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a b s t r a c t

Background: Early stratification of postoperative pancreatic fistula according to severity and/or need for
invasive intervention may improve outcomes after pancreaticoduodenectomy. This study aimed to
identify the early postoperative variables that may predict postoperative pancreatic fistula severity.
Methods: All patients diagnosedwith biochemical leak and clinically relevant-postoperative pancreatic fistula
based on drain fluid amylase >300 U/L on the fifth postoperative day after pancreaticoduodenectomy were
identified from a consecutive cohort from Birmingham, UK. Demographics, intraoperative parameters, and
postoperative laboratory resultsonpostoperativedays1 through7were retrospectivelyextracted. Independent
predictors of clinically relevant-postoperative pancreatic fistula were identified using multivariable binary
logistic regression and converted into a risk score, which was applied to an external cohort from Verona, Italy.
Results: The Birmingham cohort had 187 patients diagnosed with postoperative pancreatic fistula
(biochemical leak: 99, clinically relevant: 88). In clinically relevant-postoperative pancreatic fistula pa-
tients, the leak became clinically relevant at a median of 9 days (interquartile range: 6e13) after pan-
creaticoduodenectomy. Male sex (P ¼ .002), drain fluid amylase-postoperative day 3 (P < .001), c-reactive
protein postoperative day 3 (P < .001), and albumin-postoperative day 3 (P ¼ .028) were found to be sig-
nificant predictors of clinically relevant-postoperative pancreatic fistula on multivariable analysis. The
multivariablemodelwas converted into a risk scorewith an areaunder the receiver operating characteristic
curve of 0.78 (standard error: 0.038). This score significantly predicted the need for invasive intervention
(postoperative pancreatic fistula grades B3 and C) in the Verona cohort (n ¼ 121; area under the receiver
operating characteristic curve: 0.68; standard error¼ 0.06; P¼ .006) but did not predict clinically relevant-
postoperative pancreatic fistula when grades B1 and B2 were included (area under the receiver operating
characteristic curve 0.52; standard error ¼ 0.07; P ¼ .802).
Conclusion: We developed a novel risk score based on early postoperative laboratory values that can
accurately predict higher grades of clinically relevant-postoperative pancreatic fistula requiring invasive
intervention. Early identification of severe postoperative pancreatic fistula may allow earlier intervention.
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Introduction

Postoperative pancreatic fistula (POPF) is a well-recognized
complication after pancreaticoduodenectomy (PD), with a re-
ported incidence between 11% to 28%,1 and is responsible for sig-
nificant perioperative morbidity, mortality, and prolonged
hospitalization.2,3 The introduction of standardized definitions by
the International Study Group for Pancreatic Surgery (ISGPS)
facilitated comparison between centers.4 These were revised in
2016,5 to distinguish between biochemical leak (BL) and clinically
relevant (CR) -POPF. Patients with a BL remain clinically well, and
the leak resolves rapidly without intervention. At the same time, a
CR-POPF may lead to sepsis and/or secondary hemorrhage, neces-
sitating intensive care support and/or invasive intervention, and is
associated with increased morbidity and mortality. However, the
distinction between BL- and CR-POPF can only be made retro-
spectively and, therefore, is of limited clinical value in guiding pa-
tient management in the early postoperative period.

Several risk scores are available which may predict POPF (or CR-
POPF) based on preoperative and/or intraoperative parameters (eg,
body mass index, pancreatic duct width, pancreatic texture, and
intraoperative blood loss).6e8 However, these scores were not
designed to differentiate between BL- and CR-POPF. Recent studies
have indicated a potential role for postoperative biochemical pa-
rameters, such as drain fluid amylase (DFA) and C-reactive protein
(CRP), in predicting CR-POPF, but available data are limited by small
sample sizes9,10 or heterogeneous patient cohorts that have
included distal pancreatectomies in addition to PD.11

Postoperatively, patients who undergo PD are routinely moni-
tored for complications. In the vast majority of cases, the diagnosis
of POPF is made by the third postoperative day (POD3), based on
elevated DFA values.12,13 From POD3 onwards, patients with a POPF
will either remain as a BL or clinically deteriorate and become CR-
POPF. Although the principles of treatment of CR-POPF (eg, opti-
mized drainage, antibiotics, and nutrition) are well established, the
optimal timing of intervention is less clear, but it may be expected
that earlier intervention in patients with CR-POPF would lead to
improved clinical outcomes. Thus, this study aimed to establish
when POPFs become clinically relevant and to differentiate be-
tween BL- and CR-POPF in the early postoperative period using
preoperative, intraoperative, and early postoperative factors.
Methods

Data collection

The primary cohort used in the analysis comprised patients
treated at Queen Elizabeth Hospital, Birmingham, UK (“Birming-
ham cohort”) and was used to assess differences between patients
with BL- and CR-POPF. The resulting analysis was then used to
produce a risk score, which was subsequently calculated for a
second cohort from Verona University Hospital, Verona, Italy
(“Verona cohort”). Further information about these 2 cohorts is
detailed below.

This study was registered as a retrospective audit in both
contributing centers (Birmingham and Verona), and ethical
approval was waived by the local ethics committees due to the
retrospective nature of the study.
Birmingham cohort

Consecutive patients who underwent PD between January 1,
2009 and March 31, 2019 and subsequently developed POPF (of any
grade) were identified from a prospectively maintained database.
Patients were classified into BL- and CR-POPF, as per ISGPS defini-
tions. Data on baseline characteristics, comorbidities, and peri and
postoperative outcomes were then extracted, including post-
operative laboratory results up to POD7, where available. Of these,
CRP and serum albumin were routinely recorded on each POD,
whereas the DFA was only measured on POD1, 3, and 5, and white
blood cell count (WBC) on POD1 and 3.

