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A B S T R A C T

Introduction and Objectives: Acute kidney injury (AKI) after liver transplantation (LT) impacts patient and

graft outcomes. The Albumin-Bilirubin (ALBI) score, an objective and sensitive liver function index, may help

predict post-LT outcomes. This study evaluated the association between neohepatic ALBI scores and renal

outcomes in living donor LT (LDLT) recipients.

Patients and Methods: We examined 2171 adult LDLT recipients between 2012 and 2019. Outcomes included

severe post-LT AKI, renal replacement therapy (RRT), chronic kidney disease (CKD) at 1 year, early allograft

dysfunction (EAD), and overall graft failure. Multivariate logistic regression, Cox proportional hazards regres-

sion, and propensity score matched (PSM) analyses were performed to evaluate the association between neo-

hepatic ALBI and post-LT outcomes.

Results: Severe AKI, RRT, CKD, EAD, and overall graft failure occurred in 21.6%, 2.2%, 41.9%, 5.9%, and 15.8% of

patients, respectively. Higher neohepatic ALBI scores (≥-1.615) were significantly associated with severe AKI

(OR: 2.34, 95% CI: 1.79−3.04, P<0.001, multivariate analysis; OR: 2.18, 95% CI: 1.62−2.95, P<0.001, PSM anal-

ysis), RRT (OR: 3.80, 95% CI: 1.53−11.31, P=0.008, multivariate analysis; OR: 7.17, 95% CI: 1.61−31.89,

P=0.010, PSM analysis), CKD (OR: 1.22, 95% CI: 1.00−1.47, P=0.044, multivariate analysis; OR: 1.43, 95% CI:

1.11−1.85, P=0.006, PSM analysis), and overall graft failure (HR: 1.30, 95% CI: 1.01−1.68, P=0.041, multivari-

ate analysis; HR: 1.55, 95% CI: 1.08−2.23, P=0.018, PSM analysis).

Conclusions: Neohepatic ALBI scores are significantly associated with post-LT severe AKI, RRT, CKD, and graft

failure, underscoring their prognostic value in LDLT recipients.

© 2025 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Acute kidney injury (AKI) is a frequent and critical complication of

liver transplantation (LT) [1,2]. Post-LT AKI has been consistently

associated with adverse post-transplant outcomes, including chronic

kidney disease (CKD) and decreased patient and graft survival rates

[1−4]. Consequently, identifying and mitigating risk factors for renal

function deterioration are critical to improve postoperative outcomes

in LT recipients.

The Albumin-Bilirubin (ALBI) score, initially developed to evaluate

liver function and predict outcomes in patients with hepatocellular

carcinoma (HCC) [5], has had its application extended to encompass

a wide range of chronic liver diseases [6−10]. Compared with the

Child-Pugh-Turcotte (CTP) score or Model for End-Stage Liver Disease

(MELD) score, the ALBI score is objective and can detect smaller

changes in liver dysfunction [11]. Regarding chronic liver disease,

numerous publications have demonstrated that the ALBI score is

highly prognostic in patients across all types and stages of chronic

liver disease [6−10].

According to recent research, a higher pre-transplant ALBI score

has also been shown to be associated with adverse post-transplant

complications and decreased survival rates in patients undergoing LT

[12−15]. As the function of the transplanted liver graft is crucial for
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determining the prognosis of LT recipients [11], we focused on post-

reperfusion (neohepatic) ALBI scores. Therefore, this study aimed to

investigate the association between neohepatic ALBI scores and post-

LT renal outcomes in living donor LT (LDLT) recipients. We hypothe-

sized that higher neohepatic ALBI scores could adversely affect renal

outcomes following LDLT.

2. Patients and Methods

2.1. Patients

We reviewed electronic medical records of patients who under-

went LT at our center from January 2012 to December 2019. The

study included adults (≥18 years) who underwent LDLT. Exclusion

criteria were preoperative serum creatinine (sCr) level >1.4 mg/dL,

diagnosis of CKD or hepatorenal syndrome, or hemodialysis at base-

line.

