Langenbeck's Archives of Surgery (2025) 410:62
https://doi.org/10.1007/500423-024-03581-9

REVIEW q

Check for
updates

Risk stratification of postoperative pancreatic fistula and other
complications following pancreatoduodenectomy. How far are we?
A scoping review

Zahraa M. Alhulaili’ - Rick G. Pleijhuis? - Frederik J.H. Hoogwater' - Maarten W. Nijkamp' - Joost M. Klaase'

Received: 23 July 2024 / Accepted: 16 December 2024
© The Author(s) 2025

Abstract

Purpose Pancreatoduodenectomy (PD) is a challenging procedure which is associated with high morbidity rates. This study
was performed to make an overview of risk factors included in risk stratification methods both logistic regression models and
models based on artificial intelligence algorithms to predict postoperative pancreatic fistula (POPF) and other complications
following PD and to provide insight in the extent to which these tools were validated.

Methods Five databases were searched to identify relevant studies. Calculators, equations, nomograms, and artificial intel-
ligence models that addressed POPF and other complications were included. Only PD resections were considered eligible.
There was no exclusion of the minimally invasive techniques reporting PD resections. All other pancreatic resections were
excluded.

Results 90 studies were included. Thirty-five studies were related to POPF, thirty-five studies were related to other com-
plications following PD and twenty studies were related to artificial intelligence predication models after PD. Among the
identified risk factors, the most used factors for POPF risk stratification were the main pancreatic duct diameter (MPD) (80%)
followed by pancreatic texture (51%), whereas for other complications the most used factors were age (34%) and ASA score
(29.4%). Only 26% of the evaluated risk stratification tools for POPF and other complications were externally validated. This
percentage was even lower for the risk models using artificial intelligence which was 20%.

Conclusion The MPD was the most used factor when stratifying the risk of POPF followed by pancreatic texture. Age and
ASA score were the most used factors for the stratification of other complications. Insight in clinically relevant risk factors
could help surgeons in adapting their surgical strategy and shared decision-making. This study revealed that the focus of
research still lies on developing new risk models rather than model validation, hampering clinical implementation of these
tools for decision support.

Keywords Pancreaticoduodenectomy - Risk stratification - POPF - Mortality - Complications - Risk models.

Introduction significantly over time to below 5% [2—4]. This decrease

in mortality rate is due to centralization of care, improve-

Pancreatoduodenectomy (PD) is the only available cure for
patients with pancreatic head and periampullary cancer [1].
The mortality rate following this procedure has decreased
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ment in peri- and postoperative management as well as the
developments in surgical procedures [4—6]. Nevertheless,
the overall morbidity rate following PD remains relatively
high, between 30 and 50%, with severe complications being
reported in approximately 30% of patients [3, 7-9]. Postop-
erative complications lead to prolonged hospitalization and
increased medical costs [10-13].

Postoperative pancreatic fistula (POPF) is a serious com-
plication following pancreatoduodenectomy with high prev-
alence rates between 5 and 30% [10, 14-16]. Clinically rel-
evant postoperative pancreatic fistula (CR-POPF) is defined
according to the International Study Group of Pancreatic
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Surgery (ISGPS) to group B and C [17]. Other common
postoperative complications include delayed gastric empty-
ing (DGE), post-pancreatectomy haemorrhage (PPH) and
deep and superficial surgical site infection (SSI), all of which
could be the sequelae of POPF and lead to prolonged hos-
pitalization and increase in medical costs [10-13, 18, 19].
Other complications that are defined using the ISGPS are
postpancreatectomy acute pancreatitis (PPAP), chyle leak,
and bile leak [20-22]. According to literature, there are sev-
eral preoperative factors increasing the risk of POPF and
other complications, such as advanced age, male gender,
high American Society of Anaesthesiology (ASA) score,
malnutrition, high body mass index (BMI), diabetes and
cardiovascular disease [6, 23]. Intraoperative factors men-
tioned to increase the risk of POPF are a narrow pancreatic
duct (less than 3 mm), soft pancreatic texture, pancreatic
steatosis, absence of pancreatic fibrosis and intraoperative
blood loss [2, 6, 13, 23]. Furthermore, several postoperative
inflammatory and blood tests are reported to stratify POPF
risk, including pancreatic (drain) amylase, white blood cell
counts (WBCs), C-reactive protein (CRP), albumin and bili-
rubin [6, 11, 24, 25].

The high prevalence rate of POPF and its severe con-
sequences, such as haemorrhage, inflammation, sepsis,
organ failure or even death, makes it crucial to investigate
the associated risk factors as well as predicting its risk of
occurrence [26]. In this way, perioperative measures can
be taken to ensure patient safety and improve postoperative
management, both in order to reduce morbidity rates [4].
Over the years, many risk stratification tools were developed
to support patient counselling and adapt pancreatic surgery
strategy based on estimated individual POPF risk.

The main objective of this scoping review study was to
summarize the risk factors used in all published online cal-
culators, equations, nomograms, and artificial intelligence
algorithms predicting POPF risk and other complications
following PD. In addition, we aimed to provide insight into
the various risk factors used and the extent to which risk
stratification tools were validated, as deemed mandatory
prior to clinical implementation.

