that omitting drainage may be safe after cholecystectomy,
colorectomy, hepatectomy, and other abdominal surgeries
[9-12]; however, few studies have investigated the safety of
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Experimental Control Odds Ratio Odds Ratio
9, . 0,
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Fig.6 Forest plot of the meta-analysis comparing the drain and no-drain groups for postoperative peritoneal drainage regarding the rate intra-
abdominal abscess for A all included studies and B the subgroup analysis

omitting postoperative drainage following PD and DP. The
role of placement of abdominal drains remains pervasive in
PD and DP. A study conducted by Van Buren et al. published
in 2017 showed that it is safe for DP without intraperitoneal
drainage [24]. Interestingly, previous study revealed that
early removal of drains may be safe for DP [26].
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POPF is considered to result in the highest morbidity
after pancreatic surgery and can increase the incidence of
intra-abdominal abscess, fluid accumulation, postoperative
hemorrhage, and sepsis [27]. Several studies suggested
that placing an abdominal drain intraoperatively allows
the surgeon to detect POPF earlier and initiate treatment
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Fig. 7 Forest plot of the meta-analysis comparing the drain and no-drain groups for postoperative peritoneal drainage regarding the rate of post-
operative hemorrhage for A all included studies and B the subgroup analysis

[25]. Our results revealed a higher incidence of POPF in
the drain group, and we believe that POPF is more likely
to be discovered with abdominal drainage. Previous stud-
ies have shown that closed suction drainage may damage
tissues and increase the incidence of POPF [4, 28, 29].
However, interestingly, the incidence of POPF did not
differ in our DP and PD + DP subgroups, which may be
related to the small number of studies constituting these
two subgroups. Using the ISGPF definition of POPF,
our results showed no statistically significant difference
in the incidence of CR-POPF between the drain and no-
drain groups, similar to most previous studies. Additional

radiological intervention was often considered for CR-
POPF intra-abdominal abscess and fluid accumulation in
previous studies; we saw no difference between the drain
and no-drain groups regarding postoperative radiological
intervention. A recent study published in 2011 reported
that the rate of postoperative intervention was higher in the
no-drain group [7]. A previous study performed by Mehta
et al. reported that, compared with the no-drain group, the
drain group experienced higher rates of CR-POPF [22].
Additionally, drain placement was associated with longer
hospital stay, increased total complications, and infec-
tion complications [22]. A prospective study involving
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Fig. 8 Forest plot of the meta-analysis comparing the drain and no-drain groups for postoperative peritoneal drainage regarding the rate of post-
operative radiological intervention for A all included studies and B the subgroup analysis

104 consecutive patients by Kawai et al. concluded that
early drain removal may reduce the risk of intra-abdominal
infection and POPF [30]. Several studies have investigated
the risk factors for POPF, namely small pancreatic duct
diameter, soft pancreatic texture, and prolonged operative

@ Springer

time. However, given the limitations in these studies, fur-
ther study and higher-quality studies are required.
Despite developments in pancreatic surgery, mortality and
morbidity remain high. Similar to a previous study by Huang
et al. [31], we found no significant difference regarding the
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Fig.9 Forest plot of the meta-analysis comparing the drain and no-drain groups for postoperative peritoneal drainage regarding the reoperation

rate for A all included studies and B the subgroup analysis

incidence of DGE, biliary fistula, postoperative hemorrhage,
and reoperation between the drain and no-drain groups in all
studies and the subgroup analysis. Several studies revealed
that drain placement was associated with higher severe
complications [32, 33]. After evaluating five studies total-
ing 1728 patients, Wang et al. showed that patients without
prophylactic drainage after PD had significantly higher mor-
tality [34]. However, given the study’s limitations, debate
continues regarding whether omitting drainage is associated

with lower morbidity. Previous studies also showed that
drainage after pancreatic surgery may increase patients’ pain
and length of hospital stay [22]. We found no significant
difference between the drain and no-drain groups regarding
mortality, in the pooled analysis, in our study; however, we
found higher mortality in the PD + DP subgroup receiving
drainage. Several factors may contribute to morbidity and
mortality. Previous studies showed that pancreatic gland
texture, pancreatic duct diameter, and other factors may be

@ Springer
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Fig. 10 Forest plot of the meta-analysis comparing the drain and no-drain groups for postoperative peritoneal drainage regarding morbidity for A

all included studies and B the subgroup analysis

associated with high morbidity and mortality; however, the
definition of morbidity and the study end points differed
between studies, which contributed to heterogeneity.