Verona cohort

Consecutive patients who developed POPF after PD between
January 1, 2016 and April 30, 2021 were retrospectively identified.
Details of the POPF grade were then extracted, along with data for
the newly derived risk score components. Where laboratory values
were unavailable on POD3, the value on the nearest POD was used
to calculate the risk score. Measurements of DFA had an upper limit
for reporting of 7,500 U/L; for levels greater than this, a value of
7,500 U/L was assumed.

Postoperative management

At both centers, the postoperative protocol was to remove
drains from patients between POD3 to 5, if therewas no evidence of
POPF. For both cohorts, this was defined as a DFA level <3 times the
upper limit of normal (ie, <300 U/L). However, in Verona, drains
were additionally left in situ in selected patients with a normal DFA
if they were considered to be “high risk” based on the alternative
Fistula Risk Score (a-FRS),7 had an external stent, or produced drain
fluid with a “sinister” appearance. After POPF had been diagnosed,
the treating surgeon made decisions around management.

Definitions of variables

The POPF was initially classified according to ISGPS 2016 def-
initions, and graded as BL, grade B, or grade C. The primary
outcome was CR-POPF, which was defined as leaks of grade B or C.
Because this study aimed to differentiate between CR-POPF and BL
in patients diagnosed with a POPF by POD5 based on raised DFA
values, patients with normal DFA POD3 to 5 values diagnosed with
a POPF later in the postoperative course were excluded from the
analysis.

Preliminary comparisons between the 2 cohorts found the
proportion of CR-POPF (compared to BL) to be considerably higher
in the Verona cohort (87.6%) compared with Birmingham (47.1%;
see the Results section for further details). To allow for further
investigation of this discrepancy, grade B POPF was further sub-
divided into grade B1 (prolonged drainage; >3 weeks), grade B2
(pharmacological treatment), and grade B3 (interventional treat-
ment).14 Additionally, a modified version of CR-POPF, designated
critical POPF, was also assessed. Critical POPF was defined as POPF
grades B3 or C only (ie, requiring interventional or surgical
treatment), with BL and grades B1 to B2 treated as noncritical
POPF.

Two existing risk scores were also calculated for all patients to
assess whether these had any utility in differentiating between BL-
and CR-POPF. The first was the Birmingham (B)-FRS, a preoperative
score designed to predict POPF (versus no POPF). This was calcu-
lated using the formula proposed in the original study by Roberts
et al,15 with the absolute risks of POPF being updated using the
underlying formula from the plot in the subsequent validation
paper,8 namely: exp[x] / (1 þ exp[x]), where x ¼ e2.917 þ 1.706
log10[100 B-FRS]. The a-FRS is an intraoperative score intended to



Figure 1. Timing of clinically relevantepostoperative pancreatic fistula (POPF) devel-
opment. The plot initially classifies all POPFs as biochemical leaks on postoperative day
1. The black area represents the cumulative proportion of POPFs classified as clinically
relevantePOPF as of each postoperative day. CR-POPF, clinically relevant-postoperative
pancreatic fistula.
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predict CR-POPF (versus BL- OR no POPF). This was calculated as
described by Mungroop et al.7

Statistical methods

The primary analysis was performed on the Birmingham cohort,
for which characteristics were compared betweenpatients with BL-
and CR-POPF using Mann-Whitney U tests for the continuous var-
iables, with Fisher exact or c2 analysis used for nominal variables
with �2 groups, respectively. Associations between postoperative
laboratory parameters and POPF grade were assessed using
receiver operating characteristic (ROC) curves, which were quan-
tified using the area under (AU) the ROC curve and the associated
standard error (SE). Continuous variables that were approximately
normally distributed were summarized using arithmetic means
and SDs. Skewed variables were either log10-transformed to
normalize the distribution for analysis and summarized using
geometric means with 95% CIs or reported as medians with IQRs.

A multivariable analysis was then performed to identify patient
characteristics and postoperative laboratory parameters measured
on POD3 that were independent predictors of CR-POPF (versus BL).
To minimize the quantity of missing data for the postoperative
laboratory parameters, where data were unavailable on POD3,
measurements for the previous POD of data collection (ie, POD2 for
CRP or serum albumin and POD1 for DFA or WBC) were used
instead. A multivariable binary logistic regression model was then
produced, using a forward stepwise approach to variable selection.
Factors selected by the stepwise procedure were then entered into
a new model to prevent the exclusion of cases caused by missing
data on factors not included in the final model. The multivariable
model was then used to produce a risk score. For continuous var-
iables, the values associated with log odds of 1, 2, and 3 were
identified and used to define cut-off values for which the associated
number of points would be assigned. The predictive accuracy of the
risk score was then quantified using the AUROC, on both the Bir-
mingham and Verona cohorts, for both the outcomes of CR- and
critical POPF. All analyses were performed using IBM SPSS 22 (IBM
SPSS, Inc, Armonk, NY), with P < .05 indicative of statistical
significance.

