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Abstract

Background: Early allograft dysfunction (EAD) is associated with graft failure and mortality after
liver transplantation (LT). The present prospective study aimed to determine the role of some
biochemical markers to predict EAD development after living donor liver transplantation (LDLT).
Patients and Methods: One hundred twenty patients under went living donor liver transplantation in
Gastrointestinal Surgery Center Mansoura University were subjected to the present study. Patients
were divided into two groups: Eighty-two non-early allograft dysfunction group (NEAD) and thirty-
eight early allograft dysfunction group (EAD). Blood levels of different biochemical markers were
estimated at preoperative day and postoperative from day one to day seven using bio and
immunochemical assays. Results: Some of biochemical marker levels on preoperative day and on
different postoperative days from day one to day seven were significantly different in EAD than
NEAD group (p values ranged from < 0.05 to < 0.0001). According to multiple logistic regression
analysis of most significant independent variables for prediction of EAD, there were four prediction
models were constructed. Model-1 represented the combination among five variables; aspartate
aminotransferase (AST) on postoperative day one, direct bilirubin (DB) on postoperative day seven,
gamma-glutamyl transferase (GGT) on postoperative day four, hemoglobin (HG) and platelets
(PLT) on preoperative day. Model-2 was a combination between DB, GGT, PLT on postoperative
day seven and uric acid (UA) on postoperative day five. Model-3 represented the combination
among five variables; AST on postoperative day one, DB on postoperative day three, GGT on
postoperative day four, HG and PLT on preoperative day. Model-4 was a combination between AST
on postoperative day one, GGT on postoperative day four, HG and PLT on preoperative day. All
four models revealed a prediction potential for EAD in LDLT that showed an extremely significant
(p<0.0001). Moreover, they have high AUCs with high sensitivity and specificity for four models
(for model-1; AUC=0.877, sensitivity=84.2%, specificity=78%, for model-2; AUC=0.842,
sensitivity=84.2, specificity=76.8%, model-3 and model-4 had AUC 0.875, 0.853 respectively; both
sensitivity=84.2 and specificity=75.6%) Conclusion: Estimation of some biochemical and
hematological markers on preoperative and postoperative days from day one to day seven correlated
with EAD development and the four current models had a significant prediction potential for EAD
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Introduction

For patients suffering from end-stage liver
disease, acute liver failure, and a small
proportion of patients with primary and
secondary  hepatic  malignancies, liver
transplantation represents a potentially life-
saving therapeutic option (Quaresima et
al.,2023). Nowadays, LT is thought to be a
long-lasting procedure and the recommended
treatment for a variety of illnesses that seriously
compromise liver function (Mahmud, 2020).
Patient results greatly depend on the restoration
of graft function both during and immediately
following surgery (Rajakumar et al., 2023).

In Egypt, living donor liver transplantation
(LDLT) showed to be the only reasonable
option to save many patients who are in
impetuous requirement for liver graft, LDLT
the first performed in Egypt in 1991 by the
surgical team at the National Liver Institute
(NLI). Since this time, there were (13 centers)
doing LDLT and increase number of cases of
LDLT with great efforts to improvement of the
results, by the end of June 2014, the total
number of cases reached 2,406, this number
comprised 2,246 adult cases (93%) and 160
pediatric cases (7%), the vast majority of
indications of LDLT were HCV hepatitis
(Amer and Marwan, 2016). The slow progress
of HCV-related HCC, even after HCV
treatment, shows that the occurrence of HCC in
Egypt may not have peaked yet. The yearly
incidence of HCC was reported to be
29/1000/year in Egyptian cirrhotic patients who
accomplished sustained virologic response
(SVR) following DAA treatment, however,
such slow improvement indicates that the
incidence of HCV-induced HCC in Egypt is still
high (Shiha et al.,2020). An increased
infiltration pattern rate among HCC patients
after DAA treatment is also recognized, viral
hepatitis is one of the main public health issues
in Egypt that requires great attention and
funding from health policymakers (Elbahrawy
et al.,2021). The annual percentage of
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metabolic-associated  fatty liver  disease
(MAFLD) associated hepatocellular carcinoma
(HCC) increased significantly from 4.3% in
2010 to 20.6% in 2020, whereas HCV-related
HCC decrease from 94.8% to 76.7%, (Fouad
et al.,2022). The emersion of direct acting
antivirals (DAAs) in 2013 evident a turning
point in the administration of HCV, providing
short treatment duration, low side effects, and
high cure rate, to the extent that the short- and
long-term results of liver transplantation for
HCV are nearly identical to those of liver
transplantation for other reasons (Moein et al.,
2025). Between July 2018 and January 2020,
the registry database of the Egyptian Ministry
of Health has reported 380 LDLT operations
were performed in Egypt (Abd Elbaset et al.,
2021). With the movement in health care and
science, more uncommon liver disorders than
previously thought are being discovered
(Abdelhamed and El-Kassas. 2024). Current
statistics on the exact number of LDLT
surgeries required to be done in Egypt is still
unclear.

n patients underwent liver transplant
(LT), Specific identification of early allograft
dysfunction (EAD) is essential to reduce
mortality and morbidity (Liu et al., 2024). Early
and perfect diagnosis is critical for timely
intervention and improved patient outcomes,
but their diagnosis depend currently on invasive
biopsy sampling. However, raising the search
for non-invasive biomarkers for detection these
complications in LT recipients timely with
suitable biomarkers is essential (Pia et al.,
2024).

