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Aim and Scope
Aim

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.



4
i

Ethical Responsibilities and Policies

Fee - Charges

The Journal of Inonu Liver Transplantation Institute (The Journal) assesses NO submission fee, pub-
lication fee (article processing charges - APC), or page charges.

Publication Ethics

The Journal applies standards throughout the publication process to further our goal of sharing high-
quality, objective, reliable, and useful information. We implement these processes to ensure appropriate
support for our authors and their institutions, as well as our readers. It is crucial that all of the stake-
holders in the process (authors, readers and researchers, publishers, reviewers, and editors) comply
with ethical principles.

The Journal is an open access publication and follows the guidelines and policies published by the Com-
mittee on Publication Ethics (COPE) (https://publicationethics.org). We expect all participants to ob-
serve the ethical responsibilities presented below.

Author’s Responsibilities

¢ Studies submitted for publication must be original works of the author. References to other stud-
ies must be cited and/or quoted completely and accurately;

. Only those who provide a substantial intellectual contribution to the content of the work may
be cited as an author. Other contributors may be recognized with acknowledgements at the
conclusion of the article;

«  Competing interests or relationships that may constitute a conflict of interest must be declared
and explained in all studies submitted for publication;

¢ Authors must be able to provide documentation showing that they have the right to use the data
analyzed, the necessary permissions related to the research, and any appropriate consent;

. Raw data used in the article must be available and may be requested from the author(s) within the
framework of the evaluation process;

. In the event the author(s) notice an error at any point in the publication process or after publica-
tion, they have the obligation to inform the journal editor or publisher and cooperate in appro-
priate corrective action;

*  Authors may not submit their article for publication to more than one journal simultaneously. Each
application must be initiated following the completion of any previous effort. The Journal will not
accept previously published articles;

«  Changes in authorship designation (such as adding authors, changing the printed order of the
authors, removing an author) once the evaluation process has begun will not be accepted in order
to protect all parties involved.

Editor’s Role and Responsibilities
General Duties

The editor is responsible for everything published in the journal. In the context of this responsibility,
editors have the following duties and obligations:

. Endeavor to meet the needs of readers and authors;

. Maintain continuous development to improve the quality of the journal;

«  Consistently work to ensure quality;

*  Support freedom of thought;

. Ensure academic integrity;

. Prevent business needs from compromising intellectual and ethical standards;

*  Demonstrate clarity and transparency with any necessary corrections or explanations.

Reader Relationship

The editor is to make publication decisions based on expectations of suitable and desirable material.
Studies accepted for publication must be original contributions that benefit the reader, researcher, prac-
titioner, and the literature. In addition, editors are obliged to take into account feedback from readers,
researchers, and practitioners, and to provide an informative response. Readers will also be informed of
any funding provided to support published research.

Author Relationship

¢ The decision to accept an article is to be based on the importance, original value, validity, and
clarity of expression of the work, and the goals and objectives of the journal;

«  Studies accepted for evaluation and publication will not be withdrawn unless serious problems
are identified;

¢ The editor will not disregard positive reviewer comments unless there is a serious problem with
the study;

. New editors will not change publishing decisions made by previous editor(s) unless there is a
serious problem;

¢ Adescription of the submission and evaluation process is publicly available;

*  Authors are provided with descriptive and informative feedback.

Reviewer Relationship

Reviewers are to be selected according to the subject of the study;

Information and guidance for the evaluation phase is provided;

Any conflicts of interest between authors and reviewers will be disclosed and managed appropriately;
Reviewer identity is to be kept confidential to preserve a blind review process;

Reviewers are to evaluate the study using unbiased, scientific, and constructive comments. Unkind or
unscientific commentary will not be permitted;

Reviewers will be evaluated using criteria such as timely response and quality of observations;

The pool of reviewers is to be assessed and supplemented regularly to ensure a broad scope of ex-
pertise.

F INONU LIVER TRANSPLANTATION INSTITUTE

Editorial Board Relationship

The editor works with the members of the editorial board to ensure that they are familiar with journal

policies and developments in regular meetings and announcements, and will provide training for new

members and assistance to board members during their tenure in their role as a supporter of the journal.

