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ABSTRACT

Influence of Transfusion on the 

Risk of Acute Kidney Injury: 

ABO-Compatible versus 

ABO-Incompatible Liver 

Transplantation

Je Hyuk Yu

Department of Anesthesiology and Pain Medicine

College of Medicine

The Graduate School

Seoul National University

Introduction: ABO-incompatible liver transplantation (ABO-i LT) 

is associated with a higher risk of acute kidney injury (AKI)    

compared to ABO-compatible liver transplantation (ABO-c LT). 

We compared the risk of AKI associated with transfusion        

between ABO-c and ABO-i living donor liver transplantation   

(LDLT). 

Methods: In 885 cases of LDLT, we used a propensity score    

analysis to match patients who underwent ABO-c (n=766) and 

ABO-i (n=119) LDLT. Baseline medical status, laboratory       
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findings, and surgical and anesthesia-related parameters were   

used as contributors for propensity score matching. AKI was    

defined according to the “Kidney Disease Improving Global     

Outcomes” criteria. After 1:2 propensity score matching, a      

conditional logistic regression analysis was performed to         

evaluate the relationship between the intraoperative transfusion  

of packed red blood cells (pRBCs) and fresh frozen plasma     

(FFP) on the risk of AKI. 

Results: The incidence of AKI was higher in ABO-i LT than in 

ABO-c LT before and after matching (after matching, 65.8% in 

ABO-i vs 39.7% in ABO-c, p < 0.001). The incidence of AKI   

increased in direct proportion to the amount of transfusion, and   

 this increase was more pronounced in ABO-i LT. The risk of   

pRBC transfusion for AKI was greater in ABO-i LT            

(multivariable adjusted odds ratio (OR) 1.32 per unit) than in   

ABO-c LT (OR 1.11 per unit). The risk of FFP transfusion was 

even greater in ABO-i LT (OR 1.44 per unit) than in ABO-c   

LT (OR 1.07 per unit). 

Conclusion: The association between transfusion and risk of AKI 

was stronger in patients with ABO-i LT than with ABO-c LT.  

Interventions to reduce perioperative transfusions may attenuate 

the risk of AKI in patients with ABO-i LT.

Keywords: acute kidney injury, liver transplantation, living donor, 

ABO blood group system, blood transfusion

Student number: 2018-20447
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INTRODUCTION

 The incidence of acute kidney injury (AKI) is as high as 68%  

after liver transplantation (LT) for both living and deceased     

donor liver transplantation.1-11 AKI is regarded as clinically      

relevant morbidity after LT due to its association with poor graft 

survival, increased mortality,3,4,7,12,13 and the development of     

chronic kidney disease.14,15 

 ABO-incompatible liver transplantation (ABO-i LT) is           

considered to be a good therapeutic option due to limited donor 

selection for end-stage liver disease.16 Currently, ABO-i LT    

comprises as high as 20% of total incidences of living donor LT 

in Asian hospitals,17 and graft survival after ABO-i LT is        

comparable to ABO-compatible liver transplantation (ABO-       

c LT).16.18-20 However, the incidence of AKI has been reported  

to be higher in ABO-i LT than in ABO-c LT.9 Therefore, it is   

  important to find the potentially modifiable predictors of AKI in  

ABO-i LT to mitigate the risk of post-transplant AKI.

 In ABO-i LT, the influence of intraoperative transfusion on the 

risk of AKI may be different from that in ABO-c LT due to    

prevalent metabolic alkalosis and thrombocytopenia.21 

Furthermore, recipients already receive units of fresh frozen    

plasma (FFP) before transplantation surgery. Therefore, the     

association between FFP transfusion and AKI may be stronger in 

patients with ABO-i LT.22 

 To test this hypothesis, in this retrospective observational      

study, we investigated whether the incidence of AKI was higher 

in ABO-i LT compared to ABO-c LT and whether the           

influence of transfusions on post-transplant AKI differed        
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between patients undergoing ABO-c and ABO-i LT. We         

hypothesized that the risk of AKI was higher in ABO-i LT and  

that the dose–response association between transfusion and AKI 

was stronger in ABO-i LT than in ABO-c LT. We sought to    

reduce the effects of potential confounding factors through       

propensity-score-matched analysis between patients undergoing 

ABO-c and ABO-i LT.

METHODS

 This retrospective observational study was approved by the     

institutional review board (IRB) of Seoul National University    

Hospital (1905-091-1034). We retrospectively reviewed the    

electronic medical records of 948 consecutive patients who      

underwent elective living donor liver transplantation (LDLT) at  

our institution between January 2010 and December 2018. The  

need for written informed consent was waived by the IRB given 

the study’s retrospective design. Patients with preoperative     

renal dysfunction, including preoperative hepatorenal syndrome   

type 1 (n=32) and chronic kidney disease stage 3a (< 60mL/min

/1.73m2) or higher (n = 31), were excluded. The remaining 885 

cases were analyzed. 

 Anesthesia was maintained with propofol with remifentanil. The 

piggyback technique was used to anastomose the graft and donor 

vessels. End-to-end anastomosis of the hepatic artery and      

duct-to-duct anastomosis of the bile duct were performed in   

succession. All patients under going ABO-i LDLT received a    

single intravenous dose of rituximab 2–3 weeks prior to surgery. 

A plasma exchange was performed to achieve an isoagglutinin    
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titer of 1:16 or less before the surgery and was continued until  

 this desired titer was achieved. During the anhepatic period,     

intravenous methylprednisolone was administered. 

Immunosuppression after ABO-i LT was comprised of           

corticosteroid, tacrolimus, and mycophenolate mofetil.19,23 

The immunosuppressive regimen for patients undergoing ABO-c 

LT consisted of basiliximab induction, corticosteroid, tacrolimus, 

and mycophenolate mofetil. Further details are reported in the   

Supplementary Text S1. 

  

Data Collection

 Demographic or perioperative parameters associated with       

postoperative renal dysfunction were collected.2,3,6,7,24-27          

Preoperatively, a Model for End-Stage Liver Disease (MELD)   

score and a Child–Turcotte–Pugh classification were determined  

for all patients.28 History of hypertension, diabetes mellitus, ABO 

blood type incompatibility, warm ischemic time, cold ischemic    

time, graft-to-recipient body weight ratio (GRWR), operation    

time, intraoperative transfusion amount, post-reperfusion        

syndrome, and crystalloid and colloid administration were        

collected. To evaluate their association with postoperative AKI,  

preoperative isoagglutinin titer and postoperative tacrolimus      

trough level during postoperative one week was collected. 

