
Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i40.11458

World J Gastroenterol  2015 October 28; 21(40): 11458-11468
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2015 Baishideng Publishing Group Inc. All rights reserved.

11458 October 28, 2015|Volume 21|Issue 40|WJG|www.wjgnet.com

SYSTEMATIC REVIEWS

Intra-abdominal drainage following pancreatic resection: A 
systematic review

Filip Čečka, Martin Loveček, Bohumil Jon, Pavel Skalický, Zdeněk Šubrt, Čestmír Neoral, Alexander Ferko

Filip Čečka, Bohumil Jon, Zdeněk Šubrt, Alexander Ferko, 
Department of Surgery, Medical Faculty and University Hospital 
Hradec Králové, 50005 Hradec Králové, Czech Republic

Martin Loveček, Pavel Skalický, Čestmír Neoral, First 
Department of Surgery, Medical Faculty and University Hospital 
Olomouc, Olomouc, Czech Republic

Zdeněk Šubrt, Department of Field Surgery, Military Health 
Science Faculty Hradec Králové, Defence University Brno, 
50005 Hradec Králové, Czech Republic

Author contributions: Čečka F and Jon B designed the study; 
Čečka F wrote the paper; Čečka F and Loveček M performed 
the literature search; Skalický P and Šubrt Z analyzed the data; 
and Neoral C and Ferko A revised the paper; all authors read and 
approved the final manuscript. 

Supported by Ministry of Health Czech Republic, MH CZ-
DRO (UHHK, 00179906).

Conflict-of-interest statement: The authors declare that they 
have no conflicts of interest.

Data sharing statement: No additional data are available. 

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Filip Čečka, MD, PhD, Department 
of Surgery, Medical Faculty and University Hospital Hradec 
Králové, Sokolská 581, 50005 Hradec Králové, 
Czech Republic. filip.cecka@seznam.cz
Telephone: +420-737-163931
Fax: +420-49583-2026
 
Received: April 27, 2015
Peer-review started: April 30, 2015

First decision: June 2, 2015
Revised: June 25, 2015
Accepted: September 30, 2015
Article in press: September 30, 2015
Published online: October 28, 2015

Abstract
AIM: To study all the aspects of drain management in 
pancreatic surgery.

METHODS: We conducted a systematic review 
according to the PRISMA guidelines. We searched the 
Cochrane Central Registry of Controlled Trials, EMBASE, 
Web of Science, and PubMed (MEDLINE) for relevant 
articles on drain management in pancreatic surgery. 
The reference lists of relevant studies were screened 
to retrieve any further studies. We included all articles 
that reported clinical studies on human subjects with 
elective pancreatic resection and that compared various 
strategies of intra-abdominal drain management, such 
as drain vs  no drain, selective drain use, early vs  late 
drain extraction, and the use of different types of 
drains. 

RESULTS: A total of 19 studies concerned with drain 
management in pancreatic surgery involving 4194 
patients were selected for this systematic review. We 
included studies analyzing the outcomes of pancreatic 
resection with and without intra-abdominal drains, 
studies comparing early vs  late drain removal and 
studies analyzing different types of drains. The majority 
of the studies reporting equal or superior results for 
pancreatic resection without drains were retrospective 
and observational with significant selection bias. One 
recent randomized trial reported higher postoperative 
morbidity and mortality with routine omission of intra-
abdominal drains. With respect to the timing of drain 
removal, all of the included studies reported superior 
results with early drain removal. Regarding the various 



types of drains, there is insufficient evidence to 
determine which type of drain is more suitable following 
pancreatic resection. 

CONCLUSION: The prophylactic use of drains remains 
controversial. When drains are used, early removal is 
recommended. Further trials comparing types of drains 
are ongoing. 

Key words: Pancreas; Pancreatic resection; Pancrea
tectomy; Drainage; Pancreatic fistula

© The Author(s) 2015. Published by Baishideng Publishing 
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Core tip: This systematic review updates our current 
knowledge on the management of intra-abdominal 
drains in pancreatic surgery. Regarding the prophylactic 
use of intra-abdominal drains, current studies do not 
lead to definite conclusions whether routine drainage 
should or should not be advocated. When drains are 
used, early removal is recommended. There is not 
enough evidence regarding the type of drain. A new 
randomized controlled study is currently underway 
which aims to compare the closed suction drain vs  the 
passive closed gravity drain. 
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INTRODUCTION
High morbidity is a continuing concern in modern 
pancreatic surgery, with postoperative pancreatic 
fistula (POPF) being the most ominous complication[1-3]. 
POPF is not a life-threatening condition in most 
cases, but nevertheless, it prolongs the hospital 
stay, increases the cost of the treatment, and delays 
adjuvant therapy in malignant disease[4]. The rate of 
POPF is reported to be in the range of 10%-30% in the 
majority of papers[1,2,5]. As POPF has significant clinical 
and economic consequences, attention has focused on 
lowering the POPF rate.

Several methods have been studied in the past 
in order to lower the pancreatic fistula rate, including 
pharmacological prophylaxis with octreotide[6,7] and 
various technical modifications of pancreatic remnant 
management after pancreaticoduodenectomy (PD)[8] 
and after distal pancreatectomy (DP)[9,10]. However, the 
use of octreotide remains controversial, and none of 
the studied techniques proved to be superior. 