*  Editorial board members must be qualified and able to contribute to the journal;

*  Members of the editorial board must evaluate studies impartially and independently;

+  Editorial board members with the appropriate expertise will be given the opportunity to evaluate
suitable articles;

*  The editor will maintain regular contact with the editorial board and hold regular meetings regard-
ing the development of editorial policies and other aspects of journal management.

Relations with the Owner of the Journal and the Publisher

The relationship between the editors and the publisher/journal owner is based on the principle of
editorial independence and stipulated by contract.

Editorial and Blind Review Processes

The editor will apply the publicly defined publication policies created and enforced to ensure a timely
and impartial evaluation process for all submissions.

Quality Assurance

The editor is responsible for confirming that the The Journal publishing policies and standards are
upheld for all articles.

Protection of Personal Data

The editor is obliged to ensure the protection of personal data related to subjects or images included in
published work. Explicit documented consent of the individuals referenced in the research is required
before the study will be accepted. The editors is also responsible for protecting the individual data of
authors, reviewers, and readers.

Ethics Committee, Human and Animal Rights

The editor is required to ensure that human and animal rights were protected in the studies submitted
for publication.

Measures Against Potential Misconduct

The editor must take action against any allegations of possible misconduct. In addition to conducting
a rigorous and objective investigation of complaints, the editor is expected to share the findings and
conclusions.

Maintaining Academic Publication Integrity

The editor is expected to ensure that any errors, inconsistencies, or misleading statements are cor-
rected quickly and appropriately acknowledged.

Protection of Intellectual Property Rights

The editor is obliged to protect intellectual property and to defend the rights of the journal and au-
thor(s). In addition, the editor is to take the necessary measures to prevent any violation of the intellec-
tual property rights of others in journal publications.

Creativity and Openness

¢ Constructive criticism is to be encouraged;
. Authors will be given the opportunity to reply to criticism;
«  Negative results will not be a reason for submission denial.

Complaints

Editors are to respond to all complaints in a timely and comprehensive manner.

Political and Commercial Concerns

Political or commercial factors will not affect editorial decisions.

Conflicts of Interest

The editor is required to ensure that any conflicts of interest between authors, reviewers, or other
editors are disclosed and managed appropriately to provide an independent and impartial process.

Reviewer’s Ethical Responsibilities

Peer review of research embodies the scientific method, subjecting the work to the rigorous scrutiny of

knowledgeable colleagues. The rigor of the review process directly affects the quality of the literature; it

provides confidence in an objective and independent evaluation of the published work. The Journal uses

a double-blind review process. All comments and the evaluation are transmitted through the journal

management system. Reviewers should:

*  Only agree to evaluate studies related to their specialty;

. Return reviews within the designated timeframe;

*  Evaluate with impartiality. Nationality, gender, religious beliefs, political beliefs, commercial con-
cerns, or other considerations must not influence the evaluation;

*  Refuse to review any work with a potential conflict of interest and inform the journal editor;

«  Maintain confidentiality of all information. Only the final published version may be used for any
purpose;

*  Use thoughtful and constructive language. Hostile or derogatory comments are not acceptable;

*  Report any potentially unethical behavior or content to kare@karepb.com via e-mail.
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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//wwwi.icmje.org/icmje-recommendations.pdf). Authors are required to prepare manuscripts
in accordance with the Consolidated Standards of Reporting Trials (CONSORT) guidelines for ran-
domized 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 ltems for Systematic Reviews and Meta-Analyses
(PRISMA\) guidelines, the Animal Research: Reporting of In Vivo Experiments (ARRIVE) guidelines for
experimental animal studies, and the Transparent Reporting of Evaluations with Non-randomised De-
signs (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.
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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
noted in the submission checklist and elsewhere in this document.

