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ABSTRACT

Introduction and Objectives: Acute kidney injury (AKI) is prevalent and has deleterious effects on postopera-
tive outcomes following liver transplantation (LT). The impact of nonselective beta-blockers (NSBBs) in
patients with liver cirrhosis remains controversial. This study investigated the association between preopera-
tive NSBB use and AKI after living donor LT (LDLT).
Patients and Methods: We evaluated 2,972 adult LDLT recipients between January 2012 and July 2022. The
patients were divided into two groups based on the preoperative NSBB use. Propensity score matched (PSM)
and inverse probability of treatment weighting (IPTW) analyses were performed to evaluate the association
between preoperative NSBB use and postoperative AKI. Multiple logistic regression analyses were also used
to identify the risk factors for AKI.
Results: The overall incidence of AKI was 1,721 (57.9%) cases. The NSBB group showed a higher incidence of
AKI than the non-NSBB group (62.4% vs. 56.7%; P = 0.011). After PSM and IPTW analyses, no significant differ-
ence in the incidence of AKI was found between the two groups (Odds ratio, OR 1.13, 95% confidence interval,
C10.93-1.37, P=0.230, PSM analysis; OR 1.20, 95% C1 0.99—-1.44, P = 0.059, IPTW analysis). In addition, preop-
erative NSBB use was not associated with AKI after multivariate logistic regression analysis (OR 1.16, 95% CI
0.96—-1.40, P=0.118).
Conclusions: Preoperative NSBB use was not associated with AKI after LDLT. Further studies are needed to val-
idate our results.

© 2024 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espafia, 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/)

1. Introduction

Acute kidney injury (AKI) is a frequent complication after liver
transplantation (LT), with detrimental effects on patient outcomes.
Studies have reported a wide range of incidence rates for post-LT AKI,
ranging from 17% to over 90% [1,2]. Additionally, rates for renal
replacement therapy have been reported to range from 8 to 20%

Abbreviations: ABOi, ABO incompatibility; AKI, Acute kidney injury; BBs, Beta block-
ers; BMI, Body mass index; CI, Confidence interval; CKD, chronic kidney disease; eGFR,
Estimated glomerular filtration rate; FFP, Fresh frozen plasma; HCV, Hepatitis C virus;
HR, Hazard ratio; HRS, hepatorenal syndrome; IPTW, Inverse probability of treatment
weighting; IQR, Interquartile range; LT, Liver transplantation; LC, liver cirrhosis; LDLT,
Living donor liver transplantation; MELD, Model for End-Stage Liver Disease; NSBBs,
Nonselective beta-blockers; OR, Odds ratio; PT-INR, Prothrombin time—international
normalized ratio; PRS, Post-reperfusion syndrome; pRBCs, Packed red blood cells;
PSM, Propensity score matched; SBP, Spontaneous bacterial peritonitis; sCr, serum
creatinine
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[3,4]. Post-LT AKI has been consistently shown to impact post-trans-
plant outcomes. Even mild AKI following LT increased the risk of
post-LT chronic kidney disease (CKD) and decreased patient and graft
survival rates [3,5—7]. Therefore, it would be beneficial to identify
and mitigate the risk factors that can deteriorate renal function to
improve postoperative outcomes after LT.

Nonselective beta-blockers (NSBBs) have been the mainstay treat-
ment for portal hypertension in patients with liver cirrhosis (LC) [8].
Response to NSBB therapy is associated with a lower risk of portal
hypertension-related complications, including variceal rebleeding,
ascites, and spontaneous bacterial peritonitis (SBP), as well as
improved survival rates [9,10]. However, recent studies have raised
concerns about the potential negative impact of NSBB therapy in
patients with end-stage liver disease [11—14]. The cardio-inhibitory
effects of NSBBs may reduce the cardiac compensatory reserve, which
is essential for renal and hepatic perfusion [14,15], leading to renal
failure and poor survival in patients with liver cirrhosis with ascites
[16—18].
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Although the impact of NSBBs on AKI has been investigated in var-
ious patient populations [12,13,19,20], there is a lack of research on
the influence of preoperative NSBB use on the incidence of postoper-
ative AKI in LT recipients. Therefore, we investigated the association
between preoperative NSBB use and postoperative AKI in living
donor LT (LDLT) recipients. We hypothesized that preoperative NSBB
therapy in LDLT recipients might have a negative impact on renal
outcomes after LDLT.

2. Patients and methods
2.1. Patients

The Institutional Review Board of Asan Medical Center approved
this study (protocol number: 2023-0561) and waived the need for
informed consent due to the retrospective nature of the study. We
reviewed the electronic medical records of all patients who under-
went LT at Asan Medical Center between January 2012 and July 2022.
This study included adult patients (>18 years) who underwent LDLT.
Patients with a preoperative serum creatinine (sCr) level > 1.4 mg/dL,
those diagnosed with CKD or hepatorenal syndrome (HRS), or those
receiving hemodialysis at baseline were excluded from the study.
The remaining patients were divided into two groups based on their
preoperative NSBB use for at least one month. At our center, LT candi-
dates who may benefit from NSBBs are selected by hepatologists and
prescribed NSBBs for both primary and secondary prophylaxis
against variceal bleeding, as well as for the potential prevention of
further decompensation [21-24].

2.2. (linical data

Clinical data were extracted from an electronic medical records
system, including demographic data, donor-related variables, periop-
erative laboratory results, intraoperative records containing details of
anesthetic management and surgical procedures, and postoperative
outcomes. The demographic data included preoperative characteris-
tics of recipients, including beta-blocker use, patient age, sex, and
body mass index (BMI); comorbidities, such as diabetes mellitus,
hypertension, and coronary arterial disease; liver disease characteris-
tics, such as the etiology of LC (hepatitis B virus, hepatitis C virus
[HCV], alcoholic LC, and other disease), Model for End-Stage Liver
Disease (MELD) score, Child-Pugh-Turcotte score; SBP; intractable
ascites; dual donor grafts; and ABO incompatibility (ABOi). Donor-
related variables included donor age, sex, and total fatty change. Lab-
oratory data included prothrombin time—international normalized
ratio (PT-INR), albumin, total bilirubin, creatinine, and estimated glo-
merular filtration rate (eGFR). Intraoperative data included severe
post-reperfusion syndrome (PRS), volume and type of fluids (crystal-
loid and colloid), volume of blood components (packed red blood
cells [pRBCs] and fresh frozen plasma [FFP]), massive transfusion, ino-
trope/vasopressor use, urine output, anesthetic time, cold ischemic
time, warm ischemic time, total ischemic time, graft-to-recipient
weight ratio, bio-pump use, and intraoperative embolization. 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 the reperfusion of the liver
graft [25]. In addition, PRS was considered severe if there was a
requirement for over 30 ug of epinephrine during the reperfusion
phase [26]. Massive transfusion was defined as transfusion of >10
PRBC units within 24 h, or >4 pRBC unitsin 1 h [27].

