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Abstract
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Background and Aims: Acute biliary pancreatitis (ABP) secondary to gallbladder stones has a rapid
onset and swift progression, which can be life threatening in severe cases. However, the mechanism and
risk factors for ABP induced by gallbladder stones are not entirely clear at present. Therefore, this study
was conducted to investigate the risk factors for ABP in patients with cholecystolithiasis, and to construct
a predictive model for the risk of ABP.

Methods: A total of 503 patients admitted for abdominal pain and diagnosed as cholecystolithiasis from
January 2018 to March 2021 were enrolled as study subjects. The general clinical data, laboratory data
and the occurrence of ABP of the patients were gathered. The risk factors for ABP were screened by
univariate and multivariate analyses. The area under curve (AUC) and best cut-off value of each risk
factor were determined by ROC curve analysis. A nomogram predictive model was constructed to
quantify patient risk, and its clinical predictive ability was assessed by calibration curve and decision
curve analyses.

Results: Among the 503 patients with cholecystolithiasis, 119 cases (23.66%) developed ABP. In
patients with ABP compared with those without ABP, the APACHE II score, proportion of cases with
abnormal gallbladder size, proportion of cases with multiple gallbladder stones, proportion of cases with
common bile duct stones, amylase (AMS), C-reactive protein (CRP), procalcitonin (PCT) and neutrophil
to lymphocyte ratio (NLR) were increased (P<0.05), while the gallbladder wall thickness was decreased
significantly (all P<0.05). Results of ROC curve analysis showed that the AUC values for APACHE II
score, gallbladder wall thickness, AMS, CRP, PCT and NLR were 0.681, 0.769, 0.886, 0.734, 0.869 and
0.822, and the best cut-off values were 13.89, 1.89 mm, 382.10 U/L, 18.69 mg/L, 5.76 pg/L and 3.05,
respectively. Multivariate Logistic regression analysis showed that gallbladder wall thickness
(<1.89 mm), multiple gallstones, AMS (=382.10 U/L), CRP (=18.69 mg/L), PCT (>3.68 g/dL) and NLR
(=3.05) were independent risk factors for the occurrence of ABP in patients with cholecystolithiasis
(all P<0.05). For the nomogram constructed by integrating the independent risk factors, the C-index was
0.691 (95% CI1=0.661-0.735), and risk threshold was 0.14, and the clinical net benefit of the nomogram
model was significantly higher than that predicted by any single variable.

Conclusion: Gallbladder wall thickness, multiple gallstones, AMS, CRP, PCT, and NLR are factors
closely related to the occurrence of ABP in patients with gallbladder stones. The nomogram model
constructed based on these factors has certain clinical value for early identification and warning of ABP
in patients with gallbladder stones.

Cholecystolithiasis; Pancreatitis; Risk Factors; Nomograms
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1 TOUI JEL 98 25 4 5 O & ABP XU 14 971 4k P AR AL
O W AR B3R 0 O L s e N R T B 2 %
Ji i) o

1 ARSI

1.1 —RER

PEL IR KA TS — N R B /bR 2018 47
1 —2021 48 3 J i [m Weis /Y 5 e A Be OF- 512 R
B 25 41 i SR AR I BE SRR . A RRE: (1) fi
HEE LT BB K CT E AR A A uE 2 A
WL AAAE; (2 ABP I IZIIAF & (b [F 201k iR
RiZiGTEE (2021) ) "MEIZWbRE; (3) 4F I 18~
75 %5 (4) B N H R E R B S AR B 5 0T 4
HEFEE A . HEBRbRE: (1) AR L5 4 5 1 AP
s (2 ARy A BE TS 52 48 N B AT BRI
Bl AT Q) BMEAATEEREMRE L 4) Bt 6e
S (5) AR MR E BN BOE B B o MR
W (6).0 . Ml JFLAEIhEE ™ E 2 (7 Bk
TEAF TR O B K iR I A8 3 s SR 5 (8) Il R B
BERERE S W AP () BENIET . R4
AR UHER A A 503 B I ZE 4 B, MR ST
Sz ABP 4 A ABP 41 (119 1) DL K& Ak ABP 41
(384 1) . AMIFFE 283 3 Bt =~ 48 T 25 i A% ik
Wit (EHEHALES . KY-2022-351)
1.2 WMEER

