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1 n( %)
Tab.1 Univariate analysis of biliary stricture after liver transplantation n( %)
Variables BS(n=54) NBS( n=154) P value
Preoperative factors
Demographics
Age year M( Py Py) 51(39 57) 51(43 57) 0.542
Female 14(25.9) 44(28.6) 0.709
BMI kg/m? M( Py Py 21.4(19.4 23.3) 21.6(19.5 23.9) 0.525
Hypertension 6(11.1) 16(10.4) 0.882
Diabetes mellitus 8(14.8) 15(9.7) 0.306
Smoking history 5(9.3) 19(12.3) 0.542
Drinking history 5(9.3) 19(12.3) 0.542
Primary disease
AILDs 16(29.6) 15(9.7) <0.001
Malignant tumor 18(33.3) 64(41.6) 0.287
Viral hepatitis 30(55.6) 99( 64.3) 0.255
Cirrhosis 39(72.2) 124(80.5) 0.203
MELD score points M( P,s P-s) 16 (9 25) 14(9 25) 0.193
ChildPugh grade C 22(40.7) 39(25.3) 0.032
Laboratory test
RBC x10'2/L M( Py Py 3.60(2.98 4.29) 3.55(2.98 4.10) 0.648
WBC x10° /L M( Py Py) 5.7(3.2 7.6) 4.3(2.8 6.3) 0.088
PLT x10°/L M( Py Py 83(50 140) 76(46 110) 0.332
Hb( g/L x +5) 113.5 £26.4 109.9 £27.9 0.408
ALT U/L M( Py Py 50.5(25.2 125.6) 37.0(21.7 57.0) 0.008
STB pmol/L M( Pys Py) 53.9(20.1 370.2) 46.4(22.6 174.1) 0.177
Albumin( g/L x +35) 36.0£5.3 36.5£5.0 0.571
Ser pmol /L M( Pys Ps) 55.2(46.2 74.5) 60.1(46.0 71.3) 0.962
PT s M( Py Psg) 15.3(13.0 24.8) 15.5(13.0 19.3) 0.312
APTT s M( Py Psg) 31.5(28.0 44.5) 33.1(28.7 39.8) 0.898
Intraoperative factors
ABO matching 53(98.1) 151(98. 1) 0.965
WIT min M( P, P9 7(6 9) 6(5 7) <0.001
CIT min M( Py Psg) 420(360 480) 300( 250 360) <0.001
STOL 50(92.6) 140(90.9) 0.705
LDLT 3(5.6) 6(3.9) 0.606
OT min M( Py P 320( 278 340) 320( 290 345) 0.320
Anthepatic phase min M( P,5 P;s) 46( 35 48) 48(37 49) 0.179
Blood loss ml M(Pys P9 2.000( 1075 2 850) 2200( 1 475 4 025) 0.201
Blood transfusion ml M( P,s Pss) 4 150(2 669 6 031) 4 350(2 800 6 623) 0.509
Bile duct anastomosis
Anterior continuous 53(98.1) 153(99.4) 0.436
Anterior interrupted 1(1.9) 1(0.6) 0.436
T-ube use 10( 18.5) 17(11.0) 0.159
Postoperative Factors
ICU stays h M( P,s P55 66.5(28.3 89.3) 52.5(32.8 74.3) 0.746
Hospital stays d M( Pys P3s) 39.0(26.8 53.3) 34.0(28.0 46.3) 0.539
CMV infection 13(24.1) 10(6.5) <0.001
EBV infection 4(7.4) 5(3.2) 0.19
Bacterial infection 23(42.6) 54(35.1) 0.324
Fungal infection 7(13.0) 19(12.3) 0.905
Acute kidney injury 16(29.6) 66(42.9) 0.087
Abdominal bleeding 4(7.4) 8(5.2) 0.548
Hepatic vascular stenosis 17(31.5) 15(9.7) <0.001
Tacrolimus concentration ng/L M( P,5 P;s) 6.1(4.9 7.9) 5.5(4.2 6.5) 0.011

