Transplantation

Baishideng Publishing Group Inc



7 World Journal of

Transplantation

Contents Quarterly Volume 14 Number 1 March 18, 2024

EDITORIAL

Lindner C, Riquelme R, San Martin R, Quezada F, Valenzuela J, Maureira JP, Einersen M. Improving the
radiological diagnosis of hepatic artery thrombosis after liver transplantation: Current approaches and future
challenges. World | Transplant 2024; 14(1): 88938 [DOI: 10.5500/wijt.v14.i1.88938]

Gonzalez FM, Cohens FG. Predicting outcomes after kidney transplantation: Can Pareto’s rules help us to do so?
World | Transplant 2024; 14(1): 90149 [DOI: 10.5500/ wijt.v14.i1.90149]

REVIEW

Khalil MAM, Sadagah NM, Tan ], Syed FO, Chong VH, Al-Qurashi SH. Pros and cons of live kidney donation in
prediabetics: A critical review and way forward. World | Transplant 2024; 14(1): 89822 [DOI: 10.5500/ wijt.v14.il.
89822]

MINIREVIEWS

Magbool S, Baloch MF, Khan MAK, Khalid A, Naimat K. Autologous hematopoietic stem cell transplantation
conditioning regimens and chimeric antigen receptor T cell therapy in various diseases. World | Transplant 2024;
14(1): 87532 [DOI: 10.5500/ wijt.v14.i1.87532]

Karageorgos FF, Neiros S, Karakasi KE, Vasileiadou S, Katsanos G, Antoniadis N, Tsoulfas G. Artificial kidney:
Challenges and opportunities. IVorld | Transplant 2024; 14(1): 89025 [DOI: 10.5500/ wijt.v14.i1.89025]

Kosuta I, Kelava T, Ostojic A, Sesa V, Mrzljak A, Lalic H. Immunology demystified: A guide for transplant
hepatologists. World | Transplant 2024; 14(1): 89772 [DOL: 10.5500/ wjt.v14.i1.89772]

Ranawaka R, Dayasiri K, Sandamali E, Gamage M. Management strategies for common viral infections in
pediatric renal transplant recipients. World | Transplant 2024; 14(1): 89978 [DOI: 10.5500/ wit.v14.i1.89978]

Salvadori M, Rosso G. Update on the reciprocal interference between immunosuppressive therapy and gut
microbiota after kidney transplantation. World | Transplant 2024; 14(1): 90194 [DOI: 10.5500/wit.v14.i1.90194]

Mubarak M, Raza A, Rashid R, Sapna F, Shakeel S. Thrombotic microangiopathy after kidney transplantation:
Expanding etiologic and pathogenetic spectra. World | Transplant 2024; 14(1): 90277 [DOL: 10.5500/ wjt.v14.i11.90277]

ORIGINAL ARTICLE

Retrospective Cohort Study

Isa HM, Alkharsi FA, Khamis JK, Hasan SA, Naser ZA, Mohamed ZN, Mohamed AM, Altamimi SA. Pediatric
and adult liver transplantation in Bahrain: The experiences in a country with no available liver transplant facilities.
World | Transplant 2024; 14(1): 87752 [DOI: 10.5500/ wijt.v14.i1.87752]

Utz Melere M, Sanha V, Farina M, da Silva CS, Nader L, Trein C, Lucchese AM, Ferreira C, Kalil AN, Feier FH.
Primary liver transplantation vs transplant after Kasai portoenterostomy in children with biliary atresia: A
retrospective Brazilian single-center cohort. World | Transplant 2024; 14(1): 88734 [DOI: 10.5500 /wijt.v14.11.88734]

Jaishideng®

WIT | https://www.wjgnet.com 1 March 18,2024 | Volume14 | Issuel


https://www.wjgnet.com/2220-3230
https://dx.doi.org/10.5500/wjt.v14.i1.88938
https://dx.doi.org/10.5500/wjt.v14.i1.88938
https://www.wjgnet.com/2220-3230
https://dx.doi.org/10.5500/wjt.v14.i1.90149
https://dx.doi.org/10.5500/wjt.v14.i1.90149
https://www.wjgnet.com/2220-3230
https://dx.doi.org/10.5500/wjt.v14.i1.89822
https://dx.doi.org/10.5500/wjt.v14.i1.89822
https://www.wjgnet.com/2220-3230
https://dx.doi.org/10.5500/wjt.v14.i1.87532
https://dx.doi.org/10.5500/wjt.v14.i1.87532
https://www.wjgnet.com/2220-3230
https://dx.doi.org/10.5500/wjt.v14.i1.89025
https://dx.doi.org/10.5500/wjt.v14.i1.89025
https://www.wjgnet.com/2220-3230
https://dx.doi.org/10.5500/wjt.v14.i1.89772
https://dx.doi.org/10.5500/wjt.v14.i1.89772
https://www.wjgnet.com/2220-3230
https://dx.doi.org/10.5500/wjt.v14.i1.89978
https://dx.doi.org/10.5500/wjt.v14.i1.89978
https://www.wjgnet.com/2220-3230
https://dx.doi.org/10.5500/wjt.v14.i1.90194
https://dx.doi.org/10.5500/wjt.v14.i1.90194
https://www.wjgnet.com/2220-3230
https://dx.doi.org/10.5500/wjt.v14.i1.90277
https://dx.doi.org/10.5500/wjt.v14.i1.90277
https://www.wjgnet.com/2220-3230
https://dx.doi.org/10.5500/wjt.v14.i1.87752
https://dx.doi.org/10.5500/wjt.v14.i1.87752
https://www.wjgnet.com/2220-3230
https://dx.doi.org/10.5500/wjt.v14.i1.88734
https://dx.doi.org/10.5500/wjt.v14.i1.88734

World Journal of Transplantation

Contents
Quarterly Volume 14 Number 1 March 18, 2024

Retrospective Study

Andacoglu OM, Dennahy IS, Mountz NC, Wilschrey L, Oezcelik A. Impact of sex on the outcomes of deceased
donor liver transplantation. World | Transplant 2024; 14(1): 88133 [DOLI: 10.5500/ wjt.v14.i1.88133]

Custodio G, Massutti AM, Caramori A, Pereira TG, Dalazen A, Scheidt G, Thomazini L, Leitao CB, Rech TH.
Association of donor hepatectomy time with liver transplantation outcomes: A multicenter retrospective study.
World | Transplant 2024; 14(1): 89702 [DOI: 10.5500/ wit.v14.i1.89702]

Observational Study

Pahari H, Raj A, Sawant A, Ahire DS, Rathod R, Rathi C, Sankalecha T, Palnitkar S, Raut V. Liver
transplantation for hepatocellular carcinoma in India: Are we ready for 2040? World | Transplant 2024; 14(1): 88833
[DOLI: 10.5500/ wijt.v14.11.88833]

Jesrani AK, Faiq SM, Rashid R, Kalwar TA, Mohsin R, Aziz T, Khan NA, Mubarak M. Comparison of resistive
index and shear-wave elastography in the evaluation of chronic kidney allograft dysfunction. World | Transplant
2024; 14(1): 89255 [DOI: 10.5500/ wit.v14.11.89255]

SYSTEMATIC REVIEWS

Chongo G, Soldera J. Use of machine learning models for the prognostication of liver transplantation: A systematic
review. World | Transplant 2024; 14(1): 88891 [DOI: 10.5500/ wjt.v14.i1.88891]

Agosti E, Zeppieri M, Pagnoni A, Fontanella MM, Fiorindi A, Ius T, Panciani PP. Current status and future
perspectives on stem cell transplantation for spinal cord injury. World | Transplant 2024; 14(1): 89674 [DOI: 10.5500/
Wit.v14.i1.89674]

CASE REPORT

Sanchez Pérez B, Pérez Reyes M, Aranda Narvaez ], Santoyo Villalba J, Perez Daga JA, Sanchez-Gonzalez C,
Santoyo-Santoyo J. New therapeutic strategy with extracorporeal membrane oxygenation for refractory hepatop-
ulmonary syndrome after liver transplant: A case report. World | Transplant 2024; 14(1): 89223 [DOI: 10.5500/ wit.
v14.i1.89223]

