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Purpose: The International Study Group on Pancreatic Fistula's definition of postoperative pancreatic fistula (POPF) has
recently been updated. This study aimed to identify risk factors for POPF in patients having pancreaticoduodenectomy (PD]
and to generate a nomogram to predict POPF.

Methods: Data on 298 patients who underwent PD from March 2012 to October 2017 was retrospectively reviewed and
POPF statuses were redefined. A nomogram was constructed using data from 220 patients and validated using the
remaining 78 patients. Independent risk factors for POPF were identified using univariate and multivariate analyses. A
predictive nomogram was established based on the independent risk factors and was compared with existing models.
Results: Texture of the pancreas, size of the main pancreatic duct, portal vein invasion, and definitive pathology were the
identified risk factors. The nomogram had a C-index of 0.793 and was internally validated. The nomogram performed better
(C-index of 0.816) than the other most cited models (C-indexes of 0.728 and 0.735) in the validation cohort. In addition, the
nomogram can assign patients into low- (less than 10%), intermediate- (10% to 30%), and high-risk (equal or higher than

30%) groups to facilitate personalized management.

Conclusion: The nomogram accurately predicted POPF in patients having PD.

[Ann Surg Treat Res 2020;98(2):72-81]
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INTRODUCTION

Postoperative pancreatic fistula (POPF) is a frequent and
intractable complication in patients who have had pan-
creatic resection. POPF is significantly associated with
morbidity and can double the rate of mortality after surgery

[1]. POPF rates after pancreatectomy and particularly after
pancreaticoduodenectomy (PD) have been reported to range
from 2% to 28% [2,3]. This large range is mainly due to the
different methods of managing pancreatic remnant and
the previously vague definition of POPF. To address this,
the International Study Group on Pancreatic Fistula (ISGPF)
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suggested a POPF definition and grading system, which has
been widely accepted since 2005 [4]. This system was recently
updated by the ISGPF with clearer and more precise statements,
based on the studies performed in the last decade. And POPF
is now redefined as a drain output of any measurable volume
of fluid with an amylase level >3 times the upper limit of
institutional normal serum amylase activity, related to the
clinically relevant condition caused by the pancreatic fistula
directly. A novel concept of "biochemical leak” displaced
the former grade A POPF under the circumstances, which
is no longer considered a true fistula because of nonclinical
importance [5]. These modifications, however, may lead to
inconsistent diagnoses and classifications of POPF if different
versions of the system are applied in clinical practice. Therefore,
it is necessary to reassess historical data to understand the
effect of the new classification system. In addition, a number of
investigations were performed to identify risk factors for POPF
using the original definition and classification [6]; here, we
aim to reevaluate the risk factors for POPF using the updated
system.

Based on risk factors, researchers have proposed several
predictive models for the purposes of early identification and
effective management of POPF in high-risk patients [7-11].
However, these models have not yet been widely accepted.
One of the reasons for this is that Callery's model had an
area under curve (AUC) of higher than 0.93 in the original
cohort [7], but only had an AUC of 0.68 when used by another
institute using the updated POPF definition [12]. In addition,
some models, although they performed well, used extremely
complicated formulas that lacked direct clinical significance
[8]. Other models were based on relatively small cohorts [11].
Most importantly, accepted predictive models using the latest
POFPF definition have not yet been established and are urgently
needed.

Nomograms are a proven, useful type of tool for predicting
the risks of adverse events and likelihood of survival in various
clinical scenarios [13-15]. Compared with other decision aids
including risk groupings, probability tables, artificial neural
networks, and classification and regression tree analyses,
nomograms provide evidence-based and highly accurate risk
estimates for individualized decision-making [16]. Furthermore,
nomograms are visual and are practical in clinical settings.
In this study, we endeavored to determine the risk factors
for POPF after PD using the new definition, and to generate
a nomogram based on these risk factors for predicting risk of
POPF in relevant patients.

