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Introduction and Objectives: Acute kidney injury (AKI) is a common complication of orthotopic liver trans-
plantation (OLT). This study aimed to identify factors associated with persistent AKI (pAKI) and to develop a
risk index. The impact of pAKI on mortality and renal function over a 5-year period was also assessed.

Materials and Methods: In this retrospective cohort study, adult OLT recipients were included. pAKI was
defined as AKI lasting >72 hours. Logistic regression identified pAKI-associated factors, which were used to

Keywords: S .
Orthotopic liver ¢ L . create a risk index. Long-term renal function was then evaluated.

rehotopic fiver r:ansp antation Results: Among 305 patients, 23 % developed pAKI. The median MELD (Model for End-stage Liver Disease)
Acute kidney injury

score was 17. Multivariate analysis identified male sex, reoperation, transfusion of >6 units of red blood cells,
anhepatic time >50 minutes, and norepinephrine use >0.25 mcg/kg/min as significant risk factors. The risk
index assigned 3 points each to male sex and norepinephrine use, and 5 points to the remaining factors. A
score >11 had moderate performance (AUC 0.70) and a negative predictive value of 90 %. Patients with pAKI
had longer ICU and hospital stays and higher in-hospital mortality. At 5 years, overall mortality did not differ
significantly, but those with pAKI had a 10 ml/min/1.73m? lower eGFR.

Conclusions: pAKI is a frequent OLT complication, negatively affecting short-term outcomes and long-term
renal function. The proposed risk index effectively identifies patients at low risk, supporting targeted moni-

Long term renal impact
AKI risk index

toring and prevention.

© 2025 Published by Elsevier Espaiia, S.L.U. on behalf of Fundacién Clinica Médica Sur, A.C. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Orthotopic liver transplantation (OLT) is an effective therapeutic
option for end-stage liver diseases. Even with improved results,
higher survival rates and lower mortality observed over the last deca-
des, this procedure is still associated with some complications, such
as perioperative acute kidney injury (AKI). AKI post-OLT is considered
a common complication, with an incidence rate reported as high as
40-70 % in some studies [1,2]. The underlying etiology is multifacto-
rial and has not yet been fully elucidated.

Abbreviations: AKI, Acute kidney injury; OLT, orthotopic liver transplantation; pAKI,
persistent AKI (pAKI); MELD, Model for End-stage Liver Disease; AUC, area under
curve; ICU, intensive care unit; eGFR, estimated glomerular filtration rate; CKD, chronic
kidney disease; ESLD, end-stage liver disease; SCr, serum creatinine; KRT, kidney
replacement therapy.
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Previous studies have found an association between several pre-
operative and perioperative variables and the development of the
aforementioned complications. The main factors that have been iden-
tified include patient characteristics such as overweight and other
comorbidities [2], preoperative diuretic use, operative technique,
intraoperative hemodynamic instability, and postoperative care,
including immunosuppressive therapy [3—6]. Furthermore, patients
who develop this complication have worse short- and long-term out-
comes, including longer intensive care unit (ICU) stay with prolonged
mechanical ventilation [7], higher mortality, decreased graft survival,
and adverse renal outcomes [1,4]. On the other hand, it has been esti-
mated that in the long term, approximately 18-22 % of liver-trans-
plant recipients develop chronic kidney disease (CKD) [8,9].

Thus, early identification of patients at a higher risk of developing
AKI post-OLT is essential to establish prompt measures to improve
the overall outcomes. Currently, there is no information available
regarding the Latin American population; therefore, the relevance of
our study is significant. This study aimed to identify the factors
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associated with the development of persistent AKI (pAKI) following
OLT, and to develop an AKI risk index for this population. Further-
more, the impact of this complication on mortality and renal function
over a 5-year follow-up period was analyzed.

2. Materials and methods

A retrospective cohort study was conducted at the Instituto Nacio-
nal de Ciencias Médicas y Nutricion Salvador Zubiran in Mexico City.

