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ABSTRACT

Background: Postoperative pancreatic fistula (POPF) remains a significant source of 
morbidity following pancreatic surgery. The most effective feeding route for the conservative
management of POPF is currently unknown. We aimed to compare the efficacy of enteral to
parenteral nutrition in the rate of POPF closure.
Methods: Medline, EMBASE, CENTRAL, and Web of Science were searched for randomized
controlled trials (RCTs) comparing enteral to parenteral nutrition in the conservative 
management of POPF. Risk of bias was assessed using the Cochrane Risk of Bias Tool.
Quality of the evidence was assessed using GRADE. Random-effects meta-analysis was
used to estimate time to POPF closure.
Results: From 2,682 citations, three RCTs (n=167) were included (enteral group, n=85;
parenteral group, n=82). Mean time to POPF closure was 3.64 days shorter in the enteral
than the parenteral group, which was not statistically significant (95% CI -3.22 to 10.49, P
= 0.30). There were no significant differences in postoperative complication rate (OR 1.69,
95% CI 0.52 to 5.47, P = 0.38) or length of hospital stay between groups (mean difference:
0.76, 95% CI -9.21 to 10.74, P = 0.88). According to GRADE, the overall certainty of the
evidence for the main outcome was very low.
Conclusions: There was no data to suggest that enteral nutrition is more effective than 
parenteral nutrition at enhancing the rate of POPF closure. However, the quality of evidence that
currently exists is very low. Therefore, the decision between enteral and parenteral nutrition 
in this setting should still be based on physician preference and patient specific factors.
Key words: hepatobiliary, postoperative pancreatic fistula, fistula, postoperative complica-
tion, pancreatioduodenectomy, pancreatectomy

BACKGROUNDBACKGROUND

Postoperative pancreatic fistula (POPF) remains a paramount concern for
hepatobiliary surgeons, as they constitute a large proportion of potential 
morbidity following pancreatic surgeries with studies reporting a POPF 
incidence of 10% to 40% (1-4). The International Study Group of Pancreatic
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Surgery (ISGPS) defines POPF as a drain output of any
measurable volume of fluid with an amylase level more
than three times the upper limit of institutional normal
serum amylase activity, associated with a clinically 
relevant condition directly related to the fistula (5).
Classification of POPFs depends on their clinical course
and is divided into three separate grades. Grade A POPF,
otherwise known as a biochemical leak, has no impact
on clinical management, Grade B POPF requires a
change in clinical management, and lastly, a Grade C
POPF requires significant deviation from the clinical
course, such as reoperation, multi-organ failure, and/or
mortality attributable to the fistula (5).  Of those who
develop POPF, around 60% are clinically relevant,
resulting in delayed hospital discharge and additional
treatments (6). Fluid and electrolyte imbalance, 
nutritional depletion, sepsis, abscess and hemorrhage
are all possible consequences of POPF (7). Currently,
conservative treatment with nutritional supplementa-
tion is widely used in the management of POPF (8). 

Feeding routes vary and can be widely categorized
as enteral or parenteral. Oral feeds, a type of enteral
feed, have been demonstrated in randomized 
controlled trials (RCTs) to be a tolerable and feasible
management option for POPF (9). Nonetheless, the
intraluminal passage of nutrients through the gastro-
intestinal tract triggers the release of gastrointestinal
hormones, promoting the secretion of pancreatic
digestive enzymes (10). It is thought that these
enzymes may prolong closure of the fistula (10). As
such, the use of enteral jejunal tube feeds has been
investigated as they not only avoid pancreatic stimula-
tion, but may also trigger the release of specific gut
peptides that inhibit pancreatic enzymes (11). However,
the use of enteral feeding tubes is associated with 
complications such as ileus, aspiration pneumonia, and
feeding tube-related complications (i.e. blockage,
migration, dislodgement)(12,13). Total parenteral 
nutrition (TPN) is a means of bypassing these issues
entirely (14). Several studies have reported high fistula
closure rates with TPN (15, 16), although long-term use
of TPN can result in negative functional and morpho-
logical gastrointestinal changes (17,18). Overall, all of
these methods of feeding are limited by their own sets
of complications and currently, there is inconclusive 
evidence to indicate that one is superior to another.

Despite a growing number of studies comparing
enteral and parenteral nutrition, the literature on 
feeding strategies for treatment and closure of POPF
has yet to be comprehensively reviewed and meta-
analyzed. As such, the most effective form of post-
operative nutrition for promoting the healing and 

closure of POPF following pancreatic surgery remain
unknown. This systematic review and meta-analysis
aims to compare the efficacy of enteral (experimental)
to parenteral (control) nutrition on the rates of POPF
closure, as well as fistula drain output, hospital length
of stay (LOS), and other postoperative complications. 

