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Ab s t r Ac t
Background: Acute kidney injury (AKI) significantly contributes to the mortality and morbidity rates among pediatric liver transplant (LT) recipients.
Objective: Our study aimed to assess the potential factors contributing to AKI in pediatric LT patients and to analyze the impact of AKI on 
postoperative mortality and hospitalization duration.
Materials and methods: About 235 pediatric LT patients under the age of 18 between the years 2015 and 2021 were evaluated retrospectively. 
The relationship between preoperative and intraoperative variables of the patients and AKI developed when the early postoperatıve period 
was assessed.
Results: A correlation was found between the patients’ preoperative age, albumin levels, and AKI. AKI was found to be associated with the 
duration of surgery and intraoperative blood transfusion.
Conclusion: Our findings revealed that the severity of AKI in pediatric LT patients is linked to extended surgical durations and increased blood 
transfusions resulting from hemodynamically compromised blood loss. Furthermore, independent risk factors for AKI were identified as prolonged 
warm ischemia and the overall duration of the operation.
Keywords: Acute kidney injury, Liver transplantation, Pediatric transplantation.
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Hi g H l i g H ts
Acute kidney injury (AKI) is a complication that increases mortality 
and morbidity, which is frequently seen in the pediatric patient 
group undergoing liver transplant (LT). We aimed to investigate 
and emphasize the preventable causes of AKI.

in t r o d u c t i o n
Liver transplantation is the preferred treatment for end-stage liver 
disease in both adult and pediatric populations.1 Among hospitalized 
individuals, acute kidney injury is prevalent and is linked to a nearly 
tenfold rise in in-patient mortality rates. Acute kidney injury occurs 
in approximately 20–47% of cases, and when it progresses to stage 3, 
it is correlated with a substantial in-hospital mortality rate, reaching 
up to 71%.2,3 After pediatric liver transplantation, the occurrence of 
AKI has been linked to extended periods of mechanical ventilation, 
prolonged stays in the intensive care unit, and an elevated risk of 
mortality. It has been highlighted that the development of AKI 
may result in chronic kidney disease, end-stage renal disease, and 
ultimately, mortality in affected patients.4

Research on AKI in adult patients has demonstrated that several 
factors, including female gender, obesity levels, diabetes mellitus, 
a high model for end-stage liver disease (MELD) score, extensive 
bleeding during surgery, the administration of hydroxyethyl 
starch solution, uncontrolled perioperative blood sugar, ischemia 
duration, and graft size, contribute to the occurrence of AKI.5,6 
The occurrence of AKI in pediatric patients is probable to stem 
from various factors, including patient-related characteristics, 
preoperative organ function features, donor-related elements, 
as well as intraoperative factors, and postoperative outcomes, 
indicating a multifaceted etiology. Identifying high-risk factors 

for AKI in pediatric patients is crucial, as it can impact the 
management of hemodynamic parameters during surgery, 
guide fluid management preferences, and influence protocols 
for immunosuppression and antibiotic treatment.7,8 However, the 
number of patients in the literature for pediatric patients is small, we 
aimed to conduct a study with a larger number of patients and to 
examine the relationship between many factors in the preoperative 
and intraoperative process.

MAt e r i A l s A n d Me t H o d s
This study was conducted retrospectively by analyzing the 
in-hospital data of patients who underwent LT in the İnönü 
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University Liver Transplant Institute between 2015 and 2021, after 
receiving ethics committee approval (2022/3318). The hospital’s 
database was searched for children aged under 18 years who had 
LT during the study period. Patients with pre-LT end-stage renal 
disease and preoperative creatinine elevation, patients with normal 
preoperative laboratory data and hepatorenal syndrome clinic, 
and patients with missing data in the electronic data system were 
excluded from the study. Files of 276 patients were reached. About 
36 patients were excluded due to lack of data and five patients were 
excluded because of high preoperative creatinine levels. So 235 
patients were evaluated.

