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Abstract
BACKGROUND 
Cold ischemia-reperfusion of the liver is an inevitable occurrence in liver trans-
plantation that may also cause damage to the heart. Perioperative myocardial 
injury during liver transplantation can increase the incidence of post-operative 
mortality, but there is little research on the incidence of myocardial injury in 
children who undergo living donor liver transplantation (LDLT). Therefore, this 
study mainly explores the independent risk factors for myocardial injury in 
children who undergo LDLT.

AIM 
To analyze the data of children who underwent LDLT to determine the risk 
factors for intraoperative myocardial injury.

METHODS 
We retrospectively analyzed the inpatient records of pediatric patients who 
underwent LDLT in Tianjin First Central Hospital from January 1, 2020, to 
January 31, 2022. Recipient-related data and donor-related data were collected. 
The patients were divided into a myocardial injury group and a nonmyocardial 
injury group according to the value of the serum cardiac troponin I at the end of 
surgery for analysis. Univariate analysis and multivariate logistic regression were 
used to evaluate the risk factors for myocardial injury during LDLT in pediatric 
patients.

https://www.f6publishing.com
https://dx.doi.org/10.4240/wjgs.v15.i9.2021
mailto:wyq2023@nankai.edu.cn
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RESULTS 
A total of 302 patients met the inclusion criteria. The myocardial injury group had 142 individuals (47%), and the 
nonmyocardial injury group included 160 patients (53%). Age, height, and weight were significantly lower in the 
myocardial injury group (P < 0.001). The pediatric end-stage liver disease (PELD) score, total bilirubin, and interna-
tional standardized ratio were significantly higher in the myocardial injury group (P < 0.001). The mean arterial 
pressure, lactate, hemoglobin before reperfusion, duration of the anhepatic phase, cold ischemic time, incidence of 
postreperfusion syndrome (PRS), and fresh frozen plasma transfusion were significantly different between the two 
groups (P < 0.05). The postoperative intensive care unit stay and peak total bilirubin values in the first 5 d after 
LDLT were significantly higher in the myocardial injury group (P < 0.05). The pediatric patients with biliary atresia 
in the nonmyocardial injury group who underwent LDLT had a considerably higher one-year survival rate than 
those in the myocardial injury group (P = 0.015). Multivariate logistic regression revealed the following 
independent risk factors for myocardial injury: a high PELD score [odds ratio (OR) = 1.065, 95% confidence interval 
(CI): 1.013-1.121; P = 0.014], a long duration of the anhepatic phase (OR = 1.021, 95%CI: 1.003-1.040; P = 0.025), and 
the occurrence of intraoperative PRS (OR = 1.966, 95%CI: 1.111-3.480; P = 0.020).

CONCLUSION 
A high PELD score, a long anhepatic phase duration, and the occurrence of intraoperative PRS were independent 
risk factors for myocardial injury during LDLT in pediatric patients with biliary atresia.

Key Words: Heart injuries; Child; Liver transplantation; Reperfusion injury; Prognosis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a retrospective study to investigate data for children who underwent living donor liver transplantation to 
determine risk factors for intraoperative myocardial injury. Myocardial injury during liver transplantation is associated with 
postoperative adverse outcomes in pediatric patients; it can increase the incidence of postoperative mortality. Our findings 
demonstrated that a high pediatric end-stage liver disease score, a long anhepatic phase duration, and the occurrence of 
intraoperative postreperfusion syndrome are independent risk factors for myocardial injury.