MATERIALS AND METHODSMATERIALS AND METHODS

The following databases covering the period from
database inception through June 2019 were searched:
Medline, EMBASE, Cochrane Central Register of
Controlled Trials (CENTRAL), and Web of Science. The
full search strategy is available in Appendices A-D. The
references of included studies were searched manually
to ensure that all relevant articles were included. Grey
literature was reviewed from the following sources:
abstracts from the American Society of Clinical
Oncology, Annals of Surgical Oncology, International
Society of Gastrointestinal Cancer, International
Hepato-Pancreato-Biliary Association, International
Association of Pancreatology, American Society of
Parenteral and Enteral Nutrition. Lastly, experts in the
field were contacted for information regarding 
potentially relevant studies. This systematic review and
meta-analysis is reported in accordance with the
Preferred Reporting for Systematic Reviews and Meta-
Analyses (PRISMA)(19). The protocol of this study was
registered before commencement in the Prospective
Register of Systematic Reviews (registration number:
CRD42019137522).

Articles were eligible for inclusion if they were 
original work published in peer-reviewed journals 
comparing enteral and parenteral nutrition in the 
conservative management of POPF in patients over the
age of 18 who underwent pancreatic surgery and
reported one of the primary or secondary outcomes.
Enteral nutrition (experimental or intervention group)
was defined as any form of intraluminal feeding (i.e.
oral, nasogastric or nasojejunal tube). Parenteral 
nutrition (control group) was defined as intravenous
feeds, either TPN or peripheral parenteral nutrition
(PPN). The definition of POPF was in accordance with
the ISGPS(5). Only RCTs were included. Studies were
excluded if they were single-armed or if the included
patients with distant metastases either on imaging or
intraoperatively. Studies were not discriminated based



on language, geographical area, or operative approach
(i.e., laparoscopic vs. open). Studies were excluded if
they contained less than 10 eligible patients in each
arm. Observational studies, unpublished abstracts,
posters, opinions, case reports, systematic reviews,
meta-analyses, letters to editors, and editorials were
excluded. 

Two reviewers independently evaluated and 
systematically searched titles and abstracts using a
standardized, pilot-tested form. Discrepancies that
occurred at the title and abstract screening stages
were resolved by automatic inclusion. Discrepancies
at the full-text stage were resolved by consensus
between two reviewers and if disagreement persisted,
a third reviewer was consulted. Interobserver 
agreement was calculated with the Cohen’s kappa
coefficient for each step of the screening process.
Agreement was classified a priori according to the 
following: k = 0.81 to 1.0 was almost perfect 
agreement; k = 0.61 to 0.80 was substantial agree-
ment; k = 0.41 to 0.60 was moderate agreement; and
k = 0.21 to 0.40 was fair agreement (20).

Two reviewers independently conducted data
extraction using a standardized, pilot-tested form
designed a priori. Discrepancies were discussed by both
reviewers and resolved by consulting original articles
and contacting study authors, if necessary. Abstracted
data included study characteristics and patient demo-
graphics (e.g. author, year of publication, study design,
age, sex, body mass index [BMI]), patient comorbidities
(e.g. diabetes, hypertension, heart disease, pulmonary
disease, liver cirrhosis, peptic ulcer disease [PUD]),
operative details (e.g. specific operation, indication for
surgery), fistula drainage (e.g. fistula closure, time to
closure, length of drain placement, fistula output, fistula
grade), and surgical complications (e.g. hemorrhage,
delayed gastric emptying [DGE], superficial surgical
infection [SSI], intra-abdominal abscess, biliary leak,
ileus, wound infection, LOS). 

The primary outcome was time to POPF closure in
days. Secondary outcomes included (1) POPF closure
within 30 days of fistula onset; (2) POPF output per day
(in mL), as well as POPF output in the first 48 hours (in
mL) of initiating nutritional therapy; (3) hospital LOS;
and (4) overall postoperative complications (i.e. 
hemorrhage, SSI, intra-abdominal abscess, ileus, DGE,
biliary leak). Postoperative complications were uni-
formly defined as any clinically significant, documented
deviations from the expected postoperative course in

patient medical records. For studies that did not report
all secondary outcomes, authors were contacted for
missing data. If there was no response from authors of
the included studies within two weeks, the data was
acknowledged as missing.

Risk of bias for each included study was assessed
using the Cochrane Risk of Bias Tool for RCTs (22). This
tool assesses RCTs according to random sequence 
generation, allocation concealment, selective reporting,
blinding of participants and personnel, blinding of 
outcome assessment, outcome data, and other biases.
Good quality evidence has low risk of bias across all
domains, fair quality evidence has one category
described as having high risk of bias, and poor-quality
evidence has two or more categories described as 
having high or unclear risk of bias. Quality of evidence
for estimates derived from meta-analyses was assessed
by the Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) approach (23).
This approach determines the confidence in the 
estimate of pooled effects for each individual study 
outcome. The reported outcomes are analyzed in the
individual studies according to risk of bias, inconsistency
of results, indirectness of evidence, imprecision, and
publication bias. 