 The primary outcome variable was postoperative AKI, defined  

according to the “Kidney Disease Improving Global Outcomes 

(KDIGO)” criteria,29 which have been investigated in liver       

transplantation.1,15 We defined postoperative AKI based on the   
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postoperative increase of serum creatinine (stage 1: ≥0.3 mg/dL 

increase within 48 h or 1.5–1.9; stage 2: 2–2.9; stage 3: more   

than a 3-fold increase from the baseline within the first 7 days 

after transplantation. The most recent serum creatinine measured 

before surgery was used as a baseline. Other postoperative      

clinical outcome variables included postoperative hemodialysis,    

length of intensive care unit (ICU) stay, and length of hospital   

stay.

Statistical Analysis

 SPSS software version 25.0(IBM Corp., Armonk, NY, USA) and 

STATA/MP version15.1(StataCorp, College Station, TX, USA)    

were used to analyze the data. For all analyses, p < 0.05 was   

considered statistically significant. The Shapiro–Wilk test was    

used to determine the normality of the data. Fisher’s exact test 

or the chi-squared test were used to compare the incidence    

variables shown in Table 1. Comparisons of the continuous      

variables shown in Table 1 were performed using the           

Mann–Whitney U test. Missing data were present in <5% of      

records. Missing values of continuous variables were replaced by 

sex- and age-specific median values, and incidence data were  

assigned the most frequent sex- and age-specific values. 

 A multivariable logistic regression analysis was performed in all 

patients before matching to evaluate whether the ABO-i LT and 

transfusion amounts of packed red blood cells (pRBCs) and FFP 

were independent predictors of AKI. All potential predictors     

were considered in the logistic regression analysis, and a        

backward Wald variable selection process was used with a       
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significance criterion of 0.20. To compare the incidence of AKI  

and the risk of transfusion between patients with ABO-c and   

ABO-i LT after adjusting for potential confounders, a 1:2       

(ABO-i/ABO-c) propensity-score-matching analysis was       

performed. The following variables were used for propensity    

score matching: age, sex, body mass index, history of           

hypertension, diabetes mellitus, MELD score, alcoholic liver      

cirrhosis, hepatitis B, hepatitis C, hepatocellular carcinoma,      

preoperative hemoglobin concentration, preoperative serum       

creatinine, preoperative sodium concentration, preoperative left  

ventricular ejection fraction, the year of surgery, operation time, 

GRWR, graft ischemic time, and occurrence of postreperfusion   

syndrome. These contributors were selected because these      

variables have been reported to be associated with postoperative 

renal function2,3,6,724-26 or could have a potential association with 

acute kidney injury. The caliper width was 0.2 standard         

deviations of the logit-transformed propensity score. After 1:2 

matching, 184 patients with ABO-i LT and 111 patients with   

ABO-c LT were generated. In our data, ABO-i LT was         

performed from    2012 to 2018, which was relatively recent   

compared to ABO-c LT (between 2010 and 2018). We          

considered the year of surgery as a covariate of our propensity 

matching to address for this discrepancy. 

 For descriptive statistics, the incidence of AKI according to    

pRBCs and FFP were compared between ABO-c and ABO-i LT 

after matching. To evaluate the association between pRBCs and 

FFP transfusion amounts and the risk of AKI in the matched    

cohort, the chi-squared test for trends was performed both in  

patients with ABO-c and ABO-i after matching. 
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 In addition, a conditional logistic regression analysis was        

performed to calculate and compare the odds ratio of transfusion 

of RBCs and FFP for the risk of AKI in each matched cohort of 

ABO-c and ABO-i LT (separately). Cubic spline function curves 

were drawn to evaluate the adjusted relationship between the   

amount of red blood cell transfusion as a continuous variable and 

the probability of AKI. We also compared clinical outcomes other 

than AKI between ABO-c and ABO-i LT, including the          

incidence of postoperative hemodialysis and the length of ICU   

and hospital stays. 

 As a supplemental analysis to evaluate the association between 

preoperative hemagglutinin titer and the risk of AKI, we         

compared the incidence of AKI and AKI stages between high and 

low hemagglutinin titer groups. Also, to evaluate the association 

between postoperative tacrolimus trough level and the risk of   

AKI, we compared the tacrolimus trough level during            

postoperative four to seven days and the incidence of AKI and  

AKI stages between high and low tacrolimus trough level groups. 
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RESULTS

 During the first seven postoperative days, AKI, as determined  

by the KDIGO criteria, was observed in 342 patients (38.6%) of 

our retrospective cohort (stage 1, n = 251, 28.4%; stages 2 and 

3, n = 91, 10.3%). Patient demographics and surgery-related   

variables before and after propensity score matching in both    

ABO-c and ABO-I LT are shown in Table 1. 

 The incidence of AKI in ABO-i LT (n = 67/119, 56.3%) was  

significantly higher than in ABO-c LT (n = 275/766, 35.9%,    

p < 0.001) (Supplementary Materials, Figure S1). The incidence 

of stage 2 or 3 AKI was also significantly higher in ABO-i LT  

than in ABO-c LT (n = 21/119, 17.6% vs n = 70/766, 9.1%,   

p = 0.004). 

 The results of the multivariable logistic regression analysis for 

post-transplant AKI are shown in Table 2. ABO-i LT was      

identified as an independent predictor of AKI (odds ratio (OR) = 

2.54, 95% confidence interval (CI) 1.20–5.38, p = 0.015). The  

performance of our multivariable prediction model was fairly     

good (area under the receiver-operating characteristic curve = 

0.73, 95% CI, 0.70–0.77, Negelkerke’s R2 = 0.219) with good  

calibration (Hosmer–Lemeshow goodness-of-fit, chi-squared = 

8.98, p = 0.344). 

 The propensity-score-matched sample set comprised 184      

cases of ABO-cLT and 111 cases of ABO-i LT. There was no 

unbalanced contributor with a standardized difference of≥0.20  

(Supplementary Materials, Figure S2). In the propensity-score-

matched cohort, the incidence of AKI was still higher in ABO-i 

LT (n = 73/111, 65.8%) than in ABO-c LT (n = 73/184,      
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39.7%, p < 0.001). The incidence of stage 2 or 3 AKI was also 

significantly higher in ABO-i LT (n = 35/111, 31.5% vs n =   

25/184, 13.6%, p < 0.001). 

 Supplementary Tables S1 and S2 show the distribution of the in

cidence of AKI according to RBC and FFP transfusion in the    

matched cohort. The incidence of AKI rose in direct proportion  

to the amount of FFP transfusion, and this increase was more   

pronounced in ABO-i LT: in ABO-i LT, the incidence increased 

from 33.3% among those not transfused to 84.0% among those  

transfused with ≥10 units (chi-squared test for trends,         

p < 0.001), while in ABO-c LT, it increased from 15.2% among 

those not transfused to 60.0% among those transfused with≥10 

units (chi-squared test for trends, p < 0.001). These trends    

were significantly different between groups (p < 0.001). 