2.3. Primary and secondary outcomes
The primary outcome of this study is postoperative AKI, which was

diagnosed according to the Kidney Disease Improving Global Outcome
criteria. AKI was defined as an increase in sCr by >0.3 mg/dL within 48
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h postoperatively or an increase in sCr to >1.5 times the baseline value
within postoperative day 7 [28]; baseline sCr was measured the day
before LT as our routine protocol for LDLT recipients [29]. More specifi-
cally, stage 1 was defined as an increase in sCr to 1.5—1.9 times base-
line or an increase in sCr by >0.3 mg/dL. Stage 2 was defined as an
increase in sCr to 2.0—2.9 times baseline, while stage 3 was defined as
an increase in sCr to 3.0 times baseline or an increase in sCr to
>4.0 mg/d], or the initiation of renal replacement therapy [28].

Secondary outcomes include 1-year graft failure and mortality,
overall graft failure, and overall mortality. Graft failure was defined
as re-transplantation or death. We reviewed electronic medical
records and the regularly updated Asan Organ Transplantation Center
registry to determine graft failure and mortality incidence.

2.4. Statistical analysis

Continuous variables are reported as mean =+ standard deviation or
median with interquartile range (IQR), and categorical variables are
reported as frequencies with percentages. According to the use of pre-
operative NSBBs, patients were divided into the NSBB and non-NSBB
groups. Between-group comparisons were conducted using the Student
t-test or the Mann—Whitney U test for continuous variables, and the
Chi-square test or the Fisher exact test for categorical variables, as
appropriate.

Propensity scores (PSs) were calculated to balance confounding
variables and reduce selection bias between the NSBB and non-NSBB
groups, using logistic regression based on all preoperative data,
including demographic variables, donor-related variables, and labo-
ratory variables listed in Table 1. Model discrimination was evaluated
using C statistics (c-statistics = 0.650), and calibration was assessed
using Hosmer—Lemeshow statistics (P = 0.166). The baseline charac-
teristics of the NSBB group and non-NSBB group were balanced using
propensity score matched (PSM) analysis and inverse probability of
treatment weighting (IPTW) analyses. However, there were dispar-
ities in some important intraoperative variables, such as severe PRS,
massive transfusion, and anesthetic time between the NSBB and non-
NSBB groups after PS matching. Given that these variables could con-
found the relationship between preoperative NSBB use and post-LT
AKI, we made additional adjustments for these variables in both PSM
and IPTW analyses.

The association between preoperative NSBB use and post-LT out-
comes was evaluated using multivariate logistic regression and Cox
proportional hazard regression analyses. Multivariate logistic regres-
sion analysis was used to identify the factors associated with post-LT
AKI. Variables with P-values <0.1 in the univariate analysis were
included in the multivariate analysis. Multivariate Cox regression
analysis was used to assess the factors associated with 1-year graft
failure and mortality, overall graft failure, and overall mortality. Back-
ward elimination was used to develop the final model, and adjusted
odds ratio (OR) or hazard ratio (HR) was calculated.

All P-values <0.05 were considered statistically significant. Data
manipulation and statistical analyses were performed using SPSS
22.0 (IBM Corp., Armonk, NY, USA) and R 3.5.1 (R Foundation for Sta-
tistical Computing, Vienna, Austria).

2.5. Ethical statement

The Institutional Review Board of Asan Medical Center approved
this study (protocol number: 2023-0561).

3. Results

We included 2972 adult LDLT recipients in this study, and the
median follow-up time was 4.7 years (IQR 2.3—7.5 years). Based on
preoperative NSBB use, the 2972 patients were divided into the non-
NSBB group (n = 2331) and the NSBB group (n = 641). The duration
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Table 1
Perioperative characteristics and postoperative outcomes of the study population.
Non-NSBB (n = 2331) NSBB (n = 641) Total (n=2972) P-value
Demographic variables
Age (years) 55.0 (50.0-61.0) 55.0 (50.0-60.0) 55.0 (50.0-60.0) 0.898
Sex, male 1706 (73.2%) 487 (76.0%) 2193 (73.8%) 0.171
Body mass index (kg/m?) 24.1(21.9-26.3) 24.4(22.4-26.6) 24.2(22.0-264) 0.004
Diabetes mellitus 544 (23.3%) 204 (31.8%) 748 (25.2%) <0.001
Hypertension 448 (19.2%) 123 (19.2%) 571(19.2%) 1.000
Coronary arterial disease 177 (7.6%) 69 (10.8%) 246 (8.3%) 0.012
Etiology
Hepatitis B virus 1338 (57.4%) 374(58.3%) 1712 (57.6%) 0.701
Hepatitis C virus 153 (6.6%) 36 (5.6%) 189 (6.4%) 0.436
Alcoholic 551 (23.6%) 161 (25.1%) 712 (24.0%) 0.469
Other disease 352 (15.1%) 90 (14.0%) 442 (14.9%) 0.545
MELD score 11.0 (8.0-16.0) 11.0(9.0-15.0) 11.0 (8.0-16.0) 0.061
Child-Pugh-Turcotte score 7.0 (6.0-9.0) 7.0 (6.0-9.0) 7.0 (6.0-9.0) 0.805
Child-Pugh-Turcotte grade
A 917 (39.3%) 243 (37.9%) 1160 (39.0%) 0.541
Band C 1414 (60.7%) 398 (62.1%) 1812 (61.0%)
Spontaneous bacterial peritonitis 56 (2.4%) 24(3.7%) 80 (2.7%) 0.085
Dual donor grafts 150 (6.4%) 51 (8.0%) 201 (6.8%) 0.204
ABO incompatibility 556 (23.9%) 178 (27.8%) 734 (24.7%) 0.047
Donor-related variables
Age (years) 28.0(23.0-35.0) 28.0(22.0-35.0) 28.0(23.0-35.0) 0.537
Sex, male 1542 (66.2%) 417 (65.1%) 1959 (65.9%) 0.637
Total fatty change (%) 1.0(0.0-5.0) 1.0(0.0-5.0) 1.0 (0.0-5.0) 0.716
Laboratory variables
PT-INR 1.3(1.1-1.5) 1.3(1.2-1.5) 1.3(1.1-1.5) <0.001
Albumin (g/dL) 3.2(2.8-3.6) 3.1(2.8-34) 3.2(2.8-3.6) 0.002
Total bilirubin (mg/dL) 1.4(0.7-2.9) 1.4(0.8-2.3) 1.4(0.8-2.8) 0.777
Creatinine (mg/dL) 0.7 (0.6—0.9) 0.8 (0.6—0.9) 0.7 (0.6—0.9) 0.373
eGFR (mL/min/1.73 m?) 90.0 (76.0-90.0) 90.0 (76.0—-90.0) 90.0 (76.0-90.0) 0.581
Intraoperative variables
Severe post-reperfusion syndrome 183 (7.9%) 74 (11.5%) 257 (8.6%) 0.004
Crystalloid (L) 6.3 (4.9-8.0) 6.4(5.0-8.2) 6.3(4.9-8.0) 0.160
Albumin (L) 3.0(2.0-4.0) 3.2(24-45) 3.0(2.0-4.1) <0.001
Red blood cell transfusion (units) 5.0(1.0-11.0) 6.0(2.0-12.0) 6.0(1.0-11.0) 0.001
FFP transfusion (units) 4.0 (0.0-10.0) 6.0(2.0-12.0) 5.0 (0.0-10.0) <0.001
Massive transfusion 684 (29.3%) 227 (35.4%) 911 (30.7%) 0.004
Total urine output (mL) 1750.0 (1280.0—2430.0) 1790.0 (1330.0—2390.0) 1750.0 (1290.0-2420.0) 0.630
Anesthetic time (hr) 13.2(12.1-14.7) 13.5(12.3-15.1) 13.2(12.2-14.8) 0.001
Cold ischemic time (min) 81.0(65.0-98.0) 82.0(67.0-97.0) 81.0(66.0-98.0) 0.313
Warm ischemic time (min) 38.0(30.0—46.0) 38.0(31.0-48.0) 38.0(30.0-46.0) 0.112
Total ischemic time (hr) 2.0(1.7-24) 2.1(1.7-24) 2.0(1.7-24) 0.143
Graft-to-recipient weight ratio 1.1(0.9-1.2) 1.0(0.9-1.2) 1.1(0.9-1.2) 0.444
Bio-pump use 257 (11.0%) 69 (10.8%) 326 (11.0%) 0.908
Intraoperative embolization 469 (20.1%) 156 (24.3%) 625 (21.0%) 0.023
Surgical outcomes
Acute kidney injury 1321 (56.7%) 400 (62.4%) 1721 (57.9%) 0.011
Acute kidney injury grade (1/2/3) 904 (38.8%) [ 338 (14.5%) [ 79 (3.4%)  252(39.3%) /123 (19.2%)[25(3.9%) 1156 (38.9%) [ 461 (15.5%) | 104 (3.5%) 0.009
Graft failure at 1 year 94 (4.0%) 21(3.3%) 115 (3.9%) 0.445
Mortality at 1 year 80 (3.4%) 16 (2.5%) 96 (3.2%) 0.289
Overall graft failure 263 (11.3%) 65(10.1%) 328 (11.0%) 0.456
Overall mortality 246 (10.6%) 55 (8.6%) 301(10.1%) 0.164

