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Background: Postoperative pancreatic fistula (POPF) is the major complication following 
pancreaticoduodenectomy (PD). We sought to develop and validate a risk prediction model for POPF after 
PD with the aim of determining personal risk probability and proposing a novel strategy for intraoperative 
placement and/or early-removal of prophylactic drainage.
Methods: Data from 993 patients undergoing PD from January 2012 to December 2016 were 
retrospectively analyzed. Patients were randomly assigned to either training cohort or validation cohort. A 
nomogram was formulated based on the results from multivariable regression model for prediction of POPF. 
Internal and external validation were carried out with calibration plot respectively.
Results: POPF occurred in 162 (16.3%) patients. The final pre-/intra-operative prediction model included 
alanine transaminase level [odds ratio (OR) 1.00, 95% confidence interval (CI): 1.00–1.00, P=0.023], 
combined portal-superior mesenteric vein resection (OR 0.22, 95% CI: 0.05–0.95, P=0.043), pancreatic duct 
diameter (OR 1.48, 95% CI: 1.11–1.96, P=0.007), intraoperative colloid infusion (OR 1.00, 95% CI: 1.00–
1.00, P=0.001), pathology (OR 1.71, 95% CI: 1.09–2.66, P=0.018). The area under the curve (AUC) was 0.667 
in the training cohort and 0.621 in the validation cohort. The final postoperative prediction model included 
pancreatic duct diameter (OR 1.58, 95% CI: 1.14–2.19, P=0.006), intraoperative colloid infusion (OR 2.52, 
95% CI: 1.26–5.06, P=0.009), drainage fluid amylase on postoperative day 3 (POD3) (OR 4.70, 95% CI: 
3.30–6.70, P<0.001), and neutrophil count on POD3 (OR 2.83, 95% CI: 1.63–4.93, P<0.001). The AUC 
was 0.809 in the training cohort and 0.797 in the validation cohort. Based on these variables, two nomogram 
prediction models were developed respectively. The calibration plot of the two models showed a good 
correlation between the expected risk and the actual risk in the low-risk range. Our risk-stratified strategy for 
drain management according to nomograms may be beneficial for 34.5% of patients.
Conclusions: Our study formulated and validated two nomogram models for predicting POPF that 
performed particularly well in the low-risk range. This tool may allow surgeons to propose a risk stratified 
strategy for intraoperative drain placement and early drain removal, which may be beneficial for a substantial 
proportion of patients.
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Introduction

Pancreaticoduodenectomy (PD) is a complex procedure that 
carries a significant risk of mortality and morbidity. Recent 
advances in technique and perioperative management 
have reduced mortality after PD to 3% in high-volume 
centers (1,2). However, the morbidity rate remains high. 
Postoperative pancreatic fistula (POPF) is the most common 
complication following PD (3-6). Various strategies have 
been proposed to help predict the development of POPF, 
guide surgeons on selecting when to place prophylactic 
drains, and when to consider early drain removal (7-10).

Several models for POPF risk prediction after PD have 
been reported, along with various drain management 
strategies. The Fistula Risk Score (FRS), introduced by 
Callery and colleagues, has been found to be a reliable 
intraoperative predictor of POPF (11). Using the FRS and 
drain fluid amylase (DFA) on postoperative day 1 (POD1), 
Vollmer and colleagues developed protocols for selective 
drainage and early drain removal, which demonstrated that 
drains can be safely omitted for one-quarter of PDs and 
removed early for nearly one half of cases (7,12). However, 
whether FRS or alternative FRS prediction models are 
well validated. The investigators focused more on pre-/
intra-operative factors and neglect postoperative factors 
such as DFA and inflammatory marks. Meanwhile, drain 
management protocols based on different prediction 
models of POPF were not unified even in the same center. 
Moreover, the external validity of prediction models can be 
affected by institutional practice and resources, even fewer 
have been found to be reproducible (11,13,14).

A nomogram, displaying as a simple graphical tool, 
combines multiple predictors by assigning relative weights 
to each predictor, and provides a quantitative estimate of 
the probability of incidence rate for individuals (15,16). 
Thus, we sought to formulate and validate a nomogram 
prediction model for POPF after PD and the development 
of a novel strategy for intraoperative placement and early 
removal of prophylactic drains. We present the following 
article in accordance with the TRIPOD reporting 
checklist (available at https://gs.amegroups.com/article/
view/10.21037/gs-21-550/rc).