Gishidengs VT | https://www.wjgnet.com I March 18,2024 | Volume14 | Issuel |


https://www.wjgnet.com/2220-3230
https://dx.doi.org/10.5500/wjt.v14.i1.88133
https://dx.doi.org/10.5500/wjt.v14.i1.88133
https://www.wjgnet.com/2220-3230
https://dx.doi.org/10.5500/wjt.v14.i1.89702
https://dx.doi.org/10.5500/wjt.v14.i1.89702
https://www.wjgnet.com/2220-3230
https://dx.doi.org/10.5500/wjt.v14.i1.88833
https://dx.doi.org/10.5500/wjt.v14.i1.88833
https://www.wjgnet.com/2220-3230
https://dx.doi.org/10.5500/wjt.v14.i1.89255
https://dx.doi.org/10.5500/wjt.v14.i1.89255
https://www.wjgnet.com/2220-3230
https://dx.doi.org/10.5500/wjt.v14.i1.88891
https://dx.doi.org/10.5500/wjt.v14.i1.88891
https://www.wjgnet.com/2220-3230
https://dx.doi.org/10.5500/wjt.v14.i1.89674
https://dx.doi.org/10.5500/wjt.v14.i1.89674
https://dx.doi.org/10.5500/wjt.v14.i1.89674
https://www.wjgnet.com/2220-3230
https://dx.doi.org/10.5500/wjt.v14.i1.89223
https://dx.doi.org/10.5500/wjt.v14.i1.89223
https://dx.doi.org/10.5500/wjt.v14.i1.89223

World Journal of Transplantation

Contents

Quarterly Volume 14 Number 1 March 18, 2024

ABOUT COVER

Editor-in-Chief of World Journal of Transplantation, Maurizio Salvadori, MD, Professor, Renal Unit, Department of
Transplantation, University of Florence, Florence 50139, Italy. maurizio.salvadoril@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Transplantation (WJT, World | Transplant) is to provide scholars and readers
from various fields of transplantation with a platform to publish high-quality basic and clinical research articles
and communicate their research findings online.

WJT mainly publishes articles reporting research results obtained in the field of transplantation and covering a
wide range of topics including bone transplantation, brain tissue transplantation, corneal transplantation, descemet
stripping endothelial keratoplasty, fetal tissue transplantation, heart transplantation, kidney transplantation, liver
transplantation, lung transplantation, pancreas transplantation, skin transplantation, etc.

INDEXING/ABSTRACTING

The WJT is now abstracted and indexed in PubMed, PubMed Central, Scopus, Reference Citation Analysis, China
Science and Technology Journal Database, and Superstar Journals Database. The W]T’s CiteScore for 2022 is 2.8 and
Scopus CiteScore rank 2022: Transplantation is 23/51.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Yan-Liang Zhang, Production Department Director: X# Guo; Editorial Office Director: Jia-Ping Yan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Transplantation https:/ /www.wignet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 2220-3230 (online) https:/ /www.wignet.com/bpg/Gerlnfo /287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
December 24, 2011 https:/ /www.wjgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Quartetly https:/ /www.wijgnet.com/bpg/Getlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Maurizio Salvadori, Sami Akbulut, Vassilios Papalois, Atul C Mehta https:/ /www.wignet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/2220-3230/ editotialboard.htm https:/ /www.wjgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
March 18, 2024 https:/ /www.wjgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2024 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2024 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: office@baishideng.com https://www.wjgnet.com

3%9® WJT | https://www.wjgnet.com I March 18,2024 | Volume14 | Issuel


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2220-3230/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:office@baishideng.com
https://www.wjgnet.com

7

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.5500/ wijt.v14.i1.87752

World Journal of
Transplantation

World | Transplant 2024 March 18; 14(1): 87752

ISSN 2220-3230 (online)

Retrospective Cohort Study

ORIGINAL ARTICLE

Pediatric and adult liver transplantation in Bahrain: The experiences
in a country with no available liver transplant facilities

Hasan M Isa, Fatema A Alkharsi, Jawad K Khamis, Sawsan A Hasan, Zainab A Naser, Zainab N Mohamed,
Afaf M Mohamed, Shaikha A Altamimi

Specialty type: Transplantation

Provenance and peer review:
Invited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B, B
Grade C (Good): 0

Grade D (Fair): D

Grade E (Poor): 0

P-Reviewer: El-Serafi I, United
Arab Emirates; Ferrarese A, Italy;
Shehta A, Egypt

Received: October 7, 2023
Peer-review started: October 7,
2023

First decision: November 17, 2023
Revised: November 29, 2023
Accepted: December 19, 2023
Article in press: December 19, 2023
Published online: March 18, 2024

Bienideng> VT | https://www.wjgnet.com 1

Hasan M Isa, Fatema A Alkharsi, Sawsan A Hasan, Zainab A Naser, Zainab N Mohamed, Depar-
tment of Pediatrics, Salmaniya Medical Complex, Manama 26671, Bahrain

Hasan M Isa, Department of Pediatrics, Arabian Gulf University, Manama 26671, Bahrain

Jawad K Khamis, Department of Medicine, Salmaniya Medical Complex, Manama 26671,
Bahrain

Afaf M Mohamed, Public Health Directorate, Ministry of Health, Manama 26671, Bahrain

Shaikha A Altamimi, The Overseas Office, Supreme Committee for Treatment Abroad, Ministry
of Health, Manama 26671, Bahrain

Corresponding author: Hasan M Isa, MBChB, Associate Professor, Consultant Physician-
Scientist, Department of Pediatrics, Salmaniya Medical Complex, Road No. 2904, Al Salm-
aniya Area, P.O. Box: 12, Manama 26671, Bahrain. halfaraj@hotmail.com

Abstract

BACKGROUND

Liver transplantation (LT) is a life-saving procedure for patients with end-stage
liver disease and has become the standard and most effective treatment method
for these patients. There are many indications for LT that vary between countries
and settings. The outcome of LT depends on the available facilities and surgical
expertise, as well as the types of liver graft donors available.

AIM
To assess the clinical characteristics of patients from Bahrain who underwent LT
overseas, and analyze factors affecting their survival.

METHODS

In this retrospective cohort study, we reviewed the medical records and overseas
committee registry information of all pediatric and adult patients who were sent
overseas to undergo LT by the Pediatric and Medical Departments of Salmaniya
Medical Complex and Bahrain Defence Force Hospital via the Overseas Treatment
Office, Ministry of Health, Kingdom of Bahrain, between 1997 and 2023. Demo-
graphic data, LT indication, donor-recipient relationship, overseas LT center, graft
type, post-LT medications, and LT complications, were collected. Outcomes
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measured included the overall and 5-year LT survival rate. Fisher’s exact, Pearson y?, and Mann-Whitney U tests
were used to compare the pediatric and the adults’ group in terms of clinical characteristics, donor-recipient
relationship, medication, complications, and outcome. Survival analysis was estimated via the Kaplan-Meier’s
method. Univariate and multivariate analyses were used to detect predictors of survival.

RESULTS

Of the 208 eligible patients, 170 (81.7%) were sent overseas to undergo LT while 38 (18.3%) remained on the waiting
list. Of the 170 patients, 167 (80.3%) underwent LT and were included in the study. The majority of the patients
were Bahraini (91.0%), and most were males (57.5%). One-hundred-and-twenty (71.8%) were adults and 47 (28.3%)
were children. The median age at transplant was 50.0 [interquartile range (IQR): 14.9-58.4] years. The main
indication for pediatric LT was biliary atresia (31.9%), while that of adult LT was hepatitis C-related cirrhosis
(35.0%). Six (3.6%) patients required re-transplantation. Most patients received a living-related liver graft (82%).
Pedjiatric patients received more living and related grafts than adults (P = 0.038 and P = 0.041, respectively), while
adult patients received more cadaveric and unrelated grafts. Most patients required long-term immunosuppressive
therapy after LT (94.7%), of which tacrolimus was the most prescribed (84.0%), followed by prednisolone (50.7 %),
which was prescribed more frequently for pediatric patients (P = 0.001). Most patients developed complications
(62.4%) with infectious episodes being the most common (38.9%), followed by biliary stricture (19.5%). Tonsilitis
and sepsis (n =12, 8.1% for each) were the most frequent infections. Pediatric patients experienced higher rates of
infection, rejection, and early poor graft function than adult patients (P < 0.001, P = 0.003, and P = 0.025,
respectively). The median follow-up time was 6.5 (IQR: 2.6-10.6) years. The overall survival rate was 84.4%, the 5-
year survival rate, 86.2%, and the mortality rate, 15.6%. Younger patients had significantly better odds of survival (
P =0.019) and patients who survived had significantly longer follow-up periods (P < 0.001).

CONCLUSION
Patients with end-stage liver disease in Bahrain shared characteristics with those from other countries. Since LT
facilities are not available, an overseas LT has offered them great hope.