Values are expressed as mean + standard deviation, median (interquartile range), or number of patients (%), as appropriate. NSBB, Nonselective beta blocker; MELD score,
Model for end-stage liver disease score; PT-INR, prothrombin time—international normalized ratio; eGFR, estimated glomerular filtration rate; FFP, fresh frozen plasma.

and dosage for patients in the NSBB group were as follows: For pro-
pranolol, the median duration of use was 142 days (IQR 67—456
days) with a median dosage of 40 mg/day (IQR 20—40 mg/day). For
carvedilol, the median duration was 93 days (IQR 45—178 days) with
a median dosage of 12.5 mg/day (IQR 6.2—13.2 mg/day). Table 1
shows their preoperative and intraoperative data and surgical out-
comes. The NSBB group included a higher proportion of patients with
diabetes mellitus and coronary arterial disease. They had a higher
BMI, a longer PT-INR, and lower albumin levels than the non-NSBB
group. Additionally, they were more likely to undergo ABOi LT. Intra-
operatively, these patients experienced a higher incidence of severe
PRS, required more albumin infusions, had a greater need for pRBC
and FFP transfusions, underwent embolization of the remaining por-
tosystemic shunts performed by interventional radiologists more fre-
quently, and had a longer anesthetic time. Among the 2972 LDLT

recipients, the incidence of AKI was 57.9% (n = 1721). The incidence
of 1-year graft failure and mortality was 3.9% (n = 115) and 3.2%
(n = 96), respectively. The graft failure and overall mortality rates
were 11.0% (n = 328) and 10.1% (n = 301), respectively. When com-
paring the incidence of AKI, there was a statistically significant differ-
ence between the two groups (62.4% in the NSBB group and 56.7% in
the non-NSBB group, P = 0.011). Specifically, in the non-NSBB group,
38.8% (n = 904) patients had AKI stage 1, 14.5% (n = 338) had stage 2,
and 3.4% (n = 79) had stage 3. In contrast, the NSBB group had 39.3%
(n=252) cases in Stage 1, 19.2% (n = 123) in Stage 2, and 3.9% (n = 25)
in Stage 3 (P = 0.009).

Table 2 shows preoperative and intraoperative characteristics of
PSM patients (1:1 to 1:3 matched set, n = 2329 total set, n = 1703 in
non-NSBB group and n = 626 in NSBB group). After PS matching, no
significant differences were observed in demographic, donor-related,
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Table 2

