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Strengths and limitations of this study

 ► This protocol provides transparency to the process 
of systematic review development and accountabili-
ty for the authors such that bias is minimised.

 ► This systematic review would investigate whether 
there are outcome differences between closed suc-
tion (CS) and passive gravity (PG) drainage following 
pancreatic resections, and which other factors could 
potentially impact these outcomes.

 ► Highest level of evidence for informed decision-mak-
ing would be made available from this systematic 
review of randomised controlled trials (RCTs), non-
RCTs and high-quality observational studies

 ► May be limited by lack of primary studies available at 
this time exploring PG versus CS drainage systems

AbStrACt
background Clinically relevant postoperative pancreatic 
fistula (CR-POPF) is the most common cause of major 
morbidity following pancreatic resection. Intra-abdominal 
drains are frequently positioned adjacent to the pancreatic 
anastomosis or transection margin at the time of surgery 
to aid in detection and management of CR-POPF. Drains 
can either evacuate fluid by passive gravity (PG) or be 
attached to a closed suction (CS) system using negative 
pressure. There is controversy as to whether one of these 
two systems is superior. The objective of this review is 
to identify and compare the incidence of adverse events 
(AEs) and resource utilisation associated with PG and CS 
drainage following pancreatic resections.
Methods and analysis MEDLINE, EMBASE, CINAHL 
and Cochrane Central Registry of Controlled Trials will 
be searched from inception to April 2019, to identify 
interventional and observational studies comparing PG 
and CS drains following pancreatic resection. The primary 
outcome is POPF as defined by the International Study 
Group for Pancreatic Fistula in 2017. Secondary outcomes 
include postoperative AE, resource utilisation (length 
of stay, return to emergency department, readmission 
and reintervention), time to drain removal and quality 
of life. Study selection, data extraction and risk of bias 
assessment will be performed independently, by two 
reviewers. A meta-analysis will be conducted if deemed 
statistically appropriate. Subgroup analysis by study 
design will be performed. Study heterogeneity will be 
calculated with the χ2 test and reported as I2 statistics. 
Statistical analyses will be conducted and displayed using 
RevMan V.5.3
Ethics and dissemination Ethics approval is not 
required. The results of this study will be submitted to 
relevant conferences for presentation and peer-reviewed 
journals for publication.
PrOSPErO registration number CRD42019123647.

IntrOduCtIOn
Pancreatic resection is commonly performed 
for benign and malignant diseases of the 
pancreas, duodenum and distal biliary 
tree.1 2Despite substantial improvements in 
perioperative mortality, morbidity remains 
high, approaching 50%.2 3Postoperative 

pancreatic fistula (POPF), is the largest 
contributor to major morbidity following 
pancreatic resection, with reported incidence 
ranging between 10% and 35%.3–5POPF 
has been objectively defined as drainage 
of amylase-rich fluid from a surgically 
placed drain, on or after, postoperative day 
3.4Leakage of pancreatic fluid can predis-
pose patients to a myriad of related morbidity 
such as surgical site infection (SSI), post 
pancreatectomy haemorrhage (PPH), 
delayed gastric emptying, multisystem organ 
failure and even death.3 6In addition, POPF 
contributes to significant economic burden, 
as healthcare cost can nearly double in the 
setting of a POPF.7 8

In 2005, the International Study Group 
for Pancreatic Fistula (ISGPF) defined POPF 
using an objective classification system.4 5 The 
severity of pancreatic fistula ranges from those 
without deviation from routine postoperative 
course (grade A), to those that are life-threat-
ening (grade C).5 Since grade A leaks do not 
impact outcome or management, in 2017, the 
ISGPF published an updated classification 
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system in which grade A leaks are no longer classified 
as POPF, and instead referred to as a biochemical leak. 
Grades B and C POPF, by definition pose deviations from 
the routine postoperative course and therefore, both fall 
under the umbrella term ‘clinically relevant’ (CR)-POPF.5

Extensive investigation has been devoted to confronting 
the problem of pancreatic fistulas following pancreatic 
surgery. Various technical modifications to the pancreatic 
anastomosis, anastomotic reinforcement with fibrin glue, 
placement of internal and external stents as well as soma-
tostatin analogues have all been investigated as possible 
mitigating factors for POPF.3Despite substantial efforts 
to reduce the incidence of CR-POPF, it remains stable 
between 20% and 35%.5 9 10