Methods

Patients and methods

A consecutive of 993 patients undergoing PD between 
January 2012 and December 2016 at the Pancreas Center 
of the First Affiliated Hospital with Nanjing Medical 
University were retrospectively in this study. All data 
were extracted and events were judged based on patients’ 
medical records. Preoperative variables included patient 
demographics information, medical history, laboratory 
tests, and preoperative biliary drainage. Intraoperative 
variables included type of surgery (pylorus-preserving 
vs. classical), pancreatic duct diameter, combined organ 
resection, combined portal-superior mesenteric vein 
resection, duration of surgery, estimated blood loss, blood 
transfusion, intraoperative fluid infusion, and intraoperative 
diagnosis [pancreatic ductal adenocarcinoma (PDAC)/
chronic pancreatitis (CP) vs. others]. Postoperative variables 
included drainage fluid amylase (DFA) and absolute 
neutrophil count both on POD1 and POD3.

The entire cohort was randomly divided into training 
(662 patients) and validation (331 patients) group on a 
scale of 2:1 by R software. Intraoperative and postoperative 
nomogram models of POPF were respectively formulated 
based on several independent predictors which were 
obtained by univariable and multivariable analysis in 
the training cohort. The performance of models was 
estimated by internal validation in the training cohort 
and simultaneously verified by external validation in the 
validation cohort. According to the nomogram models, a 
risk-stratified drain management protocol with the purpose 
of drain omission (based on model I) and early drain 
removal (model II) for each patient was proposed.

Definitions

Pancreatic f istula was defined according to 2016 
updated ISGPS criteria (17,18). Biochemical fistula was 
characterized by elevated DFA levels (>3 times the upper 
limit of the normal serum level), and required little to 
no deviation from the normal clinical pathway. Grade B 
fistula was typically treated with antibiotics, prophylactic 
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somatostatin analogues, total parenteral nutrition, and 
percutaneous drain placement. Grade C fistula was 
characterized by organ failure and frequently required 
more aggressive treatment, including reoperation and 
intensive care unit (ICU) stay. 

Intraoperative fluid administration included all the 
crystal and colloid fluids administered intravenously during 
the period from induction of general anesthesia to returning 
to ward of the patient. Blood product (packed red blood 
cells, fresh frozen plasma, platelet units or albumin) was not 
included in the calculation of the intraoperative colloid fluid 
volumes. Diameter of the pancreatic duct was measured 
intraoperatively after pancreas transection, rather than from 
the measurements in preoperative CT scan due to lack of 
data from the imaging study. 

Surgical procedure and drain management

Classic Whipple or pylorus-preserving PD was performed 
according to the indication as well as preference of the 
individual surgeon. An internal stent was routinely placed 
in cases with normal diameter. No external stent was used 
in all cases. Pancreaticojejunostomy (PJ) was performed 
using two different methods: two-layer invagination and 
modified one-layer duct-to-mucosa which was reported in 
our previous study (19). During PJ, either interrupted or 
running suturing was adopted, depending on the surgeon’s 
preference. Following PJ anastomosis, end-to-side single 
layer hepaticojejunostomy without stenting was performed 
in a continuous manner using the same jejunal loop 
(child’s reconstruction). An antecolic gastrojejunostomy or 
duodenojejunostomy was constructed by hand or using a 
circular stapler.

Octreotide was routinely used until POD5 in all cases. 
During the study period, intraoperative drainage tubes 
were routinely placed in situ. DFA levels were routinely 
measured on or after POD3. Due to pressure erosions with 
intraluminal migration of a drain catheter may occur at the 
site of a pre-existing anastomotic leak, drains were pulled out 
3 to 4 cm when DFA in POD3–5 was normal (≤330 U/L),  
and drains were left in in place until either DFA was normal 
and/or the output was 10 mL/day or lesser for 3 consecutive 
days. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the First Affiliated Hospital with Nanjing 
Medical University Ethics Committee (No. 2018-SR-070) 
and individual consent for this retrospective analysis was 
waived.

Statistical analysis

Categorical variables were presented as frequency 
(percentage) and compared using a chi-square or Fisher’s 
exact test. On the basis of whether the data was normally 
distributed, continuous data was described as the mean 
and standard deviation (SD) or median and range, and 
compared using a Student’s t-test or Mann-Whitney U test 
accordingly. To identify intraoperative predictors of POPF, 
a univariable and multivariable logistic regression was 
performed. This procedure was repeated for postoperative 
predictors of POPF. The results are shown as odds ratio 
(OR) and 95% confidence interval (CI). To determine 
predictors for POPF, a stepwise, backwards selection with 
a P value of <0.05 was used to select each variable from the 
multivariable logistic regression analysis. From the ORs 
of the significant predictors of the multivariable logistic 
regression, a nomogram was established. The highest β 
coefficient of each variable was proportionally converting 
to a 0 to 100 points scale. The points of each variable were 
then added up to derive a total 200 points scale, which 
were finally converted to predict individual probabilities of 
POPF. Model performance was assessed by measurements 
of discrimination and calibration. Discrimination measures 
the ability to separate patients who experience POPF from 
those who will not. Calibration measures the ability to 
correctly quantify the observed absolute risk. All missing 
data were excluded in our nomograms and validation of 
models. A two tailed P<0.05 was considered statistically 
significant. All statistical analyses were carried out using 
STATA 10.0 for Windows (StataCorp LP, College Station, 
TX, USA). The nomogram was established using R software 
version 3.3.2 (R foundation for Statistical Computing, 
Vienna, Austria; http://www.R-project.org/).