Perioperative characteristics of the study population after PS-matching and IPTW analysis.
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PS-matching analysis IPTW analysis
Non-NSBB NSBB SMD Non-NSBB NSBB SMD
(n=1703) (n=626) (n=2331) (n=641)
Demographic variables
Age (years) 55.1+83 54,7 +8.2 0.043 544 +9.0 544 +85 0.007
Sex, male 1295 (76.0%) 476 (76.0%) <0.001 1722 (73.9%) 481 (75.0%) 0.026
Body mass index (kg/m?) 246 £3.5 248 £3.6 0.057 244 +£3.6 245435 0.045
Diabetes mellitus 485 (28.5%) 195 (31.2%) 0.058 588 (25.2%) 165 (25.7%) 0.011
Hypertension 320(18.8%) 120 (19.2%) 0.010 448 (19.2%) 122 (19.0%) 0.007
Coronary arterial disease 137 (8.0%) 63 (10.1%) 0.070 193 (8.3%) 53 (8.2%) 0.003
Etiology
Hepatitis B virus 973 (57.1%) 365 (58.3%) 0.024 1334(57.2%) 386 (60.2%) 0.060
Hepatitis C virus 119 (7.0%) 36 (5.8%) 0.051 154 (6.6%) 34(5.2%) 0.058
Alcoholic 417 (24.5%) 157 (25.1%) 0.014 559 (24.0%) 154 (24.0%) 0.002
MELD score 11.0(8.0-16.0) 11.0(9.0-15.0) 0.008 11.0(8.0-16.0) 11.0(9.0-15.0) 0.021
Child-Pugh-Turcotte score 7.0 (6.0-9.0) 7.0 (6.0-9.0) 0.010 7.0 (6.0-9.0) 7.0 (6.0-9.0) 0.016
Intractable ascites 586 (34.4%) 211(33.7%) 0.015 771 (33.1%) 204 (31.8%) 0.028
Dual donor grafts 104 (6.1%) 47 (7.5%) 0.056 159 (6.8%) 44 (6.8%) 0.001
ABO incompatibility 445 (26.1%) 170 (27.2%) 0.023 575 (24.7%) 161 (25.1%) 0.010
Donor-related variables
Age (years) 289484 29.1+86 0.017 293487 29.1+£85 0.014
Sex, male 1110(65.2%) 408 (65.2%) <0.001 1536 (65.9%) 427 (66.6%) 0.014
Total fatty change (%) 1.0 (0.0-5.0) 1.0 (0.0-5.0) 0.040 1.0(0.0-5.0) 1.0(0.0-5.0) 0.022
Laboratory variables
PT-INR 1.3(1.2-1.5) 1.3(1.2-1.5) 0.079 1.3(1.1-1.5) 1.3(1.2-1.5) 0.066
Albumin (g/dL) 32406 31405 0.086 32406 31405 0.086
Total bilirubin (mg/dL) 1.4(0.8-2.7) 1.4(0.8-2.3) 0.071 1.4(0.8-2.9) 1.4(0.8-2.3) 0.090
Creatinine (mg/dL) 08+0.2 0.8+0.2 0.051 0.8+02 0.8+02 0.062
eGFR (mL/min/1.73 m?) 89.7 £ 182 90.2+18.3 0.025 89.8 +18.7 89.9+ 184 0.002
Intraoperative variables
Severe post-reperfusion syndrome 135 (7.9%) 72 (11.5%) 0.121 183 (7.9%) 70(11.0%) 0.106
Crystalloid (L) 4(4.9-8.0) 4(5.0-8.2) 0.025 6.4(4.9-8.0) 6.3(5.0-8.1) 0.010
Albumin (L) .0(2.0-4.3) 2(24-44) 0.006 3.0(2.0-4.0) 3.2(2.4-4.5) 0.025
Red blood cell transfusion (units) .0(2.0-11.0) .0 (2.0-12.0) 0.056 5.0(1.0-11.0) 6.0 (2.0-13.0) 0.049
FFP transfusion (units) 0(0.0-10.0) 0(2.0-12.0) 0.075 4.0 (0.0-10.0) 6.0 (2.0-12.0) 0.064
Massive transfusion 504 (29.6%) 220 (35.1%) 0.119 691 (29.7%) 224 (35.0%) 0.114
Total urine output (mL) 1720.0 (1260.0-2430.0)  1790.0 (1330.0-2390.0)  0.005 1750.0 (1280.0-2430.0)  1790.0 (1345.0-2440.0)  0.011
Anesthetic time (hr) 13.6 £ 2.2 13.8+23 0.118 135+£22 13.8+2.2 0.108
Cold ischemic time (min) 83.6 + 25.7 84.7 +£26.2 0.042 83.6 +25.9 83.7+263 0.004
Warm ischemic time (min) 38.0(30.0-47.0) 38.0(31.0-47.0) 0.046 38.0(30.0-46.0) 38.0(31.0-47.0) 0.020
Total ischemic time (hr) 21+05 2.1+06 0.054 21+05 21+06 0.012
Graft-to-recipient weight ratio 1.1+0.2 1.1+0.2 0.013 1.1+0.2 1.1+0.2 0.002
Intraoperative embolization 354 (20.8%) 151 (24.1%) 0.080 473 (20.3%) 156 (24.4%) 0.098

Values are expressed as mean + standard deviation, median (interquartile range), or number of patients (%), as appropriate. PS, propensity score; IPTW analysis, inverse probabil-
ity of treatment weighted analysis; NSBB, Nonselective beta blocker; SMD, standardized mean difference; MELD score, Model for end-stage liver disease score; PT-INR, prothrom-
bin time—international normalized ratio; eGFR, estimated glomerular filtration rate; FFP, fresh frozen plasma.

and preoperative laboratory variables between NSBB and non-NSBB
groups. The incidence of post-LT AKI was 62.5% (n = 391) in the NSBB
group and 57.8% (n = 984) in the non-NSBB group after PSM analysis.

In the univariate logistic regression analysis, preoperative NSBB
use was associated with post-LT AKI (OR 1.27, 95% confidence inter-
val, CI 1.06—1.52, P=0.009) (Table 3). However, after adjusting varia-
bles related to AKI, preoperative NSBB use was not associated with
post-LT AKI (OR 1.16, 95% CI 0.96—1.40, P = 0.118). However, BMI (OR
1.10, 95% CI 1.07—-1.12, P < 0.001), HCV (OR 1.48, 95% CI 1.07—-2.07,
P =0.020), MELD score (OR 1.04, 95% CI 1.03—1.06, P < 0.001), intrac-
table ascites (OR 1.22, 95% CI 1.02—-1.45, P = 0.026), and anesthetic
time (OR 1.22, 95% CI 1.16—1.28, P < 0.001) were associated with
post-LT AKIL. Furthermore, preoperative NSBB use was not signifi-
cantly associated with post-LT AKI in PSM analysis (OR 1.13, 95% CI
0.93-1.37, P = 0.230) and IPTW analysis (OR 1.20, 95% CI 0.99—-1.44,
P=0.059) (Table 4).

No significant difference was observed in the incidence of 1-year
graft failure and mortality, overall graft failure, or overall mortality
between the NSBB group and the non-NSBB group (all P-values >0.05)
(Table 1). Cox proportional regression analysis revealed that preopera-
tive NSBB use was not associated with 1-year graft failure and mortal-
ity, overall graft failure, or overall mortality (HR 0.81, 95% CI 0.50—1.30,

P =0.373; HR 0.72, 95% CI 0.42—-1.23, P = 0.233; HR 0.86, 95% CI 0.66
—1.13, P = 0.283; HR 0.77, 95% (I 0.58—1.04, P = 0.085, respectively). In
PSM analysis, preoperative NSBB use was not associated with 1-year
graft failure and mortality, overall graft failure, or overall mortality (HR
0.78, 95% Cl1 0.48—1.27, P = 0.315; HR 0.69, 95% CI 0.39—1.20, P = 0.186;
HR 0.85, 95% CI 0.64-1.13, P = 0.264; HR 0.76, 95 % ClI 0.56—1.03,
P = 0.076, respectively). In IPTW analysis, preoperative NSBB use was
not associated with 1-year graft failure and mortality, overall graft fail-
ure, or overall mortality (HR 0.68, 95% CI 0.42—1.12, P = 0.133; HR 0.60,
95% CI 0.35-1.06, P = 0.078; HR 0.86, 95% CI 0.64—1.14, P = 0.288; HR
0.76, 95% CI1 0.56—1.03, P = 0.080).