A MR . R R4S %L (body mass index,
BMI) . WM . PRI L i MERRE L AR ILE |
A A IR A M AE | 2cPE A B 0 M R
(APACHE) W3F4p . AR/ AHBEREJRE | 0%
g HES AR/ 2 EAIFHAES A .
MIETEM B (amylase, AMS) . A& MR & 3% 75 1
(alanine aminotransferase, ALT) . K[ 4 & ik & Kt
H F2 i (aspartate aminotransferase, AST) . & fH 4T
% (total bilirubin, TBIL) . B # 0 2T £ (direct
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bilirubin, DBIL) . [A] # JH£L % (indirect bilirubin,
IBIL) . £L4f il (red blood cell, RBC) . IfiL£L % [
(hemoglobin, Hb) . B 48 M (white blood cell,
WBC) . I,/ (platelet, PLT) . C-JZ i H (C-
reactive protein, CRP) | [ 55 & R (procalcitonin ,
PCT) . ¥ kL 28 M A ok 2 48 A 3 % Ik A
NLR) . H #E H
(albumin, ALB) . %5 @ i ## (fasting blood glucose,
FBG) . WLEF (creatinine, Cr) DL I JKZE A (blood
urea nitrogen, BUN),
1.3 SEitEabE

>R 1 SPSS 23.0 e it 4 B4 K R i85 BAF kAT
B ab s, HREERHE « rdEZE (xxs) 3
A (e ) (M (IQR) 13878, 4l
B2 oK FH ST BE AR ¢ 4G 56 1 Mann-Whitney UK 1t
o OIE (Aae) o (%) 13Raw, HE L
BOR )RS . X T4 1A) Fe A A 3 R I 2L 7 B
K HIROC 126 73 B LA AR Ui A3 BT (6 s % S R
Logistic [8] )9 73§ 1Y A7 22 5% 48 b 2 T4 A 3 2 R
Logistic [1] J7 73 # A5 84 vp 3% RO ST g B &R o 7
R 352 Wk, RA “ms”
LA 2 ) B £ KIS MedCale 23.0 %44 41 ROC
Hhek, 113 a2 N mFL (area under curve, AUC) ;
KM “rmda” SFALPEAT R ML 0 b, AR S 2
PRI I R I 36 . P<0.05 22 A Gt X

(neutrophil to lymphocyte ratio,

€rro.m o« R
Hmisc survival

2 & R

2.1 FEABPAHSABPAHBEMIGKREZFLE

ABP 4 H 3 APACHE TIPE4 . AH4E K/ 558 b
il . Z R ML A ), ST ZS A LE . AMS,
CRP. PCT LA S NLR ¥/5 T4E ABP 41 (3 P<0.05) ,
ABP 41 8 7% 0 3% B J2 EF AR T AF ABP 4 (P<
0.05) (£1),
2.2 ROC #iZk ot

TEFF T 2H AR G R BEORE o gt 22 R i
SR AR, TS #EFT ROC #l Z6 40 Bt 3K B i 44 38 B
. ROC HHZ 4y Hrat S /R . APACHE 194y . 1
FEREJEEF . AMS. CRP. PCT. NLR fi% AUC 4> 51 Ky
0.681. 0.769. 0.886. 0.734. 0.869. 0.822; IxiEik
W {E 2> %) 4 13.89 . 1.89 mm ., 382.10 U/L. 18.69 mg/L .
576 we/l, 3.05 (K1) (£2).
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Table 1 Comparison of the clinical data between the two groups of patients
€N 4l ABP 4 (n=384) ABP4(n=119) iz P
W (7 + 5) 61.27+6.93 62.73+7.03 1762 0.079
PSR (%)]