In recent years, the issue of placement and manage
ment of intra-abdominal drains following pancreatic 

resection has attracted attention and is currently 
widely discussed[11-17]. The placement of prophylactic 
intra-abdominal drains has been common practice 
since the 19th century. The rationale for inserting intra-
abdominal drains following resection was that the 
drains were thought to evacuate blood, bile, pancreatic 
juice and other fluids that may accumulate after 
surgery[18]. The drains were also thought to allow for 
early identification of postoperative complications, 
such as anastomotic dehiscence or early hemorrhage. 
Moreover, prophylactic intra-abdominal drainage was 
supposed to avoid the need for additional interventions 
for intra-abdominal collections by creating a controlled 
pancreatic fistula[18-24]. 

However, the controversy over drain placement 
in acute as well as elective surgeries has persisted 
since the beginning of modern surgery[25]. Many 
recent studies show that the use of drains might not 
be beneficial for patients after abdominal surgery 
(appendectomy, cholecystectomy, hepatectomy, 
colectomy, gastrectomy)[26-31]. In fact, the use of 
drains might be even harmful for the patient, as they 
can slow down recovery and the restoration of bowel 
movements, and further prolong the hospital stay; 
drains may even cause postoperative complications 
such as retrograde intra-abdominal infection, and 
hollow organ perforation[15,30]. This might be the result 
of an artificial access to the peritoneal cavity, the 
inflammatory response to the drain as a foreign body, 
increased pain due to the drain, or the loss of fluid 
and electrolytes[20]. The standard use of drains also 
interferes with attempts to accelerate recovery through 
ERAS (enhanced recovery after surgery) programs[32]. 

Pancreatic surgery is different from the surgery of 
hollow organs[20]. In contrast to enteric anastomosis 
dehiscence, which often presents with pneumoperitoneum 
and frequently causes peritonitis[33], a pancreatic leak 
is more frequent, but the clinical course is not usually 
as dramatic[2]. Pancreatic leak or pancreatic fistula 
can be easily diagnosed by analyzing the amylase 
concentration in the drain effluent[34]. However, the 
amylase concentration is increased in the majority of 
patients on the first postoperative day, even in those 
patients who will not develop a pancreatic fistula in 
their postoperative course; this implies that, in the 
majority of patients, the pancreatic anastomosis is not 
“water-tight”[35]. 

Management of intra-abdominal drains has become 
an important issue in modern pancreatic surgery, 
as previous studies found that the management 
of intra-abdominal drains can influence the rate 
of postoperative complications[18,20,36-38]. Recent 
systematic reviews and meta-analyses have focused 
on the routine usage of drains following elective 
pancreatic resection[20-22,24]. However, there are 
additional issues to address regarding the use of intra-
abdominal drainage following pancreatic surgery, such 
as the timing of drain removal and the type of drain. 
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For this reason we carried out a systematic review of 
studies dealing with all aspects of drain management 
in pancreatic surgery. 

MATERIALS AND METHODS
Search strategy and study selection
We searched the Cochrane Central Registry of 
Controlled Trials, EMBASE, Web of Science, and 
PubMed (MEDLINE) for relevant articles published from 
January 1990 to December 2014. The search was 
performed independently by two authors (FC and ML) 
using the terms: “Pancreatectomy”, “Drain”, “Pancreatic 
fistula”, “Pancreas”, and “Postoperative complication”. 
The full search strategy is shown in the Supplementary 
Appendix (Literature search). 

The reference lists of relevant studies were 
screened to retrieve any further potential studies. 
No unpublished data or data from abstracts were 
encountered or used. No language restriction was 
applied to the search. Abstracts of all potentially 
relevant articles were read and assessed. All original 
papers studying the management of drains in 
pancreatic surgery were retrieved and included in the 
systematic review. 

Inclusion and exclusion criteria
We included articles that reported clinical studies on 
human subjects with any type of elective pancreatic 
resection and that compared various strategies of intra-
abdominal drain management: e.g., drain vs no-drain, 
selective drain use, early vs late drain removal, and the 
use of different types of drains. Studies reporting on 
drainage for acute pancreatitis were excluded. Studies 
were included irrespective of their design (prospective/
retrospective, randomized controlled, non-randomized 
controlled, cohort studies/case-control studies) or the 
length of follow-up. Congress abstracts and personal 
communications were not considered.

Statistical analysis
All data from selected studies were analyzed 
independently by two reviewers (Čečka F and Loveček 
M). We extracted data on methodology, population, 
interventions including types of drains, outcome 
measures including POPF rate[39], postoperative 
morbidity and mortality. Missing data were obtained 
from the corresponding authors of the studies. 
Disagreements were resolved in group discussions. 
Our methodology followed the standard guidelines 
outlined in the Cochrane Handbook for Systematic 
Reviews of Interventions[40] and the PRISMA statement 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses)[41]. 

RESULTS
The initial search strategy retrieved 930 publications. 
Of these, 868 were excluded in the primary selection 

based on the title and abstract revision (not relevant, 
not dealing with drain management) and 43 were 
excluded in the secondary selection after reading 
the full-text of the potentially relevant studies. 
Subsequently, the reference lists of all reviewed articles 
were checked manually; however, this did not lead 
to identification of any additional studies. Nineteen 
studies were identified and included in the systematic 
review, representing a total of 4194 patients (samples 
ranging from 22 to 1122)[11-17,36-38,42-50]. The reviewers 
reached agreement on the application of the eligibility 
criteria for study selection. A flowchart of the 
literature search strategy according to the PRISMA 
statement is shown in Figure 1. Only three studies 
were randomized: published in 2001[13] (n = 179), in 
2010[37] (n = 114), and in 2014[17] (n = 137 patients); 
the last study was the only multi-center study, and 
the first two were single-center studies. Except for 
the three randomized studies, all other studies were 
either retrospective observational, time-cohort or pilot 
studies. 