The cohort comprised of all adult patients with end-stage liver
disease (ESLD) who underwent cadaveric OLT between January 2008
and December 2018. Exclusion criteria included advanced chronic
kidney disease (estimated glomerular filtration rate (eGFR) <30mL/
min/1.73m?), prior kidney transplantation and AKI upon admission.
Information including demographic data, comorbidities, previous
pharmacological treatment, previous hospitalizations, and AKI events
prior to OLT was collected from the electronic medical records sys-
tem. In addition, data on surgical procedures, such as surgery time,
anhepatic time, bleeding, fluid balance, diuresis, transfusions, use of
nephrotoxic drugs, and vasopressors were collected. Subsequently,
we performed bivariate and multivariate analyses with significant
and clinically plausible variables to predict pAKI and assigned a risk
score according to odds ratios. Finally, we analyzed the trajectory of
the eGFR and compared the outcomes of the two study groups:
patients who developed pAKI and those without this complication.
All the data were obtained from clinical records.

2.1. Variable definitions

AKI was defined and staged according to the KDIGO guidelines
[10] using the serum creatinine (SCr) criteria, without registering
urine output [10]. Patients were staged according to the highest
degree of AKI attained during hospitalization. Baseline SCr was
defined as the mean SCr value corresponding to 6 months before hos-
pitalization or the minimum SCr value obtained during hospitaliza-
tion if the previous values were not available [11]. pAKI was defined
as AKI that persisted for more than 72 hours after OLT [12]. The Charl-
son Comorbidity Index [13] was calculated to integrate the informa-
tion on comorbidities.

2.2. Statistical analysis

The distribution of continuous variables was assessed using the
Kolmogorov-Smirnov test. Descriptive statistics are expressed as
numbers (percentages), and medians (interquartile ranges), as appro-
priate. The baseline patient characteristics of the two study groups
were analyzed using the Mann-Whitney U-test. Chi-square or Fish-
er’s exact test was used for the categorical variables.

The factors associated with pAKI were evaluated using univariate
logistic regression. All variables with a p-value <0.05 and all factors
previously reported to be associated with pAKI were selected for the
multivariate analysis. The use of antibiotics and antifungals was sig-
nificant in the univariate analysis; however, they were not included
in the multivariate model because they are collinear with the use of
vasopressors (antibiotics were administered empirically to unstable
patients) and transfusions/reoperations (these are criteria for pro-
phylaxis of invasive fungal infections), respectively [14]. The surgical
technique was not included in the analysis because the conventional
technique used in our institution is total vascular exclusion. The cold
ischemia time was not available in most cases. For the development
of the pAKI risk index, variables that were significant in the multivari-
ate analysis were considered, and a score was assigned to them
according to the odds ratio obtained in the multivariate analysis. The
final score was obtained by adding points for each risk factor to the
patient. The renal trajectory was analyzed over a 5-year follow-up
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period after OLT, and the results are reported as eGFR according to
the CKD-EPI formula [15].
For all variables, there were less than 1 % missing values, and for
missing data, variables were attributed by using multiple imputations.
All statistical tests were two-sided, and a p-value below 0.05 was con-
sidered statistically significant. All analyses were performed using the
Statistical Package for the Social Sciences 25.0 (IBM, Armonk, NY, USA).

2.3. Ethical statements

The study protocol complies with the ethical guidelines of the
1975 Declaration of Helsinki and was approved by your institution’s
ethics committee (NMM- 4660-23-23-1). Written informed consent
was waived due to the retrospective nature of the study. The data
obtained in the present study were collected from the electronic
medical record.

3. Results

Between January 2008 and December 2018, 332 patients under-
went OLT. Of these, 305 patients met our inclusion criteria (Fig. S1).
The baseline characteristics of all the included patients are shown in
Table 1 and Table S1. The prevalence of AKI was 34 %, however the
prevalence of persistent AKI was 23 %, of which 41 % was stage 1, 20
% stage 2, and 39 % stage 3. SCr levels both at baseline and at admis-
sion to the hospital for OLT were higher in patients who developed
PAKI (p<0.01 for both variables, Table 1).

3.1. Factors associated with pAKI in OLT patients

The factors associated with pAKI were analyzed using logistic
regression (Table 2). Age, male sex, ascites drainage of >2500 mL

Table 1
Clinical characteristics of patients included in this study.