Key Words: Overseas liver transplantation; End-stage liver disease; Liver transplant facilities; Liver donor; Biliary atresia;
Hepatitis C

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The clinical characteristics, management, and outcomes of patients from Bahrain with end-stage liver disease who
underwent an overseas liver transplantation (LT) have not been studied previously. In this retrospective cohort study, we
found that biliary atresia in children and hepatitis C infection in adults were the main indications. This was comparable to
literature from neighboring countries and worldwide. Most patients received living-related grafts. The overall survival rate
was 84.4% and was significantly better in younger patients. Therefore, in countries where LT facilities are not available, an
overseas LT can offer great hope for this group of patients.

Citation: Isa HM, Alkharsi FA, Khamis JK, Hasan SA, Naser ZA, Mohamed ZN, Mohamed AM, Altamimi SA. Pediatric and adult
liver transplantation in Bahrain: The experiences in a country with no available liver transplant facilities. World J Transplant 2024;
14(1): 87752

URL: https://www.wjgnet.com/2220-3230/full/v14/i1/87752.htm

DOI: https://dx.doi.org/10.5500/wjt.v14.i1.87752

INTRODUCTION

The first successful human liver transplantation (LT) in the world took place in 1967 by Starzl et al[1]; after which LT
became a standard treatment for patients with acute or chronic hepatic failure of various etiologies.

There are many indications for LT. In children, the most common indication for LT is biliary atresia, while in adults,
the hepatitis C virus (HCV) infection is the most common[2]. Yet, LT indications can vary between countries and settings
[3,4].

The outcome of LT depends on the available facilities, surgical expertise as well as the types of liver graft donor[3,4].
The improvement in surgical techniques as well as immunosuppression have improved patient survival and their overall
quality of life[3,4].

LT is an essential surgical service that should be available in all countries that have the capabilities. In most of the
developed countries, LT centers are available and providing LT services to their patients[3,4]. However, some small and
developing countries are lacking LT facilities. Patients in these countries either die from the complications of acute and
chronic liver failure, or if a suitable donor is found, they are sent overseas to undergo an expensive LT. The Kingdom of
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Bahrain is an example for the latter. Since the 90s, the Overseas Treatment Office of the Ministry of Health in Bahrain
sends pediatric and adult patients with end-stage liver failure overseas to undergo LT when a suitable liver donor is
found. Referral for LT may be emergent, urgent, or anticipatory, as the time of referral varies depending on the patient’s
clinical circumstances and donor availability.

Many countries have built respectable reputations and experience in LT, including Turkey and India[5,6]. Moreover,
some Gulf Cooperation Council countries and neighboring countries, including Saudi Arabia and Iran, have provided
this surgical service for the public for many years[9-7]. Other countries have recently started developing their capabilities
to provide LT services, such as Kuwait and Oman[10,11]. In Bahrain, an arrangement was made with multiple overseas
LT centers from countries including Turkey, India, and Saudi Arabia, whereby they agreed to take care of patients from
Bahrain.

Multiple reports about LT experiences have been published from several countries worldwide[3,4,7]. However, there
are no reports studying the details of patients from Bahrain who went overseas for LT. The aim of this study was to
review the clinical characteristics, indications, medical therapies, complications, and outcomes of pediatric and adult
patients from Bahrain requiring LT, and assess the possible predictors of survival following overseas LT.

MATERIALS AND METHODS
Study design, setting, and population

A retrospective review was conducted of medical records of all pediatric and adult patients who were listed for an
overseas LT by the Department of Pediatrics and the Department of Medicine at Salmaniya Medical Complex and
Bahrain Defense Force Hospital via the Overseas Treatment Office, Supreme Committee for Treatment Abroad, Ministry
of Health, Manama, Kingdom of Bahrain, between January 1, 1997 and August 1, 2023. All patients who underwent LT
were included in the study while those who died before LT, those who remained on the waiting list, and those with
missing relevant data, were excluded. Prior to LT, patients with end-stage liver failure were evaluated by their pediatric
or adult gastroenterology consultant and the parents/guardians or the patient were asked to provide one or more LT
donors.

Donor preparation

According to our protocol, a dedicated LT nurse meets the donors, checks their body mass index, orders the basic
laboratory tests and radiological imaging (vascular imaging to assess the hepatic arterial anatomy), and fills the donor
check list. Following a satisfactory medical and psychological examination by the caring physicians, the donor’s results
and the check list are reviewed and approved for donation fitness. The acceptance of a potential donor requires the
following: Donors should be 18-55 years of age, have a compatible blood type with the recipient, normal or only slightly
altered liver function tests, and hemodynamic stability. Once the donor is ready, a request letter along with a detailed
patient medical report are sent to the Head of the Overseas Treatment Office who communicates with multiple overseas
LT centers to get their approval. After approval, the patient, the donor, and two direct family members are sent to the
overseas LT center by airplane. A senior doctor and a nurse escort sick patients. If more than one center accepts the
patient, the choice of center will be based on the patient/ guardian’s preference and the quoted cost of the LT.

Data collection

Patients” data were collected by reviewing paper-based and electronic medical records along with the overseas committee
registry. Important missing data were retrieved by direct contact with the adult patient or the patient's parents/guardians
in case of a child or via telephone calls. Demographic data including sex, nationality, area of residence, age at LT, weight
and height at LT, presence of associated diseases, any previous surgeries, and family history of liver diseases were
collected.

The underlying liver disease that led to liver failure requiring LT were reviewed. The LT indications included but were
not limited to the following causes: (1) Extrahepatic cholestasis: Biliary atresia and choledochal cyst; (2) Intra-hepatic
cholestasis: Primary sclerosing cholangitis, Alagille’s syndrome, and progressive familial intrahepatic cholestasis; (3)
Infections: Intrauterine viral hepatitis, and viral hepatitis B and C; (4) Metabolic diseases: Wilson’s disease, Crigler-Najjar
syndrome, inborn error of bile acid metabolism, tyrosinemia, galactosemia, disorders of the urea cycle, organic acidemia,
and disorders of carbohydrate metabolism; (5) Acute liver failure; and (6) Other: Autoimmune hepatitis, primary liver
tumor, hepatocellular carcinoma (HCC), cystic fibrosis, nonalcoholic steatohepatitis, and alcoholic liver disease.

The donor-recipient relationship, the type of graft (living or cadaveric), the LT center, and the surgical approach were
also gathered. Based on the availability of a deceased donor, the LT team might select a cadaveric graft in the absence of a
suitable living-related donor or if an early poor graft function developed after the first LT. In the latter case, the patient’s
name is moved to the top of the LT waiting list.

Post-LT medical therapy was also reviewed. The use of immunosuppressive medications such as tacrolimus, pre-
dnisolone, mycophenolic acid, cyclosporine A, azathioprine, and baziliximab, was noted. Use of antibiotics e.g.,
aminoglycoside, azithromycin, and trimethoprim/sulfamethoxazole; antifungals e.g., fluconazole and amphotericin B;
and antivirals e.g., valganciclovir was also recognized. Information regarding dietary supplementations e.g., calcium,
vitamin D, magnesium oxide, multivitamins, folic acid, ferrous sulphate, biotin, and carnitine was collected, as well as
use of other medications e.g., proton pumps inhibitors, ursodeoxycholic acid, N-acetylcysteine (NAC), and aspirin.
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Development of LT-related complications like bleeding, hypovolemia, post-LT dialysis, early poor graft function, need
for re-transplantation, hepatic surgical complications, infections, rejection, surgical wound complications, hepatic artery,
or portal vein thrombosis, etc. were collected.

Follow-up duration was measured from the date of LT until death or the study end date. The patient outcomes were
assessed based on the overall survival rate, 5-year survival rate, and mortality rate. The LT cost was presented in United
States dollars (USD).

Statistical analysis

Patients” data were analyzed using the Statistical Package for Social Sciences program (SPSS) version 21 (IBM Corp.,
Armonk, NY, United States). The patients were divided into pediatric and adult groups and compared in terms of clinical
characteristics, LT indications, donor-recipient relationship, medications used, complications, and outcome. The
frequencies and percentages were calculated for cate-gorical variables while continuous variables were presented as the
median and interquartile range (IQR). The Fisher’s exact or Pearson’s y* tests were used to compare categorical variables.
The Mann-Whitney U test was used to compare group means. Survival analysis based on age group (pediatric or adult)
and graft type (living and cadaveric) was estimated via the Kaplan-Meier method. Both univariate and multivariate
analyses of binary logistic regression were performed to exhibit the predictors of LT outcome. Confidence interval was set
at 95%. P values < 0.05 were considered significant.

