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Abstract

Background: Many studies have explored factors relating to post-operative pancreatic fis-
tula (POPF); however, the original definition (All-POPF) was revised to include only ‘clini-
cally relevant’ (CR) POPF. This study identified variables associated with the two
International Study Group on Pancreatic Surgery definitions to identify which variables are
more strongly associated with CR-POPF.
Methods: A systematic review identified all studies reporting risk factors for POPF (using
both International Study Group on Pancreatic Fistula definitions) following pan-
creatoduodenectomy. The primary outcome was factors associated with CR-POPF. Meta-
analyses (random effects models) of pre-, intra- and post-operative factors associated with
POPF in more than two studies were included.
Results: Among 52 774 patients All-POPF (n = 69 studies) and CR-POPF (n = 53 studies)
affected 27% (95% confidence interval (CI95%) 23–30) and 19% (CI95% 17–22), respec-
tively. Of the 176 factors, 24 and 17 were associated with All- and CR-POPF, respectively.
Absence of pre-operative pancreatitis, presence of renal disease, no pre-operative neo-
adjuvant therapy, use of post-operative somatostatin analogues, absence of associated
venous or arterial resection were associated with CR-POPF but not All-POPF.
Conclusion: In conclusion this study demonstrates wide variation in reported rates of
POPF and that several risk factors associated with CR-POPF are not used within risk predic-
tion models. Data from this study can be used to shape future studies, research and audit
across ethnic and geographic boundaries in POPF following pancreatoduodenectomy.

Introduction

Post-operative pancreatic fistula (POPF) is the major determinant of
morbidity and mortality following pancreatic surgery.1 Over the
past decade, POPF has benefitted from the standardized classifica-
tion according to the International Study Group on Pancreatic
Fistula (ISGPF) definitions of all grades of POPF (A, B and C;
All-POPF) in 20052 and more recently recognizing biochemical
leak (mostly previously considered as grade A POPF) as distinct
from clinically relevant (CR) POPF (i.e. grades B and C POPF;
CR-POPF). These internationally recognized definitions of POPF
have allowed a more rigorous determination of which patient, oper-
ative, treatment and pathological variables are related to this

complication, stimulating publication of many studies in the surgi-
cal literature. These have assessed factors associated with POPF
with subsequent development of various risk scores.3–7

Despite the plethora of studies, limitations of reported studies are
that a great deal of variables are proposed to be related to both All-
POPF and CR-POPF. It remains unclear whether these variables
are consistently associated with both definitions of POPF. Defining
these variables, particularly those that can be modified, could lead
to strategies to reduce complications associated with POPF. In fact,
risk factors included in current risk prediction models are inconsis-
tent, which limits clinical applicability by surgeons worldwide.

Using a similar methodology to a recent publication on prognos-
tic factors in hilar cholangiocarcinoma,8 the aim of this study was
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to perform a systematic review to identify variables associated with

both ISGPF definitions of POPF. These data was used to explore

the consistency of association between definitions and to then per-

form a meta-analysis of factors related to POPF. The ultimate pur-

pose of this work was to assimilate the current evidence base of

risk factors for POPF and to provide an insight into which variables

are more strongly associated with CR-POPF than with All-POPF.

Methods

Search strategy

A systematic search of PubMed, EMBASE and the Cochrane Library
databases were conducted on the 21May 2019 by two independent inves-
tigators (SKK, JRB). The search terms used were ‘risk factor’ or ‘predic-
tive’, or ‘risk score’ or ‘risk model’ and ‘pancreatic fistula’ and
‘pancreatoduodenectomy’ or ‘whipple procedure’ or ‘pylorus-preserving
pancreatoduodenectomy’ individually or in combination. Search terms
used for this review are presented in Table S1. The ‘related articles’ func-
tion was used to broaden the search, and all citations were considered for
relevance.Amanual search of reference lists in recent reviews and eligible

studies was also undertaken. This paper is reported according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Fig. 1).9 This study was prospectively registered
with the PROSPEROdatabase (registration CRD42019138194).