Age, gender, and transplantation indication of the patients 
were recorded. Preoperative data included the presence of 
ascites, laboratory test results (serum creatinine, coagulation 
parameters [partial thromboplastin time (PTT), prothrombin time 
(PT), international normalized ratio (INR)], albumin values, total 
bilirubin (T BIL), intraoperative variables consisted of operation 
time, amount of total fluid, crystalloid fluid, colloid, albumin, 
blood transfusion, urine output, warm ischemia time (WIT) and 
cold ischemia time (CIT) and the use of diuretics. During the 
postoperative period, length of stay in intensive care unit and 
hospital, mortality, and creatinine values at postoperative 1, 2, and 
7 days were recorded. 

Acute kidney injury grading was made according to the Kidney 
Disease Improving Global Outcomes (KDIGO) criteria.6,9 The patients 
were classified as no AKI (Group 0) and grades I, II, and III (Groups I 
to III respectively) AKI according to the KIDIGO classification based 
on their postoperative creatinine values.
Grade I: It was defined as a 1.5–1.9-fold increase in the preoperative 
creatinine value compared with the peak creatinine value in the first 
7 days or an increase of ≥0.3 mg/dL within 48 hours.
Grade II: It was defined as a 2–2.9-fold increase in the preoperative 
creatinine value compared with the peak creatinine value in the 
first 7 days.
Grade III: It was defined as the preoperative creatinine level 
≥4.0 mg/dL higher than the highest creatinine level in the first 7 
postoperative days or a 3-fold increase.

Anesthetic drugs used for liver transplantation have been 
standardized in our institution: anesthesia is induced using 
pentothal (3–8 mg/kg) fentanyl (1–2 µg/kg/min), and maintained 
with sevoflurane (0.5–1%) and remifentanil (0.1–0.3 µg/kg/min). The 
first choice used during surgery was norepinephrine, although the 
use of vasopressors was still decided by the anesthesiologist. In 
our clinic, intraoperative corticosteroid administration is applied 
at 10 mg/kg after arterial anastomosis. In the postoperative period, 

corticosteroid treatment is continued by titrating the dose and if 
there is no contraindication, tacrolimus is added to the treatment 
on the 3rd day. Maintenance doses were based on daily blood 
levels of tacrolimus. 

Statistical Analysis
Statistical analyses were conducted using JASP software (version 
0.14.1.0). Continuous variables are presented as mean ± standard 
deviation, while categorical variables are reported as numbers 
and percentages. We assessed the normality of variables using the 
Shapiro–Wilk test. To examine differences between continuous 
variables, either one-way ANOVA or the Kruskal–Wallis test was 
employed, with the Bonferroni test applied as a post hoc analysis. 
Categorical variables were compared using the Chi-square test. 
The associations between variables were examined through either 
Pearson or Spearman correlation analysis, chosen based on the 
nature of the data. We utilized multiple logistic regression analysis 
to ascertain the independent variables that predict the occurrence 
of both AKI and mortality. For univariate analysis, regression analysis 
was conducted for p-values < 0.10. Statistically significant results 
were defined as p-values < 0.05.

re s u lts
Biliary atresia emerged as the predominant cause of liver 
transplantation, with primary sclerosing cholangitis, autoimmune 
hepatitis, and metabolic liver disease following as the subsequent 
most frequent causes, in that order. When preoperative data were 
evaluated, in the study including 235 patients, the mean age of 
the patients was 4.3 ± 4.2, and the mean age was significantly 
higher in patients with AKI I than in the other groups. (p < 0.05, 
for all). The other preoperative data, including gender, creatinine, 
albumin, PT, PTT, acid, and bilirubin were similar in all groups (for 
all, p > 0.05) (Table 1).