Recent advances in biochemical
technology and bioinformatic analysis have
improved our understanding of perioperative
graft injury and have led to the discovery of
possible strategies for graft function restoration
(Verhoeven et al.,2017). As a result, protocol
(blood) measurements are applied to LT
recipients based on their clinical status during
follow-up; this might range from daily
monitoring in the intensive care unit right after
surgery. Liver function parameters are also
important for assessing the quality of the graft,
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particularly in the initial post-LT days (Lin et
al., 2023). The present study aimed to
determine the role of some biological markers
for prediction development of early allograft
dysfunction  in living  donor liver
transplantation.

Patients and Methods:

The Research and Ethical Committees of Al-
Azhar Faculty of Medicine, Damietta, Egypt,
approved this prospective study. One hundred
twenty patients were enrolled in the study over
eight months from December 2023 to July
2024. The study population was residents in the
Gastrointestinal Surgery Center Mansoura
University Egypt, undergoing LDLT.

Patients were classified according to
the early allograft dysfunction within the first
week of transplantation into the following
groups: non early allograft dysfunction group
(NEAD, 82 npatients) and early allograft
dysfunction group (EAD, 38 patients). EAD
was defined according to the following criteria:
total serum levels of bilirubin > 10mg/dL or
INR > 1.6 on POD-7; and ALT or AST level >
2000 U/L within the first 7 postoperative days.
Five milliliters of peripheral blood were
collected from each patient on preoperative day
and postoperative days from day one to day 7.
Each sample was divided into two parts, the first
part was collected into a tube containing
anticoagulant for hematological study using
haematology analyser device Cell Tac MEK —
6510 -6500. Japan. The second part was
collected into clean dry tube to prepare serum
for routine laboratory tests using bio and
immunochemical assays from manufactured for
MG science and technology center (STC).
Enzyme-linked Immunosorbent Assay
(ELI1ZA) confirmed patients with HCV and/or
HBV positive antibodies. All
spectrophotometric measurements used Hitachi
902 analyzer. Pathological features of patients
were performed in pathology laboratories of
Gastrointestinal Surgery Center Mansoura
University.

Statistical analysis:

Continuous data are expressed as the
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mean = standard deviation or median and
interquartile range (IQR) and were compared by
the student t test, or the Mann—-Whitney U test
when appropriate. Categorical data were
presented as the number and proportion and
evaluated using the y? test or Fisher's exact test,
as appropriate. Changes in biochemical, and
hematological levels between the preoperative
samples and those taken on postoperative from
day one to day seven were analyzed using the
Wilcoxon signed rank test. The accuracy of the
predictive markers and models for the
development of EAD was analyzed using the
area under the receiver operating characteristics
curve (AUC). The association between
independent variables and EAD development
were investigated using simple logistic
regression analyses as appropriate. Factors with
potential significance were entered into the
multiple logistic regression analyses. All of the
tests were two sided, and a P-value<0.05 was
considered statistically significant. Statistical
analyses were conducted using SPSS version
26.0 for Windows (SPSS Inc., Chicago, IL).

Results:

Demographic and Clinicopathological data of
study participant

Table (1) showed that males represent the
higher percentage than females of cases in two
the groups. The median age for (NEAD) group
and (EAD) group were 52 and 46 vyears
respectively. There were no significant
differences between the two groups in terms of
age, gender, hepatitis C virus (HCV), hepatitis
B virus (HBV), cirrhosis, hepatocellular
carcinoma (HCC), cholecystitis, autoimmune
hepatitis (AIH) and primary biliary cirrhosis
(PBC), (p>0.05). However, there were non-
significant trends towards a higher prevalence
of cholestasis and steatosis in the NEAD
group (p=0.522, 0.067 respectively). In
addition, there were no cases of primary
sclerosing cholangitis (PSC) in the (EAD)
group compared to 4 cases in the (NEAD)
group (p=0.166). However, there was
significant differences of portal vein thrombus
(PVT) in the (EAD) group (p=0.036) (table 1).



Noninvasive Biochemical and Hematological Markers...

Scientific Journal for Damietta Faculty of Science 15(1) 2025, 41-54

Table 1. Demographic, clinical and pathological characteristics of patients with and without early allograft

dysfunction in living donor liver transplantation.

Variable NEAD grou EAD grou
N:829 P N:398 P P value

Age Median (IQR) 52(41 —57.25) 46(36.75 — 56) 0.246
Gender (male) n (%) 62(75.6%) 33(86.8%) 0.159
HCV n (%) 43(52.4%) 13(34.2%) 0.063
HBV n (%) 3(3.7%) 4(10.5%) 0.135
Cirrhosis n (%) 76(92.7%) 38(100.0%) 0.087
HCC n (%) 19(23.2%) 7(18.4%) 0.557
Cholecystitis n (%) 76(92.7%) 35(92.1%) 0.911
Cholestasis n (%) 17(20.7%) 6(15.8%) 0.522
Steatosis n (%) 11(13.4%) 1(2.6%) 0.067
AlH n (%) 12(14.6%) 7(18.4%) 0.597
PSC n (%) 4(4.9%) 0(0.00%) 0.166
BCS n (%) 2(2.4%) 1(2.6%) 0.095
PVT n (%) 0(0.00%) 2(5.3%) 0.036*

EAD: Early allograft dysfunction, NEAD: Non-EAD, HCV: Hepatitis C virus, HBV: Hepatitis B virus, HCC:

Hepatocellular

Assessment of investigated biomarkers

Data on tables 2 revealed that serum levels of
different  biochemical  parameters  on
preoperative day (0) and postoperative days
from day one to day seven (1-7) after LDLT,
patients with EAD had significant difference
(p< 0.05) in serum levels of AST on post days
(1,2), total and direct bilirubin on post days

carcinoma, AIH: Autoimmune Hepatitis, PSC: Primary sclerosing cholangitis, BCS: Budd-Chiari syndrome,
PVT: Portal vein thrombus. IQR: Interquartile range, * significant.