Table 1 lists the studies analyzing the outcomes of 
pancreatic resections without drains. A retrospective 
study comparing two cohorts was published by the 
group from Memorial Sloan-Kettering Cancer Center 
(MSKCC) in New York[43]. The authors reported 
comparable results in both groups (comparable 
postoperative complications, POPF rate, CT-guided 
drainage, and length of hospital stay). The only 
difference was shorter operating time in the group 
of patients without drains (P = 0.0001). The same 
group from MSKCC conducted a RCT of drain vs no-
drain following pancreatic resection[13]. In this trial, 
the authors described an equal rate of postoperative 
complications in both groups. However, patients with 
drain had a higher rate of intra-abdominal collections 
and fistulas (22% vs 9%, P < 0.02) and a higher rate 
of POPF itself. 

Another trial from this department was published 
in 2013[14]. Six high-volume surgeons were paired 
according to their operative drainage practices into 
routine drainers, selective drainers and routine non-
drainers. The group of patients with intra-abdominal 
drainage had a higher POPF rate (P < 0.001) and 
higher overall morbidity (P = 0.03). However, the 
patients with drains had significantly higher blood loss 
in pancreaticoduodenectomy (P < 0.001) as well as 
in distal pancreatectomy (P < 0.001). Furthermore, 
the patients in the drained group had longer operating 
times for both pancreaticoduodenectomy (P < 0.001) 
and distal pancreatectomy (P < 0.001). The most 
important fact is that mortality was significantly higher 
in the no-drain group (3% vs 1%, P = 0.02)

The study by Paulus et al[16] analyzed abdominal 
drainage following distal pancreatectomy. There 
were no differences between the groups regarding 
overall complications (P = 0.91) or intra-abdominal 
complications (P = 0.58). Estimated blood loss was 
higher in the drain group (P = 0.0003). 
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operative drains. The authors reported an unusually 
high rate of postoperative morbidity (83%) with an 
acceptable clinically relevant postoperative pancreatic 
fistula (CR-POPF) rate (8%). The authors concluded 
that the FRS reliably predicts the absence of CR-POPF 
in low risk patients and provides an objective way to 
characterize POPF risk[45]. 

A time cohort study was published by Fisher[15]. 
Morbidity (P = 0.02) and POPF (P < 0.0001) were 
higher in patients with drains. However, postoperative 
percutaneous drainage (P = 0.001) and readmission 
rates (P = 0.007) were higher in the no drain group. 
Based on this preliminary experience, the authors 
conducted a multicenter randomized controlled trial[17]. 
A total of 752 patients were planned to be included in 
the study in order to detect any significant difference 
between the groups. However, the trial was stopped 
early by the Data Safety Monitoring Board because of 
excess mortality in the patients undergoing PD without 
routine intraperitoneal drainage[17]. After 90 d of follow-
up, there were 8 deaths (12%) in the no-drain group 
and only 2 deaths (3%) in the drain group (P = 0.097). 
There were more intra-abdominal abscesses (P = 
0.033) and abdominal fluid collections (P = 0.033) in 
the no-drain group. The POPF rate in both groups was 
not significantly different (P = 0.155); however, 14 out 
of 21 patients in the drain group had asymptomatic 
POPF grade A. All 20 patients in the drain group had 
clinically relevant POPF. 

Table 2 lists the studies analyzing the timing of 
drain removal. Balzano et al[42] reported a series of 123 
patients with DP. The authors preferred cautious drain 
management, i.e., maintaining the drain until the daily 
output diminished to 5 mL in 24 h. Thirty-nine out of 
42 patients with POPF were discharged home with the 
drain and maintained it for a mean duration of 36 d. 
The authors did not compare this approach to early 
drain removal.

A time cohort study was published by Kawai et 
al[38]. In the first period, the drain was removed on 
postoperative day (POD) 8, whereas in the second 
period the drain was removed on POD 4. The POPF 
rate (P = 0.0038) as well as intra-abdominal infections 
(P = 0.0003) and infected intra-abdominal collections 
(P = 0.0079) were significantly lower in the second 
period. According to the authors, increasing infections 
occurred around POD 7, with positive cultures of 
drainage fluid increasing to 31% on POD 7. This 
suggests that prolonged placement of a drain might 
be a major cause of postoperative infectious intra-
abdominal complications[38].

Bassi et al[37] published a RCT comparing early 
drain removal (POD 3) vs late drain removal (after 
POD 5) in patients at low risk for POPF. Patients with a 
high risk of POPF development (amylase value ≥ 5000 
U/L on POD 1) were excluded. Early drain removal was 
associated with a decreased POPF rate (P = 0.007), 
abdominal complications (P = 0.002), and pulmonary 

Lim et al[46] avoided abdominal drainage after 
uncomplicated pancreaticoduodenectomy in 27 
patients at low risk of POPF; these patients were 
matched to 27 patients undergoing PD with intra-
abdominal drainage. Overall morbidity (P = 0.4) and 
mortality (P = 1) were similar in both groups. The 
POPF rate (P = 0.009) and hospital stay (P = 0.004) 
were significantly reduced in the no drainage group. 