Results

Overview 

Data from 993 patients (620 males and 373 females) who 
underwent PD during the study period were retrospectively 
analyzed. A total of 348 patients (35.0%) had a history 
of hypertension and 138 patients (13.9%) had diabetes 
mellitus. Preoperative biliary drainage was performed in 103 
patients (10.4%). A total of 590 patients (59.4%) underwent 
classical PD, and the remaining 403 patients (40.6%) 
underwent pylorus preserving pancreaticoduodenectomy 
(PPPD). Portal-superior mesenteric vein resection was 
performed in 72 patients (7.3%) and combined organ 
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resection was performed in 114 patients (11.5%). The median 
operative blood loss was 300 mL (range, 50–2,800 mL)  
and median surgical duration was 245 minutes (range,  
90–660 minutes). Two hundred and ninety-five patients 
(29.7%) received red blood cell transfusion, and 283 
patients (28.5%) received plasma transfusion. The median 
intraoperative crystal and colloid infusion was 1,500 mL and 
1,000 mL (range, 500–4,000 mL and 0–2,500 mL).

Postoperatively, the median DFA on postoperative 
day 3 was 113 U/L (range, 6–38,912 U/L) and median 
postoperative day 3 blood neutrophil count was 7.3×109/L 
[range, (1.33–33.5) ×109/L]. A total of 162 patients (16.3%) 
developed POPF (grade B + C). Of those with POPF, 146 
patients (14.7%) had grade B POPF, and 16 (1.6%) patients 
had grade C POPF. The median hospital stay was 18 days 
(range, 5–132 days). Fourteen patients (1.4%) demised in 
hospital due to severe complications after surgery.

Patients were randomly assigned to one of two cohorts: 
a training cohort (n=662) and a validation cohort (n=331). 
The baseline characteristics of the cohorts were summarized 
in Table 1.

Predictors of POPF

Logistic regression analysis was performed to identify risk 
factors of POPF in the cohort of all patients. Table 1 showed 
the results of the univariable analysis of 23 parameters 
examined as potential risk factors for the 162 patients with 
POPF compared with the 831 patients classified as non-
POPF. Lower preoperative alanine transaminase (ALT) 
level, smaller pancreatic duct diameter, no need for portal-
superior mesenteric vein resection, and pathology other 
than PDAC or CP were associated with the development of 
POPF. Postoperatively, higher DFA and higher neutrophil 
count on POD3 were found to be risk factors with statistical 
significance. 

Model I (intraoperative)

Univariable analysis was used to determine the predictive 
value of pre-and intra-operative risk factors for POPF in 
the training cohort (n=662). In the multivariable logistic 
regression analysis, preoperative ALT (OR 1.00, 95% CI: 
1.00–1.00, P=0.023), need for vein resection (OR 0.22, 
95% CI: 0.05–0.95, P=0.043), pancreatic duct diameter 
(OR 1.48, 95% CI: 1.11–1.96, P=0.007), intraoperative 
colloid infusion (OR 1.00, 95% CI: 1.00–1.00, P=0.001), 
and pathology (OR 1.71, 95% CI: 1.09–2.66, P=0.018) were 

factors independently associated with POPF (Table 2). A 
nomogram model (n=655, excluding 7 cases with missing 
data) was established based on independent pre-/intra-
operative predictors identified in the multivariable analysis. 
Patient score points were calculated for the presence or 
absence of these factors. Total points can be translated into 
the probability of developing POPF after PD (Figure 1).

Internal validation was performed, and area under the 
receiver operating characteristic (ROC) curve (AUC) 
of POPF prediction with model I was 0.667. The AUC 
of FRS in external validation cohort was 0.683 (Figure 2). 
The calibration plot showed good correlation between the 
expected risk and the patient’s actual risk in the low-risk 
range (risk probability range, 0.05–0.15). In the external 
validation (n=327, excluding 4 cases with missing data), AUC 
of the ROC curve was 0.621 and the calibration curve also 
showed good performance in the low-risk range (Figure 3). 

