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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.

Ethics and Policies

Advertisement Policy

All advertisements are subject to the approval of the Publisher or Editor.

Scientific content and editorial decisions are not influenced by advertisements.

Advertisements are separate from scientific content.

The sale and marketing of products within accepted advertisements are not allowed.

The Editor or Publisher of the journal is not responsible for advertisements and their content. This
responsibility entirely belongs to the advertiser.

Accepted advertisements may be placed on any page approved by the Editor or Publisher.

Advertising is conducted in accordance with the contract between the advertising company and the
journal management.

Advertising content must not include any discrimination based on language, religion, race, gender, age,
disability, etc.

Advertisements that are contrary to societal and publication ethics must not be published.

Only advertisements that comply with national regulations and fulfill legal requirements, such as licens-
ing, are accepted for publication.

Advertisements must adhere to competition laws and other relevant regulations.

The journal management shall not be liable for any financial loss due to errors in advertising content.

Authorship Policy

Each individual listed as an author should fulfill the authorship criteria recommended by the Interna-
tional Committee of Medical Journal Editors (ICMJE). The ICMJE recommends that authorship should
be based on the following 4 criteria:

Substantial contributions to the conception or design of the work, or the acquisition, analysis, or inter-
pretation of data for the work; AND

Drafting the work or revising it critically for important intellectual content; AND

Final approval of the version to be published; AND

Agreement to be accountable for all aspects of the work in ensuring that questions related to the accu-
racy or integrity of any part of the work are appropriately investigated and resolved.

In addition to being accountable for their own work, authors should have confidence in the integrity of
the contributions of their co-authors and each author should be able to identify which co-authors are
responsible for other parts of the work.

Al of those designated as authors should meet all four criteria for authorship, and all who meet the four
criteria should be identified as authors. Those who provided a contribution but do not meet all four
criteria should be recognized separately on the title page and in the Acknowledgements section at the
conclusion of the manuscript.

The Journal of Inonu Liver Transplantation Institute requires that corresponding authors submit a signed
and scanned version of the authorship contribution form available for download through during the
initial submission process in order to appropriately indicate and observe authorship rights and to pre-
vent ghost or honorary authorship. Please note that the list of authors on the final manuscript will be
presented in the order provided on this form. If the editorial board suspects a case of “gift authorship,”
the submission will be rejected without further review. As part of the submission of the manuscript, the
corresponding author should also send a short statement declaring that they accept all responsibility for
authorship during the submission and review stages of the manuscript.

Ethics Policy

The Editorial Board of the Journal of Inonu Liver Transplantation Institute and the Publisher adheres to
the principles of the International Council of Medical Journal Editors (ICMJE), the World Association of
Medical Editors (WAME), the Council of Science Editors (CSE), the Committee on Publication Ethics
(COPE), the US National Library of Medicine (NLM), the World Medical Association (WMA) and the
European Association of Science Editors (EASE).

In accordance with the journal's policy, an approval of research protocols by an ethics committee in
accordance with international agreements “"WMA Declaration of Helsinki - Ethical Principles for Med-
ical Research Involving Human Subjects (last updated: October 2013, Fortaleza, Brazil)” , "Guide for
the care and use of laboratory animals (8th edition, 201 1)" and/or “International Guiding Principles
for Biomedical Research Involving Animals (2012)" is required for all research studies. If the submitted

manuscript does not include ethics committee approval, it will be reviewed according to COPE's guide-
line (Guidance for Editors: Research, Audit and Service Evaluations). If the study should have ethical
approval, authors will be asked to provide ethical approval in order to proceed the review process. If
they cannot provide ethical approval, their manuscript will be rejected and also their institutions and
when needed, the related bodies in their country will be informed that such studies must have ethics
committee approval. If they provide approval, review of the manuscript will continue.

For articles concerning experimental research on humans, a statement should be included that shows
informed consent of patients and volunteers was obtained following a detailed explanation of the proce-
dures that they may undergo. The journal may request a copy of the Ethics Committee Approval received
from the relevant authority. Informed consent must also be obtained for case reports and clinical images.
Studies using human or animal subjects should be approved by the appropriate institutional and lo-
cal Ministry of Health ethics committees. Ethics approval of research protocols in accordance with
international agreements is required for experimental, clinical, and drug studies, as well as for some
case reports. Ethics committee reports or an equivalent official document may be requested from the
authors. For manuscripts involving experimental research on humans, a statement should be included
that shows that written, informed consent of patients and volunteers was obtained. For studies carried
out on animals, the measures taken to prevent pain and suffering of the animals should be stated clearly.
A statement regarding patient consent, and the name of the ethics committee, the ethics committee
approval date, and number should be stated in the Materials and Methods section of the manuscript. It
is the authors’ responsibility to carefully protect patients’ anonymity.

Generative Al and Artificial Intelligence (Al) Use Policy

I. Use of Al Tools in Manuscript Preparation

According to the ICMJE recommendations, authors must disclose any use of generative Al or Al-as-
sisted technologies (e.g., ChatGPT, Claude, Gemini) in the preparation of their manuscript. This includes
specifying the tool's name, version, and purpose in the appropriate section of the manuscript (e.g.
Acknowledgments for writing assistance, or Methods for data analysis)

As emphasized by the World Association of Medical Editors (WAME), Al tools should only be used
to improve language or readability under human oversight. Authors remain fully responsible for the
integrity, accuracy, and originality of their work. Al tools cannot be listed as authors or cited as such.

2. Authorship and Accountability

In line with COPE’s position statement, authorship implies responsibilities that can only be fulfilled by
humans. Every listed author must approve the final version, ensure the originality of the work, and take
accountability for all aspects of the manuscript. Al cannot meet these requirements and must not be
attributed authorship.

3. Use of Al in Figures and Visual Content

According to JILTI's Al policy, Al-generated images or figures are generally not permitted, except when
Al is part of the research methodology (e.g. in Al-assisted medical imaging). In such cases, full trans-
parency is required in the Methods section, including tool name, version, and technical parameters. Any
Al-generated visual content must be clearly labeled as such.

4. Use of Al by Reviewers and Editors

Reviewers and editors are discouraged from using generative Al tools to evaluate or summarize
manuscripts. If Al tools are used, the use must be disclosed, and confidentiality must not be compro-
mised (COPE, 2023).

Plagiarism Policy

All submissions are screened using similarity detection software at least two times: on submission and
after completing revisions. In the event of alleged or suspected research misconduct, e.g., plagiarism, ci-
tation manipulation, or data falsification/fabrication, the editorial board will follow and act in accordance
with COPE guidelines. Plagiarism, including self-plagiarism, that is identified at any stage will result in
rejection of the manuscript.

Open Access Policy

The Journal of Inonu Liver Transplantation Institute supports the Budapest Open Access Initiative state-
ment of principles that promotes free access to research literature. The declaration defines open access
to academic literature as free availability on the internet, permitting users to read, record, copy, print,




i

search, or link to the full text, examine them for indexing, use them as data for software or other lawful
purposes without financial, legal, or technical barriers. Information sharing represents a public good, and
is essential to the advancement of science. Therefore, articles published in this journal are available for
use by researchers and other readers without permission from the author or the publisher provided
that the author and the original source are cited. The articles in the Journal of Inonu Liver Transplanta-
tion Institute are accessible through search engines, websites, blogs, and other digital platforms. Addi-
tional details on the Budapest Open Access Initiative and their guidelines are available at https://www.
budapestopenaccessinitiative.org/

Open Access Statement

The journal is an open access journal and all content is freely available without charge to the user or
his/her institution. Except for commercial purposes, users are allowed to read, download, copy, print,
search, or link to the full texts of the articles in this journal without asking prior permission from the
publisher or the author. This is in accordance with the BOAI definition of open access. The open access
articles in the journal are licensed under the terms of the Creative Commons Attribution-NonCom-
mercial 4.0 International (CC BY-NC 4.0) license.

Licenses and Copyright Policy

Authors publishing with the journal retain the copyright to their work licensed under the Creative
Commons Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0) and grant the Pub-
lisher non-exclusive commercial right to publish the work. CC BY-NC 4.0 license permits unrestricted,
non-commercial use, distribution, and reproduction in any medium, provided the original work is prop-
erly cited.

Peer Review Policy

Only those manuscripts approved by its every individual author and that were not published before in
or sent to another journal, are accepted for evaluation.

Submitted manuscripts that pass preliminary control are scanned for plagiarism using iThenticate soft-
ware. After plagiarism check, the eligible ones are evaluated by Editor-in-Chief for their originality,
methodology, the importance of the subject covered and compliance with the journal scope. Editor-in-
Chief evaluates manuscripts for their scientific content without regard to ethnic origin, gender, sexual
orientation, citizenship, religious belief or political philosophy of the authors and ensures a fair double-
blind peer review of the selected manuscripts.

The selected manuscripts are sent to at least two national/international referees for evaluation and
publication decision is given by Editor-in-Chief upon modification by the authors in accordance with
the referees’ claims.

Editor-in-Chief does not allow any conflicts of interest between the authors, editors and reviewers and
is responsible for final decision for publication of the manuscripts in the Journal.

Reviewers' judgments must be objective. Reviewers’ comments on the following aspects are expected
while conducting the review.

* Does the manuscript contain new and significant information?

* Does the abstract clearly and accurately describe the content of the manuscript?

* Is the problem significant and concisely stated?

* Are the methods described comprehensively?

+ Are the interpretations and consclusions justified by the results?

* Are adequate references made to other Works in the field?

* Isthe language acceptable?

Reviewers must ensure that all the information related to submitted manuscripts is kept as confidential
and must report to the editor if they are aware of copyright infringement and plagiarism on the author’s
side.

A reviewer who feels unqualified to review the topic of a manuscript or knows that its prompt review
will be impossible should notify the editor and excuse himself from the review process.

The editor informs the reviewers that the manuscripts are confidential information and that this is a
privileged interaction. The reviewers and editorial board cannot discuss the manuscripts with other
persons. The anonymity of the referees is important.

Archiving Policy
The content published by the Journal of Inonu Liver Transplantation Institute is electronically preserved
by using Internat Archieve.

)F INONU LIVER TRANSPLANTATION INSTITUTE

Fee Waiver Policy
There is no fee waiver.

Funding Sources Policy

All authors are required to declare what support they received to carry out their research. Declar-
ing funding sources acknowledges funders’ contributions, fulfills funding requirements, and promotes
greater transparency in the research process.

Each author must individually declare all sources of funding received for the research submitted to the
journal. This information includes the name of granting agencies, grant numbers, and a description of
each funder’s role. If the funder has played no role in the research, this must be stated as well.
Authors are not required to provide the complete list of every single grant that supports them if the
grant is not related to the research published.

Publication Charges Policy
The Journal of Inonu Liver Transplantation Institute assesses no submission fees, publication fees, or
page charges.

Corrections Policy

If the editors or publisher learn from a third party that a published work contains a material error or
inaccuracy, the authors must promptly correct or retract the article or provide the journal editors with
evidence of the accuracy of the article.

Withdrawal Policy

The Journal of Inonu Liver Transplantation Institute is committed to providing high quality articles and
uphold the publication ethics to advance the intellectual agenda of science. We expect our authors to
comply with, best practice in publication ethics as well as in quality of their articles.

Withdrawal of a manuscript will be permitted only for the most compelling and unavoidable reasons.
For withdrawal of a manuscript authors need to submit an "Article withdrawal Form", signed by all au-
thors mentioning the reason for withdrawal to the Editorial Office. The form is available from the web
page of the journal. Authors must not assume that their manuscript has been withdrawn until they have
received appropriate notification to this effect from the editorial office.

In a case where a manuscript has taken more than five months’ time for review process, that allows the
author to withdraw manuscript.

Manuscript withdrawal penalty: After receiving the Article withdrawal Form, the Journal of Inonu Liver
Transplantation Institute Editorial Board will investigate the reason of withdrawal.

If the reason finds to be acceptable, the author is allowed to withdraw the manuscript without paying
any withdrawal penalty. If not the Journal of Inonu Liver Transplantation Institute will not accept any
manuscripts from the same author for one year.

Important notes: Manuscripts may be withdrawn at any stage of review and publication process by
submitting a request to the editorial office. Manuscript withdrawal will be permitted after submission
only for the most compelling and unavoidable reasons.

If the author wants to withdraw a manuscript, the author needs to submit a completed "Article with-
drawal Form", signed by all authors of the manuscript stating the reasons for manuscript withdrawal.
The manuscript will not be withdrawn from publication process until a completed, signed form is re-
ceived by the editorial office. Authors must not assume that their manuscript has been withdrawn until
they have received appropriate notification to this effect from the Journal of Inonu Liver Transplantation
Institute editorial office.

Retraction Policy

The publisher will take all appropriate measures to modify the article in question, in close cooperation
with the editors, in cases of alleged or proven scientific misconduct, fraudulent publication, or plagia-
rism. This includes the prompt publication of an erratum, disclosure, or retraction of the affected work
in the most severe case. Together with the editors, the publisher will take reasonable steps to detect
and prevent the publication of articles in which research misconduct occurs and will under no circum-
stances promote or knowingly allow such abuse to occur:

Complaint and Appeal Policy

Appeal and complaint cases are handled within the scope of COPE guidelines by the Editorial Board of
the journal. Appeals should be based on the scientific content of the manuscript. The final decision on
the appeal and complaint is made by Editor in Chief. An Ombudsperson or the Ethical Editor is assigned
to resolve cases that cannot be resolved internally. Authors should get in contact with the Editor in
Chief regarding their appeals and complaints via e-mail at kare@karepb.com.




Information for the Authors

THE JOURNAL

The Journal of Inonu Liver Transplantation Institute (The Journal) is an international, scientific, open
access periodical published in accordance with independent, unbiased, and double-blinded peer-review
principles. The journal is the official publication of the Inonu Liver Transplantation Institute, and it is
published in April, August and December, three times a year. The publication language of the journal
is English.

The Journal aims to contribute to international literature by publishing high-quality manuscripts in the
field of diseases and therapy of the liver and biliary tract. The journal’s target audience includes aca-
demics and expert physicians working in transplantation surgery specialists.

REVIEW PROCESS

Manuscripts submitted to the Journal will undergo a double-blind peer-review process. Each submis-
sion will be reviewed by at least two external, independent peer reviewers who are experts in their
field in order to ensure an unbiased evaluation process. The editorial board will invite an external and
independent editor to manage the evaluation process of manuscripts submitted by editors or by the
editorial board members of the journal. The editor-in-chief is the final authority in the decision-making
process for all submissions.

Reviews are typically completed within one month of submission to the journal. Authors will be sent
constructive reviewer comments intended to be useful. In general, the instructions, objections, and
requests made by the reviewers should be followed. The revised manuscript should clearly and precisely
indicate every step taken in accordance with the reviewers' notes. A list of responses and the correc-
tions made to each comment should be provided.

AUTHORSHIP

Each individual listed as an author should fulfill the authorship criteria recommended by the Interna-
tional Committee of Medical Journal Editors (ICMJE - www.icmje.org). The ICMJE recommends that
authorship be based on the following 4 criteria:

Substantial contributions to the conception or design of the work, or the acquisition, analysis, or inter-
pretation of data for the work; AND

Drafting the work or revising it critically for important intellectual content; AND

Final approval of the version to be published; AND

Agreement to be accountable for all aspects of the work in ensuring that questions related to the accu-
racy or integrity of any part of the work are appropriately investigated and resolved.

In addition to being accountable for their own work, authors should have confidence in the integrity of
the contributions of their co-authors and each author should be able to identify which co-authors are
responsible for other parts of the work.

All of those designated as authors should meet all four criteria for authorship, and all who meet the four
criteria should be identified as authors. Those who do not meet all four criteria should be acknowledged
on the title page of the manuscript.

The Journal requires that corresponding authors submit a signed and scanned version of the authorship
contribution form (available for download through wwwijilti.org) during the initial submission process in
order to appropriately indicate and observe authorship rights and to prevent ghost or honorary author-
ship. If the editorial board suspects a case of “gift authorship,” the submission will be rejected without
further review. As part of the submission of the manuscript, the corresponding author should also send
a short statement declaring that they accept all responsibility for authorship during the submission and
review stages of the manuscript.

ORCID ID

The Open Researcher and Contributor ID (ORCID) number of each author must be submitted when
creating an account for correspondence. To obtain an ORCID number, please visit https://orcid.org/

PLAGIARISM DETECTION

All submissions are screened using similarity detection software at least two times: on submission and
after completing revisions. In the event of alleged or suspected research misconduct, e.g., plagiarism,
citation manipulation, or data falsification/fabrication, the editorial board will follow and act in accor-
dance with COPE guidelines. Plagiarism, including self-plagiarism, that is detected at any stage will result
in rejection of the manuscript.

PUBLICATION FEE - CHARGES

This journal assesses no submission fees, publication fees, or page charges.

MANUSCRIPT PREPARATION

Manuscripts should be prepared in accordance with the ICMJE-Recommendations for the Conduct,
Reporting, Editing, and Publication of Scholarly Work in Medical Journals (updated in December 2015
- http//www.icmje.org/icmje-recommendations.pdf). Authors are required to prepare manuscripts in ac-
cordance with the Consolidated Standards of Reporting Trials (CONSORT) guidelines for randomized
research studies, the Strengthening the Reporting of Observational studies in Epidemiology (STROBE)
guidelines for observational original research studies, the Standards for Reporting Diagnostic Accuracy
(STARD) guidelines, the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines, the Animal Research: Reporting of In Vivo Experiments (ARRIVE) guidelines for experimental
animal studies, case report guidelines (CARE) and the Transparent Reporting of Evaluations with Non-
randomised Designs (TREND) guidelines for non-randomized behavioral and public health evaluations.
Manuscripts may only be submitted through the journal’s online manuscript submission and evalua-
tion system, http://jagjournalagent.com/jilti/ Manuscripts submitted via any other medium will not be
evaluated.

Manuscripts will first be submitted to a technical evaluation process in which the editorial staff will en-
sure that the manuscript has been prepared and submitted in accordance with the journal’s guidelines.

JOURNAL OF INONU LIVER TRANSPLANTATIO

Submissions that do not conform to the journal’s guidelines will be returned to the author with requests
for technical correction.

The quality and clarity of the language used in a manuscript is very important. The editors may request
that authors have the manuscript professionally edited if the language of the submission does not con-
form to the journal standards. The Journal uses American English. Please submit text of a quality ready
for publication. Information about language editing and copyediting services pre- and post-submission
may contact Kare Publishing at kare@karepb.com. Please refer to specific formatting requirements not-
ed in the submission checklist and elsewhere in this document.

MANUSCRIPT TYPES

Original Article: This is the most valued type of article, since it provides new information based on original
research. The main text of an original article should be structured with Introduction, Methods, Results,
Discussion, and Conclusion subheadings. Original articles are limited to 3500 words and 30 references.
Editorial comment: Editorial comments provide a brief critical commentary offered by reviewers with
experience and standing in the topic of a research article previously published in the journal. The au-
thors are selected and invited by the journal to provide the benefit of their expertise. The submission
should not include an abstract, keywords, tables, figures, and images. The word count is limited to 1200
and |5 references may be included.

Review article: Two kinds of review are accepted for publication in the Journal: narrative review and

systematic review. Reviews of relevant topics not recently discussed in this format that will be helpful

to readers are welcomed.

Case report: There is limited space for case reports and therefore the journal selects reports of rare

cases or conditions that reflect challenges in diagnosis and treatment, those offering new therapies or

revealing knowledge not in the literature, or present something otherwise particularly interesting and
educative. The abstract with structured of background, case and conclusion, is limited to |50 words and

the report must include the subheadings of introduction, case report, and discussion, which includes a

conclusion. A case report is limited to 1300 words and |5 references.

Image: Original and high-quality clinical or laboratory images are eligible for publication consideration.

For images depicting identifiable patients, a completed and signed informed consent form must accom-

pany the submission. The informed consent Form is available in the Forms section of the journal web-

site. Authors are responsible for ensuring that all patient- and institution-identifying information, includ-
ing names, dates, locations, hospital identifiers, and similar details, is removed from submitted images.

Submissions are limited to a maximum of five authors and should consist of 200-400 words, including

the case description and discussion sections. Authors may cite up to six references and submit a max-

imum of six figures/images..

Letter to the editor: A "Letter to the Editor" is a type of manuscript that discusses important or over-

looked aspects of a previously published article. This type of manuscript may also present articles on

topics within the scope of the journal that are of interest to readers, particularly educational cases. Addi-
tionally, readers may use the "Letter to the Editor" format to share comments on published manuscripts.

Key Features:

*  The "Letter to the Editor" should be unstructured and should not include an abstract, keywords,
tables, figures, images, or other media.

. The manuscript being commented on must be properly cited within the "Letter to the Editor"

*  Our journal considers all feedback on published articles. However, we emphasize that comments
should be scientifically relevant and meaningful to the discussion. Irrelevant or unfounded com-
ments may be rejected.

ICMJE Guidelines:

Our journal adheres to the guidelines set forth by the ICMJE (International Committee of Medical

Journal Editors). According to ICMJE, "Letters to the Editor" should be a platform for responsible

debate, critique, and discussion. These letters may raise substantial criticisms or questions about

previously published articles, and authors of the discussed articles are expected to respond to these
criticisms.

ICMJE also notes that editors have the right to edit these letters for length, grammar, and style. How-

ever, all letters should contribute constructively to the academic discussion and critique, and those

deemed irrelevant or unfounded may be rejected.

You can view the ICMJE guidelines on "Correspondence” here.

Table . Limitations for each manuscript type.

Type of manuscript Wordlimit ~ Abstract word limit ~ Reference limit ~ Table limit  Figure limit
Original Article 4000-5000 350-400 40-50 6 6
Review Article 5000-6000 350-400 50-60 6 10
Meta analysis 5000 350 50 6 10
Case Report 1500 200 20 No tables 5
Letter to the Editor 1000 No abstract 10 No tables |

Title page: A separate title page should be submitted with all submissions and this page should include:
The full title of the manuscript as well as a short title (running head) of no more than 50 characters
Name, affiliation, ORCID ID number; and highest academic degree of the author(s)

Funding and other material support

Name, address, phone number(s), fax number, and email address of the corresponding author
Acknowledgment of the individuals who contributed to the preparation of the manuscript but who do
not fulfill the authorship criteria

Manuscripts that have been presented orally or as a poster should include the name, date and place
of the event



F INONU LIVER TRANSPLANTATION INSTITUTE

Abstract: An English-language abstract is required with all submissions except editorial comments, im-
ages, and letters to the editor. Systematic reviews and original articles should contain a structured ab-
stract of maximum 350*400 words with the subheadings of objective, methods, results, and conclusion.
Keywords: Each submission must be accompanied by a minimum of three and a maximum of six key-
words for subject indexing included at the end of the abstract. The keywords should be listed in full
without abbreviations. The keywords should be selected from the National Library of Medicine, Medi-
cal Subject Headings database (https://www.nlm.nih.gov/mesh/MBrowserhtml).

Tables: Tables should be uploaded as separate files and not embedded in the main text. They should
be numbered consecutively in the order they are referred to within the main text. A descriptive title
must be placed above the tables. Abbreviations used in the tables should be defined below the table
with footnotes, even if they are defined within the main text. Tables should be created using the “insert
table” command of the word processing software and they should be designed for easy reading. Data
presented in tables should not be a repetition of the data presented within the main text but should
support the main text.

Figures and figure legends: Figures, graphics, and photographs should be submitted as separate files
in TIFF or JPEG format through the article submission system. The files should not be embedded in a
Word document or the main document. When there are figure subunits, the subunits should not be
merged to form a single image. Each subunit should be submitted separately through the submission
system. Images should not be labeled (a, b, ¢, etc.) to indicate figure subunits. Thick and thin arrows,
arrowheads, stars, asterisks, and similar marks can be used on the images to support figure legend. Like
the rest of the submission, the figures should be blind. Any information within the images that may
identify an individual or institution should be blinded. The minimum resolution of each submitted figure
should be 300 DPI. To prevent delays in the evaluation process, all submitted figures should be clear in
resolution and large in size (minimum dimensions: [00x100 mm). Figure legends should be listed at the
end of the main document.

All'acronyms and abbreviations used in the manuscript should be defined at first use, both in the ab-
stract and in the main text. The abbreviation should be provided in parentheses following the definition.
Units should be prepared in accordance with the International System of Units (SI). When a drug,
device, hardware, or software program, or other product is mentioned within the main text, the name
of the product, the manufacturer/copyright holder of the product (not simply the vendor), and city and
the country of the company (including the state, if in USA), should be provided in parentheses in the
following format: "“Discovery St PET/CT scanner (General Electric Co., Boston, MA, USA)"”

All references, tables, and figures should be referred to within the main text, and they should be num-
bered consecutively in the order they are referred to within the main text.

Limitations, drawbacks, and shortcomings of original articles should be mentioned in the Discussion
section before the conclusion paragraph.

References: The editorial team may request that the authors cite related recently published articles
(preferably within the last |0 years) in their manuscripts, with the exception of historical papers.

If an ahead-of-print publication is cited, the digital object identifier (DOI) number should be provided.
Authors are responsible for the accuracy of references. Journal titles should be abbreviated in accor-
dance with the journal abbreviations in the Index Medicus /MEDLINE/ PubMed. When there are six
or fewer authors, all authors should be listed. If there are seven or more authors, the first six should
be listed followed by “et al.” In the main text of the manuscript, references should be cited using Arabic
numerals in parentheses. The reference styles for different types of publications are presented in the
following examples.

Journal article: van Erk MD, Dam-Vervloet A, de Boer FA, Boomsma MF, van Straaten H, Bosschaart
N. How skin anatomy influences transcutaneous bilirubin determinations: an in vitro evaluation. Pediatr
Res 2019;86:471-7.

Epub ahead-of-print article: Cai L, Yeh BM, Westphalen AC, Roberts JB, Wang ZJ. Adult living
donor liver imaging. Diagn Interv Radiol 2016 Feb 24. doi: 10.5152/dir2016.15323. [Epub ahead-
of-print].

Manuscript published in electronic format: Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis (serial online) 1995 Jan-Mar (cited 1996 June 5): |(1): (24 screens). Available from:
URL: http:/ www.cdc.gov/ncidodIEID/cid htm.

Book section: Suh KN, Keystone JS. Malaria and babesiosis. Gorbach SL, Barlett |G, Blacklow NR, edi-
tors. Infectious Diseases. Philadelphia: Lippincott Williams; 2004.p.2290-308.

Books with a single author: Sweetman SC. Martindale the Complete Drug Reference. 34th ed. Lon-
don: Pharmaceutical Press; 2005.