Persistent AKI  No AKI p-value
(n=70) (n=235)
Demographics
Age, years 54 (45-61) 51 (40-59) 0.08
Male, n (%) 48 (69) 100 (43) <0.01
Hepatocellular carcinoma, n (%) 8(11) 54(23) 0.05
Indice de Charlson, n (%) 4(3-5) 4(3-5) 0.84
MELD score 18 (14-22) 17(14-21) 054
Kidney function
Baseline SCr, mg/dL 0.8 (0.7-1.0) 0.7 (0.6-0.9) <0.01
SCr at OLT, mg/dL 0.9(0.8-1.3) 0.8(0.6-0.9) <0.01
AKI 3 months previous 15(21) 33(14) 0.13
OLT, n (%)
Use of diuretics previous 53(76) 165 (70) 0.29
OLT, n (%)
OLT surgery
Surgery time, hours 7 (5-8) 6(5-8) 0.07
Surgery bleeding, liters 3(1.6-6) 2(1.2-3) <0.01
Anhepatic time, minutes 57 (52-66) 55(49-60)  0.08
Norepinephrine 49 (70) 133(57) 0.07
>0.25mcg/kg/min, n (%)
Ascites drainage in OLT, n (%) 35(50) 85(36) <0.01

Ascites drainage in OLT, mL
Post OLT in ICU

2500 (0-5000) 0(0-3000)  <0.01

Antibiotics, n (%) 54 (77) 145 (62) <0.01

Antifungals, n (%) 41(59) 85(36) <0.01

ICU transfusion, n (%) 22(31) 39(17) <0.01

Norepinephrine 23(33) 25(11) <0.01
>0.25mcg/kg/min, n (%)

Reoperation, n (%) 12(17) 10 (4) <0.01

Diuresis <500ml in the first 24h 18(26) 31(13) 0.01

Note. Continuous variables are expressed as median (interquartile range).
Abbreviations. MELD, Model for End stage Liver Disease; OLT, orthotopic liver trans-
plant; AKI, acute kidney injury; SCr, serum creatinine; ICU, intensive care unit.
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Table 2
Bivariate and multivariate logistic regression analysis for factors associated with pAKI post-OLT.
Bivariate Multivariate

Characteristic OR 95 %IC p-value  OR 95 %Cl p-value
Age, per year 1.019  0.997-1.042 0.097 1.039  0.998-1.076 0.051
Male, vs female 2945  1.671-5.193 0.000 3.683  1.561-8.692 0.003
Ascites drainage in OLT >2500 mL, Vs no 2311 1.213-4.401 0.011 1.814  0.804-4.089 0.151
Reoperation, Vs no 4736  1.947-11.520  0.001 5225 1.016-26.881  0.048
Red Blood cell transfusion >6units, Vs no 3.778  2.080-6.861 0.000 5195  2.238-12.058  0.000
Anhepatic time >50 min, Vs no 2.769 1.190-6.443 0.018 5.633 1.587-19.991 0.007
Norepinephrine perioperative >0.25mcg/kg/min, Vsno  2.444  1.299-4.598 0.006 3.664  1.394-9.635 0.008

vl e :
X - Expected risk of persistent AKI
<10 points 10%
Red blood cell transfusion >6units ——> M ETET— —
-14 points b
Anhepatic time >50 min E— 15 polpts 4%
Norepinephrine i

perioperative >0.25mcg/kg/min

AUC (CI)

Sensitivity  Specificity NPV PPV

(cut-off 11 points)

0.70 (0.63-0.77)

0.74 0.66 0.90 |0.40

Abbreviations. AUC, area under curve; NPV, negative predictive values; PPV positive predictive values.

Fig. 1. AKI risk score in OLT patients.

during liver transplantation, reoperation, red blood cell transfusion
>6 units during OLT, anhepatic time >50 minutes and perioperative
use of norepinephrine (>0.25mcg/kg/min) were associated with the
occurrence of pAKI as disclosed by univariate analysis. In the multi-
variate analysis, all variables remained significant, except for age and
ascites drainage during OLT. These risk factors were used to create a
risk score for pAKI in OLT.