(2,3,4,5,6,7), GGT on post days (4,5,6,7), ALB
on post days (5,6,7), LDH on post days (1, 2,4),
UA on post days (3,4,5,6,7). However, patients
with EAD didn’t show significant difference in
serum levels of ALT and CRP (p>0.05).
Regarding to INR there are significant
difference between two groups on preoperative
day (p=0.047) and highly significant difference
on postoperative days from day one to day
seven (p=0.000).

Table 2. Serum levels of different biochemical parameters on preoperative day (0) and postoperative days from
day one to day seven (1-7) in patients with and without early allograft dysfunction in living donor liver

transplantation.

NEAD group EAD group NEAD group EAD group

Variables Median (IQR) Median (IQR) Pvalue Variables Median (IQR) Median (IQR) P value
N=82 N=38 N=82 N=38

TBO 2(1.3-33) 2.5(1.5-4.5) 0.224 ASTO 41(26 — 80) 32(225 — 47) 0.065
TB1 3.2(2.2-3.5) 4.15(2 -5.7) 0.162 AST1 182(111-318) 290(108 —913) 0.043*
TB2 2.3(1.6 — 3.6) 3.7(215-6.1) 0.012* AST?2 110(68 —183)  146(68 —642)  0.023*
TB3 2.6(1.7-4.6) 4.6(23-8.4) 0.007**  AST3 65(44 — 101) 77(45-277) 0.099
TB4 3(1.6-5) 45(33-8.7) 0.002**  AST4 45(29 — 66) 44(31-128) 0.175
TB5 3(2.1-5.1) 5.2(3.3-9.2) 0.001**  AST5 38(25 — 58) 37(26 —79) 0.472
TB6 2.6(1.9-4.6) 5.6(2.1 - 8.8) 0.001**  AST6 34(21-49) 34(23 —59) 0.633
TB7 2.6(1.7-24) 6(2.2 — 8.6) 0.000***  AST7 32(22 - 43) 29(21 - 49) 0.797
GGTO 28(14 -51) 22(13-48) 0.863 DBO 1.3(0.6 -1.8) 1.1(0.7 - 2.6) 0.259
GGT1 27(16 —45) 23(15-32) 0.460 DB1 1.6(0.9 - 2.6) 2.3(11-43) 0.082
GGT2 23(16 —41) 24(18 — 30) 0.824 DB2 1.4(0.8 — 2.6) 2.3(1.1-43) 0.012*
GGT3 37(20 — 65) 28(19 — 45) 0.132 DB3 1.6(1-3.3) 3.5(1.2-7) 0.004**
GGT4 60(36 — 103) 41(22 — 62) 0.002**  DB4 2.1(1.2-4) 3.4(2-17) 0.004**
GGT5 91(45 —148) 45(23 — 76) 0.000*** DB5 21(12-4) 4.2(24-17.5) 0.001**
GGT6 104(52— 195) 48(29 — 103) 0.001**  DB6 2(1.3-3.7) 44(1.6-7.3) 0.001**
GGT7 112(65—-208) 52(32-123) 0.000*** DB7 1.8(1.1-3.3) 45(1.4-6.5) 0.000***
LDHO 239(144 — 332) 217(144-340) 0.917 ALBO 2.9(25-34) 2.8(24-3.3) 0.711
LDH1 270(196 —419) 439(222-782) 0.007**  ALB1 3(2.6-3.3) 2.9(26-3.2) 0.417
LDH2 219(165-330) 314(183-654) 0.019* ALB2 29(26-3.1) 2.8(25-3.1) 0.465
LDH3 219(176 —281) 258(173 —454) 0.087 ALB3 3(2.7-3.3) 2.9(2.7-3.2) 0.326
LDH4 220(171-309) 274(183-420) 0.048* ALB4 3.1(2.7-3.3) 3(2.7-3.2) 0.203
LDH5 233(184 - 307) 260(185-—425) 0.131 ALB5 3.2(29-3.4) 3(2.8-3.2) 0.028*
LDH6 233(189 —285) 256(188 —402) 0.158 ALB6 3.2(3-3.5) 3(2.7-3.2) 0.006**
LDH7 233(188 —285) 260(193—417) 0.112 ALB7 3.1(3-3.6) 2.9(2.7-3.3) 0.002**
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UAO 42(32-59) 44(32-57)  0.735 INRO 15(13-19) 1.7(14-2) 0.047*

UAL 38(25-56) 4.7(3.1-6) 0.113 INRL 1.8(16-23) 2.6(21-34)  0.000%*
UA2 37(2.7-54) 4534-6.2)  0.054 INR2 16(14-18) 21(18_25)  0.000%*
UA3 37(2.7-55) 48(33-63) 0038*  INR3 14(12-16) 1.8(16-21)  0.000%*
UA4 36(25-52) 46(3.2-64) 0027 INR4 13(12-16) 1.7(15-2) 0.000%**
UA5 35(5-53) 54(38-6.7)  0.001** INR5 13(12-15) 18(15-2) 0.000%**
UA6 39(2.7-55) 53(3.9-7) 0.002** _INR6 13(1.2-14) 17(16-21)  0.000%*
UAT7 4(2.8-5.6) 5.3(4-6.7) 0.003** _INR7 12(01-14) 1.7(16-2) 0.000%**