All statistical analysis and meta-analysis were 
performed on STATA version 14 (StataCorp, College, TX)
and Cochrane Review Manager 5.3 (London, United
Kingdom) and verified by a qualified statistician at
McMaster University. The threshold for statistical 
significance was set a priori at a P value of < 0.05. 
We performed pairwise meta-analyses using a
DerSimonian and Laird random effects model for all
meta-analyzed outcomes. Pooled effect estimates were
obtained by calculating the mean difference (MD) in
outcomes for continuous variables and risk ratios (RR)
for dichotomous variables along with their respective
95% confidence intervals (CI) to confirm the effect size
estimation. In addition, mean and standard deviation
(SD) were estimated for studies that only reported
median and interquartile range using Wan et al estima-
tion method (21). Assessment of heterogeneity was
completed using the inconsistency (I2) statistic. An 
I2 higher than 50% was considered to represent 
considerable heterogeneity. For outcomes that are
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unable to be meta-analyzed, a systematic narrative
summary of outcomes was provided. 

RESULTSRESULTS

From 2,682 relevant citations, three RCTs met all of
the inclusion criteria(24-26). A PRISMA flow diagram of
the study selection process is illustrated in fig. 1. Study
selection revealed substantial agreement for full-text
review (Cohen’s kappa = 0.61). Studies were conducted
between 2011 and 2015. Two of the included studies
were conducted by the same research group, with a
focus on different surgical procedures, namely 
pancreaticoduodenectomy (PD)(26) and distal pancrea-
tectomy (25). Overall, 85 patients were randomized to
the enteral nutrition group (42.4% female, mean age
63.1 years, mean BMI 23.3) and 82 patients were 
randomized to the parenteral nutrition group (39.0%
female, mean age 59.8 years, mean BMI 23.4). In total,
94 patients (56.3%) underwent PD, 37 patients (22.2%)
underwent distal pancreatectomy, and 36 patients
(21.5%) underwent other pancreatic operations (e.g.
necrosectomy). The operations were evenly distributed
amongst the two groups. The most common indication
for operation was pancreatic adenocarcinoma (n = 57,
34.1%), followed by ampullary neoplasms (n = 24,
14.4%), intraductal pancreatic mucinous neoplasm
(IMPN) (n = 14, 8.4%), and cholangiocarcinoma (n = 11,

6.6%). Detailed description of study characteristics,
operative characteristics, disease characteristics, and
comorbidities are reported in table 1. 

All three studies reported time to closure in days (n
= 167). Klek et al. reported median fistula duration in
days, while Fujii et al. reported median length of 
fistula drain placement (table 2). In the study by Klek
et al. fistula closure was defined as a drain output of
less than 10 mL per 24 hours(24). In the remaining
two studies by Fujii et al. fistula closure was defined by
removal of the fistula drain, which occurred when 
output was less than 20 mL per 24 hours (25,26).
Patients in the included studies did not receive any
other therapies aimed at hastening fistula closure (e.g.
proton pump inhibitors, somatostatin analogues). The
median fistula duration reported by Klek et al. was
37.5 days (IQR 25.0-61.7) in the enteral group and
43.5 days (IQR 28.7-54.0) in the parenteral group. The
median length of drain placement reported in the
studies by Fujii et al. was 22 days (range = 6 to 80 days)
in the enteral group and 21.2 days (range = 7 to 112
days) in the parenteral group. These outcomes were
pooled for effects estimate (fig. 2). The mean time to
POPF closure was 3.46 days shorter in the enteral
group than the parenteral group (95% CI -1.39 to 8.31,
P = 0.30). The degree of heterogeneity was likely
insignificant (I2 = 39%).

Figure 1 - PRISMA Diagram.
Transparent reporting of systematic

reviews and meta-analysis flow 
diagram showing initial search 

strategy results to included studies
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Table 1 - Study Characteristics (N - number of patients, y - years, BMI - body mass index, kg - kilograms, m - meters, 
PD - pancreaticoduodenectomy, IPMN - intraductal papillary mucinous neoplasm, HTN - hypertension, PUD - peptic ulcer disease)
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The two studies by Fujii et al. reported fistula output
by postoperative day (POD) (table 2). There were no 
significant differences between POPF drain output
between parenteral and enteral groups in either study.
POPF drain output decreased over time. In the enteral
group, the mean POPF drain output was 128.7 mL
(range = 5 to 385 mL) on POD 1, 25.0 mL (range = 1 to
167 mL) on POD 3, 8.0 mL (range = 1 to 845 mL) on POD
5, and 8.7 mL (range = 1 to 865 mL) on POD 7. In the
parenteral groups, the mean POPF drain output was
159.5 mL (range = 14 to 600mL) on POD 1, 32.4 mL

(range = 1 to 270 mL) on POD 3, 15.5 mL (range = 1 to
221 mL) on POD 5, and 11.2 mL (range = 0 to 225 mL)
on POD 7. Klek et al. did not stratify drain output by
POD, but rather reported median daily POPF drain 
output. The median outputs were 130.0 mL (IQR 72.5-
125.0) and 172.5mL (IQR 95.0-167.5) in the enteral and
parenteral groups, respectively.