Model II (postoperative)

Univariable analysis were performed for predictors of 
POPF on POD3. Pancreatic duct diameter (OR 1.58, 95% 
CI: 1.14–2.19, P=0.006), intraoperative colloid infusion (OR 
2.52, 95% CI: 1.26–5.06, P=0.009), POD3 DFA (OR 4.70, 
95% CI: 3.30–6.70, P<0.001), and POD3 blood neutrophil 
count (OR 2.83, 95% CI: 1.63–4.93, P<0.001) were 
significant factors for POPF prediction in the multivariable 
analysis (Table 3). Nomogram predicting for POPF was 
constructed using these 4 variables with different weights 
(Figure 4).

Internal validation (n=440, excluding 221 cases with 
missing data) and external validation (n=205, excluding 
126 cases with missing data) were carried out. AUC for 
the training cohort was 0.809 and 0.797 for the validation 
cohort. The calibration plots in both internal and external 
validation showed good correlation between the expected 
risk and patient’s actual risk in the low-risk range (Figure 5).

Risk-stratified strategy for drain management

According to the nomogram for prediction of POPF, we 
proposed a risk-stratified drain management protocol with 
the purpose of drainage omission (based on model I) and 
early drain removal (model II) for each patient (Figure 6). 
We set the predicted POPF risk probability =0.05 and 0.1 
as cut-off values in two models, respectively. With missing 
data excluded, 646 patients in the full cohort were enrolled 
in the strategy performance evaluation. Intraoperatively, 
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Table 1 Comparison of baseline data between the training cohort and the validation cohort, and between the POPF and non-POPF group

Characteristic Training (n=662) Validation (n=331) P value POPF (n=162) Non-POPF (n=831) P value

Age, mean (SD) (years) 61.3 (11.0) 61.0 (11.3) 0.629 61.7 (10.5) 61.1 (11.2) 0.557

Gender, n (%) 0.379 0.979

Male 407 (61.5) 213 (64.4) 101 (62.3) 519 (62.5)

Female 255 (38.5) 118 (35.6) 61 (37.7) 312 (37.5)

ASA score, n (%) 0.372 0.762

I 32 (4.8) 15 (4.5) 6 (3.7) 41 (4.9)

II 466 (70.4) 250 (75.5) 115 (71.0) 601 (72.3)

III 158 (23.9) 64 (19.3) 39 (24.1) 183 (22.0)

IV 6 (0.9) 2 (0.6) 2 (1.2) 6 (0.71)

Hypertension, n (%) 0.526 0.208

Yes 237 (35.8) 111 (33.5) 64 (39.5) 284 (34.2)

No 425 (64.2) 220 (66.5) 98 (60.5) 547 (65.8)

Diabetes mellitus, n (%) 1.000 0.901

Yes 92 (13.9) 46 (13.9) 23 (14.2) 115 (13.8)

No 570 (86.1) 285 (86.19) 139 (85.8) 716 (86.2)

Preoperative biliary drainage, n (%) 0.660 0.397

Yes 71 (10.7) 32 (9.7) 20 (12.3) 83 (10.0)

No 591 (89.3) 299 (90.3) 142 (87.7) 748 (90.02)

Preoperative ALT, median (range) (U/L) 77.9 (4.3–853.5) 66.9 (5.7–874.2) 0.167 47.7 (8.2–697.9) 78.2 (4.3–874.2) 0.011

Preoperative albumin, median (range) (g/L) 39.5 (13.7–50.6) 39.5 (24.4–52.5) 0.984 39.1 (25.9–50.6) 39.5 (13.7–52.5) 0.495

Preoperative CA 19-9, median (range)  
(U/mL)

78.1 (0.6–1,000) 79.6 (0.6–1,000) 0.817 69.6 (0.6–1,000) 79.6 (0.6–1,000) 0.206

Type of surgery, n (%) 0.465 0.513

PD 388 (58.6) 202 (61.0) 100 (61.7) 490 (59.0)

PPPD 274 (41.4) 129 (39.02) 62 (38.3) 341 (41.0)

Type of PJ, n (%) 0.362 0.245

Two-layer invagination 245 (37.0) 112 (33.8) 65 (40.1) 292 (35.1)

Modified one-layer duct-to-mucosa 417 (63.0) 219 (66.2) 97 (59.9) 539 (64.9)

Combined organ resection, n (%) 0.598 0.280

Yes 79 (11.9) 35 (10.6) 14 (8.6) 100 (12.0)

No 583 (88.1) 296 (89.42) 148 (91.4) 731 (88.0)

Vein resection, n (%) 1.000 0.030

Yes 48 (7.3) 24 (7.3) 5 (3.1) 67 (8.1)

No 614 (92.7) 307 (92.7) 157 (96.9) 764 (91.9)