According to the intraoperative data (Table 2), cold and WITs 
were found to be similar between groups (p > 0.05). However, there 
was a statistically significant difference between the groups in terms 
of operative time and total amount of fluid and crystalloids. (for all, 
p < 0.05). In the group of patients with AKI III, the duration of surgery 
was found to be significantly longer in patients who developed  
AKI III than in other patients. Again, there was a difference between 
the groups in terms of blood transfusion, albumin, furosemide, and 
total urine amount (for all, p < 0.05) (Table 2). 

Upon examining the patients’ duration of stay in the intensive 
care unit and mortality rates (Table 3), it was determined that the 
overall mortality rate stood at 26%. Even though group III exhibited 

Table 1: Evaluation of the relationships between preoperative data and AKI
No AKI

(n = 175)
AKI I

(n = 26)
AKI II

(n = 20)
AKI III

(n = 14) p-value
Age (years) 4.2 ± 4.1 6.6 ± 4.8 2.9 ± 2.3 2.2 ± 2.7 0.002α,β,Φ 

Gender (Male, %) 105 (60.7) 19 (67.9) 8 (40.0) 9 (64.3) 0.241
Creatinine (mg/dL) 0.4 ± 0.2 0.5 ± 0.1 0.5 ± 0.1 0.4 ± 0.1 0.064
Albumin (gm/dL) 3 ± 0.6 3.1 ± 0.6 3 ± 0.6 2.6 ± 0.5 0.083
PT (second) 22.2 ± 11.0 23.6 ± 10.7 20.8 ± 8.3 24.2 ± 13 0.755
PTT (second) 38.9 ± 20.6 44.3 ± 27.4 35.8 ± 11.1 40. ± 12.8 0.530
Ascites (mL) 0.24 ± 0.4 0.4 ± 0.5 0.3 ± 0.4 0.1 ± 0.2 0.087
Tbil (mg/dL) 15.8 ± 13.5 14.8 ± 12 17.2 ± 16.6 18.4 ± 13.5 0.839
α = p < 0.05 in group 0 vs group I, β = p < 0.05 in group 0 vs group II, Φ = p < 0.05 in group I vs group III
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the shortest hospital stay, it also experienced the highest mortality 
rate within the groups. Groups II and III had higher mortality rates 
compared with the remaining groups. 

Operation time and the duration of warm ischemia were 
incorporated as independent variables in the multiple logistic 
regression analysis conducted to identify factors independently 
predicting AKI. We found that all of these variables were 
independent predictors of AKI (Table 4). 

Independent variables including age, prealbumin, and 
anhepatic time were subjected to the multiple logistic regression 
analysis performed to determine the independent predictors 
affecting mortality. Within these factors, prealbumin (p = 0.002) 
and AKI (p = 0.008) emerged as independent predictors of mortality 
(Table 5).

di s c u s s i o n
Our study findings suggest that the severity of AKI is linked to 
prolonged operation time and increased blood transfusion 
necessitated by intraoperative blood loss. Prolonged cold ischemia 
and duration of surgery have been identified as risk factors for AKI. 

Furthermore, mortality risk in pediatric LT patients is heightened 
by factors, such as younger age, lower preoperative albumin 
levels, and the occurrence of AKI in the early postoperative phase, 
all identified as independent risk factors. Upon reviewing the 
existing literature, studies examining risk factors for AKI following 
pediatric LT were found to have a restricted number of cases. Our 
single-center analysis stands out for reporting the highest number 
of cases in this context.

Acute kidney injury is an important postoperative complication 
of pediatric LT. In a study by Erdost et al.10 with 440 adults who had 
an LT, RIFLE criteria were found to be less sensitive than AKIN and 
KDIGO criteria in the diagnosis of AKI. Therefore, we used KDIGO 
criteria in the diagnosis and classification of AKI in our study. In 
a retrospective study evaluating the development of AKI after 
pediatric LT, when the frequency of AKI was studied by Hamada 
et al.,11 AKI developed in 46.2% of the patients. When evaluated 
according to AKI staging, it was emphasized that 21.8% were stage I,  
20.5% were stage II and 3.8% were stage III. In a similar study 
conducted by Şahintürk et al., they reported the incidence of AKI 