METHODS

Patient selection and data collection
The protocol of this study was reviewed by the Medical Ethics

Committee of the First Affiliated Hospital, Zhejiang University
School of Medicine (2019 K705), which waived the need for
consent due to the retrospective nature of the study.

Patients who underwent PD for pancreatobiliary disorders at
our center from March 2012 to June 2016 were retrospectively
enrolled for development of the nomogram. Patients from
August 2016 to October 2017 were enrolled with the same
selection criteria and were analyzed as an independent internal
validation set. Patients with incomplete information or
uncertain POPF statuses were excluded.

The following data were extracted from the electronic
medical database: sex, age, body mass index (BMI), morbidity,
history of alcohol use and smoking, preoperative biliary
drainage, biochemical results, and surgical information
including but not limited to duration of surgery, estimated
blood loss, texture of pancreas, size of the main pancreatic duct,
and pancreaticojejunostomy (PJ) technique. To ensure accuracy,
data were independently checked by 2 authors and judged by
an experienced surgeon if the 2 authors did not agree.

Operative procedures
Classic PD techniques were performed in all patients. In

brief, the pancreatic head, neck, and uncinate process were
removed, followed by removal of the duodenum, gallbladder,
common bile duct, and distal part of the stomach. The
duct of Wirsung (i.e., pancreatic duct) was measured and
identified, along with the pancreas transected at the level of
the left wall of the portal vein. Child's technique was used for
gastrointestinal reconstruction. For a double-layer PJ, duct-to-
mucosa or invagination anastomosis was used as previously
described [17]. Before March 2015, the PJ technique was chosen
randomly for the purpose of a clinical trial [17]. After this date,
the PJ technique was chosen based on the characteristics of the
pancreatic remnant and our experience. In patients with a firm
pancreas and a dilated pancreatic duct (diameter no smaller
than 3 mm), a duct-to-mucosa PJ] was selected. Otherwise, an
invagination P] was preferred. If possible, an internal stent was
inserted in the pancreatic duct. A sump drain-irrigation tube
was routinely placed behind the bilioenteric anastomosis and
beside the PJ anastomosis. A prophylactic jejunostomy feeding
tube was placed only in patients with severe malnutrition.
Fluid needs during the procedure were based on classical
physiological parameters such as heart rate, blood pressure, and
central venous pressure.

Postoperative management
Previously, the postoperative care path mainly included

prophylactic antibiotics, early enteral feeding or nutritional
support, removal of the nasogastric and abdominal drains
tube if meeting standards or agreements, respectively.
Patients admitted after May 2014 were managed according
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Table 1. Patient baseline characteristics by cohort

Characteristic

Sex
Male
Female
Age (yr)
Body mass index (kg/mz)
Smoking
Yes
No
Alcohol
Yes
No
Hypertension
Yes
No
Diabetes mellitus
Yes
No
Coronary artery disease
Yes
No
History of acute pancreatitis
Yes
No
Preoperative biliary drainage
Yes
No
Elevated serum CA 19-9 level
Yes
No
Hypoalbuminemia
Yes
No
Elevated total bilirubin level
Yes
No
Operation time (min)
Pancreaticojejunostomy technique technique
Duct-to-mucosa
Invagination
Estimated blood loss (mL)
Blood transfusion (unit)
Texture of pancreas
Firm or fibrotic
Soft or normal
Diameter of the main pancreatic duct (mm)
Intraductal stent
Yes
No
Definitive pathology
Pancreatic head cancer or pancreatitis
Other
Portal vein invasion
Yes
No

Training cohort (n = 220)

119 (54.1)
101 (45.9)

62 (21-83)
22.4(16.0-34.6)

78 (35.5)
142 (64.5)

53 (24.1)
167 (75.9)

67 (30.5)
153 (69.5)

30 (13.6)
190 (76.9)

12 (5.5)
208 (94.5)

18 (8.2)
202 (91.8)

58 (26.4)
162 (73.6)

115 (52.3)
105 (47.7)

51(23.2)
169 (76.8)

