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Construction and comparison of multi-algorithm machine learning
models for predicting postoperative pancreatic fistula after
pancreaticoduodenectomy
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Abstract Background and Aims: Clinically relevant postoperative pancreatic fistula (CR-POPF) remains a

major complication after pancreaticoduodenectomy (PD), significantly affecting patient outcomes.
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Conventional risk models have limitations in capturing complex nonlinear relationships. This study
aimed to identify independent risk factors for CR-POPF and to develop and compare multiple machine
learning-based prediction models.

Methods: A total of 334 patients who underwent PD at the Hepatobiliary and Pancreatic Center of
Zhongda Hospital, Southeast University between January 2016 and December 2025 were retrospectively
analyzed. Independent risk factors were identified using univariate and multivariate logistic regression
analyses. The dataset was randomly divided into training and validation sets at a 7: 3 ratio. Prediction
models were developed using Logistic regression (LR), artificial neural network (ANN), decision tree
(DT), random forest (RF), and support vector machine (SVM). Model performance was evaluated using
AUC, sensitivity, specificity, positive predictive value, negative predictive value, F1-score, and accuracy.
Results: Multivariate analysis identified increased BMI (OR=1.167), diabetes mellitus (OR=3.826),
hypertension (OR=2.232), history of abdominal surgery (OR=2.599), lower preoperative albumin (OR=
0.625), elevated postoperative white blood cell count (OR=1.091), and pancreatic-origin lesions (OR=
2.945) as independent risk factors for CR-POPF (all P<0.05). Among the models, the ANN model
demonstrated superior performance, with an AUC of 0.866, sensitivity of 0.745, specificity of 0.914, and
F1-score of 0.768.

Conclusion: CR-POPF after PD is influenced by multiple clinical factors. The ANN-based model shows
strong predictive performance and may serve as a valuable tool for early identification of high-risk
patients and implementation of individualized interventions.

Pancreaticoduodenectomy; Pancreatic Fistula; Machine Learning; Risk Factor
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Table 1 Univariate analysis of CR-POPF in patients after PD

S B S.E. Wald P OR 95% CI

PE5 0.063 0.220 0.083 0.774 1.065 0.692~1.640
AR -0.024 0.011 4.525 0.033 0.977 0.956~0.998
BMI 0.156 0.045 11.831 <0.001 1.168 1.069~1.227
BRI 1.285 0.244 27.623 <0.001 3.615 2.238~5.837
iR 1L 0.798 0.228 12.274 <0.001 2222 1.422~3.473
PR TA 0.880 0.264 11.151 0.001 2.411 1.438~4.401
ENiIi -0.015 0.221 0.004 0.947 0.985 0.638~1.521
JEE S [ 0.023 0.244 0.009 0.925 1.023 0.634~1.652
At il 0.000 0.000 1.520 0.218 1.000 0.999~1.000
AR iy I -0.232 0.230 1.017 0.313 0.793 0.505~1.245
FARMFA] 0.000 0.001 0.031 0.861 1.000 0.998~1.002
AR P R IR S 7% Bl 0.001 0.001 1.465 0.226 1.001 0.999~1.002
RAETEHENL R -0.002 0.001 1.429 0.232 0.998 0.995~1.001
ENIIPNNES AV 1 0.001 0.001 1.649 0.199 1.001 0.999~1.003
ARAT LT E -0.002 0.001 1.393 0.238 0.998 0.996~1.001
ENiifSE S| -0.453 0.050 82.257 <0.001 0.636 0.577~0.701
A HT A A 0.110 0.052 4.440 0.035 1.116 1.008~1.236
AR A 2R 4 X 0.006 0.011 0.302 0.583 1.006 0.984~1.028

T - DR AS TR AL AT i K TG 5 B PEREARA 1 31, o BEZE A+ 38 I UL AE A 10 81, A6 AL RT3 A A3 T2 A ORI AASYE

ESQIR IR IE (e L

Note: Due to the presence of only one case with a lesion located at the hepatic flexure or with indeterminate positivity, and only ten cases of duodenal-

origin tumors in the pathological classification, these categories did not meet the requirements for conventional statistical analysis. Therefore, they were

excluded from the quantitative association analysis and were treated descriptively as individual cases
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*1 BAPDAECR-POPFHIEEERNHT (4)
Table 1 Univariate analysis of CR-POPF in patients after PD (continued)