Mehta et al[47] analyzed 709 patients undergoing 
PD. Compared with the no drain group, patients with 
a primary drain had a higher overall morbidity (P 
< 0.001) and POPF rate (P < 0.0001), as well as a 
longer hospital stay (P = 0.001). Operation time (P = 
0.021) and blood loss (P < 0.0001) were significantly 
higher in the drain-group. It is worth noting that intra-
abdominal drainage did not prevent the need for 
secondary drainage in this study (P = 0.358). 

The study by Adham et al[11] was retrospective 
and surgeon-dependent. One surgeon always used an 
intra-abdominal drain, whereas the second surgeon 
shifted from using a systematic drain to a no drain 
policy over the duration of the study. There was no 
difference in overall complications (P = 0.11), post-
pancreatectomy hemorrhage (P = 0.33) or POPF rate 
(P = 0.34). The requirement for an interventional 
procedure was equivalent in both groups (P = 0.15). 

Behrman et al[12] used data from the American 
College of Surgeons-National Surgical Quality 
Improvement Program. In this study, 116 patients 
without drains following distal pancreatectomy were 
matched using propensity scores with 116 patients 
with drains. The overall POPF rate (P < 0.01) and 
overall morbidity (P < 0.05) were more common 
in patients who received a drain. The placement of 
a drain did not reduce the need for postoperative 
interventional procedures (0.29).

Kunstman et al[45] calculated FRS (fistula risk score) 
for 265 patients, 259 of whom were managed without 
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Records identified through 
initial database search

n  = 930

Articles retrieved for full-
text evaluation

n  = 62

Trials included in the 
systematic review

n = 19

Articles excluded after 
reading full-text (not 
dealing with drain 

management)
n  = 43

Articles excluded based on 
title and abstract revision

n  = 868

Figure 1  Flowchart of literature search strategy.
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complications (P = 0.007). The median hospital stay 
was also shorter in patients with early drain removal (P 
= 0.018). 

Only four studies compared various types of drains 
following pancreatic resection; these results are 
described in Table 3. 

Aimoto et al[36] compared closed-suction drains 
(Blake) vs closed passive drains (Duple) for efficacy 
in a retrospective study of 33 patients following PD. 

Only patients with a soft pancreas who developed CR-
POPF were included. Overall morbidity was significantly 
lower in the patients with a Blake drain compared 
to those with a Duple drain (P < 0.01). The authors 
concluded that the Blake drains controlled POPF grade 
B more successfully than did the Duple drains in this 
study[36]. 

Schmidt et al[48] analyzed the clinical predictors and 
patient outcomes of pancreatic fistula following PD in 
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Table 1  Main characteristics and results of studies comparing drain vs  no drain, or selective drain use  n  (%)

Ref. Year Type of study Type of 
resection, n

Type of drain Groups, n Age (yr), 
range

POPF Morbidity Reoperation Operation 
time (min)

Blood loss 
(mL)

Hospital 
stay (d)

Jeekel 
et al[44]

1992 Pilot study PD 22 NA No drain 
n = 22

43-79 NA 5 (23) 1 (5) NA NA NA

Heslin 
et al[43]

1998 Retrospective PD 89 Closed-
suction

Drain 
n = 51

65 ± 21 3 (6) 23 (45) 2 (4) 386 ± 201 1100 ± 101 12 ± 11

No drain 
n = 38

65 ± 21 1 (3) 15 (39) 3 (8) 292 ± 131 1100 ± 101 12 ± 11

Conlon 
et al[13]

2001 RCT PD 139/DP 
40

Closed-
suction 

(Jackson-
Pratt)

Drain 
n = 88

66 
(23-81)2

11 (13) 55 (63) 8 (9) 330/190 800/600 9 +

No drain 
n = 91

69 
(33-87)2

0 (0) 52 (57) 4 (4) 329/180 800/500 9 +

Fischer 
et al[15]

2011 Time cohort PD 153, DP 
73

Closed-
suction

Drain 
n = 179

63 
(53-72)3

79 (44) 117 (65) 8 (4) 401 
(310-490)3

400 
(200-700)3

7 (7-10)3

No drain 
n = 47

59 
(51-70)3

5 (11) 22 (47) 0 (0) 400 
(314-458)3

250 
(150-500)3

7 (6-8)3

Paulus 
et al[16]

2012 Retrospective DP 69 Closed-
suction 

(Jackson-
Pratt or 
Blake)

Drain n = 39 52 
(44-66)2

6 (15) 15 (50) 11 (28) 249 
(196-290)2

450 
(300-750)2

9 (7-17)2

No drain 
n = 30

58 
(52-68)2

0 (0) 20 (51) 8 (27) 195 
(176-260)2

200 
(100-300)2

6.5 (5-8)2

Lim et al[46] 2013 Selective PD 54 Multichannel 
open silicone 

drain

Drain 
n = 27

62 
(40-76)2

6 (22) 19 (70) 2 (7) 300 
(180-540)2

400 
(50-2000)2

15 
(11-56)2

No drain 
n = 27

62 
(38-78)2

0 (0) 15 (56) 1 (4) 270 
(170-420)2

300 
(100-2000)2

10 
(8-26)2

Mehta 
et al[47]