Duct diameter, median (range) (mm) 3.0 (1.0–20.0) 3.0 (1.0–12.0) 0.141 3.0 (1.0–5.0) 3.0 (1.0–20.0) <0.001

Table 1 (continued)
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if the predicted POPF risk in model I <0.05, prophylactic 
drainage would be omitted in 64 patients (9.9%). 
Otherwise, prophylactic drainage would be used. The 
rest 582 patients (90.1%) with intraoperatively placed 
drainage in our virtual strategy application were then 
enrolled in model II risk prediction which can guide early 
drain removal on POD3. Similarly, if the predicted risk 
<0.1 in model II, 171 patients (26.5%) would be suitable 
for early drain removal. In our simulated examination, 4 
patients without drainage and 8 patients with early drain 

removal actually developed POPF (12/646, 1.9% in total). 
Among the remaining 411 patients (63.6%) with drains 
placed in situ, there were 102 patients (15.8%) suffered 
POPF eventually. The sensitivity and specificity of POPF 
for this risk-stratified approach was 0.895 and 0.419. The 
sensitivity and negative predict value (NPV) of the two-
step prediction method were 0.898 and 0.949, respectively. 
A total of 223 patients (34.5%) whose drainage was 
omitted or removed early would benefit from our new 
risk-based drainage management strategy.

Table 1 (continued)

Characteristic Training (n=662) Validation (n=331) P value POPF (n=162) Non-POPF (n=831) P value

Duct diameter (mm), n (%) 0.116 <0.001

<2 11 (1.7) 4 (1.2) 4 (2.5) 11 (1.3)

≥2, <3 178 (26.9) 113 (34.1) 73 (45.1) 220 (26.5)

≥3, <4 317 (47.9) 147 (44.4) 62 (38.3) 404 (48.6)

≥4 156 (23.6) 67 (20.2) 23 (14.2) 196 (23.6)

Duration of surgery, median (range) (min) 250 (90–545) 240 (105–660) 0.498 245 (105–531) 245 (90–660) 0.859

Estimated blood loss, median (range) (mL) 300 (50–2,300) 300 (50–2,800) 0.532 300 (50–1,500) 300 (50–2,800) 0.655

Intraoperative colloid infusion, median 
(range) (mL)

1,000 (0–2,500) 1,000 (0–2,500) 0.746 1,000 (0–2,500) 1,000 (0–2,500) 0.136

Intraoperative crystal infusion, median 
(range) (mL)

1,500 (500–4,000) 1,500 (500–3,500) 0.065 1,500 (500–4,000) 1,500 (500–3,500) 0.674

Pathology, n (%) 0.946 <0.001

PDAC or CP 331 (50.0) 167 (50.5) 56 (34.6) 442 (53.2)

Others 331 (50.0) 164 (49.5) 106 (65.4) 339 (40.8)

POD3 DFA, median (range) (U/L)* 105 (6–38,912) 163 (25–30,000) 0.167 1,200.5 (30–38,912) 78 (6–30,000) <0.001

POD3 DFA, median (range) (U/L)*, n (%) 0.138 <0.001

<600 336 (68.2) 177 (75.0) 32 (26.0) 481 (79.4)

600–2,000 121 (24.5) 43 (18.2) 59 (48.0) 105 (17.3)

≥2,000 36 (7.3) 16 (6.81) 32 (26.0) 20 (3.31)

POD3 neutrophil count, median (range) 
(109/L)** 

7.3 (1.3–33.5) 7.1 (1.4–28.7) 0.663 9.4 (1.3–33.5) 7.0 (1.3–29.3) <0.001

POD3 neutrophil count, (109/L)**, n (%) 0.767 <0.001

≤6.3 219 (37.6) 111 (38.7) 26 (17.7) 272 (37.7)

>6.3 363 (62.4) 176 (61.3) 121 (82.3) 450 (62.3)

Mortality 8 6 0.569 10 4 <0.001

*, n=729; **, n=869. POPF, postoperative pancreatic fistula; SD, standard deviation; ASA, American Society of Anesthesiologists score; ALT, 
alanine transaminase; PD, pancreaticoduodenectomy; PPPD, pylorus preserving pancreaticoduodenectomy; PJ, pancreaticojejunostomy;  
PDAC, pancreatic ductal adenocarcinoma; CP, chronic pancreatitis; POD3, postoperative day 3; DFA, drainage fluid amylase.

file:///C:/Users/14715/Desktop/javascript:;
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Table 2 Univariable and multivariable analysis of pre- and intra-operative predictors of POPF in the training cohort

