The Official Journal of the Inonu Liver Transplantion Institute

A Rare Case in Living Donor Liver Transplantation:
Graft-to-Graft of Portal Vein Anastomosis

www.jilti.org

Volume: 3 Issue: 3 December 2025 ISSN: 3108-5334 / E-ISSN: 2980-2059



A
i

Editor-in-Chief

Sezai Yilmaz

INONU LIVER TRANSPLANTATION

INSTITUTE

Department of Surgery and Liver Transplant Institute, Inonu University Faculty of Medicine, 44280, Malatya, Turkiye

Brian I. Carr

Liver Transplant Institute, Inonu University Faculty of Medicine, 44280, Malatya, Tirkiye

Editor
Sami Akbulut

Department of Surgery and Liver Transplant Institute, Inonu University Faculty of Medicine, 44280, Malatya, Turkiye

Associate Editors

Tevfik Tolga Sahin

Department of Surgery and Liver Transplant Institute, Inonu University
Faculty of Medicine, 44280, Malatya, Tirkiye

Sinasi Sevmis

Department of Surgery and Organ Transplant Program Yeni Yuzyil
University Faculty of Medicine, 34010, Istanbul, Ttrkiye

Murat Harputluoglu

Department of Gastroenterology and Hepatology, Inonu University
Faculty of Medicine, 44280, Malatya, Tirkiye

Emrah Otan

Department of Surgery and Liver Transplant Institute, Inonu University
Faculty of Medicine, 44280, Malatya, Tirkiye

Burak Isik

Department of General Surgery, Ankara Giiven Hospital, Ankara,
Tarkiye

Ramazan Kutlu

Department of Radiology, Inonu University Faculty of Medicine, 44280,
Malatya, Turkiye

Advisory Board

Burcin Ekser

Division of Transplant Surgery, Department of Surgery, Indiana University
School of Medicine, Indianapolis, IN, USA

Timucin Taner

Division of Transplant Surgery, Department of Surgery, Department of
Immunology, Mayo Clinic, Rochester, MN 55905, USA

Ahmet Gurakar

Division of Gastroenterology and Hepatology, School of Medicine, Johns
Hopkins University, Baltimore, MD 21205, USA

Fuat Saner

Department of General, Visceral- and Transplant Surgery, Medical Center
University Duisburg-Essen, 45147 Essen, Germany

Mehmet Ozturk

International Biomedicine and Genome Center Biobank, 35340, Balcova,

[zmir, Turkiye

Cemil Colak

Department of Biostatistics and Medical Informatics, Inonu University
Faculty of Medicine, 44280, Malatya, Turkiye

Mustafa Cengiz Yakicier

Department of Molecular Biology and Genetics, Acibadem Mehmet Ali
Aydinlar University, Istanbul, Ttrkiye

Nuru Bayramov

Department of General Surgery and Transplantology, Azerbaijan Medical
University, Baku, Azerbaijan

Cuneyt Kayaalp

Department of General Surgery, Istanbul Atlas University Medical
Faculty, Istanbul, Turkiye

Yaman Tokat

Hepatobiliary Surgery and Liver Transplantation Department, Acibadem
Fulya Hospital, Istanbul, Ttrkiye

Aysegul Sagir Kahraman

Department of Radiology, Inonu University Faculty of Medicine, 44280,
Malatya, Turkiye

John Fung

The Transplantation Institute, Department of Surgery, University of
Chicago, Chicago, IL, USA

Masao Omata

Department of Gastroenterology, Yamanashi Prefectural Central
Hospital, Kofu-city, Yamanashi, Japan

Edoardo Giovanni Giannini

Gastroenterology Unit, Department of Internal Medicine, Unviersity of
Genoa, Ospedale Policlinico San Martino-IRCCS per 'Oncologia, Genoa, ltaly
Giuliano Ramadori

Department of Gastroenterology and Endocrinology, University Hospital,
Georg-August University Goettingen, 37075 Goettingen, Germany

Nese Atabey
|zmir Biomedicine and Genome Center Biobank and Biomolecular
Resources Platform (IBG-Biobank), 35340, Balcova, Izmir, Tirkiye




A
g.liﬂ

Statistical Editor
Cemil Colak

INONU LIVER TRANSPLANTATION

INSTITUTE

Department of Biostatistics and Medical Informatics, Inonu University Faculty of Medicine, 44280, Malatya, Tirkiye

Emek Guldogan

Department of Biostatistics and Medical Informatics, Inonu University Faculty of Medicine, 44280, Malatya, Tirkiye

Harika Gozukara Bag

Department of Biostatistics and Medical Informatics, Inonu University Faculty of Medicine, 44280, Malatya, Turkiye

Ahmet Kadir Arslan

Department of Biostatistics and Medical Informatics, Inonu University Faculty of Medicine, 44280, Malatya, Tirkiye

Language Editor
Brian I. Carr

Liver Transplant Institute, Inonu University Faculty of Medicine, 44280, Malatya, Turkey

Emrah Otan

Department of Surgery and Liver Transplant Institute, Inonu University Faculty of Medicine, 44280, Malatya, Turkiye

Tevfik Tolga Sahin

Department of Surgery and Liver Transplant Institute, Inonu University Faculty of Medicine, 44280, Malatya, Turkiye

Publications Coordinator
Derya Yilmaz

Liver Transplant Institute, Inonu University Faculty of Medicine, 44280, Malatya, Turkiye

About the Journal

Main Title: Journal of Inonu Liver Transplantation Institute

Serial Key Title: Journal of Inonu Liver Transplantation Institute
Abbreviation: | Inonu Liver Transpl Inst

Serial Type: Journal

Editors-in-Chief: Sezai Yilmaz, MD, Prof. (sezai.yilmaz@inonu.edu.tr),
Brian I. Carr, MD. Prof. (brianicarr@hotmail.com)

Publisher: Inonu University Liver Transplant Institute

Bulgurlu, 44000 Battalgazi, Malatya, Turkiye

+90 (0422) 341 06 60

deryayilmaz@inonu.edutr

Journal Description: Our journal is supported by Inonu Liver
Transplantation Institute officially, and is a blind peer-reviewed free
open-access journal, published three issue in a year (April, August,
December).

Format: Electronic version E-ISSN 2980-2059. (online) / ISSN: 3108-5334
Start Year: 2022

Aim and Scope: The Journal of Inonu Liver Transplantation Institute

is a peer-reviewed open-access e-only publication in the field of liver
transplantation publishing research articles on clinical, experimental liver
transplantation, combined liver and other organ transplantation, and liver
diseases. The journal welcomes original research articles, reviews, meta-
analyses, case reports, and letters.

Average Duration of the First Review Round: 2 months

Type of Publications: Research Article, Review Article, Meta-Analyses,
Case Report, Letter to the Editor

Language of Publication: English

Frequency: 3 issues per year (April, August, December)

Fee or Charges: This journal assesses NO submission fees, publication
fees (article processing charges), or page charges.

Paper Submission: Click here in order to submit your paper. https://jag.
journalagent.com/jitti/

License: Journal of Inonu Liver Transplantation Institute is licensed under
a Creative Commons Attribution 4.0 International License.

Ly

Publishing House:  KARE PUBLISHING
Address: Géztepe Mah. Fahrettin Kerim Gokay Cad. No: 200
Da: 2, Goztepe, Kadikdy, Istanbul-Tirkiye
Phone: +90216 55061 11
Fax: +9021255061 12
e-mail: kare@kareyayincilik.com
web:  www kareyayincilik.com

Publisher: Inonu University Liver Transplant Institute
Address: Bulgurlu, 44000 Battalgazi, Malatya, Ttirkiye
Phone: +90 (0422) 341 06 60
e-mail: derya.yilmaz@inonu.edu:tr

Publication Type: International Periodical
Publication Date: December 2025
Printing: Yildirim Printing House, Istanbul
Phone: +90 212 629 80 37



JOURNAL OF INONU LIVER TRANSPLANTATIO

Aim and Scope
Aim
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The Journal of Inonu Liver Transplantation Institute is a peer-reviewed open-access e-only publication in the field of liver transplantation publishing research articles on

clinical, experimental liver transplantation, combined liver and other organ transplantation, and liver diseases. The journal welcomes original research articles, reviews,

meta-analyses, case reports, and letters.
Overview

Journal of Inonu Liver Transplant Institute has been founded and established by Inonu Liver Transplant Institute in order to form a source of high-quality research in diseases

and therapy of the liver and biliary tract. Both clinicians and basic science researchers are the target population of our journal.

Scope

Hepatobiliary disorders are a complex spectrum of diseases, usually requiring a multi-disciplinary approach that involves interventional radiologists, hepatologists,

oncologists, hepatobiliary-transplant surgeons and translational researchers. The Journal of Inonu Liver Transplant Institute (JILTI) is internationally peer reviewed and

provides a source for articles on prevention, diagnosis and cutting-edge therapy of hepatobiliary diseases and cancers which also includes liver transplantation, complex

hepatobiliary surgical procedures, medical and immune therapies. In accordance with our aims, basic and translational research as applied to these diseases have utmost

importance for our journal.

Keywords: Hepatobiliary diseases and cancers, liver surgery, liver transplantation, advanced therapy of hepatobiliary diseases, basic and translational research on

hepatobiliary diseases.
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MANUSCRIPT PREPARATION
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Abstract

Objectives: This study primary objective to compare simultaneous Pleth Variability Index (PVI) and blood lactate measurements
taken during different surgical phases to determine whether PVl is a reliable parameter for fluid monitoring in this patient group.
Our secondary objective is to monitor changes in PVl in fluid-restricted liver donors.

Methods: The study was conducted in ASA I-Il living liver donors aged 18-55 undergoing right hepatectomy; patients with cardio-
vascular disease or drug allergies were excluded. PVl and Pl were recorded noninvasively using the Masimo SET® device. Measure-
ments were taken at surgical start (T1), 1 hour (T2), end of surgery (T3), postoperative 3 hours (T4) and 24 hours (T5): AST, ALT, BUN,
creatinine and blood lactate; and at T1-T4: SpO2, heart rate, arterial pressures, CVP, urine output, blood loss, administered fluid
volumes, PVI and PI. Anesthesia and surgery durations, graft weight, and transfused blood/products were recorded.

Results: Our study involved 51 living donors (31 males and 20 females) with a mean age of 28.78 + 9.64 years. In the intra-group
evaluation of PVI, no significant differences were observed across all time periods, but significant correlations in lactate levels were
found at multiple time points (p<0.05). A notable correlation between PVI and lactate levels was identified during the T3 period.
Additionally, significant changes in sodium and creatinine were observed in T3 and T4 (p<0.05), along with an increase in bleeding
and a decrease in urine output during the first hour of surgery (T2) (p<0.05).

Conclusion: We found a correlation between lactate levels at the end of surgery and PVI values in liver transplant donors. Despite
adequate hepatic blood flow, hepatocyte damage during surgery may impact lactate metabolism. Therefore, further studies are
needed to explore the relationship between PVI and lactate levels in various surgical procedures.

Keywords: Liver translantation, living liver donor, pleth variability index, lactate

Please cite this article as "Kaya F, Sanli M, Gulhas N. Evaluation of Correlation Between Pleth Variability Index and Blood Lactate Level in

Living Liver Donors. J Inonu Liver Transpl Inst 2025;3(3):83-88".

During donor hepatectomy, goal-directed fluid thera-
py is implemented to reduce bleeding and limit the
use of blood products. Close monitoring of fluid status
is essential to ensure adequate tissue perfusion. In tra-
ditional fluid management regimens, fluid monitoring
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has been conducted using static parameters of cardiac
preload, such as central venous pressure (CVP) measure-
ments from central venous catheters or pulmonary artery
wedge pressure (PAWP). However, nowadays, dynamic
fluid monitoring can be performed non-invasively using
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the Masimo Radical-7 monitor to measure the Pleth Vari-
ability Index (PVI).'" In fluid-restrictive regimens, invasive
methods, such as monitoring blood lactate levels, can be
used to closely track tissue oxygenation in a static and in-
vasive manner.

With the advancement of monitoring methods today, many
invasive techniques have been replaced by non-invasive
measurement techniques. The Masimo Radical-7, through
a finger probe, can non-invasively measure parameters
such as blood hemoglobin levels, tissue fluid, and oxygen-
ation levels, which can provide advantages in major surger-
ies like liver transplantation. Laboratory measurements of
lactate from patient blood are a reliable method to assess
tissue oxygenation and ensure adequate volume replace-
ment. However, in live liver donors, the rapid increase in
blood lactate levels following liver resection and manipu-
lation makes it an inaccurate indicator of tissue perfusion
adequacy. Additionally, this method is invasive and time-
consuming.

The accuracy and reliability of fluid monitoring using the
PVI and its correlation with lactate levels have been tested.
In major abdominal surgeries utilizing PVI for fluid monitor-
ing, low lactate levels have been achieved, emphasizing its
potential reliability.™! The aim of this study is to compare
the PVI and blood lactate values simultaneously obtained
during different surgical phases in living liver transplanta-
tion donors and to investigate the reliability of PVI in this
patient group.

Methods

This study was conducted after obtaining approval from
the Malatya Clinical Research Ethics Committee (2015/121)
and patient consent, involving living donors for liver trans-
plantation undergoing right hepatectomy, classified as
ASA Il and aged between 18-55 years. Patients were se-
lected by random assignment. Patients that were rejected
for participation, had a history of cardiovascular disease, or
had allergies to medications to be used during the opera-
tion were excluded from the study. The primary objective
of these products is to determine whether there is a rela-
tionship between PVI and lactate levels. Our secondary ob-
jective is to monitor changes in PVl in fluid-restricted liver
donors. This study was conducted prospectively and ran-
domly in living liver donors.

Without the application of premedication, patients were
brought into the operating room where electrocardiog-
raphy (ECG), peripheral oxygen saturation (SpO,), and
non-invasive blood pressure monitoring were performed.
All patients had a peripheral venous access established
through the back of the hand using a 20-gauge intrave-
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nous catheter. After preoxygenation with 100% O2, in-
duction was achieved with 1 mg/kg of 2% lidocaine, 1 pg/
kg of fentanyl, 5 mg/kg of thiopental, and 0.1 mg/kg of
vecuronium. After achieving adequate muscle relaxation,
patients were intubated, and isoflurane (Forane Liquid
Abbott 100 mL) was administered in concentrations rang-
ing from 0.5% to 1.5% using a 50/50 mixture of oxygen
and air. A second peripheral venous access was estab-
lished using a 16-gauge intracath. Invasive arterial blood
pressure monitoring was accomplished by catheterizing
the radial artery on the non-dominant side. A three-way
7.5 French central venous catheter was placed in the right
internal jugular vein for the purpose of monitoring CVP.
A pulse oximeter probe (Masimo SET® Rainbow, Masimo
Corp., Irvine, CA) was preferably placed on the ring fin-
ger of the left hand, with the surrounding area covered
to prevent interference from ambient light. By connect-
ing to a Masimo monitor equipped with PVI software, the
perfusion index (Pl) and PVI variables were automatically
measured. Additionally, remifentanil (0.25 pg/kg/min)
and cisatracurium (0.5 pg/kg/h) were added as infusions
for maintenance.

During the liver dissection phase, IV crystalloids were ad-
ministered in a restricted manner. When the CVP exceeded
10 mmHg and urine output was less than 0.5 ml/kg/hr, 5-10
mg of furosemide was given.

Blood tests were conducted and recorded at the beginning
of the surgery (T1), after the first hour (T2), at the end of
the surgery (T3), three hours postoperatively (T4), and 24
hours postoperatively (T5) for AST, ALT, BUN, creatinine,
and blood lactate levels. Additionally, parameters such as
SpO,, heart rate, systolic arterial pressure (SAP), diastolic
arterial pressure (DAP), mean arterial pressure (MAP), CVP,
urine output, blood loss, amounts of crystalloids and col-
loids administered, PVI, and Pl were measured and record-
ed during the T1,T2, T3, and T4 periods.

Anesthesia and surgery durations, the weight of the graft
obtained, and the administered blood and blood products,
including noradrenaline, ephedrine, mannitol, and furose-
mide, were documented.

For postoperative analgesia, 0.05 mg/kg of IV morphine
was administered following the removal of the liver graft. At
the end of the operation, patients were extubated after the
neuromuscular blockade effect was antagonized with neo-
stigmine and atropine. In the postoperative recovery unit, a
patient-controlled analgesia device was programmed with
an infusion: no bolus of 15 mg and a lockout interval of 10
minutes. Patients with an Aldrete recovery score of 10 were
transferred to the surgical intensive care unit.
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Power Analysis

To achieve this aim, a theoretical sample size calculation
was conducted using G*Power (version 3.1.9.3). This calcu-
lation, based on an assumed effect size of 0.50, an alpha er-
ror of 0.05, and a study power of 0.80, indicated that a mini-
mum of 51 patients would be required for to determine the
correlation between PVi and lactate.

Statistical Analysis

The statistical analysis of the data was performed using the
SPSS 16.0 (SPSS version 16.0 (SPSS Inc., Chicago, IL). soft-
ware package. Data related to quantitative variables were
presented as mean (+ standard deviation, SD), while data
related to qualitative variables were reported as frequency
(n) and percentage (%). The normality of the quantitative
variable data was assessed using the Shapiro-Wilk normal-
ity test (p > 0.05). The change of variables over time was
analyzed using the Wilcoxon test, and the relationships be-
tween variables were evaluated using the Spearman Rank
Correlation analysis. Fisher's Exact Chi-Square test and
Pearson Chi-Square test were employed for the statistical
evaluation of qualitative variables. A p-value of less than
0.05 was considered statistically significant.

Results

A total of 51 cases, consisting of 31 male and 20 female liv-
ing donors who underwent kidney transplantation, were
included in the study. The distribution of the demographic
characteristics of the donors is presented in Table 1. In the
intra-group evaluation of PVI, there was no significant dif-
ference in correlation across all time periods.