MANUSCRIPT TYPES

Orriginal 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 150 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, high-quality clinical or laboratory images will be considered for publication. If a photo of
an identifiable patient is used, a consent form for its use must be completed and signed by the patient
and enclosed with the submission. All printed information that might identify the patient or the authors'
institution (including, but not limited to the hospital or patient name, date, or place) should be removed
from images. The submission should have no more than 3 authors, the case description is limited to
a maximum of 200 words, the discussion section may contain no more than 200 words, and only 3
references and 3 figures are permitted.

Letter to the editor: This type of manuscript discusses important observations, overlooked aspects,
or details lacking in a previously published article. Noteworthy articles on subjects within the scope of
the journal, particularly educative cases, may also be submitted in the form of a “Letter to the editor”
No abstract, keywords, tables, figures, images, or other media should be included. The article that is the
subject of commentary must be properly cited within the manuscript. The text should be unstructured
and is limited to 500 words. No more than 5 references will be accepted.

Table |. Limitations for each manuscript type.

Type of manuscript Wordlimit ~ Abstract word limit  Referencelimit ~ Table limit ~ Figure limit
Orriginal Article 3500 350 (Structured) 40 6 6
Review Article 5000 350 50 6 10
Meta analysis 5000 350 50 6 10
Caser 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

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
abstract of maximum 250 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/MBrowser.html).

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
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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: 100x |00 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-Vervioet 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 JP, 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): I(1): (24 screens). Available from:
URL: http:/ www.cdc.gov/ncidod|EID/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.
Stuttgart-New York: Thieme; 2003.

Conference proceedings: Bengisson S. Sothemin BG. Enforcement of data protection, privacy and
security in medical informatics. In: Lun KC, Degoulet B, 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
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"Journal of Inonu Liver Transplantation Institute (J Inonu
Liver Transpl Inst)" will mainly include articles in the field of
liver transplantation (LT). Based on this idea, It was planned
to tell the story of LT in the period up to the pre-2000s,
mainly by quoting from the book “Puzzle People’, which
describes the life of Starzl, a major pioneer of LT, and docu-
ments the historical origins of LT and making use of articles
from that period." Starzl stated that this book was about
organ transplantation, or rather some people (scientists)
whose work led to advances in the field of transplantation.
In fact, the tendency to write his memoirs about the events
that shaped the transplantation, which he tried to express
in the book, was very weak, and recently the feeling of not
writing predominated. However, the fact that he had two
heart operations in the summer of 1990 motivated Starzl to
write this book. Starzl states at the beginning of the book:
“Now | think what I've been through might help someone
who fears that their best efforts are going nowhere”.

Readers who want documentation of some of the impor-
tant events in the development of LT can also read the ar-
ticles collected by Paul Terasaki, which reviews scientific

progress of early work in this field.” Starzl's contribution to
Terasaki's book has been to broadly describe the advances
in transplantation over the past 35 years in which Starzl
et al contributed so much. In fact, these were within the
formal history, but the events described in the book made
up the rest of the historical story in detail. These will be
remembered with either a small smile or frown by those
involved. It will even be remembered with tears by those
who were involved in these events.

At a meeting in Capri, an Italian journalist asked Starzl the
following question: Do you think a Puzzle People could be
made with a heart, liver and pancreas taken from other
people in the next 10 years? Starzl answered this question
as follows: “There are now many examples of puzzle men or
women who have received heart-kidney, pancreas-kidney,
heart-lung, and heart-liver. More complicated combina-
tions are possible in the near future” Starzl later thought
how inadequate his answer was, that every patient who
receives one or more of someone else's organs is a puzzle.
It wasn't just the acquisition of new parts, the rest of the
body also had to change in many ways for the gift to be ac-
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cepted. And this was just the beginning. It was unpredict-
able how much the physical and mental parts would be put
together in Puzzle people. Most patients died. Some have
achieved a better world. Others also encountered a grim
swamp, their vulnerabilities turned against them in ways
they could not even imagine.