4. Discussion

LDLT recipients who used NSBBs preoperatively had a higher inci-
dence of post-LT AKI than those who did not. However, no significant
association was found between preoperative NSBB use and post-LT AKI
in multivariate, PSM, and IPTW analyses. In addition, no significant
association was found between preoperative NSBB use and 1-year graft
failure and mortality, overall graft failure, or overall mortality.

NSBBs have played a fundamental role in preventing portal hyper-
tension-related complications in patients with cirrhosis for decades. LT
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Table 3

Multivariate logistic regression analysis for acute kidney injury after living donor liver transplantation.
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Univariate Multivariate
OR  95%Cl P-value OR  95%Cl P-value
Preoperative NSBBs use 127 106 152 0.009 1.16 096 140 0.118
Age (years) 1.00 1.00 1.01 0.368
Sex, male 099 084 1.17 0.939
Body mass index 110 1.07 112 <0001 110 1.07 1.12 <0.001
Diabetes mellitus 1.04 088 123 0.678
Hypertension 1.04 086 125 0.682
Etiology
Hepatitis B virus 083 0.72 096 0.015
Hepatitis C virus 1.65 121 228 0002 148 1.07 207 0.020
Alcoholic 119 1.00 141 0.048
MELD score 1.06 1.04 1.07 <0001 1.04 1.03 1.06 <0.001
Intractable ascites 137 118 161 <0001 122 1.02 145 0.026
ABO incompatibility 1.03 087 122 0.733
Donor Age (years) 1.00 099 1.01 0.678
Donor Sex, male 1.05 090 123 0.500
Donor Total fatty change (%) 1.01 100 1.02 0.253
Severe post-reperfusion syndrome 131 101 172 0.045
Massive transfusion 2.01 170 237 <0.001
Vasopressor use 094 0.74 120 0.642
Anesthetic time (hr) 126 121 131 <0001 122 1.16 128 <0.001
Total ischemic time (hr) 134 1.17 154 <0.001
Graft-to-recipient weight ratio 059 043 0.79 <0.001
Bio-pump use 1.80 141 231 <0.001
Intraoperative embolization 119 100 143 0.055

NSBBs, Nonselective beta-blockers; MELD score, Model for end-stage liver disease score; OR, odds ratio;

Cl, confidence interval.

candidates benefit from NSBBs for both primary and secondary prophy-
laxis against variceal bleeding, as well as for the potential prevention of
further decompensation and death [21—24]. However, NSBBs may be
harmful, particularly in patients with decompensated LC [11,30,31].
Mechanically, in decompensated LC, activation of the sympathetic ner-
vous system leads to increased left ventricle systolic function, as an
adaptive mechanism to maintain renal perfusion. Beta-blockade may
blunt this sympathetic overdrive, lowering cardiodynamic reserve and
renal perfusion pressure, resulting in impaired renal function [16
—18,32]. Although AKI frequently occurs after LT and has deleterious
effects on long-term outcomes [1—-3,5—7], the impact of preoperative
NSBB use on post-LT AKI has not been evaluated.

Studies have reported conflicting results about the effects of NSBBs
on renal function in patients with LC. A retrospective cohort study
reported that NSBB use was neither associated with a deterioration of
renal function nor an increase in AKI incidence in patients with LC with
gastroesophageal varices [20]. Their findings are consistent with ours,
but their study mostly included patients with compensated LC. Another
retrospective study reported that NSBBs increased the risk for HRS and
AKI in patients with cirrhosis and SBP [13]. However, the association
was assessed only through Pearson’s chi-square test. In addition, a
nested case-control study of LT candidates reported that NSBBs signifi-
cantly increased AKI in patients with ascites while they decreased AKI
in patients without ascites [19]. However, their case and control groups
were matched using a limited set of variables: age, sCr, MELD-Na scores
at baseline, and follow-up duration. All these mentioned studies
focused on patients with LC prior to their operations. However, the
development of post-LT AKI is influenced not only by preoperative fac-
tors but also by the factors encountered during the surgical process.
Therefore, our research carries clinical significance as the first to investi-
gate the association between preoperative NSBBs use and post-LT AKI
in LDLT recipients. We used multivariate, PSM, and IPTW analyses to
adjust for a wide range of preoperative and intraoperative variables to
assess the association between preoperative NSBB use and the develop-
ment of AKI after LT.

Patients undergoing various surgeries have shown inconsistent
outcomes on the impact of preoperative beta blockers (BBs) on

postoperative AKI. A large multicenter cohort study found no signifi-
cant association between preoperative BBs within 24 h of elective
coronary artery bypass surgery and perioperative outcomes, includ-
ing renal failure in PSM analysis [33]. In another study including ASA
1-2 patients undergoing non-cardiac surgery, preoperative BBs were
significantly associated with postoperative AKI in univariate analysis
but not in multivariate analysis [34]. Acute BBs use independently
predicted postoperative AKI in hypertensive patients undergoing
non-suprainguinal vascular surgery, likely due to kidney ischemic
injury from global perioperative hypotension [35]. Lastly, regular pre-
operative use of anti-adrenergic agents (alpha and/or beta-blockers)
was independently associated with the development of AKI after
non-cardiac surgeries in both multivariate and PSM analyses [36].
However, these studies reported the incidence rates of postoperative
AKI to be 2—6%, significantly lower than the 17—90% observed in LT
recipients. This discrepancy can be attributed to the unique circum-
stances associated with LC patients, often complicated by cirrhotic
cardiomyopathy. Furthermore, the large intraoperative hemody-
namic fluctuations that can occur during LT due to factors such as
inferior vena cava clamping, PRS, massive bleeding, or massive trans-
fusions may contribute to this discrepancy. Therefore, findings from
other surgeries may not be directly applicable to LT recipients.