93 (42.3)
127 (57.7)
360 (180-765)

145
75
300
0

65.9)
34.1)
20-2,000)
0-14.25)

117 (53.2)
103 (46.8)
3.0 (1.0-15.0)

168 (76.4)
52 (23.6)

104 (47.3)
116 (52.7)

60 (27.3)
160 (72.7)

Validation cohort (n = 78)

49 (62.8)

29 (37.2)

65 (37-90)
21.6 (17.3-27.9)

39 (50.0)
39 (50.0)
300 (205-680)

57 (73.1)

21 (26.9)

300 (50-1,500)
0 (0-8.5)

47 (60.3)
31(23.1)
3.0 (1-15.0)

62 (79.5)
16 (20.5)

Univariate
P-value

0.182

0.127
0.112
0.499

0.380

0.215

0.236

0.767

0.891

0.240

0.224

0.507

0.238

0.440
0.244

0.611
0.712
0.281

0.626
0.572

0.261

0.952
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Table 1. Continued

Characteristic

POPF
Yes
Grade B
Grade C
No

Values are presented as number (%) or median (range).
POPF, postoperative pancreatic fistula.

to the predetermined protocol of enhanced-recovery after
surgery [18]. Neither somatostatin nor octreotide was adopted
prophylactically, but could be used if POPF was diagnosed.
The volume and amylase level of drainage fluid were routinely
monitored on postoperative day 3, 5, and 7 until drain removal
or patient discharge. The drains were removed at the surgeon's
discretion, when their total daily output was <30 mL, amylase
level was below 3 times the serum upper level of normal value
or appearance of the effluent was unalarming at that time.
Closer observation, maintenance of the drain, or additional
measures like therapeutic somatostatin, supplemental
nutritional support or percutaneous drainage were taken, as
appropriate, provided that a POPF had been diagnosed [5].

Outcomes
The primary outcome, POPF, was diagnosed according

to the updated ISGPF definition and classification [5]. For
reassessment of POPF with the new definition, we reviewed
all the patient data regarding postoperative parameters rele-
vant to POPF (e.g., amylase level in drainage fluid, duration
of abdominal drain, interventional radiology procedures,
reoperation, organ failure, length of hospital stay). Disagree-
ments were resolved by discussion. Perioperative mortality was
defined as any death occurring in the hospital or within 90
days of surgery. Readmission was counted when patients were
readmitted within 90 days of discharge due to surgery-related
complications. The severities of complications were graded
using the Clavien-Dindo classification [19].

Statistical analysis
Data are presented as the median and interquartile range.

Univariate and multivariate analyses were performed using IBM
SPSS Statistics ver. 22.0 (IBM Co., Armonk, NY, USA). Categorical
variables and continuous variables were compared using the
chi-square test (Fisher exact test, when applicable) and Student
ttest (or Mann-Whitney U-test), respectively. Univariate logistic
regression analysis was used to assess the relationship between
each variable and the development of POPF. All variables
associated with POPF at a significant level then went through
stepwise multivariate analysis. A nomogram was formulated

Training cohort (n = 220)  Validation cohort (n = 78) UFr)nvanate
-value
0.170
50 (22.7) 12 (15.4)
40 (80.0) 10 (83.3)
10 (20.0) 2(16.7)
170 (77.3) 66 (84.6)

based on the results of multivariate logistic regression analysis,
using the rms package of R ver. 3.1.1 (R Foundation for Statistical
Computing, Vienna, Austria; http:/www.r-project.org/). The
nomogram was created by proportionally converting each
regression coefficient in the multivariate logistic regression to a
0- to 100-point scale. The effect of the variable with the highest
B coefficient (absolute value) was assigned 100 points. Points
are added across independent variables to derive total points,
which are converted to predicted probabilities. The predictive
performance of the nomogram was measured by concordance
index (C-index) and the tool was calibrated with 500 bootstrap
samples to decrease the overfit bias. A P-value less than 0.05
was considered to be statistically significant.