2.2. Clinical data

Data, including demographic information, donor characteristics,

perioperative laboratory results, intraoperative details, and postoper-

ative outcomes, were collected from the electronic medical records

system. Collected demographics included age, sex, body mass index

(BMI), comorbidities like diabetes mellitus, hypertension, coronary

artery disease, and congestive heart failure, liver disease details (eti-

ology of liver cirrhosis [LC], MELD sodium [MELD-Na] score, and CTP

score), and compatibility issues such as dual donor grafts and ABO

incompatibility (ABOi). Donor-related variables included donor age,

sex, and total fatty change. Preoperative laboratory data included

albumin, total bilirubin, creatinine, prothrombin time−international

normalized ratio (PT-INR), and sodium. Intraoperative data included

post-reperfusion syndrome (PRS), volume and type of fluids (crystal-

loid and colloid), massive transfusion, vasopressor use, anesthetic

time, cold ischemic time, warm ischemic time, total ischemic time,

graft-to-recipient weight ratio, intraoperative embolization, and bio-

pump use. PRS was defined as a decrease in mean arterial pressure

by more than 30 % compared to the pre-reperfusion level, persisting

for at least 1 min within the initial 5 min following liver graft reperfu-

sion [16]. Massive transfusion was defined as the transfusion of ≥10

packed red blood cell (PRBC) units within 24 h, or ≥4 PRBC units

within 1 hour [17]. Intraoperative laboratory values, including albu-

min and bilirubin were measured at the preanhepatic phase (1 h after

skin incision), anhepatic phase (30 min after liver removal), and neo-

hepatic phase (1 h after graft reperfusion), as per our standard proto-

col for LT patients. The ALBI score was calculated using the formula:

(log10bilirubin £ 0.66) + (albumin £ �0.085), where bilirubin is mea-

sured inmmol/L and albumin in g/L [5].

2.3. Anesthetic technique

Standard monitoring, as recommended by the American Society of

Anesthesiologists, was applied before the induction of anesthesia.

Anesthetic management and patient care for LT were carried out

according to our institutional protocol, as described previously [18

−20]. Anesthesia was induced with thiopental sodium, fentanyl, and

rocuronium. General anesthesia was maintained with volatile anes-

thetics (sevoflurane or desflurane) combined with a continuous infu-

sion of fentanyl and rocuronium or vecuronium. Radial and femoral

artery cannulation was performed intraoperatively for continuous

arterial monitoring and central venous catheter was inserted into the

internal jugular vein for fluid infusion. A Swan-Ganz catheter was

inserted via a 9Fr introducer sheath to monitor pulmonary arterial

pressure and cardiac output. Intraoperative volume replacement

involved a ratio of 1 L of crystalloid (Plasma solution A; CJ Pharma-

ceutical, Seoul, Korea) to 100−200 mL of 20 % human albumin (Green

Cross Co., Yong-In, Korea), aimed at maintaining albumin levels

above 3 mg/dL, as guided by intraoperative albumin measurements.

Mean arterial blood pressure was maintained either above the preop-

erative level or at least 65mmHg. Incremental doses of inotropes,

vasopressors, and additional fluids were administered according to

the patient’s hemodynamic status.

2.4. Surgical technique

The native liver of the recipient was dissected to expose the infe-

rior vena cava after separating the portal vein, hepatic artery, and

bile duct. After removing the native liver, the donor graft was trans-

planted into the recipient. An end-to-end anastomosis between the

right portal vein of the donor and the portal vein of the recipient was

performed after completing the hepatic vein anastomosis. Graft

reperfusion was performed after completing portal vein anastomosis.

Patients with postreperfusion syndrome received norepinephrine or

epinephrine depending on the severity. A continuous infusion of nor-

epinephrine was commenced to achieve a target mean arterial pres-

sure above 70 % of the baseline. Sequential anastomosis of the

hepatic artery and bile duct was performed after graft reperfusion.

Postoperatively, the recipients were transferred to the intensive care

unit without extubation. Detailed surgical procedures for LDLT have

been described in previous studies [19]. The same type of immuno-

suppression protocol was used in all cases, which was comprised of

tacrolimus and mycophenolate mofetil (500 mg twice daily) as the

primary immunosuppressive agents after LDLT [20].

2.5. Outcomes

The primary outcome of this study was severe AKI (≥stage 2),

defined by the Kidney Disease: Improving Global Outcome (KDIGO)

criteria [21]. AKI diagnosis was based on an increase in sCr level by

≥0.3 mg/dL within 48 h postoperatively or an increase in sCr level to

≥1.5 times the baseline value within 7 days postoperatively; as per

our routine protocol for LDLT recipients, baseline sCr levels were

measured the day before transplantation [22]. According to the

KDIGO criteria, stage 1 AKI was defined as an increase in sCr level to

1.5−1.9 times the baseline level or by an increase in sCr level of

≥0.3 mg/dL. Stage 2 AKI was indicated by an increase in sCr level to

2.0−2.9 times the baseline level, whereas stage 3 AKI was defined as

an increase in sCr level to 3.0 times the baseline level, an increase in

sCr level to ≥4.0 mg/dL, or initiation of renal replacement therapy

(RRT). Secondary outcomes included need for postoperative RRT,

CKD, early allograft dysfunction (EAD), and overall graft failure. CKD

was defined as a decrease in glomerular filtration rate (GFR)

(<60 mL/min per 1.73 m2) persisting for more than 3 months at 1

year after LT [23]. EAD was defined by the presence of one or both of

the following variables: bilirubin >10mg/dL or PT (INR) >1.6 on post-

operative day 7 [24]. Graft failure was defined as the necessity for re-

transplantation or death, determined through medical records and

the Organ Transplantation registry of our center.