Over the years, transplantation has been such a great mira-
cle that perhaps the least anticipated and potentially most
important miracle in the history of medicine was not so
easy to understand how it happened. Because we were led
to stories written by doctors where someone's life could be
summed up in a single sentence or a number in a table.
In 1958, when Starzl started working on transplantation,
this field was quite simple. There were no organ recipients
in Boston, except for a few who had kidneys transplanted
from identical twins as donors.® When John F Kennedy in-
augurated his presidency three years later in 1961, trans-
plantation was still a specialized field of study known to a
few dreamers in surgical research laboratories. There was
little that seemed realistic other than hopes that a suc-
cessful transplant of a kidney or other life-supporting or-
gan could be performed in humans. Until November 1963,
when Kennedy was killed, kidney transplants were starting
to be performed effectively, and the first cases were start-
ing to be done for liver livers.* A new field in medicine
was emerging. Many more years were needed to fulfill the
inflated expectations of the early days. During these years,
patients weren't just puzzle people who were remade. Sur-
geons and physicians in other specialties also changed,
though not quickly. Their own lives were not in danger, but
the lives of others were in their hands. Some were worn
down as they gained experience, devastated, and some
subjugated, but none remained the same. Many of the pro-
fessional figures in the early days of transplantation are still

Journal of Inonu Liver Transplantation Institute

in practical medicine. They are being pushed to the edge of
the stage right now. One way to get there is at a conference
where their past contributions and efforts are celebrated
by that person's friends and former adversaries. These have
happened frequently lately. These are like the city-by-city
tours of old baseball stars. Some are modest, some are not,
but they were all in the final season of the game. Meetings
were not designed for what they were exploring or doing.
The secrets were inside them. Starzl started writing this
book, thinking that it would be best to retell his own story.
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Abstract

Liver transplantation (LT) is rare in the context of liver trauma. There are no clear indications on which patients may benefit from
LT, and what are the factors that may reduce or increase the success rate of LT for a trauma patient. We performed a review of the
literature in order to better recognize indications and results in this setting.

A comprehensive review of the literature involving LT in the context of trauma using Pubmed and Google Scholar up to Dec 2022.
As this is an uncommon event, we included all publications including case reports.

A total of 19 case reports and one retrospective trial were included in the review. Most past cases were performed in two stages
including resection of the native liver with an anhepatic phase followed by liver transplant within a few days with availability of
the donor liver. However, one stage was also performed successfully in hemodynamically stable patients with the presence of a
donor organ. Bridge to transplantation by portocaval shunt and piggyback anastomosis to native vena cava demonstrated the
best results. LT under conditions of infection resulted in increased mortality but can be feasible if there is a possibility of achieving
source control of the infection. Auto-transplantation is an accepted option in cases of severe vascular trauma without extensive
damage to the liver tissue and bile ducts.

LT in a trauma patient is valid option with accepted success rates. When performed, it is usually in grade 4 or higher liver trauma in
an unstable patient, which has failed other treatment options or if there is irreversible damage to the liver tissue and bile ducts. A
decision should be based on a multidisciplinary team discussion in an experienced LT center which should consider the chances of
saving the patient with an acceptable quality of life in the face of wasting a costly liver graft.

Keywords: Autotransplantation, Hepatic trauma, Liver transplantation, Portocaval shunt
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he liver trauma considered from the most common

trauma and can reach up to 16 % from the total ab-
dominal trauma.™ The liver trauma can be divided by the
mechanism to blunt and penetrating liver trauma, and by
the severity according to the American Association for the
Surgery of Trauma (AAST 2018 version) to five degrees.?

With the advancement of modern medicine techniques
and the increase in therapeutic capabilities by means of in-
tensive radiology, for example, the closure of a specific ar-
tery or vein to stop bleeding, operations of damage control
strategies, perihepatic packing, and direct repair of vascu-
lar injuries, add to that an increase in understanding about
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the possibilities of giving blood components and giving
appropriate clotting factors have significantly reduced the
needs for major liver surgeries in order to stop bleeding, or
to repair the damage resulting from the injuries, at a time
when researches have shownthe efficacy of these treat-
ments may succeed in high rates and may reach 90%, also
the failure of this treatment may not increase the risk."