 The expected odds ratio and their 95% CIs of AKI in          

propensity-score-matched ABO-c and ABO-iLT patients       

according to the number of pRBC or FFP transfusions are shown 

in supplementary table S3 and S4, respectively. ORs were       

calculated using conditional logistic regression analyses in a     

propensity-score-matched cohort of both ABO-c and ABO-i LT 

patients, separately. The OR of AKI increased as the number of 

transfusions increased, and this trend was more pronounced in  

ABO-i LT compared to ABO-c LT.

 These relationships are shown through a cubic spline function  

curve analysis, which relates the number of pRBC and FFP      

transfusions to the risk of post-transplant AKI in both ABO-c 

(Figure 1) and ABO-i LT (Figure 2). The cubic splines were   

positively sloped, and the slope was steeper in ABO-i LT than  

in ABO-c LT. The association of transfusion with the risk of   
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AKI was stronger in ABO-i LT compared to ABO-c LT.

 Figure S3 shows the comparison of the incidence of AKI and   

its stages between the patients with preoperative isoagglutinin    

 immunoglobulin G titer < 32 and ≥ 32. The incidence of AKI   

was not significantly different between the two groups (P=     

0.223). The incidence of stage 2 or 3 AKI was not significantly 

different between groups (P=0.399). 

 Figure S4 shows the incidence of AKI and its stages between  

the patients with preoperative isoagglutinin immunoglobulin M    

titer < 16 and ≥ 16. The incidence of AKI was not significantly 

different between the two groups (P=0.520). The incidence of   

stage 2 or 3 AKI was not significantly different between groups 

(P=0.332).

 Figure S5 shows the comparison of daily tacrolimus blood level 

between the patients with and without acute kidney injury. There 

was no significant difference between the groups (tacrolimus    

postoperative day 4: P=0.352; day 5: P=0.131; day 6: P=0.597; 

day 7: P=0.484; average: P=0.156).

 Figure S6 shows the incidence of AKI and its stages between  

the patients with mean tacrolimus level < 5.5 ng/ml and ≥ 5.5  

ng/ml. The incidence of AKI was not significantly different      

between the two groups (P=0.379). The incidence of stage 2 or 

3 AKI was not significantly different between groups (P=0.097). 
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Tables

Table 1. Patient characteristics and perioperative parameters.

Before matching Standardized  
 differenceCharacteristic ABO-I LT ABO-c LT P-value

Sample   size 119 766
Demographic   data     

Age, years 55 (49 – 60) 53 (48 – 60) 0.054 2.41
Female, n 47 (39.5) 176 (23.0) <0.001 16.52
Body-mass index, kg/m2 23.1 (21.6 –   

25.4)
23.1 (21.1 –   

25.3)
0.792 0.19

Etiology   of liver disease
  Alcoholic liver cirrhosis, n 19 (16.0) 70 (9.1) 0.021 6.82

  HBV hepatitis, n 70 (58.8) 328 (42.8) 0.001 16.00
  HCV hepatitis, n 8 (6.7) 58 (7.6) 0.853 0.85
  Hepatocellular carcinoma, 
n 

71 (59.7) 420 (54.8) 0.324 4.83

  Cholestatic disease, n 13 (10.9) 16 (2.1) <0.001 8.84
  Non-alcoholic 
steatohepatitis, n 

3 (2.5) 41 (5.4) 0.256 2.83

Baseline   medical status
Hypertension, n 17 (14.3) 77 (10.1) 0.163 4.23
Diabetes mellitus, n 19 (16.0) 107 (14.0) 0.562 2.00

  Preoperative hemoglobin, 
g/dL

10.4 (8.9 – 
12.1)

10.8 (9.2 – 
12.6)

0.202 0.73

Preoperative serum sodium  
 concentration, mEq/L

139 (134 – 
141)

137 (132 – 
140)

0.050 3.82

MELD score 14.3 (11.1 –   
20.7)

15.9 (12.0 –   
22.7)

0.042 3.09

  Child class, n (A/ B/ C) 53   (43.3)/ 
42 (35.3)/ 24 

(20.2)

298   (38.9)/ 
280 (36.6)/ 188 

(24.5)

0.194 -

  Preoperative LVEF, % 66 (62 – 68) 65 (62 – 68) 0.978 0.46
  Preoperative beta-blocker, 
n

7 (5.9) 38 (5.0) 0.670 0.92
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After matching Standardized
differenceCharacteristic ABO-I LT ABO-c LT P-value

Sample   size 111 184   

Demographic   data     

Age, years 54 (49 – 61) 55 (50 – 60) 0.691 0.73

Female, n 41 (36.9) 65 (35.3) 0.780 1.61

Body-mass index, kg/m2 23.2 (21.5 –   
25.3)

23.2 (21.6 –   
25.4)

0.951 0.04

Etiology   of liver disease

  Alcoholic liver cirrhosis, n 17 (15.3) 31(16.8) 0.374 1.50

  HBV hepatitis, n 60 (54.1) 95 (51.6) 0.686 2.50

  HCV hepatitis, n 8 (7.2) 12 (6.5) 0.644 0.70

  Hepatocellular carcinoma, 
n 

63 (56.8) 106 (57.6) 0.904 0.80

  Cholestatic disease, n 12 (10.8) 10 (6.4) 0.121 6.50

  Non-alcoholic 
steatohepatitis, n 

3 (2.7) 8 (4.3) 0.264 1.60

Baseline   medical status

Hypertension, n 16 (14.4) 26 (14.1) 0.284 0.30

Diabetes mellitus, n 19 (17.1) 32 (17.4) 0.789 0.30

  Preoperative hemoglobin, 
g/dL

10.4 (8.7 – 
12.4)

11.0 (9.1 – 
12.5)

0.335 0.26

Preoperative serum sodium  
 concentration, mEq/L

141 (137 – 
144)

140 (137 – 
142)

0.180 0.32

MELD score 15.0 (9.9 – 
20.4)

14.2 (9.9 – 
19.7)

0.601 0.60

  Child class, n (A/ B/ C) 45   (40.5)/ 
42 (37.8)/ 24 

(21.6)

75   (40.8)/ 
71 (38.6)/ 38 

(20.7)

0.117 -

  Preoperative LVEF, % 66 (61 – 69) 65 (61 – 69) 0.540 0.35

  Preoperative beta-blocker, 
n

7 (6.3) 11 (6.0) 0.273 0.30
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Table 2. Multivariable logistic regression analysis for acute      

kidney injury (AKI) defined by“Kidney Disease Improving Global 

Outcomes”(KDIGO) criteria after liver transplantation in all     

patients (n=885)

MELD score = “Model for End-Stage Liver Disease Score”; LVEF = left    

ventricular ejection fraction; GRWR = graft recipient body weight ratio; pRBCs 

=  packed red blood cells; CI: confidence interval. A backward-Wald variable   

   selection process was used with a significance criterion of 0.20.