Table 4: Predictors of AKI

Parameters
Univariate analysis Multivariate analysis

r p-value OR 95% CI p-value
Age 0.024 0.718
Gender –0.024 0.716
Prealbumin –0.016 0.806
WIT 0.123 0.060 1.023 1.004–1.043 0.020
Operation time 0.261 <0.001 1.005 1.002–1.009 0.004

Table 5: Predictors of mortality

Parameters
Univariate analysis Multivariate analysis

r p-value OR 95% CI p-value
Age –0.217 0.001
Gender 0.048 0.468
Prealbumin –0.206 0.002 0.415 0.239–0.721 0.002
Warm ischemia 
time

0.063 0.336

Operation time 0.116 0.077
AKI 0.240 <0.001 3.134 1.355–7.250 0.008

Table 2: Evaluation of the relationships between intraoperative data and AKI
No AKI

(n = 175)
AKI I

(n = 26)
AKI II

(n = 20)
AKI III

(n = 14) p-value
CIT (min) 107.5 ± 101.5 101.7 ± 73.1 94 ± 51.9 103.2 ± 51.9 0.972
WIT (min) 55.8 ± 17.5 56.6 ± 15.1 56.7 ± 17.3 67 ± 20.6 0.181
Op time (min) 421.1 ± 107.4 470.3 ± 111.3 509.2 ± 103.9 521.8 ± 154.3 <0.001β,¥

Total fluid (mL/kg/h) 19.42a ± 16.70 42.86b ± 89.32 55.68b ± 38.96 30.41a.b ± 44.96 0.001
Total crystalloid (mL/kg/h) 16.17a ± 16.40 35.31b ± 84.41 48.44b ± 33.40 25.49a.b ± 45.68 0.001
Total colloid (mL/kg/saat) 1.14a ± 1.87 1.94a.b ± 2.50 2.52b ± 3.95 0.95a.b ± 1.68 0.249
Blood transfusion (mL/kg) 7.83a ± 13.14 35.13b ± 72.97 25.17b ± 52.98 31.17b ± 52.14 0.001
Albumin (%20) (mL/kg) 5.64a ± 5.28 12.87a.b ± 37.06 10.67b ± 11.30 9.30a.b ± 4.97 0.014
Furosemide (mg/kg) 0.73a ± 0.87 0.67a ± 0.29 1.51a ± 0.94 0.83a ± 0.26 0.002
Mannitol (mL/kg) 2.93a ± 2.06 8.39b ± 5.81 5.361 2.221 0.148
Urine output (mL/kg/h) 2.63a ± 2.19 5.26b.c ± 9.28 9.03b ± 6.40 1.77a.c ± 1.31 0.004
β = p < 0.05 in group 0 vs group II, ¥ = p < 0.05 in group 0 vs group III; Values in the same row and subtable not sharing the same subscript are significantly 
different at p < 0.05 in the two-sided test of equality for column means. Cells with no subscript are not included in the test. Tests assume equal variances.2 
This category is not used in comparisons because the sum of case weights is less than two.1 Tests are adjusted for all pairwise comparisons within a row 
of each innermost subtable using the Bonferroni correction.2

Table 3: Effects of AKI on length of stay in intensive care unit and mortality
No presence of AKI AKI I AKI II AKI III p-value*

ICU stay (days) 26.6 ± 31.1 22.7 ± 18.1 26.4 ± 20.5 12.5 ± 21.1 0.334
Hospital stay (days) 53.2 ± 41.8 45.8 ± 32.1 40.2 ± 19.3 14 ± 21.3 0.002¥

Mortality 34 (19.7%) 4 (14.3%) 11 (55.0%) 12 (85.7%) <0.001
¥ = p < 0.05 in group 0 vs group III
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as 34.2% and emphasized that while stage I AKI was 18%, stage III 
AKI was observed at a rate of 6%.7

Similarly, Nahum et al. reported the total incidence of AKI as 
43–57%, with severe AKI in approximately 23% of cases.6 In our 
study, while 26.4% of the patients developed AKI, stage I was found 
in 11.9%, stage II in 8.5%, and stage III in 6% of the patients. We 
think that the low rates in our study are due to the higher number 
of patients compared with other studies. In addition, we excluded 
patients with preoperative renal dysfunction, since we aimed to 
investigate the factors causing AKI.

