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ABSTRACT

Background: acute kidney injury (AKI) is a prevalent complication that occurs following liver
transplantation (LT). Aim: to evaluate the value of urinary neutrophil gelatinase-associated
lipocalin (UNGAL) in detecting AKI following LT.

Material and Methods: the present study adopted a randomized, prospective, double-
blinded design. The trial was carried out on 38 patients who underwent evaluation for AKI
following LT at Menoufia University’s National Liver Institute. The study took place between
January 2023 and June 2024.

Results: NGAL 2 exhibited a marked elevation in the AKI group compared to the non-AKI
group (p< 0.001). No substantial difference was observed among the groups under study
in relation to Neutrophil Gelatinase-Associated Lipocalin1 (NGAL 1).

Conclusion: the results obtained indicate that AKI was manifested in 63.16% of the patients
(24 out of 38) following LT.

Key words: Neutrophil Gelatinase-Associated Lipocalin, Acute kidney injury, liver transplan-
tation, liver transplantation

INTRODUCTION

Acute Kidney Injury is diagnosed based on progressive serum creatinine
levels’ changes over a period of 48 hours. AKI is categorized using either the
Acute Kidney Injury Network (AKIN) criteria (1), end-stage kidney disease (RIFLE)
criteria, failure, risk, injury, or loss of kidney function (2). AKI incidence in
hospital inpatients is linked to higher rates of mortalities, morbidity, and
utilization of hospital resources (3). AKl incidence following LT, as reported in the
literature, exhibits significant variability, ranging from 14% to 97% (4-8).
Furthermore, it is linked to elevated mortalities, graft loss, morbidity, prolonged
hospitalization and ICU stay following LT, and the progression of chronic kidney
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disease (9). It is crucial to identify AKI reliable biomarkers
in this population since the physiological abnormalities
linked to end-stage liver failure and cirrhosis, as well as
the physiological alterations resulting from the trans-
plant procedure, render the measurement of creatinine
in this patient group unreliable (10). AKl early identifica-
tion of following LT can enable early nephrotoxins
avoidance and renal physicians' early intervention.
Therefore, developing reliable and early biomarkers for
AKl is of paramount significance (11). LT is the surgical
procedure of replacing a damaged liver with a healthy
liver obtained from a different individual. Although
donor organ availability is a significant constraint, it is a
viable therapy option for acute liver failure as well as
end-stage liver disease. Orthotopic transplantation is
the standard procedure, which involves the removal of
the native liver and the replacement of it with the
donor organ in the identical anatomical position of the
original liver (12). The surgical operation is challenging
as it requires precise extraction of the donor organ and
careful placement into the recipient. Hepatic transplan-
tation is subject to strict regulations and is only carried
out at approved transplant medical facilities by highly
skilled transplant physicians and their accompanying
medical teams. The duration of the procedure is
contingent upon the outcome, and it ranges from 4 to
18 h (12). LT is often highly successful, and the majority
of individuals are ultimately able to resume their
regular activities thereafter. Typically, individuals may
take a year to achieve complete recovery (13). The 25
kDa protein NGAL is quickly released by injured
nephrons and has been shown to reliably detect AKl in
patients who have had significant heart surgery and
have decreased graft function post-renal transplant
(14).

The aim of this study was to evaluate the value of
UNGAL in detecting AKI following LT.

MATERIAL AND METHODS

Study Setting and Design

The present study adopted a randomized, prospec-
tive, double-blinded design. The study was conducted
from January 2023 to June 2024 at Menoufia
University’s National Liver Institute on 38 patients
assessed for AKI following LT.

Method of Data Collection

Collection of blood samples as well as serial urine
involved 38 patients subjected to LT and then samples
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were analyzed. The recipients were monitored intra-
operatively via arterial and central venous catheters,
and trans-esophageal echocardiography was available
as needed.

The transplantation of the liver graft was performed
utilizing conventional piggy-back and caval replacement
methods. No patients randomized in this experiment
had veno-venous bypass intervention. A 500-1000 cc
solution of warm 4.5% human albumin was used to
rinse the grafts.