2.6. Statistical analysis

Continuous variables are presented as means § standard devia-

tion or medians with interquartile ranges (IQR) and categorical varia-

bles as frequencies and percentages. Receiver operating

characteristic (ROC) curves were used to determine the optimal neo-

hepatic ALBI cutoff for predicting severe AKI. Patients were stratified

based on this cutoff, and group comparisons were performed using

the Student’s t-test, Mann-Whitney U test, Chi-square test, or Fisher’s

exact test, as appropriate. Propensity score matching (PSM) was

employed to balance baseline characteristics, with logistic regression

used to calculate the propensity scores. Model discrimination was

evaluated using C statistics (C-statistics = 0.858), and calibration was
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assessed using Hosmer-Lemeshow statistics (P = 0.109). Factors asso-

ciated with severe AKI, postoperative RRT, CKD, and EAD were identi-

fied using multivariate logistic regression analysis. In addition, factors

associated with overall graft failure were identified using multivari-

ate Cox proportional hazards regression analysis. The level of statisti-

cal significance was established at a p-value <0.05. Data analyses

were performed using SPSS version 22.0 (IBM Corp., Armonk, NY,

USA) and R version 3.5.1 (R Foundation for Statistical Computing,

Vienna, Austria).

2.7. Ethical statements

The Institutional Review Board of our center approved this study

(protocol number: 2023−0561) and waived the requirement for

informed consent due to its retrospective design.

3. Results

This study included 2171 adult recipients of LDLT, with a median

follow-up time of 6.6 years (IQR: 4.8−8.7 years) (Fig. 1). ROC curve

analysis identified the optimal cutoff value of neohepatic ALBI for

predicting severe AKI as �1.615, exhibiting a sensitivity of 0.701,

specificity of 0.616, positive predictive value of 0.335, and negative

predictive value of 0.882. The area under the ROC curve was 0.700

(95 % confidence interval [CI]: 0.674−0.726; P < 0.001) (Fig. 2). Based

on this optimal cutoff value, the 2171 patients were stratified into

two groups. Table 1 details the preoperative and intraoperative data

of the study participants. Individuals with a higher ALBI score exhib-

ited a lower incidence of hypertension but a higher prevalence of

congestive heart failure and higher MELD-Na and CTP scores. Preop-

eratively, they had prolonged PT (INR), higher total bilirubin levels,

and lower albumin, creatinine, and sodium levels. Their donors had a

higher degree of fatty change in the liver tissue. In addition, these

individuals had a higher incidence of dual donor LT and massive

transfusions during LT. They experienced longer cold ischemic time,

warm ischemic time, total ischemic time, and anesthesia duration, in

addition to a higher graft-to-recipient weight ratio and a higher inci-

dence of biopump use.

Among the 2171 LDLT recipients, 21.6 % (n = 469) developed

severe AKI, and 2.2 % (n = 48) required postoperative RRT. Meanwhile,

72 of the 2171 patients lacked follow-up data on GFR. Among the

remaining 2099 recipients, 41.9 % (n = 879) developed CKD. The inci-

dences of EAD and overall graft failure were 5.9 % (n = 127) and

Fig. 1. Flowchart of the study population. Abbreviations: LT, liver transplantation; OLT, orthotopic liver transplantation; sCr, serum creatinine; LDLT, living donor liver transplanta-

tion; ALBI, Albumin-Bilirubin.

Fig. 2. Receiver operating characteristic curve analysis of the neohepatic (post-reper-

fusion) Albumin-Bilirubin score for predicting severe acute kidney injury.

Abbreviations: ALBI, Albumin-Bilirubin; AUC, Area under the curve.
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15.8 % (n = 292), respectively. A significant difference was noted in

the incidence of severe AKI between the two groups (33.5 % in the

higher ALBI group vs. 11.8 % in the lower ALBI group, P < 0.001)

(Table 3).

Table 1 also presents preoperative and intraoperative characteris-

tics of PSM patients (1:1 matched set, n = 1004; n = 502 in the low

ALBI group and n = 502 in the high ALBI group). After PS matching,

individuals with a higher ALBI score exhibited lower preoperative

levels of albumin and sodium. Additionally, they had a higher fre-

quency of intraoperative biopump use. The incidence of severe AKI

was 29.9 % (n = 150) in the higher ALBI group compared with the

16.3 % (n = 82) in the lower ALBI group (P < 0.001) (Table 3).