Materials and methods
Search strategy

This scoping review study was conducted in consultation
with a medical librarian from our institution. An initial
search was performed in the following databases: Pub-
Med, Embase, Scopus, Web of Science, and Cochrane to
retrieve relevant articles, which was completed by 30th
October 2023 as shown in the PRISMA flow diagram
Fig. 1 [27] The search terms used that were related to
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the surgical approach were: pancreaticoduodenectomy,
pancreatic surgery, pancreatectomy, Whipple, and pan-
creatic resection. In addition, the following terms related
to risk stratification were used: nomogram, risk calcula-
tor, predictive score, online tool, prediction model, risk
model, validation, and external validation. Moreover, the
following terms related to complications were used: pan-
creatic fistula, postoperative pancreatic fistula, morbid-
ity, mortality, hemorrhage, bile leakage, delayed gastric
emptying, gastroparesis, ISGPS, chyle leakage, failure to
rescue, comprehensive complication index, postoperative
complications, adverse effects, and postpancreatectomy
acute pancreatitis. This initial search was then updated to
include studies published up to 22 October 2024 using the
same search terms. Figure 1 Artificial intelligence models
were searched and included up to 22 October 2024. Fig-
ure 1 This search used the same above-mentioned surgical
approach and complications terms. However, the follow-
ing terms related to risk stratification were used: machine
learning, deep learning, artificial intelligence, radiomics,
decision tree, and random forest. Appendix 1 demonstrates
the full search strategy used in the PubMed database. The
search was conducted according to the Preferred Reporting
Items for Systematic reviews and Meta-Analyses extension
for Scoping Reviews (PRISMA-ScR) Appendix 2 [28].
Approval from the ethics committee at our hospital was
not applicable due to the nature of this study.

Inclusion and exclusion criteria

Publications that reported calculators, equations, nomo-
grams, artificial intelligence prediction models that
addressed POPF, and other postoperative complications
were included in this study. Only pancreatoduodenectomy
(PD), pylorus preserving pancreatoduodenectomy (PPPD),
pylorus-resecting pancreatoduodenectomy (PRPD), subtotal
stomach-preserving pancreatoduodenectomy (SSPPD) and
cephalic pancreatoduodenectomy (CPD) were considered
applicable in this review. Minimally invasive techniques
used in one of the aforementioned resections were also
included. All other types of pancreatic resections namely,
distal pancreatectomy, total pancreatectomy, and central
pancreatectomy were excluded. There was no exclusion of
articles based on the publishing date. The search was con-
fined to publications that were written in the English lan-
guage. The following publications were excluded: congress
abstracts, posters, notes, editorials, author replay, appraisal,
animal studies, protocols, and case studies. Studies that only
mentioned risk factors for POPF or other complications
without developing a risk calculator, equations, nomogram,
or risk prediction that is based on an artificial intelligence
model were excluded.
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Initial search: records were identified from database search (PubMed, Embase, Scopus, Web of
science & Cochrane) until 30-10-2023 n=5589

Updated initial search until 22-

Search using artificial intelligence terms

10-2024 n=1273

Identification

Total records n=7814

v

conducted up to 22-10-2024 n=952

A4

n=4645

!

Screening

'

Online calculators, equations,
nomograms, artificial intelligence
models & external validation
studies n=182

Total studies included n= 119

- 35 studies related to POPF

- 35 studies related to other
complications

- 20 artificial intelligence models
- 29 external validation

Included

Tittle and abstract screened  »

Full-text screened n=436 Em—

Records removed before screening:
Automatically removed duplicates n=2597
Manually removed duplicates n=572

Excluded:

Case studies n=71

Commentary, appraisal n=44

Reply, editorial n=55

Discussion, abstract, poster n=131

Not English n=80

Did not answer the research question n=3343
Survival & prognosis n=372

Pancreatic trauma n=64

Review studies n= 49

Full text could not be found n= 39
Only risk factors n=215

Excluded:
Development or validation studies that are not
PD, PRPD, SSPPD, CPD resection n=60
Missing link of the online calculator n=3

Fig.1 Flow chart of the search strategy Only risk factors: studies that only mentioned risk factors for POPF or other complications without

developing a risk calculator, equations, or nomogram were excluded

Data extraction and reporting

All extracted articles were directly imported into EndNote
software version 20.4. Next, duplicates were generated and
removed automatically by this software. After that, inclu-
sion and exclusion criteria were applied to the remaining

articles. The following data were extracted from the rel-
evant articles: author, country, study design, study period,
number of patients, resection type, outcome of interest,
definition of complications, risk stratification method,
number of risk factors, type of risk factors, involvement
of a validation cohort, and external validation. Risk of bias
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and quality of the included studies were assessed using the
PROBAST (Prediction model Risk Of Bias ASsessment
Tool) version of 2019, as illustrated in Appendix 3 [29]
This tool evaluates risk of bias in multivariable predic-
tion models and to date, it has not been updated to include
artificial intelligence prediction models [30].

Results

The initial electronic search in five databases yielded
a total of 5589 articles. An update of this initial search
resulted in an additional 1273 articles. The search of
POPF and other complications using artificial intel-
ligence risk stratification methods yielded 952 articles.
The total search resulted in 7814 articles, as illustrated
in Fig. 1. After removal of duplicates and assessment of
inclusion and exclusion criteria, as shown in Fig. 1, 90
articles were identified as relevant and included in this
scoping review. All studies were cohort studies, of which
the majority were retrospective in nature, except for eight
studies that included a prospective cohort. Most studies
were conducted in China (n=33, 36.6%), followed by
the United States (n=15, 16.7%). The study periods of
the included studies ranged between 1988 and 2024. The
included studies were divided into three domains. Studies
about independent risk factors and risk stratification of
POPF following PD were included in the first domain. In
the second domain, the studies regarding independent risk
factors and risk stratification for other severe, specific or
all complications after PD were included. Studies related
to the use of artificial intelligence (Al) algorithms in the
development of prediction models following PD were
included in the third domain.

Preoperative Factors

Measurements.
Measurements.