Results

Birmingham cohort characteristics

In the Birmingham cohort, for the 830 patients undergoing PD,
the incidence of POPF was 24.7% (n ¼ 205), consisting of 99 (11.9%)
with BL, 81 (9.8%) grade B leaks, and 25 (3.0%) grade C leaks. Further
breaking down the grade B POPFs, based on the criteria described
by Maggino et al,14 found grades B1, B2, and B3 POPFs to have
developed in 7, 39, and 35 patients, respectively. Of these, all grade
B1 leaks were treated with prolonged drainage. In contrast, grade
B2 POPFs were defined either by the use of antibiotics (n ¼ 5) or
parenteral nutrition (n ¼ 34), and grade B3 POPFs were defined
either by angiographic intervention (n ¼ 3) or radiological drainage
(n ¼ 32). Grade C POPFs were defined by organ failure in 18 pa-
tients, with the remaining 7 patients who did not require organ
support either undergoing surgical intervention (n ¼ 6) or dying
before invasive interventions (n ¼ 1).

Predictors of CR-POPF

Of those patients who developed POPF, n¼ 18 (8.8%) had normal
DFA values between POD 3 to 5 but were diagnosed with CR-POPF
at a later date. These patients were excluded from the analysis of
early postoperative risk factors. The remaining n ¼ 187 patients
consisted of n ¼ 99 (52.9%) with BLs and n ¼ 88 (47.1%) with CR-
POPF. For those in the developing CR-POPF group, the leak was
classified as being clinically relevant a median of 9 days (IQR: 6e13)
after surgery (Figure 1).

Comparisons between the patient demographics of the BL- and
CR-POPF groups are reported in Table I. This comparison found
patients with CR-POPF significantly more likely to be male (65% vs
43%; P ¼ .005) than those with a BL-POPF. Clinically
relevantePOPF was also associated with a significantly smaller PD
width (median: 2 vs 3 mm; P ¼ .042) and, consequently, a higher
B-FRS (mean: 0.35 vs 0.31; P ¼ .015). Patients with CR-POPF had a
median length of hospital stay of 24 days (IQR: 17e38), which was
significantly longer than the 10 days (IQR: 8e14) in those with BLs
(P < .001). No significant difference in 90-day mortality rates was
observed (6% vs 2%; P ¼ .257), although the low event rate limited
this comparison.

Associations between laboratory parameters and the grade of
POPF are reported in Table II and Figure 2. For all variables
considered, the discriminatory ability tended to increase over time.
On POD1, only DFAwas found to be significantly predictive of POPF
grade, with a geometric mean of 1,397 U/L in those with BL-POPF,
compared with 2,309 U/L in CR-POPF (P ¼ .011). On POD3, signifi-
cant discriminationwas observed for DFA (P < .001), CRP (P < .001),
and serum albumin (P ¼ .014) but not WBC (P ¼ .714). CRP and
serum albumin then remained significantly discriminative on all
subsequent days (up to POD7), whereas DFA was significant at the
final measurement on POD5.

A multivariable analysis was then performed, to identify inde-
pendent predictors of CR-POPF. This considered all patient char-
acteristics from Table I for inclusion and the laboratory parameters
measured on POD3 from Table II. The resulting model (Table III)
found themale sex to be the only patient characteristic significantly
associated with a higher risk of CR-POPF (P ¼ .002). Of the post-
operative laboratory parameters assessed, higher DFA (P < .001) or



Table I
Patient characteristics and outcomes by grade of POPF

Characteristics n Biochemical leak CR-POPF P value

Age (y) 187 67.9 (59.8e72.9) 66.8 (58.3e74.0) .809
Sex (% male) 187 43 (43%) 57 (65%) .005
BMI (kg/m2) 187 26.2 ± 4.4 27.1 ± 5.0 .261
Smoking status 187 .326
Never 81 (82%) 64 (73%)
Ex- 7 (7%) 10 (11%)
Current 11 (11%) 14 (16%)

Diagnosis 187 .753
Pancreatic cancer 23 (23%) 20 (23%)
Periampullary cancer 32 (32%) 33 (38%)
Cholangiocarcinoma 19 (19%) 11 (13%)
Neuroendocrine tumor 9 (9%) 10 (11%)
Others 16 (16%) 14 (16%)

Charlson Comorbidity Index 187 4.9 ± 1.9 4.6 ± 1.5 .387
PMH asthma 187 8 (8%) 4 (5%) .382
PMH cardiac 187 10 (10%) 18 (20%) .064
PMH chronic lung disease 187 5 (5%) 9 (10%) .266
PMH hypertension 187 36 (36%) 37 (42%) .455
PMH diabetes mellitus 187 10 (10%) 11 (13%) .648
PMH renal failure 187 6 (6%) 2 (2%) .285
Preoperative biliary stent 187 41 (41%) 35 (40%) .882
Pancreatic duct width (mm)* 186 3 (2e4) 2 (1e3) .042
B-FRS 186 0.31 ± 0.09 0.35 ± 0.11 .015
Type of surgery (% PPPD) 187 89 (90%) 78 (89%) .816
Vascular reconstruction 187 10 (10%) 7 (8%) .800
R-status (% r1)y 164 13 (15%) 11 (14%) 1.000
Outcomes
Length of stay (d) 187 10 (8e14) 24 (17e38) < .001
90-day mortality 187 2 (2%) 5 (6%) .257

Continuous variables are reported asmedian (IQR) or as arithmetic mean ± SD, as applicable, with
P values fromMann-Whitney U tests. Nominal variables are reported as n (%), with P values from
Fisher’s exact tests for variables with 2 categories, or c2 analysis for those with >2 categories.
POPF, postoperative pancreatic fistula; CR-POPF, clinically relevant-POPF; BMI, body mass index;
PMH, past medical history; B-FRS, Birmingham Fistula Risk Score; PPPD, pylorus-preserving
pancreaticoduodenectomy.

* On preoperative computed tomography scan.
y Excludes patients with diagnoses for which the R-status was not applicable.

