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[ Abstract]  Objective To explore the predictive effect of preoperative liver function indicators for
intraoperative massive blood transfusion in orthotopic liver transplantation and to establish a prediction model.
Methods We retrospectively analyzed the relevant data of 607 patients who underwent orthotopic liver transplantation
in the Department of Liver Surgery, West China Hospital, Sichuan University between January 1, 2015 and June 30, 2021.
According to the intraoperative transfusion volume of leukocyte-reduced red blood cells in additive solution, the patients
were divided into a massive blood transfusion (MBT) group and a non-massive blood transfusion (NMBT) group.
Univariate and multivariate logistic regressions were performed to analyze the risk factors of intraoperative MBT in
orthotopic liver transplantation, the calibration of the predictive model was assessed by Hosmer-Lemeshow test, and the
discrimination power of the predictive model was measured by area under the curve (AUC) of the receiver operating
characteristic (ROC) curve. Results According to the results of logistic regression, alanine transaminase (ALT),
aspartate transaminase (AST), total bilirubin (TBIL), direct bilirubin (DBIL), albumin (ALB), and Child-Pugh score
showed no correlation with the risk of MBT in orthotopic liver transplantation operation. Platelet count (PLT) (odds ratio
[OR]=0.90, 95% confidence interval [CI]: 0.09-0.19, P=0.02), international normalized ratio (INR) (OR=19.43, 95% CI:
7.64-19.44, P<0.01), prothrombin time (PT) (OR=1.43, 95% CI: 1.25-1.63, P<0.01), and activated partial thromboplastin
time (APTT) (OR=0.92, 95% CI: 0.90-0.95, P<0.01) were identified as the risk factors of intraoperative MBT in orthotopic
liver transplantation. The Hosmer-Lemeshow test showed that the predictive model had good calibration (3*=9.06,
P=0.48) and discrimination power (AUC=0.80, 95% CI 0.766-0.834, P<0.01). Conclusion A predictive model based on
the preoperative PLT, INR, PT, and APTT of patients undergoing orthotopic liver transplantation was established and can

be used to predict the risk of intraoperative MBT in liver transplantation patients.
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Orthotopic liver transplantation

Liver function indicators Massive blood transfusion

M2 B4 (red blood cells in additive solution leukocytes
reduced, RBC) =200 mL, 1 Ui vk L3 (fresh frozen
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(apheresis platelets) Bl10 U= 300 mL,
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Table1 Volumes of intraoperative blood loss, blood transfusion, and

RBC transfusion in orthotopic liver transplantation
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Table2 Analysis of the baseline demographic and clinical data of the

Variable MBT (n=198)  NMBT (n=409)

Intraoperative blood loss/mL 2631.07£345.51 1333.38+656.78

Intraoperative blood transfusion/mL ~ 2996.23+339.94 1053.06+513.25

RBC transfusion/mL 1030.76+667.42 484.94+288.53

22 —HEEER

ARWFFE T, H422001(69.52%) . L 18501](30.48% ), 4F
WAL 18 ~ 77(47.58+11.90) %, =65% EAEHRH 5
5.93%(36/607 ) ; 51615 (85.00% ) , 1] (15.00% ) ;
BMIFE [ 713.03 ~ 33.06(22.40+3.51) kg/m?, Jf A& Fik A
JHHEE 302151 (49.75% ), TR AL % 223151 (36.74% ), T 205
67171(11.04% ), Se R A e BB P 155 (2.47% ) 5 25615
(42.17%) (B EH Y & Z o F AR ASATES A1, 2, 3,
AEITFTEXT G200 ) J 2445 (3.95% ) | 202451(33.28%) . 37113
(61.12%) . 10f(1.64%); 5801 (95.56% ) F & 1 FARBHE
Et3 he —MGERHEOLTE L2,
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ZBox-Tidwel K5 %, HAS & (4F#% . BMI, PLT,
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R A & A R4 L) (9 logit’ B (i 22 IR A7 AR
REFR, TEUWMI SRR L, S XM A A T AR B E AR
r IR I S PR 3R Y SRR R AT, 45 2R B PLT(P<
0.01) . INR(P=0.01). PT(P=0.01), APTT(P=0.01),
ALT(P=0.02), AST(P=0.03), TBIL(P<0.01),
DBIL(P< 0.01) 42 Ji v JFFAS AR A Hh oK f i 10 PR DG S
HZ; BN 2 logistic[nl /et F L %63,

HRAE B 2R A A 45 R, #F— 2B 4PLT . INR, PT.
APTT, ALT, AST. TBIL, DBILFS #5420 A £ K & [A] 45
TR, 30 3 )30 2 2 B RN VIR BRI 45745 2 () T 22 J A2k
5], 75 logistic [l U5 43 B 6 57 T AR 4 1) i FH 2% A2k, &5
AR SR 2,

2.4 logistic Z A ZESHTRROC HiZk
kK H —Jtlogistic [n1JH 7k gy AR, 25 5381,

patients
Variable MBT (n=198) NMBT (n=409) P
Sex/case (%) 0.21

Male 131 (66.16) 291 (71.15)

Female 67 (33.84) 118 (28.85)
Agelyr,X+s 47.36%x11.29  46.12+14.10  0.28
Ethnicity/case (%) 0.81

Han Chinese 167 (84.34) 349 (85.33)

Minority ethnicities 31 (15.66) 60 (14.67)
BMI/(kg/m’), X + s 22184344 2261357  0.17
Primary disease/case (%) 0.11

Hepatocellular carcinoma 98 (49.50) 204 (49.88)

Cirrhosis 73 (36.87) 150 (36.67)

Hepatic failure 22 (11.11) 45 (11.00)