Studies in pediatric patient populations have indicated that 
renal function does not fully mature until 2 years of age, indicating 
a period of relatively limited renal capacity.12 Our observations 
revealed a correlation between stage III AKI and younger age, 
with a mean age of 2.2 ± 2.7 years in stage III. This association is 
believed to stem from the ongoing development of renal function 
during this phase.

There was a notable association observed in normal adult 
patients, linking preoperative creatinine levels with an elevation 
in preoperative INR and an increased risk of AKI. This outcome 
indicates a connection between the extent of liver disease severity 
and the likelihood of developing AKI post-surgery.13 In our study, no 
correlation was found between the preoperative INR, APTT, and PT 
time and AKI. In a study conducted in pediatric patients, an increase 
in preoperative total bilirubin value was underlined as a risk factor 
for AKI.11 In studies involving adults, a noteworthy association was 
observed between a higher MELD score and the occurrence of AKI. 
Additionally, bilirubin levels were found to exhibit a significant 
correlation with AKI in the adult population. Our interpretation of 
these findings is influenced by the pediatric nature of the patient 
group under investigation, coupled with the substantial number of 
patients included in our study.

Preoperative hypoalbuminemia was independently associated 
with postoperative AKI in non-cardiac surgeries. Li et al.14 reported 
in a retrospective study of 729 patients following non-cardiac 
surgery that preoperative hypoalbuminemia was an independent 
risk factor for the development of AKI. Similarly, hypoalbuminemia 
has been reported as a risk factor for AKI after LT in adults.13,15 In our 
study, we observed that preoperative hypoalbuminemia was low 
in all patient groups, it was not associated with the severity of AKI, 
but it was independently correlated with mortality.

Li et al. investigated the impact of sevoflurane and propofol 
infusion on AKI incidence in their study involving 120 pediatric 
LT patients. They observed a reduced occurrence of AKI during 
the maintenance of anesthesia with sevoflurane.16 At our clinic, 
sevoflurane is used for the maintenance anesthesia in all LT patients, 
necessitating additional studies to compare and evaluate this effect.

The duration of ischemia (both cold and WIT) is influenced by 
a range of factors, encompassing donor characteristics and the 
overall quality of the graft. Cold ischemia longer than 12 hours and 
warm ischemia longer than 1 hour are considered risk factors for 
graft failure. Iskender Ijtsma et al.17 emphasized that the duration 
of the anhepatic phase independently graft dysfunction. They 
also mentioned that this finding does not completely account for 
the association between the anhepatic phase duration and the 
occurrence of AKI. Prior research has highlighted that an extended 
anhepatic phase may lead to renal congestion and impairment of 
renal function. In a study involving 24 patients without preexisting 
renal disease, a marked reduction in urine output was observed 
for all patients after the clamping of the inferior vena cava and 
portal veins in the operating room. In addition, hemodynamic 

parameters are significantly affected during the anhepatic phase 
when performing LT.18–20 Decreased renal functions and reduced 
glomerular filtration rates may cause kidney function damage. 
In our investigation, while no significant correlation was noted 
between the severity of AKI and the durations of cold and warm 
ischemia, WIT emerged as an independent risk factor for AKI 
development, aligning with findings from other studies. We think 
that hemodynamic changes and decrease in renal functions due to 
hypotension during an anhepatic period would cause AKI.