Inclusion and exclusion criteria

Inclusion criteria were: (i) studies reporting risk factors for POPF in
human subjects who underwent pancreatoduodenectomy (PD) for
any indication; and (ii) studies published in the English language.
Exclusion criteria were: (i) conference abstracts, review articles and
case reports (<5 patients); (ii) publications with mixed populations
in which the outcomes of patients undergoing either other types of
pancreatic surgery (distal pancreatectomy) could not be separated
from those of patients undergoing PD; and (iii) reporting of risk
factors through odds ratio whereby raw data are not available. After
excluding duplicates, three researchers (SKK, JRB, AL) indepen-
dently reviewed the titles and abstracts of studies identified by the
literature search. Where a study was considered to be potentially
relevant to the research question a full copy of the publication was

Fig 1. PRISMA diagram of included studies.
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obtained for further review. The reference lists of all included stud-
ies were hand-searched in order to identify other potentially rele-
vant studies. Any areas of disagreement between the two primary
researchers were resolved through discussion with all authors.

Study outcomes

The primary outcomes were factors associated with post-operative com-
plications associated with CR (grade B/C) POPF defined according to
the ISGPF).1 The secondary outcomes were factors associated with
post-operative complications associated with overall POPF defined
according to the ISGPF.2 Of the 122 studies identified, only 13 adopted
the 2016 ISGPF POPF definition of CR-POPF though 61 studies
reported associations between variables with all grades and CR-POPF.
We combined studies reporting factors associated with grades B and C
POPF from the 2005 International Study Group on Pancreatic Surgery

(ISGPS) definition of POPF (n = 50) with those reporting factors asso-
ciated with the 2016 definition of POPF (n = 13) to have one group of
studies reporting factors related to CR-POPF (n = 63).

Data extraction

Three researchers (SKK, JRB,AL) extracted data on study characteristics
(author, year of publication, country of origin, study design, patient num-
ber), patient demographics (age, sex), factors associated with POPF and
reported clinical outcomes. Any areas of disagreement between the two
primary researchers were resolved through discussion with all authors.

Statistical analysis

This systematic review and network meta-analysis was conducted in
accordance with the recommendations of the Cochrane Library and

Fig 2. Pooled incidence of clinically relevant pancreatic fistula in patients undergoing pancreaticoduodenectomy.
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PRISMA guidelines.10 When factors were reported in less than three
studies they could not be subject to meta-analysis. Some 115 of
176 and 134 of 176 variables associated with All- and CR-POPF,
respectively, were not included in the meta-analysis for this reason
(Table S2). For categorical variables, analysis was performed by calcu-
lating the odds ratio. The random effects, the DerSimonian-Laird
method was used for the meta-analysis of outcomes. Funnel plots were
used to visually assess publication bias of included studies.

Heterogeneity between studies was assessed using the I2 value in order
to determine the degree of variation not attributable to chance alone. I2

values were considered to represent low, moderate and high degrees of
heterogeneity where values were <25%, 25–75% and >75%, respec-
tively. Funnel plot asymmetry was assessed using the Egger test. Sen-
sitivity analysis were performed, including studies where patient
cohorts were included from 2006 and onwards following introduction
of ISGPF guidelines for POPF. Statistical significance was considered

Fig 3. Summary of categorical factors significantly associated with overall and clinically relevant pancreatic fistula: (a) overall; (b) clinically relevant.
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when P < 0.05. Statistical analyses were performed using the data
analysis undertaken using R Foundation Statistical software (R 3.2.1)
and Stata 15 (version 15.1, StataCorp, College Station, TX, USA) as
previously described.11–13