　 　 　

Variable　 Odds Ratio 95% CI p-Value

Body mass index, recipient 1.06 1.01-1.13 0.015

Preoperative beta blocker 
administration 1.99 0.84-4.14 0.055

Preoperative diuretics administration 1.90 0.84-4.10 0.167

ABO-incompatible liver transplantation 2.52 1.18-5.21 0.019

MELD score 1.03 1.01-1.05 0.048

Preoperative hemoglobin, g/dL 0.90 0.84-0.98 0.010

Postreperfusion syndrome 1.10 0.99-1.79 0.052

tacrolimus trough level on   POD 7, 
ng/ml 1.08 0.91-1.32 0.420

pRBC transfusion

As continuous variable, per unit 1.07 1.05-1.11 <0.001

No red cell transfusion Reference

1-2 units 1.06 0.96-2.05 0.055

3-4 units 1.93 1.10-2.42 0.016

5-9 units 3.18 1.97-5.40 <0.001

≥10 units 4.90 2.98-6.77 <0.001
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Table 3.  Odds ratios of red cell transfusion for acute kidney    

injury defined by KDIGO criteria after liver transplantation by   

conditional logistic regression analysis in the matched cohort of 

ABO-compatible and ABO-incompatible LT groups.

LT = liver transplantation; CI = confidence interval.

　 　 　

Variable　 Odds 
Ratio 95% CI p-Value

ABO-c LT in the matched cohort

RBC transfusions as continuous variable 1.11 1.04-1.17 0.001

RBC transfusions as categorized variable

No transfusion reference

1-2 units 1.73 0.96-2.35 0.068

3-4 units 2.01 1.04-3.27 0.040

5-9 units 3.29 1.73-5.02 0.015

≥10 units 4.45 2.37-6.61 <0.001

ABO-i LT in the matched cohort

RBC transfusions as continuous variable 1.32 <0.001

RBC transfusions as categorized variable

No transfusion reference

1-2 units 1.94 1.04-2.64 0.010
3-4 units 3.05 1.43-5.29 <0.001
5-9 units 4.67 2.44-6.84 <0.001

≥10 units 5.99 3.84-8.01 <0.001
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Table 4. Odds ratios of fresh frozen plasma transfusions for 

acute kidney injury defined by KDIGO criteria after liver 

transplantation by conditional logistic regression analysis in the 

matched cohort of ABO-compatible and ABO-incompatible LT 

groups.

LT = liver transplantation; CI = confidence interval.

　 　 　

Variable　 Odds 
Ratio 95% CI p-Value

ABO-c LT in the matched cohort

FFP transfusions as continuous variable 1.07 1.03-1.13 0.002

FFP transfusions as categorized variable

No transfusion reference

1-5 units 2.41 1.27-4.15 0.012

5-9 units 3.46 1.34-6.19 0.004

≥10 units 4.68 1.81-8.01 <0.001

ABO-i LT in the matched cohort

RBC transfusions as continuous variable 1.44 1.16-1.75 <0.001

RBC transfusions as categorized variable

No transfusion reference

1-5 units 3.59 2.27-5.71 <0.001
5-9 units 4.89 2.92-7.22 <0.001

≥10 units 5.98 3.02-9.65 <0.001
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Figures

Figure 1. Cubic spline function curve relating the number of     

packed red blood cell transfusions to the risk of postoperative   

acute kidney injury in ABO-compatible (left) and ABO-         

incompatible (right) liver transplantations.

Figure 2. Cubic spline function curve relating the number of     

fresh frozen plasma transfusions to the risk of postoperative     

acute kidney injury in ABO-compatible (left) and ABO-         

incompatible (right) liver transplantations.
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Supplementary tables  

Table S1. The incidence of acute kidney injury (AKI) according 

to the number of red cell transfusions in ABO-compatible and 

ABO-incompatible liver transplantations in the matched cohort.

 

Data are presented as numbers (%). ABO-i = ABO-incompatible; ABO-c =  

ABO-compatible; p-value 1 tests the trend within each group; p-value 2      

compares trends between groups. 

Table S2. The incidence of acute kidney injury (AKI) according 

to the number of fresh frozen plasma transfusions in ABO-     

compatible and ABO-incompatible liver transplantations in the   

matched cohort. 

Data are presented as numbers (%). ABO-i = ABO-incompatible; ABO-c =  

ABO-compatible; p-value 1 tests the trend within each group; p-value 2      

compares trends between groups. 

　 　 　
Numbers of 

pRBC 
Transfusions

0 unit 1-2  
 units

3-4 
units

5-9 
units

>10 
units

p-value
1

p-value
2

AKI in ABO-c 
LT 

(n=184)

7/46
(15.2)

6/18
(33.3)

12/31
(38.7)

18/39
(46.2)

30/50
(60.0) <0.001 <0.001

AKI in ABO-i 
LT 

(n=184)

10/30
(33.3)

6/11
(54.5)

10/13
(76.9)

26/32
(81.3)

21/25
(84.0) <0.001

　 　

Numbers of FFP 
Transfusions 0 unit 1-5   

units
6-9 
units

≥10 
units p-value1 p-value2

AKI in ABO-c 
LT 

(n=184)

13/66
(19.7)

17/38
(44.7)

19/37
(51.4)

24/43
(55.8) 0.001 <0.001

AKI in ABO-i 
LT 

(n=184)

18/44
(40.9)

23/30
(76.7)

15/18
(83.3)

17/19
(89.5) <0.001
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Supplementary figures

Figure S1. The incidences of acute kidney injury (AKI) at       

stages according to the KDIGO criteria between ABO-compatible 

and ABO-incompatible liver transplantations before (upper) and 

after (lower) propensity score matching. 

The incidence of AKI was significantly higher in ABOincompatible liver         

transplantation than in ABO-compatible liver transplantation before (p < 0.001) 

and after (p < 0.001) propensity score matching. The incidence of stage 2 or 

3 AKI was also significantly higher in ABO-incompatible liver transplantation   

than in ABO-compatible liver transplantation before (p = 0.010) and after    

(p < 0.001) propensity score matching. 
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Figure S2. Histograms (left) and covariate balance plot (right) of 

the distribution of standardized differences in the covariates     

between the patients with ABO-compatible and ABO-            

incompatible liver transplantations. 