RESULTS

Patient characteristics
Of the 306 patients who were considered for enrollment in

this study, 8 were excluded owing to incomplete clinical data.
A total of 130 male and 168 female patients were included,
with an average age of 63 years. During the study period, 220
patients met the inclusion criteria and were used for developing
the nomogram (defined as the training cohort). Another 78
patients who met the inclusion criteria were used as the
validation cohort. The ratio of patients in these groups was
almost 3 to 1. The baseline characteristics of the patients did
not differ significantly between the 2 groups (Table 1).

In all patients across both cohorts, the postoperative lengths
of intensive care unit stay and hospital stay were 0 (range, 0-1)
and 13.0 days (range, 8.0-20.0 days), respectively. The most
frequent reasons for PD in these patients were pancreatic head
cancer (46.6%), ampullary or duodenal cancer (17.8%), distal
cholangiocarcinoma (12.4%), and pancreatic cystic neoplasms
(16.1%) (Supplementary Tables 1, 2).

Risk factors for POPF in the training cohort

Univariate analysis revealed 5 factors that were significantly
correlated with POPF. These were the texture of the pancreas,
the diameter of the main pancreatic duct, PJ technique, portal
vein invasion, and pathology type (Table 2). The incidence of
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POPF in patients with a soft or normal pancreas was higher
than that in patients with a firm or fibrotic pancreas (37.9%
vs. 0.4%, P < 0.001). Patients with small pancreatic main ducts
(less than 3 mm) [20] were more likely to develop POPF than
those with larger ducts (31.3% vs. 175%, P = 0.018). There was
a lower POPF rate in patients with pancreatic head cancer or
chronic pancreatitis than in patients with other diseases (16.3%
vs. 284%, P = 0.032). A significant difference in POPF rate was
also detected between the patients who underwent different
PJ techniques, with a higher POPF rate in patients who had had
invagination PJ (30.7% vs. 18.6%, P = 0.043).

Multivariate analysis showed that PJ technique did not
independently predict POPF (Table 2). Of note, patients with a
soft or normal pancreas (odds ratio [OR], 6.93; 95% confidence
interval [CI], 3.13-15.32; P < 0.001) or with a small pancreatic
duct (OR, 1.21; 95% CI, 1.00-1.47; P = 0.045) were at increased
risk of developing POPF after PD. Those with portal vein
invasion (OR, 0.34; 95% CI, 0.13-0.87; P = 0.025) or with
pancreatic head cancer or pancreatitis (OR, 0.39; 95% CI, 0.18—-
0.83; P = 0.014) were less likely to develop POPF.

Development and validation of the predictive

nomogram
Based on the 4 independent risk factors, we constructed a

nomogram for predicting the probability of POPF in patients
who undergo PD (Fig. 1). The number of points assigned to
each factor is weighted by the OR of that variable. The total
number of points corresponds to the estimated probability that
POPF will develop. For example, a patient who underwent PD
because of pancreatic head cancer was found with portal vein
invasion and had a soft pancreas, and the diameter of their
main pancreatic duct was 3 mm. In this case, the total points
would be around 115 and the corresponding probability that
this patient will develop POPF is less than 10%.

In the training cohort, the C-index of the nomogram for
POPF prediction was 0.793 (95% CI, 0.731-0.855). In addition,
the calibration curve showed adequate consistency between
predicted occurrence of POPF using the nomogram and the
actually observed occurrence of POPF in the cohort (Fig. 2A).