Fig.2 Independent risk factors used in risk stratification of postop-
erative pancreatic fistula after pancreatoduodenectomy Endoscopic
retrograde biliary drainage (ERBD); estimated pancreatic remnant
volume (PRYV); radiotherapy (RTx); drain fluid amylase (DFA); post
operative day (POD); minimally invasive pancreaticoduodenectomy
(MIPD); delayed gastric emptying (DGE); surgical site infection
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Intraoperative Factors

Independent risk factors used in risk stratification
of POPF after pancreatoduodenectomy

Thirty-five studies investigating independent risk factors and
developing a risk stratification method for pancreatic fistula
following PD were identified, as shown in Table 1. Twenty-
one studies involved a validation cohort. Studies included
solely preoperative factors (n=13), solely intraoperative
(n=1) or solely postoperative factors (n=1), a combination
of pre- and intraoperative factors (n =13), pre- and postop-
erative factors (n= 1), or a combination of all three risk fac-
tors (n = 6). The most common type of pancreatic resection
was PD, which accounted for 80% of the studies, whereas
the remaining 20% was distributed between a combination
cohort of PD and PPPD (5.7%), CPD (5.7%) and MIPD
(8.6%). Five studies developed an online calculator, 14
studies a simple equation and 16 studies a nomogram. The
number of risk factors used ranged from 2 to 8, as shown in
Table 1. The most applied and investigated risk factor was
the main pancreatic duct diameter (n=28, 80%), followed
by pancreatic texture (n=18, 51.4%) and Body Mass Index
(BMI) (n=16, 45.7%), as demonstrated in Fig. 2. Pathology
as a risk factor was used in (n=12, 34.2%) studies, gender
in (n=10, 28.6%) studies and preoperative serum albumin
in (n= 8, 22.9%) studies.

Independent risk factors used in risk stratification
of other severe, specific or all postoperative
complications following pancreatoduodenectomy.

Thirty-five studies were obtained from the electronic
search regarding postoperative complications after PD
as shown in Table 2. In the included studies, severe
complications were defined according to Clavien Dindo

Postoperative Factors

I
Measurements.

(SSI); The American Society of Anaesthesiologists (ASA) score; ala-
nine transaminase(ALT); creatinine (Cr); White blood cells (WBCs);
C-reactive protein (CRP); the pancreatic spleen signal ratio on T1
fat-suppressed MRI sequences (PSSI); Hounsfield units (HU); Body
mass index (BMI); visceral fat area (VFA)
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classification system [102]. The definition of severe com-
plications was in some studies Clavien Dindo IIla or
higher, while in others Clavien Dindo IIIb or higher. Spe-
cific complications were defined according to the Inter-
national Study Group of Pancreatic Surgery (ISGPS),
namely POPF, DGE, PPH, PPAP, bile leak and chyle leak
[17-22]. The number of variables used in the included
studies varied between 2 and 19 risk factors. Nineteen
studies involved a validation cohort. Studies used solely
preoperative factors (n = 13), solely intraoperative factors
(n=1), solely postoperative factors (n=6), a combination
of pre- and intraoperative factors (n=6), pre- and post-
operative factors (n=2), intra- and postoperative factors
(n=1), or a combination of all three risk factors (n=06).
Most of the studies reported PD as the primary type of
resection (74.3%), followed by a combination cohort of PD
and PPPD (11.4%). The remaining studies involved PRPD,
SSPPD, laparoscopic and robot resection (all together
14.3%). Seven studies focused on risk of all complications,

eleven studies on severe complications and/or mortality.
DGE was the endpoint in four studies. PPH& SSI were
reported separately in three studies. The remaining seven
studies were about venous thromboembolism, postpan-
createctomy pancreatitis a combination of POPF and
DGE, postoperative biliary fistula, postoperative hypera-
mylasemia and even development of non-alcoholic fatty
liver disease (NAFLD) and non-alcoholic steatohepatitis
(NASH) and pseudoaneurysm were described. Nine stud-
ies developed an online calculator, 15 studies a simple
equation and 11 studies a nomogram. The most used risk
factors were age (n=12), ASA score (n=10), followed
by gender and BMI each in (n = 8) studies as illustrated in
Fig. 3. Pathology was used as a risk factor in 7 studies, as
well as history of diabetes, intraoperative blood loss and
pancreatic texture each in 6 studies and pancreatic duct
diameter in 4 studies. All risk factors are shown in Fig. 3.

The Most Commonly Used Risk Factors for Complications

]

o II IIIIIIII

Bilirubin

MPD

BMI

Intraoperative blood loss
Biliary drainage

WBCs

History of diabetes

Blood transfusion

Risk Factors

Pathology

Gender

History of hypertension
ASA score

Surgical approach -
Pancreatic texture

Serum albumin

h II

Fig.3 The most used risk factors in risk stratification of other
complications following pancreatoduodenectomy Body mass index
(BMI); The American Society of Anaesthesiologists (ASA) score;
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SS

All complications

Severe complications
Other complications

Complications

White blood cells (WBCs); Main pancreatic duct (MPD), Delayed
gastric emptying (DGE), Postpancreatectomy hemorrhage (PPH),
Surgical site infection (SSI)
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and artificial intelligence models predicting POPF and
other postoperative complications following PD. Further-
more, to summarize the externally validated risk models
that incorporate POPF and other complications. Since the
morbidity rate following PD is high, prediction of postop-
erative complication risk is crucial for patient counselling,
informed consent, and adjustments in surgical strategy [4,
14]. Prediction of complication aids the surgeon to inform
patients about the possible complications and assists them
in the shared decision process [150]. In addition, identi-
fication of potential complications helps the surgeon to
select the most appropriate surgical technique for each
individual patient, for example, the decision to perform
total pancreatoduodenectomy instead of pancreatojeju-
nostomy or isolated roux-limb reconstruction techniques
[151, 152].