The ability of the type of surgically placed drainage 
system to influence the development and severity of 
CR-POPF has yet to be robustly investigated. Surgically 
placed, intra-abdominal drains are frequently placed 
following pancreatic resection, for the purpose of evac-
uating pancreatic effluent, if a leak occurs. Drains are 
typically positioned with one end in close proximity to 
the pancreatic anastomosis or parenchymal transection 
margin, while the other end transverses the abdominal 
wall and is attached to a device that serves as a reservoir 
for drained fluid. This reservoir can either be collapsed, 
generating a negative pressure, closed suction (CS) envi-
ronment, or function as a vessel, allowing fluid to drain 
by passive gravity (PG). The CS systems generate pres-
sure measured at −150 mm Hg when the bulb is fully 
decompressed and up to −200 mm Hg when the drain 
is stripped.11 12 As such, there is a theoretical belief that 
the high-pressure gradient generated by CS drainage 
has the potential to promote the development of a 
POPF.11 12Conversely, it has also been postulated that CS 
drainage promotes improved drainage and collapse of 
the surgical dead space, thereby decreasing the severity of 
a leak if it does occur.11 12 Despite anecdotal beliefs on the 
superiority of each type of drainage system, to date, few 
studies directly compare PG with CS and both are used 
depending on a surgeon’s idiosyncratic preference.

Objective
The objective of this review is to compare the incidence of 
CR-POPF, other adverse events (AEs), and resource utili-
sation between CS and PG drainage following pancreatic 
resections. Results of this review will help inform future 
practice or need for further investigation.

MEthOdS
The Preferred Reporting Items for Systematic Review 
and Meta-analysis Protocols (PRISMA-P) checklist 
guideline will be followed to achieve the highest stan-
dard in reporting (online supplementary appendix 
1).13A PRISMA flow diagram will be used to display the 
screening strategy. The protocol was registered with the 
PROSPERO International Prospective Register of System-
atic Reviews on 26 February 2019.

Any amendments made to the current protocol will 
be published using a protocol addendum. This will be 
accompanied by the date and rationale for the reported 
amendment, with the final manuscript.

Eligibility criteria
Study designs
Published interventional and observational studies 
comparing the incidence of postoperative AEs in patients 
who had a PG or CS drain placed at the time of pancreatic 
resection will be considered for inclusion.

Population
Adult patients, 18 years of age or older, who have under-
gone elective pancreatic resection for any indication will 
be considered for inclusion. Pancreatic resection includes 
pancreaticoduodenectomy, distal pancreatectomy, central 
pancreatectomy and pancreatic enucleation. Necrosec-
tomy in the setting of pancreatitis will be excluded, as this 
represents a group of patients distinctly different from 
those undergoing elective pancreatic resection. Patients 
undergoing total pancreatectomy will also be excluded 
given that there is no pancreatic parenchyma remaining, 
and therefore, no chance of POPF. Lastly, drains must be 
placed at the time of surgery to be considered eligible.

Comparators
The two comparator groups are intra-abdominal drains, 
placed at the time of surgery, and connected to PG or CS 
drainage systems. A PG surgical drainage system is defined 
as a drain that maintains a pathway for fluid to follow from 
the surgical site by gravity, which is connected to reservoir 
maintained at atmospheric pressure. A closed negative 
pressure (CS) surgical drainage system is defined as a 
drain connected to a collapsible reservoir, which gener-
ates a negative pressure relative to atmospheric pressure.

Drains managed with continuous irrigation will not be 
considered in the proposed review. Flushing of minimal 
fluid with the intention of maintaining drain patency is 
an acceptable intervention.

Outcomes
The primary outcome of interest is development of a 
CR-POPF, as defined by the ISGPF 2017 definition.4 5Inci-
dence of biochemical leak (formerly defined as grade A 
leak) will also be assessed.

Secondary outcomes of interest include postoperative 
AEs, resource utilisation and time to drain removal. Post-
operative AEs of interest include occurrence of morbidity 
as defined by the Clavien-Dindo Classification system,14 
SSI (superficial, deep or organ space infection), sepsis, 
postoperative pancreatitis, PPH, biliary leak, intestinal 
leak, requirements for percutaneous drainage, reopera-
tion and death. Resource utilisation will also be assessed 
by comparing: length of stay, intensive care unit (ICU) 
admission and associated length of stay, return to the 
emergency department, readmission to hospital and 
requirement of home care following discharge. In 
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addition, time to drain removal, presence of drain at 
discharge and quality of life outcomes will be examined.