Univariate logistic regression analysis linked a higher ALBI score

with an increased risk of severe AKI (odds ratio [OR]: 3.78, 95 % CI:

3.03−4.71, P < 0.001), a finding that remained significant after adjust-

ing for AKI-related variables (OR: 2.34, 95 % CI: 1.79−3.04, P < 0.001)

as shown in Table 2. Additionally, female sex, higher BMI and CTP

score, alcoholic liver disease, and longer anesthetic time were signifi-

cantly associated with severe AKI. In the PSM analysis, a higher ALBI

score was significantly associated with severe AKI (OR: 2.18, 95 % CI:

1.62−2.95, P < 0.001), as indicated in Table 4.

Furthermore, the group with higher ALBI scores exhibited signifi-

cantly greater incidences of post-RRT (4.3 % vs. 0.5 %, P < 0.001), CKD

(45.2 % vs. 39.2 %, P = 0.006), EAD (9.5 % vs. 2.9 %, P < 0.001), and over-

all graft failure (18.2 % vs. 13.0 %, P = 0.021) (Tables 3 and 4). After PS

matching, the higher ALBI score group still showed significantly

higher incidences of post-RRT (2.8 % vs. 0.4 %, P = 0.003), CKD (46.9 %

vs. 38.2 %, P = 0.007), and overall graft failure (16.8 % vs. 10.6 %,

P = 0.019). Higher ALBI was significantly associated with post-RRT

(OR: 3.80, 95 % CI: 1.53−11.31, P = 0.008, multivariate analysis; OR

7.17, 95 % CI 1.61−31.89, P = 0.010, PSM analysis), CKD (OR: 1.22,

95 % CI: 1.00−1.47, P = 0.044, multivariate analysis; OR: 1.43, 95 % CI:

1.11−1.85, P = 0.006, PSM analysis), and overall graft failure (hazard

ratio [HR]: 1.30, 95 % CI: 1.01−1.68, P = 0.041, multivariate analysis;

HR: 1.55, 95 % CI: 1.08−2.23, P = 0.018, PSM analysis) (Table 4).

4. Discussion

In this large retrospective study of LDLT recipients, a high neohe-

patic ALBI score (≥�1.615) was independently associated with post-

LT AKI, need for RRT, CKD, and overall graft failure. Even after PS

matching to adjust for important preoperative and intraoperative

Table 1

Perioperative characteristics of the study population before and after propensity score matching.

Unmatched (n = 2171) Propensity score matched

(n =1004)

Total (n =2171) Neohepatic ALBI

< �1.615

(n = 1189)

Neohepatic ALBI

≥ �1.615

(n = 982)

SMD Neohepatic ALBI

< �1.615

(n = 502)

Neohepatic ALBI

≥ �1.615

(n = 502)

SMD

Demographic variables

Age (years) 54.0 § 8.4 54.3 § 8.3 53.8 § 8.6 0.059 54.3 § 8.5 54.6 § 8.1 0.036

Sex, male 1627 (74.9) 913 (76.8) 714 (72.7) 0.094 372 (74.1) 377 (75.1) 0.023

Body mass index (kg/m2) 24.5 § 3.5 24.5 § 3.4 24.4 § 3.6 0.036 24.5 § 3.7 24.4 § 3.6 0.019

Diabetes mellitus 522 (24.0) 289 (24.3) 233 (23.7) 0.014 125 (24.9) 120 (23.9) 0.023

Hypertension 397 (18.3) 262 (22.0) 135 (13.8) 0.218 78 (15.5) 79 (15.7) 0.005

Coronary arterial disease 207 (9.5) 110 (9.3) 97 (9.9) 0.021 40 (8.0) 43 (8.6) 0.022

Congestive heart failure 152 (7.0) 60 (5.1) 92 (9.4) 0.168 31 (6.2) 42 (8.4) 0.084

Etiology 0.313 0.026

Hepatitis B virus 1296 (59.7) 787 (66.2) 509 (51.8) 288 (57.4) 283 (56.4)

Hepatitis C virus 150 (6.9) 76 (6.4) 74 (7.5) 37 (7.4) 38 (7.6)

Alcoholic 441 (20.3) 185 (15.6) 256 (26.1) 111 (22.1) 116 (23.1)

Other disease 284 (13.1) 141 (11.9) 143 (14.6) 66 (13.2) 65 (13.0)

MELD-Na score 13.0 § 6.2 10.3 § 4.3 16.3 § 6.5 1.071 13.1 § 5.2 13.1 § 5.2 0.002

Child-Pugh-Turcotte score 7.6 § 2.0 6.7 § 1.6 8.6 § 1.9 1.104 7.7 § 1.8 7.7 § 1.7 <0.001

Dual donor grafts 162 (7.5) 71 (6.0) 91 (9.3) 0.124 37 (7.4) 41 (8.2) 0.030

ABO incompatibility 512 (23.6) 300 (25.2) 212 (21.6) 0.086 127 (25.3) 121 (24.1) 0.028