Some risk factors can be assessed preoperatively,
whereas other risk factors can only be estimated intraop-
eratively or postoperatively. Some studies use preoperative
risk factors to calculate complication risk such as BMI,
age, gender, and ASA score [8, 14, 45]. In our study, 39 of
the 90 included studies (43.3%) used solely preoperative
risk factors. Amongst the commonly reported intraopera-
tive risk factors are soft pancreatic texture, narrow main
pancreatic duct diameter and intraoperative blood loss [2,

6, 13]. Including intraoperative and postoperative factors
in risk scores renders them unsuitable to predict risk of
complications during preoperative patient counselling
[153]. Pathological findings as a risk factor were used as
a preoperative predictor depending on diagnostic biopsy
findings in some studies or as a postoperative predictor
in other studies depending on the definitive pathological
assessment of the resected specimen. Furthermore, many
of the risk scores use several variables and some of them
are not designed specifically for PD rather than other sur-
geries as well [84, 150].

The most reported independent risk factors for POPF
that were used to calculate the fistula risk were the main
pancreatic duct diameter followed by pancreatic texture.
This was probably due to the fact that the main pancreatic
duct diameter can be assessed reliably using CT/MRI prior
to surgery, whereas pancreatic texture is usually evalu-
ated subjectively by the surgeon during surgery [150].
Although most studies claim that the pancreatic texture
could only be evaluated intraoperatively, some studies
have illustrated that this could also be achieved preopera-
tively using a dynamic MRI or CT-scan [40, 154]. Some
authors consider soft pancreatic texture as the most predic-
tive risk factor for POPF risk [4, 155]. Recently, the Inter-
national Study Group of Pancreatic Surgery (ISGPS) has

Number of Models in Each Category

Number of Models

Radiomics Models Ensemble Methods

Boosting Methods

Other Classifiers

Neural Networks

Model Categories

Fig. 4 Artificial intelligence methods that were used to develop risk models to predict postoperative pancreatic fistula and other complications

following pancreatoduodenectomy
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Table 3 (continued)

Type of vari-  Valida- AUC
ables

Number of

Risk stratifica-
tion method

Type of Outcome of
and

Number of
patients

Study design Study period

Country

Study ID

tion cohort
included

variables

interest and
definition

resection

Model type

0.86

Preoperative ~ Testing set

18

RC between April 250 PD CR-POPF Combined

China

Lin Z et al.

model

according to
ISGPS

2013 and

[121]

(radiomics
features,
demo-

December

2019

graphic,

radiological
information)

Retrospective cohort (RC), Prospective cohort (PC)Machine learning (ML), Deep learning (DL), Pancreatoduodenectomy (PD), Pylorus Preserving Pancreatoduodenectomy, (PPPD), Subtotal

stomach-preserving pancreatoduodenectomy (SSPPD), Minimally invasive pancreatoduodenectomy (MIPD),clinically relevant pancreatic fistula (CR-POPF), International Study Group of Pan-

creatic Surgery (ISGPS), Gaussian Naive Bayes (GNB),Nonalcoholic fatty liver disease (VAFLD),Post-pancreatectomy hemorrhage (PPH)

made a consistent classification regarding the risk factors
of POPF after PD [156]. This classification involves four
categories using a combination of main pancreatic duct
diameter and pancreatic textures which are the most used
risk factors in risk stratification. The ISGPS suggested
using this classification for future reporting of POPF risk
factors [156]. Furthermore, one study has investigated the
risk factors associated with the development of NAFLD.
The incidence of NAFLD after pancreaticoduodenectomy
(PD) was 37% of which in 10% of the cases the diagno-
sis was confirmed with a biopsy. The authors stated that
the reason is not yet completely understood. A previous
study by Tanaka et al. suggested that there might be an
association between pancreatic exocrine insufficiency and
NAFLD due to pancreatic maldigestion [87, 157].
Interestingly, chronic pancreatitis and pancreatic cancer
patients develop less POPF than those with other diagnoses.
This is due to the presence of pancreatic fibrosis and a wide
main pancreatic duct [13]. Pancreatic fibrosis is associated
with a firm pancreatic texture, which acts as a protective
factor against POPF [4]. Patients with pancreatic cancer are
also more likely to have hard pancreatic texture in reaction
to the obstructive tumor. A hard texture fibrotic pancreas
releases fewer enzymes compared to a soft texture pancreas
[4]. Therefore, a soft texture pancreas could lead to more pro-
teolytic enzymes being secreted and subsequent leakage may
occur, which enhances pancreatic fistula formation [13, 158].
Patients with duodenal cancer have the highest bile leak rate
after PD and this is perhaps due to the narrow bile duct [159].
In fact, it appears to be less difficult to perform pancreatic
anastomosis in patients having a hard pancreas with a wide
main pancreatic duct, than vice versa [9]. It is known that
soft pancreatic texture and narrow pancreatic duct diameter
increase the risk of POPF. This might be due to failure of
anastomosis as a consequence of inadequate suture holding
ability in a soft pancreas or suture compression which may
cause ischemia and lead to failure of anastomosis. Moreover,
narrow pancreatic duct diameter increases the risk of POPF
due to anastomosis challenge [151]. In a study regarding the
impact of neoadjuvant chemoradiation and radiotherapy on
the incidence of POPF, van Dongen et al. demonstrated that
there was a reduction of POPF rate after chemoradiation
or radiotherapy. This could be due to the fact that pancre-
atic texture becomes more firm as a result of fibrosis due
to the radiation [160]. Several studies have been performed
to investigate which anastomotic reconstruction technique is
the best for preventing POPF. However, no anastomotic tech-
nique was found to be superior to one another [9]. Finally, the
incidence of POPF is higher in male patients, which could
be explained by differences in fat distribution between males
and females, as males have more visceral fat [33]. Risk strati-
fication of POPF can help in the decision-making regarding
drain management. There are numerous studies conducted to
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Table 4 Risk models that have been externally validated
Study ID of the origi- Name of scoring Outcome of interest ~ Internal ~ Study ID of the vali- AUC 95% CI Mean AUC (SD)
nal study system valida- dation study
tion
Callery, M. et al. [31] O-FRS (2013) POPF Yes Blunck CK et al. 0.62 - 0.71+0.10
[122] 072 -
Miller BC et al. [123] 0.61 0.57-0.64
Niu C et al. [124] 072 -
Grendar J et al. [125] 0.80 0.71-0.87
Gupta Vetal. [126] 094 0.68-0.73
Pande Retal. [127] 0.61 -
KangJSetal. [128] 0.70 1.56-10.54
Lao M et al. [129] 0.67 0.62-0.72
Lee B et al. [130] 0.63  0.59-0.67
Ryu Y etal. [131] 0.65 -
Shinde RS et al. 090 -
[132] - -
Shubert CR et al. 0.70 0.66-0.74
[133] 0.69 0.58-0.80
DI MartinoMetal. 0.69 0.61-0.75
[134] 0.86 0.89-0.97
Mungroop T. et al. 0.65 0.63-0.66
[34] 0.56 0.35-0.77
Hayashi H et al. [135]
You J et al. [136]
Verdeyen N et al.
[137]
Schouten T et al.
[138]
Ramirez-Giraldo C
etal. [139]
Han, I. et al. [16] - POPF No Yoon SJetal. [140]  0.67 0.64-0.71  0.67
Mungroop T. et al. ua-FRS (2021) POPF Yes Blunck CK et al. 0.65 - 0.70+£0.03
[33] [122] 0.72 0.68-0.76
Niu C et al. [124] 0.75 0.67-0.77
Pande Retal. [127] 0.68 0.63-0.74
Lee B et al. [130] 0.70 -
Shinde RS et al. 0.67 0.56-0.77
[132] 0.71 0.64-0.77
Hayashi Het al. [135] 0.73 0.74-0.87
YouJ et al. [136] 0.70  0.69-0.72
Verdeyen N et al. 0.72  0.58-0.86
[137]
Schouten T et al.
[138]
Ramirez-Giraldo C
etal. [139]
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Table 4 (continued)