Editor(s) as author: Huizing EH, de Groot JAM, editors. Functional reconstructive nasal surgery. Stutt-
gart-New York: Thieme; 2003.

Conference proceedings: Bengisson S. Sothemin BG. Enforcement of data protection, privacy and
security in medical informatics. In: Lun KC, Degoulet P, Piemme TE, Rienhoff O, editors. MEDINFO 92.
Proceedings of the 7th World Congress on Medical Informatics; 1992 Sept 6-10; Geneva, Switzerland.
Amsterdam: North-Holland; 1992. pp.1561-5.

Scientific or technical report: Cusick M, Chew EY, Hoogwerf B, Agrén E, Wu L, Lindley A, et al. Early
Treatment Diabetic Retinopathy Study Research Group. Risk factors for renal replacement therapy in
the Early Treatment Diabetic Retinopathy Study (ETDRS), Early Treatment Diabetic Retinopathy Study
Kidney Int: 2004. Report No: 26.

REVISIONS

When submitting a revised version of a paper (include a clean copy and a highlighted copy), the author
must submit a detailed response to the reviewers that replies to each issue raised by the reviewers and
indicates where changes can be found (each reviewer's comment, followed by the author’s reply and line
number where changes have been made) as well as an annotated copy of the main document. Revised
manuscripts must be submitted within 30 days from the date of the decision letter: If the revised version
of the manuscript is not submitted within the allocated time, the revision option may be withdrawn.
If the submitting author(s) believe that additional time is required, they should request this extension
within the initial 30-day period.

Accepted manuscripts are copy edited for grammar, punctuation, format, and clarity. Once the publication
process of a manuscript is completed, it is published online on the journal's webpage as an ahead-of-print
publication before it is included in the scheduled issue. A PDF proof of the manuscript is sent to the
corresponding author and their publication approval is requested within 2 days of receipt of the proof.

PUBLICATION PROCESS

Accepted manuscripts will be made available and citable online as rapidly as possible. The stages of
publication are as follows;
Uncorrected publication: A PDF of the final, accepted (but unedited and uncorrected) paper will be
published online on the journal web page under the "Accepted Articles” section. A DOI will be assigned
to the article at this stage.
Ahead-of-print publication: After copy editing, typesetting, and review of the resulting proof, the final
corrected version will be added online in the “Ahead-of-Print” section.
Final publication: The final corrected version will appear in an issue of the journal and added to the journal
website. To ensure rapid publication, we ask authors to provide your publication approval during the
proofreading process as quickly as possible, and return corrections within 48 hours of receiving the proof.
Ensure that the following items are present:
. Cover letter
. Title page including:
e Article type
*  Article title
*  Running title
¢ Allauthor names and affiliations
*  One author has been designated as the corresponding author with contact details
. Full postal address, phone number(s), and email address
*  Acknowledge
. Manuscripts that have been presented orally or as a poster must include the name of the event,
the date, and the location
»  State financial or other support for the study
*  Word count
¢ Abstract word count
*  Text word count
. Main text of the manuscript must include:
*  Article title
e Abstract
. Keywords
*  Text with required subheadings
. References (ensure written according to journal rules)
. Figures and tables
. Numbered according to text citation
. Descriptive legends/titles and abbreviations
. Ensure all figure and table citations in the text match the files provided
. Figures: to be submitted separately.
. Tables: to be submitted separately
. Ensure that the following forms have been properly completed and submitted:
. ICMJE Potential Conflict of Interest Disclosure Form (completed by all contributing authors),
AND
*  COPYRIGHT AND AUTHORSHIP AGREEMENT FORM
»  REFERENCE AND CITATION CHECKING FORM
*  INFORMED CONSENT FORM
These forms are available for download at wwwijitti.org
. Further review
*  Check the statistical analysis
. Use the US English spell check and grammar check software functions
*  Check that all references cited in the text are correctly listed in the reference list
. Permission has been obtained for use of copyrighted material from other sources (including
the Internet)
*  Allabbreviations have been identified
*  Allfigures and tables are correctly labeled
*  Journal policies detailed in this guide have been followed.




JOURNAL OF INONU LIVER TRANSPLANTATIO g?

JILTI
CONTENTS E-ISSN 2980-2059 /ISSN:3108-5334 Volume 4 Issue 2 Year 2026
ORIGINAL ARTICLES
Sociodemographic Profile of Recipients and Donors in Crossover Living Donor Liver Transplantation: A Public Health
Perspective from a High-Volume Center
Bagkiran DY 39
Interpretable Machine Learning for One-Year Survival Prediction in Hepatocellular Carcinoma: A SHAP- and
LIME-Based Explainable Artificial Intelligence Framework on the UCI HCC-Survival Cohort
Yasar S 46
Depressive, Anxiety, and Post-Traumatic Stress Symptoms in Pediatric Liver Transplant Recipients:
A Cross-Sectional Study
Suren S 54
Celiac Trunk and Hepatic Arterial Variations in Pancreaticoduodenectomy: Surgical Outcomes and Hidden Risks
Turan M, Tekin KN, Guler S 62
Evaluation of Physical and Cognitive Outcomes in Liver Transplant Recipients Following Participation in a
Post-Transplant Physiotherapy Program
Demir |, Yigiter K 73
Prevalence of the Scissural Vein in Living Liver Donor Candidates and Its Association with Hepatic Venous Variants:
A Single-Center Retrospective Study
Tuncer A, Akin N, Sahin E, Acar S, Inan Gurcan N, Dirican A, et al 82
CASE REPORT
Elevated CA 19-9 After Laparoscopic Cholecystectomy: A Case Report
Buran H 89

CLINICAL IMAGE

Extended Retroperitoneal Dissection and Retrohepatic Vena Cava Resection for Recurrent Retroperitoneal Liposarcoma
Azili C, Sarici KB 93

LETTER TO THE EDITOR

Severe Trismus Developing After Liver Transplantation: A Rare Sequela of Oral Pathology Rendering ERCP Impossible
Kocaaslan H 96




g/) JOURNAL OF INONU LIVER
Jsum. TRANSPLANTATION INSTITUTE

DOI: 10.14744/jilti.2026.70894
J Inonu Liver Transpl Inst 2026;4(2):39-45

Sociodemographic Profile of Recipients and Donors in
Crossover Living Donor Liver Transplantation: A Public
Health Perspective from a High-Volume Center

Deniz Yavuz Baskiran

Liver Transplantation Institute, inénii University, Turgut Ozal Medical Center, Malatya, Tiirkiye

Abstract

Objectives: Liver paired exchange (LPE) is an innovative strategy for expanding the living donor pool in liver transplantation,
enabling compatible transplants between otherwise incompatible donor-recipient pairs. Despite its growing global adoption, the
sociodemographic characteristics of LPE populations remain largely unreported. This study aimed to comprehensively characterize
the sociodemographic profile of all recipients and donors who underwent crossover living donor liver transplantation at a single
high-volume center and to contextualize the findings within a public health framework.

Methods: This was a retrospective, cross-sectional, descriptive epidemiological study. All 393 crossover living donor liver trans-
plants performed at the inénii University Liver Transplant Institute (IULTI), Malatya, Tiirkiye, between October 2021 and May 2026
through the Banu Bedestenci Sonmez Liver Paired Exchange (BBS-LPE) system were included. Variables analyzed included recipient
and donor age, sex, blood group, primary diagnosis, exchange chain size (2-way through 7-way), geographic origin, MELD/PELD
score, and graft weight. Descriptive and comparative statistical analyses were performed using IBM SPSS Statistics v27.0 (IBM Corp.,
Armonk, NY, USA). The Mann-Whitney U and Chi-square tests were used for between-group comparisons.

Results: A total of 393 recipient-donor pairs completed LPE through 132 exchange events ranging from 2-way to 7-way chains, the
latter representing a world-first. Annual LPE volume increased from 2 transplants in 2021 to 155 in 2025 (R*=0.94, p<0.001). Recipients
comprised 64.9% males (mean age: 44.7+20.1 years); 14.8% were pediatric. The leading indications were cryptogenic cirrhosis (24.2%),
HBV-related cirrhosis (13.5%), and HBV-associated hepatocellular carcinoma (8.4%). Male recipients were significantly older than females
(46.4+19.4 vs. 41.5+21.1 years; p=0.042). Donors had a mean age of 30.7+8.0 years; 52.4% were under 30. Female donors constituted
41.2% of the total and were significantly more likely to donate to male recipients (p=0.039). Recipients originated from 68 Turkish prov-
inces and 13 foreign countries; the southeastern Anatolian region contributed 35.9% of all domestic referrals. Sanlurfa (8.4%), Gaziantep
(7.6%), and Diyarbakir (6.1%) were the leading provinces of origin. International patients comprised 8.9% of the cohort (13 countries), with
Syria as the most common country of origin.

Conclusion: This is the largest single-center sociodemographic analysis of an LPE population reported to date. Our data reveal pro-
nounced geographic disparities, a consistent male predominance among recipients, a young donor population with a notable female
contribution, and a broad disease spectrum spanning adult and pediatric indications. These findings underscore the critical public health
role of high-volume LPE programs and highlight the need for targeted policies to address inequities in access to this life-saving modality.
Sociodemographic profiling of LPE populations should become a standard component of transplant program reporting globally.
Keywords: Epidemiology, liver paired exchange, living donor liver transplantation, public health, sociodemographic profile, BBS-
LPE system
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iver transplantation (LT) remains the definitive treat-

ment for end-stage liver disease, yet the persistent
disparity between organ supply and patient demand con-
tinues to claim thousands of lives annually on transplant
waiting lists worldwide. Globally, in 2021, 34,694 liver trans-
plants were performed, representing only a fraction of the
estimated need."Living donor liver transplantation (LDLT)
has emerged as a critical strategy to address this shortage,
particularly in countries where deceased donor availability
is limited. In Turkiye and across many Asian nations, LDLT
constitutes 80-90% of all liver transplant procedures.'>*

Despite the surgical and logistical complexities involved,
only 30-55% of potential living donors are ultimately eli-
gible for donation due to factors such as ABO blood group
incompatibility, inadequate graft-to-recipient weight ratio
(GRWR), anatomical variations, or hepatic steatosis.*! Liv-
er paired exchange (LPE) provides an elegant solution to
these incompatibilities by allowing donor-recipient pairs
who cannot undergo direct transplantation to exchange
donors with other incompatible pairs, thereby enabling
compatible transplants across the entire chain.”®!

The concept of paired exchange was first introduced in kid-
ney transplantation, where it now facilitates more than 18%
of living-donor kidney transplants in the United States.” Its
adaptation to liver transplantation has been considerably
more challenging due to the greater surgical complexity
of hepatic donation, technical constraints of lobe size and
remnant volume, and the substantial logistical demands of
performing multiple simultaneous operations.®

The Banu Bedestenci Sonmez Liver Paired Exchange (BBS-
LPE) system, established at inénii University Liver Trans-
plant Institute (IULTI) in Malatya, Tirkiye, in July 2022
through a collaboration between transplant surgeons and
design economists from Boston College, has pioneered
this field on a global scale. The program achieved succes-
sive world-firsts: the first 4-way LPE in July 2022, the first
5-way LPE in October 2023, and the first 6-way LPE in Jan-
uary 2024.1"°11 By 2023, LPE-facilitated procedures consti-
tuted 27.7% of all LDLTs at the institute—a rate more than
an order of magnitude higher than any other reported LPE
program.i'®

Despite the rapidly expanding clinical literature on LPE out-
comes, there remains a striking absence of data concerning
the sociodemographic characteristics of LPE recipients and
donors at the population level. Understanding who ben-
efits from LPE—their geographic origin, age distribution,
sex, blood groups, and disease spectrum—is not only sci-
entifically important but is critical for health policy plan-
ning, equitable program development, and identification
of underserved populations.l'2'

This study presents the first comprehensive sociodemo-
graphic analysis of all crossover living donor liver trans-
plants performed at [ULTI from program inception through
May 2026, encompassing 393 recipient-donor pairs and
132 exchange events, including the world’s first 7-way LPE.
Our findings are contextualized from a public health per-
spective to inform global discussion on LPE program ex-
pans

Methods

Study Design and Setting

This was a retrospective, cross-sectional, descriptive epide-
miological study. The study was conducted at IULTI, Turgut
Ozal Medical Center, Malatya, Tiirkiye—the highest-vol-
ume LDLT center in Europe, with more than 4,500 total
liver transplants performed since 2002 and an annual out-
put exceeding 300 LDLTs.'" The BBS-LPE system has been
operational since July 2022 and uses an optimal weighted
matching algorithm developed in collaboration with econ-
omists at Boston College (USA) to identify compatible ex-
change configurations of up to 7 simultaneous pairs.'%'"

Study Population

All recipients and their corresponding living donors who
underwent crossover living donor liver transplantation at
IULTI between October 2021 and May 2026 were included.
Two 2-way exchanges performed prior to the formal launch
of the computerized BBS-LPE system (October 2021 and
January 2022) were included in the analysis. No exclusion
criteria were applied; this represents a complete census of
the LPE population during the study period (n=393 pairs).

Data Collection

Data were extracted retrospectively from the institute’s
prospectively maintained transplant registry database. All
patient identifiers were removed prior to analysis in accor-
dance with ethical standards. Variables collected for recipi-
ents included date of birth, age at transplantation, sex, ABO
blood group and Rh factor, height, weight, transplant date,
primary diagnosis, exchange chain size (2-way through
7-way), MELD/PELD score at transplantation, and geo-
graphic origin (province of residence or country of origin
for international patients). Donor variables included age,
sex, ABO blood group, height, weight, and graft weight
(grams).

Ethical Considerations

This study was approved by the inéni University Health
Sciences Scientific Research Ethics Committee (Approval
No: 2026/4412). As a retrospective registry study involving
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no direct patient contact, an informed consent waiver was
granted. All data were de-identified prior to analysis. The
study adhered to the principles of the Declaration of Hel-
sinki and was reported in accordance with the Strengthen-
ing the Reporting of Observational Studies in Epidemiolo-
gy (STROBE) guidelines.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics version 27.0
(IBM Corp., Armonk, NY, USA). Continuous variables are ex-
pressed as meanzstandard deviation (SD) and range. Cate-
gorical variables are expressed as frequencies and percent-
ages. The Shapiro-Wilk test was used to assess normality.
Comparisons between two groups were performed using
the Mann-Whitney U test for continuous variables and the
Chi-square or Fisher’s exact test for categorical variables.
Temporal trends in LPE volume were assessed using lin-
ear regression analysis. Statistical significance was set at
p<0.05.

Results

Program Volume and Exchange Chain Distribution

Between October 2021 and May 2026, a total of 393 recipi-
ent-donor pairs underwent crossover liver transplantation
at IULTI through 132 discrete exchange events. The dis-
tribution of exchange chain types is presented in Table 1.
Two-way exchanges accounted for the largest proportion
(n=63 events, 126 recipients, 32.1%), followed by three-
way (n=37 events, 111 recipients, 28.2%) and four-way
chains (n=16 events, 64 recipients, 16.3%). Larger multipair
exchanges included six 5-way chains (30 recipients, 7.6%),
eight 6-way chains (48 recipients, 12.2%), and two pioneer-
ing 7-way exchanges (14 recipients, 3.6%), the latter repre-
senting a world-first achievement.

The annual transplant volume demonstrated a marked
and progressive increase, from 2 LPE transplants in 2021 to

Table 1. Distribution of exchange chain types and corresponding
transplant events

Exchange No. of No. of % of
Type Events Recipients Recipients
2-way 63 126 32.1%
3-way 37 111 28.2%
4-way 16 64 16.3%
5-way 6 30 7.6%
6-way 8 48 12.2%
7-way 2 14 3.6%
Total 132 393 100%

10 in 2022, 64 in 2023 (constituting 27.7% of all 231 LDLTs
that year), 122 in 2024, 155 in 2025, and 40 in the first five
months of 2026. Linear regression demonstrated a statisti-
cally significant increasing trend (R>=0.94, p<0.001).

Recipient Sociodemographic Characteristics

The cohort comprised 255 males (64.9%) and 138 females
(35.1%), with a male-to-female ratio of 1.85:1. Mean recipi-
entage was 44.7+20.1 years (range: 0.5-76.8 years). The age
distribution was bimodal, with a pediatric cluster in the first
two decades of life and an adult peak in the fifth and sixth
decades. By age group, 14.8% (n=58) were younger than 18
years, 18.6% (n=73) were 18-40 years, 38.2% (n=150) were
40-60 years, and 28.5% (n=112) were 60 years or older.
Male recipients were significantly older than female recip-
ients (46.4+19.4 years vs. 41.5+21.1 years, Mann-Whitney
U, p=0.042). Key sociodemographic and anthropometric
characteristics are summarized in Table 2.

Primary Diagnoses

The primary indication for LPE across the cohort was cryp-
togenic cirrhosis, accounting for 95 cases (24.2%), followed
by HBV-related cirrhosis (n=53, 13.5%) and HBV-associated
hepatocellular carcinoma (HCC) (n=33, 8.4%). Alcohol-as-
sociated liver disease represented 5.3% (n=21), Budd-Chiari
syndrome 3.8% (n=15), and HBV-HDV co-infection 3.3%
(n=13). Among the 58 pediatric recipients, the leading
diagnoses were biliary atresia (n=10, 17.2%), progressive
familial intrahepatic cholestasis (PFIC, n=8, 13.8%), cryp-

Table 2. Sociodemographic and anthropometric characteristics of
recipients and donors

Characteristic R(zc;glge;t (::;:;)
Age (years), mean+SD 44.7+20.1 30.7+8.0
Age range (years) 0.5-76.8 18.1-574
Median age (years) 50.1 29.6
Age <18 years, n (%) 58 (14.8%) —
Age 18-40 years, n (%) 73 (18.6%) 206 (52.4%)
Age 40-60 years, n (%) 150 (38.2% 130 (33.1%)
Age =60 years, n (%) 112 (28.5% 2(0.5%)

(

Sex: Male, n (%) 255 (64.9%

)
)
) 231 (58.8%)
)

Sex: Female, n (%) 138 (35.1% 162 (41.2%)
Male:Female ratio 1.85:1 1.43:1
Height (cm), mean+SD 160.2+25.7 170.8+11.9
Weight (kg), mean+SD 70.3+£25.2 71.8£12.2
MELD/PELD score, mean+SD 16.5+6.1 —
Graft weight (g), mean+SD — 7844235
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togenic cirrhosis (n=5, 8.6%), Wilson disease (n=3, 5.2%),
and familial hypercholesterolemia (n=3, 5.2%), as well as
rare metabolic disorders including Caroli disease, Alagille
syndrome, Niemann-Pick disease, tyrosinemia type 1, and
alpha-1 antitrypsin deficiency. The complete diagnostic
distribution is presented in Table 3.

Donor Characteristics

All 393 donors underwent living donor right lobe (n=362,
92.1%), left lobe (n=22, 5.6%), or left lateral segment hepa-
tectomy (n=9, 2.3%). Donors were predominantly male
(58.8%, n=231), with a mean age of 30.7+8.0 years (range:
18.1-57.4 years). The majority of donors were young adults:
52.4% were under 30 years of age, 33.1% were 30-39 years,
14.0% were 40-49 years, and only 0.5% (n=2) were aged 50
or older. Male and female donors did not differ significantly
in age (30.6+7.9 vs. 30.9+8.1 years, p=0.842).

An important sex-based finding emerged in the cross-tab-
ulation of donor and recipient sex: female donors were sig-
nificantly associated with male recipients (p=0.039). Of 255

Table 3. Primary diagnoses among crossover living donor liver
transplant recipients

Diagnosis n % Population
Cryptogenic cirrhosis 95 24.2% Predominantly adult
HBV-related cirrhosis 53  13.5% Adult
HBV.+ Hepatocellular 33 84% Adult
carcinoma
A!cohol-assoaated liver 21 5.39% Adult
disease
Budd-Chiari syndrome 15  3.8% Adult/Pediatric
HBV + HDV co-infection 13 3.3% Adult
Autoimmune hepatitis 11 2.8% Mixed
Primary §§Ier05|ng 1 2.8% Adult
cholangitis
Wilson disease 1 2.8% Predonjln;flntly
pediatric
HBV + HDV + HCC 11 2.8% Adult
Hepatocellular carcinoma 1 2.8% Adult
(other)
Biliary atresia 10 25% Pediatric
PFIC (all types) 8 2.0% Pediatric
NASH cirrhosis 7 1.8% Adult
Familial . 3 0.8% Pediatric
hypercholesterolemia
Glycogen storage disease 2 0.5% Pediatric
Other diagnoses 27 6.9% Mixed
Total 393 100% —

male recipients, 95 (37.3%) received a graft from a female
donor; conversely, of 138 female recipients, 71 (51.4%)
received a graft from a male donor. This pattern may re-
flect familial donation dynamics in Turkish culture. The
cross-tabulation is presented in Table 4.

Blood Group Distribution

Among recipients, the most common blood group was A
Rh(+) (33.1%, n=130), followed by O Rh(+) (31.0%, n=122),
B Rh(+) (15.3%, n=60), and AB Rh(+) (9.4%, n=37). Rh-nega-
tive recipients constituted 11.1% of the total cohort. Donor
blood group distribution was broadly similar, with O Rh(+)
as the most frequent (35.6%, n=140), followed by A Rh(+)
(34.6%, n=136). The blood group distribution is detailed in
Table 5.

Geographic Distribution

Recipients originated from 68 distinct Turkish provinces
and 13 foreign countries, covering all seven geographic
regions of Turkiye. The southeastern Anatolian region con-
tributed the highest concentration of patients, accounting
for 141 recipients (35.9%). The leading provinces of origin
were Sanliurfa (n=33, 8.4%), Gaziantep (n=30, 7.6%), and
Diyarbakir (n=24, 6.1%). Ankara contributed 21 recipients
(5.3%), while Kahramanmaras (n=19, 4.8%), Malatya—the

Table 4. Cross-tabulation of donor and recipient sex

Male Donor Female Donor Total

(n=231) (n=162)
,r\gi:zient 160 (62.7%) 95 (37.3%) (é%i@
fg?;fm 71(51.4%) 67 (48.6%) (110330)
Total 231 (58.8%) 162 (41.2%) (1?)?)?%)

Chi-square test: p = 0.039

Table 5. Blood group distribution among LPE recipients and donors

Blood Group Recipients n (%) Donors n (%)
ARh(+) 130 (33.1%) 136 (34.6%)
O Rh(+) 122 (31.0%) 140 (35.6%)
B Rh(+) 60 (15.3%) 55 (14.0%)
AB Rh(+) 37 (9.4%) 21 (5.3%)
ARh(-) 21 (5.3%) 13 (3.3%)
ORh(-) 10 (2.5%) 9 (2.3%)

B Rh(-) 10 (2.5%) 10 (2.5%)
AB Rh(-) 3(0.8%) 9 (2.3%)
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Table 6. Geographic distribution of LPE recipients by province and
country of origin

Province / Country n % Region / Type
Sanliurfa 33 8.4% So:;hae:jitaern
Gaziantep 30 7.6% Sozahaiijitaem
Diyarbakir 24 6.1% SoutheasFern

Anatolia
Ankara 21 53% Central Anatolia
Kahramanmaras 19 4.8%  Mediterranean/SE
Malatya (local) 16 4.1% Eastern Anatolia
istanbul 15 3.8% Marmara
Adana 13 3.3% Mediterranean
Adiyaman 12 31% Soxah;?jit:m
Mus 12 3.1% Eastern Anatolia
Other domestic provinces 163 41.5% All regions
Syria 14 3.6% International
Kyrgyzstan 4 1.0% International
Jordan 3 0.8% International
(C);Si:ir;gmational (10 14 3.6% International
Total 393 100% —

institute’s home city (n=16, 4.1%)—and istanbul (n=15,
3.8%) were also notable contributors.

International patients comprised 35 individuals (8.9%) from
13 countries. Syria was the most common country of origin
(n=14, 3.6% of total), followed by Kyrgyzstan (n=4, 1.0%),
Jordan (n=3, 0.8%), Azerbaijan (n=2, 0.5%), Afghanistan
(n=2, 0.5%), Palestine (n=2, 0.5%), and Bulgaria (n=2, 0.5%).
Single cases originated from Yemen, Cyprus, Russia, Turk-
menistan, Pakistan, and the Netherlands. The geographic
distribution is summarized in Table 6.

Discussion

Program Scale and Global Context

To the best of our knowledge, this is the largest and most
detailed sociodemographic analysis of a liver paired ex-
change population reported in the international literature.
The BBS-LPE system at IULTI has achieved a rate of growth
unparalleled among LPE programs worldwide. Whereas
LPE programs in high-volume Asian centers—including
the pioneering program at Asan Medical Center in South
Korea—typically generate 1-2% of LDLTs from exchange
procedures,™™ our program reached 27.7% in its second full

operational year. This achievement must be understood in
the context of the institute’s extraordinary logistical capac-
ity and systematic recruitment of incompatible pairs. The
consistent year-on-year growth in LPE volume reflects the
program’s sustained operational momentum and increas-
ing national and international recognition.['017.14

Sex Distribution: Recipients and Donors

The 1.85:1 male-to-female ratio among recipients is con-
sistent with the global epidemiology of end-stage liver
disease, in which males are more commonly affected by
HBV-related cirrhosis, alcohol-associated liver disease, and
HCC.'2 These three diagnoses collectively accounted for
27.0% of all cases and were predominantly represented
among male recipients. However, this disparity may also re-
flect socioeconomic and cultural barriers to healthcare ac-
cess that disproportionately affect women in underserved
populations—a dimension that warrants dedicated future
investigation.!'®!”

The statistically significant association between female
donors and male recipients (p=0.039) reflects a well-es-
tablished pattern in living donation programs in Tirkiye
and other Middle Eastern and Asian settings, where wives,
daughters, and sisters frequently volunteer as donors for
male relatives.'®™ While altruistic and freely given, this
gendered dynamic raises questions about whether implicit
social pressures disproportionately direct donation toward
male recipients—a concern that should be actively moni-
tored through independent psychosocial evaluation of all
donor candidates.