Post-LT AKI has been reported to be related to MELD, BMI, HCV,
intractable ascites, and anesthetic time [37—40]. Therefore, our find-
ings of the factors associated with post-LT AKI in the multivariate
analysis are consistent with those of previous studies. Meanwhile, no
significant differences were observed between preoperative NSBB
use and 1-year graft failure and mortality, overall graft failure, or
overall mortality in our study. Many studies have explored the
impact of NSBBs on survival in patients with LC with conflicting
results [11,13,30,41,42]. Furthermore, a recent study reported that
the incidences of graft failure were 8.7%, 14.2%, 19.4%, and 42.0% for
adult LDLT, and the incidences of mortality were 7.8%, 13.3%, 18.6%,
and 35.9% for adult LT at 1,3,5, and 10 years, respectively [43]. Nota-
bly, our results showed a lower incidence of postoperative graft fail-
ure and mortality, suggesting that a larger sample size may be
needed for more robust conclusions.
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Our study has several limitations. First, its retrospective nature

g may introduce confounding factors and selection bias. We used mul-
=18 tivariate, PSM, and IPTW analyses to mitigate these issues. Second,
is research was conducted in a single center, one of the world’s
= e th h ducted gl t f th 1d
2, 3 leading LT institutions, with an experienced surgical and periopera-
25T tive management team, which may have affected postoperative out-
[a] . . .
SR8 comes, including AKI. Therefore, care should be given when
g il generalizing our findings. Therefore, while this study provides valu-
= ~ |8 . able insights, further multicenter, prospective research is needed to
Sl Bala g confirm and expand upon our findings.
[
g
[\
2 5. Conclusions
=
[
o
=
= . . . . . .
S In conclusion, no significant association between preoperative
° S NSBB use and postoperative AKI was observed after multivariate,
R 73 = % PSM, and IPTW analyses in LDLT. These results suggest that preopera-
= N c . . .. . .
E d|s P tive NSBB use is not a significant risk factor for AKI following LDLT.
I~ k=]
< =]
E a o
O | = o Author contributions
5|V | e
o x| 1
7] n (<2} i~
A % Conceptualization: HWJ, JGS, GSH. Data curation: HWJ, JGS, JHK,
§ oo g SBH, HMK, IGJ. Formal analysis: HW], JGS, JHK, SBH, HMK, IGJ. Funding
2l f; acquisition: did not receive any specific. grant. Investigation: HWJ, JGS.
o~ s Methodology: HW]J, JGS. Project administration: HW]J, JGS. Resources:
L9 . o .
£ § E S HW]J, JGS, GSH. Software: HWJ, JGS. Supervision: HW], JGS, GSH. Valida-
=3 § tion: HWJ, JGS. Visualization: HW], JGS. Writing - original draft: HW],
“ o JGS. Writing - review & editing: HWJ, JGS,GSH. All the authors have
2 read and approved the final manuscript.
ob
=
£ . .
g & E Conflicts of interest
= |G| 2 =
SRR R=
v q : [
e} o, o [=
3 S None.
2 2
o
< (=) f)
v ~ G
=0 < g Funding
= 153
S| R S
2|lo| o 2,
- g g This research did not receive any specific grant from funding
% x = s agencies in the public, commercial, or not-for-profit sectors.
= - S}
=1 k7
- 3
o G . o1
2 £ Data availability statement
I =]
b v
B ERIPS 5 The datasets generated during and/or analysed during the current
5 5 § £ study are available from the corresponding author upon reasonable
S = request
] g quest.
by -
=) A ™~
= - =
T le|5] o References
T | D | ¥ £
=1 2ol =
<3 |~ o
? 2 k1 [1] Chen X, Ding X, Shen B, Teng ], Zou ], Wang T, et al. Incidence and outcomes of
= 5 | R ﬁ acute kidney injury in patients with hepatocellular carcinoma after liver trans-
> O|—~ % plantation. J Cancer Res Clin Oncol 2017;143:1337-46. https://doi.org/10.1007/
= ° $00432-017-2376-8
£ .
= = % [2] McCauley ], Van Thiel DH, Starzl TE, Puschett ]B. Acute and chronic renal failure in
g é g a 5 liver transplantation. Nephron 1990;55:121-8. https://doi.org/10.1159/
2 §laa| & 000185938.
8 :_,>) Sl pit [3] O'Riordan A, Wong V, McQuillan R, McCormick PA, Hegarty JE, Watson AJ. Acute
Q@ 3 2 renal disease, as defined by the RIFLE criteria, post-liver transplantation. Am ]
a @ s &g Transplant 2007;7:168-76. https://doi.org/10.1111/j.1600-6143.2006.01602.x.
=z alE g [4] Gonwa TA, Mai ML, Melton LB, Hays SR, Goldstein RM, Levy MF, et al. Renal
% Q Z;: £ z replacement therapy and orthotopic liver transplantation: the role of continuous
© 22 ] ‘g veno-venous hemodialysis. Transplantation 2001;71:1424-8. https://doi.org/
§ ko s 10.1097/00007890-200105270-00012.
o = § 5 [5] Fisher NC, Nightingale PG, Gunson BK, Lipkin GW, Neuberger JM. Chronic renal
= 'i = § failure following liver transplantation: a retrospective analysis. Transplantation
° £ : 5 1998;66:59-66. https://doi.org/10.1097/00007890-199807150-00010.
= 4:)' =5 [6] Hilmi IA, Damian D, Al-Khafaji A, Planinsic R, Boucek C, Sakai T, et al. Acute kidney
z e % f‘;': injury following orthotopic liver transplantation: incidence, risk factors, and
< B " % _g. effects on patient and graft outcomes. Br ] Anaesth 2015;114:919-26. https://doi.
2 2 Ei << org/10.1093/bja/aeu556.
E o < 2 [7] Barri YM, Sanchez EQ, Jennings LW, Melton LB, Hays S, Levy MF, et al. Acute kid-
[=%)

ney injury following liver transplantation: definition and outcome. Liver Transpl
2009;15:475-83. https://doi.org/10.1002/1t.21682.


https://doi.org/10.1007/s00432-017-2376-8
https://doi.org/10.1007/s00432-017-2376-8
https://doi.org/10.1159/000185938
https://doi.org/10.1159/000185938
https://doi.org/10.1111/j.1600-6143.2006.01602.x
https://doi.org/10.1097/00007890-200105270-00012
https://doi.org/10.1097/00007890-200105270-00012
https://doi.org/10.1097/00007890-199807150-00010
https://doi.org/10.1093/bja/aeu556
https://doi.org/10.1093/bja/aeu556
https://doi.org/10.1002/lt.21682

H.-W. Jeong, ].H. Kim, S.-b. Han et al.

[8] Bosch ], Berzigotti A, Garcia-Pagan ]JC, Abraldes JG. The management of portal
hypertension: rational basis, available treatments and future options. J Hepatol
2008;48(Suppl 1):S68-92. https://doi.org/10.1016/j.jhep.2008.01.021.

[9] D’Amico G, Pagliaro L, Bosch J. Pharmacological treatment of portal hypertension:
an evidence-based approach. Semin Liver Dis 1999;19:475-505. https://doi.org/
10.1055/s-2007-1007133.

[10] Abraldes ]G, Tarantino I, Turnes J, Garcia-Pagan JC, Rodes ], Bosch ]. Hemodynamic
response to pharmacological treatment of portal hypertension and long-term
prognosis of cirrhosis. Hepatology 2003;37:902-8. https://doi.org/10.1053/
jhep.2003.50133.

[11] Serste T, Melot C, Francoz C, Durand F, Rautou PE, Valla D, et al. Deleterious effects
of beta-blockers on survival in patients with cirrhosis and refractory ascites. Hep-
atology 2010;52:1017-22. https://doi.org/10.1002/hep.23775.

