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Abstract

Key words

Background and Aims: With the advancement of surgical techniques and clinicians' continuous
refinement of surgical approaches, the surgical mortality of pancreaticoduodenectomy (PD) has
significantly decreased. However, the incidence of postoperative complications remains high, with
postoperative pancreatic fistula (POPF) being the most common and severe. Therefore, this study was
conducted to investigate the risk factors for clinically relevant POPF (CR-POPF) after PD and
develop a risk prediction model.

Methods: The clinical data of 365 patients who underwent PD in the Department of Hepatobiliary
Surgery of General Hospital of Ningxia Medical University from January 2015 to July 2021 were
retrospectively collected. Patients were randomly divided into modeling and validation groups at a ratio
of 7:3 based on a random number generator. Univariate and multivariate Logistic regression analyses
were conducted on the modeling group to determine independent risk factors for CR-POPF. A clinical
prediction model was constructed and visualized using a nomogram. The discriminative ability was
evaluated using the ROC curve, and Bootstrap drew the calibration curve and repeated the self-sampling
method for internal validation. The validation group was incorporated into the model to verify the
predictive performance of the model by drawing the ROC curve and calibration curve.

Results: Univariate analysis showed that sex, BMI, history of abdominal surgery, main pancreatic duct
diameter, pancreatic texture, neutrophil count, monocyte count, lymphocyte count, the ratio of
monocytes to lymphocytes, and postoperative lactate were significantly associated with CR-POPF (all
P<0.05). Multivariate Logistic regression analysis revealed that male sex (OR=2.896, 95% CI=
1.368-6.390), high postoperative lactate (OR=3.593, 95% CI=2.211-6.172), main pancreatic duct
diameter <3 mm (OR=0.243, 95% CI1=0.102-0.552), and soft pancreatic texture (OR=0.146, 95% CI=
0.061-0.331) were independent risk factors for CR-POPF (all P<0.05). A mathematical model was
established based on regression coefficients, and a nomogram was constructed for visualization. The area
under the ROC curve (AUC) of the model was 0.897 (95% CI=0.857-0.936); calibration assessment
showed that the trend of the simulated curve was consistent with the actual curve (MAE=0.014). The
validation group data were applied to the prediction model, and the ROC curve for predicting the risk of
POPF CR-POPF in the validation group showed an AUC of 0.901 (95% CI=0.844-0.959); the
calibration curve demonstrated that the trend of the simulated curve in the validation group was
consistent with the actual curve (MAE=0.019).

Conclusion: Male sex, soft pancreatic texture, main pancreatic duct diameter <3 mm, and high
postoperative lactate are closely associated with the occurrence of POPF after PD. A predictive model for
early postoperative CR-POPF based on these four variables demonstrates good performance and can
guide clinicians in making treatment plans for patients undergoing PD.

Pancreaticoduodenectomy; Postoperative Complications; Pancreatic Fistula; Risk Factors
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Figure 1 CT manifestations of main pancreatic duct dilation

(albumin, ALB) . 4460 40 Bt 3 %5 55 90k 2 40 it 31
B IAE  (neutrophil-to-lymphocyte ratio, NLR) . £F 4k
HHERYS A EA K (fibrinogen to albumin ratio ,
FAR) . tf B2 40 i 3t 205 5 8 40 i 3 B fa
LMR) . FJRE HAE
A>3 mm (PRI R CT W g R L k5
FT# k&M Em e e a8) (K1),
iV 4 R CT B 7 Hy 2 A2 AR I TR) B 5 10 4F 1 52
BRVEA TR R, O i 8 3 AR B AT BRI

(lymphocyte to monocytosis ratio ,

Eig g 2R PARMIKCHE bR BIR BT . TR
] AR AR e LR E

A BT IR K B BRIRSBRE Y 5K, C. BB HKIF 2 A B U

A: Significant dilation of the pancreatic duct in the pancreatic

head; B: Dilation of the pancreatic duct in the pancreatic body; C: Dilation of the pancreatic duct in the pancreatic tail with

bead-like changes
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*®1 BEEASEIFAELERILER
Table 1 Comparison of baseline data between the modeling group and the validation group
AR AL (n=257) BIEZ (n=108) P
CR-POPF[n(%)]