Two of the included studies reported overall post-
operative complications (table 3)(25, 26). There was no
significant difference in postoperative complication

Table 2 - Post-operative pancreatic fistula drain-related outcomes from included studies (N - number, IQR - inter-quartile range, 
POPF - post-operative pancreatic fistula, d - days, CI - confidence interval, mL - millilitres, POD - post-operative day, LOS - length of stay)

Figure 2 - Time to Fistula Closure. Comparison of time to fistula closure in days in parenteral and control groups in individual studies and
the pooled time to closure. Pairwise meta-analysis was performed using a DerSimonian and Laird random effects model. Mean difference

is shown with 95% confidence intervals

Table 3 - Complication rates
from included studies 

(N, number; SSI, surgical site
infection; DGE, delayed gastric

emptying)
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rates between the enteral and parenteral groups in
either study. Overall morbidity in the Fujii et al. study
evaluating patients undergoing DP was 40% (6/15
patients) in the parenteral group and 26.7% (4/15
patients) in the enteral group (25). In both groups, one
patient developed a surgical site infection (SSI) (6.67%)
and three patients developed intra-abdominal abscesses
(20.0%). Only patients managed with parenteral nutri-
tion developed paralytic ileus (6.7%, 1/15 patients) and
delayed gastric emptying (DGE) (6.7%, 1/15 patients). In
the Fujii et al. study evaluating patients undergoing PD,
the overall morbidity rate was 10.3% (3/29 patients) in
the parenteral group and 10.0% (3/30 patients) in the
enteral group (26). In both groups, one patient 
developed an SSI (3.44%) and two patients developed
an intra-abdominal abscess (6.90%). In both studies,
the postoperative LOS was similar between the enteral
and parenteral groups. In DP patients, the median LOS
was 26 days (range = 15 to 119 days) in the parenteral
group and 24 days (range = 12 to 91 days) in the enteral
group (25). In PD patients, the median LOS was 29 days
(range = 17 to 78 days) in the parenteral group and 29.5
days (range = 16 to 88 days) in the enteral group(26).

The risk of bias from randomization and availability of
outcome data was low across all studies (supplementary
figs. 1 and 2). All of the included studies utilized 
concealed, random sequence allocation to distribute
patients amongst the two arms of their respective 
studies. Two of the included studies were at high risk of
bias due to assignment as they were not blinded trials
(25,26). There was some concern for bias due to method
of measuring the outcome across all trials, as outcome
assessors were aware of the intervention received.
Complete adherence to assigned intervention was not
achieved across all studies, yet appropriate analysis was

used to estimate the effect of adherence. Both Fujii et al.
studies utilized parenteral nutrition as a supplement in
patients receiving enteral nutrition in order to ensure
equal caloric consumption between groups (25,26). As
such, two of the studies were associated with some 
concern for bias with regards to adherence, while one
was associated with low risk of bias. Overall, the risk of
bias in the included studies was relatively low. One study
scored ‘low risk of bias’ (24), while the other two studies
scored ‘some concern for bias’ (25,26).

Supplementary Figure 1 - Cochrane Risk of Bias Tool Summary.
Risk of bias for each of the included studies. + represents low risk

of bias and – represents high risk of bias

Supplementary Figure 2 -
Cochrane Risk of Bias Tool
Graph. Pooled risk of bias
according to the separate 
categories of bias outlined 

by the Cochrane Risk of Bias
Tool. Green represents low

risk of bias and red 
represents high risk of bias
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The overall certainty of the evidence for the main
outcome of the present study, time to fistula closure in
days, was very low (table 4). There were only three
RCTs in the present study that reported the main 
outcome, raising serious concern with regards to
imprecision of measurement and publication bias.
Given that there were also slightly different criteria for
the main outcome of interest, the risk of bias due to
indirect comparison between study groups was serious.
All three RCTs were powered to detect differences in
time to fistula closure or drain removal in days. There
were no serious concerns for bias in the included 
studies or inconsistency between studies impacting
main outcome meta-analysis. 

DISCUSSIONDISCUSSION

Most pancreatic fistulas are managed conservatively,
which includes adequate source control (i.e. drainage)
and nutritional support (15,16). The optimal method of
delivering such nutrition continues to be a topic of
debate. As such, the present systematic review and
meta-analysis investigated the effect of enteral nutrition
compared to parenteral nutrition in the rate of fistula 
closure. Pooled data in the current study suggested that
POPF closure occurred an average of 3.64 days sooner in
patients receiving enteral nutrition compared to those
receiving parenteral nutrition, however these results
were not statistically significant (P=0.30). Data points for
other secondary outcomes, such as postoperative 
complications, LOS, drain output and amylase levels in

fistula drainage were not available across all three 
studies and thus were described narratively. 