2013 Retrospective 709 PD Closed-
suction 

(Jackson-
Pratt or 
Blake)

Drain 
n = 251

604 61 (24) 171 (68) 14 (6) 2944 5724 13.84

No drain 
n = 458

62.54 48 (10) 248 (54) 26 (6) 2014 2824 11.34

Adham 
et al[11]

2013 Retrospective 148 PD, 66 
DP, 20 CPR, 

8 E

Closed-
suction 
(shirley)

Drain 
n = 130

61.5 
(20-85)2

21 (16) 83 (64) 16 (12) 235 ± 711 471 ± 5681 16 
(2-98)2

No drain 
n = 112

66.5 
(19-85)2

14 (13) 45 (67) 17 (15) 265 ± 841 379 ± 3871 18 
(7-131)2

Correa-
Gallego 
et al[14]

2013 Retrospective 739 PD, 350 
DP, 31 CPR, 

2 CSP

Closed-
suction 

(Jackson-
Pratt)

Drain PD 
n = 386

65 ± 131 149 (27) 301 (54) 3 (< 1) 295 
(250-339)3

525 
(350-800)3

8 (7-11)3

Drain DP 
n = 154

191 
(154-229)3

400 
(200-800)3

7 (6-9)3

No drain PD 
n = 353

102 (18) 272 (48) 2 (< 1) 206 
(180-247)3

400 
(250-700)3

7 (6-10)3

No drain DP 
n = 196

152 
(118-188)3

200 
(100-400)3

5 (5-7)3

Behrman 
et al[12]

2014 Propensity-
score match 

cohort

232 DP NA Drain 
n = 116

57 + 25 (22) 50 (43) 1 (1) 222 + NA 6 +

no draín 
n = 116

59 + 8 (7) 35 (30) 3 (3) 228 + NA 6 +

Kunstman 
et al[45]

2014 Routine non-
drainer

265 PD NA Drain n = 6 64.24 21 (8) 220 (83) NA NA NA 6 (3-8)3

No drain 
n = 259

Van Buren 
et al[17]

2014 RCT 137 PD Closed-
suction

Drain n = 68 62 ± 121 21 (31) 50 (74) 2 (3) 425 ± 1511 460 ± 3521 7 (6-9)3

No drain 
n = 69

64 ± 131 14 (20) 52 (75) 6 (9) 407 ± 1571 443 ± 3441 8 (7-14)3

1mean ± SD; 2median (range); 3median (interquartile range); 4mean, + median. NA: Not available; RCT: Randomized controlled trial; PD: 
Pancreaticoduodenectomy; DP: Distal pancreatectomy; CPR: Central pancreatic resection; E: Enucleation; CSP: Central-sparing pancreatectomy.
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510 patients over a period of 23 years. The authors 
compared patients with closed-suction drains vs open 
Penrose drains. There was a significantly higher POPF 
rate in patients with closed-suction drains compared 
to passive Penrose drains (P < 0.001). However, the 
comparison of drain types was not the primary end-
point of this study.

Yoshikawa et al[49] studied 97 patients undergoing 
distal pancreatectomy. In the first period, the authors 
used Penrose drains, and closed suction drains 
were used in the second period. The authors stated 
that closed-suction drains tended to reduce the 
persistent drainage period and significantly shorten 
the postoperative stay; however, no exact data were 
reported. 

Yui et al[50] described a retrospective comparison 
of two cohorts of patients undergoing distal 
pancreatectomy after introducing a new policy for 
peri-and post-operative management. This new policy 
included the use of ultrasonically activated scissors, 
early drain removal and a different type of drain (two 
open Penrose drains vs one closed suction drain). 
Because several factors changed at the same time, the 
contribution of each factor remains unclear. 

DISCUSSION
This systematic review aimed to evaluate the current 
knowledge about drain management following 

pancreatic resection. This topic has been divided 
into three issues: (1) whether to use routine intra-
abdominal drains at all; (2) when to remove the 
drains; and (3) what type of drain is preferred. 

Our review is based on a comprehensive literature 
search and systematic data aggregation. Nineteen 
studies met the inclusion criteria. Drain management 
following pancreatic resection has attracted much 
attention, especially in the past five years; most of the 
studies in this review have been published within this 
period. The first systematic review and meta-analysis 
assessing drain management was published in 2011; 
this analyzed the results of the first 4 studies[13,37,38,43]. 
Diener et al[18] included two studies reporting the 
result of drain omission and two studies analyzing 
the timing of drain removal. The authors concluded 
that the evidence is still unclear and that a treatment 
recommendation could not be made. Other studies 
have been published since that time, and progress has 
been made to date[18-24].

Although surgical drains had previously been 
considered as mandatory following pancreatic 
resection, a new approach to pancreatic resection 
emerged without the necessity for intra-abdominal 
drain insertion with the pilot study by Jeekel et al[44], 
who described 22 cases of pancreaticoduodenectomy 
without drains. The authors concluded that intra-
abdominal drainage did not improve the results 
of pancreatic resection, and thus, it should not be 
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1mean ± SD; 2median (range). ++: only patients with POPF. PD: Pancreaticoduodenectomy; DP: Distal pancreatectomy; RCT: Randomized controlled trial.