Table II
Association between postoperative laboratory parameters and grade of POPF

Parameter/ Biochemical leak CR-POPF AUROC (SE) P value

POD n Average n Average

DFA (U/L)
POD1 82 1397 (1078e1810) 65 2309 (1511e3529) 0.62 (0.05) .011
POD3 81 991 (808e1215) 65 2129 (1509e3003) 0.68 (0.05) < .001
POD5 68 213 (145e314) 61 1443 (889e2345) 0.78 (0.04) < .001

CRP (mg/L)
POD1 76 74 (67e83) 68 87 (77e99) 0.58 (0.05) .111
POD2 74 182 (163e203) 62 215 (191e241) 0.61 (0.05) .030
POD3 66 193 (172e217) 56 257 (228e290) 0.70 (0.05) < .001
POD4 66 147 (129e167) 61 210 (183e241) 0.69 (0.05) < .001
POD5 64 103 (87e121) 59 165 (138e196) 0.72 (0.05) < .001
POD6 66 87 (75e101) 70 137 (117e161) 0.68 (0.05) < .001
POD7 64 69 (57e84) 61 125 (104e151) 0.71 (0.05) < .001

Albumin (g/L)
POD1 98 27.3 ± 4.8 87 27.0 ± 5.0 0.51 (0.04) .788
POD2 89 27.1 ± 3.8 76 26.3 ± 4.2 0.57 (0.05) .143
POD3 89 27.3 ± 3.6 77 25.9 ± 3.9 0.61 (0.04) .014
POD4 86 28.0 ± 3.6 76 26.0 ± 6.7 0.67 (0.04) < .001
POD5 81 28.7 ± 3.5 75 25.4 ± 4.8 0.71 (0.04) < .001
POD6 86 29.2 ± 3.9 83 26.0 ± 4.8 0.69 (0.04) < .001
POD7 80 29.9 ± 4.2 82 26.1 ± 4.7 0.74 (0.04) < .001

WBC (x109/L)
POD1 98 14.8 ± 5.2 88 14.8 ± 5.5 0.50 (0.04) 0.947
POD3 98 12.3 ± 3.5 88 12.6 ± 4.7 0.52 (0.04) 0.714

Average values are reported as arithmetic mean ± SD for normally distributed variables or as geometricmean
(95% CI) for those with skewed distributions. P values are from Mann-Whitney U tests.
POPF, postoperative pancreatic fistula; POD, postoperative day; CR-POPF, clinically relevant-POPF; AUROC,
area under the receiver operating characteristic curve; SE, standard error; DFA, drain fluid amylase; CRP, C-
reactive protein; WBC, white blood cell count.
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Figure 2. Box plots of postoperative laboratory parameters by grade of postoperative pancreatic fistula. The plot of drain fluid amylase uses a logarithmic scale on the y-axis to
improve scaling. CR-POPF, clinically relevant-postoperative pancreatic fistula; CRP, C-reactive protein; DFA, drain fluid amylase; WBC, white blood cell count.

Table III
Multivariable analysis of predictors of CR-POPF (versus biochemical
leak)

Characteristics Odds ratio (95% CI) P value

Sex (male) 3.66 (1.61e8.34) .002
DFA on POD3 (per 1,000 U/L) 1.37 (1.14e1.65) < .001
CRP on POD3 (per 100 mg/L) 2.13 (1.37e3.33) < .001
Albumin on POD3 (per 1 g/L) 0.89 (0.79e0.99) .028

Results are from a multivariable binary logistic regression model,
with POPF grade (CR- versus biochemical leak) as the dependent
variable. Variable selection used a forward stepwise approach, with
all patient characteristic factors from Table I, alongwith the DFA, CRP,
serum albumin, and white blood cell count measured on POD3,
considered for inclusion. To minimize exclusions, where patients had
missing data for a blood marker on POD3, data from the previous day
(ie, day 2 for CRP or serum albumin and day 1 for DFA or white blood
cell count) was used instead, where available. Factors selected by the
stepwise procedure were then entered into a new model to prevent
the exclusion of cases caused by missing data on factors not included
in the final model. The final analysis was based on n ¼ 146 cases (n ¼
65 with CR-POPF). For the laboratory parameters, odds ratios are
reported per increase of the stated number of units to give values of a
reasonable magnitude.
CR-POPF, clinically relevant-postoperative pancreatic fistula; DFA,
drain fluid amylase; POD, postoperative day; CRP, C-reactive protein.
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CRP (P < .001) and lower serum albumin (P ¼ .028) on POD3 were
all found to be significant independent predictors of CR-POPF. The
relationships between these laboratory parameters and CR-POPF
rates are visualized in Figure 3, A through C. The multivariable
model returned an AUROC of 0.80 (SE: 0.036) for the differentiation
between CR-POPF and BL-POPF.

The multivariable model was then converted to a risk score by
assigning between 0 to 3 points to ranges of the included variables
(Table IV). The resulting score generated values in the range 0 to 9,
with a CR-POPF rate of 0% in the 8 patients scoring 0 to 1 and 100%
in the 13 scoring 6 to 9 points (Figure 3, D), yielding an AUROC of
0.78 (SE: 0.038).

Application of the risk score to an external cohort

The risk score was then applied to the Verona cohort. This
comprised a total of 211 patients with POPF; however, 90 (42.6%) of
thesewere subsequently excluded because their DFAwas either not
raised (ie, <300 U/L) or not recorded between POD3 to 5. Of the
remaining 121 cases, CR-POPF was diagnosed in 87.6% (n ¼ 106),
which was considerably higher than the 47.1% (88/187) in the Bir-
mingham cohort (P < .001). To explain this discrepancy, the POPF
grades were further broken down, with the grade B leaks sub-
divided into grades B1 to B3 (Figure 4, A). This found a large dif-
ference in the rates of grade B1 leaks between cohorts, comprising
45.5% vs 3.2% of the Verona versus Birmingham cohorts. However,
combining the BL- and grade B1-POPF groups resulted in the dis-
tribution of POPF grades being similar in the 2 cohorts (P ¼ .978).