RESULTS

Until August 2023, a total of 208 pediatric and adult patients were listed for possible LT, and 170 (81.7%) were sent
overseas to undergo LT surgery. Of the latter, 167 (80.3%) patients underwent LT, and were included in the study, while
38 (18.3%) were excluded (Figure 1). Most patients were adults (adult: n = 120, 71.8%; pediatric: n = 47, 28.3%). Clinical
characteristics of the included patients are shown in Table 1. Ninety-six (57.5%) patients were males. The majority were
Bahraini (n = 152, 91.0%) while of the remaining 15 (9.0%), four were from Yemen, two from each of Sudan, Syria, Iran,
and India, and one patient from each of Qatar, Egypt, and Pakistan. The median age at transplant was 50.0 (IQR:
14.9-58.4) years. There was no significant difference between males and females in terms of the median age at LT (P =
0.793) or age groups (P = 0.515).

Most of the patients presented with chronic liver disease (n = 164, 98.2%), while three (1.8%) patients had acute liver
failure. In patients with chronic liver diseases, 117 (71.3%) were adults while 47 (28.7%) were children, and all patients
with acute liver failure were adults (1 = 3, 2.5%). There was no significant difference between pediatric and adult patients
in terms of disease onset (acute or chronic) (P = 0.560). Forty-one (24.6%) patients had documented liver cirrhosis prior to
the LT with no difference between adult patients (n = 33, 19.8%) and children (n = 8, 17.0%) (P = 0.230).

The main indication for pediatric LT was biliary atresia (n = 15, 31.9%), followed by progressive familial intrahepatic
cholestasis (n =9, 19.1%), while the main indication for adult LT was HCV-related cirrhosis (n = 42, 35.0%), followed by
nonalcoholic steatohepatitis (n =19, 15.8%) (Table 2).

Six (3.6%) patients required re-transplantation, of whom four (3.3%) were adults and two were children (4.3%) (P =
0.674). Two of the four adults were re-transplanted after three years from the first LT, while one underwent re-
transplantation after four years, and another after nine years. One pediatric patient was re-transplanted after one week
and the other after one month. The indications for re-transplantation in adults were early cirrhosis due to reinfection with
HCV (n = 2), recurrence of primary sclerosing cholangitis (1 = 1), and liver failure due to ductopenic chronic rejection (n =
1), while in the two pediatric patients the indication was early allograft dysfunction.

Of 173 LT surgeries, donor type data was available in 150 (86.7%) [144 (96%) single LT surgeries and the six (4%) re-
transplantations]. The donor-recipient relationships are shown in Table 3. Most patients received a living-related liver
graft (n = 123/150, 82%). Pediatric patients received more living grafts than adults [47/48 (97.9%) vs 88/102 (86.3%),
respectively] while adult patients received more cadaveric [14/102 (13.7%) vs 1/48 (2.1%), respectively], (P = 0.038).
Pediatric patients received more related grafts than adults [44/48 (91.7%) vs 79/102 (76.5%), respectively] while adult
patients received more unrelated grafts [23/102 (23.5%) vs 4/48 (8.3%), respectively], (P = 0.041). The median hospital-
ization duration was 30 (IQR: 14-60) days.

The main countries receiving patients from Bahrain for LT are shown in Figure 2. Most of the patients underwent LT in
Turkey (n =70/171, 40.9%), followed by India (n = 52/171, 30.4%), then Saudi Arabia (n = 22/171, 12.9%). There was no
significant difference between the pediatric and adult patients in terms of LT center location (P = 0.481).

Of 173 LT surgeries, data about the surgical approach was available for 145 surgeries. The Mercedes incisions was the
most common approach (n = 100, 69.0%) followed by the L-shaped (n = 24, 16.6%) and transverse incisions (n = 21,
14.5%). In pediatric patients, most incisions were either transverse or Mercedes (n = 20/44, 45.5% each), followed by L-
shaped (n = 4/44, 9.0%) while in adult patients, most were Mercedes incisions (1 = 80/101, 79.2%), followed by L-shaped
(n =20/101, 19.8%) and transverse (n = 1/101, 0.9%). This difference was statistically significant (P < 0.001). Of six
patients who underwent re-transplantation, five (83.3%) had the same Mercedes incision while one (16.7%) patient had a
transverse followed by an L-shaped incisional approach.

Medications used after LT surgery are shown in Table 4. Most patients required long-term immunosuppressive
therapy (n = 142, 94.7%). Tacrolimus was the most prescribed (n = 126, 84.0%) followed by prednisolone (n = 76, 50.7%)
which was significantly prescribed more for pediatric patients (P = 0.001). None of the patients received NAC prior to the
LT. Ninety-three (62.4%) patients developed complications during or after LT. Infections were the most common complic-
ations (n = 58, 38.9%), followed by biliary stricture (n = 29, 19.5%) (Table 5). In general, pediatric patients had a higher rate
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Table 1 Clinical characteristics of patients underwent liver transplantation

Patient demography Total, n =167 (100) Pediatric, n = 47 (28.1) Adult, n =120 (71.8) Pvalue
Sex 0.492°
Male 96 (57.5) 25 (53.2) 71 (59.7)

Female 71 (42.5) 22 (46.8) 49 (40.8)

Nationality <0.001°
Bahraini 152 (91.0) 36 (76.6) 116 (96.7)

Non-Bahraini 15 (9.0) 11 (23.4) 4(3.3)

Governorate 0.369"
Northern 73 (43.7) 21 (44.7) 52 (43.3)

Capital 35 (20.9) 6 (12.8) 29 (24.2)

Southern 34 (20.4) 12 (25.5) 22 (18.3)

Mubharraq 25 (15.0) 8 (17.0) 17 (14.2)

Age at transplant (yr) 50.0 (14.9-58.4) 3.7 (1.0-9.0) 55.2 (48.4-60.5) <0.001°
Weight at transplant (kg), (1 = 83) 52 (15.0-70.0) 11.0 (7-23) 69 (52-80) <0.001°
Height at transplant (cm), (n = 75) 163 (138-169) 82.0 (69-120) 167 (159-172) <0.001°
Presence of associated diseases’ 130/162 (80.3) 25 (53.2) 105/115 (91.3) <0.001°
Previous liver biopsy 67/145 (46.2) 20/46 (43.5) 47/99 (47.5) 0.722%
Previous surgeries 52/145 (35.9) 17/46 (37.0) 35/99 (35.4) 0.855"
Kasai procedure 11/145 (7.6) 10/46 (21.7) 1/99 (1.0) <0.001°
Other surgeries 45/145 (31.0) 10/46 (21.7) 35/99 (35.4) 0.124°
Family history of liver disease 38/145 (26.2) 17/46 (37) 21/99 (21.2) 0.067°
Follow up duration (yr) 6.5 (2.6-10.6) 8.1 (1.3-10.6) 6.1 (3.3-10.3) 0.976°
Number of overseas visits 3 (2.0-8.0) 4 (2.0-10.0) 3 (2.0-6.0) 0.299°

“Fisher’s exact test.

PPearson’s y? test.

‘Mann-Whitney U test.

1Supplementary Table 1. Data are presented as number and percentage or median and interquartile range. Boldface indicates a statistically significant
difference with P < 0.05.

208 patients were listed for LT
\

X 38 (18.3%) were not sent overseas
170 (81.7%) patients were sent overseas

(excluded )
I \
167 (80.3%) underwent LT | | 3 (1.4%) died before LT 20 (9.6%) on waiting list
47 (28.1%) 120 (71.8%) 14 (6.7%) died
pediatrics adults

4 (1.9%) missing data

Figure 1 Flow charts of patients who underwent an overseas liver transplantation, Kingdom of Bahrain, 1997-2023. LT: Liver transplantation.

of complications (n = 33/46, 71.7%) than adult patients (n = 60/103, 58.3%) but this difference was not statistically
significant (P = 0.144). However, pediatric patients showed a significantly higher rate of infectious episodes, rejection, and
early poor graft function than adult patients (P < 0.001, P = 0.003, and P = 0.025, respectively). Pediatric patients had
significantly more tonsilitis and acute gastroenteritis than adults (P < 0.001 and P = 0.035, respectively) who had more
septic episodes but with no significant difference (P = 0.755). None of the patients developed hypovolemia or bowel
perforation.
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Table 2 Indications of liver transplantation in pediatrics and adults in Bahrain

Indications of liver transplantation® Total, n (%)
Pediatric indications 47 (28.1)
Biliary atresia 15 (31.9)
Progressive familial intrahepatic cholestasis 9(19.1)
Metabolic diseases” 7 (14.9)
Alagille’s syndrome 3(6.4)
Autoimmune hepatitis 3 (6.4)
Primary sclerosing cholangitis 3 (6.4)
Cystic fibrosis liver disease 2(4.3)
Hepatocellular carcinoma 2 (4.3)
Cytomegalovirus hepatitis 2(4.3)
Others 8 (17.0)
Adult indications 120 (71.9)
Hepatitis C-related cirrhosis 42 (35.0)
Nonalcoholic steatohepatitis 19 (15.8)
Hepatocellular carcinoma 18 (15.0)
Primary sclerosing cholangitis 17 (14.2)
Hepatitis B virus 15 (12.5)
Cryptogenic cirrhosis 13 (10.8)
Autoimmune hepatitis 9 (7.5)
Alcoholic liver cirrhosis 4(3.3)
Others 5(4.2)

Some patients had more than one indication for liver transplantation. Data are presented as number and percentage.