The risk of bias for each independent study, according
to the Cochrane Risk of Bias Tool was low. Random
sequence allocation, blinding outcome assessment, and
analysis for measuring effect of adherence were all used
appropriately to minimize risk of bias. However, while
none of the included studies were at extremely high risk
of bias, an important confounding variable that was not
accounted for in any of the included studies was the 
proportion of patients with high fistula output at the
time of diagnosis. High fistula output (>200 mL/day) at
the time of diagnosis has been associated with delayed
POPF closure (24). Nonetheless, due to randomization,
there were no significant differences between the 
enteral and parenteral nutrition groups at baseline in any
of the included studies, thus reducing the likelihood that
other possible confounding factors impacted the results
of the present study. Despite the low risk of bias of each
independent study, the quality of the evidence across all
studies was low; largely due to imprecision secondary to
insufficient sample size despite pooling. Currently, only
three RCTs comparing enteral and parenteral feeds exist
in the literature (24-26). This also raises significant 
concern for publication bias. Additionally, given the 
heterogeneity in definitions of duration of POPF, the 
possibility of indirect comparison further downgrades
the quality of evidence. However, other factors in 
the design of the included studies were similar, thus 
validating this indirect comparison (23). Moreover, all
three of the included studies were adequately powered
to detect a clinically relevant difference in the primary
outcome (24-26). As such, the pooled estimate would

Table 4 - Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) of meta-analyzed outcomes

1. All of the trials included had adequate randomization, low attrition bias, and low reporting bias. However, the majority of studies did not blind participants, healthcare
providers, and outcome assessors due to the nature of the comparison including the use of intravenous or tube feeds. Nonetheless, blinding is less important for the 
outcomes analyzed in the present meta-analysis, as the definitions were uniform and the measurements were objective. Therefore, the quality of the evidence was not
downgraded. 2. I2<40% with similar point estimates and overlapping confidence intervals. 3. Although a direct comparison was made between enteral and parenteral
groups, downgraded by one point because studies used slightly different criteria for the outcome of interest (i.e. fistula closure was defined as <10 mL or <20 mL across
studies). 4. Downgraded two points due to low number (n=3) of randomized controlled trials present on this topic, wide confidence intervals that overlap no effect as well
as both enteral and parenteral nutrition. This suggests studies with larger sample sizes are needed.5. Downgraded one point due to low number (n=3) of randomized 
controlled trials present on this topic, with a small number of patients in either interventional arm (n=82 in parenteral group; n=85 in enteral group).
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have been powered to detect a difference between
enteral and parenteral nutrition if one existed. Klek et al.
powered their RCT to determine whether a difference
existed in POPF closure rate within 30 days of index 
operation, therefore it is likely that the lack of 
statistically significant difference between enteral and
parenteral groups in the present study persists to at least
30 days postoperatively.

This study has other important limitations. Firstly,
the definition of fistula closure varied between studies.
Klek et al. described fistula closure as fistula output of
less than 10 mL per 24 hours, while both trials from Fujii
et al. reported time until drain removal which the 
current study equated to the duration of a fistula (24-
26). The criteria to remove the drain was a fistula 
output of less than 20 mL per 24 hours, as such, time to

Appendix A - OVID Medline Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE ® Daily and Ovid MEDLINE ®
search strategy <1946 to 22 May 2019>

1 exp Parenteral nutrition/

2 parenter* nutrition.mp. 

3 parenter* route.mp.

4 TPN.mp.

5 total nutrient admixture.mp.

6 central venous nutrition.mp. 

7 parenter* feeding.mp. 

8 nil per os.mp. 

9 NPO.mp.

10 fasting.mp.

11 fluid therapy.mp.

12 intravenous feeding.mp.

13 intravenous nutrition.mp.

14 (intravenous* adj2 feed*).mp.

15 (intravenous* adj2 nutrition*).mp.

16 or/1-15

17 exp Enteral nutrition/

18 exp Eating/ 

19 oral feeding.mp.

20 oral diet.mp. 

21 peroral diet.mp. 

22 peroral feeding.mp.

23 enter* feeding.mp.

24 enter* nutrition.mp.

25 enter* route.mp.

26 oral food intake.mp.

27 dietary intake.mp.

28 (feeding adj tube*).mp.

29 gastric feeding.mp.

30 (jejunostomy and (tube* or feed* or tube feed*)).mp.

31 (nasojejunal and (tube* or feed* or tube feed*)).mp.

32 (nasogastric and (tube* or feed* or tube feed*)).mp.

