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ORIGINAL ARTICLE

Risk Models for Developing Pancreatic Fistula After
Pancreatoduodenectomy

Validation in a Nationwide Prospective Cohort
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Marc G. Besselink, MD, PhD,t1 Bert A. Bonsing MD, PhD,§
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Lois A. Daamen, MD, PhD,***** [zaak Q. Molenaar, MD, PhD,*
Hjalmar C. van Santvoort MD, PhD,*s for the Dutch Pancreatic Cancer Group

bjective: To evaluate the performance of published fistula risk models
y external validation, and to identify independent risk factors for
ostoperative pancreatic fistula (POPF).

ackground: Multiple risk models have been developed to predict POPF
after pancreatoduodenectomy. External validation in high-quality pro-
spective cohorts is, however, lacking or only performed for individual
models.

Methods: A post hoc analysis of data from the stepped-wedge cluster
cluster-randomized Care After Pancreatic Resection According to an
Algorithm for Early Detection and Minimally Invasive Management of
Pancreatic Fistula versus Current Practice (PORSCH) trial was per-
formed. Included were all patients undergoing pancreatoduodenectomy in
the Netherlands (January 2018-November 2019). Risk models on POPF
were identified by a systematic literature search. Model performance was
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evaluated by calculating the area under the receiver operating curves
(AUC) and calibration plots. Multivariable logistic regression was per-
formed to identify independent risk factors associated with clinically
relevant POPF.

Results: Overall, 1358 patients undergoing pancreatoduodenectomy were
included, of whom 341 patients (25%) developed clinically relevant
POPF. Fourteen risk models for POPF were evaluated, with AUCs
ranging from 0.62 to 0.70. The updated alternative fistula risk score had
an AUC of 0.70 (95% confidence intervals [CI]: 0.69-0.72). The alter-
native fistula risk score demonstrated an AUC of 0.70 (95% CI:
0.689-0.71), whilst an AUC of 0.70 (95% CI: 0.699-0.71) was also found
for the model by Petrova and colleagues. Soft pancreatic texture, path-
ology other than pancreatic ductal adenocarcinoma or chronic pan-
creatitis, small pancreatic duct diameter, higher body mass index,
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minimally invasive resection and male sex were identified as independent
predictors of POPF.

Conclusion: Published risk models predicting clinically relevant POPF
after pancreatoduodenectomy have a moderate predictive accuracy.
Their clinical applicability to identify high-risk patients and guide
treatment strategies is therefore questionable.

moQq

Key words: fistula, pancreatic fistula, pancreatic resection, pancreatic
surgery, pancreatoduodenectomy, postoperative, risk model

P (Ann Surg 2023;278:1001-1008)
P ancreatoduodenectomy is a complex surgical procedure
associated with a high risk of complications (50%), even in
specialized, high-volume centers.!> A common complication is
postoperative pancreatic fistula (POPF), resulting in leakage of
enzyme-rich fluid into the abdominal cavity.2 This can have
life-threatening consequences such as bleeding, sepsis, and
organ failure.’ As a result, these patients require extensive care
with prolonged hospital stays, and increased health care
) costs.*3 Mortality in patients with clinically relevant POPF [ie,
grade B/C according to the 2016 International Study Group on
Pancge3a6ti7c Surgery (ISGPS) definition] is reported to be 12% to

8%0.%:0

Several risk factors associated with the development of
OPF have been identified, such as a small pancreatic duct
diameter, soft pancreatic parenchyma and a high body mass
index (BMI).%? Over the years, numerous models that aim to
predict the risk of POPF have been proposed.® 22 The majority
of these models was, however, developed in retrospective studies,
ostly from single centers. External validation, especially
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Records identified through
database searching
(n=1263)
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in large, high-quality prospective cohorts is missing or only
performed for single risk models.??

The recent nationwide stepped-wedge cluster-randomized
PORSCH trial showed that the implementation of an algorithm
for early recognition and minimally invasive management of
complications after pancreatic resection significantly reduces the
rate of major complications and 90-day mortality.>* In this trial,
all centers delivered usual care (control group) at the start of the
study and crossed over to care according to the algorithm
(intervention group). Patients treated according to the multi-
modality algorithm were strictly monitored, independently of
their risk to develop POPF. This potentially may have led to a
certain level of overuse of diagnostic tools, which might not be
necessary for patients with a low risk of POPF. An accurate risk
stratification for the development of POPF in patients under-
going pancreatic resection could therefore be of renewed value.
Furthermore, this could be helpful to the longstanding goal of
developing specific treatments to prevent POPF in patients
with a high preoperatively or perioperatively identified risk of
POPF.»