AKI is characterized by a rise in serum creatinine
levels of 0.3 mg/dl or more within 48 hours, an
elevation in serum creatinine levels to 1.5 times the
baseline of the previous seven days, or a urine output
of less than 0.5 mL/kg/h for 6 hours. An elevated risk of
AKI was established based on the existence of one or
more AKI risk factors, including sepsis, advanced
age, intake of nephrotoxic drugs, and prior chronic
morbidities.

Study Population

Inclusion criteria were age 218 years, LT from a living
donor, and adult patients undergoing first elective living
donor LT.

Exclusion criteria included the rates of glomerular
filtration (utilizing the Modification of Diet in Renal
Disease formula) < 60 mL/min/1.73 m? AKI during
transplantation, urgent transplantation, re-transplanta-
tion, age < 18, and grafts transported on the organ ox
machine perfusion system.

Study Tool

We classified the patients into two distinct groups:
Group 1 comprised 24 subjects who were diagnosed
with AKI following LT. These patients were evaluated
using urinary NGAL. Group 2: 14 patients did not
develop AKI following LT. They were collected and
assessed by UNGAL.

Each patient underwent the following:

A. Clinical examination and detailed history;

B. Laboratory tests:

Sampling: seven mL of venous blood sample were
withdrawn using sterile venipuncture and then divided
into four tubes; 2 ml was withdrawn in K2 EDTA for
complete blood count analyzed using Sysmex XS- 1800i
hematology analyzer (Sysmex, Kobe, Japan). Three ml
plain tube with clot activator for serum preparation
for liver and kidney function tests (serum bilirubin,
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transaminases levels, creatinine and urea levels) using
Cobas 6000 analyser (c 501 module-Diagnostics,
Germany) and FDPS by latex agglutination kit. Other
tube containing 3.2% sodium citrate to prepare platelet
poor plasma for coagulation profile testing using
Sysmex CS-1600 automated hemostasis analyser
(Sysmex, Kobe- Japan). These tests withdrawn on the
admission day for LT and during the first postoperative
week. Urine samples were collected for UNGAL
measurement during the first postoperative week.
NGAL was assayed using ELISA kits (Biolegeng, UK).

C. Materials supplied (table 1).

D. Reagent preparation:

The solution was diluted with distilled or deionized
water at a 1:20 ratio.

E. Assay procedure.

* Prior to commencing the assay procedure, all
reagents were prepared. It is advisable each
sample and standard be applied to the Microelisa
Stripplate in duplicate.

* A volume of 50 microliters of the standard was
introduced into the standard well, while 10
microliters of the sample were introduced into
the testing sample well before adding 40 micro-
liters of the sample diluent. There were no
additions introduced to the blank well.

¢ Subsequently, 100 microliters of HRP-conjugate
reagent were introduced into each well, sealed
with an adhesive strip, and left to incubate at
37°Cfor 1 h.

¢ Each well underwent aspiration and washing, and
this process was repeated four times, resulting in
a total of five thorough washes. The washing
procedure included filling each well with a
washing solution (400 pl) utilizing manifold
dispenser, a squirt bottle, or auto washer.

* Complete liquid removal at every stage is crucial
for optimum performance. After the final
washing, any residual wash solution was eliminated
by either aspiration or decantation. Subsequently,
the plate is inverted and blotted using clean
paper towels.

¢ Chromogen solutions B and A (50 pl for each
solution) were introduced to each well. The
solution is gently mixed before incubation at 37°C
for 15 min and protected from light.

* Afterward, 50 pl stop solution was added to each
well. The color of the wells shall be transitioned
from blue to yellow. Gently tap the plate to
ensure that the wells are thoroughly mixed if the
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Table 1
Name 96 determinations
Microelisa stripplate 12*8strips
Standard 0.3ml*6tubes
Sample Diluent 6.0ml
HRP-Conjugate reagent 10.0ml
20X Wash solution 25ml
Chromogen Solution A 6.0ml
Chromogen Solution B 6.0ml
Stop Solution 6.0ml
Closure plate membrane 2
User manual 1
Sealed bags 1

color change is not uniform or the color in the
wells is green. The optical density (0.D.) was
determined to be red at 450 nm (within 15 min)
utilizing a microtiter plate reader.