In the intra-group evaluation of blood lactate levels, the
correlations between T1 and T2, T4, and T5 values, as well
as between T2 and T3, T4 values, and between T4 and T3,
T5 values were found to be statistically significant (p<0.05).
In the inter-group evaluation of blood lactate levels, a sta-
tistically significant correlation was observed between PVI
and lactate level during the T3 period (Fig. 1). The ALT, AST,
and lactate values of the donors are provided in Table 2.

Table 1. Distribution of donors' demographic characteristics
(mean=SD or number)

Gender (Female/Male) 20/31
ASA (/1) 15/36
Age 28.78+9.64
Height (cm) 170.50+9.04
Weight (kg) 69.60+11.76
Body mass index 23.93+3.39
Duration of anesthesia (min) 439.31+98.09
Surgical duration (min) 370+96.48

Figure 1. Start of surgery (T1), 1t hour of surgery (T2), End of surgery
(T3), 3" hour postoperatively (T4) change in PVI and lactate values
over time.

Na, BUN, Creatinine values of donors are given in Table 3.
The bleeding amounts of the donors and the amounts of
crystalloid and colloid given are given in Table 4.

Hemodynamic data of the cases are given in Table 5. The
liver graft weight of the donors, ICU and hospital stay con-
ditions are indicated in Table 6.

Discussion

In our study aimed at comparing the correlation between
PVIand lactate levels in kidney transplant donors, a correla-
tion was found between the PVI measured at the end of the
surgery (T3) and the lactate values. However, no correlation
was detected between the PVl and lactate values measured
at the beginning of the surgery (T1), at the first hour of the
surgery (T2), and at the third hour postoperatively (T4).

Since intravenous lactate-containing solutions (such as
Ringer's Lactate) can alter blood lactate levels during the
operation,”? they were not used in our study. Lactate lev-
els provide an indirect yet sensitive measurement of organ
perfusion. Lactate is clearly associated with energy defi-
ciencies and tissue hypoxia due to intravascular volume ad-
equacy and the redistribution of blood flow. Perioperative
blood lactate levels can affect postoperative complications
and the average length of hospital stay.” Hyperlactatemia
is associated with morbidity and mortality risks in patients
with liver failure.”? Due to changes in hepatic blood flow
and lactate metabolic capacity after surgery, lactate con-
centration tends to increase following donor hepatectomy.
Increases in hepatic blood flow and lactate concentration
may help predict the prognosis of patients undergoing
liver resection due to hepatoma. However, the relationship
between the liver profile post-liver resection and hyperlac-
tatemia is less well understood.”

Shin et al.? assessing graft function in their study compar-
ing changes in lactate and prothrombin time between ca-
daveric and living donor liver transplants during the early
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Table 2. Donors' ALT, AST, Lactate values (mean%SD)
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T T2 T3 T4 TS5
ALT 16.29+9.27 43.70+27.12 127.35+170.58 161.31+197.83 229.92+228.94
p<0.001* p<0.001* p<0.001* p<0.001*
AST 20.968.00 45.86+23.48 130.09+145.67 169.92+189.59 201.82+171.33
p<0.001* p<0.001* p<0.001* p<0.001*
Lactate 9.23+4.01 13.28+6.38 28.51£10.18 35.42+14.44 12.28+5.59
p<0.001* p<0.001* p<0.001* p<0.001*

*p<0.05 Change relative to T1. (T1) Start of surgery, (T2) 15t hour of surgery, (T3) End of surgery, (T4) 3 hour postoperatively, (T5) 24" hour postoperatively.

Table 3. Donors' Na, BUN, Creatinine values (mean+SD)

T T2 T3 T4 T5
Na 138.62+2.35 138.27+2.39 140.39+2.27 138.68+2.44 135.9242.55
p=0.202 p<0.001* p=0.963 p<0.001*

BUN 13.11+3.89 13.03+3.77 13.23+3.66 12.60+3.75 11.84+3.89
p=0.955 p=0.480 p=0.073 p<0.001*

Creatinine 0.67+0.09 0.68+0.09 0.71%0.13 0.75+0.14 0.63+0.10
p=0.092 p<0.001* p<0.001* p<0.001*

*p<0.05 Change relative to T1. (T1) Start of surgery, (T2) 1*t hour of surgery, (T3) End of surgery, (T4) 3 hour postoperatively, (T5) 24™ hour postoperatively.

Table 4. Donors' urine and bleeding volumes, crystalloid and colloid volumes administered (mean+SD)

T T2 T3 T4

Urine 150.19+181.99 126.27+152.61 477.84+364.79 243.13+160.64
p=0.522 p<0.001* p<0.001*

Bleeding 0.98+7.00 63.23+33.64 260.88+91.49 18.43+20.06
p<0.001* p<0.001* p<0.001*

Crystalloid 273.52+227.23 195.29+256.84 1137.05£660.63 462.78+173.79
p=0.121 p<0.001* p<0.001*

Colloid 0+0 9.80+70.01 378.43+274.09 1.96+14.00
p=0.317 p<0.001* p=0.317

*p<0.05 Change relative to T1. (T1) Start of surgery, (T2) 15t hour of surgery, (T3) End of surgery, (T4) 3¢ hour postoperatively.

reperfusion period, reported that lactate and INR values
normalized more rapidly in cadaveric recipients within one
hour post-reperfusion. They attributed this to the larger
size of the grafts in cadaveric cases. In contrast, our study
focused on liver donors.

M. Feissel et al.”! found that the PVl obtained automatically
by the pulse oximeter is a reliable indicator of fluid respon-
siveness. It has been published that it can noninvasively
predict fluid responsiveness in mechanically ventilated
patients undergoing non-cardiac surgery under general
anesthesia,™ in mechanically ventilated patients undergo-
ing major surgery, in mechanically ventilated patients in
the ICU," in patients after cardiopulmonary bypass,® and
in mechanically ventilated patients in early-phase septic

shock.”! Additionally, Tsuchiya et al.'® reported that PVI
could predict decreases in mean arterial pressure during
anesthesia induction with propofol, suggesting that this
measurement could be useful in identifying the occurrence
of severe hypotension in high-risk patients during anesthe-
sia induction.

Wengqing Lu et al.'"" reported that in patients undergoing
mechanical ventilation under general anesthesia, extra-
cellular fluid volume is beneficial when using noninvasive
continuous hemodynamic monitoring with PVI. In line with
these studies, our findings showed that PVI values were
correlated with the CVP values of the patients.

Forget et al.®! demonstrated that when fluid management
was guided by PVI in patients undergoing major abdomi-
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Table 5. Donors' SpO, and Heart Rate SAP, DAP, MAP, CVP, PVI, Pl values (mean=SD)

T1 T2 T3 T4

SpO, 99.07+1.33 99.35+1.09 99.62+0.91 97.94+1.89
p=0.094 p<0.001* p<0.001*

Heart rate 84.52+20.13 80.92+14.17 97.88+12.44 98.41+15.88
p=0.249 p<0.001* p<0.001*

SAP 109.52+18.36 109.96+16.09 111.09+16.38 142.00+20.96
p=0.656 p=0.459 p<0.001*

DAP 71.01£14.06 67.431£9.30 67.52+14.80 86.03+12.50
p=0.170 p=0.123 p<0.001*

MAP 85.47+£16.19 83.58+12.09 83.21£14.90 103.92+13.90
p=0.623 p=0.367 p<0.001*

CVvP 10.19+£3.38 10.27+3.31 10.27+3.81 7.62+2.68

p=1.00 p=0.754 p<0.001*

PVI 13.59+8.43 12.29+5.61 13.68+6.75 18.74+9.42
p=0.746 p=0.577 p<0.001*

Pl 4.74+3.22 2.83+2.57 1.27+1.67 3.46+2.31
p<0.001* p<0.001* p<0.001*

*p<0.05 Change relative to T1. (T1) Start of surgery, (T2) 1*t hour of surgery, (T3) End of surgery, (T4) 3" hour postoperatively.

Table 6. Donor liver graft weight, length of stay in the ICU and
hospital (mean+SD)

KC graft weight (g) 736.56+149.30
Stay in ICU (days) 3.58+2.88
Hospital stay (days) 8.17+4.31

nal surgery, the volume of intraoperative fluid infusion
significantly decreased, and both intraoperative and post-
operative lactate levels showed a marked reduction during
and 48 hours after surgery.

In our study, the lack of correlation between PVl and lactate
levels at certain periods of the operation may depend on
the type of surgery performed. This is because over 99%
of lactate is cleared through the first-pass metabolism in
a healthy liver," and hepatocyte damage during liver re-
section may disrupt this metabolism. Therefore, even with
adequate intravascular volume, lactate levels may still rise
in patients.

AST and ALT, being hepatic cytoplasmic enzymes, are re-
leased into circulation due to cell membrane damage dur-
ing parenchymal resection, leading to elevations in liver
enzyme levels afterward. However, the extent to which
this increase persists following human liver resection has
not been clearly documented. In our study, we observed
arisein ALT and AST levels at the first hour of surgery (T2),
at the end of the procedure (T3), and at three hours post-
operatively (T4) compared to baseline at the start of sur-
gery (T1).

Limitations

Our study had several limitations. First, it was conducted at
a single center. In liver donors on fluid-restricted regimens,
PVl and lactate changes may not be sufficient for target or-
gan oxygenation. We believe that analyzing target tissue
mediators would yield better results.

Conclusion

We found that the lactate levels at the end of the surgery
in liver transplant donors were consistent with PVI values.
Although hepatic blood flow may be adequate, we believe
that hepatocyte damage occurring during liver surgeries
could influence lactate metabolism. We also think that fur-
ther studies are needed to investigate the correlation be-
tween PVl and lactate levels in other types of surgeries.
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Abstract

Objectives: Hepatocellular carcinoma (HCC) is a highly heterogeneous malignancy with poor prognosis and limited biomarkers
for early detection or targeted therapy. This study aimed to comprehensively analyze differential gene expression in paired tumor
and adjacent non-tumor liver biopsies, in order to identify transcriptional alterations with potential diagnostic, prognostic, or
therapeutic relevance.

Methods: We utilized the publicly available GSE64041 dataset, comprising 60 paired biopsies (120 samples in total) from HCC pa-
tients. Data preprocessing and normalization were conducted in R using the limma package. Differentially expressed genes (DEGs)
were determined with thresholds of |log2 fold change| > 1 and adjusted p-value < 0.05. Visualization tools included box plots,
density plots, Uniform Manifold Approximation and Projection (UMAP), volcano plots, and mean difference (MD) plots to ensure
robust evaluation of expression patterns and biological clustering.

Results: The transcriptomic analysis revealed clear separation between tumor and non-tumor tissues. A total of 20 top-ranked
DEGs were identified, including markedly upregulated genes such as REG3A, SPINK1, GPC3, SLC7A11, and AKR1B10, as well as
downregulated genes including CRHBP, FCN3, OIT3, STAB2, and CLEC1B. Many of these genes are known to be involved in on-
cogenic signaling, ferroptosis regulation, immune evasion, and tumor suppression. UMAP clustering and DEG visualization con-
firmed distinct transcriptional landscapes, supporting the biological divergence of HCC tissues from normal liver.

Conclusion: This study highlights a panel of significantly dysregulated genes reflecting both oncogenic activation and tumor sup-
pressor loss in HCC. The findings provide valuable insights into the molecular mechanisms of hepatocarcinogenesis and suggest
potential biomarkers for diagnosis, prognosis, and therapeutic targeting. These results may contribute to improving early detec-
tion, guiding risk stratification, and supporting the development of precision medicine approaches in hepatocellular carcinoma.
Keywords: Biomarkers, Differentially expressed genes, Hepatocellular carcinoma, Paired biopsies, Transcriptomic profiling
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of cancer-related death, with more than 900,000 new cases
and 830,000 deaths reported annually."” The incidence of
HCC shows marked geographical variation, with the high-
est burden observed in East Asia and sub-Saharan Africa,
largely reflecting the prevalence of chronic hepatitis B vi-
rus (HBV) and hepatitis C virus (HCV) infections. In Western
countries, increasing rates of non-alcoholic fatty liver dis-
ease (NAFLD) and alcohol-related liver disease are emerg-
ing as major risk factors.”? Despite improvements in surveil-
lance programs and therapeutic strategies, the prognosis
of HCC remains poor, with a 5-year survival rate below 20%
in most countries, primarily due to late-stage diagnosis,
high recurrence rates, and limited treatment options.™

At the molecular level, HCC is recognized as a highly het-
erogeneous disease, both genetically and phenotypically.
This heterogeneity arises from the interplay of genomic in-
stability, somatic mutations, epigenetic modifications, and
deregulated signaling pathways, including Wnt/B-catenin,
MAPK, PI3K/AKT, and TGF-f.54 Efforts to classify HCC into
reproducible molecular subtypes have provided important
insights into tumor biology. For example, expression-based
classification studies have identified subgroups with dis-
tinct prognoses and associations with oncogenic signaling
pathways.®8 However, these classification systems are still
not integrated into routine clinical practice. One of the main
limitations of existing studies is that they were primarily
conducted on surgically resected tumor specimens, which
are enriched for patients with preserved liver function and
early-stage disease. This introduces a selection bias and
does not adequately represent the molecular landscape
of advanced HCC or cases associated with cirrhosis, which
constitute the majority of the clinical population.

Gene expression profiling has emerged as a powerful ap-
proach for unraveling the molecular mechanisms of cancer
and identifying potential biomarkers. Technologies such
as microarrays and next-generation sequencing (RNA-seq)
enable genome-wide evaluation of transcriptomic chang-
es, providing valuable information on both protein-coding
and non-coding RNAs.”# In HCC, expression profiling has
been applied to characterize dysregulated pathways, iden-
tify prognostic gene signatures, and explore therapeutic
targets. For instance, several studies have demonstrated
that transcriptomic signatures can predict patient survival,
response to therapy, and risk of recurrence.>® Despite these
advances, the translation of gene expression signatures
into clinical biomarkers remains limited due to variability
in study design, patient cohorts, and analytical methods.

To address these gaps, the present study utilizes publicly
available gene expression data from the GSE64041 dataset,
which includes paired tumor and non-tumor liver biopsies
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from 60 patients with HCC. This study design provides sev-
eral advantages: (i) paired sampling allows direct within-
patient comparisons, reducing inter-individual variability; (ii)
biopsy-derived material better represents real-world clini-
cal scenarios, including patients with cirrhosis and various
tumor stages; and (iii) integration of non-tumor liver tissue
as a control enables the identification of truly tumor-specific
alterations. Through differential expression analysis and vi-
sualization methods such as box plots, density plots, UMAP,
volcano plots, and MD plots, we aimed to comprehensively
characterize the transcriptional landscape of HCC.

By identifying the most significantly upregulated and
downregulated genes, this study contributes to a deeper
understanding of the molecular mechanisms underlying
hepatocarcinogenesis. Moreover, the findings may high-
light potential biomarkers for diagnosis, prognosis, or ther-
apeutic targeting, supporting future translational applica-
tions and paving the way for integrative studies combining
transcriptomic, genomic, and clinical data.

Methods

Dataset

The dataset used in this study was obtained from the NCBI
Gene Expression Omnibus (GEO) under the accession num-
ber GSE64041. It consists of 60 paired liver biopsies collect-
ed from patients diagnosed with hepatocellular carcinoma
(HCCQ), where each pair includes one sample from the tu-
mor tissue and one from the adjacent non-tumor liver tis-
sue. This design ensures direct within-patient comparisons,
reducing variability caused by inter-individual differences
and improving the reliability of identifying tumor-specific
transcriptional changes.

The dataset provides a valuable resource for investigating
the molecular features of HCC in a clinically relevant popu-
lation. Since biopsies reflect the tumor microenvironment
in situ, the expression profiles capture not only the intrinsic
tumor cell signatures but also interactions with surround-
ing liver tissue. This makes the dataset particularly suitable
for studying gene dysregulation patterns and for exploring
potential biomarkers associated with disease progression
and prognosis.

Gene Expression Analysis

Changes in the physiological or pathological state of an
organism are reflected in corresponding alterations in
gene expression patterns. Therefore, the systematic as-
sessment of gene expression provides valuable insights
into the underlying molecular mechanisms of health and
disease. Among the available approaches, DNA microar-
ray technology has become a widely adopted method for
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transcriptome-wide analysis. This technique is based on
the hybridization of complementary DNA (cDNA) derived
from messenger RNA (mRNA) molecules to thousands of
immobilized probes on a solid surface, each representing
a specific gene sequence.'” The resulting signal intensities
allow for the simultaneous quantification of expression lev-
els across the genome.

Such large-scale profiling enables the identification of
differentially expressed genes between experimental or
clinical groups, facilitating the discovery of molecular bio-
markers, the characterization of disease subtypes, and the
elucidation of signaling pathways involved in pathogene-
sis." In biomedical research, microarray-based expression
analysis has been successfully applied to clinical samples,
including those from healthy individuals and patients with
diverse disorders, providing a robust tool for both func-
tional genomics and translational medicine.

Bioinformatics Analysis Phase

In this study, the gene expression profiles obtained from
paired tumor and non-tumor liver biopsies of patients with
hepatocellular carcinoma (HCC) were analyzed. Data pre-
processing and normalization were carried out in R using
the limma package, a widely used statistical framework for
gene expression studies.'? Limma applies linear modeling
and empirical Bayes methods to improve variance estima-
tion, making it particularly suitable for datasets with limit-
ed sample sizes. Differentially expressed genes (DEGs) were
identified based on log2 fold change (log2FC) values and
adjusted p-values. Genes with log2FC > 1 were classified
as upregulated, while those with log2FC < -1 were consid-
ered downregulated.

To visualize the data, several complementary approaches
were employed. Box plots were generated to assess the dis-
tribution and normalization of expression data across sam-
ples, ensuring comparability between tumor and non-tu-
mor tissues. In addition, Uniform Manifold Approximation
and Projection (UMAP) was applied to reduce dimension-
ality and provide an unsupervised overview of similarities
and clustering patterns among the samples.