Citation: Wu YL, Li TY, Gong XY, Che L, Sheng MW, Yu WL, Weng YQ. Risk factors for myocardial injury during living donor 
liver transplantation in pediatric patients with biliary atresia. World J Gastrointest Surg 2023; 15(9): 2021-2031
URL: https://www.wjgnet.com/1948-9366/full/v15/i9/2021.htm
DOI: https://dx.doi.org/10.4240/wjgs.v15.i9.2021

INTRODUCTION
Cold ischemia-reperfusion of the liver is an inevitable pathophysiological occurrence in liver transplantation. This process 
not only causes liver damage but also causes damage to distant organs such as the heart, brain, and kidneys[1]. Huang et 
al[2] reported that the incidence of perioperative myocardial injuries in adult patients who underwent liver 
transplantation was 40.4%, while the 30-d mortality rate of patients who developed a myocardial injury was 11.4%, which 
was significantly higher than that of patients without a myocardial injury. In the research of Sheng et al[3], the serum 
cardiac troponin I (cTnI) level was detected in 123 children who underwent living donor liver transplantation (LDLT), 
and the results showed that the rate of myocardial injury (cTnI ≥ 0.07 ng/mL) at 30 min in the neohepatic stage was as 
high as 52%, and cardiovascular adverse events such as ventricular extrasystole and myocardial ischemia could occur 
during the operation[3]. After noncardiac surgery, myocardial injury is an independent predictor for 30-d mortality[4]. 
Studies have shown that a myocardial injury is an important cause of postoperative death, and it can lead to an increase 
in the incidence of postoperative mortality during liver transplantation[5,6]. For a long time, research on myocardial 
injury has mainly focused on adults, but there is relatively little information on the incidence of myocardial injury in 
children who have undergone LDLT. Therefore, in this study, our main objective was to further identify the independent 
risk factors for myocardial injury in pediatric LDLT to provide clinical direction for the prevention of a myocardial injury 
during LDLT in children.

MATERIALS AND METHODS
Patients
The Institutional Review Committee of Tianjin First Central Hospital (approval No. 2022DZX02) authorized this 
retrospective observational study. This study included 302 biliary atresia (BA) pediatric patients (< 18 years old) who 

https://www.wjgnet.com/1948-9366/full/v15/i9/2021.htm
https://dx.doi.org/10.4240/wjgs.v15.i9.2021
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underwent LDLT in Tianjin First Central Hospital from January 1, 2020, to January 31, 2022.

Anesthesia protocol
The children arrived without having any anesthetic premedications and were monitored using ECG, pulse oximetry, and 
noninvasive monitoring. Anesthesia was induced with midazolam (0.15 mg/kg), propofol (2-3 mg/kg), fentanyl (2-5 μg/
kg), and rocuronium (0.6-1.0 mg/kg). After intubation, mechanical air flow was performed with a fraction of inspired 
oxygen (FiO2) of 50%-60%, a tidal extent of 8-10 mL/kg, a respiratory rate of 20-28/min, an inspiration-to-expiration ratio 
of (1.0:1.5)-2.0, and an end-tidal CO2 partial pressure of 30-35 mmHg. Anesthesia was maintained with sevoflurane (1.5%-
2.5%), intravenous infusion of propofol (9-15 mg/kg/h), intermittent intravenous fentanyl (1-3 μg/kg), and intravenous 
infusion of atracurium besylate (1-2 μg/kg/min). Right internal jugular vein puncture was performed under ultrasound 
guidance to monitor central venous pressure (CVP). A radial artery puncture was performed to monitor invasive arterial 
pressure. Based on hemodynamic parameters and CVP, albumin and acetate Ringer’s solution were used for fluid 
therapy. Red blood cells (RBCs) were given to maintain a hemoglobin level of 80-100 g/L. The patients’ coagulation 
functions were assessed using a Sonoclot analyzer (Sienco, Inc., Arvada, CO, United States). When there was an obvious 
coagulation disorder, fresh frozen plasma (FFP) was infused. The patients were monitored, and fluctuations in systolic 
blood pressure and heart rate during surgery were maintained within 20% of the baseline values. We administered 
anesthetics, cardioactive drugs, and fluids when hemodynamic changes occurred.