[12] Serste T, Njimi H, Degre D, Deltenre P, Schreiber ], Lepida A, et al. The use of
beta-blockers is associated with the occurrence of acute kidney injury in
severe alcoholic hepatitis. Liver Int 2015;35:1974-82. https://doi.org/
10.1111/liv.12786.

[13] Mandorfer M, Bota S, Schwabl P, Bucsics T, Pfisterer N, Kruzik M, et al. Nonselec-
tive beta blockers increase risk for hepatorenal syndrome and death in patients
with cirrhosis and spontaneous bacterial peritonitis. Gastroenterology
2014;146:1680-90 e1. https://doi.org/10.1053/j.gastro.2014.03.005.

[14] Krag A, Wiest R, Albillos A, Gluud LL. The window hypothesis: haemodynamic and
non-haemodynamic effects of beta-blockers improve survival of patients with
cirrhosis during a window in the disease. Gut 2012;61:967-9. https://doi.org/
10.1136/gutjnl-2011-301348.

[15] Llach], Gines P, Arroyo V, Rimola A, Tito L, Badalamenti S, et al. Prognostic value of
arterial pressure, endogenous vasoactive systems, and renal function in cirrhotic
patients admitted to the hospital for the treatment of ascites. Gastroenterology
1988;94:482-7. https://doi.org/10.1016/0016-5085(88)90441-6.

[16] Krag A, Bendtsen F, Henriksen JH, Moller S. Low cardiac output predicts develop-
ment of hepatorenal syndrome and survival in patients with cirrhosis and ascites.
Gut 2010;59:105-10. https://doi.org/10.1136/gut.2009.180570.

[17] Téllez L, Ibanez-Samaniego L, Pérez Del Villar C, Yotti R, Martinez J, Carrién L, et al.
Non-selective beta-blockers impair global circulatory homeostasis and renal
function in cirrhotic patients with refractory ascites. ] Hepatol 2020;73:1404-14.
https://doi.org/10.1016/j.jhep.2020.05.011.

[18] Ruiz-del-Arbol L, Monescillo A, Arocena C, Valer P, Gines P, Moreira V, et al. Circu-
latory function and hepatorenal syndrome in cirrhosis. Hepatology 2005;42:439-
47. https://doi.org/10.1002/hep.20766.

[19] Kim SG, Larson JJ, Lee ]S, Therneau TM, Kim WR. Beneficial and harmful effects of
nonselective beta blockade on acute kidney injury in liver transplant candidates.
Liver Transpl 2017;23:733-40. https://doi.org/10.1002/1t.24744.

[20] Scheiner B, Parada-Rodriguez D, Bucsics T, Schwabl P, Mandorfer M, Pfisterer N,
et al. Non-selective beta-blocker treatment does not impact on kidney function in
cirrhotic patients with varices. Scand ] Gastroenterol 2017;52:1008-15. https://
doi.org/10.1080/00365521.2017.1329456.

[21] EASL clinical practice guidelines for the management of patients with decompensated
cirrhosis. ] Hepatol 2018;69:406-60. https://doi.org/10.1016/j.jhep.2018.03.024.

[22] de Franchis R, Bosch J, Garcia-Tsao G, Reiberger T, Ripoll C. Baveno VII - Renewing
consensus in portal hypertension. ] Hepatol 2022;76:959-74. https://doi.org/
10.1016/j.jhep.2021.12.022.

[23] Villanueva C, Albillos A, Genesca ], Garcia-Pagan ]C, Calleja JL, Aracil C, et al. B
blockers to prevent decompensation of cirrhosis in patients with clinically signifi-
cant portal hypertension (PREDESCI): a randomised, double-blind, placebo-con-
trolled, multicentre trial. Lancet 2019;393:1597-608. https://doi.org/10.1016/
s0140-6736(18)31875-0.

[24] Jachs M, Hartl L, Schaufler D, Desbalmes C, Simbrunner B, Eigenbauer E, et al.
Amelioration of systemic inflammation in advanced chronic liver disease upon
beta-blocker therapy translates into improved clinical outcomes. Gut
2021;70:1758-67. https://doi.org/10.1136/gutjnl-2020-322712.

[25] Aggarwal S, Kang Y, Freeman JA, Fortunato Jr. FL, Pinsky MR. Postreperfusion syn-
drome: hypotension after reperfusion of the transplanted liver. J Crit Care
1993;8:154-60. https://doi.org/10.1016/0883-9441(93)90021-c.

Annals of Hepatology 29 (2024) 101474

[26] Kwon HM, Moon Y], Jung KW, Jeong HW, Park YS, Jun IG, et al. Low mean arterial
blood pressure is independently associated with postoperative acute kidney
injury after living donor liver transplantation: a propensity score weighing analy-
sis. Ann Transplant 2018;23:236-45. https://doi.org/10.12659/a0t.908329.

[27] Pham HP, Shaz BH. Update on massive transfusion. Br ] Anaesth 2013;111(Suppl
1):i71-82. https://doi.org/10.1093/bja/aet376.

[28] Kidney disease: improving global outcomes (KDIGO) acute kidney injury work
group. KDIGO clinical practice guideline for acute kidney injury. Kidney Int Suppl
2012;2:1-138 https://kdigo.org/wp-content/uploads/2016/10/KDIGO-2012-AKI-
Guideline-English.pdf.

[29] JunIG, Kwon HM, Jung KW, Moon Y], Shin WJ, Song ]G, et al. The impact of postre-
perfusion syndrome on acute kidney injury in living donor liver transplantation:
a propensity score analysis. Anesth Analg 2018;127:369-78. https://doi.org/
10.1213/ane.0000000000003370.

[30] Sersté T, Francoz C, Durand F, Rautou PE, Melot C, Valla D, et al. Beta-blockers
cause paracentesis-induced circulatory dysfunction in patients with cirrhosis and
refractory ascites: a cross-over study. ] Hepatol 2011;55:794-9. https://doi.org/
10.1016/j.jhep.2011.01.034.

[31] Groszmann R], Garcia-Tsao G, Bosch ], Grace ND, Burroughs AK, Planas R, et al.
Beta-blockers to prevent gastroesophageal varices in patients with cirrhosis. N
Engl ] Med 2005;353:2254-61. https://doi.org/10.1056/NE]Mo0a044456.

[32] Téllez L, Albillos A. Non-selective beta-blockers in patients with ascites: the com-
plex interplay among the liver, kidney and heart. Liver Int 2022;42:749-61.
https://doi.org/10.1111/liv.15166.

[33] Brinkman W, Herbert MA, O'Brien S, Filardo G, Prince S, Dewey T, et al. Preopera-
tive S-blocker use in coronary artery bypass grafting surgery: national database
analysis. JAMA Intern Med 2014;174:1320-7. https://doi.org/10.1001/jamai-
nternmed.2014.2356.