The risk score was then calculated for each patient in the Verona
cohort. Not all components of the score were routinely recorded on



Figure 3. Associations between laboratory parameters on postoperative day 3 and grade of postoperative pancreatic fistula. For the postoperative laboratory parameters, points
represent the observed rates within quintiles of the distribution and are plotted at the mean of the interval. For the risk score, points represent observed rates for each possible value
of the score. The whiskers represent 95% CIs. The trend lines are from univariable binary logistic regression models on the patient-level data, with the laboratory parameter or risk
score as a continuous covariate, and postoperative pancreatic fistula grade (clinically relevante versus biochemical leake) as the dependent variable. The plot of drain fluid amylase
uses a logarithmic scale on the x-axis to improve scaling. BL, biochemical leak; CR-POPF, clinically relevant-postoperative pancreatic fistula; CRP, C-reactive protein; DFA, drain fluid
amylase; POD, postoperative day.

Table IV
Risk score for CR-POPF (versus
biochemical leak)

Factor Points

Sex
Female 0
Male 1

DFA on POD3 (U/L)
<3,000 0
3,000e5,999 1
6,000e8,999 2
9,000þ 3

CRP on POD3 (mg/L)
<130 0
130e259 1
260e399 2
400þ 3

Albumin on POD3 (g/L)
<26 2
26e33 1
34þ 0

To calculate the risk score, the value of
each of the four factors should be
looked up in the table, and the asso-
ciated number of points added
together to give a value in the range
0 to 9.
CR-POPF, clinically relevant-
postoperative pancreatic fistula; DFA,
drain fluid amylase; POD, post-
operative day; CRP, C-reactive protein.
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POD3, with data available in 114 (94.2%), 55 (45.5%), and 20 (16.5%)
cases for CRP, DFA, and serum albumin, respectively. As such, the
measurement between POD1 to 10 that was performed closest to
POD3 was used to impute missing values, where available. As a
result, all patients had measurements for CRP and DFA, with 106
having serum albumin levels recorded; hence, the risk score was
calculable in 106 (87.6%) cases. Measurements of DFA were re-
ported with an upper limit of 7,500 U/L; for patients with values
above this limit (n ¼ 14; 11.6%), a value of 7,500 U/L was assumed,
resulting in a score of 2 points on the DFA component of the risk
score.

The risk score was not found to have significant predictive
accuracy for discriminating between CR-POPF and BL-POPF when
applied to the Verona cohort, with an AUROC of 0.52 (SE ¼ 0.07,
P ¼ .802, Figure 4, B). This was largely a result of the inflated CR-
POPF rate in the Verona versus Birmingham cohorts, which was
caused by the discrepancy in the numbers of grade B1 POPFs. As
such, the analysis was additionally performed for the alternative
outcome of critical POPF (versus noncritical POPF). The risk score
was found to be significantly predictive of this outcome in the
Verona cohort, with an AUROC of 0.68 (SE ¼ 0.06; P ¼ .006) and
rates of critical POPF increasing from 9% (2/22) to 63% (5/8) in
those scoring 0 to 2 and 6 to 9 points, respectively (Figure 4, C).
Applying the score to the outcome of critical POPF in the Bir-
mingham cohort returned similar results, with an AUROC of 0.70
(SE ¼ 0.05; P < .001), and rates increasing from 8% (3/37) to 54%
(7/13) for those scoring 0 to 2 and 6 to 9 points, respectively.



Figure 4. Postoperative pancreatic fistula (POPF) distribution and associations between the risk score and POPF rates by cohort. In (A), the distribution of POPF grades was found to
differ significantly between the 2 cohorts (Mann-Whitney U test: P < .001). However, after combining the biochemical leake and grade B1-POPF groups, the distribution of leak
grades was found to be similar in both cohorts (P ¼ .978). In (B) and (C), points represent the rates of clinically relevante or criticalePOPF in patients with each value of the risk
score, with whiskers representing 95% CIs; scores of 0 to 1 and 6 to 9 were combined, caused by small numbers, and plotted at the midpoint of the range. Trend lines are from
univariable binary logistic regression models on the patient-level data, with the risk score as a continuous covariate, and either clinically relevante or critical-POPF as the dependent
variable; separate models were produced for the Birmingham and Verona cohorts. Each graph depicts the relationship between individual laboratory parameters (graphs AeC) on
the third postoperative day and the derived risk score (graph D) on the incidence of clinically relevant POPF: (A) Drain fluid amylase (B) C-reactive protein (C) Serum albumin (D)
Risk score. BL, biochemical leak; CR-POPF, clinically relevant-postoperative pancreatic fistula.
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Comparison to existing risk scores

The proposed risk score was compared to existing Fistula Risk
Scores (a-FRS and B-FRS) that had been developed for predicting
POPF (versus no POPF). An ROC analysis of the Birmingham cohort
data was carried out and found that CR-POPF and BL-POPF could
only be discriminated using the proposed risk score (AUROC 0.78;
SE ¼ 0.04; P < .001) and not by existing risk scores (a-FRS: AUROC
0.59; SE ¼ 0.05; P ¼ .060 and B-FRS: AUROC 0.57; SE ¼ 0.05;
P ¼ .175).