Urea cycle defect (1 = 3) [argininosuccinic aciduria type 1 (1 = 2) and ornithine transcarbamylase deficiency (1 = 1)], propionic academia (1 = 2), tyro-
sinemia, and Wilson’s disease (n = 1 each).

‘Choledocal cyst type 4 (1 = 2), hereditary hemorrhagic telangiectasia, neonatal hepatitis, liver metastasis due to Wilms tumor, cryptogenic, Crigler Najjar
syndrome type 1, and neonatal hemochromatosis (1 =1 each).

dCholangiocarcinoma, hereditary hemorrhagic telangectasia, bilharzial liver disease, biliary atresia, and unspecified viral hepatitis (1 = 1 each).

Patients were seen at the liver clinic in Bahrain within two weeks of their overseas LT, with close follow-up in the first
three months. Afterward, regular follow-up visits continued at every three months in the first year and every six months
in the second year. The median follow-up time was 6.5 (IQR: 2.6-10.6) years and the median number of overseas follow-
up visits was three (IQR: 2-8). Most patients were sent back to the overseas LT center for follow-up every six months
during the first-year post LT.

The results of post-LT survival analysis using the Kaplan-Meier method are shown in Figure 3. The overall survival
rate was 84.4% (n = 141/167), 5-year survival rate was 86.2%, and the mortality rate was 15.6% (26 patients died; 21 adults
and five children). Pediatric patients had better survival outcomes (n = 42, 89.4%) compared to adult patients (n = 99,
82.5%). However, this difference was not statistically significant (P = 0.346). The median survival age was 57.1 (IQR:
26-65.2) years; 11.1 (IQR: 7.4-17.5) years for pediatric patients and 61.6 (IQR: 54.9-67.6) years for adults. Younger patients
had better survival outcome (P = 0.019) (Table 6). Patients who survived had a significantly longer period of follow up
compared to those who died (P < 0.001). None of the other variables such as sex, nationality, area of residency, weight
and height at LT, presence of associated diseases (Supplementary Table 1), type of graft, donor-recipient relationship,
indication for LT, intra- and post-LT complications, and the location of the LT center had a statistically significant impact
on survival. On comparing the main three centers regarding the patient outcomes, the overall survival was 100% in Saudi
Arabia, 88.2% in India, and 76.1% in Turkey and this difference was statistically significant (P = 0.021). On comparing the
survival between pediatric and adult patients according to the LT center, after excluding Iran (81.8% survival) as they
transplanted adult patients only, the ranking was in favor of Saudi Arabia, followed by India, then Turkey with no
difference between pediatric and adult patients (Supplementary Table 2). In univariate and multivariate analyses, none of
the selected variables were found to be significant predictors of LT outcome (Table 7).

The LT cost varied between centers. The average cost of LT surgery was 60000 USD per patient, ranging from 42500
USD to 84000 USD. For the donor preparation, the cost ranged from 10000 USD to 20000 USD.
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Table 3 Donor-recipient relationship of patients underwent liver transplantation

Donor Total LT, n=150/173 (86.7)  Pediatrics, n = 48/49 (98.0) Adults, n=102/124 (82.3)  Pvalue
Related living donors 123 (82) 44 (91.7) 79 (76.5) 0.041°
1% degree 65 (52.8) 29 (65.9) 36 (45.6) 0.020°
2" degree 19 (15.5) 3(6.8) 16 (20.3)

3" degree 21 (17.1) 10 (22.7) 11 (13.9)

4™ degree 17 (13.8) 2 (4.5) 15 (18.9)

Unspecified relation 1(0.8) 0(0.0) 1(1.3)

Unrelated donors 27 (18) 4(83) 23 (22.5) 0.041°
Living 12 (8.0) 3(6.3) 9 (8.8) 0.753°
Cadaveric 15 (10.0) 1(21) 14 (13.7) 0.038°

“Fisher’s exact test.

PPearson’s y* test.
Data are presented as number and percentage. Boldface indicates a statistically significant difference with P < 0.05. The six patients who underwent re-

transplantation surgery had different donor types. LT: Liver transplantation.
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Figure 2 The main countries where Kingdom of Bahrain is sending pediatric and adult patients overseas to underwent liver
transplantation. Middle East countries included Turkey (n = 70, 40.9%), Saudi Arabia (n = 22, 12.9%), Iran (n = 11, 6.4%), and Egypt (n = 2, 1.2%); Asia and
Pacific countries included India (n = 52, 30.4%), China (n = 3, 1.8%), Singapore (n = 3, 1.8%), and Japan (n = 1, 0.6%); European countries included Germany (n = 2,
1.2%), United Kingdom (n = 2, 1.2%), and North America countries included United states (n = 3, 1.7%). ®Pearson’s x° test.

DISCUSSION

This study found that most patients who required LT were adults (71.8%). Similarly, several studies reported that a
higher number of adult patients underwent LT than pediatric patients[2,7,12,13]. The reason behind this finding might be
related to the fact that most centers started LT services in adults first, followed by the pediatric population. Subsequently,
the adult LT programs are predominant compared to those for pediatric patients[4]. Moreover, the rapid rise in the
prevalence of nonalcoholic steatohepatitis in adults makes them more likely to require LT[4].

In the present study, most of the LT patients were males (57.5%). This is similar to several other studies where a male
predominance ranged from 52.8% to 85.0%[2,8-10,12,14-17]. This male predominance might be attributed to the risky
behaviors of males, such as alcohol consumption, tobacco smoking, and addiction to intravenous drug use which may
increase their risk of becoming infected with HCV[18]. Moreover, HCC is approximately three times more prevalent in
males than females, attributed to their hormonal pattern[19]. Furthermore, males have a higher prevalence of obesity and
metabolic dysfunction-associated fatty liver disease[4]. In contrary to our study, three studies from Korea and one study
from the United States reported that most of the patients were females[20-23].

In the current study, the median age at transplant was 50.0 (IQR: 14.9-58.4) years. However, multiple studies reported
that most of the patients underwent LT at a younger age, ranging from 17.6 to 43 years[8,12,15,22]. Moreover, many
studies reported LT among pediatric patients alone[5,9,20,23,24]. This can be related to the study population, design, and
setting.
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Table 4 Medications used after liver transplantation

Medications® Total, n = 150/167 (89.8) Pediatrics, n = 44/47 (93.6) Adults, n=106/120 (88.3) P value®
Immunosuppressive medications 142 (94.7) 40 (90.9) 102 (96.2) 0.234
Tacrolimus 126 (84.0) 38 (86.4) 88 (83.0) 0.807
Prednisolone 76 (50.7) 32 (72.7) 44 (41.5) 0.001
Mycophenolic acid 73 (48.7) 14 (31.8) 59 (55.7) 0.012
Cyclosporine A 13 (8.7) 49.1) 9 (8.5) 1.000
Azathioprine 8(5.3) 5 (11.4) 3(2.8) 0.048
Everolimus 7 (4.7) 0 (0.0) 7 (6.6) 0.106
Baziliximab 1(0.7) 1(23) 0(0.0) 0.293
Dietary supplementations 109 (72.7) 37 (84.1) 72 (67.9) 0.046
Calcium 77 (51.3) 18 (40.9) 59 (55.7) 0.110
Vitamin D 63 (42.0) 22 (50.0) 41 (38.7) 0.210
Magnesium 35 (23.3) 20 (45.5) 15 (14.2) <0.001
Multivitamin 32 (21.3) 27 (61.4) 5(4.7) <0.001
Folic acid 30 (20.0) 14 (31.8) 16 (15.1) 0.026
Iron 22 (14.7) 11 (25.0) 11 (10.4) 0.040
Biotin 4(2.7) 4(9.1) 0(0.0) 0.007
Carnitine 2(1.3) 2 (4.5) 0(0.0) 0.085
Antiviral (valganciclovir) 23 (15.3) 20 (45.5) 3(2.8) <0.001
Antibiotics 20 (13.3) 18 (40.9) 2(1.9) <0.001
Aminoglycosides 15 (10.0) 15 (34.1) 0(0.0) <0.001
Co-trimoxazole 12 (8.0) 10 (22.7) 2(1.9) <0.001
Antifungal medications 9 (6.0) 8 (18.2) 1(0.9) <0.001
Fluconazole 7 (4.7) 6 (13.6) 1(0.9) 0.003
Amphotericin B 2(1.3) 2 (4.5) 0(0.0) 0.085
Other medications 135 (90.0) 38 (86.4) 97 (91.5) 0.375
Proton pump inhibitors 96 (64.0) 21 (47.7) 75 (70.8) 0.009
Urosodeoxycholic acid 91 (60.7) 27 (61.4) 64 (60.4) 1.000
N-acetylcysteine 66/118 (55.9) 10/29 (34.5) 56/89 (62.9) 0.010
Aspirin 57 (38.0) 22 (50.0) 35 (33.0) 0.065