In the validation cohort, the C-index of the nomogram for
predicting POPF was 0.816 (95% CI, 0.684-0.949). The calibration

Table 2. Univariate and multivariate analyses of risk factors for POPF in the training cohort

Univariate analysis

Multivariate analysis

Variable
OR 95% Cl P-value OR 95% Cl P-value
Age 1.002 0.974-1.031 0.903
Sex, female/male 0.733 0.386-1.390 0.340
Body mass index 1.025 0.877-1.085 0.650
Smoking, yes/no 1.031 0.534-1.990 0.927
Alcohol, yes/no 0.529 0.231-1.213 0.128
Hypertension, yes/no 0.660 0.320-1.362 0.259
Diabetes mellitus, yes/no 1.040 0.418-2.589 0.932
Coronary artery disease, yes/no 1.142 0.297-4.389 0.848
History of acute pancreatitis, yes/no 1.342 0.454-3.965 0.594
Preoperative biliary drainage, yes/no 1.828 0.928-3.600 0.079
Elevated serum CA 19-9 level, yes/no 0.986 0.524-1.853 0.965
Hypoalbuminemia, yes/no 1.815 0.901-3.659 0.093
Elevated total bilirubin level, yes/no 1.096 0.580-2.070 0.779
Operative time 0.998 0.995-1.001 0.253
Pancreaticojejunostomy technique, 0.517 0.271-0.986 0.043* 0.577 0.277-1.202 0.142
duct-to-mucosa/invagination
Intraductal stent, yes/no 0.649 0.320-1.315 0.228
Estimated blood loss 0.999 0.998-1.001 0.251
Blood transfusion 0.997 0.880-1.128 0.958
Texture of pancreas, soft or normal/firm or 5.872 2.809-12.278 <0.001* 6.934 3.138-15.321 <0.001*
fibrotic
Diameter of the main pancreatic duct 1.259 1.048-1.513 0.014* 1.214 1.004-1.469 0.045*
Definitive pathology, pancreatic head 0.491 0.255-0.949 0.032*% 0.390 0.184-0.828 0.014*
cancer or pancreatitis/other
Portal vein invasion, yes/no 0.358 0.152-0.851 0.017* 0.339 0.132-0.871 0.025*

POPF, postoperative pancreatic fistula; OR, odds ratio; Cl, confidence interval.

*P < 0.05, statistically significant difference.
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plot showed good agreement between the predictions by the
nomogram and actual observations (Fig. 2B).

0 10 20 30 40 50

Comparisons between the nomogram and existing

models using the validation cohort
To compare our nomogram with previously reported models,

we tested 2 validated models (generated by Callery et al. [7] and
Mungroop et al. [21]) using the validation cohort. The C-indexes

60 70 80 90

100

Points

Portal vein invasion r
Yes

Duct diameter in mm r T T T T T T T
1%5 14 13 12 11 10 9 8
Soft or normal
Texture of pancreas
Firm of fibrosis

Other
Pathology ) r — !
Pancreatic cancer or pancreatitis . )
Fig. 1. Nomogram to predict the
Total points 1 probability that postoperative
0 20 40 60 80 100 120 140 160 180 200 220 240 papcreatic fistula will develop
Probability ' I in patients who have undergone
01 02 0304050607 pancreaticoduodenectomy.
A B
1.0 - P 1.0 P
0.8 1 0.8 1
2z g 2z
§ 061 2 06
Qo Qo
S o
a a
S 0.4 S 041
© °
< <
0.2 Apparent 0.2 1 Apparent
o —— Bias-corrected L7 —— Bias-corrected
s ---- Ideal s ---- ldeal
0 - T T T T 1 O - T T T T 1
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0

Predicted probability

Predicted probability

Fig. 2. Calibration curves comparing predicted and actual probabilities of postoperative pancreatic fistula in the training cohort

(A) and in the validation cohort (B).

A 1.0+ B 1.0+ c 1.0+
0.8 1 154,562 (0.727, 0.833) 0.8 1 0.8 1
0.101 (0.742, 0.750)
> > >
s 061 £ 06- £ 061
S 0.4 S 0.4 S 0.4
n (] 3.500 (0.970,07333) n
0.2+ 0.2+ 0.2+
AUC = 0.816 (0.684, 0.949) AUC =0.706 (0.547, 0.864) AUC =0.789 (0.627, 0.951)
0 1 T T T T T 1 0 1 T T T T T 1 0 1 T T T T T 1
0 02 04 06 08 1.0 0 02 04 06 08 1.0 0 02 04 06 08 1.0
1-Specificity 1-Specificity 1-Specificity