This study aims to evaluate the performance of published
risk models and to identify independent predictors of
POPF using the unselected nationwide prospective cohort of
patients undergoing pancreatoduodenectomy in the randomized
PORSCH trial.?

METHODS

Study Selection
A systematic literature search was performed in PubMed,
EMBASE, and the Cochrane Library up to December 2021 to

INXOHISABZIUTN+erNIOITWNOIZTARY HJRGHINGYE A A

PubMed: 494
EMBASE: 758
Cochrane: 11

Additional records identified through
reference crosscheck
(n=5)

(n=832)

Records after duplicates removed

A 4

Title/abstract screening
(n=832)

Excluded after title/abstract
screening (n=771)

A 4

A 4

(n=61)

Full-text screening

Full-text articles (n=47)
excluded, with reasons:

A4

e Inabilty to validate
model due to missing

variables (n=31)

(n=14)

Studies eligible for
external validation

Inappropriate design for
validation (n=11)
Machine-learning based
model (n=5)

[Included] [ Eligibility ] [ Screening ] [ Identification ]

FIGURE 1. Flow chart of identified risk models eligible for external validation.

1002 | www.annalsofsurgery.com

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.



PaALdSaL SWYSLL [JY dU] YIDIFT oMLY S1230A €207 O 1YSiiddo)

"paAlasal sIybu ||y ou| ‘yiesH Jemn|y si8jop\ €202 © ybuAdo)

€001 | wodK1ebinsjosjeuue mmm

€202/.2/TT U0 =8/ +AWAOANDMNBRAAAAYO/FIAEIDVIASALLIAIPOOAEIEAHIOI/AD AUMY TXOMADYO!
INXTOHISABZIY TN +eyNIOITWNOTZTARYHISHINQUE Ag A1abinsjosfeuue/wod mm| sfeulnol//:dny wolj papeojumoq

TABLE 1. Overview of Evaluated Risk Models for Development of Postoperative Pancreatic Fistula After Pancreatoduodenectomy
Risk Factors

Pancreatic  PD Operative Neoadjuvant Vascular Preoperative = Drain  Operative WBC CRP
References Country Design N Usage texture diameter Pathology blood loss BMI Sex Age treatment resection bilirubin AMYLASE time POD4 POD4
Callery et al’ USA RC 445 Intra Soft <4 mm  Other than >400 mL — — — — — — — — — —
PDAC or
pancreatitis
Kim et al'® Korea RC 100 Intra Soft <3 mm — — — — — — SMV/PV — — — — —
Kosaka et al'l Japan RC 100 Post — — — — — — — — — — POD4 > 647 >73.6 >93 mg/
U/L x10%ul L
Roberts et al'? UK RC 325 Pre — Continuous — — Continuous — — — — — — — — —
Chen et al!3 China RC 921 Intra Soft <4 mm — Difference BL >28 — — — — — — — —
and transfusion
>800 mL
Casadei et al'* Italy PC 84 Pre — <3mm Other than — >24 — — — — — — — — —
PDAC or
pancreatitis
Kantor et all® North RC 1731 Intra Soft <5 mm — — >25 Male — — — <2 mg/dL — — — —
America
Mungroop et al'® Multiple PC 2850 Intra Soft Continuous — — Continuous — — — — — — — — —
Petrova et al'”  Germany RC 2488 Intra Soft — Other than — Continuous — — — — — — Continuous  — —
PDAC
Tabchouri et al'® France RC 661 Intra Soft Continuous — — — — Continuous  Radiation — — — — — —
therapy
Huang et all® China RC 1182 Pre — <3 mm — — >24 — — — — — POD1 — — —
>2484 U/L
Mungroop et al® Multiple PC 952 Intra Soft Continuous — — Continuous Male — — — — — — — —
Schuh et al?! Multiple RC 5533 Intra Soft <3 mm — — — — — — — — — — — —
Perri et al?? Ttaly PC 566 Pre — <5mm — — >25 — — — — — — — — —