Age Distribution: Recipients

The bimodal age distribution of our recipient cohort re-
flects the breadth of pathology addressed by the LPE pro-
gram. At one extreme, the youngest recipient was aged 0.5
years, underscoring the program’s capacity to address pe-
diatric liver disease, including biliary atresia, PFIC, and met-
abolic disorders. At the other extreme, recipients up to age
66.8 years were transplanted, consistent with established
criteria for older recipient selection that carefully balance
the tripartite equipoise of donor safety, recipient need, and
expected outcome.?%

The 14.8% pediatric recipient rate is notable. Including pedi-
atric patients in LPE programs is critical, as their unique ana-
tomical requirements—particularly for left lobe or left lateral
segment grafts—serve as a catalyst for complex multipair
exchanges by enabling donor-size matching configurations
that would otherwise be impossible.?"! Male recipients were
significantly older than female recipients (p=0.042), likely at-
tributable to the predominance of male-specific diagnoses
that tend to manifest clinically later in life.
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Donor Age: A Young, Healthy Cohort

The donor population was considerably younger than the
recipient population, with a mean age of 30.7+8.0 years.
More than half of all donors (52.4%) were under 30 years
of age, reflecting the ethical and logistical preference for
younger donors who have a more robust regenerative ca-
pacity and lower comorbidity burden.'?22 The absence of
significant age differences between male and female do-
nors (p=0.842) suggests that the decision to donate is not
age-mediated by sex, with both sexes contributing across
the same age spectrum.

Disease Spectrum and Diagnostic Insights

The predominance of cryptogenic cirrhosis (24.2%) as the
leading indication likely reflects a combination of true
cryptogenic disease and undiagnosed metabolic-associ-
ated steatohepatitis (MASH), given the increasing global
prevalence of NAFLD and limitations in histopathological
workup in some referral centers.l"?* HBV-related disease—
encompassing HBV mono-infection, HBV+HDV co-infec-
tion, and HBV-associated HCC—collectively constituted
28.0% of all indications, reflecting the substantial residual
burden of hepatitis B in southeastern Tiirkiye and the coun-
tries from which international patients originate.l?#°!

The representation of metabolic and hereditary liver dis-
eases underscores the program’s established role in treat-
ing rare diseases for which LT is curative—often in pediatric
patients who lack other therapeutic options. The diversity
and rarity of some diagnoses among pediatric recipients
highlights the program’s position as a national and interna-
tional referral center for complex cases.

Geographic Disparities and Public Health Implica-
tions

The pronounced geographic concentration of LPE recip-
ients in southeastern Tirkiye—a region characterized by
lower socioeconomic development indices, higher rates
of consanguineous marriage, and historically reduced ac-
cess to specialized healthcare—is perhaps the most strik-
ing public health finding of this study. Sanlurfa, Gaziantep,
and Diyarbakir alone accounted for more than one in five
referrals (22.1% combined), despite collectively housing
approximately 6.5% of Tirkiye's total population.?® In-
cluding all southeastern Anatolian provinces, the region
accounted for 35.9% of all domestic referrals—a striking
overrepresentation that likely reflects both elevated dis-
ease burden and the concentration of transplant expertise
at a single regional center.

The participation of 35 international patients from 13 coun-
tries raises important questions about global equity in ac-

cess to advanced liver transplantation. From a global health
policy perspective, initiatives to support development of
LPE capacity in neighboring countries represent a potential-
ly high-impact approach to expanding equitable access.

Limitations

This study has several limitations inherent to its retrospective,
single-center design. The geographic data reflect province or
country of residence rather than province of birth, which may
underestimate the true southeastern origin of some patients.
The study represents the experience of a single, exceptionally
high-volume center; generalizability to smaller programs or
different healthcare systems requires caution.

Conclusion

This study presents the first comprehensive sociodemograph-
ic characterization of a liver paired exchange population at
scale. The BBS-LPE program at inénii University Liver Trans-
plant Institute has achieved an unprecedented volume of ex-
change-facilitated transplants, extending the benefits of LDLT
to patients across a broad spectrum of age, sex, diagnosis,
and geographic origin. Our data reveal significant geograph-
ic inequities in access, with southeastern Turkiye and multi-
ple international countries disproportionately represented,
reflecting concentrated disease burden and the absence of
alternative options in these regions. The high proportion of
pediatric recipients and the broad spectrum of rare diagnoses
further demonstrate the unique public health role of high-vol-
ume LPE programs. Sociodemographic profiling of LPE popu-
lations should become a standard component of transplant
program reporting to enable evidence-based health policy
and equitable program expansion globally.
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Interpretable Machine Learning for One-Year Survival
Prediction in Hepatocellular Carcinoma: A SHAP- and LIME-
Based Explainable Artificial Intelligence Framework on the
UCI HCC-Survival Cohort
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Abstract

Objectives: To develop and interpret machine learning (ML) models for predicting one-year survival in patients with hepatocellular
carcinoma (HCC), and to characterize model behavior using an explainable artificial intelligence (XAl) framework combining global
and local interpretability with calibration and clinical-utility analysis.

Methods: This was a secondary analysis of the publicly available, de-identified University of California, Irvine (UCI) HCC-Survival da-
taset (165 patients; 49 features; outcome, one-year survival coded as 1 = alive and 0 = deceased). Missing data (10.2% overall) were
handled with multivariate imputation by chained equations (MICE), and class imbalance (102 alive vs. 63 deceased) was addressed
with the synthetic minority over-sampling technique combined with Tomek links (SMOTE-Tomek); all preprocessing was performed
within cross-validation folds to prevent leakage. Seven ML algorithms-logistic regression, random forest, extreme gradient boost-
ing (XGBoost), light gradient boosting machine (LightGBM), categorical boosting (CatBoost), support vector machine (SVM), and
k-nearest neighbors (KNN)-were trained under 10-fold stratified cross-validation. SHapley Additive exPlanations (SHAP) provided
global interpretability and Local Interpretable Model-Agnostic Explanations (LIME) provided local interpretability. Platt scaling was
used for calibration and decision curve analysis (DCA) for clinical utility.

Results: Random forest achieved the best discrimination (area under the receiver operating characteristic curve [AUC] = 0.808 + 0.083;
accuracy = 0.746; F1 = 0.716; Brier score = 0.176; Matthews correlation coefficient [MCC] = 0.446), followed by XGBoost (AUC = 0.795) and
LightGBM (AUC = 0.783). SHAP analysis identified alpha-fetoprotein (AFP), alkaline phosphatase (ALP), serum iron, performance status,
and hemoglobin as the most influential predictors of one-year survival, consistent with prior findings on this cohort. LIME provided con-
cordant patient-level explanations. DCA indicated a positive net clinical benefit across a clinically relevant range of risk thresholds.
Conclusion: On a small, single-center cohort, an explainable ML framework yielded moderate but robust discrimination and, more
importantly, transparent and clinically coherent explanations. Rather than maximizing performance alone, the framework empha-
sizes interpretability, calibration, and clinical utility, supporting its potential role as a transparent decision-support aid that warrants
validation in larger, prospective cohorts.

Keywords: Hepatocellular carcinoma, machine learning, artificial intelligence, risk prediction, clinical decision support systems,
prognosis
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Hepatocellular carcinoma (HCC) is the most common
primary liver cancer worldwide and a leading cause of
cancer-related death. According to GLOBOCAN 2022 data,
with approximately 866,000 new cases and over 758,000
deaths annually, HCC remains a major public health prob-
lem. M Its heterogeneous etiology—chronic hepatitis B
and Cyvirus infection, alcoholic liver disease, aflatoxin expo-
sure, and metabolic dysfunction-associated steatohepatitis
(MASH; formerly nonalcoholic steatohepatitis, NASH)—and
the diverse stages of the disease complicate the consistent
assessment of patient prognosis and constitute a critical
obstacle to individualized treatment planning. 23!

Traditional prognostic systems—the Barcelona Clinic Liv-
er Cancer staging system, the Model for End-Stage Liver
Disease score, and the Child-Pugh classification—provide
a valuable framework but inadequately capture nonlinear
interactions among variables and patient-level heteroge-
neity. Machine learning (ML) algorithms have therefore
been increasingly applied in HCC prognosis research, with
reported discrimination varying widely depending on co-
hort size, data quality, and validation rigor.>

A principal barrier to the clinical adoption of ML models
is their “black-box” nature. Clinicians need to understand
why a model makes a particular prediction, especially in
high-risk decisions. To meet this need, explainable artificial
intelligence (XAl) has emerged,™ with SHapley Additive ex-
Planations (SHAP) and Local Interpretable Model-Agnostic
Explanations (LIME) being the most widely used methods.
SHAP quantifies the global contribution of each feature
through game-theoretic Shapley values, whereas LIME ex-
plains individual predictions via local surrogate models.”#

In this study, | applied a complete XAl framework to a sin-
gle, well-characterized, publicly available clinical cohort
(the UCI HCC-Survival dataset) to predict one-year survival.
Rather than pursuing maximal discrimination, | prioritized
transparency and clinical coherence. The contributions are:
(i) a systematic, leakage-controlled comparison of seven
ML algorithmes; (ii) global SHAP and local LIME explainabili-
ty; (iii) probability calibration; and (iv) a clinical net-benefit
assessment using decision curve analysis (DCA).

Methods

Data Source and Outcome

This was a secondary analysis of the publicly available, fully
de-identified UCI HCC-Survival dataset, compiled at Coim-
bra University Hospital, Portugal, and deposited in the UCI
Machine Learning Repository.”! The dataset contains real
clinical records of 165 patients with HCC across 49 variables
selected in accordance with the European Association for

the Study of the Liver-European Organisation for Research
and Treatment of Cancer clinical practice guidelines, span-
ning demographic, risk-factor, laboratory, tumor, and gen-
eral health-status parameters. The outcome was survival at
one year after initial diagnosis, coded as 1 = alive (n=102)
and 0 = deceased (n=63). Missing values accounted for
10.2% of all data points, with only 8 patients having com-
plete records. Because this was a secondary analysis of a
fixed, publicly available cohort, no a priori sample-size or
power calculation was performed; rather, the complete set
of available records (n=165; 63 events) was analyzed in full.
The consequent limits on statistical precision, including
the low number of events per candidate variable and the
resulting wide confidence intervals around performance
estimates, are acknowledged in the Limitations.

Data Preprocessing

To prevent data leakage, all preprocessing steps were fit-
ted on training folds only and applied to held-out folds.
Missing data were imputed using multivariate imputation
by chained equations (MICE) with up to 50 iterations.'”
Numerical variables were normalized with a robust scal-
er. Class imbalance (alive-to-deceased ratio =1.62) was
addressed in the training folds with the synthetic minori-
ty over-sampling technique combined with Tomek links
(SMOTE-Tomek); test folds retained their original distribu-
tion." No external feature pre-selection was applied; all 49
variables were provided to each model, and feature impor-
tance was assessed post hoc via SHAP. Concretely, within
each of the 10 outer cross-validation folds, the complete
pipeline—MICE imputation, robust scaling, and SMOTE-
Tomek resampling—was fit exclusively on the training
partition; the held-out fold was then imputed and scaled
using the parameters learned on the training data and was
never resampled, so that no information from the test fold
influenced any preprocessing step. The chained-equations
imputer (scikit-learn’s Iterativelmputer, run for up to 50
imputation rounds) produced a single completed dataset
per fold, which was carried forward for model training and
evaluation; multiple imputed datasets with pooling were
not generated. SMOTE-Tomek was configured to produce
an approximately balanced (1:1) class distribution within
the training partitions only.

Machine Learning Models

Seven classifiers were trained and compared under 10-fold
stratified cross-validation: logistic regression, random for-
est (500 trees), XGBoost, light gradient boosting machine
(LightGBM), categorical boosting (CatBoost), support vec-
tor machine (SVM) with a radial basis function kernel, and
k-nearest neighbors (KNN).['>'¢ All analyses were performed
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in Python version 3.13.9 (Python Software Foundation,
Wilmington, DE, USA) using scikit-learn, imbalanced-learn,
and the respective gradient-boosting libraries.'” Perfor-
mance was summarized as the mean and standard devi-
ation across folds for the AUC, accuracy, F1-score (macro
average), Brier score, and Matthews correlation coefficient
(MCQ). The principal library versions were scikit-learn 1.7.2,
imbalanced-learn 0.14.0, XGBoost 3.2.0, LightGBM 4.6.0,
CatBoost 1.2.10, SHAP 0.51.0, and LIME 0.2.0.1. Rather than
relying on library defaults, each model was trained with
fixed, prespecified hyperparameters that were not selected
through any data-driven search or optimization procedure:
logistic regression (L2 penalty; maximum 2,000 iterations);
random forest (500 trees); XGBoost (400 trees; maximum
depth 6; learning rate 0.05; subsample 0.9); LightGBM (400
trees; 63 leaves; minimum 20 samples per leaf; learning
rate 0.05); CatBoost (1,000 iterations; depth 8; learning rate
0.03); support vector machine (radial basis function ker-
nel; C=10); and k-nearest neighbors (k=5). Because these
configurations were fixed a priori and no tuning was per-
formed, no nested inner optimization loop was required.
Performance was characterized descriptively as the mean
and standard deviation of each metric across folds. Be-
cause the analysis was predictive rather than inferential,
no formal hypothesis testing was undertaken, and no para-
metric distributional assumptions (e.g., normality or ho-
moscedasticity) were invoked; the tree-based learners are
nonparametric and impose no distributional assumptions
on the predictors.

Explainable Artificial Intelligence

Global interpretability of the best-performing model was
assessed with SHAP using the TreeExplainer algorithm; the
mean absolute Shapley value (mean |¢|) quantified each
feature’s global contribution.”? Local interpretability was

assessed with tabular LIME, which fits a locally interpretable
surrogate model around individual instances.® The agree-
ment between the two methods, measured as the Jaccard
similarity of their top-10 ranked features, was reported as
an indicator of interpretability consistency.

Calibration and Clinical Decision Analysis

Probability calibration was performed with Platt scaling
(sigmoid calibration) and assessed using the expected
calibration error (ECE) and reliability diagrams. Clinical net
benefit was evaluated with DCA across a clinically relevant
range of risk thresholds and compared with the “treat all”
and “treat none” strategies.!"®

Ethical Considerations

This study used exclusively a publicly available, fully de-iden-
tified, open-access dataset and involved no new data collec-
tion from human participants; therefore, additional insti-
tutional ethics committee approval and informed consent
were not required. The study was conducted in accordance
with the principles of the Declaration of Helsinki.

Data Availability

The data analyzed in this study are publicly available from
the UCI Machine Learning Repository (HCC-Survival data
set; https://archive.ics.uci.edu/dataset/423/hcc+survival)
and are described in the original data-source publication.”
No new data were generated. The analysis code is available
from the author upon reasonable request.

Results

Model Performance

The 10-fold cross-validation performance of the seven mod-
els is presented in Table 1. Random forest achieved the best
discrimination, with an AUC of 0.808+0.083, an accuracy of

Table 1. Model performance under 10-fold stratified cross-validation (mean * standard deviation for AUC; mean for other metrics)

Model AUC Accuracy F1 Brier McCC
Random forest 0.808 + 0.083 0.746 0.716 0.176 0.446
XGBoost 0.795 +£0.125 0.726 0.698 0.193 0414
LightGBM 0.783£0.120 0.727 0.686 0.213 0.409
Logistic regression 0.779£0.112 0.733 0.718 0.199 0.463
CatBoost 0.779+£0.120 0.703 0.682 0.194 0.381
KNN 0.686 £ 0.073 0.661 0.646 0.256 0.314
SVM (RBF) 0.685 +0.121 0.623 0.566 0.233 0.161

Models are ordered by AUC; the best-performing model (random forest) is highlighted. All preprocessing (imputation, scaling, and SMOTE-Tomek resampling)
was performed within training folds only. AUC: area under the receiver operating characteristic curve; MCC: Matthews correlation coefficient; XGBoost: extreme
gradient boosting; LightGBM: light gradient boosting machine; CatBoost: categorical boosting; KNN: k-nearest neighbors; SVM: support vector machine; RBF:

radial basis function.
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Study workflow

UCI HCC-Survival
(n=165, 49 features)
1-yr survival

Preprocessing

3 MICE imputation

RobustScaler
in-fold SMOTE-Tomek

7 ML models

—> | 10-fold stratified CV

(RF best, AUC 0.808)

Explainability
SHAP (global)
LIME (local)

Calibration &

DCA
(clinical utility)

Figure 1. Study workflow, from the UCI HCC-Survival dataset through leakage-controlled
preprocessing (MICE imputation, robust scaling, in-fold SMOTE-Tomek), 10-fold stratified cross-
validation of seven models, and the SHAP/LIME explainability, calibration, and decision curve

analysis pipeline.

0.746, an F1-score of 0.716, a Brier score of 0.176, and an MCC
of 0.446. It was followed by XGBoost (AUC=0.795%0.125) and
LightGBM (AUC=0.783+0.120). Logistic regression and Cat-
Boost performed comparably (AUC=0.779 each), whereas
KNN (AUC=0.686) and the SVM (AUC=0.685) yielded the low-
est discrimination. Random forest also produced the lowest
Brier score, indicating the most favorable overall probabilistic
accuracy among the models evaluated. These values reflect
moderate discrimination, in line with expectations for a small,
single-center cohort with substantial missingness.

Global Interpretability (SHAP)

SHAP analysis of the random forest model identified the
most influential predictors of one-year survival (Table 2).

Alpha-fetoprotein (AFP) had the highest global importance
(mean |¢p|=0.067), followed by alkaline phosphatase (ALP;
0.044), serum iron (0.035), performance status (0.035), and
hemoglobin (0.029). Direct bilirubin, the presence of symp-
toms, ascites, transferrin saturation, and ferritin completed
the leading predictors. This ranking is clinically coherent
and consistent with prior analyses of this cohort, in which
ALP, AFP, and hemoglobin were reported among the most
informative prognostic factors. The directions of effect
were physiologically plausible: higher AFP, ALP, and direct
bilirubin and the presence of ascites or symptoms were as-
sociated with reduced predicted survival, whereas higher
hemoglobin was associated with improved predicted sur-
vival.

Table 2. Global feature importance for the random forest model (SHAP, TreeExplainer) and clinical interpretation

Rank Feature SHAP (mean |o|)

Direction

Clinical meaning

Higher levels associated with poorer

Higher levels associated with poorer

Non-monotonic association

Worse status associated with poorer

Higher levels associated with better

Presence associated with poorer survival

Higher levels associated with poorer

HCC tumor marker

Cholestasis / hepatic dysfunction
Iron metabolism / liver status

General physiological reserve

General health status
Clinical disease burden

Hepatic-function impairment

1 Alpha-fetoprotein (AFP) 0.067 survival

2 Alkaline phosphatase (ALP)  0.044 .
survival

3 Serum iron 0.035

4 Performance status 0.035 .
survival

5 Hemoglobin 0.029 .
survival

6 Symptoms (present) 0.023

7 Direct bilirubin 0.021 .
survival

8 Ascites 0.020

9 Transferrin saturation 0.019

10 Ferritin 0.019

Presence associated with poorer survival
Non-monotonic association

Non-monotonic association

Decompensated cirrhosis
Iron metabolism

Acute-phase / iron storage

Global importance is the mean absolute Shapley value (mean |¢|) across all patients. The outcome is one-year survival (1 = alive, 0 = deceased); the direction
column summarizes how each feature related to the predicted probability of one-year survival in the SHAP dependence plots. A non-monotonic association
denotes a feature whose effect on predicted survival was not consistently in a single direction. SHAP: SHapley Additive exPlanations; HCC: hepatocellular

carcinoma; AFP: alpha-fetoprotein; ALP: alkaline phosphatase.
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Figure 2. SHAP summary (beeswarm) plot for the random forest model, showing the global
importance and directional effect of each feature on the predicted one-year survival. SHAP values
were computed for the random forest, the best-performing classifier.

Local Interpretability (LIME)

LIME generated patient-level explanations that were broad-

ly concordant with the global SHAP ranking, with the most
influential features (AFP, ALP, iron, and hemoglobin) recur-

LIME local explanation (representative high-risk patient; P(survival)=0.04)

AFP > 2.25 1

ALP > 0.84 4

Ferritin > 0.66 -

Direct bilirubin > 0.60 -
Age <= -0.51

Major tumor dim. <= -0.39
HCVAb > 3.86

PVT > 0.22

Total_Bil > 0.86

GGT > 0.80 1

—0.10

—0.08 —0.06 —0.04 -0.02 0.00 0.02

LIME weight (negative - toward 'dies', positive — toward 'lives')

Figure 3. Representative LIME explanation for an individual high-risk patient, illustrating the local
feature contributions to the predicted survival probability. This panel depicts a single, representative,
de-identified patient and is shown to illustrate the local explanation method; it is not intended to be
interpreted as a general or cohort-level result.
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Figure 4. Decision curve analysis comparing the net benefit of the random forest model with the
“treat all”and “treat none” strategies across clinically relevant probability thresholds.

ring in individual explanations. Quantitatively, the Jaccard
similarity between the top-10 features ranked by SHAP and
LIME was 0.43, with six predictors (AFP, ALP, iron, hemoglo-
bin, direct bilirubin, and ascites) shared between the two
rankings, indicating moderate agreement between the
global and local explanations. This concordance between a
global, theoretically grounded method (SHAP) and a local,
perturbation-based method (LIME) supports the consisten-
cy and reliability of the model’s reasoning at both the pop-
ulation and individual levels.

Calibration and Clinical Utility

After Platt scaling, the random forest model showed reason-
able calibration (expected calibration error[ECE]=0.092), with
predicted probabilities aligning reasonably with observed
survival across risk strata. Decision curve analysis demon-
strated a positive net clinical benefit relative to the “treat
all” and “treat none” strategies across a clinically relevant
range of threshold probabilities (approximately 0.02-0.74,
read from Figure 4), indicating that model-guided decisions
could add value over default strategies within this range.

Discussion

This study applied a complete explainable ML framework
to a single, publicly available HCC cohort to predict one-
year survival. Random forest provided the best discrimina-
tion (AUC=0.808), with tree-based ensembles (random for-
est, XGBoost, and LightGBM) generally outperforming the
kernel- and distance-based methods (the support vector

machine and k-nearest neighbors). The moderate discrim-
ination is consistent with the inherent constraints of the
dataset—small size, single-center origin, and substantial
missingness—and these values are deliberately reported
without optimistic inflation. This pattern is expected for
heterogeneous, mixed-type clinical data marked by non-
linear interactions and residual missingness, for which en-
sembles of decision trees tend to be comparatively robust
and require little manual feature scaling.l'?

These results are best read in the context of prior work on
the same cohort and the broader HCC prognostic litera-
ture. The dataset was originally assembled to evaluate a
cluster-based oversampling strategy for survival predic-
tion,” and a later ensemble-learning analysis of the same
patients reported similarly moderate discrimination while
highlighting laboratory and tumor-marker variables as
informative.”! The present results are therefore consistent
with what has been achievable on this cohort, and the
wide spread of performance reported across HCC ma-
chine-learning studies more generally reflects differences
in cohort size, end points, and validation rigor rather than
any single benchmark. It is also worth noting that much
recent machine-learning work in HCC has centered on ra-
diomics and deep learning applied to cross-sectional im-
aging;® by contrast, the present model uses only routinely
collected demographic, laboratory, and clinical variables,
which may favor reproducibility and applicability in set-
tings where advanced imaging or computational patholo-
gy is not readily available.
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The principal value of this work lies less in raw discrimina-
tion than in the transparency and clinical coherence of the
model. The SHAP ranking placed AFP and ALP at the top, in
agreement with previous analyses of this cohort and with
the established prognostic role of these markers in HCG;
AFP is a well-recognized tumor marker, and ALP and biliru-
bin reflect cholestasis and hepatic dysfunction.” The prom-
inence of ascites and the presence of symptoms is consis-
tent with hepatic decompensation and a greater clinical
disease burden, whereas hemoglobin and performance
status align with the clinical understanding that general
physiological reserve influences outcome. The recurrence
of three iron-metabolism markers—serum iron, transferrin
saturation, and ferritin—among the leading features, each
with an association that appeared non-monotonic, is bio-
logically plausible given the complex and frequently dys-
regulated role of iron handling in chronic liver disease and
hepatocarcinogenesis, and this apparent non-monotonici-
ty cautions against interpreting such markers through sim-
ple linear thresholds. The convergence of global SHAP and
local LIME explanations provides a cross-checking mecha-
nism that strengthens confidence in the model’s reasoning
at both the population and individual levels.”#

Beyond ranking influential variables, the explainability
layer speaks to a practical barrier to the clinical uptake of
prognostic models. Opaque models, however accurate, are
often met with justified clinician skepticism, and systemat-
ic reviews of machine learning in healthcare have observed
that a large share of clinical prediction studies still provide
little or no explanation of how their predictions are formed.
6] By pairing a model-agnostic local method (LIME) with a
theoretically grounded global method (SHAP), the present
framework allows each prediction to be examined in terms
of the features that drove it, which is a prerequisite for ac-
countability, error analysis, and meaningful clinician over-
sight. Such instance-level transparency is especially valu-
able when discrimination is only moderate, because it lets
a clinician judge whether an individual prediction rests on
coherent, clinically sensible signals rather than on spurious
associations.

The DCA findings suggest that, despite moderate discrim-
ination, the model may offer a net clinical benefit within
a relevant range of decision thresholds, which is the more
decision-relevant criterion for a prognostic aid than dis-
crimination alone'™® This distinction matters because
measures such as the AUC quantify ranking ability but
not whether acting on the model’s predictions does more
good than the default strategies of treating all or treating
no patients. Combined with reasonable calibration after
Platt scaling, which keeps the predicted probabilities in-

terpretable as approximate risks rather than uncalibrated
scores, these properties support the framework'’s potential
as a transparent decision-support aid rather than an auton-
omous predictor. These observations are based on internal
cross-validation in a small, single-center cohort and should
be regarded as hypothesis-generating; they require confir-
mation in larger, external, and preferably prospective co-
horts before any claim of clinical utility can be made.

This study has several limitations. First, the cohort is small
(n=165) and single-center, which limits generalizability and
yields wide confidence intervals around performance esti-
mates. With only 63 events across 49 candidate variables,
the number of events per variable is low; although no a
priori sample-size calculation is applicable to a fixed sec-
ondary dataset, this further constrains statistical precision
and motivated the use of ensemble and resampling-based
methods together with strictly in-fold preprocessing. Sec-
ond, the missing-data rate (10.2%) required imputation,
which introduces uncertainty despite the use of multiple
imputation. Third, no external validation cohort was avail-
able; the reported performance is therefore internal, and
external, preferably prospective, validation is required
before any clinical use. Fourth, because the outcome is di-
chotomized one-year survival, time-to-event information
and the timing of death within the first year are not mod-
eled. Fifth, although resampling and all preprocessing were
confined to the training folds to prevent leakage, residu-
al optimism arising from the modest sample size cannot
be fully excluded, and the explanations—while internally
consistent—describe the behavior of this particular mod-
el on this cohort rather than establishing causal relation-
ships. Future work should pursue larger, multi-center, and
prospective cohorts and time-to-event modeling, should
prespecify and report calibration and net benefit alongside
discrimination, and may explore the integration of molec-
ular, proteomic, or imaging-derived data when such mea-
surements are available for the same patients.