Congenital immunodeficiency 5(2.52) 10 (2.45)

diseases
History of abdominal surgery/case (%) 0.34

No 109 (55.05) 242 (59.17)

Yes 89 (44.95) 167 (40.83)

ASA score/case (%) 0.42

1 8 (4.04) 16 (3.91)

2 57 (28.79) 145 (35.45)

3 130 (65.66) 241 (58.92)

4 3(1.51) 7 (1.72)
Operation duration/case (%) 0.29

<3h 7 (3.54) 20 (4.89)

=3h 191 (96.46) 389 (95.11)

PLT/10°L™ ', %+ s 97.97+72.00 103.27+94.81 0.04

INR (Xt 5) 1.48+0.70 1.04+£0.08  <0.01
PT/s,Xx*s 16.36+£6.96 11.51+£0.81 <0.01
APTT/s, Xt 39.51+£16.69  28.53+3.35 <0.01

ALT/(U/L), X+ s 334.33+£16.64 138.94%46.02 <0.01

AST/(U/L), X+ s 81.78+43.01 246.54+88.42 <0.01

TBIL/(umol/L), X+ s 53.83+7.69  40.80+11.42 <0.01
DBIL/(pumol/L), X+ s 39.10+5.02 31.22+10.50 <0.01
ALB/(g/L), X+ s 34.19+5.72 32.96+5.12 0.13
Child-Pugh grade/case (%) 0.73

A 13 (6.57) 15 (3.67)

B 70 (35.35) 136 (33.25)

C 115 (58.08) 258 (63.08)

BMI: body mass index; ASA: American Society of Aneshesiologists; PLT:
platelet count; INR: international normalized ratio; PT: prothrombin time;
APTT: activated partial thromboplastin time; ALT: alanine transaminase;
AST: aspartate transaminase; TBIL: total bilirubin; DBIL: direct bilirubin;
ALB: albumin.

ALT. AST. TBIL, DBIL, ALB} Child-Pughi¥-4 5 J5
JH A R v i 1t JXUBS: T AH DG 1 PLT L INR, PT
APTTHA G H#5 X (P<0.05), ZJEM A FA B
AR HE R I AT SR PR R, W4 MR [T AR A Y
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Table 3 Univariate analysis of risk factors of intraoperative MBT in

patients undergoing orthotopic liver transplantation

Variable OR 95% CI P
Sex 0.10

Female 1

Male 144 0.93-2.22
Age 1.02  1.00-1.04 0.06
Ethnicity

Han Chinese 1

Minority ethnicities 0.10 0.55-1.78 0.98
BMI 0.97 0.92-1.03 0.33
Primary disease

Hepatocellular carcinoma 1

Cirrhosis 0.69  0.14-3.49 0.65

Hepatic failure 0.54 0.11-2.68 0.45

Congenital immunodeficiency diseases 0.50  0.09-2.75 0.42
History of abdominal surgery

Yes 1

No 0.76  0.51-1.14 0.18
ASA score

1 1

2 2.78 0.22-34.39 0.43

3 1.25 0.12-13.17 0.85

4 2.38 0.23-25.00 0.47
Operation duration

<3h 1

=3h 0.32  0.09-1.20 0.09
PLT 3.18 0.91-597 <0.01
INR 16.93 5.70-50.26 0.01
PT 146 1.27-1.69 0.01
APTT 1.07 1.02-1.13 0.01
ALT 1.01  1.02-1.20 0.02
AST 427  1.97-9.27 0.03
TBIL 1.04 1.01-1.06  <0.01
DBIL 1.03  0.09-1.06  <0.01
ALB 0.14 0.95-1.23 0.40
Child-Pugh grade

A 1

B 1.70  0.66-4.36 0.27

C 0.84 0.53-1.33 0.46

The abbreviations are explained in the notes to Table 2. OR: odds ratio;

CI: confidence interval.

BEFER o 2, P=1/1+exp(=2), HITTASHFFE FUM AL
2# A5 P=1/{1+exp( —(-0.01xPLT+2.97xINR+0.34x
PT+0.08xAPTT) J}. TEAWFFH, PLT AR AR AEA
SRR AU A A B PR R, BIPLTRERE A 1x10° L, J5LA3z
JHF A AR AR Fp A M i Y XU B 41£ 0.9 /%5 [ OR=0.90,
95%CI(0.09 ~ 0.19), P=0.02]; INR, PT, APTT/2& 5 iF
FEREAR Kot I AR P 2%, INREEHS fin 14~ 557, Ji Ao
JASA A b 8 4 1l A XU 3 1 19.43 4% [ OR=19.43,

95%CI(7.64 ~ 19.44), P< 0.01); PTHEHE 1 s, B TR A
AR H LA XU 32 25 1.434% [ OR=1.43, 95%CI(1.25 ~
1.63), P<0.01); APTTHHRE 1 s, RO FRAEA AR H
I A JXURS: 72 785 0.924% ( OR=0.92, 95%CI(0.90 ~ 0.95),
P<0.01],

F4 RURBEFREBERPXEHMEREENZ EHlogistic [
VA5
Table4 Multivariate logistic regression of risk factors for intraoperative

MBT in patients undergoing orthotopic liver transplantation

Variable B SE  Waldy' OR  95%cCI P

PLT —001 001 112 090 009019  0.02
INR 297 048 3876 1943 7.64-1944 <001
PT 034 007 2780 143 125163  <0.01
APTT 008 002 2661 092 090-095  <0.01

The abbreviations are explained in the notes to Table 2. f: regression

coefficient; SE: standard error.
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Fig1 ROC curve of intraoperative MBT predictive model in liver
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