Study ID of the origi- Name of scoring Outcome of interest ~ Internal ~ Study ID of the vali- AUC 95% CI Mean AUC (SD)
nal study system valida-  dation study
tion
Mungroop T. et al. a-FRS (2019) POPF Yes Blunck CK et al. 0.60 - 0.69+0.05
[34] [122] 0.73  0.69-0.79
Niu C et al. [124] 0.75 0.67-0.73
Pande Retal. [127] 0.63 -
KangJSetal [128] 0.74 2.15-12.38
Lao M et al. [129] 0.69 0.64-0.74
Lee B et al. [130] 0.62 0.59-0.66
Ryu Y etal. [131] 0.69 -
Shinde RS et al. 0.69 0.58-0.79
[132] 0.70 0.63-0.76
Hayashi Hetal. [134] 0.75 0.72-0.86
You J et al. [136] 0.70 0.68-0.71
Verdeyen N et al. 0.73  0.57-0.88
[137]
Schouten T et al.
[138]
Ramirez-Giraldo C
etal. [139]
Li, Y.etal. [11] SUN-FRS POPF Yes Blunck CK et al. 0.69 - 0.69
[121]
Yamamoto, Y. et al. Tokyo (2011) POPF Yes Pande Retal. [127] 0.81 0.42-0.80 0.75+0.08
[14] DI Martino M et al. - -
[134] 0.70 0.50-0.90
Ramirez-Giraldo C
etal. [139]
Wellner, U. et al. [39] - POPF Yes DI Martino M et al. - - -
[134]
Kantor, O. et al. [43] m-FRS (2017) POPF Yes Pande Retal. [127] 0.70 0.61-0.78  0.64+0.07
Schouten T et al. 0.65 0.63-0.66
[138] 0.56 0.34-0.78
Ramirez-Giraldo C
etal. [139]
Roberts, K. etal. [6] Birmingham (2014)  POPF Yes Pande Retal. [127] 0.83 0.62-0.77 0.71+0.10
KangJSetal [128] 0.64 -
DI Martino M et al. - -
[134] 0.61 0.66-0.81
Verdeyen N et al. 0.66 0.65-0.68
[137] 0.81 0.67-0.94
Schouten T et al.
[138]
Ramirez-Giraldo C
et al. [139]
You, Y. et al. [58] - POPF No Yoon SJ et al. [140] 0.68 0.63-0.70 0.68
Perri, G. et al. [49] - POPF Yes Verdeyen N et al. 0.69 0.62-0.78 0.66+0.04
[137] 0.63 0.62-0.65
Schouten T et al.
[138]
Chen, J. et al. [36] - POPF No Schouten T et al. 0.64 0.63-0.65 0.64
[138]
Choi, M et al. [66] ACS calculator Severe complications No Jiang HY et al. [141] - - -
Hashimoto Y. et al. - POPF & DGE No Roberts KJ et al. 0.76 0.68-0.84 0.76
[70] [142]
de Castro, S et al. P-POSSUM All complications &  No Karamolegkou AP 0.72  0.57-088 0.69+0.04
[71] mortality et al. [143] - -
Pratt W et al. [144] 0.67 0.61-0.73
Karabulut A et al.
[145]
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Table 4 (continued)