Conclusion

On the UCI HCC-Survival cohort, an explainable ML frame-
work predicting one-year survival yielded moderate but
robust discrimination, with random forest performing best
(AUC=0.808). More importantly, SHAP and LIME produced
transparent, mutually consistent, and clinically coherent
explanations—identifying AFP, ALP, iron, performance sta-
tus, and hemoglobin as leading predictors—while calibra-
tion and decision curve analysis supported clinical utility
within a relevant range of thresholds. The framework pri-
oritizes interpretability and honest reporting over perfor-
mance maximization and provides a transparent basis for



Seyma Yasar. Explainable ML for HCC Survival Prediction / doi: 10.14744/ilti.2026.44154 53

prognostic decision support that warrants validation in
larger, prospective cohorts.
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Abstract

Objectives: Pediatric liver transplant recipients may experience depression, anxiety, and post-traumatic stress symptoms despite
favorable medical outcomes. This study aimed to evaluate depressive symptoms, anxiety symptoms, and post-traumatic stress
symptoms among pediatric liver transplant recipients and to examine the relationships among these psychological outcomes.
Methods: This cross-sectional study was conducted with 50 pediatric liver transplant recipients aged 8-18 years who were followed
at a liver transplant center. Data were collected using the Child Descriptive Information Form, the Children's Depression Inven-
tory (CDI), the Screen for Child Anxiety Related Emotional Disorders (SCARED), and the Children's Revised Impact of Event Scale
(CRIES-13). The data were analyzed using descriptive statistics, Mann-Whitney U tests, Spearman correlation analyses, and multiple
linear regression analyses.

Results: A considerable number of participants exhibited clinically relevant psychological difficulties. Anxiety scores differed significantly
according to sex. Recipients of deceased-donor transplants had significantly higher post-traumatic stress symptom scores than recipients
of living-donor transplants. Emotional and psychological distress levels decreased as the time elapsed since transplantation increased.
Correlation analyses indicated significant associations among the measured mental health outcomes. Furthermore, trauma-related symp-
toms emerged as significant predictors of emotional difficulties after adjustment for age, sex, and post-transplant duration.

Conclusion: Psychological symptoms were observed among pediatric liver transplant recipients, and significant associations were
identified among depression, anxiety, and trauma-related symptoms. These findings support the potential value of routine psycho-
social assessment during post-transplant follow-up. Further longitudinal studies are needed to clarify the temporal relationships
among these psychological outcomes.
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Liver transplantation is one of the major treatment ap-
proaches that can sustain life in children diagnosed
with end-stage liver disease or acute liver failure. Recent
progress in surgical procedures, immunosuppressive man-
agement, and post-transplant follow-up has been associ-
ated with improved long-term outcomes and a greater
likelihood of survival in this patient population. " As sur-
vival outcomes have improved, attention has increasing-
ly shifted beyond medical indicators to include children’s
psychosocial well-being, quality of life, and mental health.
Previous research has indicated that children who have
undergone liver transplantation may continue to experi-
ence challenges in psychosocial functioning, even when
their physical health outcomes are generally favorable. 2
Moreover, following liver transplantation, children are con-
fronted with numerous stressors, including lifelong immu-
nosuppressive therapy, regular hospital follow-up visits,
potential medical complications, fear of graft rejection, and
the ongoing need for treatment adherence. In addition,
interruptions in school attendance, difficulties in peer re-
lationships, changes in physical appearance, and family re-
structuring processes may also affect children’s psycholog-
ical well-being. For this reason, monitoring emotional and
psychosocial adaptation alongside physical health status
is considered an important component of follow-up care
for children who have undergone liver transplantation. 2
Although liver transplantation is a life-saving intervention,
it may be considered a potentially traumatic life event for
children due to the diagnostic process, waiting period,
surgical procedure, intensive care experience, and lifelong
medical follow-up. Studies have shown that post-traumatic
stress symptoms may persist in pediatric liver transplant re-
cipients even years after transplantation. ** The literature
indicates that pediatric liver transplant recipients may ex-
perience some emotional, psychological, and behavioral
problems. B3'In a study conducted by Diken and Yayan,
clinically significant levels of anxiety, post-traumatic stress,
and depression symptoms were reported among children
who had undergone liver transplantation. ! Similarly,
Huang et al.[4] demonstrated that children who underwent
living-donor liver transplantation may experience more
emotional and behavioral problems than their healthy
peers. Furthermore, psychiatric symptoms have been re-
ported to negatively affect treatment adherence and may
be associated with post-transplant clinical outcomes. ®

Mental health needs refer to situations in which individuals
may benefit from psychological assessment, counseling, or
treatment services. © Unmet mental health needs, on the
other hand, describe the gap in care that arises when ex-
isting psychological problems are not recognized, individ-
uals are not referred to appropriate services, or necessary

mental health support is not received. " Findings from a
systematic review evaluating studies involving adolescents
indicate that a substantial proportion of young people
experiencing mental health problems do not have access
to the services they need and that unmet mental health
needs constitute a significant global public health con-
cern. © Similarly, international studies have reported that
many children experiencing psychological symptoms do
not receive professional help and that utilization of men-
tal health services remains considerably below the level
of need. ! Emotional, behavioral, and trauma-related dif-
ficulties observed in children and adolescents are consid-
ered important markers indicating the potential need for
professional psychological support. © Therefore, although
the assessment of psychiatric symptoms does not directly
measure service utilization, it may provide important indi-
cators suggestive of unmet mental health needs. " Never-
theless, evidence regarding psychiatric manifestations that
may reflect unmet mental health needs among children
who have undergone liver transplantation remains scarce.
The present study was designed to assess depressive
symptoms, anxiety symptoms, and post-traumatic stress
symptoms among children who had undergone liver trans-
plantation. The findings may contribute to understanding
the psychological symptoms experienced by pediatric liver
transplant recipients and may inform future research and
post-transplant psychosocial care.

Research Questions

What are the levels of anxiety, depression, and post-trans-
plant psychological impact symptoms among pediatric liv-
er transplant recipients, and do these symptoms differ ac-
cording to sociodemographic and clinical characteristics?
Is there an association among anxiety, post-traumatic
stress, and depression symptoms among pediatric liver
transplant recipients?

Do post-traumatic stress symptoms predict depression and
anxiety symptoms among pediatric liver transplant recipi-
ents?

Methods

Study Design

This analytical cross-sectional study was conducted to
evaluate depressive symptoms, anxiety symptoms, and
post-traumatic stress symptoms among pediatric liver
transplant recipients.

Population and Sample

The study population consisted of pediatric liver transplant
recipients who were still being followed up and who had
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applied to the inénii University Liver Transplant Institute in
June 2026. No sampling procedure was performed. Partic-
ipant recruitment was based on eligibility and willingness
to participate throughout the data collection period. By the
end of the study, data had been obtained from 50 children
with a history of liver transplantation.

Inclusion and Exclusion Criteria

Eligibility was limited to children between 8 and 18 years of
age who were at least six months post-transplantation, had
sufficient Turkish language proficiency to comprehend the
study materials, possessed the cognitive ability required to
complete the questionnaires, and expressed a willingness
to participate. Children were excluded if they were hospi-
talized due to acute rejection or severe medical complica-
tions, had a diagnosed severe neurological disorder, or had
cognitive impairment that prevented them from complet-
ing the questionnaires.

Measures Used in the Study

Child Descriptive Information Form: The Child Descrip-
tive Information Form was developed by the researchers
based on the study objectives and a review of the rele-
vant literature. The form included questions regarding the
participants’ sex, age, family structure, educational status,
donor type, time elapsed since transplantation, and other
clinical characteristics.

Children’s Depression Inventory (CDI): This scale, de-
veloped by Kovacs in 1985, was used to assess depressive
symptoms in children and adolescents. ¥ The scale consists
of 27 items, each containing three statements reflecting
varying levels of depressive symptom severity and scored
as 0, 1, or 2. The scale allows for a total score between 0
and 54, with higher scores indicating a higher level of de-
pressive symptoms. In the original version of the scale, the
total score is primarily used for clinical evaluation, and no
standard subscale scoring system has been established.
The psychometric properties of the Turkish version of the
CDI were examined by Oy in 1991. ® Psychometric testing
of the Turkish version demonstrated satisfactory internal
consistency (Cronbach’s a=0.80), supporting its use for the
assessment of depressive symptoms in children. The scale
does not contain any reverse-scored items. !

Screen for Child Anxiety Related Emotional Disorders
(SCARED): This scale was used to evaluate anxiety symp-
toms in children and adolescents. It was originally devel-
oped by Birmaher et al."” and has been widely utilized in
pediatric populations. SCARED is a self-report instrument
designed to screen for DSM-based childhood anxiety dis-
orders. The scale consists of 41 items that assess the fre-
quency of anxiety symptoms experienced by children and

adolescents. Each item in the assessment tool is scored
between 0 and 2; higher scores indicate higher levels of
anxiety symptoms. There are no reverse-scored items in
the scale. The internal consistency coefficient of the origi-
nal version ranges from 0.74 to 0.93 for the total scale. The
Turkish validity and reliability study was conducted by Cak-
makgi in 2004, demonstrating that the Turkish version is a
valid and reliable instrument (Cronbach’s alpha=0.81). '

Children’s Revised Impact of Event Scale (CRIES-13):
The CRIES-13 was administered to measure trauma-related
stress symptoms among children and adolescents. Perrin,
Meiser-Stedman, and Smith developed this instrument as
a screening measure for traumatic stress reactions in chil-
dren and adolescents. 2 It has been widely used to evalu-
ate symptoms arising after traumatic experiences such as
natural disasters, accidents, war, abuse, and severe illness-
es. Ceri et al."* examined the psychometric characteristics
of the Turkish adaptation of the scale. Higher total scores
indicate more severe trauma-related symptomatology.
The scale contains no reverse-scored items (Cronbach’s al-
pha=0.80). '3

Variables

Scores obtained from the CDI, SCARED, and CRIES-13 were
used as the dependent variables in the analyses. The in-
dependent variables included the children’s sociodemo-
graphic characteristics (e.g., age, sex, and educational sta-
tus) and clinical characteristics (e.g., age at transplantation,
time elapsed since transplantation, donor type, and other
clinical variables).

Data Collection Procedure

Data were collected using a question-and-answer tech-
nique during face-to-face interviews when families
brought their children for routine clinical check-ups. After
participants were informed about the research in accor-
dance with ethical principles, they began filling out the
forms. All forms were completed under the supervision of
the researcher. Most participants completed the study in-
struments within approximately 15-20 minutes.

Ethical Considerations

Prior to data collection, ethical approval was granted by
inénu University Health Sciences Scientific Research Eth-
ics Committee (No: 2026/10316, June 2, 2026). Authori-
zation to conduct the study was also obtained from the
relevant institution. Participation was voluntary, and in-
formed consent was secured from parents or legal guard-
ians. In addition, age-appropriate assent was obtained
from the children whenever applicable. The rights, safety,
and well-being of the participants were protected in accor-
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dance with internationally recognized ethical standards,
including those described in the Declaration of Helsinki.

Statistical Analysis

The data obtained in this study were analyzed using IBM
SPSS Statistics version 26.0 (IBM Corp., Armonk, NY, USA).
The normality of continuous variables was evaluated
through examination of histograms, skewness and kurtosis
values, and the Shapiro-Wilk test. Descriptive statistics were
presented according to the characteristics of the data; con-
tinuous variables with normal distribution were expressed
as meanzstandard deviation, whereas those not meeting
normality assumptions were summarized as median (Q1-
Q3). Categorical variables were described as numbers and
percentages. The prevalence of clinically significant anxiety
symptoms, post-traumatic stress symptoms, and depres-
sive symptoms was determined using the established cut-
off values of the respective instruments. As the majority of
the scale scores deviated from a normal distribution, non-
parametric methods were preferred for comparative anal-
yses. Differences between independent groups (e.g., sex
and donor type) were assessed using the Mann-Whitney
U test. Associations of age and post-transplant duration
with psychological symptom scores were examined using
Spearman’s rank-order correlation analysis. The relation-
ships among anxiety, post-traumatic stress, and depression
symptom scores were also investigated using Spearman
correlation coefficients. To examine the predictive role of
post-traumatic stress symptoms on depression and anxi-
ety symptoms, separate multiple linear regression models
were constructed. Model performance was assessed using
the coefficient of determination (R?) and overall model sig-
nificance statistics (F values). A p-value of <0.05 was con-
sidered statistically significant.

Table 1. Sociodemographic and clinical characteristics of the
sample (n=50)

Characteristic n(%) Mean+SD/Median
Sex
Male 28 (56.0%) —
Female 22 (44.0%) —
Age (years) — 13.50+3.18/14.0
Transplant type
Living donor 44 (88.0%) —
Deceased donor 6 (12.0%) —
Time since transplant (months) — 80.9+59.2/66.3
Hospitalization in past year
Yes 2 (4.0%) —
No 48 (96.0%) —
Psychiatric follow-up
Yes 1(2.0%) —
No 49 (98.0%) —
Results

Fifty children with a history of liver transplantation partic-
ipated in the study. Participants ranged in age from 8 to
18 years, with a mean age of 13.50 years (SD=3.18). Boys
accounted for 56% of the sample, whereas girls represent-
ed 44%. The majority had received a living-donor trans-
plant (88%), with a mean post-transplant duration of 80.9
months (SD=59.2). At the time of assessment, only one par-
ticipant (2%) was receiving psychiatric follow-up (Table 1).

Table 2 presents comparisons of depression, anxiety, and
post-traumatic stress symptom scores according to sex
and transplant type. Anxiety scores differed significantly
by sex (p=0.035), whereas depression and post-traumatic

Table 2. Group Comparisons by Sex and Transplant Type (Mann-Whitney U Test)

. cDI SCARED CRIES
Variable Group Median (@1-Q3) Zlp Median  (Q1-Q3) Z/p Median  (@1-Q3) Z/p
Sex Male 26.00- 3.25- 2.00-
29.00 11.00 7.50
(n=28) 29.00 0793/ 175 2118/ 16.50 -0.931/
Female 27.00- 0428 7.00- 0.035* 3.50- 0.352
(n=22) 2900 31.00 750 16.00 4.00 14.75
Transplant Living
27.00- 6.00- 2.00-
type
yp do_n4o4r 29.00 30.00 9.00 12.00 6.00 13.00
(n=44) -0.606/ -1.348/ -2.634/
Deceased 0.545 0.178 0.006**
donor 27.50 24.50- 12.50 7-50- 22.00 1.75-
(n=6) . 30.25 ' 36.75 . 25.75

* p<0.05 ** p<0.01
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Table 3. Associations Between Age, Time Since Transplant, and Symptom Levels (Spearman)

Variable CDIrho P SCARED rho +) CRIES rho p
Age -0.131 0.364 -0.293 0.039* -0.126 0.383
Time since transplant (months) -0.373 0.008** -0.473 0.001** -0.423 0.002%*
CDI (Depression) — 0.337 0.017* 0.444 0.001**
SCARED (Anxiety) 0.337 0.017* — 0.484 0.007*#**
CRIES (Trauma impact) 0.444 0.001** 0.484 0.001*** —

*p<0.05; **p<0.01; ***p<0.001. Values below the diagonal mirror those above the diagonal (symmetric matrix).

Table 4. Prediction of Depression and Anxiety by Post-Transplant Stress Symptoms (Multiple Linear Regression)

Predictor variable CDIB P SCARED B P
CRIES total score 0.104 0.020* 0.453 0.004%*
Age 0.108 0.386 0.083 0.844
Sex (female=1) 0.444 0.561 2.557 0.329
Time since transplant (months) 0.001 0.919 -0.043 0.087

Model fit statistics

R?=0.225 F(4,45) = 3.264, p = 0.020*

R>=0.288 F(4,45) = 4.546, p = 0.004**

p<0.05; **p<0.01. B, unstandardized regression coefficient. Models were adjusted for age, sex, and time since transplant. In the simple regression models
including CRIES total score as the sole predictor, R?=0.178 (p=0.002) for CDI and R*=0.217 (p=0.001) for SCARED.

stress scores did not. With respect to transplant type, recip-
ients of deceased-donor liver transplants had significantly
higher post-traumatic stress symptom scores than recipi-
ents of living-donor transplants (p=0.006). No significant
differences were observed in depression or anxiety scores
according to transplant type.

Time since transplantation was significantly and inverse-
ly correlated with all three symptom scales: depression
(rho=-0.373, p=0.008), anxiety (rho=—0.473, p=0.001), and
post-traumatic stress (rho=—0.423, p=0.002). This finding
suggests that psychological distress tends to diminish over
time following transplantation, possibly reflecting psycho-
logical adaptation and improved medical stability. Age
showed a significant negative association only with anxi-
ety (rho=-0.293, p=0.039), indicating that younger chil-
dren may experience higher levels of anxiety symptoms
(Table 3). All three scales were significantly and positively
intercorrelated. The strongest association was observed
between SCARED and CRIES (rho=0.484, p<0.001), fol-
lowed by CDI and CRIES (rho=0.444, p=0.001), and CDI and
SCARED (rho=0.337, p=0.017; Table 3).

CRIES total score significantly predicted both depression
and anxiety after controlling for age, sex, and time since
transplantation. The model explained 22.5% of the variance
in depression scores (R>=0.225, F(4,45)=3.264, p=0.020)
and 28.8% of the variance in anxiety scores (R*=0.288,
F(4,45)=4.546, p=0.004). The larger regression coefficient

for anxiety (B=0.453) than for depression (B=0.104) sug-
gests that trauma-related symptoms may be more closely
associated with anxiety symptoms than with depressive
symptoms in this sample. These results highlight the clin-
ical importance of screening for trauma-related symptoms
as part of routine psychological assessment in pediatric
transplant settings (Table 4).

Discussion

In the present study, anxiety, post-traumatic stress, and
depression symptoms were evaluated simultaneously in
pediatric liver transplant recipients, and a substantial pro-
portion of the participants were found to continue experi-
encing a considerable psychological symptom burden.The
most striking finding was that the majority of participants
were classified as being at risk for depressive symptoms
according to the cutoff score of the Children’s Depression
Inventory. However, this finding should not be interpreted
as a diagnosis of clinical depression but rather as an indi-
cation of an elevated risk of depressive symptoms identi-
fied through a screening instrument. Previous studies have
reported that anxiety, post-traumatic stress, and depres-
sion symptoms are more prevalent among pediatric liver
transplant candidates and recipients than among healthy
controls and that these symptoms are negatively associat-
ed with quality of life."¥ Similarly, a recent study reported
clinically significant levels of anxiety, post-traumatic stress,
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and depression symptoms among children who had un-
dergone liver transplantation.® Taken together, these ob-
servations suggest that childhood liver transplantation
should be viewed not only as a medical intervention but
also as an experience with potential long-term psychoso-
cial implications.

Although only one participant (2%) was receiving psychi-
atric follow-up at the time of assessment, a considerable
proportion of participants exhibited elevated psychologi-
cal symptom scores. This finding may suggest that some
children with psychological symptoms were not receiving
mental health care; however, the present study did not
directly assess mental health service utilization or unmet
mental health needs. Previous investigations have drawn
attention to the need for ongoing mental health surveil-
lance as part of comprehensive care for transplanted chil-
dren. Huang et al.® reported that children who underwent
living-donor liver transplantation were at greater risk for
emotional problems, hyperactivity, and peer relationship
difficulties than healthy controls. Their results further in-
dicated that children’s psychological well-being was influ-
enced by parental psychological status, levels of physical
activity, and characteristics of the family environment.
Therefore, post-transplant follow-up in pediatric liver trans-
plant recipients should include not only the assessment of
graft function, immunosuppression, and medical compli-
cations but also systematic evaluation of depressive symp-
toms, anxiety, trauma-related symptoms, family function-
ing, and social adjustment.

Comparisons by sex revealed a significant difference in
anxiety scores, whereas no sex-based differences were ob-
served for depression or post-traumatic stress symptoms.
This finding is consistent with the broader psychopathol-
ogy literature reporting that anxiety symptoms are more
prevalent among girls during childhood and adolescence.
Similarly, studies conducted among pediatric liver trans-
plant recipients have suggested that girls may be at greater
risk for emotional problems and anxiety symptoms.2 This
difference may be associated with increased emotional
sensitivity during adolescence, concerns related to body
image, difficulties in social relationships, and uncertainty
regarding the future. However, the present study did not
identify sex-based differences in indicators of depression
or traumatic stress. This finding suggests that the influence
of sex on psychological adjustment may be more pro-
nounced for anxiety symptoms than for other domains of
psychological distress.

Analyses according to donor type revealed that children

who received transplants from deceased donors had sig-
nificantly higher post-traumatic stress symptom scores

than those who received transplants from living donors.
No significant differences were observed for depression or
anxiety. One possible explanation is that deceased-donor
transplantation may involve greater uncertainty and medi-
cal urgency. However, this interpretation should be consid-
ered speculative and requires confirmation in longitudinal
studies. Interpretation of these findings warrants caution
due to the relatively small sample size of the deceased-do-
nor transplant group. Previous studies have shown that
traumatic stress may negatively affect quality of life, treat-
ment adherence, and psychosocial functioning in pediatric
organ transplant recipients.'>'®! Therefore, it is important
to comprehensively evaluate how children with a history
of deceased-donor transplantation perceive and interpret
the transplant process, their experiences during the wait-
ing period, and the presence of medical trauma-related
symptoms.

The present study found that the time elapsed since
transplantation was negatively associated with anxiety,
post-traumatic stress, and depression symptoms. In oth-
er words, psychological symptom levels decreased as the
post-transplant period increased. This finding may reflect
psychological adaptation over time; however, because of
the cross-sectional design, no conclusions can be drawn
regarding changes in symptoms over time or causal re-
lationships. Longitudinal studies are required to confirm
this interpretation. However, it also suggests that the pe-
riod immediately following transplantation may represent
a particularly vulnerable phase in terms of psychological
well-being. The pediatric medical traumatic stress model
emphasizes that serious illnesses and invasive medical pro-
cedures may lead to traumatic stress symptoms in children
and that these symptoms may follow different trajectories
over time."! Therefore, psychosocial screening during the
early post-transplant period and close monitoring of at-risk
children are of considerable importance.

Significant positive correlations were found among anxi-
ety, post-traumatic stress, and depression symptoms. This
finding suggests that psychological symptoms in pediat-
ric liver transplant recipients do not occur independently
but rather tend to manifest as an interconnected cluster
of symptoms. Unay et al.'"¥ also demonstrated interrela-
tionships among psychological difficulties in pediatric liv-
er transplant candidates and recipients, reporting that
increased symptom severity corresponded to lower per-
ceived quality of life. Likewise, Diiken and Yayan reported
a strong and significant relationship between anxiety and
post-traumatic stress reactions.® These findings indicate
that post-transplant psychological assessment should not
focus on a single symptom domain but should instead in-
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clude the simultaneous screening of anxiety, post-traumat-
ic stress, and depression symptoms. Positive correlations
were observed among depression, anxiety, and post-trau-
matic stress symptoms, suggesting that these psychologi-
cal problems tend to co-occur in pediatric liver transplant
recipients. The strongest association was observed be-
tween anxiety and post-traumatic stress symptoms, high-
lighting the close relationship between these psycholog-
ical domains. This finding is clinically important because
trauma-related symptoms may interfere with children’s dai-
ly functioning and psychosocial adjustment, highlighting
the need for routine psychological assessment following
liver transplantation. Post-traumatic stress symptoms have
been reported to affect not only psychological well-being
but also treatment adherence among organ transplant
recipients.''® Therefore, trauma-related symptoms may
represent an important target for early identification and
intervention in pediatric transplant clinics.

Regression analyses revealed that post-traumatic stress
symptoms significantly predicted both anxiety and depres-
sion after controlling for age, sex, and time elapsed since
transplantation. This finding suggests that traumatic stress
symptoms may play a central role in psychological adjust-
ment following pediatric liver transplantation. Evidence
from systematic reviews demonstrating that post-trau-
matic stress disorder can occur among organ transplant
recipients and may have substantial effects on psychologi-
cal outcomes further supports this interpretation. In ad-
dition, traumatic stress symptoms have been reported to
be associated with quality of life in pediatric organ trans-
plant recipients and should therefore be considered during
routine follow-up care.'™ Accordingly, the findings of the
present study suggest that post-transplant psychological
support should focus not only on anxiety and depressive
symptoms but also on helping children process and cope
with the experience of medical trauma.

Limitations

Certain characteristics of the research design should be
considered when evaluating these results. This study was
conducted at a single pediatric liver transplantation cen-
ter. Therefore, center-specific clinical practices, patient
characteristics, and the availability of psychosocial support
services may have influenced the findings and may limit
the generalizability of the results to other transplantation
centers. The deceased-donor subgroup represented only a
small proportion of the sample, which may have limited the
ability to detect and interpret differences between donor
groups. Furthermore, the snapshot nature of the data col-
lection process does not allow conclusions regarding the
sequence or direction of the relationships observed among

the study variables. In addition, because the data were col-
lected using self-report measures, the findings may have
been influenced by individual differences in children’s per-
ceptions and reporting of symptoms. Furthermore, symp-
toms of depression, anxiety, and post-traumatic stress
were not confirmed through clinical interviews; therefore,
the findings should be interpreted in terms of symptom
severity and risk rather than as clinical diagnoses. Despite
these limitations, the study contributes to the existing liter-
ature by simultaneously examining anxiety, post-traumatic
stress, and depression symptoms in pediatric liver trans-
plant recipients and by demonstrating the predictive role
of traumatic stress symptoms on depression and anxiety.

Conclusion

In conclusion, this study demonstrated that anxiety,
post-traumatic stress symptoms, and depressive symp-
toms may be present at considerable levels among pediat-
ric liver transplant recipients and that these symptoms are
significantly interrelated. These findings support consider-
ation of psychosocial monitoring during post-transplant
follow-up. Moreover, the significant predictive effect of
post-traumatic stress symptoms on anxiety and depression
suggests that trauma-focused psychological screening and
interventions should be integrated into the routine care of
pediatric transplant recipients.
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Abstract

Objectives: Pancreaticoduodenectomy is a technically demanding procedure with considerable morbidity and mortality where
detailed knowledge of vascular anatomy is essential. Variations of the celiac trunk and hepatic artery are relatively common and
may influence surgical strategy, lymph node dissection and perioperative outcomes. However, their impact on operative and onco-
logical parameters remains controversial. This study aimed to evaluate the impact of celiac trunk and hepatic artery variations on
operative time, lymph node yield and early postoperative liver function in patients undergoing pancreaticoduodenectomy.
Methods: A single-center retrospective study was conducted including 117 patients who underwent PD between January 2016
and March 2025. Preoperative contrast-enhanced computed tomography angiography was used to assess hepatic arterial anatomy
according to the Michels classification. Patients were grouped as normal anatomy (Type I) and arterial variation (Types lI-X). Clinical,
operative and pathological parameters were compared.