For the identification of significant DEGs, volcano plots
were constructed, plotting log2FC against statistical sig-
nificance (-log10 p-value). This visualization enables rapid
recognition of the most strongly up- and downregulated
genes, with red dots representing upregulated genes, blue
dots representing downregulated genes, and black dots
corresponding to non-significant changes. Alongside this,
Mean Difference (MD) plots were used to illustrate the log2
fold change in relation to average expression values, offer-
ing an additional perspective on differential expression.

The use of consistent color coding across these plots fa-
cilitated the interpretation of results and allowed clear dif-
ferentiation between significantly dysregulated and non-
significant genes.

Results

The study includes data from 60 hepatocellular carcinoma
(HCC) patients, each contributing one tumor biopsy and
one matched non-tumor liver biopsy, for a total of 120 tissue
samples. To evaluate the distribution and normalization of
the expression data, box plots were generated, as present-
ed in Figure 1. These visualizations provided an overview
of expression levels across all samples and confirmed that
the data were properly normalized before further analysis.
In the plots, tumor biopsies were labeled as cancer, while
adjacent non-tumor tissues were labeled as normal, with
color coding applied to distinguish the groups.

In addition, expression density plots were employed to
further assess data quality. As shown in Figure 2, the den-
sity curves of cancer (green) and normal (purple) samples
largely overlapped, demonstrating consistency in intensity
distributions between groups. This overlap indicated that
technical variation was minimized, ensuring that down-
stream differential expression analysis would reflect genu-
ine biological differences.

Figure 1. Box plot of gene expression values.

Figure 2. Expression density plot of samples (Density plot showing
the distribution of expression intensities across cancer (green) and
normal (purple) samples. The substantial overlap between the two
groups confirms successful normalization and comparability of the
datasets prior to differential expression analysis.).
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Figure 3. UMAP visualization of cancer and normal samples (UMAP
plot based on expression data from 60 HCC patients (120 samples).
Cancer (green) and normal (purple) tissues cluster separately, reflect-
ing distinct transcriptional profiles.)

Figure 3 shows the UMAP plot generated from the expres-
sion profiles of the samples. This visualization demonstrates
how samples with similar molecular characteristics cluster
together in a reduced dimensional space. The distribution
and clustering patterns provide important insights into the
biological similarities and differences among the groups. In
the graph, green dots represent cancer (tumor) tissue sam-
ples, while purple dots represent normal (non-tumor) liver
tissue samples. The separation between these two groups
highlights the distinct gene expression signatures of tumor
and non-tumor tissues and illustrates the effectiveness of
UMAP as a tool for visualizing heterogeneity and group
classification within the dataset.

Based on the analysis of the GSE64041 dataset, the top 10
upregulated genes identified in the comparison between
cancer (tumor) and normal (non-tumor) liver tissues are
presented in Table 1. To ensure both statistical significance
and biological relevance, threshold criteria were applied
during differential expression analysis. Specifically, genes
with an absolute log2 fold change (|log2FC|) greater than
1.0 and a p-value below 0.05 were considered significantly
dysregulated.
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These cut-off values provided a robust framework for dis-
tinguishing true biological differences from background
noise. The upregulated genes identified under these con-
ditions represent candidates of particular interest, as their
consistent overexpression in cancer tissues may point to
their involvement in tumor progression and carcinogenic
pathways. Consequently, the results obtained from this
analysis may offer valuable insights into potential biomark-
ers for diagnosis, prognosis, or therapeutic targeting in he-
patocellular carcinoma.

Based on the analysis of the GSE64041 dataset, the top
10 downregulated genes identified in the comparison
between cancer (tumor) and normal (non-tumor) liver
tissues are presented in Table 2. For the identification of
downregulated genes, the same statistical thresholds used
for upregulation were applied. Specifically, genes with an
absolute log2 fold change (|log2FC|) greater than 1.0 and
a p-value below 0.05 were considered significantly down-
regulated.

These results highlight genes whose expression levels were
consistently reduced in cancer tissues compared with nor-
mal liver tissues, suggesting potential roles as tumor sup-
pressors or regulators of normal liver function that become
impaired during hepatocarcinogenesis. The findings may
provide further insight into molecular mechanisms under-
lying disease development and could support the identifi-
cation of novel diagnostic or therapeutic biomarkers.

Figure 4 illustrates the volcano plot, which provides a com-
prehensive visualization of genes exhibiting differential ex-
pression between cancer (tumor) and normal (non-tumor)
liver tissues. In this representation, the x-axis corresponds
to the log2 fold change (log2FC), reflecting the magnitude
and direction of expression changes, while the y-axis indi-
cates statistical significance as —log10 (p-value). This dual-
axis representation allows for the simultaneous evaluation
of both the size and reliability of gene expression changes.

Table 1. Top 10 upregulated genes between cancer and normal tissue samples

ID adj, P, Val p B logFC Gene symbol
8053341 4,18E-08 1,13E-09 6,603974 11,72321 2,624876 REG3A
8114964 1,41E-08 3,20E-10 6,856537 12,94729 2,350635 SPINK1
8084630 3,20E-12 1,48E-14 8,755112 22,65842 2,341945 NMRAL1P1
8175234 7,22E-09 1,42E-10 7,016854 13,73453 1,945761 GPC3
8102800 3,04E-11 2,16E-13 8,258221 20,04891 1,936128 SLC7A11
8167254 1,28E-07 4,10E-09 6,341416 10,47336 1,876775 SSX1
7927694 3,69E-11 2,71E-13 8,215627 19,82698 1,658532 PHYHIPL
8136336 2,05E-04 2,18E-05 4,418465 2,233265 1,61133 AKR1B10
7923086 5,02E-14 1,10E-16 9,651242 27,43665 1,5879 ASPM
8117054 7,79E-22 4,95E-26 13,56161 48,38471 1,574118 CAP2
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Table 2. Top 10 downregulated genes between cancer and normal tissue samples

ID adj, P, Val p t B logFC Gene symbol
8106418 4,92E-19 1,48E-22 -12,0965 40,61003 -2,70026 CRHBP
7914075 6,18E-17 3,53E-20 -11,1056 35,27825 -2,61709 FCN3
7928330 2,82E-21 5,08E-25 -13,1323 46,12448 -2,52153 OIT3
8110183 5,99E-18 3,06E-21 -11,5475 37,6603 -2,42389 CDHR2
7958056 3,55E-22 1,07E-26 -13,8465 49,87529 -2,37671 STAB2
8148029 8,02E-16 7,76E-19 -10,5478 32,26708 -2,24046 COLECT10
7961102 1,47E-21 2,21E-25 -13,2856 46,93317 -2,23152 CLEC1B
7964183 5,60E-13 1,95E-15 -9,1272 24,63333 -2,21438 GLS2
8113369 2,54E-16 1,75E-19 -10,8162 33,71613 -2,19836 SLCO4C1
7968678 2,85E-16 2,40E-19 -10,7599 33,41227 -2,16527 FREM2

Figure 4. Volcano plot of differentially expressed genes between
cancer and normal tissues.

In the plot, red dots represent significantly upregulated
genes, while blue dots denote significantly downregulated
genes. Genes that do not meet the established significance
thresholds are shown in black, representing non-differen-
tially expressed genes. The volcano plot therefore enables
rapid identification of candidate biomarkers, as it high-
lights genes with both large fold changes and strong sta-
tistical support. This visualization is a widely used method
in transcriptomic studies, as it effectively combines statisti-
cal significance with biological relevance, thereby provid-
ing an intuitive overview of the gene expression landscape
within the dataset.

Figure 5 presents the Mean Difference (MD) plot, which
provides a detailed visualization of the genes that dis-
play differential expression between cancer (tumor) and
normal (non-tumor) liver tissues. In this plot, the x-axis
corresponds to the average log2 expression level of each
gene, while the y-axis represents the log2 fold change
(log2FQ), thereby combining both the baseline expres-
sion and the relative change in a single view. This dual
representation makes the MD plot a powerful tool for
detecting both subtle and pronounced alterations in
gene expression.

Figure 5. Mean Difference (MD) plot of gene expression between
cancer and normal tissues.

Each point in the plot represents an individual gene. Red
points indicate significantly upregulated genes, whereas
blue points mark significantly downregulated genes, with
color coding aiding in the rapid distinction of expression
patterns. Genes that do not pass the significance threshold
remain uncolored, providing a clear separation between
relevant and background signals.

By visualizing expression levels in this way, the MD plot
highlights not only global transcriptional trends but also
emphasizes genes that deviate strongly from baseline
expression, potentially serving as biomarker candidates.
These dysregulated genes may be linked to critical path-
ways involved in hepatocarcinogenesis, offering valuable
clues for understanding disease mechanisms and identify-
ing possible therapeutic targets.

Discussion

In this study, we performed a comprehensive transcriptom-
ic analysis of paired tumor and adjacent non-tumor liver bi-
opsies from 60 hepatocellular carcinoma (HCC) patients us-
ing the GSE64041 dataset. This design, which incorporates
matched samples from the same individuals, minimizes
inter-patient variability and increases the robustness of the
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findings by allowing direct comparison of tumor-specific
transcriptional alterations against the background of the
patient’s own liver tissue. Differential expression analysis
revealed distinct sets of upregulated and downregulated
genes, highlighting not only known drivers of hepato-
carcinogenesis but also novel candidates with potential
diagnostic, prognostic, or therapeutic relevance. Impor-
tantly, the integration of multiple visualization strategies,
including UMAP clustering, volcano plots, and mean differ-
ence plots, provided an intuitive overview of the transcrip-
tional landscape and reinforced the biological separation
between malignant and non-malignant tissues. Together,
these results contribute to a more refined understanding
of the molecular heterogeneity of HCC and may inform the
development of precision medicine approaches aimed at
improving early detection, risk stratification, and treatment
outcomes in this highly lethal malignancy.

Among the most significantly upregulated genes, REG3A,
SPINK1, GPC3, SLC7A11,and AKR1B10 emerged as key play-
ers. GPC3 has been widely validated as a diagnostic bio-
marker in HCC, with strong involvement in Wnt/3-catenin
signaling and tumor proliferation.¥ SLC7A11, encoding
the cystine/glutamate antiporter xCT, regulates glutathi-
one synthesis and ferroptosis resistance, and its overex-
pression has been linked to poor prognosis and sorafenib
resistance in HCC.'"¥ Similarly, AKR1B10 overexpression is
consistently observed in HCC and has been associated with
lipid metabolism, early carcinogenesis, and poor survival.
1516 The upregulation of SPINK1 has also been implicated
in promoting tumor growth and metastasis in HCC, poten-
tially through EGFR pathway activation.'” Collectively, the
overexpression of these genes highlights their translation-
al potential as biomarkers or therapeutic targets.

Conversely, several tumor suppressor candidates, includ-
ing CRHBP, FCN3, OIT3, STAB2, and CLEC1B, were markedly
downregulated. The reduced expression of STAB2, a scav-
enger receptor involved in hyaluronan clearance, has been
linked to enhanced tumor progression and stromal remod-
eling."® CLEC1B, which contributes to platelet aggregation
and immune regulation, has been reported as a prognostic
marker, with lower levels associated with higher metastatic
potential and poor outcomes in HCC.'"2% Similarly, FCN3
and CRHBP downregulation may impair innate immune
defense and stress response, thereby facilitating tumor de-
velopment.2'22

The unsupervised UMAP clustering in this study clearly
separated tumor and non-tumor tissues, underscoring the
transcriptional divergence between groups. This observa-
tion aligns with prior large-scale transcriptomic classifica-
tions, such as those by Hoshida et al. and Boyault et al.,
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which defined molecular subtypes of HCC with distinct sig-
naling dependencies and clinical outcomes.>® Important-
ly, the dysregulated genes identified in our dataset map
onto pathways implicated in these molecular subclasses,
reinforcing the robustness of our findings.

From a translational standpoint, the identified genes hold
promise for both diagnostic and therapeutic applica-
tions. Serum-based detection of proteins such as GPC3 or
AKR1B10 could facilitate earlier diagnosis, while expression
status of SLC7A11 might guide ferroptosis-based therapies.
Moreover, strategies aimed at restoring the expression of
downregulated genes (e.g., CLEC1B or STAB2) may repre-
sent novel therapeutic directions.

Nevertheless, this study has limitations. First, it relied on a
single dataset based on microarray technology, which does
not capture the full spectrum of transcriptomic regulation,
including non-coding RNAs and alternative splicing. Sec-
ond, functional validation was beyond the scope of this
analysis and is necessary to confirm the biological roles of
the identified genes. Future studies integrating transcrip-
tomic, genomic, and clinical data, along with experimental
validation, will be crucial to translate these findings into
clinical practice.

In summary, this transcriptomic analysis of paired biopsies
highlights a panel of dysregulated genes that reflect both
oncogenic activation and loss of tumor suppressor func-
tion in HCC. The results reinforce previously established
molecular classifications while pointing to novel biomark-
er candidates that may improve diagnosis, prognosis, and
therapeutic decision-making in hepatocellular carcinoma.
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Abstract

Objectives: Liver transplantation (LT) is being performed with increasing frequency in elderly patients in parallel with the aging
population worldwide today. In this study, we aimed to analyze the outcomes of LT for HCC in patients aged =65 (Older) versus
those <65 (Younger).

Methods: In total of 535 HCC patients undergone LT at inénii University Liver Transplantation Institute between April 2006 and
March 2025 were retrospectively reviewed from a consecutively and prospectively recorded database and were analyzed.
Results: 68 out of 535 LT's age were =65 (12.7%). The percentage of older HCC patients receiving LT increased over time: it was
6.3% from 2002-2010, 11.3% from 2011-2020, and 17.5% from 2021-2025, showing a significant upward trend (p=0.039). 1-5-, and
10-years OS was 89.1%, 66.8%, and 53.9% in Younger group, and 81.5%, 52.8%, and 39.7% in Older group (p=0.012). Age>65years
was an independent predictor of mortality in patients undergoing LT for HCC (HR = 1.65, 95% Cl: 1.11-2.46, p = 0.013). DFS, recur-
rence rate, tumor characteristics, demographics were similar. Only the last creatin level before LT (0.88 vs 0.8, p=0.003) and beyond
Milan criteria rate were significantly higher (39.7% vs 60.2%, p=0.039) in the Older group.

Conclusion: Older age was independently associated with worse post-transplant overall survival among patients undergoing LT
for HCC. This inferior survival cannot attribute to the tumor-related factors. Future studies focusing on sarcopenia, frailty, causes
of death, and post-transplant complications, immunosuppressive regimens to better define the mechanisms underlying poor sur-
vival outcomes in elderly liver transplant recipients and to improve patient selection and post-transplant management in this
growing population.
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Liver transplantation is being performed with increasing fre-  of waiting list registration and liver transplantation (LT) for pa-
guency in elderly patients in parallel with the aging popu-  tients aged 65-70 doubled." In our country, according to the
lation worldwide today. According to data from the United  data of the Turkish Statistical Institute (TUIK), the population
Network for Organ Sharing (UNOS) and the European Liver  aged 65 and over, considered the elderly population, increased
Transplant Registry (ELTR), between 2000 and 2015, the rates by 20.7% from 7.5 million in 2019 to 9.1 million in 2024.2
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In our center, the proportion of elderly patients among
the number of liver transplants we have performed over
the years has also increased significantly. In our program,
which started in 2002, the rate of transplant patients aged
65 and over was 2.5% (13/512) between 2002 and 2010,
while this rate increased to 5.1% (121/2378) between 2011
and 2020, and to 9.4% (127/1358) between 2021 and 2025,
showing a significant increase (p<0.001).

LT outcomes in older patients have shown mixed results,
with some studies indicating similar survival rates to
younger individuals® and others reporting poorer out-
comes.” Furthermore, hepatocellular carcinoma (HCC) is
considered an independent risk factor for poor outcomes
in older patients."" However, some studies®™ report similar
LT results for HCC patients aged 65 and over compared to
younger individuals.

In this study, we aimed to analyze the outcomes of LT for
HCC in patients aged 65 and over (Older) versus those un-
der 65 years of age (Younger).

Patients and Methods

Study Population

Data from patients who underwent liver transplanta-
tion due to HCC at indni University Liver Transplanta-
tion Institute between April 2006 and March 2025 were
retrospectively reviewed from a consecutively and pro-
spectively recorded database. To focus on oncological
outcomes, patients with a follow-up period of less than
90 days after transplantation were excluded, and pa-
tients who have HCC in explant pathology were included
in the study. In total of 535 transplant patients with HCC
were analyzed.

Patients' demographic data, tumor characteristics obtained
from explant pathology, pre-transplant last laboratory pa-
rameters, Milan criteria status, Malatya criteria status and
expanded Malatya criteria status,® and post-transplant
survivals and recurrence status were recorded.

According to the Turkish Statistical Institute's age classifi-
cation,” patients were divided into two groups: under 65
years of age (Younger) and 65 years and older (Older). The
distribution of the liver transplant numbers we performed
for older HCC patients was calculated according to 3 time
periods (2002-2010; 2011-2020; 2021-2025).

Post-transplant overall survival (OS), disease-free survival
(DFS), and recurrence rates were calculated and compared
for each group. The demographic and tumor characteris-
tics of both groups were then compared to investigate the
possible reasons for the difference in survival.

Statistical Analysis

The Kolmogorov-Smirnov test was used to assess the nor-
mality of the quantitative data. The Mann-Whitney U test
was used for comparisons between two independent
groups. Median, minimum, and maximum values were
used to summarize the quantitative data. Distributions of
the qualitative data were presented by count and percent-
age. Pearson chi-square test (asymptotic significance or
exact significance) and the continuity-corrected chi-square
test were applied for comparisons. The Kaplan-Meier meth-
od was used for survival estimations, and the Log-Rank test
was used for survival comparisons between groups. Uni-
variate Cox regression analysis was used to obtain the Haz-
ard Ratios. In all analyses, the two-sided significance level
was considered as <0.05. All statistical analyses were con-
ducted using IBM SPSS Statistics for Windows, Version 25.0
(IBM Corp, Armonk, NY).