Surgical technique
For the donor, a left lobectomy was performed, and piggyback liver transplantation was performed for the recipient. 
Histidine-tryptophan-ketoglutarate (HTK) solution was used as a perfusion solution to perfuse the transplanted liver. 
The specific components of the HTK solution include NaCl, KCl, MgCl2·6H2O, histidine·HCI·H2O, histidine, tryptophan, 
mannitol, CaCl2·2H2O, and 2-ketoglutarate-hydrogen-potassium. After occlusion of the inferior vena cava (IVC), the left 
hepatic vein of the transplanted liver was anastomosed with the recipient hepatic vein, and the IVC was opened after the 
anastomosis was completed. The donor and recipient portal veins were anastomosed. The opening of the portal vein 
indicates the start of reperfusion of the liver graft. Venovenous bypass was not performed during the operation. The left 
hepatic artery of the donor was anastomosed with the hepatic artery of the recipient. The bile duct was connected to the 
recipient’s jejunum (Roux-en-Y cholangiojejunostomy) after arterial reperfusion. The vascular morphology and blood 
flow velocity were examined by ultrasound after hepatic artery opening and abdominal closure, respectively.

Myocardial injury
The third-generation enhanced AccuTnI assay (Beckman Coulter, Brea, CA, United States) was used to analyze the serum 
cTnI levels in this study. Myocardial injury was described as cTnI ≥ 0.07 ng/mL, which used to be the lowest value mea-
surable with a 10% coefficient of variation above the 99th percentile upper reference limit (URL) per the manufacturer's 
instructions[3,4]. Patients were divided into 2 classes based on the serum cTnI level at the end of surgery. The myocardial 
injury group (cTnI ≥ 0.07 ng/mL) included 142 children, and the nonmyocardial injury group (cTnI < 0.07 ng/mL) 
included 160 children.

Data collection
The preoperative recipient variables included age, sex, height, weight, left ventricular ejection fraction (LVEF), QTC 
interval, pediatric end-stage liver disease (PELD) score, alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), total bilirubin (TB), international standardized ratio (INR), creatinine (Cr) and hemoglobin. The graft weight, cold 
ischemia time, hemodynamic parameters, blood gas parameters, central body temperature before reperfusion, anhepatic 
phase duration, incidence of postreperfusion syndrome (PRS), operation time, anesthesia duration, blood loss, urine 
volume, blood transfusion volume, and FFP transfusion volume were recorded during the operation. The postoperative 
observation indexes included the duration of mechanical ventilation, days in the intensive care unit (ICU), days of hospit-
alization, peak values of ALT, AST, and TB in the first 5 d after the operation, incidence of acute kidney injury (AKI), and 
1-year survival rate. AKI was assessed using the kidney disease improving global outcomes (KDIGO) criteria[7].

Statistical analysis
All continuous variable data were tested for normality by the Shapiro-Wilk test and Q-Q plots. Measures that conformed 
to the normal distribution are shown using the mean ± SD, and independent samples t tests were applied. The 
nonnormally distributed continuous variables were expressed using the median (interquartile range), and Mann-Whitney 
U tests were used. Categorical variables are shown by the number of cases and percentages, using the Pearson chi-square 
test. Potentially relevant variables with P values < 0.10 in the univariate analysis were further examined by stepwise 
binary logistic regression to find the independent risk factors connected to myocardial injury. The data are reported in the 
form of odds ratios (ORs) and corresponding 95% confidence intervals (CIs). The survival status of the patients was 
determined using the Kaplan-Meier method. The log-rank test was used to compare the survival status of the two groups. 
SPSS software version 20.0 (SPSS, Inc., Chicago, IL, United States) was used for statistical analysis. All variables with P 
values < 0.05 were considered statistically significant.
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Table 1 Preoperative recipient-related data