Study ID of the origi- Name of scoring Outcome of interest ~ Internal ~ Study ID of the vali- AUC 95% CI Mean AUC (SD)
nal study system valida-  dation study
tion
Schroder F et al. [8] - All complications No Alhulaili ZM et al. 0.67 0.60-0.73  0.67
[146]
Braga, M et al. [74] - Severe complications  Yes Joliat GR et al. [147] 095 - 0.87+0.11
Sah D et al. [148] 0.80 0.54-1.00
Gleeson, E et al. [84] WHipple-ABACUS  Mortality Yes Sah D et al. [148] 0.89 0.78-1.00 0.75+0.19
Lalisang A et al. 0.62 0.47-0.79
[149]

Original fistula risk score (O-FRS), Postoperative pancreatic fistula (POPF), Updated alternative fistula risk score (ua-FRS), Alternative fistula
risk score (a-FRS), modified fistula risk score (m-FRS), American college of surgeons (ACS)calculator, Delayed gastric emptying (DGE), Area
under the curve (AUC) Standard deviation(SD),Confidence interval(CI), Operative Severity Score for the enUmeration of Mortality and Morbid-

ity (P-POSSUM)

investigate the association between drain amylase level and
POPF. Drain placement and removal are still a subject of
debate [161]. A study by Chang J et al. suggested that drain
amylase level of >720 U/L in the postoperative day one is a
good cutoff point for POPF [162]. Early drain removal might
be useful in reduction of complications and infection [161].
There have been suggestions of corticosteroid use to reduce
postoperative complications following PD. A randomised
controlled trail (RCT) of 155 patients who received hydro-
cortisone during the operation showed an overall reduction in
complications [163]. However, a more recent double-blind,
multicenter RCT involving 428 patients who received dexa-
methasone during the operation showed no significant reduc-
tion in the complication rate [164].

Of the included 70 studies about POPF and other compli-
cations, only 18 studies (26%) were externally validated in an
independent cohort of patients. This percentage was lower for
the risk models using artificial intelligence, which was 20%.
The focus of most research in this field was to develop new
risk models rather than model validation and implementation
in clinical practice. It is important to validate risk prediction
models externally and measure their performance before
implementation in clinical practice [165]. Currently the most
cited and validated risk score is the original fistula risk score
(0-FRS) by Callery et al. [31] This score is based on four pre-
operative and intraoperative risk factors namely main pancre-
atic duct diameter, pancreatic texture, estimated perioperative
blood loss and definitive pathology [31].

This score uses no patient related risk factor, imaging, or
laboratory findings. The a-FRS uses BMI, pancreatic duct diam-
eter measured using preoperative CT scan and pancreatic texture
as risk factors [34]. The ua-FRS uses BMI and age as patient
related factors besides pancreatic duct diameter and pancreatic
texture as pancreas related factors evaluated during surgery [33].
For clinical implementation, we recommend a risk calculator
that uses a few risk factors, that contains related preoperative
factors from the patient, pancreas, laboratory, and imaging. It

@ Springer

should be available online and externally validated in a large
cohort or multicentre. Finally, based on this scoping review
study, we strongly recommend future research in this field to
validate existing risk scores that have not been validated yet.
External validation of risk models provides relevant insights in
model performance (e.g. model robustness and generalizability)
when applied to different group of patients, which is deemed
necessary for responsible implementation in clinical practice.

Strengths and limitations

With this scoping review, we aimed to offer a complete sum-
mary of the risk factors used in the published literature on
risk calculators, equations, nomograms, and artificial intel-
ligence prediction models for POPF and other severe com-
plications following PD. The results of this study could help
surgeons to acquire a better understanding of the possible risk
factors that could influence the occurrence of POPF and other
complications.

We acknowledge that the current study has several limi-
tations. First, only the studies published in the English lan-
guage were included. This might limit the generalizability of
the study. Second, this study was restricted to pancreatoduo-
denectomy, and other types of resections were excluded. Third,
due to the nature of the study, the outcomes may lack depth, as
the review focuses on a broad range of topics.

Conclusion

The main pancreatic duct (MPD) diameter was the most
used factor when stratifying the risk of POPF followed by
pancreatic texture, whereas age and ASA score were the
most used factor when stratifying the risk of other compli-
cations. BMI was a commonly used risk factor for both. A
better understanding of the used risk factors for POPF and
other complications after PD could lead to refinement in
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risk stratification, improvement of patient counselling and
informed consent, and adaptations in surgical strategy. This
study revealed that only 18 of POPF and other complica-
tions studies (26%) were externally validated in an inde-
pendent group of patients. This percentage was even lower
for the risk models using artificial intelligence, which was

Appendix 1

Details

Details

Fig.5 Search strategy used in (A)
PubMed. (A): Initial search Search Actions
until October 30,2023. (B): #1 >
Search after update until Octo-
ber 22, 2024. (C) Search strat-
egy used to identify artificial
intelligence risk models until
October 22, 2024
(B)
Search Actions
#1 >
(c)
Search Actions

#1

Details

>

(20%), indicating that most research in this field focuses on
developing new risk models rather than validation and clin-
ical implementation. We suggest future research to focus
on external validation of existing risk models, providing
relevant insights in model performance as a solid basis for
responsible clinical implementation and decision-making.