Results

Patient Demographics

Patient demographics are presented in Table 1. The median
age was 56 years (1-72), with 12.7% (68/535) of patients
aged =65. Patients classified as CHILD B or C accounted for
63% (337/535). The proportion of patients within the Milan
criteria was 51.4%, within the Malatya criteria was 63.6%,
and within the Expanded Malatya criteria was 69%. The
predominant underlying disease was viral hepatitis, ac-
counting for 74.8% of cases.

Distribution of LT Numbers of Older Patients
According to Time Periods

In our center, the proportion of elderly patients among the
number of liver transplants we have performed over the
years has increased significantly. In our program, which
started in 2002, the rate of transplant patients aged 65 and
over was 2.5% (13/512) between 2002 and 2010, while this
rate increased to 5.1% (121/2378) between 2011 and 2020,
and to 9.4% (127/1358) between 2021 and 2025, showing a
significant increase (p<0.001).

The percentage of older HCC patients receiving LT also in-
creased over time: it was 6.3% from 2002 to 2010, 11.3%
from 2011 to 2020, and 17.5% from 2021 to 2025, showing
a significant upward trend (p=0.039) (Table 2).

Overall Survival Functions of the Groups

Mean overall survival time for Younger group was 3793.5
days and 2497.5 days for Older group (Table 3). 1-5-, and
10-years OS was 89.1%, 66.8%, and 53.9% in Younger group,
and 81.5%, 52.8%, and 39.7% in Older group. Survival dif-
ference was statistically significant with p=0.012 (Fig. 1).
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Table 1. Patient demographics of all cohort
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Table 1. Patient demographics of all cohort (Cont.)

n Median (Min.-Max.) n (%)
AFP 530 12.1 (0.2-55000) Milan Criteria
MTD (cm) 535 3(0-26) In 275(51.4)
Number of nodules 535 2(1-36) Out 260 (48.6)
BSA 535 1.92 (0.38-2.54) Malatya Criteria
BMI 535 26.1(14.8-46.88) In 340 (63.6)
NLR 535 2.59(0.15-35.3) Out 195 (36.4)
PLR 535 84.15(2.61-1092.31) Expanded Malatya Criteria
Platelets 535 101 (15-701) In 369 (69)
INR 442 1.31(0.82-4.1) Out 166 (31)
Albumin 534 3(1.2-5.2) Etiology
Total Bilirubin 535 1.84 (0.23-44.7) Viral hepatitis 400 (74.8)
Creatin 535 0.8(0.22-13.8) Cryptogenic 88(16.4)
Total protein 385 7 (1.01-9.4) Ethanol 11(2.1)
AST 533 58 (9-7789) Budd-Chiari 12(2.2)
ALT 534 42 (7_3535) Metabolic 11 (2.1)
ALP 533 118 (28-2327) Others 1324
GGT 533 73 (11-1396) GRWR
LDH 451 232 (57-1538) Zg-: 45720((190(;)
<0.
0,
n (%) AFP: Alpha fetoprotein; ALP: Alkaline phosphatase; ALT: Alanine
Gender aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index;
69129 R brorsbert A b
Male 466 (87.1) end stage liver disease; MTD: Maximum tumor diameter; NLR: Neutrophile
CHILD class to lymphocyte ratio; NN: Number of nodules; PLR: Platelet to lymphocyte
A 198 (37) ratio; TTD: Total tumor diameter.
B 217 (40.6)
C 120 (22.4) Cox Proportional Hazards Regression Analysis for
GGT Age =265 Years
<104 343 (64.4) Age > 65 years was an independent predictor of mor-
>104 190 (35.6) tality in patients undergoing liver transplantation for
AFP hepatocellular carcinoma (HR = 1.65, 95% Cl: 1.11-2.46,
<200 450 (84.9) p=0.013), according to Univariate Cox regression analy-
>200 80 (15.1) sis (Table 3).
MELD
<15 324 (60.6) Disease-Free Survival Functions of the Groups
215 211 (39.4) Mean disease-free survival time for Younger group was
Recurrence 3711.4 days and 2483.6 days for Older group (Table 4). 1-5-,
None 441 (824) and 10-years OS was 84.2%, 63.9%, and 53.1% in Younger
Yes 94(17.6) group, and 80%, 53.6%, and 40.3% in Older group. Survival
TTD, cm difference was not statistically significant with p=0.066
<8 390(72.9) (Fig. 2).
>8 145 (27.1)

Differentiation
Well/moderate 460 (86)
Poor 75 (14)
Venous invasion
None 474 (88.6)

Microscopic/Macroscopic 61 (11.4)

Tumor Recurrence

The overall HCC recurrence rate was 17.6% (94/535), with
13.2% (9/68) in the Older group and 18.2% (85/467) in the
Younger group, showing no significant difference (p=0.404,
Table 5). In the Older group, recurrences were liver-only 22%
(2/11), extrahepatic-only 33% (3/11), or both 44% (4/11).
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Table 2. Distribution of the LT numbers for HCC and all other indications according to time periods

Time period All others All others All others P HCC HCC HCC p

n Age <65 Age =65 n Age <65 Age =65

n (%) n (%) n (%) n (%)
2002 -2010 512 499 (97.5) 13 (2.5) <0.001 63 59(93.7) 4(6.3) 0.039
2011 -2020 2378 2257 (94.9) 121 (5.1) 301 267 (88.7) 34 (11.3)
2021 -2025 1358 1231 (90.6) 127 (9.4) 171 141 (82.5) 30(17.5)
Total 4248 3987 (93.9) 261 (6.1) 535 467 (87.3) 68 (12.7)
Table 3. Overall survival and cox regression according to age 65
Univariate Analysis
os Survival (days) Survival (days) Log-Rank HR HR
Mean+SE Median+SE p (95% C.l.) p

Age<65 (n=467) 3793.55+157.48 4451+£762.33 0.012 reference
Age=65 (n=68) 2497.50+£334.36 2184+919.77 1.653 (1.111-2.460) 0.013

HR: Hazard ratio; OS: Overall survival; SE: Standard error.

Figure 1. Overall survival function of LT patients with HCC according
to age 65.

Table 4. Disease-free survival table according to age 65

DFS Survival (days) Survival (days) Log-Rank
Mean+SE MediantSE P
Age<65 (n=467) 3711.41+159.21 4655+918.12 0.066

Age=65 (n=68) 2483.62+340.31 2184+871.69

DFS: Disease-free survival; SE: Standard error.

In the Younger group, rates were 11.8% (10/85) liver-only,
48.2% (41/85) extrahepatic-only, and 40% (34/85) both.

Extrahepatic metastases occurred most frequently in
the lungs (n=46), followed by bones (n=16), peritoneum
(n=14), lymph nodes (n=12), adrenal glands (n=11), and
brain (n=4).

Figure 2. Disease-free survival function of LT patients with HCC ac-
cording to age 65.

Comparison of the Groups in Terms of
Demographics and Tumor Parameters

Next, we made a comparison between the groups. Demo-
graphics, etiology, CHILD class, MELD score, recurrence
rates, MTD, NN, differentiation grade, and vascular invasion
status were similar between the groups. Only the last cre-
atin level before LT (0.88 vs 0.8, p=0.003) and beyond Mi-
lan criteria rate were significantly higher (39.7% vs 60.2%,
p=0.039) in the Older group.

Discussion

In our study, we demonstrated that the proportion of pa-
tients aged 65 years and older undergoing liver transplan-
tation, both for all indications and specifically for HCC, in-
creased significantly over time (Table 2). When analyzed by



100 Journal of Inonu Liver Transplantation Institute

Table 5. Comparison of the age groups

Age<65 Age=65 p
n Median n Median
(Min.-Max.) (Min.-Max.)
AFP 462 12.34 (0.2-55000) 68 10.5 (0.4-20179) 0.793
MTD (cm) 467 3(0-26) 68 3.25(0-16) 0.844
Number of nodules 467 2(1-36) 68 2(1-27) 0.072
BSA 467 1.92(0.38-2.54) 68 1.92(1.4-2.37) 0.972
BMI 467 25.96 (14.8-46.88) 68 26.85 (16.1-41) 0.125
NLR 467 2.59(0.15-35.3) 68 2.59(0.54-15.14) 0.997
PLR 467 82.7 (2.61-1092.31) 68 87.78 (34.06-298.68) 0.397
Platelets 467 96 (16-701) 68 110.5 (15-538) 0.152
INR 383 1.31(0.82-3.67) 59 1.26 (0.9-4.1) 0.132
Albumin 466 3(1.2-5.2) 68 3(1.9-5.2) 0.242
Total Bilirubin 467 1.88 (0.23-44.7) 68 1.8 (0.3-10.7) 0.262
Creatin 467 0.8 (0.22-13.8) 68 0.88(0.3-1.6) 0.003
Total protein 336 7 (1.5-9.4) 49 7 (1.01-9) 0.968
AST 465 59 (9-7789) 68 54 (14-268) 0.172
ALT 466 42.5(10-3535) 68 40.5 (7-250) 0.281
ALP 465 121 (28-2327) 68 106.5 (46-367) 0.431
GGT 465 71(11-1396) 68 88.5 (13-702) 0.070
LDH 391 235 (57-1538) 60 219 (149-401) 0.617
Age<65 Age=65 P
n (%) n (%)

Gender

Female 60 (12.8) 9(13.2) 1.000

Male 407 (87.2) 59 (86.8)
CHILD class

A 171 (36.6) 27 (39.7) 0.763

B 189 (40.5) 28 (41.2)

C 107 (22.9) 13(19.1)
GGT

<104 306 (65.8) 37 (544) 0.067

>104 159 (34.2) 31 (45.6)
AFP

<200 391 (84.6) 59 (86.8) 0.782

>200 71(15.4) 9(13.2)
MELD

<15 282 (60.4) 42 (61.8) 0.828

>15 185 (39.6) 26 (38.2)
Recurrence

None 382(81.8) 59 (86.8) 0.404

Yes 85(18.2) 9(13.2)
TTD

<8 344 (73.7) 46 (67.6) 0.370

>8 123 (26.3) 22(32.4)
Differentiation

Well/moderate 400 (85.7) 60 (88.2) 0.699

Poor 67 (14.3) 8(11.8)
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Table 5. Comparison of the age groups (Cont.)

Age<65 Age=65 p
n (%) n (%)
Venous invasion
None 416 (89.1) 58 (85.3) 0.476
Microscopic/Macroscopic 51 (10.9) 10(14.7)
Milan Criteria
In 248 (53.1) 27 (39.7) 0.039
Out 219 (46.9) 41 (60.3)
Malatya Criteria
In 300 (64.2) 40 (58.8) 0.386
Out 167 (35.8) 28 (41.2)
Expanded Malatya Criteria
In 327 (70) 42 (61.8) 0.169
Out 140 (30) 26 (38.2)
Etiology
Viral hepatitis 350 (74.9) 50(73.5) 0.347
Cryptogenic 73 (15.6) 15 (22.1)
Ethanol 9(1.9) 2(2.9)
Budd-Chiari 12 (2.6) 0(0)
Metabolic 11(2.4) 0(0)
Others 12(2.6) 1(1.5)
GRWR
>0.8 409 (89.7) 61(92.4) 0.636
<0.8 47 (10.3) 5(7.6)

AFP: Alpha fetoprotein; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; BSA: Body surface
area; GGT: Gamma glutamyl transferase; GRWR: Graft to recipient weight ratio; LDH: Lactate dehydrogenase; MELD: Model for end stage liver disease; MTD:
Maximum tumor diameter; NLR: Neutrophile to lymphocyte ratio; NN: Number of nodules; PLR: Platelet to lymphocyte ratio; TTD: Total tumor diameter.

indication, the proportion of elderly recipients was higher
among patients transplanted for HCC compared with those
transplanted for other indications. Advanced age is a well-
established risk factor for the development of HCC; there-
fore, a higher proportion of elderly patients among those
undergoing transplantation for HCC is an expected finding.

In the present study, we found that recipient age =65 years
was independently associated with significantly worse
post-transplant overall survival in patients undergoing
liver transplantation for HCC (5-year OS 66.8% vs 52.8%,
p=0.012). In the Cox regression analysis, the risk of mortal-
ity in the elderly group was found to be 1.65 times higher
than that in the younger group (HR = 1.65, 95% Cl: 1.11-
2.46, p=0.013). These findings are highly consistent with
the study by Xing et al./”? which compared locoregional
therapy (LRT) in patients who underwent liver transplanta-
tion for HCC. In that study, advanced age (=65 years) was
identified as an independent risk factor for poor survival
in patients with HCC (univariate analysis: HR 1.71, 95% CI:
1.44-2.94). Additionally, donor age, bridging LRT, and lon-
ger waiting time were identified as independent prognos-
tic factors for survival.”

On the other hand, disease-free survival and recurrence
rates were comparable between younger and older recipi-
ents. This finding suggests that the observed difference in
overall survival among older patients cannot be explained
by tumor recurrence. The impact of recipient age on liver
transplantation outcomes has long been debated. While
earlier studies suggested that chronological age alone
should not preclude transplantation, more recent analyses
indicate that selected elderly patients older than 65 and
even 70 years benefit from LT as much as younger ones.*
51 But our findings are consistent with reports demonstrat-
ing inferior survival among elderly transplant recipients," 4
even when tumor burden and transplant eligibility criteria
are comparable between age groups.

When we compare the groups in terms of demograph-
ics, etiology, CHILD class, MELD score, recurrence rates,
MTD, NN, differentiation grade, Malatya criteria status,
Expanded Malatya criteria status and vascular invasion
status we could not find significant difference. Only the
last median creatin level before LT (0.88 vs 0.8, p=0.003)
and beyond Milan criteria rate were significantly higher
(39.7% vs 60.2%, p=0.039) in the Older group. In elderly
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HCC patients with elevated creatinine levels, reassess-
ing diuretic therapy, fluid status, and glomerular filtra-
tion rate during the pre-transplant preparation period to
improve renal function may be beneficial in improving
post-transplant survival outcomes. However, the signifi-
cantly higher rate of beyond Milan criteria in elderly pa-
tients does not explain the current poor survival rate, as
tumor recurrence rates, AFP levels, MTD, tumor differen-
tiation, vascular invasion rates, and the rates of non-Milan
criteria were similar in both groups. Age-related factors
such as comorbidity, reduced cardiopulmonary reserve,
frailty, and sarcopenia are well-recognized contributors
to poor outcomes after major surgery. These conditions
are not fully captured by conventional risk stratification
tools or MELD-based allocation systems. Furthermore, im-
munosenescence in elderly recipients may predispose to
infectious complications and impair long-term tolerance
to immunosuppressive therapy, thereby contributing to
late mortality independent of graft function or tumor re-
currence. Comprehensive geriatric assessment, objective
frailty indices, and detailed cardiopulmonary evaluation
may help identify elderly patients who are most likely
to derive long-term benefit from transplantation. In ad-
dition, individualized immunosuppressive regimens and
closer post-transplant monitoring may be particularly im-
portant in this high-risk group. Further studies analyzing
these parameters are needed.

This study has limitations inherent to its retrospective de-
sign, and age-related factors such as frailty, sarcopenia, or
cause-specific mortality, immunosuppressive regimens,
post-transplant complications which have potential con-
tributors to poor outcomes were not analyzed.

The results of our study indicate that advanced age should
be considered as a factor within risk stratification models
for HCC transplant candidates, rather than used as an ex-
clusion criteria.

Conclusion

In conclusion, the number of older patients (=65 years) un-
dergoing liver transplantation has increased significantly,
both for HCC and for other indications. Older age was in-
dependently associated with worse post-transplant overall
survival among patients undergoing liver transplantation
for HCC. This inferior survival cannot attribute to the tu-
mor-related factors. Future studies focusing on sarcopenia,
frailty, causes of death, and post-transplant complications,
immunosuppressive regimens to better define the mecha-
nisms underlying poor survival outcomes in elderly liver
transplant recipients and to improve patient selection and
post-transplant management in this growing population.
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Surgical Management of Bile Duct Injuries During Laparoscopic
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Abstract
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Objectives: This study aimed to retrospectively evaluate the clinical outcomes of surgical repair techniques applied in bile duct
injuries occurring during laparoscopic cholecystectomy (LC).

Methods: A total of 20 patients who developed bile duct injury during laparoscopic cholecystectomy and subsequently under-
went surgical reconstruction were retrospectively analyzed. Demographic characteristics, timing of injury recognition, type of
injury according to the Strasberg classification, surgical techniques employed, postoperative complications, and length of hospital
stay were evaluated.

Results: Thirteen patients were female (65%) and seven were male (35%), with a mean age of 57.6 years (range: 19-90). According
to the Strasberg classification, the most common injury type was Type E2 (70%), followed by Type E1 (25%) and Type E3 (5%). Roux-
en-Y hepaticojejunostomy was performed in 85% of cases. Concomitant vascular injury was present in two patients. The mean
length of hospital stay was 7.2 days. Postoperative bile leakage developed in two patients and was successfully managed using
interventional or conservative approaches.

Conclusion: Early diagnosis and appropriate surgical reconstruction are crucial in the management of bile duct injuries. Even in cases

of delayed diagnosis, successful clinical outcomes can be achieved in experienced centers through a multidisciplinary approach.
Keywords: Bile duct injury, laparoscopic cholecystectomy, Strasberg classification, hepaticojejunostomy

Please cite this article as "Yuksekyayla B, Tatli F, Gumer M, Erkmen F, KaplanV, Uzunkoy A. Surgical Management of Bile Duct Injuries Dur-
ing Laparoscopic Cholecystectomy: A Retrospective Analysis of 20 Cases. J Inonu Liver Transpl Inst 2025;3(3):103-107"

Laparoscopic cholecystectomy is the gold standard sur-
gical treatment for benign biliary diseases. However,
compared with open surgery, it is associated with a higher
risk of bile duct injury.™ The incidence of bile duct injuries
following laparoscopic cholecystectomy has been report-
ed to range between 0.4% and 0.6%. Bile duct injuries
develop due to multiple factors, including surgeon experi-
ence, anatomical variations, inflammation, and misidentifi-
cation of biliary anatomy.