Results: Arterial variations were identified in 32.5% of patients. Operative time was significantly longer in the variation group
compared to normal anatomy (315 vs 240 minutes, p=0.002). Total lymph node yield was significantly lower in patients with arterial
variation (12 vs 21, p<0.001) whereas malignant lymph node count and lymph node ratio were similar between groups. No signifi-
cant differences were observed in postoperative liver function tests, including ALT and AST levels. Subgroup analysis demonstrated
that left sided variations were associated with the longest operative times. Regression analysis confirmed arterial variation as an
independent predictor of prolonged operative time (B=55.763, p=0.001).

Conclusion: Celiac trunk and hepatic artery variations significantly prolong operative time and are associated with reduced lymph
node yield in pancreaticoduodenectomy without adversely affecting early postoperative liver function. Preoperative identification
of these variations is crucial for optimal surgical planning and may have implications for oncological adequacy.
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Pancreaticoduodenectomy (PD) is a technically complex
surgical procedure used in the treatment of malignan-
cies of the pancreatic head, ampulla of Vater, distal com-
mon bile duct, and duodenum and is associated with high
morbidity and mortality rates. First described by Whipple
and colleagues in 1935, this complex resection procedure
has undergone significant technical refinement over the
decades; however, it continues to be associated with mor-
tality rates ranging from 1% to 6%, even at high-volume
centers, as well as substantial morbidity.'"? The procedure
involves extensive resection, lymph node dissection, and
complex reconstruction, making accurate assessment of
vascular anatomical structures during surgery of para-
mount importance.

The celiac trunk is one of the ventral branches of the ab-
dominal aorta and typically divides into three main branch-
es: the left gastric artery, the splenic artery, and the com-
mon hepatic artery. However, the celiac trunk is recognized
as the structure among the ventral branches of the ab-
dominal aorta in which anatomical variations occur most
frequently. In the literature, the prevalence of the classic
trifurcation pattern has been reported to range from 72%
to 90%, while various other configurations have been doc-
umented at differing rates.®! These variations include the
absence of the celiac trunk, the formation of a hepatomes-
enteric trunk, bifurcation or quadrifurcation variants, and
anomalous origins of its branches.

Hepatic artery variations also represent a significant factor
in hepatopancreatobiliary surgery. Normal hepatic arterial
anatomy has been reported in 52-80% of surgical cases,
with various anatomical variants identified in the remain-
ing cases.” One of the most frequently encountered vari-
ations is an aberrant right hepatic artery originating from
the superior mesenteric artery, with a reported prevalence
ranging from 11% to 21%." Additional variations, such
as the common hepatic artery arising from the superior
mesenteric artery or the formation of a hepatomesenter-
ic trunk, have also been described. The embryological or-
igin of celiac trunk and hepatic artery variations is rooted
in the differentiation that occurs during the development
of the ventral segmental arteries. The variable persistence
or regression of longitudinal anastomoses formed during
this process gives rise to a spectrum of arterial variations.
The presence of these anatomical variations may have
significant implications for surgical technique, dissection
planning, and intraoperative safety, particularly in hepa-
topancreatobiliary procedures such as pancreaticoduo-
denectomy. Vascular variations can increase the risk of ar-
terial injury, potentially leading to serious complications,
including hepatic ischemia, liver abscess, biliary fistula,
and hemorrhage. Accordingly, accurate preoperative iden-

tification of arterial anatomical variations is of critical im-
portance for optimizing surgical planning and minimizing
complications.

Moreover, celiac trunk and hepatic artery variations have
been reported to influence not only surgical technique but
also lymph node dissection, resection margins, and surgi-
cal outcomes. Given that lymphadenectomy constitutes
an indispensable component of curative resection in can-
cer and that the number of dissected lymph nodes is well
known to affect both staging and survival, the question of
whether vascular variations restrict adequate lymph node
dissection is of considerable clinical relevance.” The supe-
rior mesenteric artery (SMA) margin is recognized as one
of the most critical resection margins in pancreatic head
adenocarcinoma surgery; in particular, an aberrant right
hepatic artery arising from the SMA may increase the risk
of R1 resection due to its close anatomical proximity to this
margin. Indeed, several studies have reported a significant-
ly higher rate of R1 resection at the SMA margin in patients
harboring a replaced or accessory right hepatic artery.”
Nevertheless, the effects of vascular variations on morbid-
ity, operative time, and postoperative outcomes following
pancreaticoduodenectomy have yielded variable results
across different studies.

The aim of this study is to evaluate the impact of celiac
trunk and hepatic artery variations on operative time, the
number of dissected lymph nodes, and early postoperative
liver function tests in patients who underwent pancreati-
coduodenectomy.

Methods

Study Design

This study was designed as a single-center, retrospective,
descriptive analysis. Data were obtained from patients
who underwent pancreaticoduodenectomy for periamp-
ullary region malignancy or suspected malignancy at the
Department of General Surgery, University of Health Sci-
ences, Ankara Giilhane Research and Training Hospital. The
study included patients treated between January 2016 and
March 2025. This study was reviewed and approved by the
Ethics Committee of Ankara Glilhane Research and Train-
ing Hospital (Date: 17.02.2026; Approval No. E-50687469-
799-305797850). The study was conducted in accordance
with the principles of the Declaration of Helsinki.

Patient Selection

The inclusion criteria were defined as follows: age 18 years
or older, having undergone curative-intent pancreaticodu-
odenectomy for pancreatic cancer or suspected cancer,
and availability of adequate preoperative contrast-en-
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hanced abdominal computed tomography angiography
(CTA) images for assessment of hepatic arterial anatomy.
Patients who underwent palliative surgical intervention,
patients with incomplete medical records, and patients
whose preoperative CTA images could not be accessed
were excluded from the study. A total of 117 patients who
met the inclusion criteria were enrolled.

Data Collection

Clinical, laboratory, and radiological data were obtained
retrospectively from patient files. The following variables
were recorded for each patient: age, sex, tumor location,
preoperative serum alanine aminotransferase (ALT) and as-
partate aminotransferase (AST) levels, postoperative day 2
ALT and AST levels, preoperative tumor marker results, he-
patic artery variations detected by preoperative CTA, oper-
ative time, total number of lymph nodes dissected, number
of malignant lymph nodes, positive lymph node ratio, and
selected postoperative pathological data, primarily includ-
ing pathological T stage.

Imaging Evaluation and Arterial Classification

All preoperative contrast-enhanced abdominal CTA images
were reviewed to identify and characterize hepatic arterial
anatomy. Hepatic artery variations were evaluated accord-

ing to the Michels classification system, which defines he-
patic arterial anomalies in 10 distinct subtypes (Types |-X)
(Figure 1). Michels Type |, representing standard anatomy in
which the common hepatic artery originates from the celi-
ac trunk and divides into the right and left hepatic arteries,
was considered normal anatomy. All other Michels subtypes
(Types II-X) were classified as arterial variations. In subgroup
analyses, arterial variations were further categorized into
clinically meaningful groups based on their anatomical loca-
tion and surgical significance: left-sided variations (Michels
Types Il and V) and right-sided/retropancreatic variations
(Michels Types I, IV, VI, VII, VIII, and 1X).

Outcome Measures

Primary outcome measures were operative time (in min-
utes), total number of lymph nodes dissected, and early
postoperative hepatic function, as reflected by postoper-
ative day 2 serum ALT and AST levels. Secondary outcome
measures included the number of malignant lymph nodes,
positive lymph node ratio, and ALT and AST ratios (calcu-
lated by dividing the postoperative day 2 value by the pre-
operative value). Delta values (AALT and AAST) were calcu-
lated as the difference between postoperative day 2 and
preoperative enzyme levels. In a subgroup analysis restrict-
ed to patients with confirmed malignancy, additional pa-
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Figure 1. Classification of hepatic artery anatomy variation according to Michels.

LHA: Left hepatic artery; aLHA: accessory left hepatic artery; CHA: common hepatic artery; RHA: right hepatic
artery; LGA: left gastric artery; SA: splenic artery; SMA: superior mesenteric artery; GDA: gastroduodenal artery;
aRHA: accessory right hepatic artery; A: aorta.
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rameters were assessed: pathological T stage distribution,
total lymph node yield, number of malignant lymph nodes,
positive lymph node ratio, and operative time.

Statistical Analysis

All statistical analyses were performed using IBM SPSS
Statistics for Windows, version 27.0 (IBM Corp., Armonk,
NY, USA). Prior to analysis, the distributional properties
of continuous variables were assessed using the Shap-
iro-Wilk test and visual inspection of Q-Q plots. Variables
demonstrating an approximately normal distribution were
summarized as meanzstandard deviation (SD), whereas
non-normally distributed variables were reported as me-
dian [interquartile range (IQR)]. Categorical variables were
expressed as number (n) and percentage (%). For compar-
isons between two independent groups (normal arterial
anatomy vs. any arterial variation), the independent-sam-
ples t-test was used for continuous variables with an
approximately normal distribution (e.g., age), while the
Mann-Whitney U test was applied for non-normally dis-
tributed continuous variables (e.g., operative time, lymph
node yield, and liver enzyme parameters). Pearson’s chi-
square test was used for categorical variables, including
sex, tumor location, pathological T stage, and malignancy
status. Effect sizes were calculated to quantify the magni-
tude of between-group differences. For continuous vari-
ables analyzed using parametric methods, Cohen'’s d with
corresponding 95% confidence intervals (Cls) was report-
ed. For categorical variables, Cramér’s V was used as the
measure of effect size. For comparisons involving more
than two independent groups (normal anatomy, left-sid-
ed variation, and right-sided/retropancreatic variation),
the Kruskal-Wallis test was used because of the non-nor-
mal distribution of variables. When the overall test was
statistically significant, Bonferroni-adjusted pairwise
comparisons were performed to identify group-specific
differences. A malignancy-restricted subgroup analysis
was conducted to evaluate oncological outcomes among
patients with malignant pathology. In this subgroup, the
Mann-Whitney U test was used for continuous variables
and Pearson’s chi-square test for categorical variables.
To explore associations between arterial variation status
and key clinical outcomes, univariable linear regression
analyses were performed. Dependent variables included
operative time, postoperative day 2 ALT, and postoper-
ative day 2 AST. Regression results were reported as un-
standardized coefficients (B), standard errors (SE), stan-
dardized coefficients (), 95% confidence intervals (Cls),
and p values. All statistical tests were two-tailed, and a p
value<0.05 was considered statistically significant.

Results

Patient Characteristics

As shown in Table 1, the mean age of the overall cohort
was 63.37+11.83 years. The mean age was 63.94+12.02
years in the normal anatomy group and 62.18+11.51 years
in the arterial variation group, with no statistically signif-
icant difference between groups (p=0.456). We found no
statistically significant difference in the distribution of
sex according to arterial variation groups. Final malignant
pathology was present in 104 patients (88.9%), including
72 patients (91.1%) in the normal anatomy group and 32
patients (84.2%) in the arterial variation group (Cramér’s
V=0.103, p=0.264). Tumor location did not differ significant-
ly between groups (Cramér’s V=0.097, p=0.775). Pancreat-
ic head tumors were the most frequent overall (71/117,
60.7%), followed by ampullary tumors (34/117, 29.1%), dis-
tal common bile duct tumors (10/117, 8.5%), and duode-
nal tumors (2/117, 1.7%). Pathological T stage distribution
was also comparable between groups (Cramér’s V=0.182,
p=0.424). According to Table 2, normal arterial anato-
my (Michels Type I) was observed in 79 patients (67.5%).
Among arterial variants, the most frequent pattern was Mi-
chels Type lll, identified in 15 patients (12.8%). Michels Type
Il was present in 8 patients (6.8%), Type VIl in 5 patients
(4.3%), Type V in 3 patients (2.6%), and Types VI, VII, and IX
in 2 patients each (1.7%). Michels Type IV was observed in
1 patient (0.9%), whereas Michels Type X was not observed.

Operative and Pathological Outcomes of the Pa-
tients According to Arterial Anatomy Status

As presented in Table 3, operative time was significantly
longer in patients with arterial variation than in those with
normal anatomy (315.0 [150.0] min vs. 240.0 [120.0] min,
p=0.002). Total lymph node yield was significantly lower
in the arterial variation group than in the normal anatomy
group (12.0 [4.25] vs. 21.0 [8.0], p<0.001). In contrast, ma-
lignant lymph node count did not differ between groups
(1.0[3.0] vs. 1.0 [3.0], p=0.913). Similarly, the positive lymph
node ratio was not significantly different between the nor-
mal anatomy and arterial variation groups (0.0417 [0.1053]
vs. 0.0556 [0.2125], p=0.276). As shown in Table 4, no statis-
tically significant differences were observed between the
normal anatomy and arterial variation groups with respect
to liver enzyme profiles. Preoperative ALT levels were 40.0
[98.0] U/L in the normal anatomy group and 34.5 [91.0] U/L
in the arterial variation group (p=0.677), whereas postop-
erative day 2 ALT levels were 55.0 [63.0] U/L and 44.0 [75.0]
U/L, respectively (p=0.276). Preoperative AST levels were
37.0[75.0] U/Lin the normal anatomy group and 35.0 [40.0]
U/L in the arterial variation group (p=0.646), and postoper-
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Table 1. Baseline characteristics of the study cohort according to arterial anatomy status

Variable

Overall cohort

Normal anatomy

Any arterial variation

i 0,
(n=117)  (Michelstypel) (n=79)  (Michelstype ll-X) (n=38)  Crrectsize  95%Clp
Cohen’s -0.240 to
Age, years 63.37+11.83 63.94+12.02 62.18+£11.51 d=0.148 0535 0.456
Sex, n (%) 0.328
Male 78 (66.6) 55 (69.6) 23 (60.5)
Female 39(33.4) 24 (30.4) 15 (39.5)
Final pathology, Cramer’s
malignant, n (%) 104 (88.9) 72 (91.1) 32(84.2) V=0103 0.264
. Cramer’s
0,
Tumor location, n (%) V=0097 0.775
Pancreatic head 71 (60.7) 46 (58.2) 25 (65.8)
Distal common bile
duct 10 (8.5) 7 (8.9) 3(7.9)
Duodenum 2(1.7) 1(1.3) 1(2.6)
Ampulla 34 (29.1) 25(31.6) 9(23.7)
Pathological T stage, Cramer’s
n (%) V0182 0.424
T0 5(4.3) 3(3.8) 2(5.3)
T1 17 (14.5) 11(13.9) 6(15.8)
T2 42 (35.9) 32 (40.5) 10 (26.3)
T3 44 (37.6) 29 (36.7) 15 (39.5)
T4 9(7.7) 4(5.1) 5(13.2)

Data are presented as mean + standard deviation (SD) for approximately normally distributed variables and as median [interquartile range (IQR)] for non-
normally distributed variables. Categorical variables are expressed as n (%). Independent-samples t-test was used for continuous variables with approximately
normal distribution, and Pearson’s chi-square test was used for categorical variables. Cl, confidence interval; SD, standard deviation

ative day 2 AST levels were 48.0 [49.0] U/L and 37.5 [34.75]
U/L, respectively (p=0.132). Likewise, AALT, AAST, ALT ratio,
and AST ratio were similar between groups (all p>0.05).

Table 2. Distribution of Michels-classified arterial anatomy in patients undergoing pancreaticoduodenectomy

According to Table 5, operative time differed significant-
ly across clinically grouped arterial variation patterns
(p=0.006). Median operative time was 240.0 [120.0] min

Michels type Anatomical definition n %

Typell Normal anatomy 79 67.5
Typelll Replaced left hepatic artery from left gastric artery 8 6.8

Type lll Replaced right hepatic artery from superior mesenteric artery 15 12.8
Type IV Combined replaced right and left hepatic arteries 1 0.9

TypeV Accessory left hepatic artery from left gastric artery 3 2.6

Type VI Accessory right hepatic artery from superior mesenteric artery 2 1.7

Type VIl Accessory right and left hepatic arteries 2 1.7

Type VIl Mixed accessory/replaced right hepatic artery pattern 5 43

Type IX Common hepatic artery from superior mesenteric artery 2 1.7

Type X Common hepatic artery from left gastric artery - -

Arterial anatomy was classified according to Michels. CHA, common hepatic artery; LHA, left hepatic artery; RHA, right hepatic artery; SMA, superior mesenteric

artery.
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Table 3. Operative and pathological outcomes according to arterial anatomy status

Variable Normal anatomy (n=79) Any arterial variation (n=38) P

Operative time, min 240.0[120.0] 315.0[150.0] 0.002
Total lymph node yield, n 21.0[8.0] 12.0 [4.25] <0.001
Malignant lymph node count, n 1.0[3.0] 1.0 [3.0] 0.913
Positive lymph node ratio 0.0417[0.1053] 0.0556 [0.2125] 0.276

Data are presented as median [interquartile range (IQR)] because these variables were non-normally distributed. Cl, confidence interval; IQR, interquartile

range.

Table 4. Preoperative and postoperative day-2 liver enzyme profiles according to arterial anatomy status

Variable Normal anatomy (n=79) Any arterial variation (n=38) p

ALT, preoperative, U/L 40.0 [98.0] 34.5[91.0] 0.677
ALT, postoperative day 2, U/L 55.0[63.0] 44.0[75.0] 0.276
AST, preoperative, U/L 37.0[75.0] 35.0 [40.0] 0.646
AST, postoperative day 2, U/L 48.0 [49.0] 37.5[34.75] 0.132
ALT change (AALT), U/L -3.0[59.0] -3.5[72.25] 0.900
AST change (AAST), U/L 3.0([53.0] -3.0[45.5] 0.648
ALT ratio (POD2/preop) 0.8824 [1.8295] 0.8194[1.8918] 0.633
AST ratio (POD2/preop) 1.0588[1.7483] 0.9277 [1.2744] 0.580

Data are presented as median [interquartile range (IQR)] because these variables were non-normally distributed. AALT was calculated as postoperative day-
2 ALT minus preoperative ALT, and AAST was calculated as postoperative day-2 AST minus preoperative AST. ALT, alanine aminotransferase; AST, aspartate
aminotransferase; Cl, confidence interval; IQR, interquartile range; POD, postoperative day.

in the normal anatomy group, 360.0 [120.0] min in the
left-sided variation group, and 300.0 [150.0] min in the
right-sided/retropancreatic variation group. Bonferroni-ad-
justed pairwise comparisons showed a significant differ-
ence between the normal and left-sided variation groups
(p=0.025), whereas the comparison between the normal
and right-sided/retropancreatic variation groups did not
reach statistical significance (p=0.067). Total lymph node
yield also differed significantly across groups (p<0.001),
with medians of 21.0 [8.0], 12.0 [4.0], and 12.0 [5.0], respec-
tively. Bonferroni-adjusted pairwise comparisons showed
significant differences between the normal and left-sided
groups (p=0.001) and between the normal and right-sid-
ed/retropancreatic groups (p<0.001). By contrast, ALT on
postoperative day 2, AST on postoperative day 2, ALT ratio,
and AST ratio did not differ significantly among the three
groups (all p>0.05). As shown in Table 6, univariable linear
regression analysis identified arterial variation status as
a significant predictor of operative time, with an unstan-
dardized coefficient of 55.763 (95% Cl, 23.012-88.514),
standardized 3=0.300, and p=0.0010. Age was not associ-
ated with operative time (B=0.010, 95% Cl, —1.355 to 1.374,
[3=0.001, p=0.989), nor were sex (B=—9.468,95% Cl, —43.317
to 24.382, =—0.052, p=0.581), final pathology malignancy

(B=25.962,95% Cl,—24.972 10 76.895, $=0.094, p=0.315), tu-
mor location (B=0.099, 95% Cl, —11.930 to 12.129, 3=0.002,
p=0.987), or pathological T stage (B=8.665, 95% Cl, —8.108
to 25.438, 3=0.095, p=0.308). Univariable linear regression
analysis demonstrated that arterial variation status was the
only variable significantly associated with operative time.
Arterial variation status explained approximately 9.0% of
the variance in operative time (R*=0.090). None of the oth-
er variables included in the analysis showed a statistically
significant association with operative time in the univari-
able analyses. Therefore, no additional candidate variables
met the predefined criterion for inclusion in a multivariable
regression model. Accordingly, a multivariable analysis
was not performed. Nevertheless, residual confounding
by unmeasured variables cannot be completely excluded
because of the retrospective observational design. Univari-
able linear regression analyses for postoperative day 2 ALT
showed no significant association with arterial variation
status (B=—29.922, 95% Cl, —75.837 to 15.993, f=-0.120,
p=0.199), preoperative ALT (B=0.013, 95% Cl, —0.162 to
0.188, f=0.014, p=0.880), age (B=0.299, 95% Cl, —1.538 to
2.137, 3=0.030, p=0.747), or final pathology malignancy
(B=-7.760, 95% Cl, —76.657 to 61.137, f=-0.021, p=0.824).
Similarly, postoperative day 2 AST was not significantly as-
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Table 5. Outcomes according to clinically grouped arterial variation pattern

Variable Normal Left-sided Right-sided/retropancreatic Overall p Post hoc adjusted p values
(n=79) variation (n=11) variation (n=27) value
Normal vs Left-sided: 0.025;
Operative time, min 240.0[120.0] 360.0 [120.0] 300.0 [150.0] 0.006 Normal vs Right-sided/
retropancreatic: 0.067
Total vmbh node Normal vs Left-sided: 0.001;
o z P 21.0(8.0] 12.0 [4.0] 12.0[5.0] <0.001 Normal vs Right-sided/
yield, retropancreatic: <0.001
QLL' postoperative day 5507630 32.0(36.0] 51.0[100.0] 0.321
/;SJ'/E ostoperative day 48 [49,0] 31.0 [14.0] 43.0[49.0] 0132
. 0.8824
ALT ratio (POD2/preop) [1.8295] 0.8387[1.7365] 0.8000 [1.9000] 0.734
. 1.0588
AST ratio (POD2/preop) [1.7483] 0.9268 [0.8915] 0.9286 [1.5447] 0.776

Data are presented as median [interquartile range (IQR)] because these variables were non-normally distributed. Bonferroni-adjusted pairwise comparisons
are reported only for variables with a statistically significant overall Kruskal-Wallis test. ALT, alanine aminotransferase; AST, aspartate aminotransferase; IQR,

interquartile range; POD, postoperative day.

sociated with final pathology malignancy (B=7.490, 95%
Cl, —83.958 to 98.939, 3=0.015, p=0.871), arterial variation
status (B=—45.072, 95% Cl, —105.883 to 15.738, 3=—0.136,
p=0.145), preoperative AST (B=-0.079, 95% Cl, —0.400 to
0.243, 3=-0.045, p=0.629), or age (B=1.758, 95% Cl, —0.660
to 4.176, =0.133, p=0.152).

As presented in Table 7, among malignant cases, patholog-
ical T stage distribution did not differ significantly between
the normal anatomy and arterial variation groups (Cramér’s
V=0.177, p=0.351). In this malignancy-restricted analysis,
total lymph node yield remained significantly lower in the
arterial variation group than in the normal anatomy group
(12.0 [4.0] vs. 21.0 [7.75], p<0.001). Malignant lymph node

Table 6. Univariable linear regression analyses for operative time, postoperative day-2 ALT, and postoperative day-2 AST

Dependent variable Predictor B SE Standardized 8 t 95% Cl for B p
Operative time Arterial variation status 55.763 16.534 0.300 3373  23.012t088.514 0.0010
Age, years 0.010 0.689 0.001 0.014 -1.355t0 1.374 0.989
Sex -9.468 17.089 -0.052 -0.554 -43317t024.382  0.581
Final pathology malignancy ~ 25.962  25.714 0.094 1.010 -24972t076.895 0.315
Tumor location 0.099 6.073 0.002 0.016 -11.930t0 12.129  0.987
Pathological T stage 8.665 8.468 0.095 1.023  -8.108t025.438  0.308
Postoperative day 2 ALT Arterial variation status -29.922  23.180 -0.120 -1.291 -75.837t0 15993  0.199
Preoperative ALT 0.013 0.088 0.014 0.151 -0.162t0 0.188 0.880
Age, years 0.299 0.928 0.030 0.323 -1.538t0 2.137 0.747
Final pathology malignancy  -7.760 34.782 -0.021 -0.223  -76.657t061.137  0.824
Postoperative day 2 AST Final pathology malignancy 7.490 46.167 0.015 0.162  -83.958t098.939  0.871
Arterial variation status -45.072  30.700 -0.136 -1.468 -105.883t0 15.738 0.145
Preoperative AST -0.079 0.162 -0.045 -0.485  -0.400t0 0.243 0.629
Age, years 1.758 1.221 0.133 1.440 -0.660 t0 4.176 0.152

Values are from univariable linear regression analyses. B denotes the unstandardized regression coefficient,  denotes the standardized regression coefficient,
and 95% Cl indicates the 95% confidence interval for B. ALT, alanine aminotransferase; AST, aspartate aminotransferase; B, unstandardized regression
coefficient; B, standardized regression coefficient; Cl, confidence interval; SE, standard error.
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Table 7. Malignancy-restricted oncological analysis according to arterial anatomy status

Normal anatomy among malignant Any variation among malignant

Variable cases (n=72) cases (n=32) Effect size p
Pathological T stage, n (%) \(/Zr:ar&e;; 0.351
T 7(9.7) 4(12.5)
T2 32 (44.4) 9(28.1)
T3 29 (40.3) 15 (46.9)
T4 4(5.6) 4(12.5)
Total lymph node yield, n 21.0[7.75] 12.0 [4.0] <0.001
Malignant lymph node count, n 1.0 [3.0] 1.0 [3.75] 0.743
Positive lymph node ratio 0.0513[0.1129] 0.0812[0.2625]
Operative time, min 240.0 [112.5] 330.0[150.0] 0.001

Pearson’s chi-square test was used for pathological T stage, and Mann-Whitney U test was used for continuous variables.

count did not differ significantly between groups (1.0 [3.75]
vs. 1.0 [3.0], p=0.743). The positive lymph node ratio was
0.0812 [0.2625] in the arterial variation group and 0.0513
[0.1129] in the normal anatomy group. Operative time re-
mained significantly longer in patients with arterial varia-
tion (330.0 [150.0] min) than in those with normal anatomy
(240.0 [112.5] min, p=0.001).