] 239(62.24) 68(57.14)

g 145(37.76) 54(42.86) 0992 0334
BMI(kg/m?,x + s) 21.74+1.98 22.05+2.01 1.317 0.191
WA (%)) 162(42.19) 57(47.90) 1.206 0.291
R (%)] 92(23.96) 31(26.05) 0.215 0.628
LR (%)) 149(38.80) 48(40.34) 0.090 0.830
Wi PRI (%)) 35(9.11) 12(10.08) 0.101 0.721
R IAE [ (%) 123(32.03) 43(36.13) 0.396 0.527
fREAUMIE R (% )] 24(6.25) 13(10.92) 2913 0.107
APACHEIH”?%(E +5) 8.14+1.06 13.62+1.97 35316 0.000

BFER/NN(%)]

1Em 258(67.19) 45(37.82)

S 126(32.81) 74(62.18) 37723 0:000
JHFEREEFE (mm, % + 5) 2.62+0.53 1.93+0.36 14.641 0.000
IREEEE A E i [0 (% )]

ok 272(70.83) 55(46.22)

£ 112(29.17) 64(53.78) 24198 0:000
MHEAEL A (%)) 95(24.74) 62(52.10) 31.677 0.000
AMS(U/,% + 5) 126.75+21.42 376.81+30.52 88.913 0.000
ALT(U/L,X + 5) 53.61+7.86 55.27+8.03 1.764 0.078
AST(U/L,% + 5) 49.35+7.83 50.93+8.67 1.655 0.099
TBIL(pumol/L, % + s) 30.16+6.59 31.16+7.96 1.217 0.224
DBIL(pmol/L,% + s) 21.35+6.62 22.76+6.93 1771 0.078
IBIL(pumol/L,x + ) 17.93+3.32 18.26+3.63 0.818 0.414
RBC(X10°/L,x + s) 4.21+0.43 4.12+0.39 1.789 0.074
Hb(g/L,% + s) 110.37£16.76 107.51£15.72 1.450 0.148
WBC [x10°/L,M(IQR)] 9.10(6.00~8.30) 9.70(6.10~8.50) 1.247 0.212
PLT [x10°/L, M(IQR)] 230.27(157.12~190.53) 238.33(161.55~196.87) 1.875 0.126
CRP(mg/L,% + ) 10.26+3.53 18.37+4.21 18.480 0.000
PCT(pg/L,% + s) 1.63+0.37 5.51+1.51 42.690 0.000
NLR(% + 5) 2.01+0.87 2.93+1.01 8.569 0.000
ALB(g/dL,X + 5) 3.73+0.61 3.69+0.53 0.565 0.573
FBG [mmol/L, M(IQR)] 6.24(3.41~5.03) 6.35(3.58~5.19) 1.369 0.160
Cr(mmol/L,% + s) 73.69+12.75 74.32+12.81 0.414 0.679
BUN(mmol/L,% # s) 5.31+1.26 5.20+1.17 0.135 0.893
© MK A o B EF SR ETH http:/www.zpwz.net
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Figure 1 ROC curve analyses
#Fz2 ROCHZEASITER
Table 2 Results of ROC curve analyses
AR AUC AR R IE Youden $5 % SE 95% CI P TR (%) R (%)
APACHE T4y 0.681 13.89 0.371 0.039 0.621~0.737 0.000 44.44 92.68
fEAEREELRE (mm ) 0.769 1.89 0.514 0.039 0.713~0.819 0.000 73.33 78.05
AMS(U/L) 0.886 382.10 0.658 0.023 0.841~0.922 0.000 75.56 90.24
CRP(mg/L) 0.734 18.69 0.465 0.042 0.676~0.787 0.000 78.22 68.29
PCT(pg/L) 0.869 5.76 0.741 0.030 0.822~0.907 0.000 78.89 95.12
NLR 0.822 3.05 0.782 0.028 0.770~0.866 0.000 85.52 92.68

FMERERAEEHLZABPERKEN S EER
Logistic [E] 1343 #r

W 5 R 2R Logistic 17115 43 B 9 A 22 55 48 b 42
Nt L2 K Logistic [B] I 43 Hr g B v, Ho 45 52

2.3

N

H#EREJE B (<1.89 mm) . 2 K ML A .