[34] lyigun M, Aykut G, Tosun M, Kilercik M, Aksu U, Giiler T, et al. Perioperative risk
factors of acute kidney injury after non-cardiac surgery: a multicenter, prospec-
tive, observational study in patients with low grade American Society of Anes-
thesiologists physical status. Am ] Surg 2019;218:457-61. https://doi.org/
10.1016/j.amjsurg.2019.01.031.

[35] Moodley Y, Biccard BM. Post-operative acute kidney injury in non-suprainguinal
vascular surgery patients with a pre-operative history of hypertension. Excli ]
2015;14:379-84. https://doi.org/10.17179/excli2015-103.

[36] Nishimoto M, Murashima M, Kokubu M, Matsui M, Eriguchi M, Samejima KI, et al.
The use of anti-adrenergic agents as a predictor of acute kidney injury and
delayed recovery of kidney function: the NARA-AKI cohort study. Hypertens Res
2023. https://doi.org/10.1038/s41440-023-01352-5.

[37] Barreto AG, Daher EF, Silva Junior GB, Garcia JH, Magalhaes CB, Lima JM, et al. Risk
factors for acute kidney injury and 30-day mortality after liver transplantation.
Ann Hepatol 2015;14:688-94 https://pubmed.ncbi.nlm.nih.gov/26256897/.

[38] Utsumi M, Umeda Y, Sadamori H, Nagasaka T, Takaki A, Matsuda H, et al. Risk fac-
tors for acute renal injury in living donor liver transplantation: evaluation of the
RIFLE criteria. Transpl Int 2013;26:842-52. https://doi.org/10.1111/tri.12138.

[39] Park MH, Shim HS, Kim WH, Kim H]J, Kim D], Lee SH, et al. Clinical risk scoring
models for prediction of acute kidney injury after living donor liver transplanta-
tion: a retrospective observational study. PLoS One 2015;10:e0136230. https://
doi.org/10.1371/journal.pone.0136230.

[40] Hampel H, Bynum GD, Zamora E, El-Serag HB. Risk factors for the development of
renal dysfunction in hospitalized patients with cirrhosis. Am ] Gastroenterol
2001;96:2206-10. https://doi.org/10.1111/j.1572-0241.2001.03958 x.

[41] Sinha R, Lockman KA, Mallawaarachchi N, Robertson M, Plevris JN, Hayes PC. Car-
vedilol use is associated with improved survival in patients with liver cirrhosis
and ascites. ] Hepatol 2017;67:40-6. https://doi.org/10.1016/j.jhep.2017.02.005.

[42] Leithead JA, Rajoriya N, Tehami N, Hodson J, Gunson BK, Tripathi D, et al. Non-
selective B-blockers are associated with improved survival in patients with asci-
tes listed for liver transplantation. Gut 2015;64:1111-9. https://doi.org/10.1136/
gutjnl-2013-306502.

[43] Kwong AJ, Ebel NH, Kim WR, Lake JR, Smith JM, Schladt DP, et al. OPTN/SRTR 2021
Annual data report: liver. Am J Transplant 2023;23(2 Suppl 1):5S178-263. https://
doi.org/10.1016/j.ajt.2023.02.006.


https://doi.org/10.1016/j.jhep.2008.01.021
https://doi.org/10.1055/s-2007-1007133
https://doi.org/10.1055/s-2007-1007133
https://doi.org/10.1053/jhep.2003.50133
https://doi.org/10.1053/jhep.2003.50133
https://doi.org/10.1002/hep.23775
https://doi.org/10.1111/liv.12786
https://doi.org/10.1111/liv.12786
https://doi.org/10.1053/j.gastro.2014.03.005
https://doi.org/10.1136/gutjnl-2011-301348
https://doi.org/10.1136/gutjnl-2011-301348
https://doi.org/10.1016/0016-5085(88)90441-6
https://doi.org/10.1136/gut.2009.180570
https://doi.org/10.1016/j.jhep.2020.05.011
https://doi.org/10.1002/hep.20766
https://doi.org/10.1002/lt.24744
https://doi.org/10.1080/00365521.2017.1329456
https://doi.org/10.1080/00365521.2017.1329456
https://doi.org/10.1016/j.jhep.2018.03.024
https://doi.org/10.1016/j.jhep.2021.12.022
https://doi.org/10.1016/j.jhep.2021.12.022
https://doi.org/10.1016/s0140-6736(18)31875-0
https://doi.org/10.1016/s0140-6736(18)31875-0
https://doi.org/10.1136/gutjnl-2020-322712
https://doi.org/10.1016/0883-9441(93)90021-c
https://doi.org/10.12659/aot.908329
https://doi.org/10.1093/bja/aet376
https://kdigo.org/wp-content/uploads/2016/10/KDIGO-2012-AKI-Guideline-English.pdf
https://kdigo.org/wp-content/uploads/2016/10/KDIGO-2012-AKI-Guideline-English.pdf
https://doi.org/10.1213/ane.0000000000003370
https://doi.org/10.1213/ane.0000000000003370
https://doi.org/10.1016/j.jhep.2011.01.034
https://doi.org/10.1016/j.jhep.2011.01.034
https://doi.org/10.1056/NEJMoa044456
https://doi.org/10.1111/liv.15166
https://doi.org/10.1001/jamainternmed.2014.2356
https://doi.org/10.1001/jamainternmed.2014.2356
https://doi.org/10.1016/j.amjsurg.2019.01.031
https://doi.org/10.1016/j.amjsurg.2019.01.031
https://doi.org/10.17179/excli2015-103
https://doi.org/10.1038/s41440-023-01352-5
https://pubmed.ncbi.nlm.nih.gov/26256897/
https://doi.org/10.1111/tri.12138
https://doi.org/10.1371/journal.pone.0136230
https://doi.org/10.1371/journal.pone.0136230
https://doi.org/10.1111/j.1572-0241.2001.03958.x
https://doi.org/10.1016/j.jhep.2017.02.005
https://doi.org/10.1136/gutjnl-2013-306502
https://doi.org/10.1136/gutjnl-2013-306502
https://doi.org/10.1016/j.ajt.2023.02.006
https://doi.org/10.1016/j.ajt.2023.02.006

	Impact of preoperative nonselective beta-blocker use on acute kidney injury after living donor liver transplantation: Propensity score analysis
	1. Introduction
	2. Patients and methods
	2.1. Patients
	2.2. Clinical data
	2.3. Primary and secondary outcomes
	2.4. Statistical analysis
	2.5. Ethical statement

	3. Results
	4. Discussion
	5. Conclusions
	Author contributions
	Conflicts of interest
	Funding
	Data availability statement

	References