& 180(70.04) 76(70.37)
1.000
= 77(29.96) 32(29.63)
Heiln(%)]
5’8 111(43.19) 41(37.96)
0.419
5 146(56.81) 67(62.04)
BMI>25 kg/m*[n(%)]
i 186(72.37) 80(74.07)
0.838
= 71(27.63) 28(25.93)
SEE>60 % [n(%)]
T 131(50.97) 53(49.07)
0.829
= 126(49.03) 55(50.93)
ML (%)]
w 182(70.82) 80(74.07)
0.615
= 75(29.18) 28(25.93)
BRI (%)]
w 221(85.99) 91(84.26)
0.790
I 36(14.01) 17(15.74)
S (% )]
F 243(94.55) 100(92.59)
0.633
i 14(5.45) 8(7.41)
JEEBFAR L [0 (%)]
w 184(71.60) 83(76.85)
0.365
= 73(28.40) 25(23.15)
FARBE>6 h[n(%)]
& 160(62.26) 63(58.33)
0.559
s 97(37.74) 45(41.67)
H i FE>1 000 mL[r(%)]
& 215(83.66) 93(86.11)
0.666
= 42(16.34) 15(14.89)
T HA2>3 mm[n(%)]
i 124(48.25) 45(41.67)
0.300
= 133(51.75) 63(58.33)
AR TR (%) ]
T 115(44.75) 41(37.96)
0.280
= 142(55.25) 67(62.04)
ARIGZLAR [mmol/L, M(IQR)] 1.30(0.91~2.00) 1.30(1~1.80) 0.746
PLT [10°/L,M(IQR)] 201.00(152.00~259.00) 186.00(146.00~225.50) 0.188
NEUT [10°/L, M(IQR)] 10.90(8.58~13.81) 10.23(8.05~12.17) 0.135
LYM [10°/L,M(IQR)] 0.73(0.51~1.02) 0.78(0.53~1.16) 0.438
MONO [10°/L., M(IQR)] 0.60(0.40~0.87) 0.57(0.41~0.82) 0.435
ALB [g¢/L, M(IQR)] 28.90(25.6~32.90) 28.35(25~32.23) 0.106
NLR [M(IQR)] 15.09(9.32~21.96) 12.54(9.38~19.72) 0.253
PL [M(IQR)] 279.25(177.14~392.54) 257.48(159.20~369.94) 0.364
FAR [M(IQR)] 0.10(0.08~0.14) 0.10(0.08~0.14) 0.596
LMR [M(IQR)] 1.22(0.80~2.13) 1.33(0.94~2.25) 0.326
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22 BEZEY5 % HAZE Logistic [@ 13 4 #7 & CR-

POPF XUk Tl il 45 BY i 22

H HE B2 1Y 257 1) R 3 43 O CR-POPF 5 dE
CR-POPF, PR LA R B /R A 9OW IR 2 7 A
gt F e . W (P=0.003), BMI (P=0.005),
JEHF AR (P=0.045), FBHE HE (P<0.001),
JEE R T AE  (P<0.001), NEUT (P=0.027), MONO (P=
0.001), LMR (P=0.003), ARJFLER (P<0.001) (#2),

WA G222 5 AR bR A £ & Logistic [ 15 43
B, I O 2k b ST fE B PR aE AT R AR b A
SERWORAE I . BRI, FHRE AR
<3 mm., B PDAJE POPF B fERN R (£3),
54 WH RBCE S B A . Logit (P) =-2.154+
1279x (RIGHMR) -1414x (EHEE EHA>3 mm)
-1.922x  (JHEARFAE) +1.063 (),

®2 BEHABRESN

Table 2 Multivariate analysis of the modeling group

A [ CR-POPF (n=180) CR-POPF (n=77) P
PESR(%)]
‘e 86(47.78) 25(32.47) 0.033
5 94(52.22) 52(67.53)
BMI>25 kg/m? [n(%)]
T 140(77.78) 46(59.74) 0.005
= 40(22.22) 31(40.26)
HEFBFA 2 [n(%)]
75 136(75.56) 48(62.34) 0.045
= 44(24.44) 29(37.66)
T EA>3 mm[n(%)]
7w 60(33.33) 64(83.12) 0,001
= 120(67.67) 13(16.88)
JHR AR AT [ (%)
“ 52(28.89) 63(81.82) 0,001
2 128(71.11) 14(18.18)
AJFFLER[mmol/L, M(IQR)] 1.10(0.90~1.60) 2.00(1.40~2.40) <0.001
NEUT[10%/L,M(IQR)] 10.73(8.09~13.14) 11.61(9.21~15.16) 0.027
MONO[10°/L., M(IQR)] 0.56(0.38~0.78) 0.72(0.50~1.04) 0.001
LMR[M(IQR)] 1.27(0.92~2.34) 0.93(0.66~1.61) 0.003
R3 E1ELH Logistic EEZERH PN 0 10 2 30 40 50 60 70 80 90 100

Table 3 Logistic univariate analysis of the modeling group

A B OR(95% CI) P
W -2.154  0.116(0.041~0.305)  0.000
VNETEENC 1279  3.593(2.211~6.171)  0.000
FHEE HAZE>3 mm -1.414  0.243(0.102~0.552)  0.001
JER g e -1.922  0.146(0.061~0.331)  0.000
Tk 1.063  2.896(1.368~6.390)  0.007