Results

Study characteristics

This systematic review identified some 1299 studies from which
122 were selected for review, representing 52 774 patients (Fig. 1).
Some 23 665 patients had malignant disease and of these 12 097 had
pancreatic ductal adenocarcinoma, 3778 distal cholangiocarcinoma,
3189 ampullary carcinoma and 1456 duodenal carcinoma. Study char-
acteristics are summarized in Table S3.14–126 Ninety-one studies were
retrospective cohort studies, 28 prospective cohort studies and three

randomized controlled trials. Factors associated with All-POPF and
CR-POPF were reported among some 69 and 53 studies. Pooled inci-
dence of All- and CR-POPF were 27% (CI95% 23–30) (Fig. S1) and
19% (CI95% 17–22) (Fig. 2), respectively. A summary of risk factors
in previously published risk scores are presented in Table 1. A sum-
mary of quality assessment of all studies are presented in Table S4. On
meta-analysis, some 26/61 variables were significantly associated with
All-POPF and 17/42 were associated with CR-POPF (summarized in
Table S5 and Figs 3,4).

Meta-analysis of factors associated with POPF

CR-POPF and All-POPF. Ten variables (gender (male), body mass
index (higher – continuous and categorical), prior history of cho-
langitis, cardiovascular disease, indication (benign rather than

Fig 4. Summary of continuous factors associated with overall and clinically relevant pancreatic fistula: (a) overall; (b) clinically relevant.
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malignant), tumour location (extra pancreatic), blood loss (continu-
ous variable), parenchymal texture (soft), pancreatic duct width
(narrow – continuous variable and <3 versus 3+ mm), absence of
intra-operative blood transfusion, post-operative day 1 fluid amy-
lase (higher)) were associated with both definitions of POPF
(Table S5, Figs 2,3).

All-POPF only. Seven variables (smokers, pre-operative chronic
obstructive pulmonary disease, pre-operative hypertension, low
peak pre-operative bilirubin, low peak pre-operative alanine
transferase, higher pre-operative white cell count and increased
operation duration) were associated with All-POPF but not with
CR-POPF (Table S5, Figs 3,4).

Seven variables (increased renal fat thickness, low peak pre-
operative alkaline phosphatase, higher peak pre-operative sodium,
higher peak pre-operative creatinine, pancreatogastrostomy rather
than pancreatojejunostomy, absence of fibrosis, wider pancreatic
body width) were associated with All-POPF but could not be sub-
ject to meta-analysis among patients with CR-POPF (Table S5,
Figs 3,4).

CR-POPF only. Five variables (absence of pre-operative pancrea-
titis, no pre-operative neoadjuvant therapy, use of post-operative
somatostatin analogues, absence of associated venous or arterial
resection and higher post-operative day 1 serum amylase) were
associated with CR-POPF but not with All-POPF (Table S5,
Figs 3,4).

Two variables (pre-existing renal disease and blood loss (catego-
rized)) were associated with CR-POPF but could not be subject to
meta-analysis among patients with All-POPF (Table S5, Figs 3,4).

Sensitivity analysis
Sensitivity analyses of studies using the ISGPS definitions of POPF
(i.e. post 2005) included 69 studies, of which 32 reported all POPF
and 37 reported CR-POPF. In all analyses, the risk factor profile for
both all POPF and CR-POPF are similar to the original analyses.
Of 31 significant relationships between variables and All-POPF or
CR-POPF described above, 25 remained significant. Indication
(benign rather than malignant) was significant only for All-POPF
rather than both All-POPF and CR-POPF while absence of intra-
operative blood transfusion, smoking status, pre-operative chronic
obstructive pulmonary disease, operative duration and use of
somatostatin analogues became non-significant. A summary of the
meta-analysis are presented in Table S6.