Variable Non-myocardial injury (n = 160) Myocardial injury (n = 142) P value

Age (mo) 9.5 (6.0-16.8) 7.0 (6.0-11.0) < 0.001

Male gender (%) 78 (48.8) 72 (50.7) 0.735

Height (cm) 70 (65-82) 65 (62-70) < 0.001

Weight (kg) 8.0 (6.5-11.0) 7.0 (6.0-8.0) < 0.001

LVEF (%) 64 (62-67) 65 (62-67) 0.167

QTc(ms) 404 (387-427) 405 (384-424) 0.596

PELD score 14 (4-21) 22 (15-28) < 0.001

ALT (U/L) 106 (61-168) 103 (70-172) 0.494

AST (U/L) 177 (103-319) 196 (129-295) 0.186

TB (µmol/L) 166 (40-278) 262 (157-349) < 0.001

INR 1.29 (1.09-1.63) 1.52 (1.23-2.04) < 0.001

Cr (µmol/L) 14.0 (12.0-16.0) 13.5 (10.0-16.0) 0.528

Hemoglobin (g/L) 93 ± 17 93 ± 16 0.671

LVEF: Left ventricular ejection fraction; PELD: Pediatric end-stage liver disease; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TB: 
Total bilirubin; INR: International normalized ratio; Cr: Creatinine.

Figure 1 Flow chart of patients’ screening. LDLT: Living donor liver transplantation.

RESULTS
During the study period, 339 pediatric patients underwent LDLT. Metabolic disease occurred in 13 patients, Alagille 
syndrome in 2 patients, Langerhans cell hyperplasia in 2 patients, the cavernous portal vein in 1 patient, and liver retrans-
plantation in 1 patient, and 18 patients had incomplete data and were excluded. Three hundred two patients with biliary 
atresia were included in this retrospective study; among them, 142 patients had myocardial injuries, and the incidence 
rate was 47% (Figure 1).

The demographic data of the recipients are shown in Table 1. The data in Table 1 show that the age [7.0 (6.0-11.0) vs 9.5 
(6.0-16.8) mo; P < 0.001], height [65 (62-70) vs 70 (65-82) cm; P < 0.001], and weight [7.0 (6.0-8.0) vs 8.0 (6.5-11.0) kg; P < 
0.001] of pediatric patients with myocardial injuries were significantly lower than those in the nonmyocardial injury 
group. The PELD score [22 (15-28) vs 14 (4-21); P < 0.001], TB level [262 (157-349) vs 166 (40-278) µmol/L; P < 0.001], and 
INR [1.52 (1.23-2.04) vs 1.29 (1.09-1.63); P < 0.001] in the myocardial injury group were significantly higher than those in 
the nonmyocardial injury group. The comparison of the preoperative data between the two groups showed that there was 
no significant difference in male sex, LVEF, QTc, preoperative liver function indexes (ALT, AST), Cr, and hemoglobin 
(Table 1).

The data in Table 2 show that the MAP before reperfusion [56 (51-62) vs 60 (54-67) mmHg; P = 0.001], lactate [2.7 (2.2-
3.8) vs 2.5 (1.8-3.2) mmol/L; P = 0.002], hemoglobin before reperfusion [81 (72-91) vs 84 (75-93) g/L; P =0.038], duration of 
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Table 2 Intraoperative recipient-related data and donor-related data