Characteristic
Univariate Multivariate

OR 95% CI P value OR 95% CI P value

Preoperative ALT 0.998 0.667–0.999 0.002 1.00 1.00–1.00 0.023

Vein resection 0.35 0.14–0.90 0.029 0.22 0.05–0.95 0.043

Duct diameter (mm) 1.48 1.11–1.96 0.007

<2 1.00 Reference Reference

≥2, <3 0.93 0.29–2.99 0.897

≥3, <4 0.43 0.13–1.38 0.154

≥4 0.32 0.09–1.10 0.070

Intraoperative colloid infusion 1.00 1.00–1.00 0.039 1.00 1.00–1.00 0.001

Pathology, no-PDAC or CP 2.16 1.48–2.35 <0.001 1.71 1.09–2.66 0.018

OR, odds ratio; CI, confidence interval; ALT, alanine transaminase; PDAC, pancreatic ductal adenocarcinoma; CP, chronic pancreatitis; 
POPF, postoperative pancreatic fistula.
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Discussion

POPF remains the major cause of morbidity and mortality 
after PD (3-5). The rate of POPF in our study was 16.3% 
and this is within the expected range when compared with 
the existing literature (12,20-22). The ability to predict 
the development of POPF enables more individualized 
surgical management of patients after PD. Currently, six 

models have been reported for POPF risk prediction after 
PD procedures using 16 predictors, although most have 
not been well validated (23,24). FRS has been established 
as a reliable intraoperative predictor of POPF based on 
the following risk factors: soft gland parenchyma, high risk 
pathology, small duct diameter, and elevated intraoperative 
blood loss. Individual FRS scores are discretized and 
assigned to one of four risk zones. The result of internal 
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validation for FRS showed a relative high AUC that was 
0.942 (11). Although, numerous studies regarding FRS 
or modified FRS confirmed the feasibility and validity 
for prediction of POPF (13,25,26), when we used FRS to 
perform a validation in our validation cohort, the AUC was 
0.683 which meant FRS was not an optimal model for our 
practice. A moderate/high risk patient with POD1 DFA 
≤5,000 U/L, a strong predictor for POPF, was nominated 
for early drain removal on POD3. Although, approximately 
20% of patients with a POPF rate of 38.2% kept drain at 
surgeon’s discretion (12). Compliance with this approach 
dogmatically was extremely aggressive and may be 
detrimental to the patients. In light of those findings, this 
study sought to develop a personal risk prediction model 
for POPF after PD and propose a novel risk-stratified 
strategy for intraoperative placement and/or early removal 
of prophylactic drainage.

In our present study, we first developed two nomograms 
based on the following predictive factors: preoperative 
ALT, portal-superior mesenteric vein resection, pancreatic 
duct diameter, intraoperative colloid infusion, pathology, 
POD3 DFA, and neutrophil count on POD3. Normal ALT 
levels have been reported as a risk factor of POPF in our 
previous study (27), and the current study confirm it as a 
robust predictor for POPF, though the study population 
of the previous report was fully included in current study. 
However, the underlining mechanism to explain this 
statistical association is largely unknown to us, as elevated 
ALT before surgery always related to baseline liver disease 
(e.g., cirrhosis) and biliary obstruction. Relatively normal 
liver function was mostly observed in patients with a 
normal pancreas and no history of jaundice, which has been 

reported as risk factors of POPF (28,29). It is improper 
to simply conclude that preoperative improvement in 
liver function will increase POPF rate; on the contrary, 
conditions including cirrhosis and portal hypertension may 
compromise surgical outcomes (30). In a word, the role of 
ALT as a preoperative POPF predictor still warrant external 
validation in patient cohorts outside our institution. The 
need for vein resections was frequently seen in patients with 
pancreatic cancer with larger tumor, implying more severe 
chronic inflammation changes in the pancreas, which was a 
recognized strong protective factor of POPF (31). Precise 
fluid management considering measurements of all fluid 
losses and the loss-to-third space was proven to be associated 
with better outcomes including less POPF after PD (32,33). 
Greater volume of infused colloid fluid often suggests more 
blood loss, unstable intraoperative hemodynamic status 
and longer duration of surgery, which were reported to be 
associated with increased risk of POPF. Besides, colloid 
fluid overload with consequent parenchymal edema and 
local inflammation may be the mechanistic causes of 
increased POPF following PD. Pancreatic texture and duct 
size were widely reported and accepted as strong predictive 
factors for POPF in previous studies (24). However, the 
evaluation of parenchymal consistency was subjective and 
its reliability in the retrospective study was even more 
questionable. So, only pancreatic duct, but not pancreatic 
texture was analyzed in our present study. Pathological 
fibrosis and acinar cell content at the pancreatic stump, 
which is closely associated with pancreatic consistency, were 
also reported to be predictive for POPF (34). A histological 
score method based on the frozen sections was reported to 
well predict the risk of POPF development (35). However, 
these factors were also excluded from this study subjecting 
to the difficulty in our institution.