3.2. pAKlrisk score in OLT recipients

According to the risk variables obtained in the multivariate analy-
sis and keeping the odds ratio as a score for the risk index, 3 points
were assigned to male sex and use of perioperative norepinephrine,
and the rest of the variables (reoperation, transfusion of >6 blood cell
units, and anhepatic time >50 minutes) were awarded 5 points. The
scores obtained for each variable were summed to obtain the final
score. The best cutoff point was established at 11 points, with an area
under the curve (AUC) of 0.70, sensitivity 74 %, specificity 66 %, nega-
tive predictive value 90 % and positive predictive value 40 %. Accord-
ing to this prediction index, the risk of developing pAKI with a score
of <10 points was 10 %, between 11-14 points it was 26 % and with
>15 points, the risk rose up to 54 % (Fig. 1).

3.3. Outcomes associated with pAKI in OLT patients

Twenty patients (29 %) with pAKI required kidney replacement
therapy (KRT), and 3 were dependent on hemodialysis at discharge.
The KRT modalities used were intermittent hemodialysis in 11 (55 %)
patients, continuous kidney replacement therapy in 5 (25 %), and pro-
longed intermittent renal replacement therapy in 4 (20 %).

The pAKI group had longer ICU and hospital stays, and higher SCr
levels at discharge. During hospitalization, 11 patients died, of which
8 (73 %) belonged to the group of patients with pAKI and 3 to the
group without pAKI (p = 0.001). The causes of death in patients with

Table 3
Hospital outcomes and 5-year follow-up.

Persistent AKI No AKI p-value
(n=70) (n=235)
SCr at hospital discharge, mg/dL 1.0 (0.8-1.3) 0.7 (0.5-09) <0.01
Length of ICU stay, days 5(3-8) 3(2-4) <0.01
Length of hospitalization, days 16 (9-28) 11(8-16) <0.01
Death in hospital, n (%) 8(11) 3(1) <0.01
Death at 5 years, n (%) 10(14) 19(8) 0.07

PAKI were sepsis in 63 % and coagulopathy in 37 %. At the 5-year fol-
low-up, 29 patients died, with no difference between the two groups
(Table 3).

In the 5-year follow-up, the group of patients with pAKI had a 10
ml/min/1.73m? decrease in eGFR compared to those without this
complication (73 vs 83 ml/min/1.73m?, p = 0.006, Fig. 2). 33 % of the
patients with pAKI had an eGFR <60 ml/min/1.73 m? at 5 years of fol-
low-up.

4. Discussion

In the present study the prevalence of pAKI post-OLT was 23 %, of
which 41 % was stage 1, 20 % stage 2, and 39 % stage 3. The incidence
reported in the literature is highly variable, reaching up to 50 % in
some cases, however different operational definitions have been
used, and some of them include urine output, which was not used in
this study [4,16,17]. For the purpose of this study, we used the defini-
tion of pAKI [12] because short- and long-term outcomes are worse
with greater severity and duration of renal insult [18,19].

As previously mentioned, various perioperative factors are associ-
ated with the risk of developing AKI after OLT. In this study, by using
regression models, we found that male sex, reoperation, transfusion
of >6 red blood cell units, anhepatic time of >50 minutes, and use of
perioperative norepinephrine (>0.25mcg/kg/min), were significantly
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Estimated glomerular filtration rate (eGFR) in the post-OLT follow-up

. . 1 P=0.006
. i 1
100 T
I I
" . I I
1 ! : f 1
. I I/P\-{
Baseline eGFR at eGFR at eGFR at eGFR at eGFR 1 eGFR 2 eGFR 3 eGFR 4 eGFR 5
eGFR oLT hospital 30 day 90 day year year year year year
discharge
— Persistent AKI No AKI
*Data are shown in medians and standard error.
Follow-up at 5 years Persistent AKI n=46 No AKI n=136 p-Value
eGFR <60ml/min, n (%) 15 (33) 26 (19) 0.06

Fig. 2. Estimated glomerular filtration rate (eGFR) in the post-OLT follow-up between those who presented persistent AKI and no AKI.