Variable Non-myocardial injury (n = 160) Myocardial injury (n = 142) P value

Vital signs immediately before reperfusion

    HR (bpm/min) 118 ± 13 117±13 0.515

    MAP (mmHg) 60 (54-67) 56 (51-62) 0.001

    CVP (mmHg) 5 (4-7) 5 (3-7) 0.454

    Temperature (°C) 36.5 (35.9-37.0) 36.5 (35.8-37.0) 0.652

Laboratory findings before reperfusion

    pH 7.39 ± 0.07 7.39 ± 0.07 0.952

    PCO2 (mmHg) 34 (30-39) 33 (30-38) 0.148

    PO2 (mmHg) 257 (176-309) 242 (170-312) 0.472

    Lactate (mmol/L) 2.5 (1.8-3.2) 2.7 (2.2-3.8) 0.002

    Base excess (mmol/L) -4.2 (-6.5--1.7) -4.8 (-6.8--3.1) 0.102

    Ca (mmol/L) 1.08 (1.01-1.17) 1.09 (1.00-1.15) 0.648

    K (mmol/L) 3.8±0.6 3.8±0.5 0.448

    Hemoglobin (g/L) 84 (75-93) 81 (72-91) 0.038

Duration of anhepatic phase (min) 56 (47-67) 62 (50-76) 0.019

Donor-related data

    Cold ischemic time (min) 80 (64-106) 90 (71-111) 0.023

    Graft weight (g) 244 (217-277) 243 (208-278) 0.654

PRS (%) 54 (33.8) 76 (53.5) 0.001

The data at the end of the surgery

    Duration of surgery (min) 542 (495-600) 540 (484-593) 0.814

    Duration of anesthesia (min) 616 (555-651) 610 (559-650) 0.984

    Blood loss (mL) 300 (200-400) 350 (200-400) 0.378

    Urine output (mL) 400 (300-600) 400 (248-600) 0.909

    RBCs transfusion (units) 2.0 (1.5-3.0) 2.0 (2.0-3.0) 0.078

    FFP transfusion (mL) 0 (0-100) 0 (0-200) 0.009

HR: Heart rate; MAP: Mean arterial pressure; CVP: Central venous pressure; PRS: Postreperfusion syndrome; RBCs: Red blood cells; FFP: Fresh frozen 
plasma.

the anhepatic phase [62 (50-76) vs 56 (47-67) min; P = 0.019], cold ischemic time [90 (71-111) vs 80 (64-106) min; P = 0.023], 
incidence of PRS (53.5% vs 33.8%; P = 0.001), and FFP transfusion volume [0 (0-200) vs 0 (0-100) mL; P = 0.009] were 
significantly different between the two groups. There was no statistically significant difference in other intraoperative 
indexes (Table 2).

The postoperative data revealed no statistically significant differences between the two groups in terms of the duration 
of mechanical ventilation, number of hospitalization days, incidence of AKI, and peak ALT and AST values in the first 
five days following LDLT. However, the number of postoperative ICU stay days [3 (2.0-3.5) vs 2 (2.0-3.0) d, P = 0.041] and 
peak values of total bilirubin in the first 5 d after LDLT [88 (65-126) vs 80 (52-114) µmol/L, P = 0.034] in the myocardial 
injury group were significantly higher than those in the nonmyocardial injury group (Table 3). The pediatric patients with 
biliary atresia in the nonmyocardial injury group who underwent LDLT had a considerably higher one-year survival rate 
than those in the myocardial injury group (98.1% vs 92.3%, P = 0.015) (Figure 2).

The results of the univariate analysis showed that low height, low weight, a high PELD score, a high total bilirubin 
level, a high INR, a low MAP before reperfusion, high lactate and low hemoglobin levels before reperfusion, a long 
anhepatic phase duration, a long cold ischemic time, the occurrence of PRS, and massive FFP transfusion were identified 
as risk factors for myocardial injury in pediatric patients with biliary atresia (Table 4). The multivariate logistic regression 
analysis showed that a high PELD score (OR = 1.065, 95%CI: 1.013-1.121; P = 0.014), a long anhepatic phase duration (OR 
= 1.021, 95%CI: 1.003-1.040; P = 0.025), and the occurrence of PRS (OR = 1.966, 95%CI: 1.111-3.480; P = 0.020) were 
independent risk factors for myocardial injury (Table 4).
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Table 3 Postoperative recipient-related data

Variable Non-myocardial injury (n = 160) Myocardial injury (n =142) P value

Ventilation time (min) 220 (129-351) 196 (146-321) 0.785

ICU stay (d) 2 (2.0-3.0) 3 (2.0-3.5) 0.041

hospital stay (d) 20 (16-29) 21 (17-26) 0.732

AKI (%) 35 (21.9) 35 (24.6) 0.569

Liver function test during the first five days after LDLT

    Peak ALT (U/L) 551 (386-972) 619 (416-1151) 0.108

    Peak AST (U/L) 666 (472-1186) 748 (495-1386) 0.103

    Peak TB (µmol/L) 80 (52-114) 88 (65-126) 0.034

One-year survival rate (%) 157 (98.1) 131 (92.3) 0.015

ICU: Intensive care unit; AKI: Acute kidney injury; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TB: Total bilirubin.