Discussion

Celiac trunk and hepatic artery variations represent some of
the most clinically significant anatomical variables encoun-
tered in hepatopancreatic surgery. The present study evalu-
ated the impact of celiac trunk and hepatic artery variations
on operative time, lymph node yield, and early postopera-
tive liver function tests in a retrospective cohort of 117 pa-
tients undergoing pancreaticoduodenectomy (PD).

In our study, arterial variations classified as Michels Types
II-X were identified in 32.5% of patients, a rate consistent
with the 20-45% range reported in the broader literature.
Balzan, evaluating 200 CT studies, identified an anomalous
right hepatic artery (RHA) in 13% of cases, noting that the
replaced RHA from the superior mesenteric artery (SMA)
was the most common variant and that all anomalous ves-
sels followed a retroportal course.® Li, in a high-volume
center series of 238 minimally invasive PD patients, report-
ed a hepatic artery variation (HAV) prevalence of 26.1% and
a clinically relevant HAV (CR-HAV) prevalence of 18.9%.”!
Zhang identified aberrant hepatic arteries in 24.8% of 218
laparoscopic PD cases." The slightly higher rate in our co-
hort likely reflects the comprehensive inclusion of all Mi-
chels variation subtypes (Types I1-X).

The most frequently encountered variation in our series
was Michels Type lll (replaced RHA from the SMA, 12.8%),

consistent with the systematic review by EI Amrani, who,
across 2,278 patients, found that 65.2% of aberrant RHA
cases corresponded to this type.'" Similarly, Alberici et al.
N2 reported an SMA-origin aberrant RHA in 39 of 224 PD
patients (17.4%) at a single Italian center. Cadaveric stud-
ies by Hemamalini and Juszczak further underscored that
celiac trunk variations span a wide anatomical spectrum,
including rarer forms such as the hepatomesenteric trunk
and hepatosplenic trunk, all of which carry meaningful sur-
gical implications.!'>'4

With respect to operative time, the arterial variation group
in our study demonstrated a statistically significant prolon-
gation compared with the normal anatomy group (315.0
[150.0] min vs. 240.0 [120.0] min; p=0.002). Univariable lin-
ear regression analysis identified arterial variation status as
a significant predictor of operative time (B=55.763; 95% Cl,
23.012-88.514; 3=0.300; p=0.001). This finding is consistent
with the existing literature. Li demonstrated that HAV was
associated with an approximately one-hour longer median
operative time (6.72 vs. 5.80 h; p=0.013), with only opera-
tive duration differing significantly between groups, while
other perioperative parameters remained comparable.[9]
Zhang reported a significant increase in surgical resection
time in patients with aberrant hepatic arteries (121.46 vs.
105.64 min; p<0.001).1" The systematic review by El Amrani
observed a general trend toward prolonged operative time
in the RHA group without reaching statistical significance
across all included series."" Alberici reported a significant-
ly longer operative time in the unmatched aberrant RHA
cohort (+25 min; p=0.039), a difference that resolved after
entropy balancing.'? Chierici, in their systematic review
on aberrant RHA management during minimally invasive
PD, also noted that some series reported significantly lon-
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ger operative times in the presence of aberrant vascular
anatomy.[15] This prolongation is attributable to the addi-
tional technical demands of careful dissection to preserve
the variant artery, management of potential hemorrhagic
complications, and the need to ensure hepatic arterial per-
fusion integrity throughout the procedure.

One of the most novel and clinically significant findings of
this study was the significantly lower total lymph node yield
observed in the arterial variation group compared with the
normal anatomy group (12.0 [4.25] vs. 21.0 [8.0]; p<0.001),
a difference that was consistently reproduced in the malig-
nancy-restricted subgroup analysis. Despite this reduced
yield, malignant lymph node count and positive lymph
node ratio did not differ significantly between groups. To
date, the literature specifically addressing the impact of
hepatic artery variations on the adequacy of lymph node
dissection during PD remains limited. Li found no signifi-
cant differences in harvested lymph node counts between
HAV-positive and HAV-negative patients, attributing this
to the standardized dissection technique maintained at
their high-volume center.[9] Similarly, Zhang reported no
statistically significant differences in lymph node-related
pathological parameters according to variation status.[10]
The significant reduction in lymph node yield observed in
our study may reflect the anatomical constraints imposed
by aberrant arteries coursing through the mesopancreas
and retroportal lamina, potentially limiting the extent of
lymphadenectomy in the vicinity of the SMA. A possible
explanation for this finding is that preservation of aberrant
hepatic arteries, particularly those originating from the su-
perior mesenteric artery, requires more careful dissection
around the SMA and mesopancreatic region. Consequent-
ly, surgeons may adopt a more cautious approach to tissue
dissection in close proximity to these vessels to reduce the
risk of vascular injury. This may limit the extent of lymph-
adenectomy in this region and, consequently, result in a
lower total lymph node yield. Alberici et al.[12] were the
first to specifically demonstrate that the presence of an
aberrant RHA significantly increases the R1 resection rate
at the SMA margin (OR=2.3; 95% Cl, 1.1-5.2; p=0.045), at-
tributable to this same anatomical relationship. The mech-
anistic overlap between reduced lymph node yield and el-
evated SMA margin positivity in the presence of a variant
RHA deserves prospective investigation, given its potential
impact on both staging accuracy and long-term oncologi-
cal outcomes.

Regarding early postoperative liver function tests, no sta-
tistically significant differences were detected between
groups for any of the assessed parameters, including pre-
operative and postoperative day 2 ALT, AST, AALT, AAST,

ALT ratio, or AST ratio. These findings corroborate existing
evidence. Li reported no significant differences in post-
operative outcomes, morbidity, mortality, or hospital stay
between HAV-positive and HAV-negative patients.”? The
systematic review by El Amrani similarly found compara-
ble postoperative mortality, overall morbidity, pancreatic
fistula, delayed gastric emptying, and hemorrhage rates
between RHA and non-RHA groups.'" Chierici confirmed
that conservative management of aberrant RHA during
minimally invasive PD did not significantly increase major
postoperative complication rates.™ Zhang reported that,
among their cohort of 218 patients undergoing laparo-
scopic PD, only one patient in the variant group sustained a
partial rupture of the CHA during isolation, which was suc-
cessfully managed laparoscopically with end-to-end anas-
tomosis and an uneventful recovery.'? Ye, in a case report
of an exceptionally rare absence of the celiac trunk with
a hepatomesenteric trunk, demonstrated that, with ap-
propriate intraoperative management, the compensatory
contribution of an accessory left hepatic artery and intact
portal blood supply allowed gradual normalization of liver
function.'® Collectively, these findings suggest that, with
experienced surgical teams and sound preoperative plan-
ning, vascular preservation can largely maintain hepatic
functional integrity irrespective of arterial variation status.

Regarding preoperative imaging, our findings further
support the critical role of multidetector CT angiogra-
phy (MDCTA) as a standard component of the PD work-
up. Balzan demonstrated that preoperative CT can clearly
identify hepatic arterial variants and facilitate safer pan-
creatic head dissection through proper surgical planning.
Bl Zhang reported that MDCTA achieves sensitivity, speci-
ficity, and accuracy values of 94%, 100%, and 97%, respec-
tively, for characterizing hepatic arterial anatomy prior to
PD.I" Chierici specifically emphasized that the inability to
palpate arterial pulses in minimally invasive approaches
makes preoperative contrast-enhanced CT indispensable.
*THemamalini noted that, while preoperative imaging can
aid surgical preparation and planning, not all arterial vari-
ations may be detectable (detection rate of only 60-80%),
making intraoperative awareness equally important.'?! Ye
vividly illustrated how an undetected celiac trunk variation
can present as an intraoperative surprise, underscoring
the challenges and limitations of preoperative assessment
even with modern imaging.'®

In terms of variant management strategies, arterial preser-
vation remains the primary approach, with reconstruction
reserved for selected cases. El Amrani reported that con-
servative dissection and preservation were adopted in 87%
of patients with RHA variants; only 8% underwent sacrifice
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without reconstruction, and 4% required resection with re-
construction." Zhang successfully preserved the aberrant
artery in all variation cases in their laparoscopic PD series.
9 Chierici proposed that preoperative embolization of a
replaced RHA may be considered in cases where arterial
sacrifice appears likely as a strategy to stimulate hepatic
arterial collateral shunts and reduce the risk of right lobe
ischemia.’™ Juszczak emphasized that comprehensive
knowledge of celiac trunk anatomical variations is essential
not only for PD but also for liver transplantation, hepatic
artery infusion chemotherapy, and transarterial chemoem-
bolization (TACE).'"

This study has several limitations. Its retrospective design and
the inclusion of patients from a single tertiary referral center
may limit the generalizability of the findings. In addition, be-
cause only patients with available preoperative CT angiogra-
phy were included, a degree of selection bias cannot be ex-
cluded. Although arterial variation status was the only variable
significantly associated with operative time in the univariable
analyses, the possibility of residual confounding should be
acknowledged, as unmeasured factors may also have influ-
enced the observed associations. Furthermore, differences in
surgical approach and surgeon experience were not evaluat-
ed systematically, and long-term oncological outcomes were
beyond the scope of the present studly.

Conclusion

The present study demonstrates that celiac trunk and he-
patic artery variations have a significant impact on opera-
tive time and total lymph node yield in patients undergo-
ing pancreaticoduodenectomy. The prolonged operative
time observed in patients with arterial variations most
likely reflects the increased technical complexity of dissec-
tion and vascular preservation in the presence of aberrant
arterial anatomy. More importantly, the consistent reduc-
tion in lymph node yield across both the overall cohort and
the malignancy-restricted subgroup suggests that arterial
anatomy may influence the extent of lymphadenectomy
during pancreaticoduodenectomy. This finding suggests
that the anatomical proximity of aberrant arteries to the
SMA margin and mesopancreatic territory may constrain
the completeness of lymphadenectomy. Early postopera-
tive liver function tests, however, did not differ significant-
ly between groups, indicating that experienced surgical
teams are largely able to maintain hepatic functional integ-
rity through meticulous vascular preservation.

These findings highlight the importance of routine
high-quality preoperative CT angiography as a standard
component of the PD workup and underscore that preop-
erative identification of vascular variants strengthens sur-

gical planning. Our results further suggest that a surgical
team with expertise in managing arterial variations should
be available when such anomalies are anticipated. The on-
cological implications of the observed reduction in lymph
node yield and its underlying mechanisms warrant valida-
tion in larger prospective studies.
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Abstract

Objectives: Although liver transplantation is the most effective treatment for end-stage liver disease, many recipients still ex-
perience impairments in physical performance, balance, cognitive function and fatigue, even after a successful transplant. While
physiotherapy has been shown to be effective during the early postoperative period, evidence regarding its longer-term benefits
is limited. This study investigated the long-term effects of routine physiotherapy and rehabilitation on physical performance, bal-
ance, functional capacity, cognitive function and fatigue in liver transplant recipients approximately one year after transplantation.
Methods: This cross-sectional comparative study enrolled 106 adult liver transplant recipients who had undergone transplanta-
tion at least one year previously. Participants were divided into two groups: a control group of 53 participants who had not par-
ticipated in a postoperative physiotherapy programme, and a routine physiotherapy group of 53 participants who had completed
the routine postoperative physiotherapy programme. Functional mobility was evaluated using the Timed Up and Go Test (TUG),
static balance using the Single-Leg Stance Test (SLST), functional exercise capacity using the Six-Minute Walk Test (6MWT), cogni-
tive function using the Montreal Cognitive Assessment (MoCA) and fatigue using the Fatigue Severity Scale (FSS). Between-group
comparisons were performed using independent samples t-tests and chi-square tests, with statistical significance set at p<0.05.
Results: Baseline demographic and clinical characteristics were comparable between the groups (all p > 0.05). Recipients who
had completed the routine physiotherapy programme demonstrated significantly better functional mobility (TUG, p=0.001), static
balance (SLST, p=0.003), cognitive performance (MoCA, p=0.003) and lower fatigue levels (FSS, p=0.006) than the control group.
No significant difference between the groups was observed in functional exercise capacity, as measured by the 6MWT (p=0.454).
Conclusion: Routine physiotherapy after liver transplantation was associated with improved functional mobility, balance, cognitive
performance and reduced fatigue approximately one year after transplantation. While no significant improvement in functional
exercise capacity was observed, these results suggest that the benefits of physiotherapy extend beyond the immediate postopera-
tive period. Incorporating structured physiotherapy into long-term, multidisciplinary follow-up programmes could help to optimise
functional recovery and improve overall patient outcomes after liver transplantation.
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Liver transplantation is the most effective treatment for
end-stage liver disease, significantly improving survival
rates and quality of life. In recent years, advances in surgical
techniques, immunosuppressive therapy protocols, inten-
sive care management and multidisciplinary patient care
have substantially improved both short- and long-term
survival rates following liver transplantation'*. As survival
rates have increased, the primary goals of treatment have
expanded beyond merely prolonging life to include pre-
serving functional independence, restoring daily living
activities and improving quality of life. Consequently, the
success of liver transplantation is now evaluated in terms of
both graft survival and recipients’ physical, cognitive, and
psychosocial well-being.

Despite successful transplantation, physical performance
does not fully recover in a significant proportion of liver
transplant recipients. Pre-transplant conditions such as
sarcopenia, prolonged physical inactivity, chronic inflam-
mation, malnutrition and metabolic alterations associated
with chronic liver disease may persist even after surgery.
Furthermore, surgical trauma, prolonged hospitalisation,
the adverse musculoskeletal effects of immunosuppressive
therapy and postoperative complications may contribute
to reduced muscle strength, impaired aerobic capacity, bal-
ance deficits and diminished functional capacity ** These
impairments can limit patients’ ability to perform activities
of daily living, delay their return to work and social partic-
ipation, and negatively affect their overall quality of life.
In addition to physical impairments, changes in cognitive
function are another important clinical concern among
liver transplant recipients. Although liver transplantation
improves hepatic function, the effects of hepatic encepha-
lopathy, chronic inflammation and metabolic disturbances
that develop during end-stage liver disease may persist af-
ter transplantation. In particular, impairments in attention,
memory, executive function and processing speed have
been reported to have a negative impact on activities of
daily living, adherence to medication and social participa-
tion 3. Furthermore, many recipients continue to experi-
ence chronic fatigue, exercise intolerance and reduced
physical activity levels, all of which increase the need for
comprehensive rehabilitation even further.

To address these impairments, physiotherapy and rehabili-
tation have become integral components of postoperative
care following liver transplantation. Previous randomised
controlled trials and systematic reviews have demonstrat-
ed that aerobic exercise, resistance training, balance exer-
cises and multicomponent rehabilitation programmes can
improve functional capacity, muscle strength, walking per-
formance, fatigue and health-related quality of life ¢2.

Recently, rehabilitation programmes that incorporate cog-
nitive tasks have attracted a great deal of attention. Mo-
tor-cognitive exercise interventions and dual-task training
have been shown to enhance executive function, attention
and general cognitive performance in a variety of clinical
groups. However, studies investigating cognitive rehabil-
itation and motor-cognitive exercise specifically in liver
transplant recipients are scarce, and the available evidence
is largely limited to short-term follow-up. Consequently, it
is unclear whether the functional benefits of rehabilitation
are maintained in the medium to long term. This highlights
the need for studies that evaluate long-term outcomes, in
order to optimise rehabilitation planning and follow-up
strategies 79 1°,

Although there is a growing body of evidence supporting
rehabilitation after liver transplantation, studies evaluating
physical performance, balance, functional exercise capac-
ity, fatigue and cognitive function one year or more after
transplantation are still limited. Consequently, it is unclear
whether the benefits of routine physiotherapy are main-
tained beyond the early postoperative period, highlighting
the need for studies investigating medium- and long-term
outcomes.

This study compared the physical performance, function-
al exercise capacity, balance, fatigue and cognitive func-
tion of liver transplant recipients who had participated in
a routine physiotherapy and rehabilitation programme
with those who had not received physiotherapy approx-
imately one year after transplantation. To the best of our
knowledge, this is one of the few studies to evaluate the
medium-term effects of routine physiotherapy and rehabil-
itation in liver transplant recipients using such a compre-
hensive assessment.

Methods

Study design

This cross-sectional comparative study evaluated the me-
dium-term physical and cognitive outcomes of liver trans-
plant recipients who participated in a routine physiother-
apy and rehabilitation programme. It was carried out at
the Liver Transplant Institute Hospital, Turgut Ozal Medical
Centre, indni University between October 2024 and June
2026.

Ethical approval was obtained from the Non-Intervention-
al Clinical Research Ethics Committee at Hasan Kalyoncu
University (Approval No: 2024/116; Date: 15 October 2024).
Institutional permission was also obtained from the Liver
Transplant Institute Hospital at the Turgut Ozal Medical
Centre at inénii University. The study was conducted in ac-
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cordance with the principles of the Declaration of Helsinki
and was registered at ClinicalTrials.gov (NCT07694245).

Participants

Participants were allocated into two groups according to
their post-transplant rehabilitation status

Control group: Liver transplant recipients who had not
participated in any physiotherapy or rehabilitation pro-
gramme following transplantation.

Routine physiotherapy group: Liver transplant recipients
who had completed the routine physiotherapy and reha-
bilitation programme following transplantation.

Potential participants were identified in the outpatient
follow-up clinic of the Liver Transplant Institute at inénii
University’s Turgut Ozal Medical Centre. Liver transplant re-
cipients who had undergone transplantation at least one
year previously were consecutively screened for eligibility
during routine follow-up visits. Those who met the inclu-
sion criteria were invited to participate in the study.

Liver transplant recipients who met the following inclusion
criteria were recruited

« Age =18 years

« At least one year had elapsed since liver transplantation
 Spontaneous breathing

« Haemodynamic stability

+ Ability to read and write

« Willingness to participate voluntarily in the study

Participants were excluded if they met any of the following
criteria

« History of a neurological disorder
«  Presence of a neuropsychiatric disorder

«  Orthopaedic or rheumatological conditions that
could interfere with the assessments

« Advanced cardiopulmonary disease

«  Visual or hearing impairment preventing completion
of the assessments

- Refusal to participate in the study

Sample size

The required sample size was determined by an a priori
power analysis using version 3.1.9.4 of G*Power software.
Based on a comparison of the means of two independent
groups, the following assumptions were made: a medium
effect size (Cohen’s d = 0.55) was selected as a realistic and
clinically meaningful estimate of the expected difference
between groups in the primary outcomes; a significance
level of 5% (a = 0.05) was assumed; and statistical power
was set at 80%. The analysis indicated that a minimum total

sample size of 106 participants (53 per group) was required.

To achieve this, 128 liver transplant recipients were
screened for eligibility. Twenty-two individuals were ex-
cluded because they did not meet the eligibility criteria or
declined to participate. Consequently, the study was com-
pleted with 106 participants, thus meeting the sample size
determined by the power analysis.

Physiotherapy intervention

The routine postoperative physiotherapy programme was
started while the patient was still in hospital after surgery.
It was designed to prevent pulmonary complications after
surgery, encourage early movement, improve physical fit-
ness, maintain muscle strength and stamina, and help pa-
tients return safely to their daily activities. It was tailored to
each patient’s clinical condition, haemodynamic stability
and functional status, and progressed alongside postoper-
ative recovery.

It consisted of breathing exercises, postural training, active
range-of-motion exercises, progressive mobilisation, mus-
cle-strengthening exercises, balance training, sit-to-stand
and transfer training, gait training and functional exercis-
es targeting activities of daily living. Breathing exercises
included diaphragmatic breathing, thoracic expansion
exercises and effective coughing techniques. The mobili-
sation programme progressed gradually from in-bed exer-
cises to sitting, standing and independent ambulation. Mus-
cle-strengthening and balance exercises were prescribed
according to each patient’s functional status and were pro-
gressively intensified throughout the rehabilitation process.

The programme’s primary objectives were to facilitate early
recovery of physical function, prevent complications asso-
ciated with prolonged immobilisation, promote indepen-
dent mobility and support a safe return to activities of daily
living following hospital discharge.

Assessment procedures

The participants’ demographic and clinical characteristics
were recorded, including their age, sex, height, body weight
and body mass index (BMI). In addition, the following were
documented using a standardised assessment form devel-
oped by the researchers: marital status, educational level,
employment status, smoking and alcohol use, regular exer-
cise habits, duration of liver disease before transplantation,
presence of comorbidities, and donor type.

Montreal Cognitive Assessment (MoCA)
Cognitive function was assessed using the MoCA. This
30-point screening instrument evaluates several cognitive

domains, including attention, concentration, executive
function, memory, language, visual-spatial abilities, ab-
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straction, calculation and orientation. Total scores range
from 0 to 30, with higher scores indicating better cognitive
performance. The Turkish version of the MoCA has been
shown to be valid and reliable by Selekler et al .

Six-Minute Walk Test (6MWT)

Functional exercise capacity was evaluated using the
6MWT. The test was performed in accordance with the
American Thoracic Society guidelines in a 30-metre
straight corridor. Participants were instructed to walk as
far as possible at their maximum self-paced speed for six
minutes. Standardised verbal encouragement was provid-
ed throughout, and the total distance walked was recorded
in metres at the end. A greater walking distance indicated
better functional exercise capacity'.

Timed Up and Go (TUG) test

Functional mobility and dynamic balance were assessed
using the TUG test. Participants were seated in a stan-
dard-height chair and instructed to stand up on command,
walk 3 metres, turn around a designated marker, walk back
to the chair and sit down again. The time taken to complete
the test was recorded in seconds using a stopwatch. Short-
er completion times indicated better functional mobility 3.

One-legged standing test

Static balance was assessed using the Single-Leg Stance Test.
Participants were instructed to stand on their dominant leg
for as long as possible while maintaining balance. The du-
ration of single-leg standing was measured in seconds and
the best performance was recorded. Longer standing times
were considered to be indicative of better static balance ™.

Fatigue Severity Scale

Fatigue severity was assessed using the Fatigue Severity
Scale (FSS). The FSS consists of nine items, each of which
is rated on a seven-point Likert scale ranging from 1 to 7;
higher total scores indicate greater fatigue severity . The
Turkish version of the FSS has demonstrated satisfactory
validity and reliability.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Sta-
tistics for Windows, Version 20.0 (IBM Corp., Armonk, NY,
USA). The normality of continuous variables was assessed
using the Kolmogorov-Smirnov test and visual inspection
of histograms. Descriptive data are presented as the mean
+ standard deviation (SD) or the number (percentage), as
appropriate.

Comparisons between groups were performed using the
independent samples t-test for continuous variables. Cate-

gorical variables were compared using the chi-squared test
or Fisher’s exact test, as appropriate. Statistical significance
was set at p < 0.05.

Results

A total of 106 liver transplant recipients met the eligibility
criteria and were included in the final analysis. Participants
were classified into a control group (n = 53) and a routine
physiotherapy group (n = 53). The mean age was 62.13 +
3.68 years in the control group and 61.60 + 3.80 years in the
routine physiotherapy group. The respective mean body
mass index (BMI) was 24.68 + 3.17 kg/m” and 25.09 + 3.43
kg/m’.

Table 1 summarises the baseline demographic character-
istics of the participants. No statistically significant differ-
ences were observed between the groups with respect to
sex, marital status, educational level, employment status,
smoking status, alcohol consumption (all p > 0.05). In both
groups, the majority of participants were male, married, re-
tired, had completed primary education and reported not
currently smoking or consuming alcohol.

Table 2 summarises the baseline clinical characteristics of
the participants. The mean duration of liver disease before
transplantation was 7.55 + 1.50 years in the control group
and 7.15 £+ 1.71 years in the routine physiotherapy group.
The mean Charlson Comorbidity Index (CCl) score was 2.87
+ 1.85 in the control group and 3.04 + 1.60 in the routine
physiotherapy group. No statistically significant differenc-
es were found between the groups regarding the duration
of liver disease before transplantation, the cause of liver
transplantation, the type of donor, comorbidity status or
the CCl (all p > 0.05). Hepatitis B was the most common in-
dication for liver transplantation in both groups, followed
by Wilson’s disease. Living-donor liver transplantation was
the predominant donor type (83.0%), and the majority of
participants presented with at least one comorbid condi-
tion (67.9% in the control group and 71.7% in the routine
physiotherapy group).

Table 3 presents a comparison of the physical performance
outcomes after the intervention between the control
group and the routine physiotherapy group. Participants
in the routine physiotherapy group demonstrated signifi-
cantly better performance in both the Timed Up and Go
Test (p = 0.001) and the Single-Leg Stance Test (p = 0.003)
than those in the control group. However, no statistically
significant difference was observed between the groups in
the 6-Minute Walk Test (p = 0.454).

Figure 1 shows the distribution of MoCA scores in the
control group and the group that received routine physio-
therapy. The raincloud plot shows an increase in cognitive
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Table 1. Baseline demographic characteristics of the participants in the control and routine physiotherapy groups

Control Group (n=53)

Physiotherapy Group (n=53)

Descriptive characteristics % %
n n
Gender
Female 15 %28.3 17 %32.1
Male 38 %71.7 36 %67.9
Marital status
Married 33 %62.3 36 %67.9
Single 20 %37.7 17 %32.1
Educational background
Primary education 28 %52.8 25 %47.2
High school 20 %37.7 22 %41.5
University 5 %9.4 6 %11.4
Employment status
Working 8 %15.1 1 %20.8
No-Working 15 %28.3 12 %22.6
Retired 30 %56.6 30 %56.6
Smoking status
Yes 7 %13.2 9 %17
No 26 %49.1 23 %43.4
Quit Smoking 20 %37.7 21 %39.6
Alcohol consumption
Yes 2 %3.8 3 %5.7
No 41 %77.4 37 %69.8
Quit Drinking Alcohol 10 %18.9 13 %24.5

BMI: body mass index; m: meters; SD: standard deviation.

performance in the routine physiotherapy group, which is
consistent with the statistically significant difference be-
tween the groups observed in the quantitative analysis (p
=0.003).

Figure 2 shows the distribution of Fatigue Severity Scale
(FSS) scores in the control and routine physiotherapy
groups. As can be seen in the raincloud plot, participants
in the routine physiotherapy group reported lower fatigue
severity than those in the control group. This is consistent
with the statistically significant between-group difference
identified in the quantitative analysis (p = 0.006).