Bile duct injuries may lead to significant morbidity, pro-

Address for correspondence: Firat Erkmen, MD. Department of General Surgery, Harran University, Sanliurfa, Turkiye

E-mail: firaterkmen@gmail.com

Submitted Date: 26.12.2025 Revised Date: 07.01.2026 Accepted Date: 07.01.2026 Available Online Date: 14.01.2026

Journal of Inonu Liver Transplantation Institute - Available online at wwwijilti.org
OPEN ACCESS This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

longed hospital stay, and a marked deterioration in quality
of life. In cases that are not recognized early or managed
appropriately, serious clinical consequences may occur,
including recurrent episodes of cholangitis, secondary bili-
ary cirrhosis, development of portal hypertension, and ulti-
mately the need for liver transplantation.

Bile duct injuries occurring after laparoscopic cholecys-
tectomy should generally be managed using a multidis-
ciplinary approach. Accordingly, the treatment of patients
with bile duct injury should be performed in experienced
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centers that include general surgery, gastroenterology, and
interventional radiology units.

In this study, we aimed to present the surgical manage-
ment and clinical outcomes of bile duct injuries occurring
during laparoscopic cholecystectomy.

Methods

This retrospective study included patients who were diag-
nosed with bile duct injury during laparoscopic cholecys-
tectomy or in the early postoperative period and under-
went surgical reconstruction at the Department of General
Surgery, Harran University, between 2018 and 2025. De-
mographic characteristics, including age and sex, timing of
injury recognition (intraoperative or postoperative), type
of injury, referral status, presence of concomitant vascular
injury, type of surgical reconstruction performed, postop-
erative complications, and length of hospital stay were re-
corded. All bile duct injuries were categorized according to
the Strasberg classification (Fig. 1).

To determine the type of bile duct injury, intraoperative
assessment was used in patients who underwent early re-
construction, whereas endoscopic retrograde cholangio-
pancreatography (ERCP) and magnetic resonance cholan-
giopancreatography (MRCP) were utilized in the remaining
patients.

Early reconstruction was performed in patients who were
referred to our center in the early period and in those
whose injuries occurred at our institution. In the remain-
ing patients, surgical treatment was performed after ap-
propriate diagnostic evaluation and initial management.
As part of the surgical treatment, T-tube cholangiography
was performed on postoperative day 21 in patients who
underwent T-tube repair or in whom an external stent was
placed during hepaticojejunostomy. In cases with normal
cholangiographic findings (Fig. 2), the T-tube and external
catheters were subsequently removed.

Figure 1. Strasberg Classification of Bile Duct Injuries.
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Figure 2. Postoperative MRCP Image of a Patient Who Underwent
Surgery for Bile Duct Injury.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statis-
tics version 27.0 (Armonk, NY: IBM Corp.). This study was
designed as a descriptive analysis, and no comparative or
inferential statistical tests were applied. Continuous vari-
ables were summarized as meanzstandard deviation or
median (minimum-maximum), as appropriate, based on
data distribution assessed by visual inspection of histo-
grams. Categorical variables were presented as numbers
and percentages (%).

Results

Of the 20 patients included in the study, 13 (65%) were fe-
male and 7 (35%) were male. The mean age was 57.6 years
(range: 19-90). Eighteen patients (90%) were referred from
external centers, while bile duct injury occurred at our insti-
tution in two patients (10%). Bile duct injuries were identi-
fied intraoperatively in 19 patients and in the postopera-
tive period in one patient (Table 1).

According to the Strasberg classification, the most frequent-
ly observed injury type was Type E2 (70%), followed by Type
E1 (25%) and Type E3 (5%). Roux-en-Y hepaticojejunostomy
was performed in 85% of cases, while portoenterostomy was
performed in one patient and choledochal repair using a T-
tube was performed in two patients (Table 2).

Concomitant vascular injury was present in two patients;
injury to the right hepatic artery was identified in one pa-
tient, and injury to the proper hepatic artery was detected
in the other. Reanastomosis with a graft was performed in
the patient with proper hepatic artery injury, whereas no
additional surgical intervention was performed in the pa-
tient with right hepatic artery injury.
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Table 1. Demographic Characteristics of Patients

Characteristic Value
Sex, n (%)

Female 13 (65)

Male 7 (35)
Age, years (mean, range) 57.6 (19-90)
Referral status, n (%)

External center 18 (90)

Same institution 2(10)
Timing of diagnosis

Intraoperative 19 (95)

Postoperative 1(5)
Diagnosis

Acute cholecystitis 14 (70)

Cholelithiasis 5(25)

Gallbladder polyps
Hospital stay (mean, range)

1(5)
7.2 days (5-11)

Table 2. The distribution of injuries according to the Strasberg
classification and Surgical Procedure

Characteristic Value
Type of Injury
Type E1 5(25)
Type E2 14 (70)
Type E3 1(5)
Concomitant vascular injury 2(10)
Surgical Procedure Performed
Roux-en-Y hepaticojejunostomy 17 (85)
Choledochal repair with T-tube 2(10)
Portoenterostomy 1(5)
Biliary fistula following surgical procedure 2(10)

The mean length of hospital stay was 7.2 days (range: 5-11).
Postoperative bile leakage developed in two patients; one
was treated with ERCP and percutaneous drainage, while
the other was managed conservatively. No perioperative
mortality was observed.

Discussion

Although laparoscopic cholecystectomy (LC) is widely ac-
cepted as the gold standard treatment for symptomatic
gallstone disease, it is associated with one of its most seri-
ous and potentially life-threatening complications, namely
major bile duct injuries (BDIs).B4 The reported incidence
of BDlIs following LC ranges from 0.4% to 0.6%.1 Despite a
gradual reduction in these rates attributable to increased
surgical experience and the adoption of standardized tech-
nical principles, BDIs continue to represent a major clinical
challenge due to their association with considerable mor-

bidity, mortality, and increased healthcare costs.® Notably,
Saglam et al. have reported cases progressing to liver trans-
plantation after bile duct injury, highlighting the potential-
ly devastating consequences of this complication.!

In the early period following the introduction of laparo-
scopic cholecystectomy, the incidence of bile duct injury
was reported to be higher compared with open cholecys-
tectomy. However, with increasing surgical experience and
completion of the learning curve, these rates have gradual-
ly declined, and laparoscopic cholecystectomy has become
the standard surgical approach in current practice. Never-
theless, despite improved surgical expertise, several stud-
ies have demonstrated that the incidence of bile duct inju-
ry remains higher in cases defined as difficult laparoscopic
cholecystectomy. Advanced age, male sex, the presence of
anatomical variations, and procedures performed in the
setting of acute cholecystitis are considered risk factors as-
sociated with difficult laparoscopic cholecystectomy.” In
our study, 35% of the patients were male, the mean age
was 57.6 years, and 70% of the patients underwent surgery
for acute cholecystitis. These findings are consistent with
the existing literature and suggest that laparoscopic cho-
lecystectomy performed during acute cholecystitis repre-
sents a significant risk factor for the development of bile
duct injury. Due to the relatively limited sample size of our
study, no statistically significant difference was observed
with respect to male sex.

From a pathophysiological perspective, most injuries re-
sult from misidentification of the common bile duct as the
cystic duct, leading to inadvertent transection, clipping, or
ligation. This mechanism is closely related to inadequate
achievement of the “critical view of safety” during dissec-
tion.®? While previous studies have shown that approxi-
mately 20-30% of BDlIs are recognized intraoperatively, the
majority are diagnosed in the postoperative period based
on clinical suspicion.® In the present study, bile duct inju-
ries were identified intraoperatively in 19 patients, whereas
only one patient was diagnosed postoperatively. In patients
with delayed recognition, the most common warning signs
include bile output from surgical drains, persistent abdom-
inal pain, abdominal distension, clinical findings of biliary
peritonitis, and unexplained elevations in cholestatic liver
enzymes—particularly alkaline phosphatase and gamma-
glutamyl transferase—as well as serum bilirubin levels.'”

Appropriate imaging modalities are essential for confirm-
ing the diagnosis of major bile duct injuries (BDIs) and for
accurately defining the type and anatomical level of injury,
which are critical determinants of the subsequent treatment
strategy. Among available imaging techniques, magnetic
resonance cholangiopancreatography (MRCP) is currently
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regarded as the preferred first-line modality owing to its
non-invasive nature and high diagnostic accuracy."® MRCP
enables detailed three-dimensional visualization of the bili-
ary tree and allows precise identification of the presence, lo-
cation, and extent of bile leakage. Consequently, it facilitates
reliable classification according to the Strasberg system and
supports appropriate therapeutic decision-making.'" In the
present study, MRCP, complemented by endoscopic retro-
grade cholangiopancreatography (ERCP) when indicated,
was used to characterize the type of bile duct injury.

The Strasberg classification remains the most widely ac-
cepted framework for guiding management algorithms in
patients with major BDIs. While minor injuries, classified as
Types A-D, are generally amenable to minimally invasive
interventions such as ERCP with biliary stenting or percu-
taneous drainage, Type E injuries—defined by complete
transection of the main bile duct or extensive defects—
typically necessitate surgical reconstruction, particularly
in Types E1-E4."¥ In our cohort, approximately 70% of
patients were diagnosed with Type E2 injuries. For these
high-grade injuries, Roux-en-Y hepaticojejunostomy (HJ)
is widely considered the gold standard reconstructive ap-
proach, as it provides a tension-free biliary-enteric anasto-
mosis and is associated with favorable long-term patency
and low stricture rates."™ Consistent with these recommen-
dations, HJ was performed as the primary reconstructive
procedure in 17 patients in our series.

The management of major bile duct injuries (BDIs) requires
a multidisciplinary approach and should ideally be under-
taken in experienced hepatobiliary centers with the col-
laboration of specialists in gastroenterology and interven-
tional radiology."™™ Such an integrated strategy is crucial
for accurate diagnosis, prompt patient stabilization in the
setting of acute biliary peritonitis or sepsis, and determi-
nation of the optimal timing for definitive surgical repair.
Importantly, concomitant vascular injuries involving the
hepatic arterial system—most frequently the right hepatic
artery—or, less commonly, the portal vein, have been re-
ported in approximately 10-25% of patients with BDIs.'¥ In
the present study, vascular injury was detected in two pa-
tients, involving the proper hepatic artery in one case and
the right hepatic artery in the other. Given that associated
vascular injuries substantially increase the risk of hepatic
parenchymal ischemia and subsequent biliary strictures,
their early recognition and repair, when technically fea-
sible, are of paramount importance. Moreover, high-level
bile duct injuries affecting the biliary confluence or proxi-
mal hepatic ducts (Strasberg Types E3, E4, and E5) repre-
sent the most technically demanding scenarios and, in rare
instances, may ultimately necessitate liver transplantation
following unsuccessful reconstructive attempts.'
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The timing of intervention is another critical determinant
of prognosis in patients with major BDIs. When the injury is
recognized intraoperatively and the patient remains hemo-
dynamically stable, immediate or early reconstruction—per-
formed during the index operation or within the first 72-96
hours by an experienced surgical team—offers the highest
likelihood of favorable outcomes.™ In our series, bile duct
injuries were diagnosed early in 19 patients, allowing for
timely reconstruction. Conversely, in cases with delayed di-
agnosis accompanied by sepsis, intra-abdominal infection,
or pronounced inflammatory changes, initial management
should prioritize biliary decompression through interven-
tional radiological techniques, effective infection control,
and metabolic stabilization. Definitive reconstructive sur-
gery in these patients is generally postponed for 4-6 weeks
to permit resolution of inflammation and to facilitate repair
under elective and more favorable conditions.®

This study has certain limitations, including its retrospec-
tive design and the relatively small sample size. Nonethe-
less, our results are in agreement with existing literature
and further underscore the importance of multidisciplinary
management, accurate injury classification, and appropri-
ate timing of intervention in the treatment of major BDIs. In
our clinical experience, early reconstruction in patients di-
agnosed intraoperatively was technically less challenging
and associated with lower complication rates. Addition-
ally, favorable outcomes were achieved in patients referred
from external centers with delayed diagnosis through ini-
tial stabilization followed by carefully planned elective sur-
gical reconstruction.

Conclusion

Early recognition and appropriately timed surgical recon-
struction are fundamental to achieving favorable outcomes
in the management of bile duct injuries. Importantly, even
in patients with delayed diagnosis, successful clinical and
surgical results can be attained when management is con-
ducted within experienced hepatobiliary centers using a
multidisciplinary approach.
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Abstract
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Objectives: Transarterial radioembolization with *°Y (TARE) is used as neo-adjuvant therapy for resection, liver transplant down-
staging, or frontline therapy for hepatocellular carcinoma (HCC) patients. There are few reports on its use from high-throughput
liver transplant or HCC institutions in the developing world.

To evaluate responses of both the liver and tumor to TARE in patients awaiting living donor liver transplant (LDLT).

Methods: HCC patients received TARE, and suitable patients then received LDLT or otherwise continued TARE till disease progres-
sion. CAT scans, liver lobe volumes and liver function tests were assessed at baseline and 3 months.

Results: Less than 10% of patients developed decreased blood albumin or platelets, or increase in total bilirubin or ALBI grade at
3 months post TARE. Many patients with abnormal baseline liver values, had an increase in albumin (42.1% patients) and platelets
(64.7% patients) or decrease in total bilirubin (71.4% patients) or ALBI grade (51.5% patients) at 3 months post TARE. To explain
liver function improvements, lobar liver volumes were assessed and increased in the TARE-untreated, contralateral lobe (median
17.46%) pre-Tx. AFP levels decreased in 81.8% of patients with elevated baseline AFP levels. Survival was longer in the TARE-Tx
compared with unrelated TARE-non transplanted patients.

Conclusion: Liver toxicities were low, and many patients had early improvement in liver parameters post TARE.

Keywords: HCC, lobar hypertrophy, liver function, radioembolization
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Transarterial radioembolization with %Y (TARE) has
increasingly become part of the therapeutic arma-
mentarium for locoregional therapy for patients with
non-metastatic hepatocellular carcinoma (HCC) in recent
years, owing to its effectiveness, relatively low toxicity!
and comparable survival rates to transarterial chemoem-
bolization (TACE).®¢ In addition it is relative safe com-

pared with TACE in patients with portal vein thrombosis
(PVT).”® Despite the burgeoning literature on its use, pre-
cise knowledge is still lacking concerning its mechanisms,
predictors of response and resistance, optimal uses and
combinations with other treatment modalities. There is
also no accurate information on the speed to or durability
of HCC responses.
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TARE has been shown to cause ipsilateral lobar or seg-
mental atrophy, together with corresponding contra-
lateral lobar hypertrophy, and is increasingly used as
a safer substitute to portal vein embolization (PVE)® '
for the preparation of patients for resection who have
a potentially marginal future liver remnant (FLR) after
resection." We have explored these considerations
in a series of patients who were treated with TARE for
tumor control while being prepared for subsequent
liver transplantation (LT). We performed targeted radio-
embolization therapy using either glass microspheres
(Therasphere) or resin microspheres (Sirsphere), each
containing radioactive *°Yttrium (°°Y). A small propor-
tion of these HCC patients had some expected liver tox-
icities!™ '® post TARE, but we also unexpectedly found
patients whose liver function improved compared with
baseline values, in addition to a decrease in serum lev-
els of alpha-fetoprotein (AFP) in patients who had ele-
vated baseline AFP levels. We found contralateral lobar
hypertrophy on routine follow-up CAT scans compared
to baseline pre-TARE scans, which may explain the liver
function improvement. We also consider other explana-
tions and suggest new hypotheses for this, concerning
tumor-microenvironmental interactions. If correct, this
may enhance our ideas concerning the 2-way interac-
tions between HCC and its microenvironment.

Methods

Thirty six unresectable patients with hepatocellular carci-
noma (HCC) were treated with TARE to maintain tumor con-
trol while preparations were being made for living donor
liver transplantation (LDLT), TARE-Tx were retrospectively
analyzed.

Inclusion criteria: patients with an HCC diagnosis that was
considered to be unresectable, age >18 years, absence of
metastases, lung shunt <20%, prior informed consent for
the radioembolization procedure and treatment; ECOG
performance status <3 and adequate hematologic, renal
and liver function tests for a safe interventional proce-
dure.

Demographic and clinical characteristics of the HCC pa-
tients analyzed for this study were: age, gender, pre-TARE
and last (pre-transplant) alpha-fetoprotein (AFP) and liver
function values, maximal baseline tumor diameter, number
of tumors (1 versus >1) and presence or absence of macro-
scopic portal vein invasion by tumor (PVT) on the CAT scan.
The primary objective of this retrospective analysis was to
examine the responses of the treated liver by liver function
tests, as well as of the HCC to therapy by serum AFP level
and CAT scan changes (RECIST criteria) and to identify the

development of any liver toxicities. Since we unexpectedly
found improved liver function in several patients, we then
retrospectively looked for hypertrophy in the untreated
contralateral liver lobe in the CAT scans. Radiographic liver
volume and lobar assessment was performed by liver CAT
scan at baseline and at 3 months post TARE, using Myrian
imaging software, France.

The study protocol was approved by the ethical committee
of the University institutional review board (IRB) for non-
interventional studies (2025/8125) for data collection and
analysis, and conducted in adherence to the Declaration
of Helsinki. Since this was a non-intervention retrospec-
tive study, patient informed consent was not required for
the study evaluation, although each patient signed an in-
formed consent for the proceedure.

Diagnosis of HCC was established by percutaneous biop-
sy or noninvasively based on presence of a hepatic mass
greater than 2 cm diameter with characteristic imaging
findings in the setting of liver cirrhosis as per EASL guide-
lines. Treatment was performed on an inpatient basis, and
patients were typically not discharged home for 24 hr after
the procedure for post-TARE safety observations.