When the hepatic trauma was classified into grades 1-5 ac-
cording to the AAST, it was mostly observed that the non-
surgical treatment such as monitoring only or intervention-
al radiologytreatment may be more effective with a grade
of 1-3, and this of course refers to hemodynamically stable
patients, while in cases of Grades 4-5 and unstable cases
of patients may complicate matters further and the urgent
need to resort to surgeries for damage control strategies
such perihepatic packing, direct repair of vascular injuries,
hepatectomies, and even liver transplantation.”

Over the past three decades, some case reports and retro-
spective trials have been published about liver transplanta-
tion in trauma situations. Despite this, there are no clear and
explicit lines which patients may benefit from liver transplan-
tation, and what are the factors that may reduce or increase
the success rate of liver transplantation for a trauma patient.
By looking at the history of liver transplantation in trauma
cases, our aim to mark important points that may help, and
to consider future research for a better explanation.

The Beginning of Liver Transplantation in Trauma
Setting

For the first time in 1984, liver transplantation was done in
patients who had suffered from liver trauma. It was pub-
lished by Carlos O. et.al in the case report in which he talked
about two cases of blunt trauma, the first transplant for a
patient at the age of 24 years, the transplant took place af-
ter nearly two months due to liver failure and injury to the
unrepairable bile ducts. The patient was discharged from
the hospital after three weeks without significant compli-
cations. The second case, it occurred at the age of 17, and
after three days from the injury only due to liver failure and
damage to the bile ducts. He died after two weeks due to
the CMV infection.” In all these cases in the 1980s, no long-
term follow-up was mentioned.

The role of Two Stages Liver Transplantation,
Anhepatic Phase and the Portocaval Shunt in
Hepatic Trauma

In 1987 was mentioned first timethe possibility of two
stages liver transplantation with anhepatic phase with the
help of femoro-axial venous bypass. Severe lactate acido-
sis can be developed due to acute liver ischemia or due to
reperfusion syndrome to prevent such cases, bicarbonate
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hemodialysis or continuoushemofiltration arteriovenous
withreplacement fluids sodium bicarbonate-buffered was
used prophylactically.

The possibility of liver transplantation with two stages
hepatectomy and anhepatic phase which included bridge
to transplantation by portocaval shunt also was described.
The amounts of adrenalin and noradrenalin may increase
in the anhepatic phase. It may decrease post-transplanta-
tion. By the substitution plasmatic coagulation was stabi-
lized, showing higher values at 24 hours after transplanta-
tion than at 48 hours before transplantation. Under correct
management the hepatic phase can be expended till 40
hours in some cases.’®"?

Can Arterial Embolization or Surgical Packing in
Liver Trauma setting lead to Liver Transplantation?

Since the nineteenth century, we are talking about liver
transplantation in trauma in cases of failure of all attempts,
such as observation, invasive radiology, and packing. It has
been mentioned about the efficacy of these treatments,
which may protect the patient from the need for liver trans-
plantation, excessive bleeding, infection, post reperfusion
syndrome, etc.

On the other hand,late complication as hepatic artery to
portal veins fistulas which may lead to cholangiopathy due
toischemia, also in acute setting complication may develop
a post-reperfusion syndrome, was mentioned as a result of
perihepatic packingremoval. In some cases, the estimation
of patient’s situation, which can reach the maximum sever-
ity and may not be able to live for more than a few hours.
Therefore, the liver should be removed and to perform a
portocaval shunt. Also was mentioned a complete occlu-
sion of hepatic artery proper,which resulted in irreversible
liver ischemia, which also led to a relapse of the liver, but
also to the bile ducts, which eventually led to the necessity
of liver transplantation.l’ 149

Is the Infection in Liver Trauma setting is
Contraindication for Liver Transplantation?