Study type
All studies (both observational and interventional) 
meeting inclusion criteria will be considered, regardless 
of study duration, language of publication, sample size or 
geographic location. Only published data will be consid-
ered for inclusion. For studies published as abstract only, 
the authors will be contacted for additional data, and 
included in the analysis if inclusion criteria are met.

Search strategy
A systematic search of electronic databases will be 
performed to identify all relevant studies investigating 
differences in outcomes for passive versus active intra-ab-
dominal drainage systems following pancreatic resec-
tions. A reference librarian was consulted to assist with 
the development of database specific search strategies 
(online supplementary appendix 2). Medical Subject 
Headings and keywords were used to search the following 
themes: pancreatic surgery and drains.

The search strategy will be applied to the following 
databases: MEDLINE (PubMed, PubMed in Process and 
Ovid), EMBASE, CINAHL and Cochrane Central Registry 
of Controlled Trials. References of included manuscripts 
will be reviewed to identify additional studies of rele-
vance. The databases will be queried from inception to 1 
August 2019.

Study selection
Articles identified through the search strategy will be 
collated and exported to a citation manager (Covi-
dence Systematic Review Software, Veritas Health Inno-
vation, Melbourne, Australia15) for screening by three 
of the authors (LP, LB and HS). Abstracts and titles will 
be screened through the Covidence platform,15 inde-
pendently and in duplicate. Eligible studies will then 
be advanced to full-text review, where they will also be 
assessed in triplicate for inclusion (LP, LB and HS). Any 
disagreement regarding relevancy will be resolved by the 
senior author (KB). Reason for study exclusion will be 
documented and presented in the PRISMA flow diagram 
for study screening.

data extraction
Data extraction for included studies will be conducted 
independently, in triplicate, by three reviewers (LP, LB 
and HS) using a standardised electronic data extraction 
form. The data extraction form will be piloted by all 
reviewers. The following information will be extracted 
from each article: study identifiers (title, authors, journal, 
publication date, study location(s), funding and duration 
of follow-up), aspects of study design (interventional vs 
observational, blinding, allocation concealment, dura-
tion, setting and number of centres), patient characteris-
tics (inclusion/exclusion criteria, baseline demographics 
and fistula risk score,16 17 information pertaining to the 
intervention (location of drain placement), primary and 

secondary outcomes, as previously described, and infor-
mation pertaining to drain duration (presence of drain 
at discharge, time to drain removal and details pertaining 
to decision-making around drain removal).

In the event data pertaining to the intervention 
or outcomes of interest are missing, authors will be 
contacted in an attempt to retrieve this information. If 
a response is not provided by the corresponding authors 
within a 1-week period, they will be contacted two addi-
tional times.

In the event studies referring to the same patient 
population are identified (duplicate, overlapping or 
companion studies), only the most comprehensive study 
will be included. Should this be deemed comparable 
between studies, the most recent study will be included.

risk of bias/quality assessment
The risk of bias of included studies will be evalu-
ated by two independent assessors (LP and LB). The 
Cochrane Collaboration’s tool for assessing risk of bias in 
randomised controlled trials (RCTs) will be used to assess 
interventional trials while the Methodological Index for 
Non-Randomized Studies (MINORS) tool will be used 
for observational studies.18 19 A MINORS Score≥17 will be 
considered high quality, as previously reported in litera-
ture.19 20

data synthesis
Descriptive summary tables of included studies, and 
primary and secondary outcomes will be presented. If 
appropriate, a direct meta-analysis will be performed 
for primary and secondary outcomes of both interven-
tional and observational studies. Incidence of CR-POPF, 
SSI, postoperative pancreatitis, PPH, biliary leak, intes-
tinal leak, need for percutaneous drainage, re-opera-
tion, death, re-presentation to the ED, re-admission to 
the hospital and presence of drain at discharge will be 
analysed as dichotomous data reported with odds ratios 
and 95% CIs. Hospital length of stay, ICU admission and 
associated length of stay and time to drain removal will 
be analysed as continuous data and reported as weighted 
mean differences with 95% CI. If the data are reported as 
median and range, an established calculation method by 
Hozo et al21 will be used to translate the values into their 
mean and SD estimates. Due to anticipated heterogeneity 
between studies, a random effects model will be used to 
generate forest plots. A p value of<0.05 will be considered 
statistically significant for all analyses.