EAD: Early allograft dysfunction, NEAD: non-EAD, T-Bili.: Total bilirubin, D-Bili: Direct bilirubin, Alb.: Albumin, ALT:
Alanine aminotransferase, AST: Aspartate aminotransferase, ALP: Alkaline phosphatase, GGT: Gamma-glutamyl
transferase, UA: Uric acid, INR: International Normalized Ratio, CRP: C-reactive protein, IQR: Interquartile range,

*significant** highly significant, ***extremely significant

Assessment of investigated Hematological
markers

Patients with EAD had a significant difference
in WBC, RBC on post day seven (p=0.019 and
0.027 respectively) and hemoglobin on day (0)

p=0.025 and on post days (1,7) (p=0.013 and
0.002 respectively). As for neutrophil and
lymphocyte had significant difference on post
days (4 - 7 & 2,3,6,7 respectively) (p<0.05).
However, PLT count in EAD group had
significant difference on preoperative day and
highly significance on postoperative days from
(1 —7) compared to NEAD group. table 3.

Table (3). Hematological parameters on preoperative day (0) and postoperative days from day one to day seven
(1-7) in patients with and without early allograft dysfunction in living donor liver transplantation.

NEAD group EAD group NEAD group EAD group
Variables Median (IQR)  Median (IQR) Pvalue Variables Median (IQR) Median (IQR) P value
N=82 N=38 N=82 N=38

WBCO 3.8(2.7-5.7) 2.9(2-5.1) 0.051 RBCO 3.6(3-4) 3.4(2.8-3.9) 0.224
WBC1 11.8(9.1-15) 9.7(7.1-15.1) 0.087 RBC1 2.9(2.7-3.3) 2.7(25-3.2) 0.204
WBC2 7(49-10.7) 5.9(4.1-9.2) 0.162 RBC2 27(24-3.1) 27(35-3.1) 0.955
WBC3 5.1(4-8.1) 5.1(3.1-8.9) 0.567 RBC3 27(25-3.1) 28(24-31) 0.843
WBC4 5.6(4-8.1) 4.6(3.2-10.6) 0.425 RBC4 27(24-3.2) 2.8(25-3.3) 0.769
WBC5 6(4.1-8) 4.5(3.1-8.8) 0.259 RBC5 2.8(24-3.2) 2.7(25-3) 0.705
WBC6 6.6(41-87) 51(3.6-7.9) 0.170 RBC6 2.9(25-33) 2.7(24-3.1) 0.705
WBC7 71(49-9.1) 5.6(35-8) 0.019* RBC7 3(26-3.3) 2.6(2.5-3) 0.027*
PLTO 63(48 — 103) 56.7(32-75.95) 0.011* NEUO 55(45 - 65.22) 58.9(47-69.7) 0.420
PLT1 61.7(39-85)  47.95(30-63.2) 0.005** NEU1 86.9(81.7-90) 87(85.3-89.7) 0.333
PLT2 37.5(27-57)  30(20 —51.37) 0.038* NEU2 83(78.7-87.7) 85(79-89) 0.233
PLT3 39.7(27-61)  30.5(20 - 38.4) 0.003**  NEU3 79(74.6 —86.6) 84(78.2-88.2) 0.058
PLT4 43(30.6—72)  34.4(19-52.8) 0.009**  NEU4 78.60(70—86) 81(76 —86.9) 0.048*
PLT5 52.5(37-85)  32(22.7 —58.2) 0.002**  NEU5 77.7(69.7-84) 79.6(71-86.7) 0.045*
PLT6 61.8(37-87)  36(21.9-64.3) 0.001**  NEUG6 73(65.2-84.2) 79.4(70-87.5) 0.046*
PLT? 75(50 — 102) 44(26 — 68.37) 0.000***  NEU7 72.9(62.7-84) 82.7(69—34.5) 0.008**
LYMO 26.7(16 -37)  22.3(16.4-345) 0.311 HGO 108.1-11.3) 8.3(7.4-10) 0.025*
LYM1 6.4(46-88) 5.75(3.8-17.8) 0.175 HG1 7.7(6.9-8.6) 7(6.2-7.9) 0.013*
LYM2 7.9(5.4-10) 5.85(4.2 -9.5) 0.036* HG2 7(6.3-7.8) 6.9(6.3-7.4) 0.330
LYM3 9.7(6.6-8.8)  6.4(5.1-10.3) 0.004**  HG3 7.3(6.8-8.1) 7.1(6.3-7.8) 0.147
LYM4 10.9(7-154) 8.6(5.2-13.57) 0.044* HG4 7.4(6.8-8.3) 7.1(6.5-7.9) 0.177
LYM5 11.2(79-15) 8.4(54-14.95) 0.033* HG5 7.5(6.9-8.3) 7.3(6.7-7.8) 0.083
LYM6 13.3(7.9-17) 9.35(7-15) 0.028* HG6 7.6(6.9-8.2) 7.3(6.4-8.1) 0.104
LYM7 13.9(9-134) 9.3(6.4-12.6) 0.003**  HG7 7.8(7.3-8.7) 7.1(6.4-79) 0.002**