Figure 2 Comparison of the one-year survival rate after living donor liver transplantation between the two groups.

DISCUSSION
Under normal circumstances, cTnI cannot pass through an intact cell membrane into the blood circulation, but after 
myocardial cell damage, cTnI will be released into the blood. CTnI is a commonly used marker that, when elevated, is 
indicative of myocardial injury[8]. There is reliable evidence showing that the measurement of troponin levels is not only 
the gold standard for the diagnosis of cardiac injury[9] but also an effective screening and risk stratification tool[10,11]. 
van Waes et al[4] conducted an observational cohort study and defined myocardial injury as a troponin I level > 0.06 ng/
mL, which was the lowest value measurable with a 10% coefficient of variation above the 99th percentile (0.04 ng/mL) of 
the assay used. However, there are very few studies in which researchers provide reference cutoff values for elevated 
cTnI levels in pediatric patients. Bailey et al[12] found that TnI was exceptionally high at birth, abruptly decreased shortly 
after birth, and reached adult concentrations 3 mo after birth, and the manufacturer assay's 99th percentile URL was 
reasonable for children older than 3 mo. Sheng’s study also showed that a cTnI level ≥ 0.07 ng/mL could be used as a 
specific marker of myocardial injury in pediatric living donor liver recipients[3]. Therefore, in our study, we defined 
myocardial injury as a cTnI level ≥ 0.07 ng/mL.

The PELD scoring system is used to evaluate the severity and prognosis of end-stage liver disease in children. Oh et al
[13] found that a PELD score > 25 was an independent risk factor for graft function loss after LDLT in children. Sheng et al
[14] conducted a retrospective analysis of LDLT in 112 children with biliary atresia and found that there was a positive 
correlation between the preoperative PELD score and the increase in intraoperative cTnI; that was, the higher the PELD, 
the higher the serum cTnI level at 30 min in the neohepatic stage. It has been suggested that the main cause of a 
myocardial injury associated with liver transplantation is the inflammatory response[15]. As the largest group of 
macrophages in the body, Kupffer cells can release many inflammatory factors during ischemic cold preservation and 
reperfusion injury, which becomes the most noteworthy factor that contributes to the occurrence of a myocardial injury
[16,17]. The higher the preoperative PELD score of children with biliary atresia, the more sensitive the liver is to ischemia-
reperfusion, the more likely Kupffer cells are activated and release inflammatory factors, and the more likely a 
cardiomyocyte injury will occur during the perioperative period.
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Table 4 Univariate and multivariate analyses of risk factors for myocardial injury during pediatric living donor liver transplantation