Potential sources of clinical and methodological hetero-
geneity between included studies will be examined using 
the χ2 test and the I2 statistic. The thresholds for interpre-
tation will be defined in accordance with the Cochrane 
Handbook for Systematic Reviews of Interventions.22

If significant heterogeneity is identified, sensitivity 
analysis will be performed to explore potential sources 
of heterogeneity. This analysis will exclude articles at 
high risk of bias and abstract publications (compared 
with full-text publications). Additionally, a planned 
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subgroup analysis will be conducted by study design 
(interventional vs observational), if appropriate. Given 
that the complication profile of pancreaticoduodenec-
tomy and distal pancreatectomy differ, only the primary 
outcome of CR-POPF will be considered for analysis in a 
pooled cohort of all pancreatic resections. The analysis 
of secondary outcomes will be undertaken separately by 
type of pancreatic resection (pancreaticoduodenectomy 
vs distal pancreatectomy vs other OR pancreaticoduo-
denectomy vs other),

RevMan V.5.3 software (Copenhagen: The Nordic 
Cochrane Centre, 2014) will be used to perform statistical 
analyses and generate figures.

Patient and public involvement
As a secondary research study, this work will not directly 
involve patients or the public in any stage of its devel-
opment including research question design, outcome 
measures, study design, data collection or analysis.

dISCuSSIOn
Despite routine use of intra-abdominal drains following 
pancreatic resections, there is a lack of robust evidence to 
suggest superiority between CS and PG drainage systems 
on the development of CR-POPF. Currently, the choice 
between the two systems lies in surgeon preference and 
resource availability at individual hospitals. If a clinically 
significant difference exists between the two systems, the 
results of this review could contribute to changes in stan-
dard practice that may help reduce the morbidity rates 
associated with pancreatic resection.

Presently, there is a published Cochrane review that 
aimed to answer a related research question.23 The 
authors sought to assess the benefits and harms of routine 
abdominal drainage after pancreatic surgery, investigate 
the optimal time for drain removal and compare the effi-
cacy of different types of surgical drains.23 Only one RCT 
by Jiang et al24 was included that addressed the question 
of efficacy differences between drainage systems, which 
is relevant to this proposed systematic review. This study 
found no differences in morbidity or mortality at 30 days 
when comparing CS drains with continuous irrigation and 
PG drains. Although Jiang et al24 suggested that CS drains 
may be associated with decreased intra-abdominal infec-
tion, wound infection and the number of additional inter-
ventions for postoperative complications, the Cochrane 
review deemed it to be low-quality evidence, rendering 
such associations uncertain. Notably, any drain used 
primarily for irrigation will not be considered an inter-
vention or comparator in the present study. Therefore, 
the current proposed study is distinct from the Cochrane 
review and has potential to weigh in on the question of 
drainage system efficacy that remains unanswered.

In the present review, studies that involve patients under-
going any type of pancreatic resection for any indication 
will be considered for inclusion, which may obtain greater 
sample sizes to power the analyses. Subgroup analyses for 

sensitivity analysis will also be conducted to provide an 
updated review on the difference in drainage systems 
following pancreaticoduodenectomy exclusively, as well 
as other pancreatic resections (ie, distal pancreatectomy) 
to determine if there are differences in outcomes. In the 
event a meta-analysis is possible, results of this study may 
spearhead the development of recommendations for 
improved management of patients undergoing pancre-
atic resections. Specifically, this would provide adequate 
power to demonstrate significant difference in reducing 
CR-POPF incidence or other postoperative AEs associ-
ated with usage of different drainage systems.

Anticipated challenges include a combined data anal-
ysis between studies of considerable heterogeneity. 
Understanding that this review may be limited by a lack 
of RCTs and study heterogeneity, meta-analysis will be 
limited to the pooling of RCTs, quasi-randomised studies 
and moderate- to high-quality observational studies. 
Additionally, anticipation of limited published literature 
on this topic may necessitate an analysis of the primary 
outcome (CR-POPF) that pools results for all pancreatic 
surgeries. This may further contribute to heterogeneity 
since different surgery types have varying complication 
profiles, surgery indications and patient profiles. Although 
analysis of both the primary and secondary outcomes by 
type of pancreatic resection has been planned a priori, 
this may not be possible with potential paucity in litera-
ture. In such cases, conservative conclusions will be made 
with detailed explanation of study limitations.

A systematic review investigating the differences in 
outcomes between drainage systems following pancre-
atic resections may allow for improved morbidity and 
more informed recommendations on risk-management. 
If evidence is lacking, it will inform the need for future 
investigations. Considering both CS and PG drains are 
simple and cost-effective interventions that can be easily 
implemented, it would rapidly become the standard of 
care to use one over the other, if a true difference is found.
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