Table 2  Main characteristics and results of studies evaluating timing of drain removal  n  (%)

Ref. Year Type of study Type of 
resection, 

n

Type of drain Groups, 
n

Age 
(yr)

Drain 
duration 

(d)

POPF Morbidity Reoperation Op time 
(min)

Blood loss 
(mL)

Hospital 
stay (d)

Balzano 
et al[42]

2005 Retrospective 123 DP Open 
silicone 28 
CH drain

123 59 
(19-85)2

36 ± 17 ++ 42 (34) 60 (49) 5 (4) 246 ± 871 635 ± 5231 11.8 ± 6.11

Kawai 
et al[38]

2006 Time cohort 104 PD 10-mm 
Penrose 
(silicon 

multitubular 
flat drain)

52 early 66 ± 101 POD 4 2 (4) 19 (37) 0 407 ± 761 1270 ± 
12201

42 ± 131

52 late 67 ± 101 POD 8 12 (23) 35 (67) 0 383 ± 591 1287 ± 
13741

35 ± 251

Bassi et 
al[37]

2010 RCT 75 PD, 39 
DP

Flat penrose 
drain 12 mm

57 early 56 ± 141 POD 3 1 (2) 22 (39) 0 285 ± 971 NA 8.7 ± 41

57 late 57 ± 131 POD after 5 15 (26) 35 (61) 1 (2) 291 ± 861 NA 10.8 ± 6.91

Table 3  Main characteristics and results of studies comparing different drain types  n  (%)

Ref. Year Type of study Type of resection, n Type of drain Morbidity POPF

Aimoto et al[36] 2008 Time cohort 33 PD Duple drain (n = 14)   10 (71)   14 (100)
Blake drain (n = 19)     2 (11)   19 (100)

Schmidt et al[48] 2009 Retrospective 510 PD Penrose drain (n = 241) 241 (47) 8 (3)
Closed-suction (n = 269) 269 (53) 38 (14)

Yoshikawa et al[49] 2011 Time cohort 97 DP Penrose drain (n = 56)   56 (58) 40 (71)
Closed-suction (n = 41)   41 (42) 26 (63)

Yui et al[50] 2014 Time cohort 109 DP Penrose drain (n = 52)   28 (54) 22 (42)
Closed-suction (n = 57)   25 (44) 15 (26)

PD: Pancreaticoduodenectomy; DP: Distal pancreatectomy.
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considered mandatory. A number of studies have been 
published since the first pilot study; the majority of the 
studies were retrospective[11,14,16,43,47] or time cohort[15] 
in design. These studies showed data suggesting 
that pancreatic resection can be safely performed 
without routine drainage; they described either 
comparable results regarding postoperative morbidity 
and POPF rate in both groups[11,16,43] or even superior 
results without a drain[12,14,15,47]. These retrospective 
observational trials are inevitably subject to selection 
bias or bias due to the uneven distribution of the 
involved surgeons’ expertise among treatment groups. 
These studies described higher estimated blood loss 
or longer operating times in the drain group[14,16,43,47], 
which suggest that these cases were more difficult 
or demanding, with a higher risk of postoperative 
complications regardless of the use of intra-abdominal 
drains[51]. Another source of bias is the surgeon’s 
preference. In the study by Paulus, only one of three 
surgeons was responsible for those patients who did 
not receive a drain[16]. In the study by Adham, one 
surgeon always used an abdominal drain, while the 
second surgeon shifted from systematically using a 
drain to a no-drain policy over the duration of the 
study[11]. In the study by Correa-Gallego, the six high-
volume surgeons involved in the trial were paired 
according to their operative drainage practices into 
routine drainers (operative drains placed in over 95% 
of cases), selective drainers (drains placed in 50% of 
cases) and routine non-drainers (drains placed in less 
than 15% of cases)[14].

Such selection bias is excluded in the randomization 
process in RCTs[13,17]. The first RCT by Conlon showed 
an equal rate of morbidity in both groups but a higher 
rate of POPF in the drain group[13]. The last RCT by 
Van Buren et al[17] seems to be in direct contrast to the 
previous RCT as well as the observational retrospective 
cohorts. 

The Van Buren group had planned to test the 
hypothesis that “abandoning routine drainage following 
pancreatic resection would not increase the incidence 
or severity of postoperative morbidity or mortality”. 
This study was conducted in 9 high-volume academic 
pancreatic surgery centers and planned to involve 752 
patients. However, the Data Safety Monitoring Board 
stopped the study because of excess mortality in the 
patients without drainage (12% vs 3%, P = 0.097)[17]. 
PD without drain was associated with increased 
morbidity and clinically relevant POPF in this study. 

The differences between the results can be 
explained in several ways. The multicenter approach 
seems to provide more validity and generalizability of 
results[51]. Furthermore, the authors from Memorial 
Sloan Kettering Cancer Center (MSKCC) did not use 
what are the currently generally accepted definitions of 
postoperative morbidity and POPF. 