Discussion

The main finding of this study was that it is possible to differ-
entiate between BL- and a CR-POPF as early as POD3, based on sex
and laboratory data (DFA, CRP, and serum albumin). The currently
available risk scores are based on preoperative and/or intra-
operative variables and were developed to predict POPF (versus no
POPF), either pre- or intraoperatively. Consequently, we did not
find these effective in differentiating between BL- and CR-POPF, as
one might expect. However, a novel risk score based on early
postoperative demographic and laboratory data showed promise in
stratifying the risk of CR-POPF development.

In our cohort, approximately half of patients with POPF diag-
nosed by a raised DFA on POD3 were subsequently diagnosed with
CR-POPF, a median of 9 days after surgery. Thus, there is a window
of opportunity after POD3 in which patients with POPF remain
clinically well but have the potential to progress to CR-POPF. Sup-
pose it was possible to identify those at the highest risk of pro-
gression to CR-POPF. In that case, these patients could be targeted
for early, pre-emptive intervention and/or recruited into clinical
trials. The timing and type of early intervention before the onset of
CR-POPF may be debated and should ideally be tested within the
constraints of a randomized trial. For example, high-risk patients
may benefit from avoiding/modifying fast-track policies, earlier
initiation of antibiotics, supplemental nutrition, and/or earlier
cross-sectional imaging.

The introduction of universally accepted definitions for POPF
has been welcomed by the pancreatic surgery community and has
facilitated the development of Fistula Risk Scores and comparisons
of outcomes between centers.4,5 However, although the ISGPS
definitions of BL- and CR-POPF are relatively clear and straightfor-
ward, there are 3 main drawbacks to classifying POPF based on the
extent of treatment. The first is that the severity of POPF can only be
classified retrospectively and, therefore, cannot be used to guide
patient management.

Secondly, the underlying assumption that more intensive
management indicates more severe POPF can penalize proactive
centers in treating POPF. This was observed in the current study,
during which POPF cases in the Verona cohort were almost twice as
likely to be classified as clinically relevant, compared to those in
Birmingham, as a result of differences in the criteria for removing
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surgical drains. Finally, these definitions do not necessarily mirror
the “severity” or magnitude of a POPF from a pathophysiologic
viewpoint. Pancreatic fistulae may encompass a spectrum of
pathologic processes, from postoperative pancreatitis,16,17 suture
hole leaks or minor defects in the anastomosis, to partial or full
anastomotic dehiscence. In addition to “technical failure,” which
presents as a POPF in the early postoperative period, there may also
be a small subset of patients who develop a “late leak,” the etiology
of which is unclear but may include ischemia. Although BL- and CR-
POPF may broadly reflect 2 ends of a spectrum of severity, a cor-
relation between the pathophysiologic processes is imperfect with
significant overlap. For example, a patient with a “minor” leak may
be diagnosed with a CR-POPF simply caused by failure of a surgical
drain.

The DFA values have been used to define POPF and guide drain
management, and our data indicate a strong correlation between
CR-POPF and DFA values in the early postoperative period. This
would suggest that higher DFA values may be more likely to reflect
a major anastomotic failure, whereas moderately raised DFA values
may be more common in suture hole leaks or minor anastomotic
leaks. Debate remains about the optimal cut-off value of DFA on
POD1 belowwhich it is deemed safe to remove surgical drains,18e21

but higher threshold values are associated with a higher rate of
false negatives, potentially converting some patients from BL- to
CR-POPF.

In addition to DFA, other factors that differentiated between BL-
and CR-POPF in our study were male sex and laboratory values of
CRP and serum albumin on POD3. Male patients with POPF were
around 1.5-times more likely to develop CR-POPF than female pa-
tients. Although this is unclear, it may reflect a higher incidence of
visceral adiposity in men, which may be associated with pancreatic
steatosis.22,23 C-reactive protein is an inflammatory marker that
increases after major surgery,24 and peaks on POD3 or 4. Our study
has shown that the CRP value diverges in patients with BL- and CR-
POPF as early as POD2 and that this difference persists until at least
POD7. This difference in CRP presumably reflects an increased local
inflammatory response in the perianastomotic tissues and/or
pancreatitis rather than infection, which may occur later. An as-
sociation between CRP and CR-POPF has also been noted in other
smaller studies.25,26 Patients with CR-POPF are susceptible to sec-
ondary bacterial and/or fungal infections, although the timing of
infection and its role in the pathogenesis of CR-POPF is not clear. It
is feasible that secondary infection may also trigger the conversion
of BL- into CR-POPF.27 The role of antibiotic and/or antifungal
prophylaxis warrants prospective study in a clearly defined popu-
lation of high-risk patients. Postoperative hypoalbuminemia is a
normal physiologic response after major surgery, but an excessive
drop was associated with CR-POPF in our study. This is consistent
with findings from other studies andmay reflect hypoalbuminemia
having a detrimental effect on tissue repair, potentially leading to
delayed fistula closure.28e30

The primary limitations of the analysis related to the fact that
data were not available for all laboratory results on each POD.
When deriving the risk score in the Birmingham cohort, a last
measure carried-forwards approach was used to maximize the
number of cases included. However, the final model excluded 22%
of cases for which data for the markers of interest were not avail-
able. This will have reduced the statistical power of the analysis and
may have introduced selection bias if these cases were not missing
at random. In the Verona cohort, the majority of cases did not have
complete data for the risk score components on POD3, and so the
measurement nearest to POD3was used, where available. However,
because the predictive accuracy of the laboratory results was
shown to vary over the postoperative period, this may have
impacted the predictive accuracy of the risk score when applied to
the Verona cohort. In addition, the Verona cohort used an upper
limit of 7,500 U/L for DFA, with values above this assumed to be in
the interval 6,000 tp 8,999 U/L when calculating the risk score.
However, if the valuewas actually�9,000 in some of these patients,
then their risk score will have been underestimated by 1 point. To
confirm the clinical utility of the proposed risk score, external
validation in a prospective cohort would be required.