EAD: Early allograft dysfunction, NEAD: non-EAD, HG: Hemoglobin, RBCs: Red blood cells, WBCs: White blood cells, PLT: platelets,
LYM: Lymphocyte, NEU: Neutrophil, IQR: Interquartile range, *significant** highly significant, ***extremely significant

Diagnostic performance of biochemical and
hematological markers in EAD prediction

Serum levels of GGT on postoperative days (4,
5, 6, 7) exhibited area under curves (AUC)
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ranged from 0.680 to 0.711with (sensitivity
from 63% - 71%, specificity from 64% - 70%,
p=0.002 — 0.000). Serum levels of ALB on
postoperative days (5,6,7) exhibited area under
curves (AUC) ranged from 0.657 to 0.677
711with (sensitivity from 68% - 73%,
specificity from 50% - 53%, p=0.029 — 0.002).
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Serum levels of LDH on postoperative days
(1,2,4) exhibited area under curves (AUC)
ranged from 0.613 to 0.656 with (sensitivity
from 62% - 67%, specificity from 53% - 55%,
p=0.048 — 0.007). Serum activity of AST on
postoperative days (1,2) exhibited area under
curves (AUC) ranged from 0.615 to 0.629with
(sensitivity from 60% - 63%, specificity from
53% - 65%, p=0.043 — 0.023). Serum levels of
TB on postoperative days (2,3,4,5,6,7)
exhibited area under curves (AUC) ranged from
0.642 to 0.707with (sensitivity from 68% -
76%, specificity from 52% - 69%, p=0.012 —
0.000). Serum levels of DB on postoperative
days (2,3,4,5,6) exhibited area under curves
(AUC) ranged from 0.644 to 0.699 with
(sensitivity from 68% - 73%, specificity from
52% - 70%, p=0.004 — 0.000). Serum levels of
UA on postoperative days (3,4,5,6,7) exhibited
area under curves (AUC) ranged from 0.618 to
0.682 with (sensitivity from 65% - 81%,
specificity from 52% - 59%, p=0.038 — 0.001).
On the other hand, count of WBC on
postoperative day (7) exhibited area under

curve (AUC) 0.633 with (sensitivity 71%,
specificity57%, p=0.019) and the count of RBC
on postoperative day (7) exhibited area under
curve (AUC) 0.625 with (sensitivity 71%,
specificity53%, p=0.027). while percentage of
HG on preoperative day and postoperative days
(1,7) exhibited area under curves (AUC) ranged
from 0.627 to 0.676 with (sensitivity from 63%
- 73%, specificity from 52% - 58%, p=0.025 —
0.002). However, count of PLT on preoperative
day and postoperative days (1- 7) exhibited area
under curves (AUC) ranged from 0.618 to 0.682
with (sensitivity from 65% - 81%, specificity
from 52% - 59%, p=0.038 — 0.001). The count
of NEU on postoperative days (4,6,7) exhibited
area under curves (AUC) ranged from 0.612 to
0.652 with (sensitivity from 65% - 71%,
specificity from 52% - 59%, p=0.048 — 0.008)
and count of LYM on postoperative days
(2,3,6,7) exhibited area under curves (AUC)
ranged from 0.619 to 0.667 with (sensitivity
from 71% - 78%, specificity from 52% - 58%,
p=0.036 — 0.003).

Table 4. Area under curve (AUC), sensitivity, and specificity of statistically significant variables for prediction of
EAD in patients underwent living donor liver transplantation.

AUC Cut Sen Spe

AUC Sen  Spe

Variable (95% CI) off % % Pvalue  Variable ((95% ClI) Cut off % % P value
ASTL ?6%39-0.732) 18550 63 53  0043*  UA3 ?66.351180 o) 38 65 65 0038
AST2 ?;52194_0.7 w 127 60 e 00 UAd ?f;fQ o7y 36 68 68 0027
TB2 theso_ o7 23 73 52 ooz UAS R oo 35 8L 8L 0001
TBS (o o7gs 27 8 54 0007 UAS (R 39 76 76 0002+
B (0 o7y 34 T3 S8 0002 UAT  GRP oo 43 TL 71 0003
TBS G gzen 34 76 59 0001 WBCT (B oo 67 7L 57 0019¢
TBe ?6?5?762 —ogop) % b %8 00 RBCY ?(5?5257 _o73g) 29 71 58 oo
0.707 0645

TBT  (ess_osle) 33 68 69 0000%% PLTO  (0538-0752) 6125 63 53 00l
DB2  (is g7se L4 68 53 001 PLTL (S . 5580 68 6L 0005
DB3 ?6?56533 o7y L7 68 53 0004 PLT2 ?d?slc?a o7ap) 625 60 55 0038
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(0.610—0.812)

(0.571-0.781)

0.657

0.619

ALBS 000 o730 31 688 53 0029%  LYM2 (R oo 765 7L 54 003+
ALBS (Ul g7eq 31 73 5B 0006 Lyms (S8 o0 965 73 52 0004
ABT G gy 3L 88 S0 0002 LYM6 (5% .. 1270 73 54 00284
LDH1 ?(')‘_355‘?5 o7y 284 67 54 0007 LYM7 ?6‘_35?67 4 o0y 1205 78 58 0003
LDH2 ?défge o7y 2B 67 53 00l*  NEUA (()(%629_0.721) 8040 65 59  0.048*
LDH4 (O g7y 288 62 S5 0048 NEUG (08 ., 7350 71 52 0046%
NEus 06812 8040 65 50 0048  NEu7 0892 7315 68 52  0.046*

