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[ Abstract] Objective To systematically evaluate the risk prediction model of pancreatic
fistula after pancreaticoduodenectomy, and to provide a reference for clinical selection of risk
assessment tools. Methods The relevant literature published in PubMed, Embase, the Cochrane
Library, Web of Science, CNKI, WanFang Data, VIP and SinoMed from January 1, 2016 to April
17, 2024 were searched. The PROBAST risk of bias assessment tool was used to assess the included
studies, and Stata 16.0 software was used to perform Meta-analysis of common predictors included
in the risk prediction model. Results A total of 27 studies were included. All studies reported
model discrimination, 14 studies reported calibration. The area under the curve (AUC) of the

receiver operator characteristic curve of the constructed model included in the study ranged
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from 0.620 to 0.970, the AUC of the internal validation model ranged from 0.620 to 0.915, and the AUC of the

external validation model ranged from 0.744 to 0.849. The most common predictors of the included models were

pancreatic texture, body mass index (BMI), pancreatic duct diameter, abdominal drainage amylase level on the

1st postoperative day, preoperative albumin level, and intraoperative bleeding loss. The risk of bias was high in

all studies, and the applicability of the included studies was good. Conclusion The modeling quality of the risk

prediction model of the pancreatic fistula after pancreaticoduodenectomy was poor, and the clinical application of

the model need to be validated. In future studies, external validation and recalibration of the existing model can be

considered, or a new prediction model can be constructed and verified by referring to methodological guidelines.
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Figure 1. Flowchart of literature screening
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Table 1. Basic characteristics of the included studies

HAFTE WX gt x4 HASE () PEERAER (%)
ST 2018 i 5 P RS9 IPDAR B 151 18.50
SR 2019 CHIE [m g BA S 5% FTLPDA R & 176 17.00
HabiE 2019 i [ i A S 5 TIPDAREE 225 17.80
T 2019 i TRE I BA S BIF 5 TPDAR B 84 41.70
Li 2019 T [ A BA S5 FPDA B 298 12.76
X275 20201 r [ it A 5 IPDAR B 138 18.80
20 202017 H [ g BA B F 5% FIPDAR LA 296 14.41
#PE1A 2020 i 5l g BA S5 FrPDAJR 285 21.03
Han 2020" i [ [ JEsi P BA A BT 5 1IPDA 3 1769 12.50
Huang 2021 i [l JEi P BA A A5 fTPDAR B 1182 11.42
g 20217 i [ it A S 5 IPDAR B 195 33.80
Shen 2021”1 i [5l 1 BA 51 53T fIPDAREH 459 16.56
Liu 2021% i [ B BA B 534 IPDAR 251 7.60
ik 2022 T [51 85 : BA S F 5 FPDA B 147 38.10
ik ik 20220 i [ B BAS A 52 FIPDA R 249 16.10
X E 2023 o [5 Jisi P BA A BT 5 TTLPDA i3 441 15.60
B4 2023 CHE [l J P BA S5 fTLPDE#E 102 21.60
XIEE 20237 oE [ it BA S 5 IPDAR B 1083 15.90
JEAI R 2023 LR [ma g P BA B F 5% FIPDAR LA 320 20.66
g1/ 2023 i [l B BA S5 IPDAREE 134 32.84
He 2023 [ [o Jsg P BA A7 53 A 7 1IPDA 3 115 33.30
Zheng 20231 i [ st BA S 5% FPDA L H 257 21.80
Gu 2023 FH . PE [ JEs P BA A B 5 1TPDA B3 4956 16.65
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ELPN F 58 i X iERs e IS5 HEAE () BERAR (%)
AR 20245 i B4 A S 5 FiPDAR B 303 24.1
TKFHBE 20247 i [ i A S 5 TIPDAREE 365 29.9