33 (gastrojejunostomy and (tube* or feed* or tube feed*)).mp.

34 (percutaneous endoscopic gastrostomy and (tube* or feed* or tube
feed*)).mp.

35 (PEG and (tube* or line*)).mp.

36 (percutaneous endoscopic jejunostomy and (tube* or feed* or tube
feed*)).mp.

37 (JEJ and (tube* or line*)).mp.

38 (radiologically inserted gastrostomy and (tube* or feed* or tube
feed*)).mp.

39 (RIG and (tube* or line*)).mp.

40 (percutaneous transperitoneal jejunostomy and (tube* or feed* or tube
feed*)).mp.

41 (percutaneous transperitoneal gastrojejunostomy and (tube* or feed* or
tube feed*)).mp.

42 or/ 17-41

43 exp Nutritional support/

44 nutrition* support*.mp.

45 nutrition* manag*.mp.

46 (nutrition* adj2 manag*).mp.

47 artificial nutrition.mp.

48 artificial feeding.mp. 

49 nutrition* supplement*.mp.

50 (nutrition* adj2 supplement*).mp.

51 postoperative nutrition.mp.

52 perioperative nutrition.mp.

53 or/43-52

54 exp Fistula/

55 exp Digestive system fistula/

56 fistula*.mp.

57 fistuliz*.mp.

58 fistulis*.mp.

59 leak*.mp.

60 or/54-59

61 Pancreatectomy/

62 Pancreaticoduodenectomy/

63 Pancreaticojejunostomy/

64 pancreatectomy.mp. 

65 hemipancreatectomy.mp. 

66 pancreaticoduodenectomy.mp. 

67 whipple.mp.

68 whipple procedure*.mp.

69 whipple surgery.mp.

70 distal pancreaticoduodenectomy.mp. 

71 pancreaticojejunostomy.mp. 

72 pancrea* necrosectomy.mp. 

73 pancrea* surger*.mp.

74 or pancrea* procedure*.mp.

75 pancrea* resection*.mp.

76 (pancrea* adj2 surger*).mp.

77 (pancrea* adj2 procedure*).mp.

78 (pancrea* adj2 resection*).mp.

79 Pancreas/

80 pancrea*.mp.

81 or/61-80

82 (16 or 42 or 53) and 60 and 81
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fistula closure may be underestimated in the trials 
conducted by Fujii and colleagues as compared to the
trial performed by Klek and colleagues. Secondly, the
small patient samples in the included studies only
amounted to a total of 167 patients included in the
pooled estimates. Thirdly, differences in the types of
pancreatic operation, composition of enteral or 
parenteral feeds, and time before nutritional treatment

initiation among studies are all factors that may have
contributed to significant clinical heterogeneity.
Heterogeneity in reporting of secondary outcomes,
such as drain output and amylase levels in fistula
drainage, were also a limitation to the present study
and precluded the inclusion of this data in the meta-
analysis. Fourthly, two of the included studies were 
performed in Asia and one in Europe, thus reducing

Appendix B - Embase search strategy <1974 to 22 May 2019>

1 exp Parenteral nutrition/
2 exp Fluid therapy/
3 parenter* nutrition.mp. 
4 parenter* route.mp.
5 TPN.mp.
6 total nutrient admixture.mp.
7 central venous nutrition.mp. 
8 parenter* feeding.mp. 
9 nil per os.mp. 
10 NPO.mp.
11 fasting.mp. 
12 fluid therapy.mp.
13 intravenous feeding.mp.
14 intravenous nutrition.mp.
15 (intravenous* adj2 feed*).mp.
16 (intravenous* adj2 nutrition*).mp.
17 or/1-16
18 exp Enteric feeding/
19 Eating/ 
20 oral feeding.mp.
21 oral diet.mp. 
22 peroral diet.mp. 
23 peroral feeding.mp.
24 enter* feeding.mp.
25 enter* nutrition.mp.
26 enter* route.mp.
27 oral food intake.mp.
28 dietary intake.mp. 
29 (feeding adj tube*).mp.
30 gastric feeding.mp.
31 (jejunostomy and (tube* or feed* or tube feed*)).mp.
32 (nasojejunal and (tube* or feed* or tube feed*)).mp.
33 (nasogastric and (tube* or feed* or tube feed*)).mp.
34 (gastrojejunostomy and (tube* or feed* or tube feed*)).mp.
35 (percutaneous endoscopic gastrostomy and (tube* or feed* or tube

feed*)).mp.
36 (PEG and (tube* or line*)).mp.
37 (percutaneous endoscopic jejunostomy and (tube* or feed* or tube

feed*)).mp.
38 (JEJ and (tube* or line*)).mp.
39 (radiologically inserted gastrostomy and (tube* or feed* or tube

feed*)).mp.
40 (RIG and (tube* or line*)).mp.
41 (percutaneous transperitoneal jejunostomy and (tube* or feed* or tube

feed*)).mp.
42 (percutaneous transperitoneal gastrojejunostomy and (tube* or feed* or

tube feed*)).mp.