Donor-related variables

Age (years) 28.6 § 8.3 28.6 § 8.4 28.5 § 8.3 0.008 28.6 § 8.5 28.6 § 8.2 0.005

Sex, male 1466 (67.5) 780 (65.6) 686 (69.9) 0.091 350 (69.7) 351 (69.9) 0.004

Total fatty change ( %) 3.8 § 6.7 3.3 § 6.0 4.3 § 7.4 0.148 4.0 § 7.3 3.8 § 6.7 0.038

Preoperative laboratory variables

Albumin (g/dL) 3.1 § 0.6 3.3 § 0.5 3.0 § 0.6 0.593 3.1 § 0.5 3.0 § 0.5 0.133

Total bilirubin (mg/dL) 3.3 § 5.7 1.6 § 2.9 5.2 § 7.3 0.648 2.8 § 4.2 3.0 § 5.0 0.043

Creatinine (mg/dL) 0.8 § 0.2 0.8 § 0.2 0.7 § 0.2 0.183 0.7 § 0.2 0.7 § 0.2 0.077

Prothrombin time (INR) 1.4 § 0.4 1.3 § 0.3 1.6 § 0.4 0.785 1.4 § 0.5 1.4 § 0.3 0.038

Sodium (mmol/L) 138.7 § 4.6 139.9 § 3.4 137.3 § 5.5 0.568 139.0 § 4.1 138.5 § 4.9 0.106

Intraoperative variables

Post-reperfusion syndrome 1402 (64.6) 769 (64.7) 633 (64.5) 0.005 322 (64.1) 324 (64.5) 0.008

Albumin (L) 3.7 § 3.3 3.6 § 3.4 3.9 § 3.2 0.088 4.2 § 2.5 4.0 § 3.7 0.061

Massive transfusion 672 (31.0) 208 (17.5) 464 (47.3) 0.671 168 (33.5) 173 (34.5) 0.021

Vasopressor use 1878 (86.5) 1040 (87.5) 838 (85.3) 0.062 439 (87.5) 437 (87.1) 0.012

Anesthetic time (h) 13.8 § 2.3 13.2 § 2.0 14.6 § 2.4 0.641 14.0 § 2.1 14.0 § 2.2 0.001

Cold ischemic time (min) 85.7 § 26.5 83.9 § 26.1 87.9 § 26.9 0.150 86.4 § 26.0 86.9 § 26.0 0.019

Warm ischemic time (min) 42.0 § 16.0 41.1 § 16.1 43.1 § 15.7 0.127 42.6 § 15.2 42.9 § 16.0 0.016

Total ischemic time (min) 127.7 § 32.4 125.0 § 31.8 131.0 § 32.9 0.185 128.9 § 31.7 129.7 § 32.6 0.023

Graft-to-recipient weight ratio 1.1 § 0.2 1.1 § 0.2 1.1 § 0.3 0.173 1.1 § 0.2 1.1 § 0.2 0.017

Intraoperative embolization 359 (16.5) 193 (16.2) 166 (16.9) 0.018 101 (20.1) 92 (18.3) 0.046

Biopump use 276 (12.7) 112 (9.4) 164 (16.7) 0.217 58 (11.6) 79 (15.7) 0.122

Values are expressed as mean§ standard deviation, median (interquartile range), or number of patients (%), as appropriate. Abbreviations: ALBI, Albumin-Bilirubin

score; SMD, standardized mean difference; MELD-Na score, Model for End-Stage Liver Disease sodium score; INR, international normalized ratio.
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confounders, high neohepatic ALBI scores were significantly associ-

ated with post-LT AKI, RRT, CKD, and overall graft failure.

Previous research on the impact of pre-transplant ALBI scores on

post-transplant AKI has yielded inconsistent results. A retrospective

study of deceased donor LT (DDLT) recipients associated high preop-

erative ALBI scores (>�1.48) with an increased incidence of postoper-

ative AKI [12]. In contrast, a study focusing on LDLT recipients

reported no significant difference in renal failure rates among differ-

ent ALBI grades [14]. These investigations, primarily focusing on pre-

transplant ALBI scores, relied on Pearson’s chi-square test without

adjustments for potential confounders. However, post-LT renal out-

comes are significantly influenced by multiple factors, including not

only preoperative status of LT recipients, which can be partially indi-

cated by their preoperative ALBI scores, but also functionality of the

transplanted graft and various perioperative factors. In our study, we

selected the ALBI scores measured 1 h after graft reperfusion to

reflect both the status of the recipient and the functionality of the

transplanted graft, thereby enabling early detection of postoperative

AKI. Additionally, we accounted for important preoperative and

intraoperative confounders using multivariate logistic regression and

PSM analyses. This approach enabled a clearer elucidation of the

association between neohepatic ALBI scores and post-LT renal out-

comes such as AKI, RRT, and CKD.