Lee 2024 LA [5 Jisi P BA A B 5 TTPDA 3 1333 6.4

Zhu 2024 SRl [l st BA S 5T FMIPDA f 432 12.04

7 : PD, pancreaticoduodenectomy, B+ =35 bafk K; LPD, laparoscopic pancreaticoduodenectomy, MEAE4ZIA+ —35mine K; MIPD,

minimally invasive pancreaticoduodenectomy, ##6]lk + =35tk K,

R2 WNERPIMEER

Table 2. Construction of the included models

fpie A A () -
YN e PR st 4k o Rk 7 S e
(A4)  AbEE R SR
S5 2018 16 TFrZEgE 151 28 - LR HNRT . ZHET
SR 2019 13 PRERESNE 176 13 - LR HRZE ST ZHEST
St 2019 26 PrEsESE B: 225 B: 40 - LR RS . ZHEST
IV: 136 IV: 21
HWHE 2019 21 PRFRESE 84 35 - LR HHEST . ZBEST
Li 20197 24 PRERESE B: 189 B: 38 HEBR LR HHZE SN, ZHES
IV: 109 IV: 23
XA 20201 13 PAREELSEE 138 26 HEBR LR RSN ZHESHT
Zefi 202017 22 Ak hads B 222 B: 32 HEBR LR R ZHEST
s V. 74 v: -
{2020 19 fAFRESHE B 214 B: 45 HEBR LR RSN ZHESHT
V. 71
Han 2020" 38 PiAFiESErE 1769 221 i RF. NN B IAFHIETH R
HE%
Huang 2021 19 PRERIESEE B: 762 B: 87 - LR PR, ZHEESH
EV: 420 EV: 26
PVEE 20212 12 RS 195 66 HEBR LR RZE ST ZHESHT
Shen 20217 23 PRERIESEE B: 302 B: 50 ZH A LR Lassolfl 7
IV: 157
Liu 2021% 35 PRRRESE 251 19 - LR HRZE ST ZHEST
JkfEN 2022 19 PRRRESEE 147 56 HEBR LR HRZR ST ZRE ST
S Ak 20221 25 PREFELEE 249 40 HERR LR RGN ZHESHT
X7 £ 2023 15 {Ri%gEserE B: 312 B: 69 HEBR LR HRZE ST ZHEST
IV: 129 IV: -
K 2023 24 TAFiEEEE 102 22 - LR HR T . ZHET
X2k 20237 17 PAFREZEE 1083 172 HEBR DT RSN ZHESHT
JAIRLR: 20237 26 PEELErE B 213 B: 44 HERR LR BRI, ZHEEIT
IV: 107 Iv: -
/g 2023 17 WA 134 44 HEBR SVM. MLP PARZE T ZRFET
TR Lasso[[ 5
He 2023 24 et 115 38 - LR HR T . ZHEST
Zheng 2023""! 29 PRFRESE 257 56 EiN(ER7S DT, RF RS TE
Gu 2023 69 PRERIESEE B: 3609 B: 601 HEBR LR Lassolfl 7
EV: 1347 EV: 224
Aefi 2024 16 fAFRESHE B 253 B: 61 HEBR LR RSN ZHESHT
IV: 50 IV: -
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23R2

, N : ﬂﬁﬁi"ﬁg - A () P o -

ELYNG Bkt LR ekt 4 - 2L R A ki 1E

(A4) REFE T AL

Tk SHRH 20247 22 fRestt B: 257 B: 77 HEBR LR HHZE SN ZHESH
IV: 108 IvV: -

Lee 202471 23 RIFIESLYE B: 881 B: 59 - ANN, LR, RF.  BARERHF
V. 452 IvV: 27 GBDT. CNN, #

P

Zhu 2024 23 PRERESYE B 200 B: 32 - LR RN, ZHEE S

IV: 110 IV: 20

EV: 122 EV: -

E: B, #EAELE, IV, RNIRIIELE; EV, IMERIBIELE; SVM, support vector machine, X # @& HL; MLP, multilayer perceptron, %
E-RFnl; LR, Logistic regression, LogisticE)2; DT, decision tree, # 5% #4f; NN, neural network, #FZ M%; ANN, artificial neurdl
network, A LAPZ W% ; GBDT, gradient boosting decision tree, #%Z32JF5H #%; CNN, convolutional neural networks, ##24h%2 M