2.3 FI&kEE

AT R 4.2.1 B 22 i i PR 0000 458 4 5] 2 ]
LR AT RAL (1 2) , R A A 0 4 B 59 75 23
SRR AN AR BB A, MR S 20 15 HOAR O A
R .

r T T T T T T T T T T T T T 1
05 1.0 1.5 20 25 30 35 40 45 50 55 6.0 65 70 75

5
B ELAE>3 mm %—’

&

e i At T

=
P %

%
EIY ,

0 20 40 60 80 100 120 140 160
POPF {5

0. 030507 09
B2 Wizl E

Figure 2 Nomogram predictive model
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2.4 ER4H POPF KU FMIAR R 19 X 53 B R ARk
L
HBEARY 1) X3 BE A B 45 R o, B T POPF
B AUC 4 0.897 (95% CI=0.857~0.936) ; & #E & T
Al 25 R o, ASEADL i 2 R S B it 2 A AR
—% (MAE=0.014) ([¥3),

—— AUC=0.897 (95% CI=0.857~0.936)

3 REIREITME

Figure 3 Model performance evaluation

—— AUC=0.901 (95% CI=0.844~0.959)

B4 HEEIZRERIE

Figure 4 Model performance validation

3 i it

3.1 POPF XUk T il &7 55 R AK

T PD FARE A HAR G I A0E R AERw, —
ELAB N AN R B IS, AMRETE R R 1 el i
DL R R IG T J7 58 1 el % KR AIR T POPF ) AE
£, {H POPF (¥ & 9 245 J& =i AN & o POPF J& PD R
Je Hh B B I K RE 22— LA B R TR R ) e AR
HAEMEEZEH . PD &4 POPF 2 WL F 4 5
FEw A0, BRIV A O T R R BE D
W, SFEBURWE T RE AR EA S s, X
S R 2 25 B RS piuhnsi . Rk, PD & A= POPF &
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2.5 1=BVIGE

N7 FH 58 E 28 50405 6T A g 0 I AR 00 AR A HE AT
KE, 2l ROC £, AUC 253 B8 . AUC K
0.901 (95% CI=0.844~0.959) ; A5 4LL fHh 2 A1 52 B il £k
B EEA —E (MAE=0.019) ([514).

-~ - - Apparent
Bias-corrected
- == -ldeal

A: HEEYIROCHIZ; B: HBI4IRELZ
A: ROC curve of the modeling group; B: Calibration curve of the modeling group

- = - - Apparent
Bias-corrected
- == -ldeal

A BHEAIROC 2k ; B: IniFdlisiEphk

A: ROC curve of the validation group; B: Calibration curve of the validation group

B Ty P R M i A TR K RE,
AT S 4 A B B[], 39 8 2 n A Be 9% . H Al
N E R B B AR L TR B P 3 52 R POPE /Y &
A1, Callery S5UVSIUR] R AR o . G PSS AY |
JEAE I ELAR . R b e A TR R R R X
4y & 48 FRS, 2019 4E Mungroop Z5' 5| A BMI 24 it
FRS, 2021 4 Mungroop Z5 V4N A T W& J7 20 Al
PER WA R, B TR R4, JFH
TETF 3T AR AN G PD A B X BT A g 28 0F 43
RGAR T . WA PFRIR AT RS
T E SRR . AUC, R B2 FHPESOINE . o
BPE SRR B, I A i — PR R W= a) .
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3.2 151K AERAXT POPF B F 0

PE I X T POPF (4 5% Wi N o] 200, 32 3 2% 5%
Wi, BBV A B T 32 B OB E O E B R L, i
PER ARG B ZDIRRAE R T, AR, Ml
S T NE R W 4 A AN TR, LI 52 e POPE 1Y &
Ao BEAERRSRUISRBT, AR T M ) R R B S R
J /N It 1 2 AR BE A G, TR /N I 2 A AL R B R
L R R MR, POPF Ay XU R A% . 3 TT fE &
SRR B i O R IR T b A, RS YRk . WA
RGN I o TR R T b A B0 SR 1 A IR HL e
A 43 Wb Ty Rl 5 i i BG in I & AE POPF g KU, JF:
LB R T B Ry SR A L R D A, E
B HARAEE RN, AR EEEmK. &5k
A g7 E N
3.3 HEFIETN POPF FHIERA

E A WF 58 F) P B BR CT (521, 75 %8 5 S7 Bk b
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3.4 ZFLERXTTN POPF

AW ST KB, FLIR XF U POPF 4 — &2 1
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WKFE LI, N 93l k5 /N i T 3 ik sl 35 48 408 1Y
AN BN KB WG 1B R A A I R 22 B
LA 1R AN S i 5 A TP N A R A B2 3 S
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