The relationship between the ALBI score and AKI has also been

investigated beyond LT, including in patients with HCC and those

undergoing non-liver-related interventions or surgeries. In a retro-

spective study of patients undergoing platinum-based transcatheter

arterial chemoembolization or transarterial infusion chemotherapy

for HCC, high ALBI grades (II and III) were identified as independent

risk factors for an increase in sCr level [25]. Furthermore, in the con-

text of cardiac surgery, patients with high ALBI scores (>�2.44) had a

greater incidence of postoperative AKI following cardiac valvular

Table 2

Multivariate logistic regression analysis for severe acute kidney injury after living donor liver transplantation.

Univariate Multivariate

OR 95 % CI P-value OR 95 % CI P-value

Neohepatic ALBI ≥ �1.615 3.78 3.03 4.71 <0.001 2.34 1.79 3.04 <0.001

Age (years) 0.99 0.98 1.00 0.035 0.99 0.98 1.00 0.157

Sex, male 0.68 0.54 0.85 0.001 0.67 0.52 0.87 0.003

Body mass index (kg/m2) 1.10 1.07 1.13 <0.001 1.11 1.07 1.14 <0.001

Diabetes mellitus 1.10 0.87 1.39 0.447

Hypertension 0.97 0.74 1.26 0.812

Coronary arterial disease 1.11 0.79 1.56 0.560

Etiology

Hepatitis B virus 1 <0.001 1 0.189

Hepatitis C virus 1.76 1.20 2.59 0.004 1.26 0.83 1.93 0.281

Alcoholic 1.92 1.49 2.46 <0.001 1.36 1.02 1.81 0.036

Other disease 1.59 1.18 2.15 0.003 1.09 0.77 1.54 0.618

MELD-Na score 1.09 1.07 1.10 <0.001

Child-Pugh-Turcotte score 1.34 1.27 1.40 <0.001 1.18 1.11 1.26 <0.001

Dual donor grafts 1.92 1.36 2.71 <0.001 0.84 0.53 1.35 0.471

ABO incompatibility 0.93 0.73 1.19 0.571

Donor Age (years) 1.01 0.99 1.02 0.385

Donor Sex, male 1.02 0.82 1.27 0.885

Donor total fatty change ( %) 1.01 0.99 1.02 0.380

Post-reperfusion syndrome 0.97 0.78 1.20 0.754

Albumin (L) 1.06 1.02 1.09 0.001 1.00 0.96 1.04 0.975

Massive transfusion 2.25 1.83 2.78 <0.001 1.04 0.79 1.37 0.802

Vasopressor use 1.29 0.94 1.77 0.117

Anesthetic time (h) 1.22 1.17 1.27 <0.001 1.14 1.07 1.21 <0.001

Cold ischemic time (h) 1.00 1.00 1.01 0.481

Warm ischemic time (h) 1.01 1.00 1.02 0.005 1.00 0.99 1.01 0.880

Graft-to-recipient weight ratio 0.84 0.54 1.29 0.416

Intraoperative embolization 1.05 0.80 1.38 0.731

Biopump use 1.82 1.38 2.40 <0.001

Abbreviations: OR, odds ratio; CI, confidence interval; ALBI, Albumin-Bilirubin score; MELD-Na score, Model for End-Stage

Liver Disease sodium score.

Table 3

Renal outcomes of the study population before and after propensity score matching.

Unmatched (n =2171) Propensity score matched

(n = 1004)

Neohepatic ALBI < �1.615

(n = 1189)

Neohepatic ALBI ≥ �1.615

(n = 982)

P-value Neohepatic ALBI < �1.615

(n = 502)

Neohepatic ALBI ≥ �1.615

(n = 502)

P-value

Acute kidney injury 626 (52.7) 729 (74.2) <0.001 301 (60.0) 352 (70.1) <0.001

Acute kidney injury stage (1/2/3) <0.001 <0.001

Stage 1 486 (40.9) 400 (40.7) 219 (43.6) 202 (40.2)

Stage 2 115 (9.7) 260 (26.5) 65 (13.0) 131 (26.1)

Stage 3 25 (2.1) 69 (7.0) 17 (3.4) 19 (3.8)

Severe acute kidney injury 140 (11.8) 329 (33.5) <0.001 82 (16.3) 150 (29.9) <0.001

Post-renal replacement therapy 6 (0.5) 42 (4.3) <0.001 2 (0.4) 14 (2.8) 0.003

Chronic kidney disease (unmatched,

n = 2099, matched, n = 973)

454 (39.2) 425 (45.2) 0.006 186 (38.2) 228 (46.9) 0.007

Abbreviation: ALBI, Albumin-Bilirubin score.
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surgery [26]. Additionally, a large study of individuals with coronary

artery disease found the ALBI score to be an independent predictor of

contrast-associated AKI after elective percutaneous coronary inter-

vention, demonstrating a linear relationship between ALBI scores

and the risk of developing this condition [27]. These findings under-

score the ALBI score’s utility as a predictor of renal outcomes not only

in liver disease patients but also in broader clinical scenarios.