%y —RARIE
3 MNEB BTN HEBE
Table 3. Predictive performance of the included models
YN AUCWEME e - %;‘%ZJLJB@E% = T A B T P AL S Y
1 2018 0.750/- - - - 3 R EA . MRS, BMI -
SR 20197 0.923/0.893 (NS BeEg: BT - 4 W EAR . BRI, BYE. KRR
G
EREr 2019 0.813/0.806 ( PIEE) - - - 4 RJEEINEAEA . BEE XA
HAR . BT, PRk EE R
Y 2019"  0.911/- - - - 34~: DFA1, DFBC1, SAl -
Li 2019 0.821/0.835 ( I¥K) - - - 44~: SAL, FEARFTHL . RS EAS . R
o
X202 20207 0.889/- - - - 34 REITBILAKCE . WS HAR . B KESTFA A
I 5
Zsii 20201 0.875/0.862 ( ) Kb FEAYRSY - 54 AP RARTHL . AR b G
B OB A AREKT
VA 2020 0.832/0.868 (B - FEAYR 5 - 34~ BMI. JE4FEAE. DFAL USSR
Han 2020"" RF: 0.670/- 2 SUBGIE - - 164 A AR, BMI, HEAK -
NN: 0.740/- T R . AR RS MR
P, PV-SMVERA YRR . AR R I
1E. DRIIBE /K. Bl BT . ASA
50 VR IR . OBER (R
M) . RATERBD/EVBD
Huang 2021""" 0.934/0.744 (4NH) Rk - A2 34~ BMI, REH# . DFAL P
PV 20212 0.900/- - - - 24 S ER ., AR RS> A
Shen 20217 0.870/0.620 ( PI#R) liRiiHiliERS SRR - 4 HEA . M. BMIL G E
DFA1
Liu 20217 0.866/— - - - 29 FEA L UK KRB PSR A
Ak 2022 0.792/- eiHIliERY ERS7S - A BRI . R EAR . BMILL JE B4
JEEHRBER
ks 2022%7  0.957/- e £ - - 5 JERRTU . REEAR . FK G
Ji5 . BMI, AR i
XFEE 2023%7 0.903/0.875 ( IHE) H-LIEE  FEAYR S - 44~ BMI. TFA, ECV. & HAAE HIZE &
HEMZ

HAs 20237

0.814/-

24 P EAE, HEA
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223R3
re——— P
AT AUJ@M“ O ?f@%a = S B T BB
XIECH 20237 0.678/- - - - 44~ AR, BMI, T fERR ik -
H L RE AR
JAER 2023™ 0.869/0.881 (INEE) e £k - - 54: LMR. BMI. ARG, EEH  FIZ4E
T, RS i il
S8 2023% LR: 0.761/0.631 (P H-LLA 1 - - 34 . CA19-9, TIWISIR HIIZE &
F) . SVM: 0.757/0.721 FERGH . AL
(9B ) . MLP: ek
0.794/0.809 ( NHB)
PSR . 0.861/0.830
(P )
He 2023 0.842/- Rl - 44~ BMIL, ARFTEE KT R RS ITEo250
- M, RARIE
Zheng 2023 DT: 0.743/- LN HIE - - 3 JREEA . BMIL AR -
RF: 0.977/-
Gu 2023 0.855/0.849 ( 4Ni) NHBZE L - - 61 MRE . BRE RN BRAR T | HIZE
Ll BRIRSSI, DGE., JiHt
Atk 20245 0.788/0.804 ( N#B) - - - 24 EETREL. MRCT -
JKFFRH 20247 0.897/0.901 ( PIFE) BeEg: BT - A RIFEFLRR .. ERRTHL, E HILE ]
R B
Lee 20245 Roberts#710.647/0.623 - - - 81~ : AEPDACHKIH . JHEARTHb | -
(#B) . ML: DFAL, SILLEN . REER. &
0.710/0.785 ( 4B ) . VAL, JClE oIk, A%
DL: 0.970/0.717 (N
B L AU
0.936/0.915 ( )
Zhu 2024 0.819/0.830 (I ) / - - - 64~: BMI, M. Hili=fe. BE  JILKE

0.793 (M) HAR . JREESWT A i

7E: —K&3IRiE; BMI, body mass index, /hEF54L; DFA1, drainage fluid amylase, =7k BK-F; DFBC, draining fluid bacterial
culture, IS AR MAIERER; SAl, serum albumin, fiF @& G KF; TBIL, totd bilirubin, #2414 ; TFA, totdl fat area, JEf
SR @mAR; ECV, extracellular volume, ZmigdMk47; LMR, lymphocyte—to—monocyte ratio, #k & 48 iiL/ A% 4m L ybfa; TIWISIR,
signal intensity ratio on TIWI, IT#kkF MR E M (SIHAE ) 5 R E@AMMESA (SILK ) 9455 3B (SIR=SIHAE/SIILA ) ;
SSI, surgical site infection, KGR #; DGE, delayed gastric emptying, | He=#EiR; PDAC, pancreatic ductal adenocarcinoma, MAE-F
ERESE; VAL, visceral adiposity index, W BEASHFIE4L; RF, random forest, FAMLAA; NN, neural network, #h22 M % ; DT, decision
tree, #%A; ML, machine learning, #LE 53] ; DL, deep learning, RAF .