Discussion

Promoting functional recovery and improving quality
of life have become key objectives of multidisciplinary
care following liver transplantation. In the present study,
we evaluated the effects of a routine physiotherapy pro-
gramme on the physical performance, balance, cognitive

function and fatigue levels of liver transplant recipients.
Our findings showed that patients who participated in the
programme exhibited significantly better functional mobil-
ity, balance and cognitive performance, and lower fatigue
levels than the control group. Significant improvements
were specifically observed in the TUG Test, Single-Leg
Stance Test, MoCA and FSS. However, no statistically sig-
nificant difference was found between the groups in the
6MWT. These results suggest that participating in a routine
physiotherapy programme following liver transplantation
was associated with better functional mobility, balance,
cognitive performance and lower fatigue levels. These find-
ings may be explained by several mechanisms. Progressive
mobilisation, balance training and functional, task-orient-
ed exercises are likely to improve neuromuscular coordina-
tion, postural control and movement efficiency. This would
contribute to better functional mobility and balance. Ad-
ditionally, regular physiotherapy participation may boost
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Table 2. Baseline clinical characteristics of the control and routine physiotherapy groups

Variable Control (n=53) Routine Physiotherapy (n=53) p
Duration of liver disease before transplantation (years), mean + SD 7.55+1.50 7.15+1.71 0.208
Cause of liver transplantation, n (%) 0.747
Hepatitis B 8 (52.8%) 24 (45.3%)
Wilson disease 18 (34.0%) 17 (32.1%)
Hepatocellular carcinoma 4 (7.5%) 6(11.3%)
Toxic hepatitis 2 (3.8%) 3(5.7%)
Other 1(1.9%) 3(5.7%)
Donor type, n (%) 1.000
Living donor 44 (83.0%) 44 (83.0%)
Deceased donor 9(17.0%) 9(17.0%)
Comorbidity, n (%) 0.672
Present 36 (67.9%) 38 (71.7%)
Absent 17 (32.1%) 15 (28.3%)
Charlson Comorbidity Index, mean + SD 2.87+1.85 3.04+1.60 0.615

Values are presented as mean + standard deviation (SD) or number (%). Continuous variables were compared using the independent samples t-test, whereas
categorical variables were compared using the Pearson chi-square test. Statistical significance was set at p < 0.05.

Table 3. Comparison of post-intervention physical performance between the study groups

Outcome Control (n=53) Routine Physiotherapy (n=53) Mean Difference
Mean + SD Mean + SD (95% Cl) P
Timed Up and Go Test 12.13+1.66 11.00+1.89 1.13(0.45 t0 1.82) 0.001*
Single-Leg Stance Test (s) 20.11+4.47 23.00+5.26 -2.89(-4.77 to -1.01) 0.003*
6-Minute Walk Test (m) 457.72+89.44 470.17+81.05 -12.45 (-45.33 t0 20.43) 0.454

*Statistically significant difference between the control and routine physiotherapy groups (p < 0.05). Values are presented as mean * standard deviation (SD).
Mean differences, 95% confidence intervals (Cl), and p values were obtained using the independent samples t-test.
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Figure 1. Distribution of montreal cognitive assessment (MoCa)  Figure 2. Distribution of fatigue severity scale scores in the control
scores in the control group and routine physiotherapy group. group and routine physiotherapy group.
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self-confidence during movement, alleviate fear of physical
activity and promote greater engagement in daily activi-
ties. The improvement in cognitive performance observed
may be related to the cognitive demands of functional ex-
ercises, increased physical activity, and enhanced cerebral
perfusion — all of which have been linked to improved
cognitive function. Similarly, the reduction in fatigue may
reflect improvements in physical conditioning, movement
efficiency, and overall functional independence, which are
achieved through regular rehabilitation.

One of the most notable strengths of the present study
is that participants were evaluated approximately one
year after liver transplantation. Therefore, our findings re-
flect not only early postoperative recovery, but also the
functional status maintained during the medium-term
post-transplant period. This provides valuable insight into
whether the beneficial effects of routine physiotherapy
persist over time. Our results imply that physiotherapy pro-
grammes designed appropriately may continue to contrib-
ute to functional recovery several months after transplan-
tation, supporting the idea that rehabilitation should not
be considered solely as an intervention for the immediate
postoperative period.

Previous studies investigating rehabilitation after liver
transplantation have predominantly focused on exercise
and physiotherapy interventions implemented in the ear-
ly post-operative period'®'8, Programmes initiated during
hospitalisation or within the first few weeks or months after
discharge have been shown to consistently improve mus-
cle strength, physical performance, exercise capacity and
health-related quality of life. For example, Foroncewicz et
al. found that starting a rehabilitation programme within
the first two weeks after surgery significantly improved
6MWT performance and promoted early functional recov-
ery'. Similarly, van den Berg-Emons et al. demonstrated
that a 12-week programme resulted in significant improve-
ments in aerobic capacity, muscle strength and fatigue?.
More recently, systematic reviews and analyses have con-
cluded that exercise-based rehabilitation yields promising
improvements in physical function among liver transplant
recipients?'. However, these reviews have also emphasised
that the available evidence is based on a limited number of
randomised controlled trials, and that data regarding me-
dium- and long-term outcomes remain insufficient 2"22,

From this perspective, the present study differs from pre-
vious investigations in that it evaluates the functional out-
comes of routine physiotherapy approximately one year
after liver transplantation. Most published studies have pri-
marily examined the early postoperative period®2>, As sur-
vival rates following liver transplantation have improved

substantially, treatment success is no longer evaluated
solely on the basis of graft function or patient survival®. In-
stead, there has been an increasing emphasis on maintain-
ing long-term functional independence, preserving phys-
ical activity and improving health-related quality of life?>
2. Nevertheless, previous studies have shown that many
liver transplant recipients experience reduced physical
activity levels, persistent fatigue and incomplete recovery
of physical function years after transplantation. Therefore,
rehabilitation should be regarded as an essential compo-
nent of long-term transplant care and follow-up, not mere-
ly as a short-term strategy to prevent postoperative com-
plications. There are several possible explanations for the
absence of a significant between-group difference in the
6MWT. Firstly, the participants were assessed approximate-
ly one year after liver transplantation. During this time,
many recipients may have already regained an acceptable
level of functional exercise capacity through spontaneous
recovery and routine daily activities. This reduces the like-
lihood of detecting differences between groups. Secondly,
exercise capacity is influenced by factors beyond postop-
erative physiotherapy, such as age, comorbidities, cardio-
vascular fitness, habitual physical activity, and long-term
adherence to exercise after hospital discharge. However,
functional mobility, balance, cognitive performance and
fatigue may be more responsive to specific physiotherapy
programme components, such as balance training, pro-
gressive mobilisation and functional, task-oriented exercis-
es. Therefore, although routine physiotherapy appears to
confer important functional benefits, these benefits may
not necessarily be reflected in walking distance measured
by the 6MWT during the medium-term follow-up period.

The present study has several limitations that should be
considered when interpreting the findings. Firstly, as the
study was conducted at a single centre, the results may not
be generalisable to other liver transplant populations. Sec-
ondly, although participants were evaluated approximate-
ly one year after transplantation, no subsequent longitu-
dinal follow-up assessments were performed. Therefore,
it remains unclear whether the functional benefits asso-
ciated with routine physiotherapy are maintained over a
longer period. Additionally, objective physiological param-
eters such as muscle strength, body composition, cardiore-
spiratory fitness and habitual physical activity levels were
not evaluated. Including these measures in future studies
would provide a more comprehensive understanding of
the mechanisms underlying the effects of rehabilitation.
Furthermore, baseline measurements of physical perfor-
mance, cognitive function, fatigue and functional capacity
were not available before orimmediately after transplanta-
tion. Therefore, the observed differences between groups
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should be interpreted with caution, as they cannot be at-
tributed solely to participation in the routine physiother-
apy programme. The routine postoperative physiotherapy
programme was delivered by experienced physiotherapists
according to the institutional rehabilitation protocol. This
included breathing exercises, airway clearance techniques
(when indicated), early mobilisation, transfer training,
progressive ambulation, range-of-motion exercises, mus-
cle-strengthening exercises, balance training and function-
al activities appropriate to the patient’s stage of recovery.
Although all participants followed the same general reha-
bilitation protocol, the progression, intensity and selection
of specific exercises were tailored to each patient’s clinical
status, functional capacity, ability to tolerate exercise and
postoperative recovery. Finally, the absence of a statistical-
ly significant difference between groups in the 6MWT re-
sults should be interpreted with caution. This may be due
to the participants’ relatively preserved functional exercise
capacity at the time of assessment and the multifactorial
nature of post-transplant recovery. Future multicentre ran-
domised controlled trials with larger sample sizes and ex-
tended follow-up periods are needed to determine the op-
timal duration, intensity and components of physiotherapy
programmes following liver transplantation.

Conclusion

In summary, the results of this study suggest that partic-
ipating in a regular physiotherapy programme improves
functional mobility, balance, cognitive performance and
reduces fatigue in liver transplant recipients. While no
statistically significant difference was observed between
groups in the 6MWT, the overall findings suggest that
physiotherapy has a positive impact on several important
aspects of postoperative recovery.

These results emphasise that the effectiveness of rehabili-
tation following liver transplantation should not be evalu-
ated solely based on changes in aerobic exercise capacity.
Instead, clinically meaningful outcomes such as balance,
functional mobility, cognitive function and fatigue should
also be considered, as these directly influence patients’in-
dependence in daily living and health-related quality of life.

Furthermore, our findings support the concept that reha-
bilitation should extend beyond the early postoperative
period and continue after hospital discharge through struc-
tured, sustainable physiotherapy programmes to facilitate
long-term functional recovery. Accordingly, physiotherapy
should be considered an integral component of long-term
multidisciplinary follow-up after liver transplantation, with
rehabilitation programmes tailored to the individual needs
and functional status of each recipient.
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Abstract

Objectives: The scissural vein is an independent venous structure arising from segment IV or the umbilical fissure and draining
directly into the inferior vena cava (IVC) without joining the middle hepatic vein (MHV) or left hepatic vein (LHV). This study aimed
to determine its prevalence in living liver donor candidates and evaluate its association with hepatic venous variants.

Methods: This single-center retrospective study included 248 consecutive adult living liver donor candidates evaluated between
January 2020 and January 2026. Three-dimensional volumetric reconstructions from preoperative multiphase contrast-enhanced
computed tomography (CT) were reviewed for surgically significant scissural veins (=4 mm). The same >4 mm diameter threshold
was applied to the inferior hepatic vein (IHV), V5, and V8, in accordance with institutional reconstruction practice and published
literature. Associations between the scissural vein and demographic, volumetric, and venous variables were statistically analyzed.
Results: A scissural vein was identified in 70 of 248 candidates (28.2%). No significant differences were observed between candi-
dates with and without a scissural vein regarding age, sex, BMI, hepatic steatosis, liver volumes, remnant liver percentage, GRWR,
or the presence of an IHV =4 mm (OR 1.03; p=1.000). However, V5 and/or V8 >4 mm were significantly more frequent in the scis-
sural vein-positive group (42.9% vs. 28.1%; OR 1.92, 95% Cl 1.08-3.41; p=0.037), and this association remained significant after
adjustment for age, BMI, and liver volume (adjusted OR 1.89, 95% Cl 1.04-3.42; p=0.037). Hepatic steatosis was associated with BMI
(p<0.001), but not with age (p=0.820).

Conclusion: A scissural vein was present in 28.2% of living donor candidates. It was not associated with liver volume, sex, or IHV
presence but was independently associated with V5/V8. This finding may reflect a shared developmental pattern of the anterior/
periscissural venous system and warrants further prospective investigation.

Keywords: Hepatic venous anatomy, middle hepatic vein, scissural vein, segment IV venous drainage, umbilical fissure vein, Living
donor liver transplantation
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Living donor liver transplantation (LDLT) has consolidat-
ed its place as an effective treatment for end-stage liver
disease; however, because it requires major hepatic resec-
tion in healthy individuals, donor safety constitutes the
principal priority of surgical planning.'* Among the main
determinants of donor safety are remnant liver volume,
portal inflow balance, and preservation of hepatic venous
outflow. Impaired venous outflow has been shown to lead
to parenchymal congestion, heterogeneous regeneration,
and functional liver loss.”*!

The middle hepatic vein (MHV) primarily drains segments
V and VIl but also contributes to a variable degree to seg-
ment IV drainage.’*” In right lobe donor hepatectomy, the
question of on which side the MHV should be left remains
one of the controversial topics in transplant surgery.[8,9]
Kishi et al.' showed that preservation of large-caliber
MHYV tributaries reduces congestion in the donor remnant,
whereas Faitot et al.'’demonstrated that preservation of
the distal MHV branches is critical for segment IV regener-
ation.

The diameter threshold plays a decisive role in hepatic ve-
nous reconstruction decisions. Several centers and recent
reviews report that venous branches >4 mm in diameter
should be considered candidates for reconstruction.'2'3
Borhani et al."? defined this threshold as standard prac-
tice, and Jeng et al."® adopted the same approach in their
technical review based on an experience of 619 LDLTs. The
comprehensive review published by Goldaracena et al.? in
2025 also recommends a >4 mm anastomosis threshold for
accessory hepatic veins.

In their 3D CT-based anatomical study, Zhang et al.' re-
ported that the umbilical fissure vein (UFV) was present
in 82.7% of cases but that the great majority drained into
the left hepatic vein (LHV) or MHV. Similarly, Idrees et al.,['*
in a retrospective CT study of 186 cases, detected the UFV
in 72.8% of cases and reported drainage into the LHV in
81.4%, into the MHV in 16.4%, and into the confluence of
both veins in 2.2% of cases.

During liver surgery, this venous structure, which arises
from the umbilical fissure region and drains directly into
the inferior vena cava without joining the LHV or MHV, is
observed in some cases and is commonly referred to as
the “scissural vein” in surgical practice. To the best of our
knowledge, no previous study has described this structure
as a distinct venous entity or used the term “scissural vein.”
Therefore, we chose to use the term “scissural vein” as a
descriptive anatomical designation reflecting its location
within the umbilical fissure. Yang et al.'® showed that map-
ping of the hepatic venous drainage territory is associated
with clinical outcomes and emphasized the importance of

reconstructing veins with a large drainage territory.

To our knowledge, the prevalence of the scissural vein un-
der this specific definition and its association with hepatic
venous variants have not been systematically investigated
in a living donor population. The aim of this study was to
determine the prevalence of the scissural vein in real-world
donor data and to evaluate its association with IHV, V5/V8,
and arterial anatomy variants.

Methods

Study Design and Patient Selection

This study was designed as a single-center, retrospective,
descriptive-analytical cohort study. The study was con-
ducted with institutional ethics committee approval (Ap-
proval No: 25.02.2026/2026-02-13). The records of a total of
390 individuals evaluated as living liver donor candidates
at our center between January 2020 and January 2026
were screened. Demographic data were accessible for 361
of these candidates; however, because some of the radio-
logical images had been deleted from the system, preoper-
ative multiphase contrast-enhanced abdominal computed
tomography (CT) could be evaluated in only 248 candi-
dates. Accordingly, 248 consecutive donor candidates who
were >18 years of age, had evaluable CT imaging, and had
a documented scissural vein assessment were included in
the analysis (the study flow is summarized in Figure 1). Cas-
es with insufficient imaging quality or inaccessible radio-
logical images were excluded from the study.

No a priori sample size calculation was performed because
of the retrospective design of the study. Instead, all con-
secutive living liver donor candidates evaluated during
the predefined study period who met the eligibility criteria
and had accessible preoperative CT images were includ-
ed. Therefore, the final sample size was determined by the
number of eligible cases available for analysis.

Imaging and Definition of the Scissural Vein

Preoperative multiphase contrast-enhanced abdominal CT
images (portal venous and hepatic venous phases) of all
candidates were retrospectively reviewed using three-di-
mensional volumetric reconstruction software (Myrian soft-
ware; Intrasense, Montpellier, France). Liver segmentation
was performed according to the Couinaud classification.'”!

The scissural vein was defined as follows: a venous struc-
ture that originates from segment IV or the umbilical fis-
sure region and drains directly into the IVC—or via an inde-
pendent ostium into the MHV-LHV confluence—without
joining the trunk of the MHV or LHV as a tributary. In both
drainage patterns, the structure represents an independent
third venous outflow pathway lying outside the MHV/LHV
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Living liver donor candidates
evaluated between January 2020
and January 2026
(n = 390)

Excluded (n = 29)

v

Demographic data not available

v

Donor candidates with available
demographic data
(n =361)

Excluded (n = 113)

» | CTimaging not available because
radiological images had been
deleted from the system

v

Donor candidates with evaluable
contrast-enhanced CT imaging
(study population)

(n = 248)

v

Scissural vein assessment

Present: 70 (28.2%)
Absent: 178 (71.8%)

Figure 1. Study flow diagram (STROBE).

branching hierarchy. Scissural vein presence was defined as
a diameter of =4 mm; veins with a diameter <4 mm were
classified as absent. In the same assessment, together with
the MHV, the IHV, V5, and V8 (each with a >4 mm diameter
threshold) and the arterial anatomy were also systematically
recorded; the >4 mm threshold was chosen in accordance
with institutional anastomosis practice and the international
literature.[2,12,13] CT examinations were performed using a
192x2-slice multidetector computed tomography scanner
(SOMATOM Force, Siemens Healthineers, Forchheim, Ger-
many) with a multiphase contrast-enhanced protocol, in-
cluding arterial, portal venous, and delayed (hepatic venous)
phases. Images were acquired with a slice thickness of T mm.
All examinations were reviewed by the same radiology team
experienced in hepatobiliary imaging.

Volumetric parameters included right lobe volume, left
lobe volume, total liver volume (TLV=right + left lobe), rem-
nant liver percentage, and GRWR.

Statistical Analysis

Statistical analyses were performed using SPSS version 26.0
(IBM Corp., Armonk, NY, USA). The distributional normality
of continuous variables was assessed by a combined evalu-
ation of the Shapiro-Wilk test and visual inspection of his-

tograms and skewness/kurtosis values; normally distribut-
ed variables were expressed as meanzstandard deviation
and non-normally distributed variables as median (inter-
quartile range, IQR). Comparisons between the two groups
were performed, as appropriate to the distribution, using
the Student t test or the Mann-Whitney U test (continuous
variables) and the chi-square or Fisher exact test (categor-
ical variables). Odds ratios (OR) and 95% confidence inter-
vals (Cl) were calculated for bivariate associations. To assess
whether the association between the presence of a scissu-
ral vein and the presence of V5 and/or V8 was independent
of age, BMI, and total liver volume, a multivariable logistic
regression model was constructed with the presence of a
scissural vein (present/absent) as the dependent variable
and the presence of V5 and/or V8, age, BMI, and total liv-
er volume as independent variables. Because numerous
pairwise comparisons were performed across the tables,
the possibility that the significant finding was affected by
multiple comparisons was additionally evaluated using the
Benjamini—-Hochberg false discovery rate (FDR) correction,
and the results were interpreted within this framework. A
complete-case analysis was used for variables with missing
data, and the number of cases used in each analysis was
indicated in the relevant table and text. p<0.05 was accept-
ed as the threshold of statistical significance. The study was
reported in accordance with the STROBE guideline.

Results

Cohort Characteristics and Scissural Vein Prevalence

A total of 248 living liver donor candidates were included in
the study (153 men, 95 women; median age 36 years, IQR
29-42; mean BMI 27.4+4.4 kg/m?). Hepatic steatosis was
identified in 111 of 247 evaluable cases (44.9%). TLV was
calculated in 243 cases, with a mean of 1366325 mL. The
mean GRWR was 1.17£0.41 (n=234).

A scissural vein was identified in 70 of 248 candidates; the
prevalence was 28.2% (70/248).

Demographic and Volumetric Comparison

No significant difference was found between the groups
with (n=70) and without (n=178) a scissural vein in terms of
age (median 33 vs 36 years; p=0.127), sex (62.9% vs 61.2%
male; p=0.927), BMI (26.9+4.5 vs 27.7+4.3 kg/m?; p=0.229),
or hepatic steatosis rate (40.0% vs 46.6%; p=0.422). No
significant difference was found either in right lobe vol-
ume (891+234 vs 913+229 mL; p=0.515), left lobe volume
(450£113 vs 462+129 mL; p=0.457), TLV (1341+£305 vs
1375£332 mL; p=0.445), remnant percentage (33.8+5.5
vs 33.6+4.7; p=0.826), or GRWR (1.17+£0.40 vs 1.17+0.41;
p=0.959). The findings are summarized in Table 1.
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Table 1. Demographic and volumetric characteristics according to the presence of a scissural vein

Variable Total (n=248) ScV present (n=70) ScV absent (n=178) p

Age (years), median (IQR) 36 (29-42) 33 (25-41) 36 (30-43) 0.127
Sex (male), n (%) 153 (61.7%) 44 (62.9%) 109 (61.2%) 0.927
BMI (kg/m?), mean + SD 274+44 269+4.5 27.7+43 0.229
Hepatic steatosis, n (%) 111 (44.9%)* 28 (40.0%) 83 (46.6%) 0.422
Right lobe volume (mL), mean + SD 907 + 230 891 +234 913 +£ 229 0.515
Left lobe volume (mL), mean + SD 459+ 125 450+ 113 462 +129 0.457
TLV (mL), mean £ SD** 1366 + 325 1341 £ 305 1375 £ 332 0.445
Remnant (% TLV), mean = SD 33.7+49 33.8+55 33.6+4.7 0.826
GRWR, mean + SD 117 £041 1.17 £0.40 117 £041 0.959

* n =247 evaluable cases. ** n = 243 evaluable cases. ScV = scissural vein; TLV = total liver volume; GRWR = graft-to-recipient weight ratio; BMI = body mass
index; IQR = interquartile range. The Mann-Whitney U test (age), Student t test (continuous) and chi-square test (categorical) were used.

Association with Accompanying Hepatic Venous Variants

The IHV (=4 mm) was identified in 37.1% (26/70) of the scis-
sural vein-positive group and 36.5% (65/178) of the nega-
tive group, with no significant difference between the two
groups (OR 1.03; 95% Cl 0.58-1.82; p=1.000). V5 and/or V8
(=4 mm) was significantly higher in the scissural vein-pos-
itive group (42.9% vs 28.1%; OR 1.92; 95% Cl 1.08-3.41;
p=0.037).The coexistence of IHV and V5/V8 did not differ be-
tween the two groups (10.0% vs 10.7%; p=1.000). The results
are presented in Table 2. In the multivariable logistic regres-
sion model, the presence of V5 and/or V8 maintained its as-
sociation with the presence of a scissural vein independently
of age, BMI, and total liver volume (adjusted OR 1.89; 95% Cl
1.04-3.42; p=0.037); none of the other variables in the model
were significant (all p>0.40 for age, BMI, and total liver vol-
ume). However, when the Benjamini-Hochberg false discov-
ery rate correction was applied for the multiple comparisons
performed across the tables, this association lost its statis-
tical significance (adjusted p=0.205); therefore, the finding
should be regarded as hypothesis-generating.

Analysis of Steatosis, Sex, BMI and Age

In cases with hepatic steatosis (n=111), BMI was markedly
higher (29.0+4.3 vs 26.2+4.0 kg/m?; p<0.001). In contrast, the

median age was 36 years in both groups and did not differ
significantly (p=0.820). BMI in the presence of steatosis was
similar in both sexes (29.0 kg/m? in male donors and 29.3
kg/m? in female donors). Male sex showed no statistical-
ly significant association with steatosis (OR 1.30; p=0.367).
The presence of a scissural vein did not differ between the
groups with and without steatosis (25.2% vs 30.9%; OR 0.76;
p=0.422). The findings are presented in Table 3.

Arterial Anatomy Variants

Arterial anatomy could be evaluated in 247 cases (1 NA). Nor-
mal hepatic arterial anatomy was found in 155 cases (62.5%).
The most common variant was the origin of the left hepat-
ic artery from the left gastric artery (n=40; 16.1%). Origin of
the right hepatic artery from the superior mesenteric artery
(SMA) was identified in 47 cases (19.0%). Rare variants (origin
of the CHA from the aorta or SMA) were observed in 5 cas-
es (2.0%). No significant association was found between the
presence of a scissural vein and any arterial anatomy variant
(all p>0.05). The findings are presented in Table 4.

Discussion

In this real-world cohort of 248 living liver donor candi-
dates, the prevalence of surgically significant scissural

Table 2. Association between the presence of a scissural vein and accompanying hepatic venous variants

Venous structure

ScV present n=70 (%)

IHV (=4 mm) 26 (37.1%)
V5 and/or V8 (=4 mm) 30 (42.9%)
IHV + V5/V8 combined 7 (10.0%)

ScV absent n=178 (%) OR (95% CI) P
65 (36.5%) 1.03 (0.58-1.82) 1.000
50 (28.1%) 1.92 (1.08-3.41) 0.037
19 (10.7%) 0.93 (0.37-2.34) 1.000

ScV = scissural vein; IHV = inferior hepatic vein; V5/V8 = segment V and/or VIII veins (=4 mm); OR = odds ratio; Cl = confidence interval. The chi-square and

Fisher exact tests were used.
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Table 3. Hepatic steatosis — association with BMI, sex, age and the scissural vein

Parameter Steatosis (+) n=111 Steatosis (-) n=136 Difference / OR P

BMI (kg/m?), mean + SD 29.0+43 26.2+4.0 +2.8 <0.001
Age (years), median 36 36 — 0.820
Male sex, n (%) 72 (64.9%) 80 (58.8%) OR1.30 0.367
ScV presence, n (%) 28 (25.2%) 42 (30.9%) ORO0.76 0.422
Right lobe volume (mL), mean + SD 935 + 241 884 + 220 +51 mL 0.083

ScV = scissural vein; BMI = body mass index; OR = odds ratio. The Student t test (continuous) and chi-square test (categorical) were used. n = 247 evaluable

cases (1 NA).

Table 4. Distribution of hepatic arterial anatomy according to the presence of a scissural vein

Arterial anatomy Total n (%)

Normal 155 (62.5%)

LHA from left gastric artery 40 (16.1%)

RHA from SMA 47 (19.0%)
Other (CHA from aorta/SMA) 5 (2.0%)
Total evaluated 247

ScV present n (%) ScV absent n (%) p
45 (64.3%) 110 (61.8%) 0.843
10 (14.3%) 30 (16.9%) 0.785
13 (18.6%) 34 (19.1%) 1.000
2 (2.9%) 3(1.7%) 0.616
70 177 —

ScV = scissural vein; LHA = left hepatic artery; RHA = right hepatic artery; SMA = superior mesenteric artery; CHA = common hepatic artery. The chi-square and

Fisher exact tests were used. n = 247 evaluable cases (1 NA).

veins (=4 mm) was 28.2%. The scissural vein was identified
as an independent venous structure draining directly into
the inferior vena cava without joining either the middle
or left hepatic vein, representing an anatomical variant
that has not previously been systematically characterized.
The primary aim of this study was not only to determine
its prevalence but also to evaluate whether this venous
variant is associated with other clinically relevant hepatic
venous structures that may influence surgical planning in
living donor liver transplantation. Therefore, our findings
provide both an anatomical description and a clinically ori-
ented assessment of this previously underrecognized ve-
nous structure.