BMI = body mass index; MELD score = “Model for End-Stage Liver         

Disease” score; Preop_LVEF = preoperative left ventricle ejection fraction;   

GRWR = graft recipient body weight ratio; HTN = hypertension; DM =        

diabetes mellitus; Alcoholic = alcoholic liver cirrhosis; HBV = hepatitis B; HCV 

= hepatitis C; HCC = hepatocellular carcinoma. 
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Figure S3. The incidence of acute kidney injury and its stages 

between the patients with preoperative isoagglutinin 

immunoglobulin G titer < 32 and ≥ 32. The incidence of AKI 

was not significantly different between the two groups 

(P=0.223). The incidence of stage 2 or 3 AKI was not 

significantly different between groups (P=0.399). 
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Figure S4. The incidence of acute kidney injury and its stages 

between the patients with preoperative isoagglutinin 

immunoglobulin M titer < 16 and ≥ 16. The incidence of AKI 

was not significantly different between the two groups 

(P=0.520). The incidence of stage 2 or 3 AKI was not 

significantly different between groups (P=0.332). 
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Figure S5. Comparison of daily tacrolimus blood level between 

the patients with and without acute kidney injury. There was no 

significant difference between the groups (tacrolimus 

postoperative day 4: P=0.352; day 5: P=0.131; day 6: P=0.597; 

day 7: P=0.484; average: P=0.156). 
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Figure S6. The incidence of acute kidney injury and its stages 

between the patients with mean tacrolimus level < 5.5 ng/ml and 

≥ 5.5 ng/ml. The incidence of AKI was not significantly 

different between the two groups (P=0.379). The incidence of 

stage 2 or 3 AKI was not significantly different between groups 

(P=0.097).
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Supplementary text

Text S1. Anesthesia, Surgical Technique, Immunosuppression, 

and Preoperative Desensitization Preparation

 Anesthesia for liver transplantation surgery was maintained with 

propofol with remifentanil. Volume-controlled ventilation was 

maintained at a tidal volume of 6–8 mL/kg. Arterial-line 

catheters were inserted into the radial and femoral arteries. 

Continuous cardiac index and right ventricle associated variables 

were monitored. Ephedrine and the continuous infusion of 

dopamine and/or norepinephrine and/or epinephrine were used to 

treat hypotension according to the monitored cardiac index, 

mixed venous oxygen saturation, and systemic vascular 

resistance. The intraoperative red blood cell transfusion 

threshold was consistent at 20% in hematocrit during the study 

period. In ABO-i LT, pRBC of the same blood type of recipient 

was transfused and FFP and PC of the blood type AB were 

transfused. We separated the intravenous route for different 

blood products including pRBC, FFP, and PC.

A histidine–tryptophan–ketoglutarate solution was used for donor 

grafts. The piggyback technique was used to anastomose the 

graft and donor vessels. End-to-end anastomosis of the hepatic 

artery and duct-to-duct anastomosis of the bile duct were 

performed in succession. All patients undergoing ABO-i LDLT 

received a single intravenous dose of rituximab (300–375mg/m2 

body surface area) 2–3 weeks prior to surgery. All ABO-i LDLT 

recipients’ anti-ABO isoagglutinin titers were assessed at 
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admission, at each round of plasma exchange, on the day before 

the surgery, and in the postoperative period. The timing and 

frequency of assessment were readjusted depending on the 

isoagglutinin level. For plasma exchange, blood type AB 

fresh-frozen plasma was used. A plasma exchange was 

performed to achieve an isoagglutinin titer of 1:16 or less before 

the surgery and was continued until this desired titer was 

achieved. During the anhepatic period, intravenous 

methylprednisolone was administered at a dose of 10 mg/kg just 

prior to reperfusion, before being switched to oral 

methylprednisolone at a dose of 0.5 mg/kg/day (tapered over 3 

months after ABO-i LT). Immunosuppression after ABO-i LT 

was comprised of corticosteroid, tacrolimus, and mycophenolate 

mofetil (0.5–1.5 g/day).41,42 The immunosuppressive regimen for 

patients undergoing ABO-c LT consisted of basiliximab 

induction, corticosteroid, tacrolimus and mycophenolate mofetil. In 

patients with decreased renal function (ABO-c LDLT recipients), 

mycophenolate mofetil was used in combination with a reduced 

dosage of tacrolimus. Corticosteroid was generally tapered off 

over 3 months after LT.41
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DISCUSSION

  The main finding of our study is that the risk of AKI rose    

proportionally according to the amount of pRBC and FFP         

transfusions in both ABO-c and ABO-i LT, but this association 

of pRBC and FFP transfusions with post-transplant AKI was     

stronger in ABO-i LT than in ABO-c LT. Given that the AKI   

rates increased in patients with preoperative anemia and that the 

influence of transfusion on AKI was more pronounced in ABO-i 

LT patients, any efforts to reduce perioperative transfusions may 

protect patients with ABO-i LT against AKI. However, as our   

observations were from a retrospective analysis, prospective     

trials are required to confirm our hypothesis.

 Patient mortality and graft survival after ABO-i LT have been  

reported to be comparable to ABO-cLT,16,18-20 although there is 

still concern regarding the high incidence of antibody-mediated  

rejection, including biliary stricture related to a high isoagglutinin 

titer.19 This high isoagglutinin titer may provoke another major  

organ injury, including AKI, through an immunologic response.30 

As AKI affects graft outcomes and mortality after liver          

transplantation,3,4,7,12 it is important to elucidate modifiable risk   

factors of AKI in ABO-i LT. 

 The reason why AKI occurs more frequently in ABO-i LT is  

not certain, although the high isoagglutinin titer may play a role. 

A high isoagglutinin titer may lead to major organ damage       

through possible immunologic injury.30 However, there was no   

significant difference between high and low isoagglutinin titer    

groups regarding the incidence of AKI in our analysis, although  

there was trend of higher incidence in the high titer groups.    
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This may be due to shortage of study power. In addition, the   

prevalent baseline metabolic alkalosis, low platelet count, and    

high incidence of mild arterial hypoxemia prior to transplantation 

surgery may contribute to the high incidence of intraoperative   

transfusion and low oxygen delivery to the kidney.21 

Furthermore, patients with ABO-i LT already receive a         

substantial amount of FFP transfusion for plasma exchange prior 

to surgery. FFP has been reported to be a risk factor for AKI  

after surgery, including liver transplantation,2,31,32 and the risk of 

AKI may increase when patients with ABO-i LT receive         

intraoperative FFP transfusions. Furthermore, an inflammatory, all

ergic, and immunologic reaction triggered by FFP transfusion    

may be exacerbated when patients receive additional             

intraoperative FFP.33,34 Transfusion compatible to graft ABO     

blood type is not always possible during perioperative period in 

ABO-i LT. Therefore, transfusion related inflammatory reaction 

could be greater in ABO-i LT than ABO-c LT. This greater    

inflammatory response may contribute to the development of    

AKI.

 Red cell transfusion is also a well-known risk factor of AKI    

after liver transplantation.2,35 The negative effect of pRBC        

transfusion is multifaceted36,37 and includes a systemic            

inflammatory response, which contributes to the development of 

AKI after surgery. A large amount of transfusion reflects        

excessive surgical bleeding, which leads to renal hypoperfusion  

and ischemia, resulting in poor oxygen delivery. There was a    

dose–response relationship between the amount of pRBC and FFP 

transfusion and the risk of AKI in our study. However, it is not 

clear why the patients undergoing ABO-i LT were more        
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susceptible to the deleterious effects of pRBC transfusion.       