Some patients received more than one medication.
PFisher’s exact test.
Data are presented as number and percentage. Boldface indicates a statistically significant difference with P < 0.05.

In this study, biliary atresia was the main indication for LT in pediatric patients (31.9%). Comparably, many published
studies reported that biliary atresia was the most common indication for LT among the pediatric population, but with a
higher percentage, ranging from 43% to 66.1%(2,3,13,20,25-27]. The reason behind this finding might be that most
children with biliary atresia underwent the Kasai procedure that failed to re-establish effective biliary flow, which causes
rapid evolution to secondary biliary cirrhosis[28]. In contrast, a Turkish study reported that Wilson disease was the main
indication for LT in pediatric patients (16.3%) rather than biliary atresia (14.5%)[5].

HCV-related cirrhosis was the main LT indication in adult patients in this study (35%). This is comparable to other
published studies from Argentina, the United States, and Saudi Arabia, where HCV was the most common LT indication
in adult patients and represented 35%, 37.4%, and 38% of their patients, respectively[2,7,17]. However, the European
Liver Transplant Registry reported a lower percentage of HCV-related cirrhosis (13%) among their population[3]. This
variation might be related to the differences in the HCV infection prevalence between countries. The overall prevalence of
HCV in Bahrain was 1.7% (1.0%-1.9%) in 2011 and reduced to 0.99% in 2014[29,30]. This prevalence is considered
relatively low when compared to the total global HCV prevalence (2.5%)[31]. The reason behind the high incidence of
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Table 5 Complications during or after liver transplantation

Complications® Total, n=93/149 (62.4)  Pediatrics, n = 33/46 (71.7)  Adults, n=60/103 (58.3) P value®
Infection episodes 58 (38.9) 29 (63.0) 29 (28.2) <0.001
Tonsillitis 12 (8.1) 10 (21.7) 2(1.9) <0.001
Sepsis 12 (8.1) 3(6.5) 9(8.7) 0.755
Acute gastroenteritis 11 (7.4) 7 (15.2) 4 (3.9) 0.035
Cytomegalovirus 7 (4.7) 7 (15.2) 0(0.0) <0.001
Fever of unclear cause 7 (4.7) 1(22) 6 (5.8) 0.437
Pneumonia 7 (4.7) 5(10.9) 2 (1.9) 0.029
Other infections' 31 (20.8) 16 (34.8) 15 (14.6) 0.016
Biliary stricture 29 (19.5) 5(10.9) 24 (23.3) 0.115
Rejection 15 (10.1) 10 (21.7) 5 (4.9) 0.003
Early poor graft function 9 (6.0) 6 (13.0) 3(2.9) 0.025
Incisional hernia 9 (6.0) 3 (6.5) 6 (5.8) 1.000
Surgical wound complications 8(5.4) 2 (4.3) 6 (5.8) 1.000
Bleeding 4(2.7) 2(4.3) 2(1.9) 0.587
Hepatic artery complications 2(1.3) 1(22) 1(0.9) 0.524
Portal vein thrombosis 2(1.3) 1(22) 1(0.9) 0.524
Gastric perforation 2(1.3) 2(4.3) 0(0.0) 0.094
Chylous ascites 2(1.3) 1(22) 1(0.9) 0.524
Other complications” 9 (6.0) 3 (6.5) 6 (5.6) 1.000

“Some patients had more than one complication.

PFisher’s exact test.

Data are presented as number and percentage. Boldface indicates a statistically significant difference with P < 0.05.

'In pediatrics: Herpetic gingivostomatitis (1 = 3), herpes zoster infection and septic shock (1 = 2 each), bronchitis, chickenpox, conjunctivitis, atopic
dermatitis, candidal stomatitis, Epstein-Barr virus infection, hepatitis, lymphadenitis, colitis, cholangitis, and viremia (1 = 1 each). In adults: Lymphadenitis
(n =3), septic shock and cellulitis (n = 2 each), bronchitis, candidiasis, peritonitis, pulmonary tuberculosis, hepatic abscess, and herpes zoster infection (n =
1 each).

’In pediatrics: Post liver transplant lymphoproliferative disorder, pancreatitis, and diabetes mellitus (1 = 1 each). In adults: Post liver transplant
lymphoproliferative disorder and myoglobulinemia of unknown significance (n = 2 each), post-transplant dialysis and pleural effusion (1 =1 each).
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Figure 3 Survival analysis in patients post liver transplantation using the Kaplan-Meier method. A: Survival analysis based on patients’ age group;
B: Survival analysis based on liver graft type.
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Table 6 Analysis of outcome in pediatric and adult liver transplantation

Variable Survived, n =141 (84.4) Died, n = 26 (15.6) Pvalue
Sex 0.130"
Male 85 (60.3) 11 (42.3)

Female 56 (39.7) 15 (57.7)

Nationality 0.471%
Bahraini 127 (90.1) 25 (96.2)

Non-Bahraini 14 (9.9) 1(3.8)

Area of residency 0.118"
Northern 63 (44.7) 10 (38.5)

Capital 29 (20.6) 6(23.1)

Southern 25 (17.7) 9 (34.6)

Muharraq 24 (17.0) 1(3.8)

Age at liver transplant (yr) 48.8 (13.2-58.0) 57.5 (47.9-65.2) 0.019°
Age group 0.346"
Pediatric 42 (29.8) 5(19.2)

Adult 99 (70.2) 21 (80.8)

Weight at transplant (kg), (n = 83) 52.0 (20.0-70.0) 8.0 (5.0-46.0) 0.144°
Height at transplant (cm), (n = 76) 163.0 (149.0-169.0) 138.0 (74.0-149.0) 0.101°
Presence of associated diseases 139 (98.6) 23 (88.5) 0.255%
Yes 109 (78.4) 21 (91.3)

No 30 (21.6) 2(8.7)

Type of graft (n = 150) 137 (97.2) 13 (50.0) 0.364"
Living 122 (89.1) 13 (100)

Cadaveric 15 (10.9) 0(0.0)

Donor-recipient relationship (n = 150) 137 (97.2) 13 (50.0) 0.704"
Related donors 113 (82.5) 10 (76.9)

Unrelated donors 24 (17.5) 3(23.1)

Indications of liver transplantation

Hepatitis C virus 37 (26.2) 5(19.2) 0.623"
Primary sclerosing cholangitis 18 (12.8) 2(7.7) 0.743°
Nonalcoholic steatohepatitis 15 (10.6) 4 (15.4) 0.503"
Hepatic cellular carcinoma 14 (9.9) 6(23.1) 0.092"
Biliary atresia 13 (9.2) 3 (11.5) 0.718"
Hepatitis B virus 13 (9.2) 2(7.7) 1.000"
Autoimmune hepatitis 11 (7.8) 1(3.8) 0.694"
Metabolic diseases 7 (5.0) 0(0.0) 0.597¢
Intra- or post-LT complications (1 = 150) 138 (97.9) 11 (42.3) 0.537°
Yes 85 (61.6) 8(72.7)

No 53 (38.4) 3(27.7)

Post-LT N-acetylcysteine use 50/66 (75.8) 46/52 (88.5) 0.098
Liver transplant countries 0.582"
Middle East 86 (61.0) 19 (73.1)
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Asia & Pacific 51 (36.2) 8 (30.7)
Europe 4(2.8) 0(0.0)
North America 321 0(0.0)

7.5 (3.9-10.6) 1.5(0.3-3.2) <0.001°

Follow-up duration (yr)

“Fisher’s exact test.
PPearson’s y* test.
‘Mann-Whitney U test.