Zhang et al." reported the UFV in 82.7% of cases but
showed that the great majority of these veins drained into
the LHV or MHV system. The structure we defined—drain-
ing directly into the IVC (or via an independent ostium into
the MHV-LHV confluence) without joining the MHV/LHV
trunk—constitutes a distinct anatomical phenotype. Al-
though the recent review by Goldaracena et al.? reports
that hepatic vein variants are seen in approximately 40% of
healthy donors, it does not address segment IV veins drain-
ing directly into the IVC as a separate category. This gap
constitutes the original contribution of the present study.
Therefore, the prevalence reported in the present study
should not be directly compared with studies evaluating all
umbilical fissure veins irrespective of size or drainage pat-

tern. Our study specifically focused on surgically significant
scissural veins (=4 mm) draining independently into the
inferior vena cava, reflecting a clinically relevant anatomi-
cal subset rather than the overall prevalence of segment IV
venous branches. This distinction is important because the
objective of the present study was to identify venous struc-
tures that could potentially influence surgical planning in
living donor liver transplantation.

One of the notable findings of this study is that the pres-
ence of a scissural vein was unrelated to liver volume, sex,
age, and steatosis. No significant difference was found be-
tween the groups in terms of TLV, right/left lobe volumes,
remnant percentage, and GRWR. This finding indicates that
the scissural vein has the characteristics of an anatomical
variant independent of liver size. Similarly, in the hepat-
ic steatosis analysis, the presence of steatosis showed a
strong association with BMI but no significant association
with the scissural vein or sex.

The only significant association of the presence of a scissur-
al vein was with the presence of V5 and/or V8 (=4 mm) (OR
1.92; p=0.037). This finding is biologically plausible. Both the
scissural vein (draining segment IV from the left side) and V5
(draining the anterior sector of the right lobe) receive blood
from the peri-scissural region in close proximity to the main
portal scissura. It may be postulated that, during embryolog-
ical hepatic venous remodeling, the peri-scissural sinusoidal
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network develops more prominent direct IVC tributaries
in some individuals. Nevertheless, the mechanism of this
association was not functionally tested in this study. These
findings suggest that the presence of a surgically significant
scissural vein may serve as an additional anatomical marker
of complex hepatic venous anatomy, emphasizing the im-
portance of meticulous preoperative three-dimensional im-
aging assessment in living donor liver transplantation.

The absence of a significant association with the IHV
(p=1.000) is noteworthy. The IHV drains the posterior
sector and lies outside the anterior/peri-scissural region
shared with the scissural vein. This finding supports the
hypothesis that the association arises not from a general
tendency toward hepatic venous hypertrophy but from a
developmental pattern specific to the anterior/peri-scissur-
al region. Similarly, the lack of association between hepatic
arterial anatomy and the presence of a scissural vein indi-
cates that this venous variation is a process independent
of arterial development. From a surgical perspective, the
coexistence of a scissural vein and an inferior hepatic vein
may indicate a more complex venous drainage pattern that
warrants careful evaluation during preoperative imaging.
Recognizing these venous variations before donor hepa-
tectomy may facilitate surgical planning and help reduce
unexpected intraoperative findings.

The clinical significance of the scissural vein could not be
directly evaluated in this study, since postoperative data,
the MHV decision-making process, and patient follow-up
information were not available in the data set. The debate
over on which side the MHV should be left in right lobe
donor hepatectomy is one of the long-standing surgical
dilemmas of living donor liver transplantation.®® Preserva-
tion of segment IV venous drainage is central to this de-
cision; Faitot et al."" showed that this drainage is largely
dependent on the distal branches of the MHV. Precisely
because of this dependence, the presence of a sufficiently
large scissural vein draining segment IV independently of
the MHV could theoretically reduce the need to leave the
MHV with the donor, thereby facilitating the surgical deci-
sion.%18200 Nevertheless, confirmation of these inferences
requires prospective studies incorporating postoperative
volumetric and functional endpoints. Future studies inte-
grating detailed intraoperative findings and postoperative
outcomes are warranted to determine whether preserva-
tion or reconstruction of these veins influences donor safe-
ty, graft function, or recipient outcomes. Such data would
further clarify the clinical relevance of this anatomical vari-
antin living donor liver transplantation.

The main limitations of this study are as follows. First, the
retrospective design carries a risk of selection bias. Second,

the presence of a scissural vein was recorded as present/
absent; because drainage territory and drainage volume
were not available in the data set, its functional significance
could not be evaluated. Third, intraoperative correlation
was not performed. Fourth, numerous pairwise compari-
sons were performed across the tables, and the only sig-
nificant finding—the association with V5/V8—does not
retain its statistical significance after correction for mul-
tiple comparisons (Benjamini-Hochberg false discovery
rate); therefore, this association should be regarded not as
an established relationship but as a hypothesis requiring
confirmation. Finally, in the comparisons that were not sig-
nificant (volume, IHV), the width of the confidence inter-
vals indicates that small true effects cannot be excluded;
accordingly, these results should be interpreted not as the
definite absence of an association but as the absence of a
significant association in the present sample. For all these
reasons, the present findings are hypothesis-generating
and require confirmatory studies.

Conclusion

A scissural vein was identified in 28.2% of living donor
candidates. It showed no significant association with liv-
er volume, sex, age, BMI, steatosis, or the presence of an
IHV. An association with the presence of V5 and/or V8 was
observed; however, this finding should be considered hy-
pothesis-generating and requires prospective confirma-
tion. This observation may reflect a distinct venous de-
velopmental pattern in the anterior/peri-scissural region.
These findings contribute to the current understanding of
hepatic venous anatomy in living liver donors and may be
relevant for preoperative venous assessment. Further pro-
spective studies incorporating intraoperative observations
and postoperative outcomes are needed to clarify the clini-
cal significance of the scissural vein and its implications for
MHV management.
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Abstract

Although laparoscopic cholecystectomy is one of the most frequently performed operations in general surgery, its complications
may be clinically serious. Management may range from minimally invasive interventional procedures to complex surgical strate-
gies, including liver transplantation in selected cases. Correct management of these complications requires careful exclusion of an
overlooked preoperative malignancy. In this case report, we present the clinical course of a patient with postcholecystectomy bili-
ary complications accompanied by marked elevation of carbohydrate antigen 19-9 (CA 19-9).
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holecystectomy is among the most commonly per-

formed operations in general surgical practice. The
main indications include symptomatic gallstones, compli-
cations of gallstone disease, and gallbladder polyps. For
these indications, laparoscopic cholecystectomy is cur-
rently accepted as the gold-standard approach. Although
the frequency of complications decreases with increasing
experience, some complications may result in substantial
morbidity and mortality. Bile duct injuries remain the most
serious complications of laparoscopic cholecystectomy.
M In the management and follow-up of postcholecystec-
tomy biliary leaks, interventional radiological procedures
and endoscopic interventions are currently used success-
fully. Endoscopic retrograde cholangiopancreatography
(ERCP) is the first-line minimally invasive method for diag-
nosis and effective treatment of biliary leaks.”! Although
endoscopic interventions are prioritized during the initial

treatment phase, percutaneous radiological interventions
remain important and are successfully performed in many
situations in which anatomy does not permit endoscopic
access. These percutaneous approaches may also be com-
pleted with subsequently placed stents.®! Carbohydrate
antigen 19-9 (CA 19-9) may increase in benign conditions;
however, elevated CA 19-9 may raise suspicion for malig-
nancy and lead to unnecessary diagnostic work-up.® CA
19-9 is the most widely used and best-validated serum tu-
mor marker for the diagnosis of pancreatic cancer in symp-
tomatic patients and for monitoring treatment in patients
with pancreatic adenocarcinoma. CA 19-9 is normally syn-
thesized by pancreatic and biliary ductal cells, as well as
gastric, colonic, endometrial, and salivary epithelia, and is
present in serum at low levels. Although CA 19-9 has been
introduced as a reliable marker for pancreatobiliary malig-
nancy, elevated serum CA 19-9 levels may also be observed
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in obstructive jaundice.” In this study, we aimed to present
the complication management and clinical significance of
elevated CA 19-9 in a patient who underwent elective lap-
aroscopic cholecystectomy and subsequently developed
postoperative complications.

Case Report

A 60-year-old male patient had previously undergone lap-
aroscopic cholecystectomy at another center for symp-
tomatic cholelithiasis. No conversion to open surgery was
required, and no intraoperative complication was report-
ed. On postoperative day 2, bile drainage was observed
from the surgical drain, and the patient was referred to a
tertiary center. The patient had no evidence of biliary peri-
tonitis or acute abdomen. Laboratory values at admission
were as follows: leukocyte count, 5.3 x 10°/uL (reference
range, 4.3-10.3); aspartate aminotransferase, 15 U/L (5-34);
alanine aminotransferase, 38 U/L (0-55); gamma-glutamyl
transferase, 57 U/L (9-64); alkaline phosphatase, 64 U/L (40-
150); total bilirubin, 0.7 mg/dL (0.2-1.2); and CA 19-9,7.3 U/
mL (0-35). ERCP was performed, and a leak from the cystic
duct was detected. A stent was placed across the proximal
aspect of the leak. The stent was removed 3 months later.
After an approximately 9-year disease-free interval, the pa-
tient presented again with right upper quadrant pain and
jaundice. Laboratory values at this admission were as fol-
lows: leukocyte count, 10.1 x 10°/uL (4.3-10.3); aspartate
aminotransferase, 18 U/L (5-34); alanine aminotransferase,
37 U/L (0-55); gamma-glutamyl transferase, 307 U/L (9-
64); alkaline phosphatase, 166 U/L (40-150); total bilirubin,
0.9 mg/dL (0.2-1.2); and CA 19-9, 58,977.06 U/mL (0-35).
Other tumor markers were within normal limits. During
follow-up, CA 19-9 levels varied as shown in Figure 1. Im-
aging revealed dilatation of the posterior intrahepatic bile

Serum CA 19-9 Levels (U/mL)

90,000

84,200

80,000
70,000
-E' 60,000 56,300
=
2 50,000
@
o 40,000
=1
< 30,000
o
20,000

10000 6,450

0

Date

B CA 19-9 (U/mL)

Note: Reference range < 37 U/mL.

Figure 1. CA 19-9 values at presentation and after treatment.

Figure 2. Dilated posterior sector on cholangiographic imaging.

ducts (Fig. 2). Because dilatation was limited to the pos-
terior sector, percutaneous catheterization was planned.
A catheter was placed from this sector extending toward
the common bile duct, and the radiological interpretation
suggested the possibility of sesgmental Caroli disease. How-
ever, segmental Caroli disease was subsequently ruled out
after the biliary abnormality was determined to represent
an acquired postoperative biliary stricture. Two months lat-
er, a stent was inserted over the catheter, and the patient
was discharged with normalized laboratory values. During
follow-up visits every 3 months, cholestatic parameters re-
mained normal, and CA 19-9 levels showed a decreasing
trend, as shown in Figurel. Malignancy was excluded on
the basis of the progressive decline in CA 19-9 levels fol-
lowing biliary drainage and the absence of any mass or sus-
picious lesion on magnetic resonance imaging. One year
after stent placement, the stent was removed by ERCP. At
the final follow-up, all blood parameters were normal and
the patient was asymptomatic; therefore, routine follow-up
was discontinued. The patient was ultimately evaluated as
having a postoperative biliary stricture. Written informed
consent was obtained from the patient for publication of
this case report and the accompanying clinical images.

Discussion

To prevent bile duct injuries during laparoscopic cholecys-
tectomy, the principles of the Critical View of Safety should
be followed, and no tubular structure should be divided
before the cystic duct and cystic artery have been defin-
itively identified. In addition, electrocautery should be
used carefully and at low energy settings to reduce ther-
mal injury. Although postcholecystectomy biliary leaks
can be successfully treated with ERCP, early control of the
leak does not completely eliminate the risk of late biliary
complications. Mechanical, thermal, or ischemic bile duct
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injury may lead to fibrosis and biliary stricture over time.
¥l In the present case, the biliary leak that developed after
cholecystectomy was treated with ERCP; however, the pa-
tient presented years later with biliary stricture. This clinical
course highlights the importance of long-term clinical and
biochemical follow-up in patients with a history of biliary
leakage. Despite preventive measures, bile duct injuries are
reported at rates ranging from 0.3% to 0.8%."! Bile duct in-
juries have been described using several classification sys-
tems, including the Bismuth, McMahon, Strasberg, Amster-
dam Academic Medical Center, Stewart-Way, Neuhaus, and
Csendes classifications. In our patient, the initial injury was
classified as Strasberg type A, and the complication was
treated with ERCP at presentation. However, in subsequent
years, the patient re-presented with jaundice and marked-
ly elevated CA 19-9 due to biliary stricture. CA 19-9 is nor-
mally synthesized by pancreatic and biliary ductal cells and
by gastric, colonic, endometrial, and salivary epithelia, and
is present in small amounts in the blood of healthy indi-
viduals. However, dramatic increases may occur in some
malignant diseases.® Therefore, CA 19-9 is regarded as a
tumor-associated antigen rather than a tumor-specific an-
tigen.® Particularly in obstructive jaundice, CA 19-9 levels
may be substantially affected and increased, making it dif-
ficult to distinguish benign from malignant cholestasis.'”
Elevation of CA 19-9 in the absence of malignant disease is
clinically important and requires follow-up; however, it may
also lead to complex and invasive diagnostic procedures.
MM CA 19-9 remains an actively investigated tumor marker
because biliary obstruction and other benign conditions
may substantially distort measured levels and thereby lead
to inappropriate clinical decisions; accordingly, dynamic
changes after biliary drainage and correction approaches
have been studied to improve its clinical interpretation.l'?
As demonstrated in this case, elevated CA 19-9 may prompt
clinicians to investigate many different diseases, particular-
ly malignancy. Nevertheless, in accordance with one of the
unwritten rules of surgical practice--that “a surgeon must
follow his own footprints”--the patient’s previous surgical
history and possible late surgery-related complications
should always be carefully considered.

Conclusion

This case of elevated CA 19-9 accompanying a bile duct
stricture that developed years after laparoscopic cho-
lecystectomy was evaluated in light of the literature. In
conclusion, even when postcholecystectomy complica-
tions are initially resolved, late complications may present
years later as biliary strictures, and such benign strictures
may cause marked elevation of CA 19-9. Although CA
19-9 is widely used as a tumor marker in pancreatobili-

ary malignancies, elevation of this marker alone does not
justify complex invasive procedures without appropriate
clinical correlation. Through this case, we aimed to em-
phasize that a complication following laparoscopic cho-
lecystectomy may elevate CA 19-9, an important tumor
marker, and may consequently lead to invasive diagnostic
and therapeutic procedures.

Disclosures

Informed Consent: Written informed consent was obtained
from the patient for publication of this case report and the ac-
companying clinical images.

Conflict of Interest: None declared.

Financial Disclosure: The author declared that this study has re-
ceived no financial support.

Use of Al for Writing Assistance: None declared.

Peer-review: Externally peer-reviewed.

Acknowledgments: | would like to express my sincere gratitude
to my esteemed mentor, Serta¢ Usta, for guiding me to find my
own solutions by encouraging the right questions at every stage
of this case, as he has throughout my surgical career, and for gen-
erously sharing his knowledge, experience, and support at all
times.

References

1. Machado NO. Biliary complications postlaparoscopic cholecys-
tectomy: mechanism, preventive measures, and approach to
management: a review. Diagn Ther Endosc 2011;2011:967017.

2. Ayte MR, Yuksel I. Comparison of biliary stent and nasobiliary
drain in patients with biliary leakage after cholecystectomy.
BMedJ 2024;7(3):95-103.

3. Pirilanu C, Toma EA, Enciu O, Ardelean M, Miron A, Calu V. Man-
agement of latrogenic Bile-Duct Injury After Cholecystectomy,
1995-2025: Systematic Review and Meta-Analysis. Life (Basel)
2025;15(12):1858.

4. Kim'S, Park BK, Seo JH, Choi J, Choi JW, Lee CK, et al. Carbohydrate
antigen 19-9 elevation without evidence of malignant or pancre-
atobiliary diseases. Scientific Reports. 2020;10:8820.

5. Mann DV, Edwards R, Ho S, Lau WY, Glazer G. Elevated tumour
marker CA19-9: clinical interpretation and influence of obstructive
jaundice. European Journal of Surgical Oncology 2000;26(5):474-9.

6. Abbasoglu O, Tekant Y, Alper A, Aydin U, Balik A, Bostanci B, et
al. Prevention and acute management of biliary injuries during
laparoscopic cholecystectomy: expert consensus statement. Ulus
Cerrahi Derg 2016;32(4):300-5.

7. Karahan SR, Koc B. Bile duct injuries: anatomy, definition, inci-
dence and classification. Turkiye Klinikleri J Gen Surg-Special Top-
ics 2014;7(1):1-6.

8. Scara S, Bottoni P, Scatena R. CA 19-9: biochemical and clinical
aspects. In: Scatena R, ed. Advances in Cancer Biomarkers. Dor-
drecht: Springer; 2015:247-60.



92 Journal of Inonu Liver Transplantation Institute

9. Marrelli D, Caruso S, Pedrazzani C, Neri A, Fernandes E, Marini M, 11. Ventrucci M, Pozzato P, Cipolla A, Uomo G. Persistent elevation of
etal. CA19-9 serum levels in obstructive jaundice: clinical value in serum CA 19-9 with no evidence of malignant disease. Digestive
and Liver Disease 2009;41(5):357-63.

12. Zhao B, Cheng Q, Cao H, Zhou X, Li T, Dong L, et al. Dynamic
change of serum CA19-9 levels in benign and malignant patients

with obstructive jaundice after biliary drainage and new correc-
biliary pathology. Pancreatology 2018;18(8):862-7. tion formulas. BMC Cancer 2021;21:517.

benign and malignant conditions. The American Journal of Sur-
gery 2009;198(3):333-9.

10. Tsen A, Barbara M, Rosenkranz L. Dilemma of elevated CA 19-9 in



gé JOURNAL OF INONU LIVER
Jsum. TRANSPLANTATION INSTITUTE

DOI:10.14744/jilti.2026.21033
J Inonu Liver Transpl Inst 2026;4(2):93-95

Extended Retroperitoneal Dissection and Retrohepatic Vena
Cava Resection for Recurrent Retroperitoneal Liposarcoma

Cem Azili," ©© Kemal Baris Sarici?

"Department of Surgical Oncology, Ufuk University Dr. Ridvan Ege Hospital, Ankara, Tiirkiye
’Department of Surgery and Liver Transplant Institute, Inonu University Faculty of Medicine, Malatya, Tiirkiye

Please cite this article as "Azili C, Sarici KB. Extended Retroperitoneal Dissection and Retrohepatic Vena Cava Resection for Recurrent Ret-

roperitoneal Liposarcoma. J Inonu Liver Transpl Inst 2026;4(2):93-95".

iposarcomas account for less than 1% of all human ma-

lignancies; however, they represent one of the most
common soft tissue sarcomas, comprising nearly 50% of
all retroperitoneal soft tissue tumors. Because the retroper-
itoneal space is expansive, these tumors often attain a tre-
mendous size before becoming symptomatic.™

Histologically, liposarcomas are categorized into well-dif-
ferentiated, dedifferentiated, myxoid, and pleomorphic
subtypes. Myxoid and pleomorphic variants generally
demonstrate greater responsiveness to chemoradiother-
apy than well-differentiated and dedifferentiated forms.™
Due to late diagnosis at advanced stages and large tumor
volume, disease recurrence is common. Nearly 50% of pa-
tients with moderate- to high-grade liposarcoma devel-
op local or distant recurrences, which significantly reduce
overall survival. Tumor size, histological grade and subtype,
male sex, and age at diagnosis are established risk factors
for recurrence.® Complete (RO) surgical resection, with
or without postoperative chemoradiotherapy, has been
shown to reduce post-treatment recurrence rates.”!

Here, we describe our surgical strategy in a 69-year-old
male presenting with a second recurrence of retroperito-
neal dedifferentiated liposarcoma requiring retrohepatic

inferior vena cava (IVC) resection and reconstruction.

A 69-year-old male presented to our institution with a
4-cm retroperitoneal mass adjacent to the IVC, located
superior to the right kidney (Figure 1). His surgical histo-
ry was notable for a primary retroperitoneal liposarcoma
resected 3 years previously. At initial presentation, the pri-
mary tumor measured 22 cm in maximum diameter and
was adjacent to the right psoas muscle and right kidney.
The patient received only chemotherapy after the index
operation. A local recurrence occurred 18 months follow-
ing the primary resection. The recurrent tumor measured
19 mm in diameter and was located near Gerota’s fascia
of the right kidney. The recurrent mass was prepared for
resection together with the right renal Gerota’s fascia and
segments 6 and 7 of the liver. The patient received mas-
sive transfusion during the operation (15 units of packed
erythrocytes). Although the patient’s condition was rela-
tively stable, we decided to terminate the operation with
packing and complete the resection and reconstruction
in a second session. Forty-eight hours after the primary
operation, the patient was taken back to the operating
room, and depacking was performed. The mass, together
with the right adrenal gland and retrohepatic vena cava,
was resected, and the inferior vena cava was reconstruct-
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Figure 1. The recurrent mass adjacent to the retrohepatic vena cava
(arrow head). VCl: Vena cava inferior.

ed using a synthetic polyester vascular graft made of
polyethylene terephthalate (PET) (Figure 2a, b). The pa-
tient had an uneventful postoperative course and was dis-
charged on postoperative day 20. We obtained informed
consent from the patient for the publication of the clinical
information presented in this study.

The present study shows that the treatment of recurrent
retroperitoneal liposarcoma can be challenging. However,
consensus dictates that resection of recurrences with ade-
quate safety margins increases complete remission rates in
retroperitoneal liposarcoma.® Up to seven resections have
been reported in a single patient." Furthermore, a multi-
disciplinary approach, including chemoradiotherapy in the
adjuvant or even neoadjuvant setting, has been reported
to be effective in preventing recurrences.”” The common
iliac artery and inferior vena cava are the two major ves-
sels that may be involved in retroperitoneal liposarcoma.
Concomitant organ resection rates increase when major
vascular structures are resected. Although complication
rates increase, major vascular structures may need to be
resected to achieve RO resection.” In accordance with the
current literature, our patient received adjuvant chemo-
radiotherapy following the primary surgery and targeted
therapy after the first recurrence. In conclusion, we would
like to share our experience in treating a challenging case
of recurrent retroperitoneal liposarcoma to demonstrate
that a dedicated center for advanced hepatobiliary surgery
can facilitate the treatment of such diseases requiring mul-
tiorgan and major vascular resections together with com-
plex reconstruction, even in fit elderly patients such as the
patient presented in this study.

Figure 2. The surgical specimen (a) and the reconstruction of the
retrohepatic vena cava is shown (b).
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Dear Editor,

Oral cavity lesions encountered during long-term fol-
low-up after liver transplantation are generally reported
as mucositis, infections, or drug-related gingival hyperpla-
sia associated with immunosuppressive therapy.? To our
knowledge, no case has been reported in the literature of a
patient who underwent living-donor liver transplantation
for non-alcoholic steatohepatitis (NASH), subsequently de-
veloped progressive trismus due to recurrent oral lesions
(actinomycosis and traumatic fibroma), and in whom this
trismus completely prevented the treatment of common
bile duct stones causing cholestasis by endoscopic retro-
grade cholangiopancreatography (ERCP). Here, we aim to
present such a rare clinical scenario.

A 39-year-old woman underwent living-donor liver trans-
plantation in April 2015 because of NASH. Following an un-
eventful postoperative course and discharge, an excisional
biopsy was performed for an oral lesion that developed in
her mouth. The pathology report was consistent with acti-
nomycosis caused by Actinomyces species, and appropri-
ate antibiotic therapy was administered. In March 2016, the
patient developed an ulcerated, hyperemic lesion extend-
ing from the right buccal mucosa to the retromolar trigone.
An incisional biopsy was performed, and the pathology re-
port identified the lesion as a traumatic fiboroma.

The patient, who had maintained stable liver function over
the past ten years, developed progressive and painless
trismus due to soft tissue damage caused by an oral lesion
(Fig. 1). The patient's mouth was almost completely closed,
and she could only consume liquid food using a pipette.
Routine follow-up revealed elevated cholestatic enzymes
(ALP: 715, GGT: 342). Magnetic resonance cholangiopan-
creatography showed numerous stones in the main bile
ducts, and ERCP was planned (Fig. 2). However, since the

Figure 1. Photograph of the patient when the mouth opening was
normal and the final state where the patient could be fed through a
straw. a) The period after transplant when mouth opening is normal,
b) The final period when the mouth cannot be opened.
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Figure 2. Magnetic resonance imaging showing stones in the
patient's bile ducts.
*The stones in the common bile duct are indicated by red arrows.

patient's interincisal mouth opening was less than 4 mm, it
was considered impossible to pass a standard flexible en-
doscope through the mouth and to safely perform anes-
thesia management, including endotracheal intubation. At
the oral surgery and gastroenterology council, it was decid-
ed that the patient should first undergo surgery to correct
the trismus, with the asymptomatic bile duct stones to be
addressed after this procedure. The patient was transferred
to the oral surgery department for treatment.

Trismus is a rare complication in liver transplant patients,
usually developing after trauma to the corner of the

mouth, myopathy of the masticatory muscles secondary to
long-term steroid use, or oral mucositis.** However, to our
knowledge, a case involving a buccal mucosal lesion com-
plicated by actinomycosis, followed by a traumatic fibroma
that progressed over the years and physically obstructed
endoscopic access to the biliary tract, has not been previ-
ously described.

In conclusion, active monitoring of oral lesions, especially
recurrent or scarring lesions, in liver transplant patients and
early surgical correction, if necessary, can prevent future
trismus and the associated obstruction of endoscopic in-
terventions. This case highlights the critical importance of
interdisciplinary collaboration among gastroenterologists,
surgeons, and oral surgeons.
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