43 or/18-42

44 exp Nutritional support/

45 exp Artificial feeding/

46 nutrition* support*.mp.

47 nutrition* manag*.mp.

48 (nutrition* adj2 manag*).mp.

49 artificial nutrition.mp.

50 artificial feeding .mp.

51 nutrition* supplement*.mp.

52 (nutrition* adj2 supplement*).mp.

53 postoperative nutrition.mp.

54 perioperative nutrition.mp.

55 or/44-54

56 exp Fistula/
57 exp Digestive system fistula/

58 fistula*.mp.

59 fistuliz*.mp.

60 fistulis*.mp.

61 leak*.mp.

62 or/56-61

63 exp Pancreas surgery/

64 exp Pancreatectomy/

65 pancreaticoduodenectomy/

66 pancreaticojejunostomy/

67 pancreatectomy.mp. 

68 distal pancreatectomy.mp. 

69 total pancreatectomy.mp.

70 hemipancreatectomy.mp.

71 pancreaticoduodenectomy.mp. 

72 whipple.mp.

73 whipple procedure*.mp.
74 whipple surgery.mp.

75 distal pancreaticoduodenectomy.mp. 

76 pancreaticojejunostomy.mp.

77 pancrea* necrosectomy.mp. 

78 pancrea* surger*.mp.

79 pancrea* procedure*.mp.

80 pancrea* resection*.mp.

81 (pancrea* adj2 surger*).mp.

82 (pancrea* adj2 procedure*).mp.

83 (pancrea* adj2 resection*).mp.

84 Pancreas/

85 pancrea*.mp.

86 or/63-85

87 (17 or 43 or 55) and 55 and 62
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generalizability to a North American context given the
differences in approaches to postoperative convales-
cence (30). Lastly, the results of the present review do
not extend to all types of pancreatic anastomosis (i.e.,
pancreaticogastrostomy), as all anastomosis performed
in the included studies were pancreaticojejunostomies.

CONCLUSIONCONCLUSION

To our knowledge, this is the first systematic review
and meta-analysis evaluating the type of nutritional
supplementation on the management of POPF. We 
performed a rigorous review of the literature and

Appendix C - Cochrane Central Register of Controlled Trials (CENTRAL) search strategy <1996 to 22 May 2019>

1 exp Parenteral nutrition/

2 exp Parenteral nutrition, Home/

3 exp Parenteral nutrition, Total/

4 parenter* nutrition.mp. 

5 parenter* route.mp.

6 TPN.mp.

7 total nutrient admixture.mp.

8 central venous nutrition.mp.

9 parenter* feeding.mp. 

10 nil per os.mp. 

11 NPO.mp.

12 fasting.mp. 

13 fluid therapy.mp.

14 intravenous feeding.mp.

15 intravenous nutrition.mp.

16 (intravenous* near/2 feed*).mp.

17 (intravenous* near/2 nutrition*).mp.

18 or/1-17

19 exp Enteral nutrition/

20 exp Eating/ 

21 oral feeding.mp.

22 oral diet.mp.

23 peroral diet.mp. 

24 peroral feeding.mp.

25 enter* feeding.mp.

26 enter* nutrition.mp.

27 enter* route.mp.

28 oral food intake.mp.

29 dietary intake.mp. 

30 (feeding near/1 tube*).mp. 

31 gastric feeding.mp.

32 (jejunostomy and (tube* or feed* or tube feed*)).mp.

33 (nasojejunal and (tube* or feed* or tube feed*)).mp.

34 (nasogastric and (tube* or feed* or tube feed*)).mp.

35 (gastrojejunostomy and (tube* or feed* or tube feed*)).mp.

36 (percutaneous endoscopic gastrostomy and (tube* or feed* or tube
feed*)).mp.

37 (PEG and (tube* or line*)).mp.

38 (percutaneous endoscopic jejunostomy and (tube* or feed* or tube
feed*)).mp.

39 (JEJ and (tube* or line*)).mp.

40 (radiologically inserted gastrostomy and (tube* or feed* or tube
feed*)).mp.

41 (RIG and (tube* or line*)).mp.

42 (percutaneous transperitoneal jejunostomy and (tube* or feed* or tube
feed*)).mp.

43 (percutaneous transperitoneal gastrojejunostomy and (tube* or feed* or
tube feed*)).mp.

44 or/19-43

45 exp Nutritional support/

46 nutrition* support*.mp.

47 nutrition* manag*.mp.

48 (nutrition* near/2 manag*).mp.

49 artificial nutrition.mp.

50 artificial feeding.mp.

51 nutrition* supplement*.mp.

52 (nutrition* near/2 supplement*).mp.