For model I, AUC for the training cohort was 0.667 
and that for the validation cohort was 0.621. This result 
was similar to the recent study (16). In addition, calibration 
plot showed a good accordance between the expected risk 
and patient’s actual risk in the range of 0.05 to 0.15, thus 
providing a good predictive value in identifying patients 
with lowest risk of POPF. In other words, our nomogram 
model I would have a good performance when the predicted 
POPF probability less than a certain cut-off value at low 
range was used to select patients for drainage omission. 
Similar characteristic was found in model II. 

Routine drain placement after PD is a textbook practice 
during pancreatic surgery. However, the risks and benefits 
of routine drainage remain a source of controversy in the 
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Figure 2 ROC curve of FRS in external validation cohort. The 
area under ROC curve was 0.683. FRS, Fistula Risk Score; ROC, 
receiver operating characteristic.
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Figure 3 Internal and external validation of model I (pre-/intra-operative). ROC curve and calibration plot for nomogram. The area under 
ROC curve of POPF prediction with model I was 0.667 for internal validation, and 0.621 for external validation. The calibration plots 
showed good correlation between the expected risk and the patient’s actual risk in the low-risk range (yellow band). POPF, postoperative 
pancreatic fistula; ROC, receiver operating characteristic.

Table 3 Univariable and multivariable analysis of postoperative predictors of POPF in the training cohort

Characteristic
Univariate Multivariate

OR 95% CI P value OR 95% CI P value

Duct diameter (mm) 1.58 1.14–2.19 0.006

<2 1.00 Reference Reference

≥2, <3 0.93 0.29–2.99 0.897

≥3, <4 0.43 0.13–1.38 0.154

≥4 0.32 0.09–1.10 0.070

Intraoperative colloid infusion 1.00 1.00–1.00 0.039 2.52 1.26–5.06 0.009

POD3 DFA (U/L) 4.70 3.30–6.70 <0.001

<600 1.00 Reference Reference

600–2,000 8.45 5.23–13.64 <0.001

>2,000 24.05 12.39–46.69 <0.001

POD3 neutrophil count (109/L) 2.83 1.63–4.93 <0.001

≤6.3 1.00 Reference Reference

>6.3 3.39 2.13–5.39 <0.001

POPF, postoperative pancreatic fistula; OR, odds ratio; CI, confidence interval; POD3, postoperative day 3; DFA, drainage fluid amylase.
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Figure 4 Model II (postoperative) nomogram for prediction of POPF after PD. POPF, postoperative pancreatic fistula; PD, 
pancreaticoduodenectomy; DFA, drain fluid amylase.

Figure 5 Internal and external validation of model II (postoperative). ROC curve and calibration plot for nomogram. The area under ROC 
curve of POPF prediction with model II was 0.809 for internal validation, and 0.797 for external validation. The calibration plots showed 
good correlation between the expected risk and the patient’s actual risk in the low-risk range (yellow band). POPF, postoperative pancreatic 
fistula; ROC, receiver operating characteristic.
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All Patients
N=646

POPF: 114 (17.6%)

Model I
(Pre-/Intra-operative)

Predicted Risk ≥ 0.05
Drain Placed

N=582 (90.1%)
POPF: 110 (18.9%)

Predicted Risk < 0.05
No Drain Placed

N=64 (9.9%) 
POPF: 4 (6.3%)

POPF  
N=4 (6.3%)

No-POPF
N=60 (93.7%)

Model II
(Postoperative, POD3)

Predicted Risk ≥ 0.1
Drain Placed in situ

N=411 (63.6%)
POPF: 102 (24.8%)

Predicted Risk < 0.1
Drain Removal
N=171 (26.5%)
POPF: 8 (4.7%)

POPF
N=8 (4.7%)

No-POPF 
N=163 (95.3%)

POPF
N=102 (24.8%)

No-POPF
N=309 (75.2%)

Figure 6 A risk-stratified drain management strategy with the purpose of drainage omission and early drain removal based on the two 
nomogram models for prediction of POPF. With missing data excluded, 646 patients in the full cohort were enrolled in the strategy 
performance simulated evaluation. If the predicted risk was <0.05, no drain would be placed in model I. Otherwise, drain would be placed 
and moved to model II. If the predicted risk was <0.1 on POD3, the drain would be removed early. Through the comparison of the predicted 
and actual POPF occurrence pattern, a total of 223 patients (34.5%) would theoretically benefit from our strategy. POPF, postoperative 
pancreatic fistula; POD, postoperative day.