¢ Calculation of the results: Result calculation was
done automatically.

Ethical Considerations

Prior to the commencement of the study, each
participant completed a written consent that was
authorized by Menoufia Faculty of Medicine’s local
Ethical Research Committee. Additionally, the
Institutional Review Board was obtained (N0.11/2022
INT.4).

Sample Size

Minimum sample size calculated is 30 participants
according to community department using the
following formula (24):

Zi_a,V AUC)
2
VAUC) = (0.0099 X e_""z/z) X (6¢2 + 16)
a=Z;cX 1.414

Noase = "Non-case =

Alpha (e): Type 1 error
AUC: Estimated Area Under the ROC curve
d: Estimation error

Our study was conducted on 38 patients.

Data Analysis

The IBM SPSS software program version 20.0 was
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employed to analyze the data that was entered into the
computer (Armonk-NY-IBM-Corp). The qualitative data
were presented using numerical values and percent-
ages. The Shapiro-Wilk test was utilized to verify
distribution normality. The quantitative data were
statistically analyzed using measures such as mean,
interquartile range (IQR), SD, range (minimum and
maximum), and median. The level of significance was
set at 5% level.

RESULTS

It was demonstrated that there were no substantial
differences between the examined groups in terms of
sex and age (p>0.05). There was no marked difference
between the examined groups in terms of HCC, HBYV,
HCV and hepatorenal (p > 0.05). There was no
discernible difference between the groups examined
regarding creatinine. Nevertheless, the creatinine level
in the AKI group exhibited a substantial increase in
comparison to the non-AKI group (table 2).

Compared to the non-AKI group, the urea level
exhibited a substantial increase in the AKI group

(p < 0.001). In comparison to the non-AKI group, the
AKI group exhibited a substantial increase in platelet
count (p < 0.001). Nevertheless, there were no
marked differences between the groups examined
regarding other parameters (WBCS-HB- Bilirubin-PT).
In comparison to the non-AKI group, the AKI group
exhibited a substantial rise in ALT (p < 0.001).
Nonetheless, no substantial difference was observed
between the groups that were examined in terms of
other parameters (AST- INR).

In comparison to the non-AKIl group, the AKI group
exhibited a substantial elevation in NGAL 2 (p < 0.001).
Nevertheless, there was no discernible distinction
between the groups that were examined in relation to
NGAL 1 (tables 3, 4, 5, and 6).

DISCUSSION

AKl is a prevalent complication among patients who
undergo LT. Recent research has demonstrated that
even mild or transient post-LT AKI is linked to a pro-
longed hospitalization or intensive care stay, diminished
organ survival, and elevated mortality (15).

Table 2 - Comparison between the two studied groups according to Creatinine level before and after transplant

Creatinine (mg/dl) Total (n = 38) Non-AKl (n = 14) AKI (n = 24) U p
Before

Min. — Max. 0.40-1.20 0.40-1.10 0.40-1.20 164.500 0.917

Mean = SD. 0.75+£0.22 0.74 £ 0.21 0.75+0.23

Median (IQR) 070(060-080) 0.70 (0.60-0.90) 075(060-095
After

Min. — Max. 0.80-5.00 0.80-1.30 1.50-5.00 0.000* <0.001*

Mean = SD. 1.68 +0.79 1.00+0.14 2.08 +0.73

Median (IQR) 165(1.10-190) 0.95(0.90-1.10) 1%0(1.70-2200
IQR: Inter quartile range; SD: Standard deviation; U: Mann Whitney test; p: p value for comparing between the two studied groups.
*: Statistically significant at p < 0.05

Table 3 - Comparison between the two studied groups according to urinary NGAL1 and NGAL2
Total (n = 38) Non-AKI (n = 14) AKI (n = 24) t p