Other indicates ampullary/cystic/duodenal/islet cell; BL, blood loss; BMI, body mass index; CRP, C-reactive protein; FRS, fistula risk score; intra, intraoperative; ISGPS, International Study Group on Pancreatic
Surgery; PC, prospective cohort; PD, pancreatic duct; PDAC, pancreatic ductal adenocarcinoma; POD, postoperative day; POPF, postoperative pancreatic fistula; post, postoperative; pre, preoperative; PV, portal vein;
RC, retrospective cohort; SMV, superior mesenteric vein; WBC, white blood cell count.
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identify published fistula risk scores (FRSs). Search terms were

synonyms for “pancreatic resection,” combined with synonyms

for “pancreatic fistula” and “risk model” restricted to title and

abstract (Supplemental Digital Content 1, http://links.Iww.com/

SLA/E447). Two authors (T.J.S. and A.C.H.) screened titles and

abstracts of identified studies independently on relevance, fol-
¢ lowed by full-text review for eligible articles. Reference lists of
& eligible studies were crosschecked for potentially relevant studies.
& Disagreement was solved through discussion.

Included were studies that reported on a risk model for
development of POPF after pancreatoduodenectomy. Studies
; were excluded if the novel risk model comprised of variables that
S were not available in the validation database. Furthermore,
 studies were excluded if the model included machine learning or
artificial intelligence features rather than conventional logistic
= regression. This study was conducted in accord with the ethical
standards of the Helsinki Declaration of 1975.

[

> Study Design and Data Collection

The PORSCH trial included all patients having pancreatic
resection for all indications in the Netherlands from January 8,
2018 to November 9, 2019. 2426 In the current study, we per-
formed a post hoc analysis of all patients undergoing pan-
creatoduodenectomy in both the control, and intervention arm
of the PORSCH trial. Data extracted from the PORSCH data-
base included baseline characteristics (i.e., age, sex, BMI, weight
ss, comorbidity, American Society of Anesthesiologists score,
astern Cooperation Oncology Group performance score, pre-
o operative vascular involvement, diabetes, and neoadjuvant
treatment), and relevant perioperative and postoperative varia-
bles (i.e., perioperative blood loss, type of resection, vascular
re
or
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esection, pancreatic duct dlameter pancreatic texture, tumor
igin, postoperative pathology, and postoperative biochemical
tests for both blood and drain fluid). The Charlson comorbidity
ndex (CCI) was calculated using the MDCalc CCI calculator.?’
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£ Outcomes and Definitions

The primary outcome was clinically relevant POPF,
according to the 2016 ISGPS definition of grade B/C fistula,
within 90 days after index surgery.? Preoperative vascular
involvement was determined at diagnosis on a computed
tomography (CT) scan. Pancreatic duct size was measured
intraoperatively and truncated at 5 mm, as previous studies
identified an association between POPF and duct diameter up to
5 mm.% 10 Pancreatic texture was assessed intraoperatively by the
surgeon.

Statistical Analysis

Missing data were considered missing at random and
handled by multiple imputation based on a Markov chain Monte
Carlo method (5 imputations, 10 iterations).?® Descriptive sta-
tistics were used to compare characteristics between patients with
and without POPF. Categorical variables were presented as
frequencies with proportions, and compared using the x> test.
Parametric continuous variables were reported as mean+ SD
and compared using the Student ¢ test. Nonparametric con-
tinuous variables were presented as median (interquartile range)
and compared using the Mann-Whitney U test. Performance of
the risk models was evaluated by calculating the area under the
receiver operating curves (AUC) and presented with 95% con-
fidence intervals (ClIs). A risk model was considered of poor
quality if the AUC was below 0.60, while moderate quality was
considered for an AUC from 0.60 to 0.70. An AUC from 0.70 to
below 0.80 was considered acceptable, whilst a model was

1004 | www.annalsofsurgery.com

considered of good quality in case of an AUC >0.80.2° Cali-
bration of the risk model with the highest performance was
assessed by plotting a calibration curve. Univariate and multi-
variable logistic regression analyses were performed to assess the
association between potential risk factors and POPF. Odds
ratio’s (OR) derived from both univariate and multivariable
regression models were presented with 95% Cls. A sensitivity
analysis was performed to evaluate the performance of the risk
models only in patients in the intervention group (i.e., treated
according to algorithm for early recognition and management of
postoperative complications) of the PORSCH trial. Statistical
analyses were performed using R studio version 1.3.1093
(RStudio, PBC, Boston, MA, USA), including the “pAUC,”
“rms” and “mice” packages. A two-tailed P value of <0.05 was
considered statistically significant.