A high post-reperfusion ALBI score, marked by low levels of

albumin and high levels of bilirubin, may be causally associated

with the development of postoperative AKI in LDLT recipients.

Albumin improves renal perfusion and glomerular filtration

through prolonged potent renal vasodilation, a result of its reac-

tion with oxides of nitrogen to form S-nitroso-albumin [28].

Additionally, albumin inhibits apoptosis of renal tubular cells by

scavenging reactive oxygen species and transporting protective

lysophosphatidic acid [29,30], while also stimulating renal tubular

cell DNA synthesis [31]. Concurrently, an excess of bilirubin nega-

tively impacts renal function through direct bile and bilirubin

toxicity, as well as tubular obstruction [32,33]. Thus, the com-

bined effects of hypoalbuminemia and hyperbilirubinemia may

compromise tubular integrity and function, contributing to the

development of postoperative AKI in LDLT recipients.

As demonstrated in previous literature, we propose that AKI led to

an increased risk of RRT and CKD in our patients [2,34,35]. In addi-

tion, the ALBI score has been established as a sensitive marker of liver

dysfunction with strong prognostic value in patients with chronic

liver disease [5−11]. We suggest that this score may also serve as a

surrogate marker of early graft function in the post-reperfusion

period. Suboptimal graft function may initiate a cascade of adverse

physiological processes, including persistent systemic inflammation,

impaired immunosuppressant metabolism, hyperbilirubinemia, and

deleterious hepatorenal interactions [33,36−38], collectively increas-

ing the risk of CKD.

Further, our findings underscore the impact of neohepatic ALBI on

overall graft failure in LDLT recipients. These findings are consistent

with results of previous studies investigating the relationship

between pre-transplant ALBI scores and post-transplant graft func-

tion. Specifically, a higher preoperative ALBI grade (grade III) and

ALBI scores (≥�1.28) were associated with increased risks of EAD

and graft dysfunction after LT, respectively [13,14]. Compared to pre-

vious studies, our study included advanced statistical analyses to

adjust for confounding variables, thereby more robustly validating

the association between neohepatic ALBI scores and EAD or graft fail-

ure. We demonstrated that high neohepatic ALBI scores are associ-

ated with overall graft failure, both in multivariate Cox proportional

hazards regression and PSM analyses.

The significance of our study lies in its findings of the prognostic

value of the ALBI score in LDLT recipients, who typically have rela-

tively lower CTP and MELD scores than DDLT recipients. The ALBI

score, due to its sensitivity in detecting minor changes in liver func-

tion that could not be discerned through the CTP score [11], has

proven to be more effective in predicting outcomes in LDLT [13,14].

Our multivariate analysis supported these findings, demonstrating

that only the ALBI score, but not MELD-Na score, was independently

associated with post-LT AKI. In addition, compared to previous stud-

ies that used higher pre-transplant ALBI cutoffs (>�1.48 for AKI [12],

>�1.39 for EAD [14], and ≥�1.28 for graft dysfunction [13]), our

study employed a lower cutoff value (≥�1.615) for the neohepatic

ALBI score. This lower cutoff demonstrates enhanced sensitivity in

identifying patients at risk for poor postoperative outcomes. More-

over, our study found that neohepatic ALBI was an independent risk

factor for AKI and critical long-term outcomes such as CKD and graft

failure. Hence, our study contributes to the expanding evidence sup-

porting the prognostic value of the ALBI score in LDLT recipients.

A high neohepatic ALBI score (≥�1.615) may enable early identifi-

cation of high-risk patients, guiding targeted perioperative manage-

ment to improve outcomes. In our practice, patients with elevated

scores undergo intensified monitoring of renal function (e.g., serial

measurements of serum creatinine and estimated GFR) and prompt

evaluation of persistent hyperbilirubinemia to assess early graft dys-

function or biliary complications. Fluid balance is optimized to main-

tain hemodynamic stability, avoiding both hypotension and fluid

overload, which can impair renal perfusion or cause renal congestion,

respectively [39]. Blood products, crystalloids, albumin, vasopressors,

or inotropes are used as needed to achieve this balance. Immunosup-

pressive regimens, particularly tacrolimus dosing, are carefully

adjusted to minimize nephrotoxicity, especially in patients with high

neohepatic ALBI scores. Strategies include delaying calcineurin

Table 4

Predictive value of neohepatic Albumin-Bilirubin score ≥ �1.615 for renal and graft outcomes after living donor liver transplantation.