Fig. 3. Comparison of the accuracy of the prediction of postoperative pancreatic fistula development in the validation cohort
between the nomogram (A) and the conventional models, Callery’s model [7] (B) and Mungroop’s model [21] (C). AUC, area
under curve.
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Table 3. Risk groups based on the predictive nomogram for all patients

Group Total points
Low risk <133.5
Intermediate risk 133.5-178.25
High risk >178.25

Predicted risk

Predicted mean risk Observed rate

Table 4. Outcomes related to POPF by risk group for all patients

Low risk

Adverse events (n=101)

Readmission (%)

Secondary infections (%)

Prolongation of drainage (>21 days) (%) 2
Percutaneous drainage (%)

Postpancreatectomy hemorrhage (%)

Reoperation (%)

Mortality (%)

coocoiNoo

<10% 7.7% 2% (2/101)
10%-30% 17.0% 19.6% (21/107)
>30% 46.7% 43.3% (39/90)
Intermediate risk High risk P_value
(n=107) (n=90)
3(2.8) 33.3) 0.201
15 (14.0) 6(28.9) <0.001*
15 (14.0) 7 (30.0) <0.001*
6 (5.6) 0(11.1) 0.003*
2(1.9) 7 (7.8) 0.005*
1(0.9) 7 (7.8) 0.002*
2(1.9) 3(3.3) 0.198

Secondary infections, infections occurring owing to the postoperative pancreatic fistula (POPF) itself, regardless of the severity of

infection to some extent.
*P < 0.05, statistically significant difference.

of Callery's and Mungroop's models were 0.706 and 0.789,
respectively (Fig. 3B, C). Our nomogram, with a C-index for this
cohort of 0.816, performed better (Fig. 3A).

Risk groups based on the nomogram
We identified 3 risk groups based on the risk distribution

estimated by the nomogram using the whole cohort. The low-
risk group (total points of less than 1335, with a predicted POPF
rate of less than 10%) had a predicted mean risk of 7.7%. The
intermediate-risk group (total points of 1335 to 178.25, with a
predicted POPF rate of between 10% and 30%) had a predicted
mean risk of 17.0%. The high-risk group (total points equal or
more than 178.25, with a predicted POPF rate of equal to or
higher than 30%) had a predicted mean risk of 46.7% (Table 3).
Significant differences were noted when comparing the groups
with each other about the observed POPF rates and predicted
mean risks (P < 0.001).

There are significant variations in the incidences of adverse
events related to POPF among these 3 different risk groups
(Table 4).

DISCUSSION

Starting from most disease-relevant demographics and clini-
copathological variables, we identified 4 independent risk
factors for POPF. Most of these factors were well-known risk
factors for POPF using the 2005 definition, except portal vein
invasion, which was infrequently reported specifically as a
risk factor for POPF after PD [22-24]. In addition to the fact
that many studies did not include portal vein invasion as a

candidate risk factor [21], whether portal vein invasion was seen
to be a risk factor may have been affected by the proportion of
patients with malignancies and venous invasion in the cohort
in question. For instance, in the study by Yamamoto et al. [10],
incidences of pancreatic cancer (51.9%) and portal vein invasion
(21.4%) were reported that were similar to those in our patient
group (49.3% and 27.2%, respectively). Yamamoto et al. [10] also
identified involved portal vein as an independent risk factor for
POPF, although they used preoperative computed tomography
evaluation compared with our postoperative pathological
assessment.

Although some studies have revealed that BMI [21,22] and
intraoperative blood loss [7,25] were risk factors for POPF, we
failed to confirm this in our patient group. Asian patients
normally have a lower BMI compared with Western people [26].
In fact, only 14.8% of our participants had a BMI higher than
25, which could have led to an underestimate of the effect of
a high BMI in the development of POPF. These variables are
plausible as risk factors, the discrepancies between the different
studies probably being due to instabilities in the models or
differences in patient groups. Some previous investigations [27-
29] have reported a significant correlation between serum total
bilirubin and POPF, although no such correlation was observed
in the current study. The main reason for this is likely to be
the different cutoff values used (e.g., 2.0, 35, or 4.6 mg/dL) to
define elevation of the total bilirubin level. The reason for this
potential relationship between total bilirubin and POPF is also
poorly understood.