NGAL 1 1511 0.140

Min. — Max. 62.60 — 85.22 63.06 — 85.22 62.60 - 82.17

Mean = SD. 72.82 +6.18 7477 £ 6.93 71.68 £ 5.54

Median (IQR) 71.86 75.44 71.09

_______ (68.0 - 77.52) (69.66-80.17) (67.19-76.85)

NGAL 2 2.465* 0.019*

Min. — Max. 53.25-84.12 53.25-84.12 60.98 - 81.39

Mean = SD. 70.76 + 6.75 67.44 + 7.63 72.69 £ 547

Median (IQR) 71.33 68.25 73.54

(66.85 — 75.04)

(66.40 — 69.54)

(70.91 - 76.01)

NAGAL 1: Before centrifugation of the sample; NAGAL2: After centrifugation of the sample; IQR: Inter quartile range; SD: Standard deviation; t: Student t-test;

p: p-value for comparing between the two studied groups
*: Statistically significant at p < 0.05
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Table 4 - Diagnostic performance for NGAL 2 to discriminate AKI (n= 24) from non-AKI (n = 14)

AUC p 95% C. | Cut off Sensitivity Specificity PPV NPV
NGAL 2 0.768 0.006* 0.596 — 0.940 >69.54 83.33 78.57 87.0 73.3
*: statistically significant at p < 0.05; p-value: probability value; Cl: Confidence Intervals; AUC: Area Under a Curve; NPV: Negative predictive value;
PPV: Positive predictive value.
Table 5 - Diagnostic performance for NGAL 2 to discriminate AKI (n= 24) from Non-AKI (n = 14)
AUC p 95%C. | Cut off Sensitivity Specificity PPV NPV
NGAL 2 0.768 0.006* 0.596 — 0.940 > 69.54 83.33 78.57 87.0 733
eGFR 1.000 <0.001* 1.0-1.0 <56 100.0 100.0 100.0 1000
Creatinine after 1.000 <0.001* 1.0-1.0 >1.3 100.0 100.0 100.0 100.0
transplantation
Table 6 - Univariate and Univariate #Multivariate
multivariate Logistic regression p OR (LL - UL 95%C.1) p OR (LL - UL 95%C.1)
analysis for the parameters Sex (Female) 0.286 3.421(0.357 - 32.783) - -
affecting AKI (n = 24) from  pqe 0.295 1.046(0.962 - 1.137) - -
Non-AKI (n = 14) HBY 0265 0.333(0.048 — 2.297) : i
Hev 0.810 0.833(0.189 - 3.670) - -
HCGC 0.617 0.633(0.106 — 3.801) - -
_I-!gpatorenal 0.999 - - -
Creatinine Before 0.877 1.271(0.061 — 26.441) - -
E}Eeatinine After 0.991 - - -
Urea 0.006* 1.116(1.032 - 1.207) 0.106 1.438(0.926 — 2.232)
eGFR 0.992 - - -
Hb 0.589 0.860(0.498 — 1.485) - -
WBC 0.072 1.095(0.992 - 1.210) - -
PLT (103) 0.003* 1.036(1.012 - 1.060) 0.094 1.029(0.995 - 1.064)
AST 0.587 1.001(0.996 — 1.007) - -
ALT 0.011* 1.023(1.005 — 1.041) 0.150 1.095(0.968 — 1.240)
INR 0.710 0.820(0.287 — 2.340) - -
NGAL 1 0.141 0.917(0.818 - 1.029) - -
NGAL 2 0.033* 1.144(1.011 - 1.296) 0.146 1.565(0.856 — 2.860)

OR: 0dd’s ratio; C.I: Confidence interval; LL: Lower limit; UL: Upper Limit; #: All variables with p<0.05 were included
in the multivariate; *: Statistically significant at p < 0.05; Hosmer and Lemeshow Test = y*(p)= 0.889(0.996).

The literature on AKI occurrence following LT shows
a wide range of incidence rates, ranging from 14% to
97% (15). Our unit's review of liver transplant outcomes
revealed a post-transplant incidence of AKI of 50%, with
24% of patients necessitating Renal Replacement
Therapy (RRT) (16).