Radioembolization Procedures

Patients were treated as per published guidelines">'" and
underwent pre-treatment angiographic mapping of the
abdominal aorta and hepatic arteries. Planar scans of the
lung and liver area in anterior and posterior views were
acquired after injection of 99mTc-labelled albumin mac-
roaggregated albumin (99mTc-MAA) into selected arte-
rial branches followed by SPECT (until 2006) or SPECT/CT
scans. Radioembolization was delivered using Yttrium-90
resin microspheres (SIR-Spheres; Sirtex Medical Limited,
North Sydney, NSW, Australia) or glass microspheres Th-
erasphere, Boston Scientific, Boston MA, USA). Dose cal-
culating changed over time. Initially, the BSA method was
used, but subsequently, personalized dosimetry planning,
considering optimal absorbed doses by tumoral and non-
tumoral volumes was used by the treating interventional
radiologist.

Hepatic Volumetric Analysis

CT images (Somatom Definition, 256x256; Siemens Health-
ineers, GmbH, Erlangen, Germany) were used for volumet-
ric evaluation. According to routine dynamic hepatic CT
protocol, pre-contrast, thin-slice scanning and non-ionic,
contrast-enhanced arterial, portal, and hepatic phase thin-
slice scanning were performed. Automated volume calcu-
lation software used the data from the CT images to create
estimated measurements.!"”!
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Clinical Evaluation

Serum laboratory analysis included complete blood count,
international normalized ratio, AFP levels and comprehen-
sive metabolic and liver panel were obtained at baseline
and repeated at 1 and 3 months post TARE. Radioemboli-
zation-related toxicities were classified according to the
National Cancer Institute Common Terminology Criteria
for Adverse Events (CTCAE) v6.0 and the assessment of ra-
dioembolization-induced liver disease.!"® Tumor responses
were evaluated by mRECIST (modified Response Evaluaton
in Solid Tumors) criteria. Tumor necrosis was assessed by
microscopic estimates in 5% increments.

Statistical Analysis

The normality of the quantitative data was assessed by
Shapiro-Wilk test. Mann-Whitney U test was used to com-
pare two independent groups and data were summarized
by median (interquartile range). The distribution of the
qualitative data was presented by count (percentage), and
chi-square test was used for comparisons. Survival analyses
were performed by Kaplan-Meier analysis, Log-rank test
and univariate Cox regression analysis. The two-sided sig-
nificance level was considered as 0.05 in all analysis. Soft-
ware analysis was IBM SPSS Statistics for Windows, Version
26.0 (Armonk, NY: IBM Corp.).

Results

Liver Function Changes After TARE in Pre-transplant
(TARE-Tx) HCC Patients

Liver function changes after TARE treatment are shown in Ta-
ble 1, A-E. Results at 3 months post TARE showed a decrease
in serum albumin levels in 8.3% percent of patients (Table
1A), all less than grade 3 toxicity by CTCAE criteria.'® Stable
levels were seen in 69.4% of patients. However, an improve-
ment or increase in serum albumin levels was seen in 22.2%
of the total patient cohort, or in 42.1% of those patients (8 of
19) who had low baseline <3.5 g/dL (abnormal) serum albu-
min levels (Table 1A, top row). There were similar findings for
blood platelet levels, with 9.3% having decreased levels and
34.4% of the total cohort having increased platelet levels, or
64.7% of those patients (11 of 17) who had baseline throm-
bocytopenia <125 x103/pL, which is a reflection of portal
pressure (Table 1B, top row) having increased platelet levels.
Total serum bilirubin levels were increased in 9.3% of the
total cohort at 3 months, all less than grade 3 toxicity, and
59.3% of patients had stable serum bilirubin levels. However,
similar to the findings for albumin, 31.2% of the cohort had
decreased (improved) total bilirubin levels, which was 71.4%
of those patients (10 of 14) who had increased baseline se-
rum total bilirubin levels of >1.5 mg/dL (Table 1C, bottom
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row). Similar results were seen for INR levels (Table 1D). ALBI
levels were calculated, using MDCalc (www.mdcalc.com). A
worsened (increased) grade was seen in 6% of patients at 3
months post TARE, while 51.5% (17 of 33 patients) had an im-
proved (decreased) grade (Table 1E). Thus, there were some
worsened liver function values, but a larger patient number
had improvement in levels of albumin (increased), platelets
(increased), total bilirubin (decreased), INR (decreased) and
ALBI grade (decreased). The slight decrease in denominator
patient numbers for INR and ALBI reflect some missing lab
values.

Tumor Changes After TARE in Pre-transplant
(TARE-Tx) HCC Patients

Baseline serum AFP levels were elevated in only 13 of 36
patients (36%) of the cohort, a figure close to what we and
others have previously found.?*21Two of 11 patients (18.2%)
had increased AFP levels within 3 months of TARE (Table 2A),
whereas 9 of 11 patients (81.8%) had decreased AFP levels,
mostly by >90% at 3 months after TARE in pre-transplant pa-
tients. CAT scan-based tumor changes at 3 months (post 1
cycle of TARE) showed that 32.1% of the 36 patients had mi-
nor responses (RECIST criteria), with no partial or complete
responses, but 60.7% of patients had decreased tumor vas-
cularity (Table 2B). The transplant pathology showed an av-
erage of 58.7% necrosis in the treated HCC specimens, with
52% of patients having more than 75% of the tumor cells be-
ing necrotic (Table 2C). The variability of response by necro-
sis may also be a reflection of the wide time range between
TARE and LDLT, being a mean of 6.3 months (range of 3to 12
months) and a median of 5 months.

Changes in Liver Lobe Volumes in Response to TARE

TARE has previously been shown to cause atrophy in the
treated liver lobe and compensatory hypertrophy in the
non-treated, contralateral lobe,"""'¥ which has being used
to prepare for liver resection in those patients who have
potential marginal future liver remnants (FLR) post resec-
tion. Since embolization- induced contralateral liver hyper-
trophy has been thought to be associated with improved
liver function,?'22 we considered whether similar hypertro-
phy might explain the liver functional improvements found
post TARE in our patients. Lobar volume changes in treated
right lobes and untreated contralateral left lobe volumes
are shown inTable 4. The median treated right lobe atrophy
was a volume decrease of -16.4%, with a wide range from
-49.01 to -5.22 percent decrease (data not shown). In con-
trast, hypertrophy in the untreated left lobe had a median
increase of 17.46% in volume, with a similarly large range of
5.69 to 41.5% increase in the transplant (TARE-Tx) patients
(Table 3).
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Table 1. Blood parameter responses post TARE in pre-transplant (TARE-Tx) patients

M

A. Albumin. Patients Baseline - 1 mo. Baseline - 3 mo.
TARE-Tx n (%) n (%)
*Increased Baseline low 9/21 (42.8) 8/19 (42.1)
Increased 9/36 (38.9) 8/36 (22.2)
No change All 24/36 (66.6) 25/36 (69.4)
Decreased 3/36 (8.3) 3/36 (8.3)

*denominator reflects only those patients with abnormal baseline values.

B. Platelets. Patients Baseline - 1 mo. Baseline - 3 mo.
TARE-Tx n (%) n (%)
*Increased Baseline low 10/17 (58.8) 11/17 (64.7)
Increased 10/36 (27.8) 11/32 (34.3)
No change All 24/36 (66.6) 18/32 (56.2)
Decreased 2/36 (5.5) 3/32(9.3)

*denominator reflects only those patients with abnormal baseline values

C.T.Bili. Patients Baseline - 1 mo. Baseline - 3 mo.
TARE-Tx n (%) n (%)
Increased 4/36 (11.1) 3/32(9.3)

No change All 19/36 (52.7) 19/32 (59.3)
Decreased 13/36 (36.1) 10/32 (31.2)
*Decreased Baseline high 13/16 (68.7) 10/14 (71.4)

*denominator reflects only those patients with abnormal baseline values

D. INR. Patients Baseline - 1 mo. Baseline - 3 mo.
TARE-Tx n (%) n (%)
Increased 1/32(3.1) 1/32(3.1)

No change All 28/32(87.5) 27/32 (84.3)
Decreased 3/32(9.3) 4/32(12.5)
*Decreased Baseline high 3/7 (42.8) 4/7 (57.1)

*denominator reflects only those patients with abnormal baseline values

E. ALBI Patients Baseline - 1 mo. Baseline - 3 mo.
TARE-Tx n (%) n (%)
Grade Increase 2/35(5.7) 2/33 (6.0)

No change All
Grade Decrease

18/35(51.4)
15/35 (42.8)

14/33 (42.4)
17/33 (51.5)

ALBI - Increased: 2 to 3(1);1 to 2(1). Decreased: 2 to 1 (10); 3 to 1 (5); 3 to 2 (2). Albumin, Platelets (A, B), improvements = increased level post TARE as % of low
baseline level. Bilirubin, INR (C, D), improvements = decreased level post TARE as % of elevated baseline level. ALBI (E), improvement = decreased grade post

TARE compared with baseline grade.

Survival After TARE in Transplant (TARE-Tx) and
Non-transplant (TARE-no Tx) Patients

Survival time for the TARE-Tx patients was significantly
better than for the TARE-no Tx patients, as expected, with
median survival in the transplant group not yet reached,
but with a mean of 2211.29+168.97 days, compared to a
mean of 1002.05+137.49 days for the non-transplant group

(Table 4). The hazard ratio for death for the TARE-no Tx pa-
tients was 6.140.

Clinical Characteristics of TARE-Tx Compared with
TARE-no Tx Patients

In order to try to understand the differences in the survival
post TARE in the TARE-Tx versus the TARE-no Tx patients,
we compared their blood biochemical and their tumor
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Table 2. AFP and tumor responses post TARE in pre-transplant
(TARE-Tx) patients

A.AFP. TARE-Tx (n=13)

Baseline - 1 mo. Baseline - 3 mo.
n (%) n (%)

Increased 2/13(15.4) 2/11(18.2)

No change 0 0

Decreased 11/13 (84.6) 9/11 (81.8)

B.Tumor response by CAT TARE-Tx (n=28)

scan post TARE n (%)

Minor 9(32.1)

PR 0

CR 0

Stable 19 (67.8)

Progression 0

Vascular response 17 (60.7)

PR: Partial response; CR: Complete response.

C.Transplant tumor TARE-Tx (%)

pathology (% necrosis)

Range 5-100

Average 58.7

>75% necrosis 52

Table 3. Pre-transplant liver lobe volumes pre and post TARE (left
lobe hypertrophy)

Pre-TARE left Post-TARE left Change % left

Mean (mL) 552.3 657.6 20.29
Median (mL) 471 629 17.46
Min (mL) 241 312 5.69
Max (mL) 1203 1378 41.50

profiles (Table 5). The 4 tumor characteristics were all more
aggressive for the TARE-no Tx versus the TARE-Tx patients.
Thus, AFP levels (median 13.34 versus 64.55 [U/mL), maxi-
mum tumor diameter or MTD (median 7.5 versus 5.5 cm),
percentage of patients with PVT (63.6 percent versus 33.3
percent) and tumor multifocality (66.6 percent versus 33.3
percent of patients), were all significantly worse in the non-
transplant compared to the transplanted patients. These
more aggressive tumor characteristic findings likely ex-
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plain the reason why the TARE-no Tx patients could not be
transplanted. Conversely, the liver function tests (total bili-
rubin, INR, GGT and platelets) were all significantly worse
in the transplant group and liver transplantation is curative
for liver failure. Interestingly, serum albumin levels were
not significantly different, nor were the AFP levels signifi-
cant, despite their similar median values, probably due to
the wide range of individual values.

Discussion

TARE therapy has increasingly been used as a bridge to
liver transplantation in the treatment of HCC.?+2"! Several
reports have shown that contralateral hypertrophy of the
non-irradiated liver occurs following TARE.2® This effect
has been considered useful because TARE has been shown
by others to provide both tumor control as well as induc-
tion of contralateral hypertrophy, to enable improved liver
function for possible planned resection surgery. TARE has
superceded portal vein embolization ' for this purpose,
in part for its enhanced safety compared with emboliza-
tion, as well as for its concomitant tumoricidal actions.
Although the current study did not involve resection, we
were interested to see the rapid changes in lobar liver vol-
umes and liver function tests post TARE, during the time
these patients received TARE as a bridge to liver transplan-
tation.

We found some grade <3, mainly transient liver toxicities,
in line with the low percentage of these events reported by
others?3% with less than 10% of patients having liver tox-
icities, mostly low grade and transient, as seen in changes
in blood bilirubin, albumin, INR and ALBI score,*'3* as well
as platelets levels as a reflection of portal pressure (Table 1).

We also noted improvement in liver function, particularly
in patients with baseline abnormal liver tests. This is shown
in Table 1 as an increase with respect to baseline abnormal
low values in blood levels of albumin or platelets, or a de-
crease in total bilirubin levels or INR, with respect to abnor-
mal elevated baseline values. How might this improvement
be explained? Others have shown an improvement in liver
metabolic or other liver functions as a result of emboliza-
tion- or TARE- induced lobar hypertrophy.2+*" Therefore we
used specific software (Methods) to measure pre- and post-
TARE liver lobe volumes (Table 3) and found both treated

Table 4. Survival in TARE transplant (TARE-Tx) and TARE non-transplant (TARE-no Tx) patients

Survival (days) Survival (days) Log-Rank HR HR
MeanzSE MedianzSE p (95% C.1.) p
TARE-no Tx (n=36) 1002.05+137.49 765.00+42.46 <0.001 6.140 (2.460-15.324) <0.001
TARE-Tx (n=36) 2211.29+£168.97 NA reference
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Table 5. TARE pre-transplant (TARE-Tx) and TARE non-transplant (TARE-no Tx) patient characteristics

TARE-Tx (n=36)

TARE-no Tx (n=36)

Pre-treatment N Median (IQR) n Median (IQR) P
AFP 36 13.34(114.8)* 36 64.55 (994.05)* 0.110
ALB 35 3.3(0.9) 36 3.2(0.8) 0.645
T.Bili 36 1.46 (1.36) 36 0.77 (0.59) 0.001
INR 36 1.21(0.37) 35 1.11 (0.2) 0.007
Platelets 36 118 (106.25) 36 159 (120.5) 0.025
GGT 36 105.5 (89.5) 23 144 (227) 0.033
MTD (cm) 36 55(5.3) 36 7.5 (4.0) 0.008
MTD (cm) range 2-15 2.2-19.5

PVT (Yes) 12 33.3% 21 63.6% 0.025
Multifocality (Yes) 12 33.3% 24 66.6% 0.002

*median AFP relates to those patients with elevated serum AFP levels. Tx: transplant; AFP: alpha-fetoprotein (IU/mL); ALB: albumin (g/dL); T. Bili, total
bilirubin (mg/dL); GGT: gamma-glutamyl transferase (IU/mL); INR: international normalized ratio; platelets (109/L); MTD: maximum tumor diameter (cm); PVT:

portal vein thrombosis (Yes).

right lobe atrophy (not shown) and contralateral untreated
left lobe hypertrophy, the latter being a median of 17.46
percent expansion in untreated lobar volume. This is in line
with the reported degree of hypertrophy within 3 months
in the untreated lobe in 6 studies, with a range of 7-57%.
28 There has been discussion in the literature on the rela-
tionship between degree of liver hypertrophy versus liver
functional increase, although any quantitative relationship
is not yet clear.®3!

Tumor responses to TARE treatment were initially evaluated
by measurement of serum alpha-fetoprotein levels, which
have been shown to correlate well with TARE responses,©®
31 and then by CT scan. Over 80% of the patients with el-
evated baseline AFP levels had a response by 1 month,
which proved durable at 3 months in the transplant pa-
tients (Table 2). This is in line with the massive AFP respons-
es reported by others, with 40-70% of patients showing a
90% decrease in AFP levels.3® % However, only 36% of our
cohort had elevated baseline AFP values and thus AFP re-
sponses could not be evaluated in the other 64% of the
patients. A similar range of findings was found by others
in relationship to AFP response and outcomes.*" The CAT
scans showed minor responses in 32.1% of the patients in
the transplant group, but this low response rate is to be ex-
pected after a single TARE session and only 3 months post
treatment.

Patients had a wide range of necrosis on transplant pathol-
ogy. Despite this, with 5-100 percent of tumor cells in dif-
fering patients having necrosis, only 52 percent of patients
had more than 75 percent of necrotic cells on pathology
exam, similar to other reports.’?”!

The fact of so much variability in liver enzymes after TARE,

with some patients having (mainly minor) toxicities, where-
as others showing an improvement in liver function, sug-
gests that multiple factors could be at play. The simplest
explanation is the documented contralateral lobar hyper-
trophy,?" 223435421 which permits a greater surgical mar-
gin of safety for planned resection in patients with other-
wise uncertain post resection liver reserve/FLR. However,
whether the observed 20 percent increase in untreated
contralateral lobar mass is sufficient to explain an actual
improvement in the liver function in some patients, has not
yet been definitively addressed.

Accordingly, other explanations might be considered. It is
possible that TARE kills invasive, parenchyma-destroying
cancer cells. Another possibility is that HCC cells may be
secreting factors that have a negative influence on liver
parenchyma. The concept of the liver microenvironment
secreting growth and inflammation factors that influence
the tumor is now well accepted. Yet the reverse concept is
also plausible, given that cancer cachexia has been recog-
nized as a factor in advanced cancers®+% and cancer cells
have been shown to secrete metabolic cytokines and other
mediators of catabolism.*” The speed of changes is also
consistent with reports of decreases in peripheral lympho-
cyte levels within 24 hr of TARE."® *1 Hepatic immune cell
changes within a few days of TARE have recently also been
reported.*® The improvement in liver function after region-
al liver radiation in a subset of patients reported here has
also been observed by others.B* 351 Whole liver radiother-
apy for liver metastases has also been reported to result in
improved liver function.>?

The heterogeneity in response does not currently have a
satisfactory explanation, especially given reports of an
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unclear correlation between degree of hypertrophy and
relatvely greater improvements in liver function.® >4 This
suggests the possibility of factors other than lobar volume
expansion in explaining the liver function improvements
post TARE.