Discussion

This is the first systematic review and meta-analysis producing an
overview of risk factors associated with POPF following PD,
including some 52 774 patients from 122 studies. This identified
24 and 17 factors that were associated with overall and CR POPF
with an overall POPF rate of 27% and 19%, respectively. Sensitiv-
ity analyses including studies in which cohorts were included after
introduction of the ISGPS guidelines in 2005 demonstrated largely
consistent results in risk factor profile, validating findings of this

review. The main finding was several variables associated with CR-
POPF but not All-POPF. Given the move to the ISGPS definition
of CR-POPF it is important to determine factors associated with
that outcome as they may form the basis for improved identification
of high-risk patients and highlight interventions which may be rele-
vant. For example, neoadjuvant therapy was found to be protective
against CR-POPF, yet this is not within any current risk score.
Most scores to predict POPF identify All-POPF and have not been
subject to external validation between countries meaning they are
less relevant given changes in practice over time and the changes to
the ISGPS definition to CR-POPF.3,5–7

There are several other points worthy of discussion in light of
this review and current understanding of POPF risk and published
risk scores. First is the wide variation in reported rates of All- and
CR-POPF from across the globe. This variation could relate to
characteristics of the populations undergoing surgery (e.g. different
ethnic and societal factors such as body mass index), in surgical
outcomes or some form of confounding or publication bias. This is
an important point and could be addressed by the use of a prospec-
tive international registry to determine variation in practice and to
reduce the likelihood of publication bias. Further studies from sin-
gle or small multicentre series of POPF risk or the development of
new risk scores are unlikely to add much to the our understanding
of POPF. Defining and understanding variation with critical analy-
sis of outcomes would provide more meaningful data.

Thus, information from this study is useful as it can help shape
the future direction of research into POPF. An ongoing interna-
tional multicentre collaborative study of anastomotic leaks follow-
ing oesophagectomy,127,128 has helped derive novel data, by way of
example. Establishing a framework for the collection of prospective
multicentre, multi-national data within registries would permit eval-
uation of factors across geographic and organizational boundaries
and enable novel study design such as Trials Within Cohort
(TWiC) studies.3–5,7,129–131 An example where a TWiC may be
beneficial is into the study of post-operative somatostatin ana-
logues. There is conflicting evidence as to the possible benefit of
this treatment from published randomised controlled trial
(RCTs)132–140 and as highlighted by this meta-analysis. These trials
are typically limited by low sample sizes and/or the use of All-
POPF as the endpoint, rather than CR-POPF.141,142 A TWiC could
expect to recruit many patients within a shorter time frame than that
associated with RCTs and for far less cost. Furthermore, if patients
could be recruited across the world and across different patient
populations, then data would be more generalizable and be more
likely to impact clinical practice.

Clinical trials of POPF have tended to focus upon comparing one
anastomotic technique but this has not yielded consistent results. Data
from this study serve to make this point. Previous reviews suggest that
pancreatogastrostomy is associated with lower rates of POPF than
pancreatojejunostomy.143,144 However, this is not supported by this pre-
sent study where pancreatojejunostomy was protective against all grades
of POPF. Such inconsistent data suggest that there are clear problems
with confounding when it comes to reporting POPF. Perhaps it is time
to focus upon other aspects of surgical practice.

One major limiting factor of this work is the inability to assess
for covariance between studied factors. Meta-regression was not

© 2020 Royal Australasian College of Surgeons
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possible because not all studies reported the same risk factor for
POPF. This could be overcome by a prospective study of factors
identified in this study. Secondly, many factors were excluded as
they were reported just twice or less and thus could not be subject
to meta-analysis. However, the view was that factors infrequently
associated with POPF were those with the weakest relationship and
could therefore be safely excluded. Thirdly, there were heterogene-
ity between studies and studied factors though by limiting this work
to just those patients undergoing PD and not any form of pancreatic
surgery this study at least controls for this important variable.
Finally, many studies used data that were identified retrospectively
and so it is unclear whether there may be underlying confounding
or bias due to the nature of data collection.

Conclusion

In conclusion, this study demonstrates several risk factors associ-
ated with CR-POPF, which are not associated with All-POPF. Data
from this study can be used to shape future studies, research and
audit across ethnic and geographic boundaries in POPF
following PD.
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