Numerous biomarkers indicating early kidney injury
have been identified. While these new biomarkers
for AKI have previously been evaluated in general
intensive-care populations, they have also been used in
LT recipients (16). The small, secreted polypeptide
known as NGAL is increased in response to tubular

Surgery, Gastroenterology and Oncology, 29 (4), 2024

damage and can be immediately detected in both
plasma and urine. Plasma NGAL is a more accurate
predictor of AKI than serum creatinine within 24 hours
following LT (17).

Further investigations with a limited number of
patients have shown that plasma NGAL may identify
post-LT AKI as early as 1-2h following reperfusion
(17, 18).

Prior research examining the function of UNGALs
following LT has been limited by the difficulty of
obtaining urine samples from individuals with anuria
during the transplantation procedure (18).
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The present investigation included the collection of
recently obtained urine samples from all participants.
Our objective was to evaluate the significance of NGAL
in the prediction of AKI following LT. A randomized,
prospective, double-blinded study was carried out on
38 patients evaluated for AKI following LT.

Following transplantation, patients were divided
into two cohorts. The first group consisted of 24
patients who were diagnosed with AKI following LT,
whereas the second group included 14 individuals who
did not have AKI following LT. The current investigation
revealed no statistically significant differences among
the examined groups in terms of sex, age, HCC, HCV,
HBV, hepatorenal, and creatinine levels prior to trans-
plantation.

Consequently, no secondary variables may influence
the scope of our findings. Utilizing Cr in AKI diagnosis
was shown to be very beneficial, considering its
enhanced accuracy as the severity of postoperative AKI
escalated (18).

The current investigation demonstrated a significant
elevation in creatinine levels and urea in the AKI group
as compared to the non-AKl group. Nevertheless,
eGFR was substantially reduced. The obtained result is
consistent with the findings of Mogawer et al., who
demonstrated a statistically significant rise in average
serum Cr levels on days 1, 3, and 7 following surgery as
compared to three months following surgery (19).

Furthermore, our findings indicate a substantial rise
in platelet levels in the AKI group compared to the non-
AKI group (p< 0.001). Nevertheless, no substantial
differences were detected among the examined groups
regarding other indicators (WBCS-HB- Bilirubin - PT).
This finding is consistent with other studies since
increasing evidence indicates that platelets contribute
to AKI progression (20).

This research demonstrated that urine NGAL levels,
measured on LT completion, may precisely identify
individuals who develop AKI. For cut-off values >69.54,
NGAL2 demonstrated a substantial AUC that could
distinguish between AKI and non-AKI.

The univariate analysis of this research revealed
significant outcomes for blood urea level, platelet
count, ALT, and NGAL2. However, no other parameters
demonstrated relevance in the multivariate analysis.
Furthermore, our findings indicate that NGAL2 in the
AKI as well as non-AKI groups had a notable positive
association with creatinine levels and a negative
association with eGFR. Nevertheless, in the non-AKI
group, NGAL2 had an inverse relationship with
platelets. An ROC curve was constructed for the assess-
ment of the diagnostic accuracy of NGAL2 in detecting
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AKI following LT. After LT, NGAL2, eGFR, and creatinine
demonstrated substantial AUC in diagnosing AKI at
cut-off values of >699.5, <56, and >1.3, respectively.

Previous research has shown the capacity of early
markers for kidney injury, like NGAL, to identify AKI at
early stages (21).

Nieman et al.reported that PNGAL levels exceeding
139ng/ml following portal reperfusion were a reliable
indicator of AKI progression (AUC = 0.79) (21,22).

UNGAL values obtained during portal reperfusion
and 6 hours postoperatively were strong indicators of
AKI within seven days (AUC values = 0.67 and 0.76),
respectively. Previous investigations have revealed that
individuals who experienced AKI had notably elevated
levels of UNGAL (23).

AKl was observed in 487 patients (19.2%) in the
meta-analysis by Haase et al., encompassing 19 trials
and 2538 patients. NGAL was demonstrated to be a
robust predictor of AKI, with an odds ratio (OR) of 18.6
and an AUC of 0.81. Analyzing many populations, the
most effective threshold value identified in those
studies ranged from 100 to 270 ng/ml. The authors
suggested 150ng/ml as a value for AKI diagnosis (23).

Conversely, Marcelino et al. found no substantial
variation in absolute NGAL values (23).