The survival data show that TARE followed by transplan-
tation resulted in better survival than TARE alone, as ex-
pected. TARE was used in a our transplant group because
so many of this group were borderline or outside Milan
criteria with respect to tumor size, levels of serum AFP or
presence of branch PVT. TARE is also considered to be a rel-
atively safe (toxicities) and effective (decreased AFP levels
and presence of necrosis on pathological examination post
transplant) therapy and as a bridge to liver transplantation.
The variability in time from TARE to transplant was a reflec-
tion of need to downstage the tumor or the requirements
for procuring a donor liver in a country in which cadaveric
organs are uncommon. However, the differences in survival
between the transplanted and untransplantable patients
could also have been attributable to the more aggressive
and larger tumors in the untransplantable group. Thus,
even without transplantation, the median survival of over 2
years for TARE patients was superior to survival reported for
Sorafenib in recent clinical trials.”® However, the 2 groups
were not entirely comparable (Table 5), as the non-trans-
plant patients had more aggressive HCC characteriststics,
which made them non-transplantable.

Strengths and Weaknesses

This study adds to the literature on the incredible potential
of the liver for regeneration and repair and to reports that
radiation can cause both hepatototoxicity and also repair of
liver damage, despite unclear mechanisms. It also implies
that radioembolization appears increasingly attractive as
a method for maintaining or diminishing HCCs during the
wait for liver transplantation, as well as the continued eval-
uation of TARE as a possible mode of tumor downstaging
in patients who present beyond the current criteria for liver
transplantation for HCC.

There are also several limitations to this report, including
its retrospective nature and the small numbers of TARE-Tx
patients involved in this single institution study (n=36).
Our post TARE evaluations, including serum liver param-
eters and AFP levels, CAT scan changes and pathology
were measured at quite short times post TARE and thus
likely under-estimate responses to therapy. Also, most of
our patients were HBV-based and it is unclear how appli-
cable the findings are to HCCs of other etiologies. The fact
that the AFP-positive patients were less than 50 percent of
the total is a reminder that AFP positive and negative HCCs
may have different biologies and reinforces the need for
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better and more generally applicable HCC biomarkers. In-
terestingly, the first follow up of all these patients was at 1
month post TARE, during which many of the TARE-induced
changes had already occurred.

Conclusion

Radioembolization has become a relatively safe and effec-
tive treatment for patients with advanced non-metastatic
HCC (the majority). It has also helped us to study the very
complex dynamics of the human liver as a result of radio-
embolization and highlighted both radiation-induced tox-
icity and radiation-induced improvements in liver function.
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Abstract

Objectives: External biliary stenting via the cystic duct is widely used in living donor liver transplantation (LDLT) to reduce bili-
ary complications, particularly bile leakage, and to facilitate postoperative biliary management. While some centers apply this
technique selectively, others routinely use external biliary stents in all recipients. However, stent-related complications, including
mechanical failure, remain a concern.

Methods: Between January-2009 and May-2025, a total of 365 adult LDLTs were performed at our center. In all cases, duct-to-duct
biliary reconstruction was completed with routine placement of an external biliary stent via the cystic duct, planned for removal
at 5-6 months postoperatively. This retrospective analysis focused on patients who required surgical re-exploration due to stent
fracture. Clinical presentation, imaging findings, intraoperative observations, surgical management, and postoperative outcomes
were reviewed.

Results: Among 365 LDLT recipients, seven patients(1.9%) required laparotomy due to stent fracture. Stent fracture occurred be-
tween postoperative months 3 and 6, prior to the planned stent removal. All patients presented with acute abdominal pain and
signs of peritonitis. Imaging demonstrated retained stent fragments within the biliary tract in all cases, with findings suggestive
of biliary irritation or leakage. Urgent laparotomy was performed in all patients. Intraoperatively, fractured stent segments were
identified in the biliary system. In two patients, fragments were embedded in the biliary tract, necessitating meticulous dissection.
No perioperative mortality occurred however, all patients experienced prolonged hospitalization and postoperative morbidity. No
graft loss directly attributable to stent fracture was observed.

Conclusion: Routine external biliary stenting via the cystic duct in adult LDLT may reduce bile leakage but is not without risk.
Although stent fracture is rare, it can result in severe complications requiring reoperation and significant morbidity. These findings
support reconsideration of a routine stenting policy and suggest that a selective approach based on intraoperative and patient-
specific factors may be safer.

Keywords: Living Donor Liver Transplantation, external biliary stent, risk, stent-related complication
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Biliary complications remain one of the most frequent  and perioperative management.? Bile leakage and biliary
sources of morbidity following living donor liver trans-  strictures can significantly affect graft function, prolong
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To mitigate these risks, various biliary reconstruction strat-
egies and adjunctive measures have been proposed.

External biliary stenting via the cystic duct is one such
technique, widely adopted with the intention of decreas-
ing anastomotic tension, facilitating bile drainage, and
allowing early detection of bile leakage.® While some
transplant centers advocate selective use of external
stents based on intraoperative findings or recipient risk
factors, others employ routine stenting in all LDLT recipi-
ents.’! However, the presence of a foreign body in the
biliary system is not without potential drawbacks. Stent
related complications including infection, dislodgement,
obstruction, and fracture have been reported, though
they are considered relatively uncommon. Among these,
stent fracture represents a particularly serious complica-
tion, as retained fragments may cause biliary obstruction,
bile leakage, or intra-abdominal contamination, often ne-
cessitating surgical intervention.’®”

In this study, we report our experience with routine exter-
nal biliary stenting via the cystic duct in LDLT recipients,
focusing on a subset of patients who developed stent frac-
ture requiring laparotomy. By presenting these cases, we
aim to reassess the safety of a routine stenting policy and
to discuss whether a more selective approach may be war-
ranted.

Methods

Between January 2009 and May 2025, a total of 365 adult
living donor liver transplantations were performed at
our center. In all cases, biliary reconstruction was com-
pleted with duct-to-duct anastomosis, and an external
biliary stent was routinely inserted via the cystic duct
at the end of the procedure. The stent was secured and
externalized, with planned removal between 5 and 6
months postoperatively, provided no biliary complica-
tions occurred.

This retrospective study focused on patients who required
surgical re-exploration due to stent-related complications,
specifically stent fracture. Medical records were reviewed
to identify patients who underwent laparotomy for this in-
dication. Seven patients met the inclusion criteria.

Data collected included recipient demographics, indica-
tion for liver transplantation, timing of stent fracture, pre-
senting symptoms, imaging findings, intraoperative ob-
servations, type of surgical intervention performed, and
postoperative outcomes. All patients were evaluated using
abdominal imaging modalities when clinically indicated.
The study was conducted in accordance with institutional
ethical standards.

Journal of Inonu Liver Transplantation Institute

Statistical Analysis

Statistical analyses were performed using descriptive
methods. Continuous variables were summarized as
meanzstandard deviation or median (range), as appropriate,
while categorical variables were presented as counts and
percentages. The incidence of stent fracture was calculated
as a proportion of the total number of adult living donor liv-
er transplant recipients who underwent routine external bili-
ary stenting via the cystic duct. To quantify the precision of
this estimate, a 95% confidence interval (Cl) for the propor-
tion was calculated using the Wilson score method. Given
the descriptive nature of the study and the limited number
of events, no comparative or multivariable analyses were
performed. A p-value was not calculated, as the primary aim
was to report the incidence and clinical impact of stent frac-
ture rather than to test a specific hypothesis.

Results

Among the 365 adult LDLT recipients who received routine
external biliary stenting, seven patients (1.9%) (7/365; 95%
Cl: 0.9%-3.9%) required laparotomy due to stent fracture.
Indications for liver transplantation varied among these
patients and reflected the general transplant population of
the center (Table 1).

Stent fracture occurred between postoperative months 3
and 6, prior to the planned time of elective stent removal.
All patients presented with acute abdominal pain, accom-
panied by clinical signs of peritonitis. Laboratory findings
were nonspecific, and imaging studies revealed retained
stent fragments within the biliary tract, with associated
intra-abdominal findings suggestive of biliary irritation or
leakage.

All seven patients underwent urgent laparotomy. Intraop-
eratively, fractured stent segments were identified within
the biliary system. In two patients, the stent fragments
were found to be embedded in the biliary tract, making
removal technically challenging and requiring meticulous
dissection. In the remaining cases, fragments were re-
trieved without major technical difficulty.

Table 1. Overall characteristics of the study population and stent-
related outcomes

Variable Value
Total adult living donor liver transplant recipients 365
Routine external biliary stenting via cystic duct 365 (100%)
Patients with stent fracture 7 (1.9%)
Time to stent fracture (months) 3-6
Patients requiring laparotomy 7 (100%)
Mortality related to stent fracture 0




Aydin et al., External Biliary Stenting in Liver Transplantation / doi: 10.14744/jilti.2026.69875 119

There was no perioperative mortality. However, all patients
experienced prolonged hospitalization, and postoperative
morbidity was notable, including delayed recovery and the
need for additional supportive care. No long-term graft
loss directly attributable to the stent fracture was observed
during follow-up.

Discussion

External biliary stenting via the cystic duct has been widely
regarded as a protective adjunct in LDLT, primarily aimed at
reducing bile leakage and facilitating postoperative biliary
management.®! The rationale for routine stenting is rooted
in the high incidence and clinical impact of biliary com-
plications in living donor transplantation. Nevertheless,
the findings of the present series highlight an important
and often underemphasized aspect of routine stent use
which is stent-related morbidity. Although the incidence
of stent fracture was low, the clinical consequences were
significant. All affected patients developed acute abdomi-
nal symptoms, required reoperation, and experienced in-
creased morbidity and length of hospital stay.

Stent fracture represents a mechanical failure with po-
tentially severe outcomes. Retained fragments may act as
a nidus for infection, cause biliary obstruction, or lead to
bile leakage and peritonitis, as observed in our patients.
Notably, these complications occurred within the intended
indwelling period of the stent, raising questions about ma-
terial durability, mechanical stress, and long-term safety.”

In addition to mechanical failure, the clinical impact of
stent fracture should be interpreted in the broader context
of postoperative surveillance and intervention strategies in
LDLT recipients. External biliary stents are often perceived
as a safeguard that simplifies postoperative management;
however, when stent-related complications occur, they
may paradoxically complicate the clinical course. In our se-
ries, the diagnosis of stent fracture was prompted by acute
clinical deterioration rather than by routine surveillance,
underscoring that such events may not be predictable or
preventable through standard follow-up protocols. This
highlights an inherent limitation of routine stenting, name-
ly that a complication designed to prevent biliary morbid-
ity can itself become a source of emergent reoperation.

Furthermore, the fact that stent fracture occurred within
the planned indwelling period suggests that duration
alone may not be the sole determinant of stent safety. Fac-
tors such as bile composition, local inflammatory response,
graft regeneration, and dynamic changes in biliary anat-
omy after transplantation may contribute to mechanical
stress on the stent over time. Although the present study
was not designed to identify material or patient specific

risk factors for stent fracture, the observed morbidity em-
phasizes the need for critical re-evaluation of the “one-size-
fits-all” approach to external biliary stenting in LDLT.l"0'"

This study has several limitations that should be acknowl-
edged. First, its retrospective design inherently limits the
ability to control for confounding variables and precludes
causal inference. Second, the analysis focuses on a small
number of events, as stent fracture requiring surgical re-
exploration was a rare complication, which restricts the
performance of robust comparative or multivariable statis-
tical analyses. Third, the study was not designed to evalu-
ate the overall incidence of biliary complications, such as
bile leakage or biliary strictures, in the entire transplant
cohort; therefore, a comprehensive assessment of the net
protective effect of routine external biliary stenting could
not be performed. In addition, this represents a single-
center experience, which may limit the generalizability of
the findings to other institutions with different surgical
techniques, patient populations, or postoperative manage-
ment protocols. Finally, potential factors contributing to
stent fracture—such as stent material properties, mechani-
cal stress, and patient-specific biliary dynamics—could not
be systematically analyzed and warrant further investiga-
tion in future prospective studies.

Taken together, these findings support a shift in focus from
routine stent placement toward individualized decision-
making. A selective strategy, guided by intraoperative
assessment of biliary anatomy, anastomotic quality, and
recipient risk profile, may help balance the potential pro-
tective effect of external stenting against the risk of stent
related complications. Table 2 presents the potential bene-
fits and risks of routine external biliary stenting via the cys-
tic duct in living donor liver transplantation. Future studies
comparing routine versus selective stenting protocols, ide-
ally in multicenter settings, are warranted to better define
which patient subgroups derive true benefit from external
biliary stents without incurring disproportionate risk.

Table 2. Potential benefits and risks of routine external biliary
stenting via the cystic duct in living donor liver transplantation

Potential Benefits Potential Risks

Stent fracture
Retained intra-biliary stent

Reduction in bile leak risk
Controlled external bile

drainage fragments
Early detection of biliary Biliary tract injury
leakage

Decompression of biliary
anastomosis

Simplified postoperative
biliary monitoring

Bile leakage and peritonitis

Need for reoperation
Prolonged hospitalization
and increased morbidity
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Conclusion

Although routine external biliary stenting via the cystic
duct is widely employed to mitigate biliary complications
after adult living donor liver transplantation, our findings
demonstrate that this strategy is not without clinically
meaningful risk. Stent fracture, while infrequent, represents
a severe complication that may precipitate acute abdomi-
nal pathology, necessitate urgent reoperation, and result
in substantial postoperative morbidity. Importantly, these
events occurred within the intended indwelling period of
the stent, underscoring that the complication is not merely
a consequence of prolonged or neglected stent use.

Taken together, our experience challenges the safety of a
universal, routine stenting policy and highlights the need
to reconsider a “one-size-fits-all" approach. A selective
stenting strategy, guided by intraoperative biliary anato-
my, anastomotic quality, and recipient-specific risk factors,
may offer a more balanced means of maximizing protec-
tive benefit while minimizing the potential for serious
stent-related harm.
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Abstract

In RL-LDLT, both APVB and PVT are associated with adverse operative outcomes. Portal vein thrombosis surgical planning depends
on the type and extent of portal vein thrombosis. While completely occlusive portal vein thrombosis is associated with higher mor-
bidity and an unfavorable postoperative course, long-term outcomes may be comparable to those of patients without portal vein
thrombosis when physiological portal venous inflow can be achieved. In this report, we present a successful liver transplantation
in which a living donor graft with APVB was reconstructed on the back table using a homolog portal Y-graft. This reconstructed
graft was then anastomosed to a cadaveric interposition graft of the recipient with Yerdel grade 3 portal vein thrombosis, resulting

in a graft-to-graft portal vein anastomosis.

Keywords: Jump graft, Jump graft and Y-graft anastomosis, Liver transplantation, Portal vein reconstruction
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Local or systemic pro-thrombotic conditions play a sig-
nificant role in the pathogenesis of portal vein throm-
bosis (PVT).M PVT is a common complication occurring in
5-26% of cirrhotic patients listed for liver transplantation
(LT). Although previous studies suggest that anticoagulant
therapy may achieve portal vein recanalization, the timing
and choice of anticoagulant therapy in these patients have
not yet been clearly established.”” When necessary, tran-
sjugular intrahepatic portosystemic shunt (TIPS) can be
used as a minimally invasive option for PVT.

In advanced PVT cases, complex vascular reconstructions
may be required to achieve a successful LT.*! The common-
ly used classification was defined by Yerdel et al.* Early PVT
(Yerdel grade I/1l) can generally be managed by thrombo-
endovenectomy, whereas grades IlI-IV may require a jump
graft from the superior mesenteric vein (SMV).
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Completely occlusive porto-mesenteric thrombosis poses
major surgical challenges. Historically, LT was considered
contraindicated in such patients, with multivisceral trans-
plantation accepted as the only alternative.® Today, the
main goal in PVT management for transplant candidates
is to restore portal inflow through anatomical end-to-end
portal vein anastomosis by achieving recanalization when-
ever possible.

Our patient required both portal venous reconstruction
with homolog portal Y-graft on the donor graft and a jump
graft from the portal confluence due to PVT. This case in-
volves highly complex procedures. In this report, we aim
to emphasize that when physiological reconstruction path-
ways are used, long-term outcomes can be favorable and
this case represents an encouraging example.
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Case Report

A 68-year-old Middle Anatolian female patient presented
with clinical features consistent with chronic liver disease.
She reported abdominal distension, fatigue, and weakness.
Her MELD-Na score was calculated as 16. Preoperative dy-
namic liver CT demonstrated PVT with minimal residual
flow. The patient underwent right-lobe living donor liver
transplantation for cryptogenic liver failure and Yerdel type
3 PVT (Fig. 1).

This original has been confirmed and approved in writing
by the legal guardian/relative of the person(s) included.

Surgical Technique

The recipient hepatectomy was performed using standard
surgical procedures. Prior to graft implantation, thromboen-
dovenectomy was attempted. However, during the proce-
dure, a bleeding occurred at the portal vein confluence. He-
mostasis was achieved by inflating a Foley catheter balloon at
the confluence, and a cadaveric vein graft was anastomosed
outfluence of SMV-Splenic vein for extension (Fig. 2).

Figure 1. Preoperative imaging of Yerdel type 3 portal vein thrombosis.
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After clamping the vena cava, the right-lobe graft was im-
planted. The donor graft had anomalous portal venous
branching (APVB); therefore, a homolog portal Y-graft in-
terposition was performed on the back table (Fig. 3). The
reconstructed right-lobe portal vein was then anasto-
mosed to the recipient’s extension graft (Fig. 4), ensuring
continuous and physiological portal flow and successful
graft perfusion.

The patient was discharged after routine intensive care
and ward monitoring following the postoperative period.
They are currently continuing with outpatient follow-up
appointments (Figs. 3-5).