53 postoperative nutrition.mp.

54 perioperative nutrition.mp.

55 or/45-54

56 exp Fistula/

57 exp Digestive system fistula/

58 fistula*.mp.

59 fistuliz*.mp.

60 fistulis*.mp.

61 leak*.mp.

62 or/56-61

63 exp Pancreatectomy/

64 pancreaticoduodenectomy/

65 pancreaticojejunostomy/

66 pancreatectomy.mp.

67 hemipancreatectomy.mp. 

68 pancreaticoduodenectomy.mp. 

69 whipple.mp.

70 whipple procedure*.mp.

71 whipple surgery.mp.

72 distal pancreaticoduodenectomy.mp. 

73 pancreaticojejunostomy.mp. 

74 pancrea* necrosectomy.mp.

75 pancrea* surger*.mp.

76 pancrea* procedure*.mp.

77 pancrea* resection*.mp.

78 (pancrea* near/2 surger*).mp.

79 (pancrea* near/2 procedure*).mp.

80 (pancrea* near/2 resection*).mp.

81 Pancreas/

82 pancrea*.mp. 

83 or/63-82

84 (18 or 44 or 55) and 62 and 83
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included only RCTs in order to decrease selection bias.
Additionally, we evaluated the quality of evidence with
GRADE to better inform clinicians on the certainty of
our results. Overall, there was no data to suggest that
the use of enteral nutrition is more effective than the
use of parenteral nutrition at enhancing the rate of
POPF closure. However, the quality of evidence that
exists in the current literature is very low. Therefore, 
the decision between enteral and parenteral nutrition
in this setting should still be based on physician 
preference and patient-specific factors. This study con-
tributes to the current body of literature surrounding

the management of POPF, as most previous study 
pertains to rate of POPF development as opposed to
rate of POPF closure (31). Larger comparative studies
including a wider range of pancreatic operations are
required to confirm the findings of the present review
and determine whether optimal management of POPF
may differ based on index pancreatic operation.
Furthermore, larger studies may allow for the examina-
tion of important secondary outcomes such as LOS and
quality of life. Lastly, future study is required to reach
consensus regarding the definition of fistula closure
and other important secondary endpoints. 

Appendix D - Web of Science search strategy <1900 to 22 May 2019>

TS = (“parenter* nutrition” 

or “parenter* route” 

or TPN 

or “total nutrient admixture” 

or “central venous nutrition” 

or “parenter* feeding” 

or “nil per os” 

or NPO 

or fasting 

or “fluid therapy” 

or “intravenous feeding” 

or “intravenous nutrition” 

or intravenous* near/2 feed* 

or intravenous* near/2 nutrition*)

OR TS = (“enter* nutrition” 

or “enter* feeding” 

or eating 

or “oral feeding” 

or “oral diet” 

or “peroral diet” 

or “peroral feeding” 

or “enter* route” 

or “oral food intake” 

or “dietary intake” 

or “feeding adj tube*”

or “gastric feeding”

or “jejunostomy and (tube* or feed* or tube feed*)” 

or “nasojejunal and (tube* or feed* or tube feed*)” 

or “nasogastric and (tube* or feed* or tube feed*)” 

or “gastrojejunostomy and (tube* or feed* or tube feed*)” 

or “percutaneous endoscopic gastrostomy and (tube* or feed* or tube
feed*)” 

or “PEG and (tube* or line*)” 

or “percutaneous endoscopic jejunostomy and (tube* or feed* or tube
feed*)” 

or “JEJ and (tube* or line*)” 

or “radiologically inserted gastrostomy and (tube* or feed* or tube feed*)” 

or “RIG and (tube* or line*)” 

or “percutaneous transperitoneal jejunostomy and (tube* or feed* or tube
feed*)” 

or “percutaneous transperitoneal gastrojejunostomy and (tube* or feed* or
tube feed*)”)

OR TS = (“nutrition* support*” 

or “nutrition* near/2 manag*” 

or “artificial nutrition” 

or “artificial feeding” 

or “nutrition* near/2 supplement*” 

or “postoperative nutrition” 

or “perioperative nutrition” 

or “feeding method*”)

AND TS = (fistula*

or fistuliz* 

or fistulis* 

or leak*)

AND TS = (pancreatectomy 

or “distal pancreatectomy” 

or “total pancreatectomy” 

or hemipancreatectomy 

or pancreaticoduodenectomy 

or whipple 

or “whipple procedure*” 

or “whipple surgery” 

or “distal pancreaticoduodenectomy” 

or pancreaticojejunostomy 

or “pancrea* necrosectomy” 

or “pancrea* surger*” 

or “pancrea* procedure*” 

or “pancrea* resection*” 

or “pancrea* near/2 surger*” 

or “pancrea* near/2 procedure*” 

or “pancrea* near/2 resection*”

or pancrea*)
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