CONCLUSION

The results of this research demonstrate that
UNGAL levels measured on LT completion can accurately
identify patients who develop AKI with a sensitivity and
specificity of 83.33 and 78.57, respectively, as well as
serum creatinine and eGFR with 100% specificity and
sensitivity.

Following LT, AKI was observed in 63.16% of patients
(24 out of 38) in our investigation. This was attributed
to the following:

- Massive blood transfusion and acute blood loss.

- Acute portal vein thrombosis and hepatic artery

thrombosis.

- Nephrotoxic and immunosuppressive drugs.

Recommendations:

- Further investigations with a substantial sample

size should be performed to validate our findings.

- Accurate prediction of AKI following LT is of para-

mount significance for patient outcomes in
specialist transplant centers. In addition to urine
NGAL, serum NGAL is a significant biomarker
utilized for this purpose. The significance of
serum NGAL in evaluating AKI expands beyond
liver transplants to include other organ transplan-
tations as well.

Surgery, Gastroenterology and Oncology, 29 (4), 2024
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- It is advisable to refrain from using nephrotoxic
drugs. Early administration of antibiotics is crucial
in patients with any bacterial infection. Diuretics
must be used cautiously and terminated even in
the case of a slight elevation in serum creatinine
levels. Additionally, we suggest ensuring optimal
hemostatic stability in patients pre-, intra-, and
post-operatively.

Conflict of Interests

No there is no conflict of interest.
Funds: no funds.

Ethical Approval

Prior to the commencement of the study, each
participant completed a written consent that was
authorized by Menoufia Faculty of Medicine’s local
Ethical Research Committee. Additionally, the
Institutional Review Board was obtained [No.11/
2022INT.4].

REFERENCES

1. Kalisvaart M, Schlegel A, Umbro |, de Haan JE, Polak WG,
IJzermans JN, et al. The AKI Prediction Score: a new prediction
model for acute kidney injury after liver transplantation. HPB,
2019;21(12):1707-1717.

2. Abdalrahim MS, Khalil AA, Alramly M, Alshlool KN, Abed MA,
Moser DK. Preexisting chronic kidney disease and acute kidney
injury among critically ill patients. Heart & Lung, 2020;
49(5):626-629.

3. Kurth MJ, McBride WT, McLean G, Watt J, Domanska A, Lamont JV,
et al. Acute kidney injury risk in orthopaedic trauma patients pre and
post surgery using a biomarker algorithm and clinical risk score.
Scientific Reports, 2020;10(1):20005.

4.  Prendeck M, Blacker E, Sadeghi-Alavigh 0, Edwards R,
Montgomery H, Gillis S, et al. Improving outcomes in patients with
acute kidney injury: the impact of hospital based automated AKI
alerts. Postgrad Med J. 2016;92(1083):9-13.

5. Robertson FP, Yeung AC, Male V, Rahman S, Mallett S, Fuller BJ, et
al. Urinary Neutrophil Gelatinase Associated Lipocalins (NGALS)
predict acute kidney injury post liver transplant. Hpb, 2019;21(4):
473-481.

6.  Hilmi I, Damian D, Al-Khafaji A, Planinsic R, Boucek C, Sakai T, et al.
Acute kidney injury following orthotopic liver transplantation:
incidence, risk factors, and effects on patient and graft outcomes. Br
J Anaesth. 2015;114(6):919-26.

7. Rahman S, Davidson BR, Mallett SV. Early acute kidney injury after
liver transplantation: Predisposing factors and clinical implications.
World J Hepatol. 2017;9(18):823-832.

Surgery, Gastroenterology and Oncology, 29 (4), 2024

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Chakraborty S, Kaur S, Guha S, Batra SK. The multifaceted roles of
neutrophil gelatinase associated lipocalin (NGAL) in inflammation
and cancer. Biochim Biophys Acta. 2012;1826(1):129-69.

Joosten A, Lucidi V, Ickx B, Van Obbergh L, Germanova D, Berna A,
et al. Intraoperative hypotension during liver transplant surgery is
associated with postoperative acute kidney injury: a historical cohort
study. BMC Anesthesiol. 2021;21(1):12.