R4 MNTRBRE KB F0IE AT

Table 4. Risk of bias and applicability evaluation of included studies

ey KUz 18

x4 mE Bl 45 WER% ZEIR
St 2018 - - - - + +
SEUEAR 2019 - - - -
HatiEg 2019 - - - -
WY 2019 + ? - ?
Li2019" - - - -
X7 20201 - - - -
Z=h] 2020 - - - -
#PE{f 2020 - - - -
Han 2020 - - - -
Huang 2021" - - - -
B 2021 - - - -
Shen 20217 - - - -

HERITAL
fwfg:

- +

AT

+ o+ o+ o+ o+ o+ o+ o+ o+ o+
+ o+ o+ o+ o+ o+ o+ o+ o+
+ o+ o+ + o+ o+ o+ o+ o+ o+ o+
+ o+ o+ o+ o+ o+ o+ o+ o+ o+
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Zrka
PTG A U2 T I R RPTA
LIRS S S R €77 S50 WIFEx% AT 4R frfaraBs:  JE I

Liu 2021 - - - - + + + - ¥
J At 20221 - - - - + + + _ +
STk 2022 - - - - + + + - +
XE & 2023 - - - - - + + _ _
K235 2023 - - - - _ + + _ _
X 20237 - - - - + + + - +
JRIAR SR 2023 - - - - + + + - +
s/ 2023 - - - - + + + - +
He 2023 - - - - + + + - +
Zheng 2023"" - - - - " + + _ .
Gu 2023 - - - - + + + - +
Atz 2024 - - - - + + + - +
TKFHH 2024 - - - - + + + - n
Lee 2024 - - - - + + + - +
Zhu 2024™ - - - - _ + " _ _
E:OHT KT R/ E RS ST AT R/ E R Y KRR REE .
2.6 MetanrthER IR JF AR TG L, WAk 5.

o SCHRBCRER T 3 ST TIIN FHE1F Meta 2> 2.7 BLRVMESHT
e, SRR, B EAE . REIEE (body mass US4 L4 60 SR A i 15

index, BMI) | JEIESIGER TG (drainage  BUEEHORIEAT, R ER, ARIBHAIN 19545
fluid amylase, DFA1) | ARihiiSeE PD RS RRRAEVIRAZNL, RUIDEERERE .
PEIVMSLIER N R, iR TS A K&

R5 B+ ZIHEMVIBRARERERNEFHIMetas 45 R

Table 5. Results of Meta—analysis of predictors of pancreatic fistula after pancreaticoduodenectomy

HIA T WA R BB Mot br
VE(E PfE OR (95%CI ) 24 Pl

e 1704 I 15T 2072 274, 265075254 92.6% <0.001 FiHLaks  0.89 (0.79, 1.12) 1.19 0.071
[ EAR 213 1 15720, 25729, 31, 3439 90.7% <0.001 BEHLROY  1.28 (1.10, 1.48) 351 <0.001
BMI 1301 T2 252 27528 5031 ) 90.4% <0.001 FitiA LAk 1 132 (1.23, 1.41) 7.73 <0.001
DFAL Sl 2L 95.4% <0.001 PR 1.56 (1.24, 1.89) 2.44 <0.001
2K FKF T2 2630 89.3% <0.001 FEHLELS  0.95 (0.89, 1.00) 1.71 0.087
A H o 4172 92.1% <0.001 PR 1.01 (1.00, 1.01) 5.70 <0.001

7 : BMI, body mass index, k& H54L; DFA1, drainage fluid amylase, BEAE 3|7 & 4 BEK T,

+6 HRMESIESR
Table 6. Results of sensitivity analysis

- [ 5 5 A TR BEHL AL A5
s A[S
OR{i 95%Cl OR{i 95%Cl

AR 5 0.90 (0.76, 1.24) 0.89 (079, 1.12)
[ EAR 1.32 (1.20, 1.49) 1.28 (1.10, 1.48)
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AR H o 1.01 (1.00, 1.02) 1.01 (1.00, 1.01)

7E: BMI, body mass index, /K& 35%k; DFA1, drainage fluid amylase, M= 7] 7R i Bk
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