literature (1,8,36-40). Proponents of this practice cite the 
ability to evacuate bile, chyle, blood, and pancreatic juice 
that may accumulate during the postoperative period. 
Together with the option of controlled drainage, in the 
case of an existing fistula, there is a reliance on abdominal 
drainage after pancreatic surgery to detect and minimize 
postoperative hemorrhage arising from the erosion of 
retroperitoneal vessels (36). In a previous multicenter 
trial, decreased mortality and morbidity were associated 
with routine drainage after PD, with a 4-fold increase 
in mortality from 3% to 12% following elimination of 
intraperitoneal drainage after pancreatectomy (1). However, 
opponents of routine drain believe that drains may provide 
access for bacteria, potentially leading to abdominal 
infections, and are frequently ineffective in controlling 
pancreatic leak or abscess and postoperative percutaneous 
drainage is still required (39-41). In a recent dual-center, 
randomized, controlled, non-inferiority trial among 395 
patients (202 drain, 193 no-drain), the omission of drains 
was found to be not inferior to intraabdominal drainage in 
terms of postoperative re-intervention and was superior in 

terms of clinically relevant (CR) pancreatic fistula rate and 
fistula associated complications (8). Nonetheless, this result 
has been criticized because only 13% of eligible patients 
and 40 patients in the no-drain group had drains placed 
because of surgeons deliberately violating trial protocol, 
resulting in screening bias and selection bias. Generally, 
the question of routinely drain or selectively drain was 
subjected to actual situation of each institution regarding 
the experience of surgeons and radiologists, and that needed 
institutional dependent drain management. Therefore, 
drain management protocol based on POPF predictive 
model seemed more precise. In a recent multicenter 
prospective trial, the concept of selective drainage was 
practiced in patients with a negligible/low FRS. Moreover, 
moderate/high-risk patients with POD1 drain amylase 
<5,000 U/L had lower rates of clinical relevant POPF with 
POD3 (vs. POD >5) drain removal (7,12). The views about 
the management and timing of drain removal were gradually 
converged in up-to-date studies. It may be appropriate 
that operatively placed drains should be removed by 
POD3, because early drain removal when POD1 DFA was 
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≤5,000  U/L was associated with significant reductions in 
overall morbidity (35.3% vs. 52.3%), CR-POPF (0.9% vs. 
7.9%) (42). Given that, a recent systemic review proposed 
routine placement of a drain and early removal was the 
most conservative approach (43). In our clinical practice, 
we certainly believe that a portion of low-risk patients do 
not need drains. 

Based on the predictive accuracy of POPF in low-risk 
populations, model I was used to determine to place drain 
or not. Then, combined POD3 DFA and neutrophil count, 
model II expectedly played a key role in early drain removal. 
That was the core of our risk stratified strategy for drain 
management. Taking full consideration of patient safety in 
our risk stratified approach, intraabdominal drainage can 
be omitted with 5% or lower rate of developing POPF, and 
the drain can be removed on POD3 with a 10% or lower 
rate of POPF occurrence. In model I, among near 10% 
patients who assumed low risk of fistula, only 4 patients 
(6.3%) actually suffered grade B POPF, which meant it was 
relative safe for drain omission in 9.3% patients. A repeated 
calculation combined POD3 DFA and neutrophil count for 
the remaining patients. Among them, 171 patients (29.4%) 
were applicable to early drain removal, and 8 patients 
(4.7%) developed POPF eventually. Accordingly, early 
drain removal on POD3 was acceptable in relative low risk 
patients. Through our nomograms, one third of patients 
would not need prophylactic drainages or could remove 
drains on POD3. Moreover, this protocol has an advantage 
in terms of balancing patient safety and benefit by proper 
alternation of low-risk cutoff value according to variability 
between institutions. This protocol can guide patient 
management, but it should not supplant surgeon judgment, 
especially in moderate and high-risk patients. The fact 
that we scarcely omitted drains after pancreatectomies or 
removed drains on POD3 in our practice. We hoped that 
this study could change our deep understanding of drains 
and overcome our overreliance on drains.

There were several drawbacks in this study. First, this 
study was carried out in a retrospective manner. It was 
difficult to exclude all information bias and confounding 
bias due to the nature of this study design. Second, the 
validity of our prediction models did not show a higher 
AUC as compared with FRS and lacked real external 
validation. Third, with hindsight, our risk-stratified strategy 
was idealistic and theoretically beneficial for one third of 
patients, however, that were not prospectively validated in 
our clinical practice. 

In conclusion, we formulated and validated a nomogram 

model for predicting POPF that showed good performance, 
especially in the low-risk range. This tool may help surgeons 
to identify a risk stratified strategy for intraoperative drain 
placement and early drain removal. This unique approach 
may be beneficial for a substantial proportion of patients.
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