AMS (>382.10 U/L) . CRP (>18.69 mgL) . PCT
(23.68 g/dL.) M NLR (=3.05) ZMHALLE A B F Ik
ABP & A 1At sr fa B R (38 P<0.05) (£3).

#3 PEREABEFE ABP KGRI % FE X Logistic B3 247

Table 3 Multivariate Logistic regression analysis of risk factors for occurrence of ABP in patients with gallbladder stones

S B SE Wald OR(95% CI) P
APACHE II¥43 (>13.89 15.<13.89) 0.035 0.214 0.027 1.036(0.617~1.090) 0.874
JEE RN 8 vs. TET) 0.314 0.203 2.294 1.369(0.971~1.767) 0.169
JIHHERERL R (<1.89 mm vs. >1.89 mm) 0.449 0.147 9.336 1.567(1.279~1.855) 0.000
MRFELS A (2K vs. AR 0.380 0.135 7.915 1.462(1.197~1.727) 0.004
RS A (A vs. C) 0.331 0.263 1.581 1.392(0.877~1.907) 0.209
AMS(>382.10 U/L v5.<382.10 U/L) 0.699 0.116 36.324 2.012(1.785~2.239) 0.000
CRP(>18.69 mg/L vs. <18.69 mg/L) 0.351 0.137 6.578 1.421(1.152~1.690) 0.018
PCT(>3.68 g/dL vs. <3.68 g/dL) 0.496 0.213 5.421 1.642(1.225~2.059) 0.026
NLR(>3.05 vs. <3.05) 0.468 0.168 7.744 1.596(1.267~1.925) 0.006

MBI EER BEH L ABP XK A
S EER

YRR | 2k BEZE 4. AMS. CRP,
PCT L) K NLR 55 548 bR VR Ay A 22 51) 2k 12 A5 70 ) 5
MKEF (F2),

2.4
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2.5 7k EREEIR A #h 2 R I PR i 3 53 4T

K I O 2 AT 5

C 18 ¥t M 0.691

(95% CI=0.661~0.735) , %% £k &1 B B 11 52 B il £k
SMmmh&nm G ERe (K3) . RITHRFEMZL
3B 5 2 PR AU I DR ¥l £, XU B 53 301 >0.14
& At 25 BRE 0l PR v 0 A O L2 4 TR AR Y 1 i R
F RS R TR R AR T A5 R (1514)
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Figure 2 Nomogram model for predicting the occurrence

of ABP in patients with gallbladder stones
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Figure 3 Calibration curve analysis of the predictive ability
of the nomogram model
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Figure 4 Decision curve analysis
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B LA AN [ ™ R ) ABP, ™ FE ABP 1] £
BET, WILRFEIL19%, mHEEFREN T
O fEERRE R AR e . DR, R L K iR I R
PR H ABP 1 fa B A, X TR B I K2 T I R
HA AR B & . HETIHSE 45 A 15 & ABP (1)
FH G & 9 ML i A B, A (B U8 45 1 mT A8 i R
TERHZE . MR TE Y DL R R B T T B, B R
Wt g” 5 LR E R pT P A S B
(1) 503 141 JIH 9 45 1 (35 A 119 B JF & ABP, kB
R 23.66%, X 5GREAEMRPOHGES R 3., B
A ) 2 PSS AT Sy — Bl R PP Al T2 GE T2 b
FH T iogeg A A7 00, BRAT, A At s v A A D
WAEH], HIEE 4 1k P Ah b R B 0 5 2%
A1 B ABP & AR U (19 81 2 B R . S A it
BFH MU TE, AU AT 38 L W K 3
AR br, JF Bk o A s 6 K ke o ith £k 03 By
1 3 UH I 9 £ A TR A kT I R EL 4 R A TN
RBRAT .