The second limitation stemmed from the discrepancies in the
distributions of POPF grade between the Birmingham and Verona
cohorts. The high rate of grade B1-POPF in the latter resulted in the
analysis of the Verona cohort finding the risk score not to be
significantly discriminative between CR-POPF and BL-POPF.
Repeating the analysis on the alternative outcome of critical POPF
did find performance of the risk score to be acceptable; hence, it
was assumed that performance would have been similar for CR-
POPF had the two cohorts used similar POPF treatment protocols.
However, this highlighted the issue with using the extent of
treatment to define the severity of POPF and implies that the ac-
curacy of any risk score for identifying CR-POPF could vary
dramatically between centers with disparate approaches to POPF
management. In light of this, before any such risk score could be
used in practice, it would need to be validated locally, potentially
using retrospectively collected data, to ensure that it has adequate
performance at the specific center at which it is implemented.

Finally, the analyses excluded the subgroup of patients who
developed POPF but did not have raised DFA between POD3 to 5. As
a result of these exclusions, the results of the study are only
generalizable to those patients who are initially diagnosed with
POPF before POD5 and may not be applicable to those developing
“late” POPF.

In conclusion, we identified several factors that may permit
differentiation between BL- and CR-POPF by the POD3. High-risk
patients may benefit from earlier diagnostic imaging and/or in-
terventions and could be targeted for prospective studies of ther-
apeutic interventions for CR-POPF.
Funding/Support

This research did not receive any specific funding from any
agencies in the public, commercial, or not-for-profit areas.
Conflict of interest/Disclosure

The authors have no conflicts of interests or disclosures to
report.
References

1. Allen PJ, G€onen M, Brennan MF, et al. Pasireotide for postoperative pancreatic
fistula. N Engl J Med. 2014;370:2014e2022.

2. Pedrazzoli S. Pancreatoduodenectomy (PD) and postoperative pancreatic fis-
tula (POPF): a systematic review and analysis of the POPF-related mortality rate
in 60,739 patients retrieved from the English literature published between
1990 and 2015. Medicine (Baltimore). 2017;96(e):6858.

3. Crippa S, Salvia R, Falconi M, Butturini G, Landoni L, Bassi C. Anastomotic
leakage in pancreatic surgery. HPB (Oxford). 2007;9:8e15.

4. Bassi C, Dervenis C, Butturini G, et al. Postoperative pancreatic fistula: an in-
ternational study group (ISGPF) definition. Surgery. 2005;138:8e13.

5. Bassi C, Marchegiani G, Dervenis C, et al. The 2016 update of the International
Study Group (ISGPS) definition and grading of postoperative pancreatic fistula:
11 years after. Surgery. 2017;161:584e591.

6. Callery MP, Pratt WB, Kent TS, Chaikof EL, Vollmer II CM. A prospectively
validated clinical risk score accurately predicts pancreatic fistula after pan-
creatoduodenectomy. J Am Coll Surg. 2013;216:1e14.

7. Mungroop TH, van Rijssen LB, van Klaveren D, et al. Alternative Fistula Risk
Score for pancreatoduodenectomy (a-FRS): design and international external
validation. Ann Surg. 2019;269:937e943.

http://refhub.elsevier.com/S0039-6060(22)00718-8/sref1
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref1
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref1
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref1
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref2
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref2
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref2
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref2
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref3
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref3
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref3
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref4
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref4
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref4
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref5
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref5
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref5
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref5
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref6
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref6
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref6
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref6
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref7
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref7
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref7
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref7


S.S. Raza et al. / Surgery 173 (2023) 492e500500
8. Roberts KJ, Sutcliffe RP, Marudanayagam R, et al. Scoring system to predict
pancreatic fistula after pancreaticoduodenectomy: a UK multicenter study. Ann
Surg. 2015;261:1191e1197.

9. Smits FJ, Molenaar IQ, Besselink MG, et al. Early recognition of clinically rele-
vant postoperative pancreatic fistula: a systematic review. HPB (Oxford).
2020;22:1e11.

10. Li B, Pu N, Chen Q. Comprehensive diagnostic nomogram for predicting clini-
cally relevant postoperative pancreatic fistula after pancreatoduodenectomy.
Front Oncol. 2021;11, 717087.

11. Guilbaud T, Garnier J, Girard E, et al. Postoperative day 1 combination of serum
C-reactive protein and drain amylase values predicts risks of clinically relevant
pancreatic fistula. The "90-1000" score. Surgery. 2021;170:1508e1516.

12. Newhook TE, Vega EA, Vreeland TJ, et al. Early postoperative drain fluid
amylase in risk-stratified patients promotes tailored post-pancreatectomy
drain management and potential for accelerated discharge. Surgery.
2020;167:442e447.

13. Kanda M, Fujii T, Takami H, et al. Novel diagnostics for aggravating pancreatic
fistulas at the acute phase after pancreatectomy. World J. Gastroenterol.
2014;20:8535e8544.

14. Maggino L, Malleo G, Bassi C, et al. Decoding grade B pancreatic fistula: a
clinical and economical analysis and subclassification proposal. Ann Surg.
2019;269:1146e1153.