Data are presented as number and percentage or median and interquartile range. Boldface indicates a statistically significant difference with P < 0.05. LT:

Liver transplantation.

Table 7 Univariate and multivariate analysis of the selected predictors of outcome of liver transplantation

Univariate analysis

Multivariate analysis

Variable Odds ratio (95%Cl) P value Odds ratio (95%Cl) P value
Male sex 0.483 (0.207-1.128) 0.093 0.617 (0.127-2.999) 0.549
Bahraini nationality 0.363 (0.046-2.886) 0.338 2.001 (0.124-32.414) 0.625
Governorate (Northern vs others) 0.774 (0.328-1.823) 0.558 0.912 (0.179-4.652) 0.912
Age at LT (yr) 0.980 (0.960-1.001) 0.059 1.047 (0.955-1.148) 0.329
Age group (pediatrics vs adults) 0.561 (0.198-1.588) 0.276 0.073 (0.001-8.750) 0.284
Weight at LT (kg) 1.009 (0.990-1.029) 0.362 1.047 (0.965-1.136) 0.268
Height at LT (cm) 1.007 (0.994-1.022) 0.293 1.000 (0.969-1.032) 0.989
Presence of associated diseases 0.346 (0.077-1.560) 0.167 1.131 (0.136-9.415) 0.909
Related versus unrelated donor 1.865 (0.225-15.447) 0.563 1.979 (0.149-26.338) 0.605
Hepatitis C virus 1.494 (0.526-4.249) 0.451 0.275 (0.026-2.914) 0.284
Biliary atresia 0.779 (0.206-2.949) 0.713 1.474 (0.124-17.462) 0.759
Presence of complications 0.601 (0.153-2.368) 0.467 0.222 (0.020-2.458) 0.220
LT countries (Middle East versus others) 2.096 (0.784-5.602) 0.140 2.699 (0.383-19.017) 0.319

CI: Confidence interval; LT: Liver transplant.

HCYV in adults is the history of blood transfusion (35%) which is a major risk factor in patients with thalassemia and sickle
cell anemia, which are common in Bahrain[32]. Other reasons include intravenous drug use (16.9%), tattoos (4.9%),
extramarital sexual contact (3.3%), hemodialysis for chronic renal failure (3.3%), previous surgery (1.6%), and bleeding
disorders (1.6%)[32].

The difficulty in finding deceased donors is a serious universal problem especially in Asia for social, religious, and
cultural reasons[10,16]. Religious beliefs may either reject or limit organ donation from deceased individuals[10].
Moreover, procurement of organs is considered as an act of body mutilation in some cultures[10]. In the current study,
most patients received a living-related liver graft (82%). This figure was comparable to that reported from Korea (84.6%)
[20]. However, two studies from Canada and Turkey reported a lower percentage (45% and 32%) of patients received
liver allografts from living donors[5,24]. In contrast, most reported patients from Saudi Arabia received a cadaveric graft
due to the difficulty in finding living donors who can fulfill all the required criteria for liver donation[12]. Nonetheless, a
Korean study reported no significant difference between emergency LT with a deceased donor and elective LT with a
living donor[22], which was also observed in our study. In the current study, pediatric patients received more related
grafts (91.7%) than adults (76.5%) (P = 0.041). Similarly, a study from Japan stated that the parents were the main donors
for pediatric cases (95%)[33]. Moreover, a study from Korea found that haplo-matched donors were predominant among
pediatric patients, while unrelated donors were predominant among the adult group (P = 0.006)[22].

Most patients in the current study received long-term immunosuppressive therapy post-LT (n = 142, 94.7%).
Tacrolimus-based immunosuppression was the most frequently prescribed (84.0%). Similarly, Kim et al[20] and Ng et al
[26] reported that most LT recipients received tacrolimus as immunosuppressive therapy (94.4% and 68%, respectively).
Tacrolimus is the most effective immunosuppressive medication used after LT, as it helps prevent organ rejection and,
therefore, increases the survival rate[34,35]. Tacrolimus had become the standard immunosuppressive medication used
after LT in adults and pediatric patients[2,26]. Adequate immunosuppression is needed to support graft function but
must be balanced against the risks of side effects and potential over immunosuppression[35]. Tacrolimus and cyclo-
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sporine have been compared in large multicenter trials that showed similar 1-year patient and graft survival, with a
significantly reduced incidence of acute rejection as well as steroid-resistant rejection in children treated with tacrolimus
[28]. Moreover, liver support medications such as NAC have shown beneficial effects in both acetaminophen-induced
and non-acetaminophen acute liver failure due to its anti-inflammatory and antioxidant effects[36]. NAC also showed a
protective effect against LT-induced ischemia-reperfusion injury[37]. In this study, 55.9% of our patients had received
NAC post-LT.

In the current study, many patients developed LT-related complications (62.4%). Comparably, two studies reported a
post-operative complication rate of 72.4% and 58.4%[9,21]. Infectious episodes were the most common complications in
our study (38.9%). Similarly, Busuttil et al[2] found that infections were the most common complication after LT but with
a lower percentage (13.7%). Early infectious complications tend to be related to surgical manipulations, technical complic-
ations of the surgery, catheters, and other foreign bodies[38]. Development of infection after LT may be related to the
immunosuppressive drugs used to prevent rejection, which inhibit the activation of T lymphocytes, medullar cell prolif-
eration, and macrophage functions[28]. This can create an optimal environment for development of infections[28].
Infectious complications had become the most common cause of morbidity and mortality after transplantation[28]. In the
current study, tonsilitis and sepsis were the most frequent infectious complications (8.1% each) followed by acute
gastroenteritis (7.4%). Bacteria are the main infectious agents in the first weeks after LT, with enterococci and gram-
negative bacteria in the abdomen being the most frequent[39]. Signs of infection can vary from laboratory abnormalities
without clinical manifestations to irreversible fulminant septic shock[39]. Septic shock was found in four (2.4%) patients
in this study. Fever of unknown origin was found in seven (4.7%) patients, and the presence of fever may indicate the
development of systemic inflammatory response syndrome or a hidden infection which requires blood or urine sampling
for culture and further investigations to detect the focus of infection[39]. Moreover, immediate administration of either
specific or broad-spectrum antibiotics is important[39]. Upon literature review, most of the studies focused on cytomega-
lovirus (CMV) and Epstein-Barr virus (EBV) infections post-LT. One review article reported that viral infections usually
occur during the first month post-LT, with CMV being the most frequent infectious agent[39]. Another two studies
reported that EBV infection was the most common type of infection after LT, followed by CMV[20,21]. EBV infection was
documented in 0.7% (one of 149 patients) in the current study, while CMV infection was found in 4.7% of the patients.
Campbell et al[35] stated that treatment of CMV with intravenous ganciclovir is recommended as initial therapy and can
dramatically improve the outcomes. All our patients had received valganciclovir as a prophylactic measure initially as
per the protocol but only 15.3% of them had documented valganciclovir therapy in their medical records either as
treatment for active CMV infection or as a continuation of the prophylactic use.

Biliary stricture was the second most frequent complication (19.5%) in this study and the most common surgical
problem. A study from Korea also reported that bile duct complications were the most frequent in the surgical aspect
(17.1%)[21]. However, another study reported a lower rate of biliary stricture (11%) in their pediatric patients who
underwent LT[5]. The majority of stenoses can be treated with dilation by percutaneous transhepatic cholangiography,
which involves inserting a bile drain to shape the anastomosis for approximately six months[39].

Follow-up duration of patients post LT varies between studies based on the time of establishing the LT services,
patients’ general condition, development of complications, and survival rate. The median follow-up time in this study
was 6.5 (IQR, 2.6-10.6) years. Similarly, Busuttil et al[2] reported a median follow-up time of 6.7 (range, 0-20) years.
However, other studies reported shorter mean/median follow-up period ranging 2-5.9 years[12,17,20,22]. In contrast,
Thammana ef al[23] reported longer median follow-up time (8.3 years).

The overall survival rate was 84.4% in the patients who underwent LT in the present study. Comparably, Al-Sebayel et
al[12] reported a survival rate of 90% despite a shorter follow-up period of 736 days. In the current study, pediatric
patients had better survival rate (89.4%) compared to adult patients (82.5%). Adam et al[3] also found that the 5-year
survival rate in pediatric patients was significantly better than adult patients, 79% vs 70%, respectively (P < 0.0001). Many
studies reported a higher survival rate among pediatric patients after LT[2,5,20,25]. One study reported that the overall
survival rate within five years was 97% after pediatric orthotopic LT[25]. Another study reported that 1-year and 5-year
survival rates of their pediatric patients were 87% and 84 %, respectively[5]. On the other hand, a study from Korea[22]
reported that there were no significant differences between pediatric and adult patients in terms of outcomes when the
etiology was the same and the same surgical techniques were used at a single medical center. Nonetheless, LT outcomes
are improving, and the number of candidates listed for transplantation has increased dramatically over the years[40].