Possible mechanisms include that the adverse effect of pRBC    

transfusion may be aggravated by a high isoagglutinin titer.30     

In addition, red cell transfusion is closely related to FFP          

transfusion. Cumulative FFP transfusion after preoperative plasma 

exchange could be the leading cause, and pRBC transfusion could 

be a simple association. 

 To reduce the transfusion amount in ABO-i LT, we could      

adopt a restrictive transfusion policy by decreasing the          

transfusion threshold. Although there is no established consensus 

regarding intraoperative transfusion, the pRBC transfusion        

threshold in our institution during liver transplantation was       

around 20% in hematocrit.38 This threshold could be lowered     

further depending on the baseline status of recipients or the    

mixed venous oxygen concentrations. Red cell transfusion during 

surgery could possibly be reduced by optimizing baseline        

hematocrit before surgery through the administration of          

erythropoietin. A previous randomized trial reported that a       

preoperative single intravenous dose of erythropoietin could      

reduce the transfusion amount during cardiac surgery, thereby    

   reducing the incidence of postoperative AKI.39 In addition, to   

  reduce transfusion requirements, the intraoperative use of      

 vasopressin was reported to reduce surgical bleeding through    

selective splanchnic vasoconstriction and by reducing portal blood 

flow.40 

 The incidence of AKI in our study was within the range         

reported in previous literature.1-3.5-10 The incidence of AKI in   

ABO-i LT was also similar to a previous study.9 The risk       

factors of AKI other than ABO-i LT were mostly consistent    
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with those of the previous literature. The preoperative           

hemoglobin level was independently associated with post-       

transplant AKI.8,22,35 The MELD score has been consistently     

reported to be a predictor of AKI.2,3,9,24 Ischemic time was not   

identified as an independent predictor of AKI in our analysis,    

which could have been due to the relatively short ischemic time 

of LDLT. 

 Our study had several important limitations. First, our study had 

the common drawbacks of a retrospective single-center study.  

Although we performed a propensity-score-matched analysis   

with perioperative variables, unknown or unmeasured biases such 

as the isoagglutinin titer could not be addressed. The external   

validity was limited. Our perioperative patient care and          

desensitization protocol may differ from other institutions.       

Second, the mechanism underlying the association could not be  

demonstrated. It is not clear whether the increased risk of AKI 

by transfusion in ABO-i LT was truly the effect of transfusion  

or whether transfusion was simply a marker for intraoperative   

procedural complexity. The strong association between           

transfusion and AKI could also be due to the preoperative       

conditioning regimen for ABO-i LT. A restrictive or liberal      

transfusion strategy may also influence our results. However, a  

causal relationship could not be proven due to the retrospective 

study design. A prospective clinical trial is required for further  

evaluation. Well-designed randomized trials may also test the   

hypothesis that reducing the intraoperative transfusion amount  

may attenuate the risk of AKI, especially in ABO-i LT. Third,   

there was a relatively small sample size in the ABO-i LT group. 

This inevitably resulted in a small number of patients in the    
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matched cohort, limiting the study power of the statistical       

analysis in the matched cohort. However, although we used many 

contributors to the propensity score, most of the cases in the   

ABO-i LT group remained after matching because there was a  

relatively large number of candidate cases for matching in the   

ABO-c LT group.

CONCLUSIONS

 Our study demonstrated that the incidence of AKI after ABO-i 

LT was significantly higher than after ABO-c LT, and the risk  

was higher in patients with preoperative low hematocrit. The    

risk of AKI was in direct proportion to the number of transfused 

pRBC or FFP units, and this association was stronger in ABO-i 

LT than in ABO-c LT. Given that preoperative hematocrit and   

transfusions are modifiable risk factors, interventions to optimize 

the hematocrit level before surgery and to reduce perioperative  

transfusion may mitigate the risk of AKI, especially in patients  

with ABO-i LT. However, it is not clear whether the stronger  

association between transfusion and AKI in ABO-i LT was truly 

the effect of transfusion. The causal relationship and these      

hypotheses should be evaluated in future prospective randomized 

trials.



vi

REFERENCES

1. Hilmi, I.A.; Damian, D.; Al-Khafaji, A.; Planinsic, R.; Boucek, 

C.; Sakai, T.; Chang, C.C.; Kellum, J.A. Acute kidney injury    

following orthotopic liver transplantation: Incidence, risk        

factors, and effects on patient and graft outcomes. Br. J.      

Anaesth. 2015, 114, 919–926.  

2. Park, M.H.; Shim, H.S.; Kim, W.H.; Kim, H.J.; Kim, D.J.; Lee, 

S.H.; Kim, C.S.; Gwak, M.S.; Kim, G.S. Clinical Risk Scoring   

Models for Prediction of Acute Kidney Injury after Living     

Donor Liver Transplantation: A Retrospective Observational    

Study. PLoS ONE 2015, 10, e0136230. 

3. Utsumi, M.; Umeda, Y.; Sadamori, H.; Nagasaka, T.; Takaki, 

A.; Matsuda, H.; Shinoura, S.; Yoshida, R.; Nobuoka, D.; Satoh, 

D.; et al. Risk factors for acute renal injury in living donor     

liver transplantation: Evaluation of the RIFLE criteria. Transpl. 

Int. 2013, 26, 842–852. 

4. Zhu,M.; Li,Y.; Xia,Q.; Wang,S.; Qiu,Y.; Che,M.; Dai,H.; Qian,J.; 

Ni,Z.; Axelsson, J.; et al. Strongimpactof acute kidney injury on 

survival after liver transplantation. Transplant. Proc. 2010, 42, 

3634–3638. 

5. Inoue, Y.; Soyama, A.; Takatsuki, M.; Hidaka, M.; Muraoka, I.; 

Kanematsu, T.; Eguchi, S. Acute kidney injury following living 

donor liver transplantation. Clin. Transplant. 2012, 26, E530–  
E535.  

6. Chen,J.;Singhapricha,T.;Hu,K.Q.;Hong,J.C.;Steadman,R.H.;       

Busutti l, R.W.;Xia,V.W.Postlivertransplant acute renal injury   

and failure by the RIFLE criteria in patients with normal       

pretransplant serum creatinine concentrations: A matched      



vii

study. Transplantation 2011, 91, 348–353. 

7. Lebron Gallardo, M.; Herrera Gutierrez, M.E.; Seller Perez, G.; 

Curiel Balsera, E.; Fernandez Ortega, J.F.; Quesada Garcia, G. 

Risk factors for renal dysfunction in the postoperative course  

of liver transplant. Liver Transpl. 2004, 10, 1379–1385. 