In addition to other factors, operative time and bleeding 
severity were associated with AKI in patients undergoing LT. Blood 
loss seems to serve as an indicator of adverse events in surgery. 
Hemodynamic instability or anemia arising from significant bleeding 
may decrease oxygen delivery to the kidneys, leading to kidney 
injury. The administration of blood products during surgery has 
been suggested as a factor contributing to the risk of developing 
AKI.11 It is emphasized that intraoperative blood transfusions 
increase the risk of AKI in LT patients. In a review of 100 cadaver 
orthotopic liver transplantations, it was noted that the need for 
more than 10 units of packed red cells and decreased diuresis were 
important predictors of renal dysfunction.21 Koo et al. showed 
that 2.36 ± 2.4 units of packed RBC transfusion was significantly 
associated with postoperative renal dysfunction with a relative 
risk of 1.25.22 Similarly, Ferah et al.23 emphasized the relationship 
between operative time, prolonged anhepatic phase time, and 
intraoperative blood loss among these intraoperative values and 
AKI. Similar to previous studies in adult LT patients, in our study, 
intraoperative blood transfusion was found to be an independent 
risk factor for AKI. In patients requiring blood products, fluid, and 
albumin requirements were also increased. We think that blood 
product transfusion may trigger a systemic inflammatory response 
and deterioration in hemodynamic parameters may cause AKI. Since 
retrospective data were evaluated in our study, hemodynamic data 
could not be evaluated and prospective data on this subject are 
needed.

Diuretic-induced volume reduction is likely to exacerbate kidney 
damage. In the pediatric LT study conducted by Ferah et al.23 high-
dose furosemide use was related to AKI. In our clinic, furosemide is 
administered at a dose of 1–2 mg/kg as a diuretic to the LT patient 
group whose intraoperative hourly urine output is below 0.5 mL/kg. 
Similarly, in our study, the use of furosemide was found to be lower 
in the group that did not develop AKI. We think that oliguria and not 
using the diuretic group have a common effect on the development 
of AKI. We think that the significant difference in the fluid therapy 
given to the patients is related to the length of the case duration. 

Ehab et al.24 stated in their study that the duration of surgery is 
a risk factor for AKI in LT. Likewise, in our study, we concluded that 
the operation time is a predictive factor for AKI. We think that this is 
due to the increased duration of renal hypoperfusion and oliguria 
caused by prolonged cold and warm ischemia. 

Exposure to a nephrotoxic drug is an important risk factor 
for AKI and treatment is administered according to institutional 
protocol.25 It could not be analyzed in our study due to the lack of 
data on additional doses in treatment changes. Additional research 
is needed in this domain, as these factors are likely influential in the 
occurrence of AKI among patients undergoing liver transplantation. 

In previous studies involving all patient groups, the relationship 
between AKI and morbidity has been emphasized.4–8 In a study 
including pediatric patients, it was reported that patients who 
developed AKI had prolonged length of stay on mechanical 
ventilation as well as prolonged NICU stay.20 Findings from a study 
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involving 150 pediatric patients yielded comparable outcomes, 
demonstrating extended durations of hospitalization and intensive 
care stays.9 

AKI also increases the ICU length of stay, the total length of 
hospital stay, and the mortality rate. In our study, it was observed 
that the mortality rate was 85.7% in patients who developed AKI 
stage III AKI, and this rate was significantly lower in patients without 
AKI and in patients with AKI stage I. In our study, unlike other studies, 
the length of hospital stay was the longest in the group without AKI 
stage I, while it was the shortest in AKI stage III. We think that this 
situation is related to the mortality rate of the patients.

co n c lu s i o n
In our study, prolongation of WIT and operation time are predıctıve 
factors for AKI. Long operation time and intraoperative blood 
transfusion increase the severity of AKI. We think that knowing 
the causes of AKI will be effective in preventing AKI. It should be 
supported by a multicenter prospective study investigating possible 
risk factors.
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