Factor Univariate analysis OR 
(95%CI) P value Multivariate analysis OR 

(95%CI) P value

Preoperative recipient-related data

Age 0.989 (0.974-1.003) 0.125

Male gender 1.081 (0.688-1.699) 0.735

Height 0.969 (0.951-0.988) 0.002 1.011 (0.964-1.060) 0.659

Weight 0.889 (0.827-0.955) 0.001 0.953 (0.800-1.136) 0.593

LVEF 1.044 (0.980-1.112) 0.178

QTc 0.999 (0.990-1.008) 0.774

PELD 1.074 (1.049-1.100) < 0.001 1.065 (1.013-1.121) 0.014

ALT 1.001 (0.999-1.002) 0.540

AST 1.001 (1.000-1.002) 0.218

Total Bilirubin 1.004 (1.002-1.006) < 0.001 1.001 (0.999-1.003) 0.353

INR 2.167 (1.435-3.272) < 0.001 0.957 (0.554-1.653) 0.875

Creatinine 0.99 (0.951-1.031) 0.632

Hemoglobin 1.031 (0.897-1.184) 0.670

Vital signs immediately before reperfusion

HR 0.994 (0.977-1.012) 0.513

MAP 0.971 (0.949-0.993) 0.010 0.997 (0.971-1.023) 0.819

CVP 0.974 (0.896-1.057) 0.524

Temperature 1.088 (0.819-1.444) 0.560

Laboratory findings before reperfusion

pH 0.902 (0.032-25.155) 0.952

PCO2 0.971 (0.935-1.009) 0.129

PO2 0.999 (0.996-1.002) 0.478

Lactate 1.267 (1.092-1.469) 0.002 1.158 (0.990-1.355) 0.067

Base excess 0.946 (0.881-1.015) 0.122

Ca 0.374 (0.066-2.117) 0.266

K 0.857 (0.575-1.277) 0.447

Hemoglobin 0.836 (0.713-0.981) 0.029 0.956 (0.828-1.105) 0.544

Duration of anhepatic phase 1.019 (1.004-1.035) 0.016 1.021 (1.003-1.040) 0.025

Donor-related data

Cold ischemic time 1.006 (1.001-1.012) 0.016 1.003 (0.997-1.010) 0.334

Graft weight 0.999 (0.996-1.003) 0.755

PRS 2.260 (1.420-3.598) 0.001 1.966 (1.111-3.480) 0.020

The data at the end of the surgery

Duration of surgery 1 (0.998-1.002) 0.854

Duration of anesthesia 1.001 (0.999-1.003) 0.481

Blood loss 1.001 (1.000-1.002) 0.128

RBCs transfusion 1.151 (0.970-1.366) 0.107

FFP transfusion 1.002 (1.000-1.004) 0.017 1.001 (0.999-1.003) 0.441
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LVEF: Left ventricular ejection fraction; PELD: Pediatric end-stage liver disease; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; INR: 
International normalized ratio; MAP: Mean arterial pressure; CVP: Central venous pressure; PRS: Postreperfusion syndrome; RBCs: Red blood cells; FFP: 
Fresh frozen plasma.

PRS is characterized by a decrease of more than 30% in the mean arterial pressure (MAP) that occurs in the first 5 min 
after liver graft reperfusion and lasts at least 1 min[18]. PRS is one of the most common perioperative complications of 
liver transplantation and has a reported incidence between 34.7% and 50%[19-22], which can lead to slower heart rate, 
lower blood pressure, arrhythmia, increased mortality, and a serious effect on the patients’ quality of life after the 
operation[18,23]. At present, the mechanism of PRS has not been fully clarified. Prolonged cold ischemia time of the graft 
can lead to mitochondrial dysfunction, cell metabolic disorder, the release of reactive oxygen species and inflammatory 
factors, and aggravate hepatic ischemia-reperfusion injury[24]. Sahmeddini et al[25] showed that recipient age > 60 years, 
high end-stage liver disease model score and preoperative serum sodium < 130 mmol/L were independent risk factors 
for PRS in orthotopic liver transplantation. The literature showed that in LDLT, male sex, reduced left ventricular end-
diastolic diameter and increased graft volume were risk factors for PRS, while increased serum calcium concentration and 
decreased pulmonary artery pressure before reperfusion were protective factors for PRS[26].

The anhepatic phase was defined as the time from the physical removal of the liver from the recipient to the recircu-
lation of the graft[27]. The inferior vena cava needs to be blocked before anastomosing the left hepatic vein of the graft 
with the recipient hepatic vein. If the inferior vena cava is blocked for a long time, it will lead to a decrease in cardiac 
blood volume, a decrease in stroke volume, and a compensatory increase in heart rate. The above factors can lead to a 
decrease in the myocardial oxygen supply, an increase in oxygen consumption, an imbalance of cardiac oxygen supply 
and demand, and finally lead to myocardial injury. During the anhepatic period, the blood vessels of the donor’s liver 
had not yet been anastomosed because of the resection of the diseased liver. At this time, the body is unable to metabolize 
acid substances, thereby making it extremely prone to metabolic acidosis and causing decreased blood pressure and 
unstable circulation. Because the coagulation factor of the human body depends on liver synthesis, a long anhepatic 
period can lead to a decrease in the coagulation factor level. A recent scientific study found that coagulation factor XI was 
a liver protein that could prevent diastolic dysfunction, maintain the ejection fraction, and protect the heart from injury
[28]. Thus, it can be seen that the decrease in the coagulation factor levels not only affects the blood coagulation function 
but can also diminish heart function.