8. Jun,I.G.;Kwon,H.M.;Jung,K.W.;Moon,Y.J.;Shin,W.J.;Song,J.G.;    

Hwang,G.S.The Impact of Postreperfusion Syndrome on Acute  

  Kidney Injury in Living Donor Liver Transplantation: A       

 Propensity Score Analysis. Anesth. Analg. 2018, 127, 369–37

8. 

9. Jun, I.G.; Lee, B.; Kim, S.O.; Shin, W.J.; Bang, J.Y.; Song, J.G.; 

Song, G.W.; Lee, S.G.; Hwang, G.S. Comparison of acute kidney 

injury between ABO-compatible and ABO-incompatible living  

donor liver transplantation: A propensity matching analysis.    

Liver Transpl. 2016, 22, 1656–1665. 

10. Hilmi, I.A.; Damian, D.; Al-Khafaji, A.; Sakai, T.; Donaldson, 

J.; Winger, D.G.; Kellum, J.A. Acute kidney injury after        

orthotopic liver transplantation using living donor versus       

deceased donor grafts: A propensity score-matched analysis. 

Liver Transpl. 2015, 21, 1179–1185. 

11. Lee, H.C.; Yoon, S.B.; Yang, S.M.; Kim, W.H.; Ryu, H.G.;     

Jung, C.W.; Suh, K.S.; Lee, K.H. Prediction of Acute Kidney   

Injury after Liver Transplantation: Machine Learning           

Approaches vs. Logistic Regression Model. J. Clin. Med. 2018, 

7, 428.

12. Thomas, M.E.; Blaine, C.; Dawnay, A.; Devonald, M.A.; Ftouh, 

S.; Laing, C.; Latchem, S.; Lewington, A.; Milford, D.V.;       

Ostermann, M. The definition of acute kidney injury and its use 

in practice. KidneyInt. 2015, 87, 62–73. 



viii

13. Thongprayoon, C.; Kaewput, W.; Thamcharoen, N.; Bathini, 

T.; Watthanasuntorn, K.; Lertjitbanjong, P.; Sharma, K.; Salim, 

S.A.; Ungprasert, P.; Wijarnpreecha, K.; et al. Incidence and   

Impact of Acute Kidney Injury after Liver Transplantation: A 

Meta-Analysis. J. Clin. Med. 2019, 8, 372. 

14. Paramesh, A.S.; Roayaie, S.; Doan, Y.; Schwartz, M.E.; Emre, 

S.; Fishbein, T.; Florman, S.; Gondolesi, G.E.; Krieger, N.;     

Ames, S.; et al. Post-liver transplant acute renal failure:      

Factors predicting development of end-stage renal disease.    

Clin. Transplant. 2004, 18, 94–99. 

15. Trinh, E.; Alam, A.; Tchervenkov, J.; Cantarovich, M. Impact 

of acute kidney injury following liver transplantation on long-  

term outcomes. Clin. Transplant. 2017, 31. 

16. Kawagishi, N.; Satomi, S. ABO-incompatible living donor     

liver transplantation: New insights into clinical relevance.      

Transplantation 2008, 85, 1523–1525. 

17. Song, G.W.; Lee, S.G. Living donor liver transplantation.     

Curr. Opin. Organ Transplant. 2014, 19, 217–222.

18. Kim, J.M.; Kwon, C.H.; Joh, J.W.; Kang, E.S.; Park, J.B.; Lee, 

J.H.; Kim, S.J.; Paik, S.W.; Lee, S.K.; Kim, D.W. ABO-         

incompatible living donor liver transplantation is suitable in    

patients without ABO-matched donor. J. Hepatol. 2013, 59, 12

15–1222. 

19. Song,G.W.;Lee,S.G.;Hwang,S.;Kim,K.H.;Ahn,C.S.;Moon,D.B.;   

Ha,T.Y.;Jung,D.H.;Park,G.C.;Kang,S.H.; etal. Biliary stricture is  

the only concern in ABO-incompatible adult living donor liver  

transplantation in the rituximab era. J. Hepatol. 2014, 61, 575–
582.

20. Ikegami, T.; Taketomi, A.; Soejima, Y.; Yoshizumi, T.;       



ix

Uchiyama, H.; Harada, N.; Iguchi, T.; Hashimoto, N.; Maehara, 

Y. Rituximab, IVIG, and plasma exchange without graft local    

infusion treatment: A new protocol in ABO incompatible living 

donor liver transplantation. Transplantation 2009, 88, 303–307. 

21. Kwon, H.M.; Jun, I.G.; Lee, J.; Moon, Y.J.; Jung, K.W.; Jeong, 

H.W.; Park, Y.S.; Song, J.G.; Hwang, G.S. Prevalent metabolic  

derangement and severe thrombocytopenia in ABO-            

incompatible liver recipients with pre-transplant plasma        

exchange. Sci. Rep. 2018, 8, 6679. 

22. Kim, W.H.; Lee, H.C.; Lim, L.; Ryu, H.G.; Jung, C.W.         

Intraoperative Oliguria with Decreased SvO2 Predicts Acute   

Kidney Injury after Living Donor Liver Transplantation. J.Clin. 

Med. 2018,8,29. 

23. Song,G.W.;Lee,S.G.;Hwang,S.;Kim,K.H.;Ahn,C.S.;Moon,D.B.;Ha,

T.Y.;Jung,D.H.;Park,G.C.;Kim,W.J.; et al. ABO-Incompatible Adu

lt Living Donor Liver Transplantation under the Desensitization 

Protocol with Rituximab. Am. J. Transplant. 2016, 16, 157–170. 

24. Durand,F.;Francoz,C.;Asrani,S.K.;Khemichian,S.;Pham,T.A.;    

Sung,R.S.;Genyk,Y.S.;Nadim,M.K.Acute Kidney Injury after     

Liver Transplantation. Transplantation 2018, 102, 1636–1649. 

25. Paugam-Burtz, C.; Kavafyan, J.; Merckx, P.; Dahmani, S.;   

Sommacale, D.; Ramsay, M.; Belghiti, J.; Mantz, J.             

Postreperfusion syndrome during liver transplantation for      

cirrhosis: Outcome and predictors. Liver Transpl. 2009, 15, 52

2–529. 

26. Vives,M.;Callejas,R.;Duque,P.;Echarri,G.;Wijeysundera,D.N.;   

Hernandez,A.;Sabate,A.;Bes-Rastrollo,M.; Monedero, P. Modern 

hydroxyethyl starch and acute kidney injury after cardiac      

surgery: A prospective multicentre cohort. Br. J. Anaesth.     



x

2016, 117, 458–463. 

27. Yang, S.M.; Choi, S.N.; Yu, J.H.; Yoon, H.K.; Kim, W.H.;     

Jung, C.W.; Suh, K.S.; Lee, K.H. Intraoperative hyponatremia is 

an independent predictor of one-year mortality after liver     

transplantation. Sci. Rep. 2018, 8, 18023. 