Further analysis of the POPF rate in the multicenter 
study by Van Buren shows that the overall POPF rate 
was higher in the drain group, although not significantly 

so (31% vs 20%, P = 0.155). However, clinically 
relevant POPF was higher in the no-drain group (10% 
vs 20%, P = 0.104). It is apparent from the results 
that all of the patients in the group without drains had 
symptomatic fistula. One hypothesis states that some 
of the patients would have had asymptomatic fistula 
if they had had an intra-abdominal drain. In high-risk 
patients who have a leak from the pancreaticojejunal 
anastomosis, any excess pancreatic juice is removed 
via the intra-abdominal drain if it is present. After 
a minor leak has healed, the intra-abdominal drain 
is removed, and an asymptomatic POPF grade A is 
classified in the patient. However, in patients with 
no drain, the pancreatic juice would congest in 
the retroperitoneum and peripancreatic area with 
subsequent complications. Subsequent digestion and 
destruction of the surrounding tissue may be followed 
by the development of peripancreatic fluid collections, 
intra-abdominal or retroperitoneal abscesses, delayed 
gastric emptying, and postoperative hemorrhage. 

The controversy regarding the routine abandonment 
of drains following pancreatic resection is also evident 
in the study by Correa-Gallego et al[14]. Even at the 
MSKCC, where a RCT[13] showed that routine intra-
abdominal drains could be abandoned, twelve years 
later two out of 6 high-volume pancreatic surgeons 
still routinely use intra-abdominal drains and two other 
surgeons drain selectively. 

Even though the retrospective observational trials 
carry a significant risk of selection bias, all of them 
uniformly suggest that routine abandonment of 
drains can be safely performed at least in a subset of 
patients[14,16,43,47]. Therefore, a selective approach to 
drain placement according to the individual risk-benefit 
assessment was recommended by some authors[19]. 
Drains should be placed in high risk patients, whereas 
they can be omitted in low risk patients[19]. This 
approach was also adopted in the study by Lim et al[46]. 
They established a predictive model of POPF based on 
body mass index (BMI), pathologic grading of fatty 
infiltration, and fibrosis in the pancreatic transection 
margin. Intra-abdominal drainage was avoided in 
patients at low risk of POPF after uncomplicated PD. 
The POPF rate (P = 0.009) and hospital stay (P = 0.004) 
were significantly reduced in the no-drainage group. 
It is not clear whether better results in the no-drain 
group were due to the avoidance of drainage or due to 
a lower risk of POPF in the patients[46]. 

A useful model for determining the risk of POPF is 
the fistula risk score (FRS)[52]. A simple 10-point FRS 
based on pancreatic gland texture, certain pathology, 
pancreatic duct diameter and intraoperative blood loss 
accurately predicts subsequent CR-POPF. 

The fistula risk score was later calculated by 
McMillan et al[53] for the patients in the multicenter 
RCT published by Van Buren. This work found no 
differences between the treatment cohorts in terms 
of the fistula risk score. The authors concluded that 
patients with moderate and high risk of CR-POPF 
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should undergo routine drain placement to ensure 
optimal treatment of the fistula and its consequences, 
and in patients with low risk, drain placement should 
be left to the discretion of the surgeon[53]. 

It is impossible to determine whether the com
plications seen with the use of drains are because 
of the drains themselves or because of other factors 
related to the patient or to the disease that increase 
the rate of complications. 

Traditionally, intra-abdominal drains were inserted 
following pancreatic resection and maintained until 
the risk of POPF diminished. This meant in most 
cases maintaining the drains until the daily output 
had decreased to below 5 mL per 24 h[42]. Keeping 
the drains for a longer period of time could reduce 
the patient’s comfort; however, some authors 
believed that this approach could lower the rate of 
delayed complications[42]. Surgically placed drains are 
normally removed “at the surgeon’s discretion” with 
no clear specification as to when the drains should be 
removed. However, with the introduction of fast-track 
protocols, the need for reducing hospital-stay, and 
ultimately providing high-quality cost-effective care, 
more attention has been paid to drain management. 
Drain management and especially the timing of drain 
removal are key factors[37,38].

Both studies comparing early vs later drain removal 
showed superior results for early drain removal, even 
though there were certain flaws in the study designs. 
The study published by Kawai et al[38] was a time-cohort 
study, which carries significant bias; the study published 
by Bassi was criticized for analyzing both procedures 
(pancreaticoduodenectomy and distal pancreatectomy) 
together, even though the two procedures are different, 
with different POPF rates[5] and a different course of 
POPF development[54]. Furthermore, the authors in 
both studies used flat Penrose drains, which are now 
considered obsolete[49,55]. 

Not much attention has been paid to the various 
types of drains that are used following intra-abdominal 
surgery[18,51]. Two types of surgical drains exist: 
open drains and closed drains. Open drains evacuate 
collected fluid through an artificial catheter inserted 
into the postoperative wound. Open drains are 
considered obsolete because of frequent retrograde 
infection[55]. Closed drainage is believed to reduce the 
risk of retrograde microbial contamination compared 
with open drainage[23]. 

Closed drains include two types: passive gravity 
drains and closed-suction drains. The majority of 
authors prefer various modifications of closed suction 
drains (Jackson-Pratt, Blake, Shirley)[11,13-17,43,47]. 
However, some surgeons believe that negative pre
ssure might pose potential hazards to the patients[56], 
increase the risk of pancreatic fistula or lead to delayed 
hemorrhage[23]. Therefore, passive gravity drains are 
preferred by some authors[42,46]. Various types of drains 
have been studied retrospectively in neck dissection[57] 

and in liver resection[58]; RCTs were conducted to 
study the types of drains in cholecystectomy[55] and 
cardiac surgery[59]. The situation in pancreatic surgery 
is different, as the pancreatico-enteric anastomosis 
is not water-tight in most cases, as indicated by an 
increased amylase level on the 1st POD[34,60,61]; more 
attention must be paid to the choice of drain type in 
order to decrease the clinically significant POPF rate. 
Only four studies have compared the various types of 
drains in pancreatic surgery[36,48-50]; however, two of 
them[48,49] were retrospective observational, and most 
importantly, the comparison of the types of drains 
was not the primary outcome of the studies, and 
the studies took place over a very long time period. 
Furthermore, their results are contradictory. 