There are several limitations in the current study. First,
different definitions of postoperative complications were
implied in the included studies. Second, most of the
included studies had a small sample size and did not have

@ Springer

data for all of the outcomes we evaluated. Third, POPF
in the no-drain group may have been missed because of a
lack of symptoms. Fourth, studies varied in the operative
techniques, namely the use of pancreatic duct stenting,
different methods of closure in DP, and different anasto-
mosis methods in PD. Finally, of the included studies, only
four were RCTs; the remaining were retrospective studies,



Surgical Endoscopy (2020) 34:4991-5005 5003

Experimental Control Odds Ratio Odds Ratio
en 013 gnis O13 ei Random, 95% andom, 95% CI

Adham2013 45 112 83 130 13.0% 0.38 [0.23, 0.64) o
Fisher2011 22 47 117 179 11.2% 0.47 [0.24, 0.89] —
Kunstman2017 38 53 44 53 7.9% 0.52 [0.20, 1.32) D
Lim2013 15 27 19 27  6.3% 0.53[0.17, 1.62) - 1
Mehta2013 248 458 171 251 15.9% 0.55 [0.40, 0.76) T
Paulus2012 20 30 15 39 73% 3.20(1.18, 8.67) - T
Van Buren2014 55 69 50 68 9.3% 1.41(0.64, 3.14) N
Van buren2017 93 170 96 174 14.4% 0.98 [0.64, 1.50) .
Witzigmann2016 115 193 127 202 14.7% 0.87 [0.58, 1.31) =
Total (95% CI) 1159 1123 100.0% 0.74 [0.52, 1.04] <&
Total events 651 722
Heterogeneity: Tau? = 0.17; Chi? = 24.97, df = 8 (P = 0.002); I = 68% 0 = of p 1 1‘0 p 00‘

Test for overall effect: Z = 1.71 (P = 0.09) Favours [experimental] Favours [control]

A

Experimental Control Odds Ratio Odds Ratio

_Study or Subgroup  Events Total Events Total Weight M-H, Random,95% CI M-H, Random.95%Cl

1.10.1 PD
Kunstman2017 38 53 44 53 7.9% 0.52 [0.20, 1.32] I B
Lim2013 15 27 19 27  6.3% 0.53[0.17, 1.62] N
Mehta2013 248 458 171 251 15.9% 0.55 [0.40, 0.76) =2
Van Buren2014 55 69 50 68 9.3% 1.41[0.64, 3.14] B
Witzigmann2016 115 193 127 202 14.7% 0.87 [0.58, 1.31] a1
Subtotal (95% ClI) 800 601 54.1% 0.72 [0.51, 1.01) <
Total events 471 41

Heterogeneity: Tau? = 0.06; Chi* = 6.79, df =4 (P = 0.15); * = 41%
Test for overall effect: Z = 1.88 (P = 0.06)

1.10.2 DP

Paulus2012 20 30 15 39 7.3% 3.20(1.18, 8.67) A
Van buren2017 93 170 96 174 14.4% 0.98 [0.64, 1.50) o

Subtotal (95% CI) 200 213 21.7% 1.62 [0.52, 5.09] —~—
Total events 113 1

Heterogeneity: Tau? = 0.55; Chi* = 4.58, df = 1 (P = 0.03); I* = 78%
Test for overall effect: Z = 0.83 (P = 0.41)

1.10.3 PD+DP

Adham2013 45 112 83 130 13.0% 0.38 [0.23, 0.64] e

Fisher2011 22 47 117 179 11.2% 0.47 [0.24, 0.89] =i

Subtotal (95% CI) 159 309  24.2% 0.41 [0.27, 0.62] <&

Total events 67 200

Heterogeneity: Tau? = 0.00; Chi? = 0.23, df = 1 (P = 0.63); I = 0%

Test for overall effect: Z = 4.28 (P < 0.0001)

Total (95% ClI) 1159 1123 100.0% 0.74 [0.52, 1.04) <&

Total events 651 722

Heterogeneity: Tau? = 0.17; Chi* = 24.97, df = 8 (P = 0.002); I* = 68% ’0.0 . of 7 : 1’0 3 00’

Test for overall effect: Z = 1.71 (P = 0.09)
Test for subarounp differences: Chi? = 7.19. df =2 (P = 0.03). P =72.2%

B

Favours [experimental] Favours [control]

Fig. 11 Forest plot of the meta-analysis comparing the drain and no-drain groups for postoperative peritoneal drainage regarding mortality for A
all included studies and B the subgroup analysis

and heterogeneity was present among these retrospective Conclusion

studies. Given the limitations of the current study, more

large-scale high-quality RCTs are required. Our results showed comparable outcomes following
PD and DP with or without drainage. However, given
our study’s limitations, we cannot provide a definitive
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conclusion. Further studies on this topic are recommended.
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