In this study, a younger age at LT and longer follow-up duration appeared to have a positive effect on survival (P =
0.019 and P < 0.001, respectively). Similarly, Haseli et al[9] found patient age to be one of the effective factors on patient
survival in the univariate analysis. However, children below one year old had the lowest survival rate compared to the
other age groups[9]. In terms of the effect of LT center on patient survival, we found a significant variation between the
main three centers (P = 0.021), which may lead us to recommend a LT center from Saudi Arabia for both pediatric and
adult patients from Bahrain. This variation in the outcome might be attributed to the proximity of the center to our
country which is the case for centers in Saudi Arabia, and the length of LT surgical experience, as for the centers in India
and Turkey. In addition, Haseli et al[9] found that weight at LT, initial diagnosis, pediatric end-stage liver disease/model
for end-stage liver disease score, type of graft, existence of post-LT complications, and year of LT were effective factors on
patient survival. Busuttil et al[2] found that recipient survival was affected by operative parameters and the etiology of
end-stage liver disease. Moreover, recipients of younger organs appeared to exhibit long-term survival advantage over
recipients of older donors[2]. In comparison between living and cadaveric grafts recipients, two studies reported no
significant difference between the two groups in graft and patient survival after long-term follow-up[12,22], which was
similar to the findings of our study. Furthermore, the use of liver support medications such as NAC have shown better
overall and post LT survival[36]. However, on analyzing the effect of NAC on the overall survival, we found no
significant difference between patients who received it and those who did not (P = 0.098). Yet, this finding should be
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interpreted with caution especially as the data was available from only two centers, each with different NAC prescription
protocols.

Like most of other retrospective studies, this study has limitations, such as missing patient data, including anthropo-
metric data at the time of LT, previous surgical history, the donor-recipient relationship, medications used, and complic-
ations. Another limitation is that our study did not focus on those patients who died while on the waiting list for LT.
Likewise, patients who could not afford to bring a suitable donor were not listed and were not accounted for in this
study. This may underestimate the magnitude of the mortality related to end-stage liver disease in Bahrain. Moreover, the
details of the cost of the overseas LT including donor preparation work-up, transportation, surgery, post-LT care, and
follow-up visits were not analyzed in this study. Furthermore, compared to bacterial infections, viral infections were less
documented in our study as viral serology was limited to CMV and EBV infections. In addition, upon an extensive
literature search, we could not find published studies from countries lacking LT facilities to compare with our study.
Despite these limitations, the findings of this study are important, being the first study focusing on patients from Bahrain
undergoing LT. Our study included both pediatric and adult patients from the main two centers in Bahrain that send
patients overseas for LT which makes our sample highly representative of the general population. This study is
contributing to the body of literature, highlighting the effectiveness of pediatric and adult LT in improving the survival of
patients with acute or chronic liver failure. The findings of this study might benefit centers in which LT facilities are not
available. They can direct targeted ranking of patients at risk of liver failure and help implementing new interventional
strategies in these high-risk groups.

LT remains a complex and costly procedure and initiating a LT program in any country can present several challenges
including: (1) The availability of infrastructure and resources; (2) establishing effective organ procurement mechanisms;
(3) recruiting and training healthcare professionals to formulate a multidisciplinary team; (4) navigating various
regulatory and legal requirements; (5) careful financial planning; and (6) collaboration and networking with other
transplant centers. Nonetheless, these challenges are not insurmountable, and many countries have successfully
established LT programs. On January 19, 2020, the Health Minister for Bahrain announced that the preparations are
underway to perform the first ever LT[41]. Recently, the Royal Medical Services (RMS) at King Hamad University
Hospital initiated the Organ Transplantation Program in co-operation with the Supreme Committee for Treatment
Abroad, Bahrain and King Fahad Specialist Hospital, Dammam, Saudi Arabia. On November 15, 2023, the RMS tran-
splant team announced that they have successfully performed the first-of-it-kind living-related LT in Bahrain on a patient
in his twenties[42].

CONCLUSION

Acute and chronic liver failure are conditions that carry a high mortality rate in both pediatric and adult populations.
This study found that patients with end-stage liver disease in Bahrain shared comparable clinical characteristics to those
published in reports from neighboring countries and worldwide. In a developing country like Bahrain, where LT facilities
are not available, an overseas LT can offer great hope to patients with an end-stage liver disease, assuming the presence
of a suitable donor. Greater attention must be made to identify patients at increased risk of developing liver failure and
establishing strategies for early overseas LT is crucial. A multicenter prospective study is required to investigate the cost-
effectiveness of the overseas LT in countries lacking this important facility.

ARTICLE HIGHLIGHTS

Research background

Liver transplantation (LT) is a life-saving procedure for patients with end-stage liver disease and has become the
standard and most effective way of treatment for these patients. There are many indications for LT that vary between
countries and settings. The outcome of LT depends on the available facilities and surgical expertise, as well as the types of
liver graft donors available.

Research motivation

Multiple reports about LT experiences have been published from several countries worldwide. However, there are no
reports studying the details of patients from Bahrain who went overseas for LT. This gap of knowledge motivated us to
study the experience of an overseas LT in our country.

Research objectives
To assess the clinical characteristics of patients from Bahrain who underwent LT overseas, and analyze factors affecting
their survival.

Research methods

We retrospectively reviewed the medical records and overseas committee registry information of all pediatric and adult
patients who were sent overseas to undergo LT by the Pediatric and Medical Departments of Salmaniya Medical
Complex and Bahrain Defence Force Hospital via the Overseas Treatment Office, Ministry of Health, Kingdom of Bahrain,
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between 1997 and 2023. Pediatric and adult patients were compared in terms of demographic data, LT indication, donor-
recipient relationship, overseas LT center, graft type, post-LT medications, LT complications, and outcomes. Survival
analysis was estimated, and predictors of survival were analyzed.

Research results

Up to August 2023, of the 208 listed patients, 170 (81.7%) were sent overseas to undergo LT. Of the latter, 167 (80.3%)
underwent LT and were included. The majority were Bahraini (91.0%), and most were males (57.5%). One-hundred-and-
twenty (71.8%) were adults and 47 (28.3%) were children. The median age at transplant was 50.0 [interquartile range
(IQR): 14.9-58.4] years. The main indication for pediatric LT was biliary atresia (31.9%), while that of adult LT was
hepatitis C-related cirrhosis (35.0%). Six (3.6%) patients required re-transplantation. Most patients received a living-
related liver graft (82%). Pediatric patients received more living and related grafts than adults (P = 0.038 and P = 0.041,
respectively), while adult patients received more cadaveric and unrelated grafts. Most patients required long-term
immunosuppressive therapy after LT (94.7%), of which tacrolimus was the most prescribed (84.0%), followed by
prednisolone (50.7%), which was prescribed more frequently for pediatric patients (P = 0.001). Most patients developed
complications (62.4%) with infectious episodes being the most common (38.9%), followed by biliary stricture (19.5%).
Tonsilitis and sepsis (n = 12, 8.1% for each) were the most frequent infections. Pediatric patients experienced higher rates
of infection, rejection, and early poor graft function than adult patients (P < 0.001, P = 0.003, and P = 0.025, respectively).
The median follow-up time was 6.5 (IQR: 2.6-10.6) years. The overall survival rate was 84.4%, the 5-year survival rate,
86.2%, and the mortality rate, 15.6%. Younger patients had significantly better odds of survival (P = 0.019) and patients
who survived had significantly longer follow-up periods (P < 0.001).

Research conclusions

Acute and chronic liver failure are conditions that carry a high mortality rate in both pediatric and adult populations.
This study found that patients with end-stage liver disease in Bahrain shared comparable clinical characteristics to those
published in reports from neighboring countries and worldwide. In a developing country like Bahrain, where LT facilities
are not available, an overseas LT can offer great hope to patients with an end-stage liver disease, assuming the presence
of a suitable donor.

Research perspectives

Greater attention must be made to identify patients at increased risk of developing liver failure and establishing strategies
for early overseas LT is crucial. A multicenter prospective study is required to investigate the cost-effectiveness of the
overseas LT in countries lacking this important facility.
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