Among the independent risk factors, the texture of the
pancreas has been the most definitive, being reported in nearly
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all similar studies. In the present study, this factor was seen to
have the most potent influence on the development of POPF,
with its OR of above 3. The size of the main pancreatic duct
is also a well-accepted risk factor for POPF, and always has a
relatively high OR [10,21,23]. Since the PJ technique used can
be largely dependent on the size of the main pancreatic duct,
we speculate that the preference of surgeons for a certain PJ
technique could affect the weight of the size of the pancreatic
duct in predictive models. Therefore, the performance of a
model in external cohorts may be substantially affected by
different surgeons’ preferences for PJ techniques.

The 4 factors finally included in the nomogram are easily
obtained from patients. Three of them could be supposed
on preoperative imaging data or recorded intraoperatively,
leaving only pathology to be defined postoperatively. Although
a definitive pathological diagnosis using paraffin sections of
pancreatic lesions is typically reported in 1 week, which may
delay the prediction of POPF development, it is possible to
make a prediction with an accuracy of higher than 95% from
the information gained during surgery in conjunction with
pathological diagnosis using frozen sections [30]. Therefore, the
final scores and risk of developing POPF can be predicted in
a timely manner rather than being delayed until several days
after the operation.

By using the nomogram, we were able to classify patients who
underwent PD into 3 distinct risk groups. Clinical outcomes
related to POPF also worsen in an escalating fashion as points
accumulate, Patients require more invasive interventions and
suffer from more severe morbidity with the increased risk
groups. To avoid inappropriate treatment, specific management
strategies can be established according to the level of risk. We
suggest early removal of abdominal drains and an enhanced-
recovery pathway in the low-risk group, even if a slight increase
in amylase level is observed. Close observation and timely
intensive care (such as being monitored in intensive care units)
may be planned postoperatively in the intermediate- and high-
risk groups, which accounted for 359% and 30.2% of all patients
in this study, respectively. Especially for the high-risk patients,
a small increase in amylase level in the drainage fluid warrants
serious consideration and possible interventions. Moreover, the
frequency of amylase level tests may depend on not only the
actual situation, but the risk level of the patient.

The current study has several limitations. The retrospective
nature of the assessment of the presence of POPF using the
updated criteria may have led to biases due to inaccurate or
incomplete records. We excluded patients with uncertain
POFPF statuses; however, this action in itself is likely to have
introduced selection bias. A prospective study is therefore
warranted, and we are preparing to test the nomogram in a
prospective cohort. Another limitation was that this nomogram
requires postoperative variables like texture of the pancreas and

especially definitive pathology, which is likely to lead to delayed
or not very precise prediction, and inevitably, poor clinical
impact despite the above mentioned. In addition, although
nearly 300 patients were included in this study, this is a
relatively small number compared with some previous reports.
For instance, one study of an alternative fistula risk score
included 1924 patients in the model design cohort and another
026 patients in the external validation cohort [21]. Braga's study
used 2 cohorts containing 700 patients [28], and Callery's study
included a total of 445 patients [7]. Moreover, as the analysis
and suggestions were based on data from a single institution,
further studies are needed to validate the results externally
and to confirm the value in predicting POPF in order to provide
enough data to support potential routine applications in clinical
decision-making,

In conclusion, we created a nomogram to predict the
development of POPF in patients who have undergone PD,
based on the 2016 definition of POPF. The nomogram provides
a convenient, visual tool for surgeons to predict the risk of POPF
in individual patients, facilitating postoperative management
after PD surgery. The reliability and effectiveness of the
predictive model should be tested in more clinical trials.
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