(0.509-0.716)

(0.548-0.56)

EAD: Early allograft dysfunction, Cl: Confidence interval, Sen %: Sensitivity, Spe%: Specificity, *significant** highly

significant, ***extremely significant
Multiple logistic regression analysis

Most of significant independent
variables in prediction of EAD according to
multiple logistic regression analysis, there were
four models; model-1 represented the
combination among five variables; AST1 on
postoperative day one, DB7on postoperative
day seven, GGT4 on postoperative day four,
HGO and PLTO on preoperative day. Model-2
was a combination betweenDB7, GGT7, PLT7
on postoperative day seven and UA5 on
postoperative day five. Model-3 represented the
combination among five variables; ASTO on
postoperative day one, DB3 on postoperative
day three, GGT4 on postoperative day four,
HGO and PLTO on preoperative day. While,
model-4 was a combination between AST1 on
postoperative day one, GGT4 on postoperative
day four, HGO and PLTO on preoperative day
(table 5).

The accuracy of predictive potential of these

four models for EAD development were
analyzed using ROC analysis that revealed an
extremely significant (p<0.0001) high AUCs
with high sensitivity and specificity for four
models (for model-1; AUC=0.877,
sensitivity=84.2%, specificity=78%, for model-
2; AUC=0.842, sensitivity=84.2,
specificity=76.8%, model-3 and model-4 had
AUC 0.875, 0.853 respectively; both
sensitivity=84.2 and specificity=75.6%) as
shown in (table 6 and figure 1).

The accuracy of predictive potential of these
four models for EAD development were
analyzed using ROC analysis that revealed an
extremely significant (p<0.0001) high AUCs
with high sensitivity and specificity for four
models (for model-1; AUC=0.877,
sensitivity=84.2%, specificity=78%, for model-
2; AUC=0.842, sensitivity=84.2,
specificity=76.8%, model-3 and model-4 had
AUC 0.875, 0.853 respectively; both
sensitivity=84.2 and specificity=75.6%) as
shown in table 5.

Table 5. Area under curve (AUC), sensitivity, and specificity of different forms of prediction equation for
prediction of EAD in patients underwent living donor liver transplantation.

M,\‘l’ge' AUC Cutoff Sen% Spe% 95% ClI P value
1 0.877 0.3073 84.2 78 0.815-10.940 0.000***
2 0.842 0.3061 84.2 76.8 0.761 —0.923 0.000***
3 0.875 58 84.2 75.6 0.809 —0.941 0.000***
4 0.853 80.50 84.2 75.6 0.78 — 0.926 0.000***
EAD: Early allograft dysfunction, AUC: Area under curve, Sen %: Sensitivity, Spe%: Specificity, Cl: Confidence interval,
***extremely significant
. - . 0.002(AST1) +  0.273(DB3) -
Table _6. D|ffe_rent forms of predlctlop equations 3 0.028(GGT4) — 0.288(HGO) — 0.024(PLTO)
according to different models of multiple logistic +3.277
regression for prediction of EAD. A 0.003(AST1) -  0.029(GGT4) -
Model Prediction Equation 0.344(HGO) — 0.023(PLTO) + 4.576
No.
0.002(AST1)  +  0.268(DB7) -
1 0.025(GGT4) —0.277(HGO) — 0.025(PLTO) Discussion:
+3.272
2 0.353(DB7) — 0.009(GGT4) + 0.276(UAS) Liver transplantation (LT) attitudes as a life-

—0.015(PLT7) — 1.107
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suffered from end-stage liver disease, acute
liver failure, and a part of patients afflicted with
primary and secondary hepatic malignancies
(Quaresima et al., 2023). Many previous
studies have demonstrated that early allograft
dysfunction (EAD) is a prospector step in the
pathway to eventual graft loss (Vos et al.,

2014).
In the present study, the accuracy of predictive
power of different biochemical and