RESULTS

Literature Review

Initial screening identified 832 unique studies, of which 61
articles were screened on full-text, after which 47 studies were
excluded [because of values not available in validation dataset
(n=31), inappropriate study design (n=11), and machine
learning based model (n=>5)]. Of all, 14 studies were found eli-
gible for external validation (Fig. 1).222 Seven of these studies
reported on a formula-based risk score, while 4 studies evaluated
a model based on a point scale. Risk factors that were frequently
used in fistula risk models included pancreatic duct diameter
(n=12), pancreatic gland texture (n=9), BMI (n=9), and
underlying pathology (n=3) (Table 1).

Validation Cohort

The validation cohort consisted of 1358 patients under-
going pancreatoduodenectomy (Supplemental Digital Content 2,
http://links.Iww.com/SLA/E447). POPF occurred in 341 of 1358
patients (25%) (Table 2). The median postoperative day on
which POPF occurred was day 3 (interquartile range: 3-6).
Neoadjuvant treatment was administered to 117 of 1017 patients
without POPF (12%) and to 20 of 341 patients with POPF (6%).
A laparoscopic or robotic-assisted resection was performed in
170 of 1017 patients without POPF (17%), and in 95 of 341
patients with POPF (28%). A total of 177 of 1017 patients
without POPF (17%) underwent vascular resection, whilst this
was performed in 27 of 341 patients with POPF (8%). Pancreatic
ductal adenocarcinoma was a more frequent indication for
pancreatoduodenectomy in the patient group without POPF
[467 of 1017 patients (46%)], as compared with patients with
POPF [68 of 341 patients (20%)].

Performance of Risk Models

Performance of the 14 included models is presented in
Table 3. Model performance varied with AUCs ranging from
0.62 to 0.70. Of all evaluated risk models, the updated alter-
native fistula risk score (ua-FRS), alternative fistula risk score
(a-FRS) and model by Petrova and colleagues had the highest
predictive accuracy. An AUC of 0.70 (95% CI: 0.69-0.72) was
found for the ua-FRS (Fig. 2A) with a calibration slope of 0.82
(Fig. 2B). The a-FRS displayed an AUC of 0.70 (95% CI:
0.68-0.71), while the model by Petrova and colleagues demon-
strated an AUC of 0.70 (95% CI: 0.69-0.71). The ISGPS clas-
sification had an AUC of 0.68 (95% CI: 0.66-0.69).

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.
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Validation of Risk Models for Pancreatic Fistula

TABLE 2. Baseline Characteristics of 1358 Patients
Undergoing Pancreatoduodenectomy (After Multiple
Imputation)

No POPF*
(N=1017), POPF*

o Characteristic n (%) (N=341), n (%) P
B
= Male sex 516 (51) 197 (58) 0.029
& Age in years, mean = SD 67.0+10.4 66.4+10.2 0.040
= BMI, median (IQR) 244 (22.0-27.1) 25.5(23.2-28.7) <0.001
S Charlson comorbidity 0.88
Z  index
2 <2 792 (78) 268 (79)
2 22 225 (22) 73 (21)
5 ASA classification 0.71
g 1 68 (7) 27 (8)
= I 629 (62) 211 (62)
g IV 320 (31) 103 (30)
5 ECOG performance 0.58
S score at diagnosis
g 01 938 (92) 318 (93)
g 23 79 (8) 23 (7)
@ Neoadjuvant treatment 117 (12) 20 (6) 0.004
S Diabetes 280 (27) 71 (21) 0.017
' Laparoscopic or robotic- 170 (17) 95 (28) <0.001
©  assisted resection
%Soft pancreatic gland 579 (57) 276 (81) <0.001
T texture
% Pancreatic duct diameter, 4 (3-5) 324 <0.001
= mm, median (IQR)
EﬂVascular resection 177 (17) 27 (8) <0.001
5 Perioperative blood loss, 450 (211-900) 450 (200-850) 0.001
7 ml, median (IQR)
2 Definitive postoperative <0.001
2 pathology
& Pancreatic ductal 467 (46) 68 (20)
= adenocarcinoma
l:: Ampullary carcinoma 128 (13) 64 (19)
2 Cholangiocarcinoma 124 (12) 57 (17)
2 IPMN 70 (7) 25(7)
Z  pNET 33(3) 25(7)

Chronic pancreatitis 34 (3) 10 (3)

Other 161 (16) 92 (27)

*According to the International Study Group on Pancreatic Surgery definition
(2016). Only grade B/C complications were considered.