15. Roberts KJ, Hodson J, Mehrzad H, et al. A preoperative predictive score of
pancreatic fistula following pancreatoduodenectomy. HPB. 2014;16:620e628.

16. Marchegiani G, Barreto SG, Bannone E, et al. Postpancreatectomy acute
pancreatitis (PPAP): definition and grading from the International Study Group
for Pancreatic Surgery (ISGPS). Ann Surg. 2022;275:663e672.

17. Bannone E, Andrianello S, Marchegiani G, et al. Postoperative acute pancre-
atitis following pancreaticoduodenectomy: a determinant of fistula poten-
tially driven by the intraoperative fluid management. Ann Surg. 2018;268:
815e822.

18. Bassi C, Molinari E, Malleo G, et al. Early versus late drain removal after
standard pancreatic resections: results of a prospective randomized trial. Ann
Surg. 2010;252:207e214.

19. Fong ZV, Correa-Gallego C, Ferrone CR, et al. Early drain removaldthe middle
ground between the drain versus no drain debate in patients undergoing
Pancreaticoduodenectomy: a prospective validation study. Ann Surg. 2015;262:
378e383.

20. Israel JS, Rettammel RJ, Leverson GE, et al. Does postoperative drain amylase
predict pancreatic fistula after pancreatectomy? J Am Coll Surg. 2014;218:
978e987.

21. Kawai M, Kondo S, Yamaue H, et al. Predictive risk factors for clinically relevant
pancreatic fistula analyzed in 1,239 patients with pancreaticoduodenectomy:
multicenter data collection as a project study of pancreatic surgery by the
Japanese Society of Hepato-Biliary-Pancreatic Surgery. J Hepato-Biliary-Pan-
creat Sci. 2011;18:601e608.

22. Duzkoylu Y, Ozdemir M, Sair E, et al. A novel method for the prediction of
pancreatic fistula following pancreaticoduodenectomy by the assessment of
fatty infiltration. Indian J Surg. 2019;81:3225e3231.

23. Zhou L, Xiao W-M, Li C-P, Gao Y-W, Gong W-J, Lu G-T. Impact of fatty pancreas
on postoperative pancreatic fistulae: a meta-analysis. Front. Oncol. 2021;11:
622282.

24. Bannone E, Marchegiani G, Balduzzi A, et al. Early and sustained elevation in
serum pancreatic amylase activity: a novel predictor of morbidity after
pancreatic surgery. Ann Surg. 2021;21:S106.

25. Partelli S, Pecorelli N, Muffatti F, et al. Early postoperative prediction of clini-
cally relevant pancreatic fistula after pancreaticoduodenectomy: usefulness of
C-reactive protein. HPB (Oxford). 2017;19:580e610.

26. Mintziras I, Maurer E, Kanngiesser V, Bartsch DK. C-reactive protein and drain
amylase accurately predict clinically relevant pancreatic fistula after partial
pancreaticoduodenectomy. Int J Surg. 2020;76:53e58.

27. Demir E, Abdelhai K, Demir IE, et al. Association of bacteria in pancreatic fistula
fluid with complications after pancreatic surgery. BJS Open. 2020;4:432e437.

28. Shen J, Guo F, Sun Y, et al. albumin difference as a new predictor of post-
operative complications following pancreatectomy. Dig Surg. 2021;38:
166e174.

29. Sakamoto T, Yagyu Y, Uchinaka EI, et al. Predictive significance of C-reactive
protein-to-albumin ratio for postoperative pancreatic fistula after pan-
creaticoduodenectomy. Anticancer Res. 2019;39:6283e6290.

30. Liu Z, Jin K, Guo M, et al. Prognostic value of the CRP/Alb ratio, a novel
inflammation-based score in pancreatic cancer. Ann Surg Oncol. 2017;24:
561e568.

http://refhub.elsevier.com/S0039-6060(22)00718-8/sref8
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref8
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref8
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref8
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref9
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref9
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref9
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref9
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref10
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref10
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref10
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref11
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref11
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref11
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref11
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref12
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref12
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref12
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref12
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref12
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref13
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref13
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref13
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref13
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref14
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref14
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref14
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref14
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref15
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref15
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref15
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref16
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref16
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref16
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref16
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref17
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref17
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref17
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref17
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref17
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref18
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref18
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref18
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref18
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref19
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref19
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref19
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref19
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref19
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref19
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref20
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref20
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref20
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref20
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref21
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref21
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref21
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref21
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref21
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref21
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref22
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref22
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref22
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref22
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref23
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref23
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref23
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref24
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref24
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref24
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref25
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref25
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref25
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref25
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref26
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref26
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref26
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref26
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref27
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref27
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref27
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref28
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref28
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref28
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref28
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref29
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref29
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref29
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref29
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref30
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref30
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref30
http://refhub.elsevier.com/S0039-6060(22)00718-8/sref30

	Early postoperative risk stratification in patients with pancreatic fistula after pancreaticoduodenectomy
	Introduction
	Methods
	Data collection
	Birmingham cohort
	Verona cohort
	Postoperative management
	Definitions of variables
	Statistical methods

	Results
	Birmingham cohort characteristics
	Predictors of CR-POPF
	Application of the risk score to an external cohort
	Comparison to existing risk scores

	Discussion
	Funding/Support
	Conflict of interest/Disclosure
	References