Crabb, D.W,, G.Y. Im, G. Szabo, J.L. Mellinger, and M.R. Lucey,
Diagnosis and treatment of alcohol-associated liver diseases: 2019
practice guidance from the American Association for the Study of
Liver Diseases. Hepatology, 2020;71(1): 306-333.

Bennett M, Dent CL, Ma Q, Dastrala S, Grenier F, Workman R, Syed
H, et al. Urine NGAL predicts severity of acute kidney injury after
cardiac surgery: a prospective study. Clin J Am Soc Nephrol. 2008;
3(3):665-73.

Hall IE, Yarlagadda SG, Coca SG, Wang Z, Doshi M, Devarajan P, et
al. IL-18 and urinary NGAL predict dialysis and graft recovery
after kidney transplantation. J Am Soc Nephrol. 2010;21(1):189-97.
Lladé L, Figueras J. Techniques of orthotopic liver transplantation.
HPB (Oxford). 2004;6(2):69-75.

Trotter JF, Talamantes M, McClure M, Wachs M, Bak T, Trouillot T, et
al. Right hepatic lobe donation for living donor liver transplantation:
impact on donor quality of life. Liver Transpl. 2001;7(6):485-93.
Bornstein J, Goldstein AT, Stockdale CK, Bergeron S, Pukall C,
Zolnoun D, et al. Disease, 2015 ISSVD, ISSWSH, and IPPS
consensus terminology and classification of persistent vulvar pain
and vulvodynia. J Sex Med. 2016;13(4):607-12.

Nadim MK, Genyk YS, Tokin C, Fieber J, Ananthapanyasut W, Ye W,
et al. Impact of the etiology of acute kidney injury on outcomes
following liver transplantation: acute tubular necrosis versus
hepatorenal syndrome. Liver Transpl. 2012;18(5):539-48.

Francoz C, Nadim MK, Baron A, Prié D, Antoine C, Belghiti J, et al.
Glomerular filtration rate equations for liver-kidney transplantation in
patients with cirrhosis: validation of current recommendations.
Hepatology. 2014;59(4):1514-21.

Levitsky J, O’Leary J, Asrani S, Sharma P, Fung J, Wiseman A, et al.
Protecting the Kidney in Liver Transplant Recipients: Practicee-
Based Recommendations From the American Society of
Transplantation Liver and Intestine Community of Practice. Am J
Transplant. 2016;16(9):2532-44.

Wyatt CM, Arons RR. The burden of acute renal failure in nonrenal
solid organ transplantation. Transplantation. 2004;78(9):1351-5.
Jochmans |, Meurisse N, Neyrinck A, Verhaegen M, Monbaliu D,
Pirenne J. Hepatic ischemia/reperfusion injury associates with acute
kidney injury in liver transplantation: prospective cohort study. Liver
Transpl. 2017;23(5):634-644.

Nadim MK, Kellum JA, Davenport A, Wong F, Davis C, Pannu N, et
al. Hepatorenal syndrome: the 8" International Consensus
Conference of the Acute Dialysis Quality Initiative (ADQI) Groupnsus
conference of the Acute Dialysis Quality Initiative (ADQI) Group. Crit
Care. 2012;16(1):R23.

Chen X, Ding X, Shen B, Teng J, Zou J, Wang T, et al. Zhang.
Incidence and outcomes of acute kidney injury in patients with
hepatocellular carcinoma after liver transplantation. J Cancer Res
Clin Oncol. 2017;143(7):1337-1346.

Shaffi K, Uhlig K, Perrone RD, Ruthazer R, Rule A, Lieske JC, et
al. Performance of creatinine-based GFR estimating equations in
solid-organ transplant recipients. Am J Kidney Dis. 2014;63(6):
1007-18.

Robertson FP, Yeung AC, Male V, Rahman S, Mallett S, Fuller BJ, et
al. Urinary Neutrophil Gelatinase Associated Lipocalins (NGALS)
predict acute kidney injury post liver transplant. HPB (Oxford). 2019;
21(4):473-481.

307