ASA indicates American Society of Anesthesiologists; BMI, body mass index;
ECOG, Eastern Cooperative Oncology Group; IPMN, Intraductal Papillary
Mucinous Neoplasm; IQR, interquartile range; pNET, Pancreatic neuroendocrine
tumor; POPF, postoperative pancreatic fistula.

Significant P values < 0.05 are depicted in bold.

Sensitivity Analysis

A total of 643 of 1358 patients (47%) after pan-
creatoduodenectomy was assigned to the intervention group of
the PORSCH trial. In this subgroup, POPF occurred in 186 of
643 patients (29%), whilst this occurred in 21% of patients
allocated in the control group. All risk models displayed a higher
predictive accuracy, with AUCs ranging from 0.66 to 0.74
(Supplemental Digital Content 3, http://links.lww.com/SLA/
E447). The models with the highest performance were the ua-
FRS (AUC: 0.74, 95% CI: 0.72-0.76), and a-FRS (AUC: 0.74,
95% CI: 0.72-0.76).

Predictors of POPF

Univariate and multivariable logistic regression analyses
are presented in Table 4. Multivariable logistic regression anal-
ysis identified soft pancreatic texture (OR: 1.93, 95% CI:

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.

TABLE 3. Area Under the Curves of Risk Models for
Postoperative pancreatic Fistula After Pancreatoduodenectomy

AUC (originally AUC with corresponding 95%

References reported) CI (external validation)
Callery et al’ 0.94 0.65 (0.63-0.66)
Kim et al'” 0.73 0.62 (0.61-0.64)
Kosaka et alll 0.95 0.63 (0.61-0.63)
Roberts et al'? 0.83 0.66 (0.65-0.68)
Chen et al'? 0.81 0.64 (0.63-0.65)
Casadei et al'* 0.66 0.64 (0.63-0.65)
Kantor et al’ 0.70 0.65 (0.63-0.66)
Mungroop et al'® 0.75 0.70 (0.68-0.71)
Petrova et all’ 0.70 0.70 (0.69-0.71)
Tabchouri et al'® 0.73 0.66 (0.65-0.68)
Huang et al'? 0.74 0.67 (0.66-0.69)
Mungroop et al?® 0.75 0.70 (0.69-0.72)
Schuh et al’! NA 0.68 (0.66-0.69)
Perri et al?? 0.65 0.63 (0.62-0.65)

AUC indicates area under the receiver operating curve; FRS, fistula risk score;
ISGPS, International Study Group on Pancreatic Surgery; NA, not assessed.

1.38-2.70; P<0.001) as an independent predictor for POPF in
the validation cohort. Postoperative pathology other than pan-
creatic adenocarcinoma or pancreatitis was also independently
associated with POPF (OR: 1.97, 95% CI: 1.29-3.00; P=0.002).
Other independent risk factors for POPF were small pancreatic
duct size (OR: 1.38/mm decrease, 95% CI: 1.22-1.56; P <0.001),
laparoscopic or robotic-assisted resection (OR: 1.60, 95% CI:
1.16-2.21; P=0.004), higher BMI (OR: 1.04 per increasing
kg/m?, 95% CI: 1.01-1.06; P=0.012), and male sex (OR: 1.34,
95% CI: 1.02-1.76; P=0.034).

DISCUSSION

This study shows that 14 risk models on POPF after
pancreatoduodenectomy demonstrated a moderate predictive
accuracy.? 22 The highest discrimination at validation was found
for the a-FRS, model by Petrova and colleagues and the ua-
FRS,16’17’20

Most of the identified risk models that were developed in
recent years use the same key risk factors, but with different
cutoff values. This leads to confusion on which risk model
should be applied in clinical practice.?*30 To investigate the true
predictive accuracy and generalizability, external validation of
risk model performance is warranted, preferably using data from
multicenter cohorts.3! The current study showed that none of the
currently published fistula risk models appear to perform well in
a large, nationwide, unselected prospective patient cohort with
complete enumeration, as the highest observed AUC was 0.70.
This was lower than reported by the original studies and is in line
with results from previous retrospective validation studies.?3-3236
The reduced performance is most likely explained due to pre-
dictive accuracy generally being more impressive after internal
validation, as models tend to fit above average to data they were
built upon.3!