28. Selzner, M.; Kashfi, A.; Cattral, M.S.; Selzner, N.; McGilvray, 

I.D.; Greig, P.D.; Levy, G.A.; Renner, E.L.; Grant, D.R. Live    

donor liver transplantation in high MELD score recipients. Ann. 

Surg. 2010, 251, 153–157. [CrossRef]

29. Shin, S.R.; Kim, W.H.; Kim, D.J.; Shin, I.W.; Sohn, J.T.      

Prediction and Prevention of Acute Kidney Injury after Cardiac 

Surgery. Biomed. Res. Int. 2016, 2016, 2985148. 

30. Sanchez-Urdazpal,L.;Batts,K.P.;Gores,G.J.;Moore,S.B.;Sterioff,

S.;Wiesner,R.H.;Krom,R.A.Increasedbile duct complications in    

liver transplantation across the ABO barrier. Ann. Surg. 1993, 

218,152–158. 

31. Aksu Erdost, H.; Ozkardesler, S.; Ocmen, E.; Avkan-Oguz, 

V.; Akan, M.; Iyilikci, L.; Unek, T.; Ozbilgin, M.; Meseri Dalak, 

R.; Astarcioglu, I. Acute Renal Injury Evaluation after Liver   

Transplantation: With RIFLE Criteria. Transplant. Proc. 2015,  

47, 1482–1487. 

32. Kim, W.H.; Park, M.H.; Kim, H.J.; Lim, H.Y.; Shim, H.S.;     

Sohn, J.T.; Kim, C.S.; Lee, S.M. Potentially modifiable risk     

factors for acute kidney injury after surgery on the thoracic   

aorta: A propensity score matched case-control study.        

Medicine (Baltimore) 2015, 94, e273. 

33. Pandey, S.; Vyas, G.N. Adverse effects of plasma            

transfusion. Transfusion 2012, 52 (Suppl. 1), 65s–79s.

34. Sachs, U.J. Non-infectious serious hazards in plasma        



xi

transfusion. Transfus. Apher. Sci. 2010, 43, 381–386. 

35. Kim, W.H.; Oh, H.W.; Yang, S.M.; Yu, J.H.; Lee, H.C.; Jung, 

C.W.; Suh, K.S.; Lee, K.H. Intraoperative Hemodynamic        

Parameters and Acute Kidney Injury after Living Donor Liver 

Transplantation. Transplantation 2019, 103, 1877–1886. 

36. Rohde,J.M.;Dimcheff,D.E.;Blumberg,N.;Saint,S.;Langa,K.M.;    

Kuhn,L.;Hickner,A.;Rogers,M.A.Health care-associated infection 

after red blood cell transfusion: A systematic review and     

meta-analysis. JAMA 2014, 311, 1317–1326. 

37. Delaney, M.; Wendel, S.; Bercovitz, R.S.; Cid, J.; Cohn, C.;  

Dunbar, N.M.; Apelseth, T.O.; Popovsky, M.; Stanworth, S.J.;   

Tinmouth, A.; et al. Transfusion reactions: Prevention,         

diagnosis, and treatment. Lancet 2016, 388, 2825–2836. 

38. Kim, W.H.; Lee, H.C.; Ryu, H.G.; Chung, E.J.; Kim, B.; Jung, 

H.; Jung, C.W. Reliability of Point-of-Care Hematocrit        

Measurement during Liver Transplantation. Anesth. Analg.     

2017, 125, 2038–2044. 

39. Yoo,Y.C.;Shim,J.K.;Kim,J.C.;Jo,Y.Y.;Lee,J.H.;Kwak,Y.L.Effect of 

single recombinant human erythropoietin injection on           

transfusion requirements in preoperatively anemic patients     

undergoing valvular heart surgery. Anesthesiology 2011, 115, 

929–937. 

40. Wagener, G.; Gubitosa, G.; Renz, J.; Kinkhabwala, M.;        

Brentjens, T.; Guarrera, J.V.; Emond, J.; Lee, H.T.; Landry,D. 

Vasopressin decreases portal vein pressure and flow in the nat

ive liver during liver transplantation. Liver Transpl. 2008, 14, 

1664–1670. 

41. Song GW, Lee SG, Hwang S, et al. Biliary stricture is the 

only concern in ABO-incompatible adult living donor liver 



xii

transplantation in the rituximab era. J Hepatol 2014; 61: 

575-82. 

42. Song GW, Lee SG, Hwang S, et al. ABO-Incompatible Adult 

Living Donor Liver Transplantation Under the Desensitization 

Protocol With Rituximab. Am J Transplant 2016; 16: 157-70. 



xiii

초록

생체간이식에서 수혈이 급성신손상에 

미치는 영향: ABO 적합성에 따른 

비교

배경: ABO 부적합 생체간이식은 ABO 적합 생체간이식에 비해 높은  

급성신손상 발생률과 관련되어 있다. 이에 생체간이식 수술에서 수혈이 

두군의 급성신손상 발생률에 미치는 영향을 비교하고자 하였다. 

방법: 885명의 생체간이식을 시행받은 환자들 중 776명의 ABO 적합 

생체간이식 군과 119명의 ABO 부적합 생체간이식 군 간의 성향점수 

매칭을 시행하였다. 기준 건강상태, 실험실적 결과, 수술적, 마취적    

지표들이 성향점수매칭의 기여요인으로 사용되었다. 급성신손상은“세계 

신장병 예후개선위원회”의 기준으로 정의하였다. 1:2 성향점수매칭   

이후 로지스틱 회귀분석을 시행하여 수술 중 적혈구 및 신선동결혈장  

수혈과 급성신손상 사이의 연관성을 평가하였다.  

결과: 성향점수매칭 이후에 ABO 부적합 생체간이식 군에서 ABO 적합 

생체간이식 군에 비해 급성신손상의 발생률이 높았다. (ABO 부적합군 

65.8%, ABO 적합군 39.7%, p값 <0.001). 급성신손상의 발생률은   

수혈량과 비례했고, ABO 부적합군에서 이러한 경향이 두드러졌다.    

급성신손상에 대한 적혈구 수혈의 연관성은 ABO 부적합군에서 (다변량 

보정된 오즈비, 수혈단위 당 1.32) ABO 적합군 (보정된 오즈비,      

수혈단위 당 1.11)에 비해 높았다. 급성신손상에 대한 신선동결혈장   

수혈의 연관성은 ABO 부적합군에서 (보정된 오즈비, 수혈단위 당 

1.44) ABO 적합군 (보정된 오즈비, 수혈단위 당 1.07)에 비해 높았다.
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결론: 수혈량과 급성신손상 간의 연관성은 ABO 부적합 생체간이식에서 

더 높게 나타났다. 주술기주위 기간동안 수혈을 줄이는 처치가 ABO  

부적합 생체간이식 환자에서 급성신손상의 위험을 줄일 수 있을 것이다.
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