Diener et al[18] stated that the role of different types 
of drains remains unclear. Strobel also noted that the 
type of drainage is unknown[51]. Some surgeons believe 
that negative pressure might increase the risk of 
pancreatic fistula or lead to delayed hemorrhage[16,23]. 
Furthermore, there are case reports suggesting that 
closed-suction drains may have caused small bowel 
perforations[62-64].

Grobmyer et al[65] conducted an ex-vivo study 
comparing various types of closed-suction drains. The 
authors demonstrated that commonly used closed-
suction drains generate vacuum pressure from-75 
to-175 mm Hg and that the practice of “stripping” the 
drain tubing can generate a maximal pressure of-225 
mm Hg and significantly higher sustained pressures 
than the suction bulb alone. This negative pressure 
may hinder wound healing or even promote the 
formation of POPF[65].

On the other hand, a study in favor of closed-
suction drains was that by Aimoto et al[36], which 
reported that Blake drains controlled grade B POPF 
more successfully than closed passive Duple drains. 
The main conservative management of POPF is 
sufficient control of the fistula by adequate drainage of 
the enzyme-rich pancreatic fluid.

Furthermore, most of the recent studies analyzing 
the role of drains in pancreatic surgery used closed-
suction drains[11,13-17,43,47]. 

A new randomized controlled study is currently 
underway to compare closed suction drainage vs 
passive closed gravity drains in patients undergoing 
pancreaticoduodenectomy or distal pancreatectomy 
(DRAPA: DRAins in PAncreatic surgery)[66]. This study 
is registered at clinicaltrials.gov under the number 
NCT01988519 and plans to enroll 223 patients. 
The primary end-point of this study is the rate of 
POPF occurrence, and the secondary end-point is 
postoperative morbidity[66]. 

In conclusion, the postoperative pancreatic 
fistula remains a significant problem after pancreatic 
resection. The pancreatico-enteric anastomosis as well 
as the suture of the pancreatic resection line is not 
absolutely water-tight, which is proven by increased 
amylase in the drain fluid from the first postoperative 
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day. The majority of the fistulas are asymptomatic. 
The goal of postoperative management including the 
management of intra-abdominal drains is to decrease 
the rate of symptomatic pancreatic fistula. The study 
by Van Buren et al[17] proved that routine omission 
of intra-abdominal drains leads to worse results in 
terms of increased postoperative mortality. Although 
many retrospective studies have reported superior 
results from pancreatic resection without drains, 
these studies were influenced by selection bias due 
to their retrospective nature. Current studies do not 
lead to definitive conclusions, and further studies are 
needed to clarify this issue. When drains are used, 
early removal is recommended. The final issue that 
has not yet been clarified is the preferred type of 
drain. Only a few retrospective studies have compared 
the various types of drains. However, the analysis of 
drain types was not the primary goal in two of them, 
and their results were contradictory. A prospective 
randomized trial is ongoing; it aims to compare closed-
suction drainage with closed passive gravity drains. 
This review also emphasizes the importance of well-
designed randomized controlled studies, which are 
least likely to be influenced by bias and thus provide 
the highest level of evidence. 
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COMMENTS
Background
Postoperative pancreatic fistula is the most ominous complication following 
pancreatic surgery. New methods are being studied in order to reduce the 
rate and clinical significance of the pancreatic fistula. Manipulation with intra-
abdominal drains is considered to be one of the important measures. 

Research frontiers
This review discusses three important issues regarding drain management: (1) 
whether to use routine intra-abdominal drains at all; (2) when to remove the 
drains; and (3) what type of drain is preferred.

Innovations and breakthroughs
Most other reviews and meta-analyses have focused only on the question of 
routine usage or elimination of intra-abdominal drains following pancreatic 
surgery. However, there are additional issues to address regarding the drains, 
such as timing of drain removal or the type of drain. This systematic review 
addresses all aspects of drain management in pancreatic surgery. 

Applications
Although many retrospective studies have reported superior results from 
pancreatic resection without drains, these studies were influenced by selection 
bias due to their retrospective nature. Current studies do not lead to definitive 
conclusions, and therefore, further studies are needed to clarify this issue. 
When drains are used, early removal is recommended in patients at low risk of 
pancreatic fistula. The final issue that has not yet been clarified is the preferred 
type of drain. A prospective randomized trial is ongoing that aims to compare 
closed-suction drainage with closed passive gravity drains.

Terminology
Pancreatic resections are highly invasive surgical procedures that carry 

significant morbidity. Prophylactic intra-abdominal drains were traditionally 
considered to help to reduce postoperative complications. 

Peer-review
This is a good systematic review about intra-abdominal drainage following 
pancreatic resection according to the PRISMA guidelines. This study analyzed 
the outcomes of pancreatic resection with and without intra-abdominal drains, 
comparing early vs late drain removal and analyzing different types of drains. 
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