Consistent with previous studies, pancreatic texture, pan-
creatic duct diameter, and pathology diagnosis were strong
predictors of POPF after pancreatoduodenectomy in our
dataset.®16-37 Soft, friable pancreatic tissue complicates con-
struction of the pancreatic anastomosis, and is associated with
increased excretion of pancreatic enzymes.’® In contrast, a wider
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FIGURE 2. Area under the receiver operating curve plot (A)
and calibration plot (B) of the updated alternative fistula risk
score. AUC indicates area under the curve.

pancreatic duct and parenchymal fibrosis, which are more
common in patients with pancreatic adenocarcinoma or chronic
pancreatitis, allow for a less risky pancreatic anastomosis, and
hence a decreased risk of POPF.” Also, minimally invasive
surgery was found to be a risk factor for POPF, although its
feasibility and safety have recently been demonstrated in a
multicenter training program.** Possibly, the demonstrated
relation in our study was due to its nationwide design with
complete enumeration, and surgeons still being in their learning
curve. The association of these risk factors with POPF after
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pancreatoduodenectomy is reflected in the higher performance of
risk models that incorporated these parameters.

Risk models can be used to stratify for comparison of
outcomes across different populations and studies. In addition,
they can be helpful in daily clinical practice to identify low-risk
and high-risk patients, allowing for guidance of treatment
strategies.*! However, this is only useful if a patient’s risk for
POPF can be determined accurately. Intensive monitoring might
be indicated for high-risk patients, whereas low-risk patients may
not need daily biochemical evaluation for instance. Also, early
removal or omission of abdominal drains may be warranted in
patients at low risk of POPF.#? In contrast, misclassification of
these patients’ risk can lead to delayed detection and treatment
of POPF, which may have life-threatening consequences like
severe bleeding, organ failure, and eventually death. Fur-
thermore, delayed recovery due to major complications influ-
ences the patient’s eligibility to receive or complete adjuvant
chemotherapy, which is known to significantly improve
survival.*? In this study, only moderate predictive accuracy was
found for all risk models after pancreatoduodenectomy, sug-
gesting that clinical application of these models may result in
miscalculation of patients’ risks. Therefore, determining treat-
ment strategies based on probability estimates of these risk
scores might be doubtful.

Currently, there are few treatment options to prevent the
occurrence and severity of POPF.2% Perioperative application
of somatostatin analogs can be considered in high-risk
patients.*> Their effectiveness on preventing fistula is, however,
still a point of debate.*®#7 Total pancreatectomy, as an alter-
native to pancreatoduodenectomy, in patients at high risk of
POPF has also been suggested.*® Since the effectiveness of
preventive measures on POPF remains controversial, new
postoperative treatment strategies have emerged. Recently, the
nationwide stepped-wedge cluster-randomized PORSCH trial
was conducted in the Netherlands.2*2° In this trial, imple-
mentation of a multimodal algorithm for early recognition and
minimally invasive treatment of postoperative complications
after pancreatic surgery substantially reduced the incidence of
the most severe complications.?* In patients with POPF treated
according to the algorithm, the composite endpoint of severe
bleeding, organ failure, and 90-day mortality was significantly
reduced (from 14% to 8%). Since these patients were more
closely monitored during their postoperative course, there was
an increase in CT imaging, antibiotics use and radiologic
drainage procedures, irrespective of their preoperatively esti-
mated risk of postoperative complications. Ideally, the inten-
sity of postoperative monitoring, as suggested in the PORSCH
trial, could be adjusted to the patient’s individual risk of
developing POPF. This may lead to more efficient health care
utilization and costs reduction, while preserving the clinical
impact of the algorithm. However, stratification using the
currently available risk models is debatable, given the moder-
ate performance.