Query Results Time

Search: ((("Pancr d [Mesh] OR
p i y[tiab] OR pancr
[tiab] OR [tiab] OR "pancreatic surger*"
[tiab] OR "pancreas surger*"[tiab] OR "total pancreatectom*"
[tiab] OR "distal pancreatectom*"[tiab] OR PPPD[hab] OR
PRPD[tiab] OR whipple[tiab] OR "p: ,_u..u”)
AND ((nomogram[tiab] OR "risk [tiab] OR "p
score*"[tiab] OR calculator*[tiab] OR score*[tiab] OR "online
tool‘"[tlab] OR "predlctlon model‘"[tlab] OR "rlsk model"[tiab]
pr ion[tiab] OR for ing[tiab] OR ion [tiab] OR
"external validation"[tiab]))) AND (( ic Fistula"[Mesh]
OR POPF*[tiab] OR "post operative pancreatic fistula*"[tiab] OR
morbidit*[tiab] OR mortalit*[tiab] OR fistula[tiab] OR
bleedmg[tlab] OR hemurrhage[Mesh] OR "bile leakage"[tiab] OR
gas! [tiab] OR gastroparesis[tiab] OR

DGE[tlab] OR ISGPS[tlab] OR “chyle Ieakage"[nab] OR "failure to
rescue" [tiab] OR "compr index"[tiab] OR
CCl[tiab] OR "Postoperative Compllcatlons"[Mesh] OR

[tia OR outcome*[tiab] OR
"adverse effects"[tiab] OR "Chyle Ieak" [tiab] OR

cute itis" [tiab] OR "PPAP"

[tiab])) Filters: from 1000/1/1 - 2023/10/30

1651 09:03:23

Query Results Time

[Mesh] OR
r {tiab] OR pancr
[tiab] OR duod: [tiab] OR "p: ic surger*"
[tiab] OR "pancreas surger*"[tiab] OR "total pancreatectom*"
[tiab] OR "distal pancreatectom*"[tiab] OR PPPD[tiab] OR
PRPD[tiab] OR whipple[tiab] OR "pancreatic resectlon‘"[tlab]))
AND ((nomogram([tiab] OR "risk [tiab] OR "p!
score*"[tiab] OR calculator*[tiab] OR score*[tiab] OR "online
tool*"[tiab] OR "prediction model*" [tiab] OR "risk model"[tiab] OR
prediction[tiab] OR forecasting[tiab] OR validation [tiab] OR
"external [tiab]))) AND (( ic Fistula"[Mesh] OR
POPF*[tiab] OR "post operative pancreatic fistula*"[tiab] OR
morbudn‘[tlab] OR mx nalll‘[nab] OR flstula[hah] OR

tiab] OR hemorr h] OR "bile [tiab] OR
"delayed gastric emptying"[tiab] OR gastroparesis[tiab] OR
DGE[tiab] OR ISGPS[tiab] OR "chyle Ieakage"[tlab] OR "failure to

Search: ((( icoduod 256 09:11:24

rescue"[tiab] OR P! index"[tiab] OR
CClftiab] OR ive C [Mesh] OR
ative [tiab] OR [tiab] OR [tiab] OR

"adverse effects"[tiab] OR "Chyle leak*"[tiab] OR
"Postpancreatectomy Acute Pancreatitis" [tiab] OR "PPAP"[tiab]))
Filters: from 2023/10/31 - 2024/10/22

Query Results Time

Search: ((("Pancreaticoduodenectomy"[Mesh] OR 227 09:118:22
icoduod: [tiab] OR p: duod

tiab] OR [tiab] OR "p: ic surger*"

tiab] OR "pancreas surger*"[tiab] OR "total pancreatectom*"
tiab] OR "distal pancreatectom*"[tiab] OR PPPD[tiab] OR
PRPD[tiab] OR whipple[tiab] OR "pancreatic resection*"[tiab]))
AND (("machine learning"[Mesh] OR "deep learning"[Mesh] OR
"artificial intelligence"[Mesh] OR radiomics[tiab] OR "decision
tree*"[Mesh] OR "random forest*"[Mesh]))) AND (("Pancreatic
Fistula"[Mesh] OR POPF*[tiab] OR "post operative pancreatic
fistula*"[tiab] OR morbidit*[tiab] OR mortalit*[tiab] OR
flstula[tlab] OR bleeding[tiab] OR hemorrhage[Mesh] OR "bile

[tiab] OR yed gastric "[tiab] OR
gastroparesis[tiab] OR DGE[tiab] OR ISGPS[tiab] OR "chyle
leakage"[tiab] OR "failure to rescue"[tiab] OR "comprehensive
campllcatlon index"[tiab] OR CCI[!lab] OR "Postoperative

[Mesh] OR ative [tiab] OR complication*

[tlab] OR outcome*[tiab] OR "adverse effects"[tiab] OR "Chyle
leak*"[tiab] OR "Postpancreatectomy Acute Pancreatitis"[tiab]
OR "PPAP"[tiab])) Filters: from 1000/1/1 - 2024/10/22
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Appendix 2

Table 5 Preferred reporting items for systematic reviews and meta-analyses extension for scoping reviews (PRISMA-ScR) checklist

SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED
ON PAGE #

TITLE

Title 1 Identify the report as a scoping review. 1

ABSTRACT

Structured summary 2 Provide a structured summary that includes (as applicable): 1
background, objectives, eligibility criteria, sources of evidence,
charting methods, results, and conclusions that relate to the
review questions and objectives.

INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of what is 12
already known. Explain why the review questions/objectives
lend themselves to a scoping review approach.

Objectives 4 Provide an explicit statement of the questions and objectives being 2
addressed with reference to their key elements (e.g., popula-
tion or participants, concepts, and context) or other relevant
key elements used to conceptualize the review questions and/or
objectives.

METHODS

Protocol and registration 5 Indicate whether a review protocol exists; state if and where it N/A
can be accessed (e.g., a Web address); and if available, provide
registration information, including the registration number.

Eligibility criteria 6 Specify characteristics of the sources of evidence used as eligibil- 2
ity criteria (e.g., years considered, language, and publication
status), and provide a rationale.