The subject of infection in the pre-transplantation stage of
the liver has always been considered as a relative contrain-
dication. But if we talk about trauma cases, the possibility
of an infection inside the abdomen due to intestinal rup-
ture injuries or through penetrating injuries is very likely,
so the exciting question may arise, are we exaggerating the
liver The donor or the patient's traumatic life. Therefore, if
we go back to some cases that have mentioned this sub-
ject directly or indirectly, liver transplantation is possible in
the presence of infection, if we can control the infection or
eradicate its basis with good and appropriate coverage of
antibiotics.>>8 1718
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Liver Autotransplantation

In 2006, was mentioned for the first time in liver trauma
about the attempt of extracorporeal repair and liver auto-
transplantation after total avulsion of hepatic veins and
retro-hepatic Inferior vena cava injury. Liver transplanta-
tion in trauma is more susceptible to infection, especially
after lowering immunity by immunosuppressing drugs,
the chance of exposure to infection may increase, and since
trauma is more of blood vessels without significant dam-
age to the liver or bile ducts, the idea of removing the liver
was mentioned while the patient is strapped on an extra-
corporeal bypass device between the left femoral vein and
the left axillary vein using a centrifugal pump, the liver was
transferred to the ex vivo team who washed the liver with
3 liters of the University of Wisconsin solution. Two liters
through the porta and a liter through the main artery and
liver transplantation again. It is true that the patient did not
survive and died due to severe respiratory distress, but the
liver from the data that was mentioned such as clotting
factors, protein, liver enzymes and bilirubin was not liver
failure, but rather the opposite. It was working and a signifi-
cant improvement in its functions."”

What is the Best Technique to Perform the Liver
Transplantation in Trauma setting?

In the largest retrospective study so far, from the Europe-
an Liver Transplant Registry raised a very important point
about the different ways in which the liver can be implant-
ed such as piggyback, conventional with or withoutveno-
venous bypass technique.

Statistically have been showed significant advantage in
patients implanted with piggyback or conventionalwith
veno-venous bypass in terms of patient and graft survival
after surgery, and this despite the fact that in the normal
transplants performed in the conventional way and a de-
crease in preload and afterload by almost 30% that the
patient can still survive, still in a trauma patients this may
lead to morbidity and mortality incidences increases with-
out VVB, but it is still a point for deeper investigation and
looking at the age of the patient, the age of the donor and
comorbidities can be a point for prospective research.”!

Discussion

There are around 30 case reports and series most of which
spoke about theliver transplantation in trauma setting as a
last option of treatment, and this is after all solutions have
been tried or it will not be possible to offer them. It should
be remembered that liver transplantation under condi-
tions of infection showed a higher mortality according to
the retrospective study, but we have witnessed several

case reports that showed liver transplantation can be of-

fered if there is an ability to resect the source of the infec-
tion_[3,5, 8,16-18]

The auto-transplantation option can be possible there's a
trauma of the blood vessels only without extensive dam-
age to the liver tissue and bile ducts.!'!

Most of the liver transplants in trauma setting was per-
formed in the past are in two stages but there is still an
option for one stage, and it depends on some factors like
hemodynamic stability and the presence of a graft or a do-
nor‘[671 3,20]

Liver transplantation techniques such as piggyback and
conventional with veno-venous bypass showing the safest
techniques in trauma setting.®!

Conclusion

To summarize our words, liver transplantation in the con-
text of trauma is supposed to be another option in the sur-
geon's pocket butconsidering the number of these cases
and the high mortality, it is highly recommended to have a
multidisciplinary committee for discussion and to consider
a liver graft wasting in front of patient's life saving and the
quality of life.
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Abstract

Objectives: The goal of the current study is to examine the diagnostic usefulness of lysosomal acid lipase (LAL) activity in cirrhotic
patients according to healthy control groups utilizing assessment methods including machine learning methods.

Methods: An open-access dataset was used in the current study and included 63 patients with cryptogenic cirrhosis (cryptogenic
group), 88 patients with cirrhosis of known underlying causes (non-cryptogenic group), and 97 healthy individuals (control group).
Mann Whitney U test was utilized for comparisons between cirrhosis groups and control group and for comparisons between cirrhosis
groups. The Stochastic Gradient Boosting (SGB) method was utilized to model the patients with cirrhosis and the control group.
Results: LAL activity was observed to be reduced in cirrhotic patients (cryptogenic and known etiology cirrhosis) when compared
to control groups. The machine learning modelling algorithm showed that the cirrhotic group and the control group were distin-
guished from each other with an accuracy of 93.2%. The platelets, LAL activity, ALT, AST, and white blood cells were obtained as the
most important variables according to variable importance values.