hematological markers to diagnose EAD on
preoperative day (0) and postoperative days
from day one to day seven (1-7) after LDLT
were analyzed using receiver operating
characteristics curve (ROC). Aspartate-
aminotransferase (AST) were significantly
associated with EAD development in LDLT on
post two days after surgery, (AUC= 0.615,
0.629 sensitivity=63%, 60% and
specificity=53%, 65% respectively). These
results agree with previous studies found that
AST on postoperative day one presented
significant correlation with early graft failure
(Diaz-Nieto et al., 2019). High level of AST in
serum is ordinarily reached through the first 24—
48 h after operation, at times being 100- fold
increased or higher (Verhoeven et al., 2017).
Patients with EAD had highly significant
differences in serum levels of total and direct
bilirubin starting from the second day to the
seventh day after surgery, exhibited (AUCs)
reached to 0.707 with sensitivity reached to
76%, specificity reached t070%. These results
demonstrated that serum levels of total and
direct bilirubin revealed a good prediction
marker for EAD development in LDLT.
Previous studies revealed that in LDLT, serum
bilirubin was the pre-eminent predictor in
prediction EAD evolution (Fodor et al., 2020).
Other study revealed that serum total bilirubin
through the neo-hepatic phase may reflect the
severity of ischemia and could prognosticate the
primary graft outcome instantly after LT (Ko et
al., 2020). Due to ischemia-reperfusion injury,
EAD or PNF, hepatocyte injury is associated
with elevation in direct bilirubin and liver
transaminases, these alternations can occur
early after liver transplantation ((Verhoeven et
al., 2017)). Direct bilirubin (DB) level may
have more profitable role than total bilirubin
(TB) level in prediction of patients with
cirrhotic liver, because indirect bilirubinemia
results from other reasons rather than impaired
hepatic function itself (Lee et al., 2021).
Albumin is the most superabundant plasma
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human protein, and it controls various body
functions (Abe et al., 2023). Hypoalbuminemia
considered as a marker of disease severity and
may be a part of the pathophysiology of it.
Finding in present study, revealed that levels of
serum albumin considered as a good predictor
for EAD development on post days five, six and
seven after LDLT. A prospective cohort study
showed that a postoperative decrease in serum
albumin (especially by>1.0 g/dL on
postoperative day 1) is a predictor of early
complications  following major abdominal
surgery (Labgaaet al., 2017). Other study also
showed that a reduction in postoperative
albumin levels is a marker of operation stress
and a predictor of clinical outcome (Hubner et
al., 2016). Previous study showed that if
albumin was given in adequate amount and for
a sufficient duration, could significantly
decrease the incidence of life-threatening
complications of cirrhosis and patient mortality.
For these reasons, albumin management
favorite to patients with decompensated
cirrhosis wait-listed for liver transplantation
(Mauro et al., 2019). Many tissue types contain
large amounts of the enzyme lactate
dehydrogenase (LDH), which is released into
the bloodstream when these cells necrotize.
Thus, an increase in serum LDH serves as a
non-specific marker for the body's cell
deterioration (Green et al., 2017). On present
study, determined of serum LDH showed
relatively low predictive values reached to AUC
(0.656), sensitivity (67%) and specificity 54%,
on post days one, two and four, suggesting
poor predictive performance for EAD. Agree
with previous study found that, in a sequence of
forty-eight transplanted patients, LDH was not
a reliable predictive marker for allograft
dysfunction. (Koyama et al., 2020). Other
study showed that serum LDH is a beneficial
prognostic marker, which can allow to
differentiate graft ischemic damage and early
acute rejection (Green et al., 2017). Regarding
GGT the data obtained show that a significant
difference in serum levels GGT between EAD
and NEAD groups on post days (4,5,6,7) after
surgery. The accuracy of predictive power of
GGT to diagnose EAD on post days four and
seven show good area under curve (AUC) 0.680
and 0.711 (sensitivity 64% and 71%, specificity
64% and 65% respectively) GGT had a good
sensitivity and specificity for predicting EAD.
These results suggested that GGT with
combination with other markers may be a
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perfect predictor for EAD. Prior research has
demonstrated that elevated GGT is thought to
be a sign of a poor prognosis following liver
resection and transplantation (Shi et al.,2017,
Ma et al., 2014, Fu et al.,2016). However, an
analysis of a study that looked at the
relationship between GGT and disease-specific
and all-cause mortality indicated that there was
a positive correlation between GGT and death
for every cause of mortality that was looked at.
Additionally, the analysis showed that GGT
was positively connected with total cancer
mortality. GGT may be a useful marker for
mortality linked to the liver, it has a high
correlation ~ with  both  alcoholic  and
nonalcoholic fatty liver disease and is
incredibly sensitive in detecting liver damage
(Cho et al., 2023). The accuracy of predictive
power of uric acid to diagnose EAD had good
prediction on postoperative days three to seven
specially on post day five exhibited area under
curve (AUC) 0.682 with sensitivity and
specificity 81%. This result demonstrated that
uric acid associated with developed EAD
specially on post day five after LDLT. Within
one week following transplantation, early
allograft dysfunction (EAD) was linked to
postoperative acute kidney damage (AKI) and a
greater death rate (Wadei et al., 2016, Agopian
et al., 2018). A lower preoperative blood uric
acid was linked to a higher incidence and risk
for EAD, according to a prospective study
looking at uric acid as a predictor for early
allograft dysfunction following living donor
liver transplantation (Hu et al., 2021).Prior
research revealed that uric acid (UA), which is
thought to be the sixth cardiometabolic criteria
for liver disease linked to steatosis and
metabolic dysfunction (MASLD), Because of
its close pathogenic relationship to fatty liver
disease, UA has attracted a great deal of
scientific attention in recent years (Rinella et
al., 2023, Russo et al., 2020).