Information sources* 7 Describe all information sources in the search (e.g., databases 2
with dates of coverage and contact with authors to identify
additional sources), as well as the date the most recent search
was executed.

Search 8 Present the full electronic search strategy for at least 1 database, 2 4+ appen-
including any limits used, such that it could be repeated. dix 1

Selection of sources of evidencef 9 State the process for selecting sources of evidence (i.e., screening 2
and eligibility) included in the scoping review.

Data charting process: 10 Describe the methods of charting data from the included sources ~ N/A
of evidence (e.g., calibrated forms or forms that have been tested
by the team before their use, and whether data charting was done
independently or in duplicate) and any processes for obtaining
and confirming data from investigators.

Data items 11 List and define all variables for which data were sought and any 2-4
assumptions and simplifications made.

Critical appraisal of individual sources of evidence§ 12 If done, provide a rationale for conducting a critical appraisal of 4
included sources of evidence; describe the methods used and
how this information was used in any data synthesis (if appropri-
ate).

Synthesis of results 13 Describe the methods of handling and summarizing the data that ~ 2-3
were charted.

RESULTS

Selection of sources of evidence 14 Give numbers of sources of evidence screened, assessed for eligi- 3—4
bility, and included in the review, with reasons for exclusions at
each stage, ideally using a flow diagram.

Characteristics of sources of evidence 15 For each source of evidence, present characteristics for which data 4
were charted and provide the citations.

Critical appraisal within sources of evidence 16 If done, present data on critical appraisal of included sources of Appendix 3

evidence (see item 12).
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Table 5 (continued)

SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED
ON PAGE #
Results of individual sources of evidence 17 For each included source of evidence, present the relevant data 4-13
that were charted that relate to the review questions and objec-
tives.
Synthesis of results 18 Summarize and/or present the charting results as they relate to the 4-13
review questions and objectives.
DISCUSSION
Summary of evidence 19 Summarize the main results (including an overview of concepts,  13-14
themes, and types of evidence available), link to the review
questions and objectives, and consider the relevance to key
groups.
Limitations 20 Discuss the limitations of the scoping review process. 20
Conclusions 21 Provide a general interpretation of the results with respect to the ~ 20-21
review questions and objectives, as well as potential implica-
tions and/or next steps.
FUNDING
Funding 22 Describe sources of funding for the included sources of evidence, 25

as well as sources of funding for the scoping review. Describe
the role of the funders of the scoping review.

JBI, Joanna Briggs Institute; PRISMA-ScR, Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews

*Where sources of evidence (see second footnote) are compiled from, such as bibliographic databases, social media platforms, and Web sites

tA more inclusive/heterogeneous term used to account for the different types of evidence or data sources (e.g., quantitative and/or qualitative
research, expert opinion, and policy documents) that may be eligible in a scoping review as opposed to only studies. This is not to be confused

with information sources (see first footnote).

1The frameworks by Arksey and O’Malley (6) and Levac and colleagues (7) and the JBI guidance (4, 5) refer to the process of data extraction in

a scoping review as data charting

§The process of systematically examining research evidence to assess its validity, results, and relevance before using it to inform a decision.
This term is used for items 12 and 19 instead of "risk of bias" (which is more applicable to systematic reviews of interventions) to include and
acknowledge the various sources of evidence that may be used in a scoping review (e.g., quantitative and/or qualitative research, expert opinion,

and policy document)
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Appendix 3

Table 6. Risk of bias Overall
assessment using the PROBAST Study ID Participants | Predictors | Outcome | Analysis assessment
(Prediction model risk of bias Callery, M. et al. [31]

assessment tool) Mungroop T. et al. [33]

Mungroop T. et al. [34]
Shi, Y. et al. [35]
Roberts, K. et al. [6]
Chen, J. et al. [36]
Utsumi, M. et al. [37]
Li, Y. etal. [11]

Xingjun, G. et al. [38]
Wellner, U. et al. [39]
Kolbinger, F. et al. [40]
Hirono, S. et al. [41]
Raza, S. et al. [42]
Kantor, O. et al. [43]
Savin, M. et al. [44]
Mastalier, B et al. [45]
Kim S et al. [46]

van Dongen J et al. [47]
Matsui H. et al. [48]
Perri, G. et al. [49]
Choi, M. et al. [50]
Lapshyn, H. et al. [51]
Mohamed, A. et al. [52]
Gu, Z. etal. [53]

Guo, C. et al. [54]
Honselmann, K. et al.
[10]

Li, B. et al. [55]

Shen, J. et al. [56]

Yin, J. etal. [57]

You, Y. et al. [58]

Zou, J. et al. [59]
Zhang, J. et al. [60]
Zhu Y et al. [61]

Vo Tetal. [62]

Al Abbas, A. et al. [63]
Assifi, M. et al. [64]
Cai, M et al. [65]

Choi, M et al. [66]
Sahara, K. et al. [68]
Hashimoto Y. et al. [70]
de Castro, S et al. [71]
Schroder F et al. [8]
Napoli N et al. [73]
Braga, M et al. [74]
Chandra, A. et al. [75]
Chen, L et al. [76]
Chen, L etal. [77]
Palumbo, D. et al. [78]
Zong, K. et al. [79]

Hu, B. [81]

Venkat, R et al. [83]
Gleeson, E et al. [84]
Werba, G. et al. [85]
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Table 6. (continued)

Wiltberger, G et al. [86]

Kato, H et al. [87]

Morita Y et al. [88]

Birgin E et al. [89]

Addeo P et al. [90]

Cai, X et al. [91]

Hipp, J. et al. [92]

Huang, H et al. [93]

Shen, Z et al. [94]
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Yin, Z et al. [97]
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