SEH T 45 0 Rk I BE LR (<1.89 mm) |
£ Kk MH #4547 . AMS (238210 U/L ) . CRP
(>18.69 mg/L) . PCT (>3.68 g/dL.) F NLR (=3.05)
& M0 4 45 77 B 3% JF Rk ABP & AR 1 ph ST fa e P &
JH S 25 0 1 7 Ak R B S IR EE ) Jy 2 A O¢, IH 2
45 U) e Ik 55 ) T BN FE HE 2 2R, VI R R AR
giat XTI A R T S, H 2 RE R R
BEFE 30 7 52 2%, 0 2 BE B >1.89 mm HoJf
& ABP }<1.89 mm £ 1Y 1.567 45 . ixX A] GE & K
JIEL 4 AT T v, HC A 4 BB T SR, A5 T S HE
b IHEAE, BH 2E AL [R) S 3R v A R A
WO TR, T BUB R AR A R 451 i ABP 1Y &
AR AN 2k IR RELE B IR & ABP R L
ML A 14625, T4 AL, HPAZH
V2 /N MERIE I R4S A, RS A% 5 e
kA ZE IR, Sl oddi 7 A LA+ 18
v B i 10 7E v I8 5578 G % o AR Ol Oddi 45 24
WL, W] AR B AR R B A, B4 BUABP 1Y
KA CRP AR —Fp AR FF R e bR S, @
B AENLR AL 2157 2] 2ode B DL R 2 R 0 i e A
HANERSZMEDIRDE S MEET, 1R
) B B K T A R MURE AR T 2 A B
FEVUNIESE CRP AT TR e PR 950, N AP 1Y 2
K 1 7 AR B B PEAL o SR, A SR AE ROC
Lot & B, CRP 2 W0 9% 25 £ Jf & ABP 4
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B R 78.22% , FE 5N 68.29%, % PCT M NLR
Pk, X 0T A2 i T 90 A CRP B9 AR I i ) 45838 B
. PCT & FIR M 20 B A= B — Fh el 114~116 A&
A EEN, HEERS R E . S
HHN BR i BE B E TG B T A 0 B e R
&, PCTi@E % ATt (A S HURA 41 0 e
I TR NG 22 vT A2 PCT BRI, AN, PCT /K F-1H
o AR 5 2 T R e R R A OG5l v S E R
MEAEDE, KL, PCTAME KGN T2 5 0 4%
A ETE SR (9 G 2 W T NLR 5 otk 41 g 11
B DL Kk U 40 T BOR O, IR ALK P 2 1] Y
-7 S F G RAE BIR DL . BE A WF ST B
AP B NLR W1 Tt &, JRAEPEO AP ™ E AR DL Je
AP B EAE W 4w A R KO A8 5 T I R A
HYZAL T AR . vk g AR S X Bt R E 1)
B —H R AR e B A BE B, A ALK 2 832 B 4
IF oA b R A D R I 4 5 e A I R R
FE J5 22 0 R AE RN, bk 4 B S 3 i D
A

A 5 FE T A O RS AR B ol Ty A8 g s — ol
TR T JE 5 45 47 HR S O & ABP AU 6 51 £k TR A R
PN B 0 TIF 25 SR R, A £ TR A R T AR A 4 o iR
H It & ABP KRS C 35 B0 R 0.691 (95% CI=0.661~
0.735) , St lE A, A o il 2 s WA 5 Bl (A
Z MR R — Bt . R IR R BR, FI4k
P A 70 T 0 IR 25 A BB K JT & ABP Y LR [ {E
>0.14, F 5 2 P55 A0 11 PR v 0 25 2 1 1 IR 4
JERE . Z R A . AMS, CRP, PCT A K& NLR
M KAR bR . AW A B KRB AL LR L
ASB IR R (1) F B3 A B B e 4 9 0 326
JI 3 45 0 o T & ABP BB &, BB B S
BE W LR BRI T s e B E W EH A (2) S E
BN P U T b e, L e S A0 S B AR A
e R i 2 AR As, B S, SR, AT
S — R, B, BRI HA &
R, AH R B 2R A R A 0 AT AT ] A 35 £k 4l 4
GGk, FLAER MR i — 2Pk JLIk, ABP
BAMWEAE R N RRZ, a2 B AR JE 2
B WA 35 BT AT O HE A RURS IR 2 . Rk, B ok N i
S it BT 22 1 [) 288 AL AT 5 o B IE a4 4 RIS L Y
e B0 25 B A OC S PR DU R A5 R I B 2
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