= B S.E. Wald ® OR 95% CI
AR A% AN A 4 % {1 0.012 0.167 0.005 0.944 1.012 0.730~1.403
PNE S 0.005 0.017 0.084 0.773 1.005 0.973~1.038
ARG HARLT 2 -0.003 0.002 1.999 0.157 0.997 0.994~1.001
P NEREEZSIEER S -0.003 0.002 2.301 0.129 0.997 0.993~1.001
ENEISE oA 0.054 0.024 5.247 0.022 1.056 1.008~1.106
S5 /MR 0.003 0.002 4.920 0.027 1.003 1.000~1.007
PNEL el RO K] 0.021 0.020 1.087 0.297 1.021 0.982~1.061
PP L2 6/ B 240 0.020 0.011 3.136 0.077 1.020 0.998~1.042
CA19-9 0.001 0.001 0.500 0.479 1.000 1.000~1.000
JiE ELAR -0.058 0.072 0.646 0.421 0.944 0.820~1.087
AR AN (i H0mT) -0.261 0.145 3.220 0.073 0.771 —
B 0.954 0.285 11.217 0.001 2.595 1.485~4.535
RRti= 7] 0.383 0.321 1.425 0.233 1.467 0.782~2.752
A NEH 0.484 0.686 0.497 0.481 1.622 0.423~6.227
JIE A4 1.647 1.127 2.134 0.144 5.190 0.570~47.301
JIR%E 0.261 1.422 0.034 0.855 1.298 0.080~21.050
S IS (5 45000 0.016 0.125 0.016 0.901 1.016 —
JER RS B -0.064 0.337 0.037 0.848 0.938 0.485~1.813
R P e AV A e e 0.236 0.519 0.206 0.650 1.266 0.458~3.502
JER B 25 P9 53 A eI -0.198 0.618 0.102 0.749 0.820 0.244~2.756
JEAS i s 1.371 0.800 2.933 0.087 3.938 0.820~18.905

T« DR AS TR AL AT 1 R TC i o BHPERE AR 1451, 9o PR  —38 J YSL L IR A A 10 81, AN AL REE T3 A 3 P 21, ORI AA YR E

i OCIRIE AT, AR G AL

Note: Due to the presence of only one case with a lesion located at the hepatic flexure or with indeterminate positivity, and only ten cases of duodenal-

origin tumors in the pathological classification, these categories did not meet the requirements for conventional statistical analysis. Therefore, they were

excluded from the quantitative association analysis and were treated descriptively as individual cases

2.2 PDARFEE%4%ECR-POPFEREENH

W Rt A gt 22 2 X AR s AE R B A
HPANZH R Logistic 70 M, 4R, E#FPDA
J& &A= CR-POPF By 37 52w B &= 24, 230 51
BMI (OR=1.167, 95% CI=1.017~1.338) , M K Jx
% (OR=3.826, 95% CI=1.884~7.768) , H A & Il J&

&2 BEPDARE

(OR=2232, 95% CI=1.110~4.489) , A ME & F Kt
(OR=2599, 95% CI=1.193~5.664) , A B 1% I
(OR=0.625, 95% CI=0.560~0.699) , A J5 1 40 i (&
(OR=1.091, 95% CI=1.018~1.170), JKZ 7 (OR=
2.945, 95% CI=1.285~3.534) (#2).

CR-POPF LA ZE D #

Table 2 Multivariate analysis of CR-POPF in patients after PD

A B S.E. Wald P OR 95% CI

BMI 0.154 0.070 4.866 0.027 1.167 1.017~1.338
WEIRSR 1.342 0.361 13.788 <0.001 3.826 1.884~7.768
F=TIER 0.803 0.356 5.075 0.024 2232 1.110~4.489
JEFR A S 0.955 0.397 5.774 0.016 2.599 1.193~5.664
ARAEGHEF -0.469 0.057 68.770 <0.001 0.625 0.560~0.699
RJ5 4t 0.087 0.036 6.003 0.014 1.091 1.018~1.170
i 0.853 0.184 9.237 0.001 2.945 1.285~3.534
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— I (AUC=0.969)
— 4k (AUC=0.735)

—— IIZ4E (AUC=0.930)
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1 IEMERIFROC B4k

Figure 1 ROC curves of five models

FIERA FEIC M T 46 3, ANN B 1 25 5 1 45 R i
T H A AR

—— I (AUC=0.953)
—— A (AUC=0.866)

— I (AUC=1.000)
— XA (AUC=0.827)

A: LREIH, B: ANNAEAI, C. DTH#; D: REFHE;, E: SVMAEEA

A: LR; B: ANN; C: DT; D: RF; E: SVM

R3 AHTUWRELEMRIERR

Table 3 Performance metrics of five prediction models

LR 0.714 0.667 0.792
ANN ALY 0.866 0.745 0.914
DT 0.735 0.784 0.625
RF #57 0.827 0.784 0.667
SVM AR 0.888 0.569 0.917

0.773 0.691 0.716 0.727(0.629~0.812)
0.792 0.745 0.768 0.902(0.858~0.935)
0.690 0.732 0.734 0.707(0.607~0.794)
0.714 0.744 0.748 0.727(0.629~0.812)
0.879 0.667 0.691 0.737(0.639~0.821)
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