*Data are shown in medians and standard error.

associated to the development of pAKI. Previous studies have docu-
mented that female sex confers a higher risk of AKI despite the pro-
tective effects of estrogen in cardiovascular diseases [4,20]. In our
study, male sex was a risk factor for developing pAKI; this has been
attributed to androgens, particularly testosterone, which increase
oxidative stress and target organ damage [4,17,21]. As expected, any
event that compromises renal perfusion during surgery can trigger
AKI post-OLT or worsen pre-existing AKI [22,23]. In a meta-analysis
carried out by Zhou et al [6], intraoperative hypotension with a high
vasopressor requirement and bleeding requiring transfusion were
some of the factors associated with this outcome, which were also
found to be significant in this study. Anhepatic or clamping time is a
recognized intraoperative risk factor for the development of AKI post
OLT. Several studies have reported that the longer the clamping time,
the higher the risk of developing AKI [24,25]. This occurs because
during anhepatic time, a series of hemodynamic changes take place,
resulting in a decrease in the mean blood pressure, which in turn
lowers renal perfusion [25]. In accordance with these hemodynamic
changes, in our study, anhepatic time of >50 min was associated with
a higher risk of developing persistent AKI.

Using the risk factors found in this study, which have been docu-
mented as factors for the development of AKI, we created a risk score
with adequate discrimination in this population. Some studies have
carried out risk models for AKI based predominantly on MELD,
MELD-Na and Child-Pugh score with areas under the curve between
0.6-0.8, operative time and transfusion with increased risk of AKI by
60-70 % [26—28]. In this study, patients had high MELD scores and
the majority corresponded to Child-Pugh C, except for those trans-
planted with hepatocellular carcinoma who were Child-Pugh A.

Twenty-nine percent of the patients with pAKI required KRT, and
the modalities of KRT varied depending on the criteria for its initia-
tion (hyperkalemia, hemodynamic instability, or fluid overload). In
the literature, the incidence of KRT in this population is 10-15 %

[17,29]; however, the characteristics of the population that require it
are similar: unstable patients and high vasopressor requirements,
with significant bleeding during the procedure, and higher previous
MELD scores.

The development of pAKI was associated with longer ICU and hos-
pital stays in general; similar results have been reported in other
studies [1,30]. Interestingly, the impact on mortality in the pAKI
group was greater during hospitalization; however, there were no
differences in the 5-year follow-up between the groups at this out-
come.

There was a constant decrease in eGFR during follow-up of these
patients, and the group with a history of pAKI showed a greater
decrease than the group without pAKI. Various studies have docu-
mented a significant drop in eGFR at follow-up even one year after
the transplant, as well as an increased risk of developing CKD in the
long term [1,4,31]. At 5-year follow-up, 33 % of patients with pAKI
had an eGFR <60 ml/min/1.73m2 compared to 19 % of patients with-
out pAKI, a median eGFR difference of 10ml/min/1.73m? was
observed between the groups. Previous studies have shown that the
incidence of CKD after OLT ranges from 17.1 % to 40.9 %. One of the
reasons for this large difference may be related to the length of fol-
low-up, as the incidence increased with time after OLT [32].

This study has some limitations. First, it was a retrospective study,
and the data were obtained from the medical records. The urinary
volume was not used in the definition of AKI, nor was the immuno-
suppression regimens used in these patients. However, the main
strength of the study is that it is one of the first to focus on pAKI in
Latin American patients undergoing OLT. External validation was not
performed, so the risk score needs to be validated with another
cohort and in populations from other healthcare centers. The factors
associated with this outcome could help identify patients who could
benefit from nephroprotective strategies as well as those who require
close nephrological surveillance during their follow-up.
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5. Conclusions

In conclusion, this study showed that pAKI is a common complica-
tion of OLT, with a prevalence of 23 % and its development has a neg-
ative impact on both short- and long-term outcomes. Male sex,
reoperation, red blood cell transfusion >6 units during OLT, anhepatic
time of >50 minutes, and use of perioperative norepinephrine
>0.25mcg/kg/min were the main risk factors associated with this
complication. The proposed risk index performs well in identifying
patients who are unlikely to develop this complication, with a nega-
tive predictive value of 90 %. In the 5-year follow-up, those with a his-
tory of pAKI post-OLT were found to have a greater decrease in eGFR,
which highlights the importance of finding strategies to reduce the
risk of developing perioperative AKI in these patients.
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