Crude Multivariable adjusteda Propensity score-matched

Event/n OR 95 % CI P-value OR 95 % CI P-value Event/n OR 95 % CI P-value

Severe acute kidney

injury

Neohepatic ALBI ≥

�1.615

329/982 3.78 3.03−4.71 <0.001 2.34 1.79−3.04 <0.001 150/502 2.18 1.62−2.95 <0.001

Neohepatic ALBI <

�1.615

140/1189 1 1 82/502 1

Postoperative renal

replacement therapy

Neohepatic ALBI ≥

�1.615

42/982 8.81 4.03−23.18 <0.001 3.80 1.53−11.31 0.008 14/502 7.17 1.61−31.89 0.010

Neohepatic ALBI <

�1.615

6/1189 1 1 2/502 1

Chronic kidney disease Neohepatic ALBI ≥

�1.615

425/940 1.24 1.05−1.47 0.013 1.22 1.00−1.47 0.044 228/486 1.43 1.11−1.85 0.006

Neohepatic ALBI <

�1.615

454/1159 1 1 186/487 1

Early allograft

dysfunction

Neohepatic ALBI ≥

�1.615

93/982 3.55 2.38−5.31 <0.001 1.48 0.92−2.37 0.109 30/502 1.39 0.79−2.47 0.256

Neohepatic ALBI <

�1.615

34/1189 1 1 22/502 1

Event/n HR 95 % CI P-value HR 95 % CI P-value Event/n HR 95 % CI P-value

Overall graft failure Neohepatic ALBI ≥

�1.615

156/982 1.31 1.04−1.65 0.021 1.30 1.01−1.68 0.041 74/502 1.55 1.08−2.23 0.018

Neohepatic ALBI <

�1.615

136/1189 1 1 47/502 1

a Adjusted by all variables in Table 2. Abbreviations: ALBI, Albumin-Bilirubin score; OR, odds ratio; CI, confidence interval; HR, hazard ratio.
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inhibitor (CNI) initiation or reducing CNI exposure [40−42]. Addi-

tional measures include avoiding nephrotoxic medications and initi-

ating early nephrology consultation [39,40]. By facilitating these

individualized interventions, the neohepatic ALBI score enhances

intraoperative and postoperative care in high-risk patients, poten-

tially reducing the incidence of short- and long-term complications.

Post-LT AKI has been reported to be associated with female sex,

higher BMI, alcoholic LC, higher CTP scores, and longer anesthetic

time [2,43]. Therefore, the results of our multivariate analysis align

with these previously established associations, emphasizing the

importance of these factors in contributing to the incidence of post-

LT AKI.

In this study, the neohepatic ALBI score was measured 1 h after

portal vein reperfusion, before hepatic arterial reperfusion, as LDLT

involves portal vein anastomosis followed by hepatic artery and bile

duct anastomoses. Consequently, the score reflects early graft func-

tion under portal venous flow, capturing the initial response to reper-

fusion, potentially influenced by ischemia-reperfusion injury and

recipient status. While hepatic arterial reperfusion, which occurs

later, is critical for long-term graft function, the prognostic value of

the neohepatic ALBI score lies in its ability to assess graft perfor-

mance in the early post-reperfusion period, which may predict sub-

sequent renal and graft outcomes. Future studies could explore the

prognostic value of the ALBI score measured after arterial reperfu-

sion, to evaluate the combined effects of portal and hepatic arterial

flows.

Our study has some limitations. First, its retrospective nature may

inherently introduce bias and confounding factors. However, we

used rigorous statistical methods, including multivariate and PSM

analyses, to address this limitation. Second, as the research was con-

ducted at a single, highly specialized medical center renowned for its

extensive experience in LT [19], the outcomes, including the rates of

AKI and graft failure, might not be representative of other institutions

with different levels of expertise or patient populations. This necessi-

tates cautious interpretation when generalizing our findings beyond

the studied cohort. Lastly, our study’s cutoff points for the ALBI score

in predicting AKI, derived from ROC curve analyses, were based on

data from a population of a single ethnicity at a single medical center.

These cutoff values may require adjustment when applied to other

ethnic groups. Therefore, to validate our findings, further research

involving diverse patient populations across various ethnicities is

needed.

5. Conclusions

Our study demonstrates that neohepatic ALBI scores are signifi-

cantly associated with postoperative AKI, the need for RRT, CKD, and

overall graft failure in LDLT recipients. These findings highlight the

critical prognostic value of neohepatic ALBI scores in predicting renal

and graft outcomes following LDLT.
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