Discussion

Physiological reconstructions of the portal vein are asso-
ciated with better postoperative outcomes. Physiological
reconstruction techniques include primary anastomotic
thrombectomy, interposition vein grafting, SMV jump
grafting, and collateral vein interposition grafting. For non-
physiological portal vein reconstructions, methods such
as cavoportal hemitransposition, renoportal anastomosis,
portal vein arterialization, and multiple organ transplanta-
tion have been described.

Figure 3. Extension graft anastomosis facilitated by Foley catheter
inflation at the confluence.

Figure 2. Back-table Y-graft reconstruction of double portal veins.

Figure 4. Graft-to-graft portal vein anastomosis.
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Figure 5. Intraoperative image of graft-to-graft anastomosis.

Various solutions for PVT have been described in the litera-
ture. Magistri et al. proposed an extra-anatomic jump graft
from the right colic vein using an iliac vein graft.”? Hwang
etal. used a PTFE jump graft from the IMV to the portal vein
in patients with portomesenteric thrombosis.®! Mori et al.
reported that when the SMV is patent but the thrombus
extends to the confluence, iliac or jugular vein grafts can
be used as a jump graft between the SMV and graft portal
vein.”! Ozdemir et al. emphasized that renoportal anasto-
mosis can provide adequate portal inflow even in patients
with prior proximal splenorenal shunt and splenectomy.'

Portal system reconstructions may also be required due to
donor-related anatomical variations. In APVB, direct anas-
tomosis may not be feasible, necessitating reconstruction.
Several techniques have been described, including portal
Y-graft interposition, which has demonstrated good long-
term outcomes." Yoo and Hwang later developed the con-
joined unification venoplasty (CUV) technique to prevent
stenosis sometimes seen with Y-grafts.['?

YilmazS. et al. described a large-series technique known as
the Malatya Approach, which combines APVB into a single
outflow using a saphenous vein conduit, significantly re-
ducing postoperative PVT and improving survival.l'3!

Attempts to create a single portal vein orifice during donor
surgery for APVB may also lead to complications, including
stenosis and thrombosis of the remnant portal vein,' fur-
ther emphasizing the importance of reconstruction.

Complex cases requiring combined portal vein reconstruc-
tion pose significant challenges in living donor transplan-
tation. In our case, a right-lobe graft with APVB was trans-
planted into a recipient with PVT.

Although multiple reconstruction techniques have been
described,”-? the goal remains achieving the most physi-
ological flow with minimal anastomotic complexity. In this
case, the right lobe graft APVB was reconstructed using a
Y-graft, while an extension graft was used for recipient PVT.
A graft-to-graft anastomosis was successfully performed.
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Two major technical problems were encountered:
1. Restoring portal flow after thromboendovenectomy:

Endothelial injury at the confluence prevented direct anas-
tomosis. When bleeding occurred during clamped anasto-
mosis, the previously described balloon tamponade tech-
nique from our center!™ was used to safely complete the
extension graft anastomosis.

2. Reconstruction of right lobe APVB:

Cadaveric iliac Y-grafts were used to solve the APVB. This al-
lowed the graft-to-graft anastomosis to be performed safely.

The patient continues to be followed without any vascular
complications (Figs. 6, 7). No similar graft-to-graft anasto-
mosis technique was found in the literature.

Figure 6. Dynamic CT (portal phase) performed 11 months post-trans-
plant showing patent portal reconstruction.

Figure 7. Dynamic CT (portal phase) performed 11 months post-trans-
plant showing patent portal reconstruction.
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Conclusion

In right-lobe living donor liver transplantation with APVB,
successful outcomes can be achieved using appropriate sur-
gical techniques. This case demonstrates that in living donor
liver transplantation with PVT, a combined portal Y-graft and
extension graft, completed with graft-to-graft anastomosis,
can be safely used for portal vein reconstruction.
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Abstract

Gallbladder agenesis (GA) is a rare congenital condition with a reported incidence of 10-65 per 100,000 (1), though its true preva-
lence is likely underestimated due to frequent asymptomatic presentation. Symptomatic individuals may experience manifesta-
tions related to associated biliary tract disorders. We report a case of a living liver donor with GA, with particular emphasis on
intraoperative considerations and surgical awareness required during donor hepatectomy.
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allbladder agenesis (GA) is a rare congenital condition

with a reported incidence of %0.01-0.02,™" though its
true prevalence is likely underestimated due to frequent
asymptomatic presentation. Symptomatic individuals
may experience manifestations related to associated bili-
ary tract disorders.”? We report a case of a living liver donor
with GA, with particular emphasis on intraoperative con-
siderations and surgical awareness required during donor
hepatectomy.

Case Report

The recipient of the living liver donor described in this re-
port, a 38-year-old male patient presented with chronic
liver disease. His Model for End-Stage Liver Disease (MELD)
score was 15. He weighed 75 kg, with a body mass index
(BMI) of 24.2 kg/m? and a body surface area (BSA) of 1.91
m’. Dynamic computed tomography (CT) demonstrated
a severely cirrhotic liver with moderate ascites. Following
evaluation by a multidisciplinary liver transplantation com-
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mittee, the patient was deemed an appropriate candidate
for liver transplantation.

The donor was the patient’s 25-year-old male nephew, he
volunteered as a living liver donor candidate. His body
weight was 73 kg, BMI 23.8 kg/m? and BSA 1.89 m? All
laboratory investigations were within normal limits, and
cardiopulmonary evaluation revealed no contraindications
to living donation. On dynamic CT imaging, the gallbladder
was not visualized, whereas both intrahepatic and extra-
hepatic bile ducts were present (Fig. 1). Volumetric analy-
sis revealed a right lobe graft (segments V-VIII) volume of
750 cc, with a future liver remnant of 35%. Two segment
VIII hepatic veins and two segment V hepatic veins were
identified draining the right lobe. Hepatic arterial and por-
tal venous anatomies were normal. Given the radiological
findings consistent with GA, the donor evaluation and liv-
ing donor liver transplantation were planned with specific
consideration of this anatomical anomaly (Fig. 2).
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Figure 1. CT image of the donor with no gallbladder.

Figure 2. Operative appearance of the liver with gallbladder agenesis.

During donor surgery, GA was confirmed intraopera-
tively. Despite thorough exploration of all potential ec-
topic locations (intrahepatic, positioned on the left side,
beneath the posteroinferior surface of the liver, between
the omentum leaves, within the falciform ligament, ret-
rohepatic, retroperitoneal, or in the retroduodenal and
retropancreatic areas) no ectopic gallbladder was identi-
fied intraoperatively.® The hepatic parenchyma appeared
macroscopically normal. Intraoperative histopathological
examination (frozen section) of the liver parenchyma was
consistent with <10% hepatic steatosis. Because standard
intraoperative cholangiography (I0C) via the cystic duct
was not feasible, cholangiography was performed by in-

Journal of Inonu Liver Transplantation Institute

jecting contrast through an insulin needle introduced
into the distal common bile duct. The cholangiography
demonstrated three distinct bile ducts draining the right
hepatic lobe, while the intrahepatic biliary anatomy of
the entire liver was otherwise normal (Fig. 3). A right lobe
donor hepatectomy was performed using Cavitron Ultra-
sonic Surgical Aspirator The three bile duct stumps of the
right lobe graft were individually closed using 6-0 Prolene
sutures. In addition, the puncture site used for IOC was
closed with 7-0 Prolene sutures. A routine post-hepatec-
tomy 10C was performed and normal (Fig. 4).

Figure 3. Intraoperative cholangiography in the beginning of the
operation.

Figure 4. Completion cholangiography after the hepatectomy.
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A right lobe living donor liver transplantation was per-
formed. Two segment VIII hepatic veins, 1 segment V he-
patic vein, and 1 right hepatic inferior vein were recon-
structed. Other anastomoses were normal. Three bile ducts
were anastomosed in duct-to-duct fashion, separately. One
biliary anastomosis had a feeding catheter.

On postoperative day 2, the patient developed clinical signs
of peritonitis, including severe abdominal pain, accom-
panied by elevated inflammatory markers and increased
serum bilirubin levels. An emergency relaparotomy was
therefore performed. Intraoperatively, a localized bile col-
lection was identified, predominantly within the operative
field. Minimal bile leakage was observed from the previ-
ously closed bile duct stumps as well as from the puncture
site on the common bile duct used for IOC. All repair sites
were carefully re-evaluated, and additional reinforcing su-
tures were placed. A choledochotomy was performed on
the distal common bile duct, and a 6-Fr feeding catheter
was advanced into the intrahepatic bile ducts. Cholangi-
ography performed through the catheter demonstrated
normal intrahepatic biliary anatomy, with no evidence of
obstruction or leakage (Fig. 5). Leak testing using a lipid so-
lution was negative.

The patient’s subsequent postoperative course was un-
eventful.

Discussion

GA is defined by the complete absence of the gallbladder
in the presence of normally developed intrahepatic and

Figure 5. Intraoperative colangiography via feeding catheter in re-
laparotomy.

extrahepatic bile ducts, a key feature that distinguishes
it from biliary atresia. In some patients, dilatation of the
proximal common bile duct with a normal-caliber distal
segment may be observed. This finding is thought to result
from biliary stasis within the common hepatic duct, which
often becomes dilated and may function as a compensa-
tory bile reservoir in the absence of the gallbladder.”

Itisimportant to emphasize that IOC remains the gold stan-
dard diagnostic modality for confirming GA, particularly in
cases where preoperative imaging is inconclusive. If GA is
encountered intraoperatively, a systematic and meticulous
exploration should be undertaken to exclude the presence
of an ectopic gallbladder. This exploration should include
careful inspection of the falciform ligament, the region
between the leaves of the lesser omentum, the posterior
surface of the duodenum, the retropancreatic region, and
the retroperitoneum. In addition, IOC should be performed
to definitively exclude the presence of an intrahepatic or
ectopically located gallbladder and to accurately delineate
the biliary anatomy.®!

In this case, GA was suspected on preoperative CT imag-
ing, and taking into account the extensive experience of
our institute in living donor liver transplantation, the do-
nor operation was considered feasible. Intraoperatively,
GA was confirmed, and I0C demonstrated normal intra-
hepatic biliary anatomy, with no evidence of an ectopic
gallbladder.

A routine completion cholangiography was performed in
the same manner via the distal common bile duct that had
been previously punctured with an insulin needle. How-
ever, three bile duct stumps and the additional puncture
site of the bile duct were closed following hepatectomy
and the risk of bile leakage from these sites was considered
high, as biliary dyskinesia has been reported in the litera-
ture in association with GA.®' This underlying functional ab-
normality may contribute to increased intraductal pressure
and impaired bile flow dynamics, thereby predisposing to
bile leakage from biliary suture lines and puncture sites.
Based on the postoperative course observed in this case,
we believe that whenever 10C is performed via the distal
common bile duct in donors with GA, a biliary catheter
should be placed into the biliary tree to allow completion
cholangiography. Because biliary dyskinesia secondary to
sphincter of Oddi dysfunction has been described in these
cases. Although postoperative ERCP and sphincterotomy
can be performed to address this issue, placement of an
intraoperative biliary catheter provides a more immediate
solution. Such temporary biliary drainage may reduce in-
traductal pressure in the postoperative period and thereby
decrease the risk of bile leakage.>®!
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Conclusion

Living liver donation in the setting of GA may be consid-
ered in highly experienced centers, provided that all other
donor evaluation parameters are normal.”? We believe that
preoperative magnetic resonance imaging, particularly MR
cholangiography, is essential to exclude an ectopic gall-
bladder and to delineate intrahepatic biliary anatomy in
detail before proceeding with donor hepatectomy in these
rare cases. Although preoperative MR imaging was not per-
formed in our patient, a diagnosis of gallbladder agenesis
had already been established on CT. Therefore, additional
MR imaging was not obtained. I0C is important for visu-
alizing the intrahepatic biliary anatomy and detecting an
ectopic gallbladder and should be performed at both the
beginning and the end of donor hepatectomy, and a bili-
ary catheter should be placed into the biliary tree to reduce
intraductal pressure and to facilitate postoperative cholan-
giographic imaging.
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Dear Editor,

Hepatoblastoma (HB) is the most common primary liver
malignancy in childhood, and liver transplantation (LT) is
the main curative treatment option in unresectable cases.
The overall 5-year survival rate after LT is approximately
70%. According to the SIOPEL risk stratification, the pres-
ence of lymph node involvement and/or metastatic dis-
ease classifies patients as high-risk; approximately 20% of
HB patients present with locally advanced or metastatic
disease at diagnosis.'"? Recurrence after LT for HB is defined
as biopsy-proven or radiologically confirmed mass lesions
accompanied by three consecutive rises in serum alpha-fe-
toprotein (AFP) levels. Late recurrence is extremely rare and
has been reported in only two separate cases in the litera-
ture.B4 Herein, we present a patient who underwent living
donor liver transplantation (LDLT) at the age of six for un-
resectable HB, with lymph node (LN) micro-metastasis and
local peritoneal invasion identified in the explant pathol-
ogy, who developed recurrence 4.5 years post-transplant
and survived more than five years post-LT.
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A male patient presenting with abdominal distention was
referred to our center for LT after receiving five cycles of cis-
platin and doxorubicin for unresectable HB, achieving sta-
ble disease and classified as POSTTEXT stage II.*? Upon ad-
mission, biochemical parameters were within normal limits,
and AFP was 2615 ng/mL. LDLT was successfully performed
using the donor’s (20-year-old brother) left lateral segment
(segments 2-3). The donor was discharged uneventfully on
postoperative day 9. On postoperative day 2, the recipient
developed hepatic artery thrombosis, necessitating urgent
surgical revision; however, graft failure ensued, and emer-
gency retransplantation with a reduced-size deceased do-
nor graft (segments 2-3) was performed on postoperative
day 5.The patient was discharged on postoperative day 37.
Explant pathology revealed three foci (up to 5 cm) of epi-
thelial-type HB. Of five lymph nodes dissected from the he-
patic hilum, one contained a microscopic HB focus, and an
additional microscopic HB lesion was identified in Gerota's
fascia adjacent to an exophytic segment 5 lesion extending
toward the kidney (Fig. 1). Based on these findings, adju-
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Figure 1. Explant specimen.

vant chemotherapy (etoposide + ifosfamide + carboplatin)
was administered for two cycles due to advanced-stage/
metastatic disease. Post-LT AFP remained within normal
limits for two years but then showed mild elevation (AFP:
20 ng/mL; normal <9 ng/mL). Thoracic CT, abdominal CT,
cranial MRI, and FDG PET-CT revealed no pathology. Viral
serology demonstrated positivity for HBsAg, HBeAg, and
HBV DNA, leading to a diagnosis of de novo HBV hepati-
tis; antiviral therapy with lamivudine was initiated, and the
mild AFP elevation was attributed to HBV infection. During
the following 2.5 years, no pathological finding was de-
tected, and AFP fluctuated between 20-63 ng/mL. At 4.5
years post-LT, AFP abruptly increased to 918 ng/mL (from
63 ng/mL six months earlier). Imaging studies showed no
metastatic lesions, though HBV DNA remained positive,
and antiviral therapy was switched to tenofovir. Preemp-
tive chemotherapy was not initiated. Three months later,
AFP rose further to 6244 ng/mL, and imaging revealed mul-
tiple hepatic and left pulmonary metastatic lesions (Fig. 2).
The multidisciplinary tumor board recommended systemic
therapy; however, the patient developed massive ascites
and hepatic decompensation, requiring palliative manage-
ment. The patient died at 64 months post-LT (5.3 years) due
to tumor recurrence.

Figure 2. (a) Recurrences on the transplanted liver, (b) Lung metastases.
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Overall and disease-free survival rates following LT for
HB—whether performed as primary (pLT) or salvage LT
(sLT)—exceed 60% at five years. In a study by Umeda et al.,
the 5-year overall survival was 69% for pLT and 73% for sLT,
while Boster JM et al. reported 5-year disease-free survival
rates of 78% for pLT and 62% for sLT. Thus, LT achieves favor-
able long-term outcomes for HB. Our patient underwent LT
despite advanced-stage disease with lymph node metas-
tasis and local invasion. Remarkably, no recurrent lesions
were detected for 4.5 years post-transplant. AFP increased
sharply thereafter, and hepatic and pulmonary metasta-
ses became radiologically visible once AFP exceeded 6000
ng/mL. During the period of rising AFP, persistent HBsAg,
HBeAg, and HBV DNA positivity (under tenofovir therapy)
suggested ongoing HBV replication. This raises the possi-
bility that HBV reactivation might have triggered tumor cell
proliferation.

Similarly, we previously observed a comparable scenario
in a patient with hepatocellular carcinoma who exhibited
unexplained AFP elevation post-LT without detectable
recurrence on CT or PET-CT. Brain metastasis was subse-
quently discovered when the patient presented with neu-
rological symptoms highlighting the limited sensitivity
of PET-CT for detecting cerebral metastases and the im-
portance of conventional cranial imaging in such cases.
©l In the current case, despite comprehensive imaging
including cranial and genitourinary evaluations—no le-
sion was detected until AFP exceeded 6000 ng/mL. The
gradual AFP rise (20-63 ng/mL) over 2.5 years, followed
by a rapid increase to 918 ng/mL in six months and 6244
ng/mL within three months, correlated with detectable
recurrence. We speculate that HBV replication and immu-
nosuppressive therapy may have jointly promoted tumor
progression. Bandopadhyay et al. previously demonstrat-
ed that the hepatitis B virus X protein (HBx) can contribute
to hepatoblastoma carcinogenesis by suppressing miR-
122 expression in HB cells,” supporting our hypothesis.
Moreover, we believe that adjuvant chemotherapy ad-
ministered post-transplantation may have contributed to
delaying early recurrence.

In conclusion, during follow-up of HB patients after LT,
both rapid and gradual increases in AFP should be con-
sidered potential indicators of tumor recurrence or me-
tastasis, even in the absence of radiologically detectable
lesions. Conventional imaging modalities may fail to
identify early recurrence. Although data are insufficient
to support preemptive adjuvant chemotherapy, given
the propensity for microinvasion and metastatic spread,
post-LT adjuvant chemotherapy protocols may warrant
reevaluation.
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