Abbreviations: BS biliary stricture; NBS no biliary stricture; BMI body mass index; STB serum total bilirubin; Scr serum creatinine; PT pro—
thrombin time; APTT activated partial thromboplastin time; SOLT standard orthotopic liver transplantation; LDLT living donor liver transplantation;
OT operative time; EBV EB virus.
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2
Logistic 3
Tab.2 Multivariate Logistic regression analysis of
biliary stricture after liver transplantation
Variables B SE Wald OR (95% CI) P value
Age ~0.479 0.645 0.550 0.619(0.175-2.195) 0.458 26. 4% 1 85.9%
Female 0.013 0.023 0.308 1.013(0.968 ~1.060) 0.579 4 i 7
AILDs 1.889 0.788 5.739 6.610(1.410-30.99) 0.017
Child-Pugh grade ¢ —0.311 0.569  0.300 0.732(0.240-2.232) 0.584
ALT 0.007 0.002 10.950 1.007(1.003-1.011) 0.001 .
WIT 0.679 0.175 15.010 1.972(1.399 ~2.780) <0.001
CIT 0.016 0.003 29.460 1.016(1.010—1.022) <0.001
CMV infection 1798 0.717 6.281 6.037(1.480 -24.63) 0.012 A '
Hepatic vascular °
" 2.052 0.619 10.980 7.784(2.312-26.20) 0.001 ALLDs.
Tacrolimus 0.108 0.005 1.279 1.114(0.924-1.342) 0.258 ALT . WIT.CIT. CMV
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Fig.1 Nomogram prediction model for biliary stricture after liver transplantation
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Fig.2 Receiver operating characteristic curve of

nomogram prediction model
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Construction and evaluation of a nomogram prediction model for

biliary stricture after liver transplantation
Xie Hongyue' Xu Xiaoliang” Liu Qiaoyu” Sun Beicheng' >
(' Dept of Hepatobiliary and Liver Transplantation Nanjing Drum Tower Hospital ~Chinese Academy of
Medical Sciences & Peking Union Medical College Nanjing 210008; Dept of Hepatobiliary Pancreas and
Transplantation The First Affiliated Hospital of Anhui Medical University Hefei 230022)

Abstract Objective To explore the risk factors of biliary stricture after liver transplantation and to construct a no—
mogram prediction model. Methods The clinical data of 208 liver transplant recipients in hospital were retrospec—
tively analyzed including 54 cases in the biliary stricture group and 154 cases in the non-biliary stricture group.

Multivariate Logistic regression analysis was used to screen out independent predictors fit the prediction model and
construct a visual nomogram to evaluate the prediction model. Survival curves were drawn and multivariate Cox re—
gression analysis was performed. Results Autoimmune liver diseases ( OR =6.610 95% CI: 1.410 —30.99) al-
anine aminotransferase ( ALT) ( OR =1.007 95% CI: 1.003 -1.011) warm ischemia time ( OR =1.972 95%

CI: 1.399 —2.780) cold ischemia time ( OR =1.016 95% CI: 1.010 —1.022) cytomegalovirus infection ( OR
=6.037 95% CI: 1.480 —24. 63) and hepatic vascular stenosis ( OR =7.784 95% CI: 2.312 —26.20) were in—
dependent predictors of biliary stricture after liver transplantation. The area under the curve ( AUC) of the nomo—
gram prediction model was 0.921 the cut-off value was 0. 238 the sensitivity was 0. 889 and the specificity was
0. 838. The model showed good discrimination. The Brier score was 0. 092 Hosmer-d.emeshow goodness-offit test
P =0.253 Calibration curve ( B =1 000) was in good agreement and the model showed good calibration. Deci-
sion curve analysis ( DCA) showed that the application of the model could benefit liver transplant recipients. The
postoperative follow-up time was 27 — 60 months. The cumulative survival rate of the non-biliary stricture group was
better than that of the biliary stricture group ( P =0.019) but multivariate Cox regression analysis showed that bili—
ary stricture ( HR =1.194 95% CI: 0. 624 —2.285) was not an independent risk factor for survival after liver
transplantation. Conclusion The nomogram model based on autoimmune liver diseases ALT warm ischemia
time cold ischemia time cytomegalovirus infection and hepatic vascular stenosis performs well and can be used to
predict the occurrence of biliary stricture after liver transplantation.

Key words liver transplantation; complications after liver transplantation; biliary stricture; prediction model; no—
mogram; risk factor
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