Poor "functional” recovery of the new liver after
liver transplantation and pre-existing anomalies
of multiple disorders often lead to in blood loss
(Feltracco et al., 2013). Regarding to our
finding for red blood cells (RBCs) and
hemoglobin (HG). The accuracy of predictive
power of RBCs and HG to diagnose EAD had
good prediction on post day seven. However,
HG also have predictive values on preoperative
day and post day one These results reveled that
low count of RBCs and low levels of HG may
be a risk factor for early allograft dysfunction in
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LDLT. According to studies on hemoglobin and
red blood cells for EAD in LT Patients
they have a significant risk of intraoperative
blood loss and red blood cell (RBC) transfusion,
especially in pediatric patients (Ma et al.,
2024). Clinical studies show that receiving
blood transfusions when hemoglobin levels are
low is beneficial (Hébert et al., 1999; Lacroix
et al., 2007). Red blood cell (RBC) transfusion
and blood loss are distinct risk variables that
have been shown in LT studies to influence
patient outcomes in both adult and pediatric
patients (Rana et al., 2013; Nacoti et al.,
2012). According to pertinent publications,
there is an 8% rise in the incidence of
postoperative EAD in receivers for every unit
increase in red blood cells utilized during
surgery (Hudcova et al., 2021). The accuracy
of predictive power of PLT to diagnose EAD
have predictive values on preoperative and
postoperative days from (pos-1 to pos-7). These
results demonstrated that low level of PLT had
good prediction and associated with
development of EAD in LDLT. A prior study
found a correlation between platelet counts and
both the early and late results of liver
transplantation, patient complications were
predicted by platelet counts on day five
(Lesurtel et al.,, 2014). Thrombocytopenic
patients had three times the incidence of early
allograft dysfunction and twice the frequency of
serious complications (Li et al., 2015). Prior
research has demonstrated that platelets are
involved in physiological hemostasis as well as
liver damage, ischemia-reperfusion injury,
tissue repair, and liver regeneration. A
reduction in platelet count can result in
spontaneous bleeding, infection, and other
complications that can have a major negative
influence on the prognosis of the patient.
Patients examined in a study by Qiang et al.
(2024) showed that following LT, about half of
the patients experienced persistent
thrombocytopenia, on POD?7 there was the most
prominent reduction in platelet counts (Qiang
et al., 2024). Count of WBCs and alternation of
differential WBC counts is crucial to
understand the body’s defense against
pathogens and injury. WBCs are considered a
reliable biomarker of inflammation, elevation in
WBCs counts in present study are associated
with poor out comes for EAD specially on pos-
7 day. The correlation between WBCs and
impairment following liver transplantation may
have a beginning in the increased levels of
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inflammation that high WBCs reflect, which
could adversely affect other organs including
the liver (Weiss et al., 2021; Casulleras et al.,
2020). Conversely, a prospective study
discovered a correlation between preoperative
WBC counts and weakness following liver
transplantation (Liu et al., 2024). Total white
blood cell (WBC) levels were found to be a
significant predictor of waitlist mortality in
other earlier studies (Jalan et al., 2014). Our
finding regarding neutrophils and lymphocytes
counts showed predictive values in progression
of EAD through seven post days after operation.
These findings are consistent with a study by
Liu et al. (2022) that demonstrated the role of
neutrophil  infiltration in  the  liver's
inflammatory environment and immune cell
activation. A growing body of research suggests
that neutrophils play a role in the development
of several liver transplant complications (Liu et
al., 2022). A prior study found a correlation
between mortality and changes in the absolute
lymphocyte count (ALC) prior to transplant. In
the period preceding liver disease (LT), rapid
reductions in lymphocyte numbers may indicate
immunological compromise, malnutrition, or
the advancement of liver disease (Kitajima et
al., 2023).

Given the results on present study, the
predictive power of each marker separately was
relatively low; to improvement, predictive
performance for EAD the combination between
some markers must be reliable. Thus, according
to multiple logistic regression analysis of most
significant independent variables for prediction
of EAD and improvement the predictive power
of some biochemical markers, there were
resulted in more than model the best of them
were four models; model-1 represented the
combination among five variables; (AST1,
DB7,GGT4, HGO and PLTO) Model-2 was a
combination between (DB7,GGT7, PLT7 and
UADSG).Model-3 represented the combination
among five variables (AST1, DB3 , GGT4,
HGO and PLTO0). While, model-4 was a
combination between (AST, GGT4, HGO and
PLTOQ). The accuracy of predictive potential of
these four models for EAD development were
analyzed using ROC analysis that revealed an
extremely significant (p<0.0001) high AUCs
with high sensitivity and specificity for four
models (for model-1; AUC=0.877,
sensitivity=84.2%, specificity=78%, for model-
2; AUC=0.842, sensitivity=84.2,
specificity=76.8%, model-3 and model-4 had
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AUC 0.875, 0.853 respectively; both
sensitivity=84.2 and specificity=75.6%). These
four models have strong predictive values for
prediction development of EAD from day one
to day seven after LDLT.

Combining the four models scores with other
previously validated liver function markers
such as fibrosis-4 index (Montasser et
al.,2019) and glypican 3 (Tahon et al., 2019)

may improve predictive performance for
EAD.
Conclusion:

Determination of some biochemical markers
were correlated with EAD development on
preoperative day and postoperative days from
day one to day seven and the most significant
correlations were (aspartate transaminase,
direct bilirubin, gamma-glutamyl transferase,
uric acid hemoglobin and platelets) and
combination among those represented four
current models had a significant prediction
potential for EAD in LDLT.

Limitations and future research
recommendations

This study has some limitations, first,
the relatively small sample size reduces the
communal-application of our results. Second,
because of the nature of the patients’ end-stage
liver diseases, we could not exclude
confounding factors that may alter the risk of
adverse biochemical and hematological adverse
events. Bigger sample size and combining the
four models scores with other previously
validated liver function markers such as
fibrosis-4 index (Montasser et al.,2019) and
glypican 3 (Tahon et al., 2019) may improve
predictive performance for EAD. Additional
prospective studies are needed to define and the
predictors parameters of early allograft
dysfunction following liver transplantation with
uniform inclusion and exclusion criteria. In
addition, to understand the impact of the
specific donor or recipient risk factors, a
predictive models and newer biomarkers should
be derived using newer cutoffs through
statistical analysis to allow standardized and
continuous grading of early complication and
predict the risk of graft failure.
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