This study’s sample size is very large, and thus far, there has been no retrospective study with a large sample size that 
has been conducted to evaluate the risk factors for intraoperative myocardial injury in children who are subjected to 
LDLT, which may be the advantage of this study. However, the limitation of this study is that the follow-up period was 
short, and the effect of myocardial injury on the long-term prognosis and quality of life of children who underwent liver 
transplantation has not been observed. In addition, different centers have different anesthetic management strategies, and 
the results of a single-center study may be biased, thus requiring multicenter large sample data for analysis in the future.

CONCLUSION
In summary, our study suggests that a high PELD score, a long anhepatic phase duration, and the occurrence of intraop-
erative PRS are independent risk factors for the development of a myocardial injury. For anesthesiologists, the findings 
may help predict the likelihood of a myocardial injury in pediatric patients who undergo LDLT. Effective anesthetic 
management strategies that have been designed to prevent the occurrence of a myocardial injury during LDLT will help 
to improve the prognosis and postoperative survival rate of the patients.

ARTICLE HIGHLIGHTS
Research background
Myocardial injury during liver transplantation is associated with postoperative adverse outcomes in pediatric patients; it 
can increase the incidence of postoperative mortality.

Research motivation
For a long time, research on myocardial injury has mainly focused on adults, but there is relatively little information on 
myocardial injury in children who have undergone living donor liver transplantation (LDLT).

Research objectives
To analyze the data of children who underwent LDLT to determine the risk factors for intraoperative myocardial injury.

Research methods
We retrospectively analyzed the inpatient records of pediatric patients who underwent LDLT in Tianjin First Central 
Hospital from January 1, 2020, to January 31, 2022. Recipient-related data and donor-related data were collected. The 
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patients were divided into a myocardial injury group and a nonmyocardial injury group according to the value of the 
serum cardiac troponin I at the end of surgery for analysis. Univariate analysis and multivariate logistic regression were 
used to evaluate the risk factors for myocardial injury during LDLT in pediatric patients.

Research results
A total of 302 patients met the inclusion criteria. The myocardial injury group had 142 individuals (47%), and the 
nonmyocardial injury group included 160 patients (53%). The pediatric patients with biliary atresia in the nonmyocardial 
injury group who underwent LDLT had a considerably higher one-year survival rate than those in the myocardial injury 
group (98.1% vs 92.3%, P = 0.015). Multivariate logistic regression revealed the following independent risk factors for 
myocardial injury: a high pediatric end-stage liver disease (PELD) score [odds ratio (OR) = 1.065, 95% confidence interval 
(CI): 1.013-1.121; P = 0.014], a long duration of the anhepatic phase (OR = 1.021, 95%CI: 1.003-1.040; P = 0.025), and the 
occurrence of intraoperative postreperfusion syndrome (PRS) (OR = 1.966, 95%CI: 1.111-3.480; P = 0.020).

Research conclusions
A high PELD score, a long anhepatic phase duration, and the occurrence of intraoperative PRS were independent risk 
factors for myocardial injury during LDLT in pediatric patients with biliary atresia.

Research perspectives
This study’s sample size is very large, and thus far, there has been no retrospective study with a large sample size that 
has been conducted to evaluate the risk factors for intraoperative myocardial injury in children who are subjected to 
LDLT, which may be the advantage of this study. But different centers have different anesthetic management strategies, 
and the results of a single-center study may be biased, thus requiring multicenter large sample data for analysis in the 
future.
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