An upcoming technique to develop novel prediction models
is machine learning modeling using artificial intelligence.*’
Machine learning can identify latent variables deduced from
known variables related to pancreatic fistula.® Tt can be a
valuable addition with regard to pattern recognition, such as
potential identification of yet unknown features on imaging that
may influence the development of POPF.>! Models that incor-
porated these so-called radiomic features from preog)erative CT
scans have displayed good internal performance.’>> Future
research should investigate the use of machine learning techniques
in risk assessment of POPF after pancreatic resection.
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Validation of Risk Models for Pancreatic Fistula

TABLE 4. Logistic Regression Analysis of Risk Factors for Predicting Postoperative Pancreatic Fistula After

Pancreatoduodenectomy*

Univariate Multivariable

Preoperative and perioperative risk factors Odds ratio  95% CI P QOdds ratio  95% CI P
Sex (male vs. female) 1.33 (1.04-1.70)  0.024 1.34 (1.02-1.76)  0.034
BMI (continuous, per increasing kg/m?) 1.04 (1.02-1.06)  0.001 1.04 (1.01-1.06)  0.012
Neoadjuvant treatment (yes vs. no) 0.48 (0.29-0.78)  0.003 0.86 (0.50-1.48)  0.60
Diabetes (yes vs. no) 0.69 (0.51-0.93)  0.016 0.82 (0.59-1.13)  0.26
Laparoscopic or robotic-assisted resection (yes vs. no) 1.92 (1.44-2.57) <0.001 1.60 (1.16-2.21)  0.004
Tumor origin (nonpancreas vs. pancreas) 2.53 (1.97-3.26) <0.001 1.19 (0.82-1.72)  0.37

erioperative blood loss (>400 mL vs. <400 mL) 0.94 (0.73-1.21)  0.64 1.08 (0.81-1.43)  0.60
Decreasing pancreatic duct diameter (continuous, per mm decrease and 1.54 (1.38-1.74) <0.001 1.38 (1.22-1.56) <0.001

truncated at 5 mm)

Soft pancreatic gland texture (yes vs. no) 3.21 (2.374.34) <0.001 1.93 (1.38-2.70) <0.001
Vascular resection (yes vs. no) 0.41 (0.26-0.63) <0.001 0.80 (0.49-1.31)  0.38
Definitive postoperative pathology (others vs. PDAC or chronic pancreatitis) 3.27 (2.47-4.34) <0.001 1.97 (1.29-3.00)  0.002

*According to the International Study Group on Pancreatic Surgery definition (2016). Only grade B/C complications were considered.

BMI indicates body mass index; PDAC, pancreatic ductal adenocarcinoma.
Significant P values < 0.05 are depicted in bold.

This study has some limitations. First, we could not
evaluate all published risk models identified by our literature
search due to missing parameters in our database. This included
the models that used intra-abdominal thickness on CT imaging,
or those that used the presence of a fatty pancreas at histo-
pathologic examination.”*>> Nevertheless, implementation of
these scores in clinical practice can be challenging, as specialized
measurements are required which can be time consuming. Sec-
ond, postoperative pathology reports were used to determine the
underlying disease in case of a malignancy. Preferably, risk
models should be based on preoperative and perioperative fac-
tors, resulting in timely identification of high-risk patients. Sus-
picion of a malignancy was, however, often based on imaging
results and therefore preoperative pathology was not always
obtained. Besides, a recent study demonstrated that 16% of
patients with presumed pancreatic cancer scheduled for pancre-
atic resection was misdiagnosed preoperatively as periampullary
cancer, and vice versa.’® This makes the demonstrated associa-
tion between pathology and POPF possibly less usable in real-
life clinical practice.

In future comprehensive analyses, exploring for novel
strong predictors for POPF could be considered when design-
ing prediction models, since the current models based on pre-
operative and perioperative risk factors appeared to either
underperform or be impractical. It must be noted, however,
that uncertainly regarding prediction will remain due to
the stochastic nature of POPF.57 Nevertheless, we found an
increase of model performance in patients who were treated
according to an intensive postoperative monitoring strategy
(i.e., the intervention group of the PORSCH trial), irrespective
of a low or high fistula rate that was reported in the original
study. Therefore, combining novel risk factors within a closely
monitored population might increase the predictive accuracy of
newly created models, herewith potentially allowing fistula risk
prediction tools to safely guide patient-tailored treatment
strategies in the future.

In conclusion, external validation of published FRSs for
POPF after pancreatoduodenectomy in a large prospective,
nationwide patient cohort shows that all risk models perform
only moderately, at best. The ability of these models to better
stratify patients into low or high-risk categories to guide mon-
itoring and preventive strategies or for comparison of results
between institutions in clinical research is therefore questionable.

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.

Consequently, we recommend clinicians to focus on early
signs and timely treatment of POPF in all patients after
pancreatoduodenectomy, irrespective of their predicted risk
on POPF.
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