Conclusion: LAL activity value can be evaluated diagnostic marker in cirrhotic patients. However, it is not a discriminative marker
that differentiates different etiologies (cryptogenic and cirrhosis of known etiology).
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irrhosis is a common disease with high death and mor-

bidity rate around the world.™ Cirrhosis is caused by
chronic liver inflammation, which proceeds to diffuse he-
patic fibrosis. End-stage liver failure occurs when the nor-
mal hepatic structure is replaced by regenerating hepatic
nodules.” Chronic liver inflammation does not usually re-
sult in cirrhosis; but, if it does, the time it takes to develop
cirrhosis can range from weeks in individuals with severe
biliary blockage to decades in persons with chronic etiolo-
gies such as viral hepatitis. Cirrhosis can have an asymp-
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tomatic (initial) phase followed by a symptomatic phase
that might last months to years.

In the absence of a liver transplant, this symptomatic phase,
known as decompensated cirrhosis, is associated with re-
peated hospitalizations, a decrease in patients' quality of
life, and even mortality.?> # Cirrhosis was responsible for
2.4% of global deaths in 2019."! Cirrhosis is mostly caused
by HCV infection, alcoholic liver disease, HBV infection, and
non-alcoholic fatty liver disease (NAFLD).®! In other words,
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etiologies can be classified into viral (HBV, HCV, HDV), alco-
hol-related (alcoholic liver disease), autoimmune (primary
biliary cholangitis, autoimmune hepatitis, primary scleros-
ing cholangitis), biliary (biliary strictures, biliary atresia),
vascular (veno-occlusive disease, Budd-Chiari syndrome
etc.), metabolic and genetic (NAFLD, type IV glycogen stor-
age disease, al-antitrypsin deficiency, Wilson's disease,
cystic fibrosis, lysosomal acid lipase deficiency, hemochro-
matosis, progressive familial intrahepatic cholestasis, tyro-
sinemia type 1), chronic drug-induced and unknown (cryp-
togenic) causes.”!

Cryptogenic cirrhosis is a case of hepatic cirrhosis in which
the exact etiology cannot be determined despite detailed
clinical, laboratory, and histological evaluations. In fact, a
diagnosis of exclusion is made to perform the diagnosis of
cryptogenic cirrhosis and the diagnosis is made when the
etiologies causing cirrhosis are ruled out. The incidence of
cryptogenic cirrhosis decreases considerably by the de-
velopment of new diagnostic tools and defining the fac-
tors causing cirrhosis.®® Although it has been said that the
prevalence of cryptogenic cirrhosis is 5%-30% in previous
studies, there are no definite results since most of these
results were obtained from studies conducted in single
centers.” '@ When transplant databases are examined, it
is reported that the prevalence of cryptogenic cirrhosis is
around 10%."" 1

The cause and severity of liver disease have changed dra-
matically during the last decade.l> ¥ The epidemiology
and severity of cirrhosis are changing due to the increas-
ing prevalence of obesity and alcohol consumption and
due to advances in the management of HBV and HCV virus
infections.> ' For this reason, new markers and diagnostic
criteria are needed to determine cirrhotic patients and also
to discriminate among the different etiologies and stages
of cirrhosis.

An enzyme called lysosomal acid lipase (LAL) controls the
intra-lysosomal hydrolysis of triglycerides and cholesterol
esters to create free cholesterol and fatty acids. A mutation
in the LIPA gene results in the uncommon autosomal reces-
sive genetic condition known as LAL deficiency, which is
characterized by triglyceride and cholesterol ester buildup
in a number of organs. In hepatocytes and macrophages
(Kupffer cells), LAL deficiency causes a buildup of TG and
cholesterol esters, which encourages chronic inflammation
and fibrosis. Given the high incidence of severe liver fibrosis
in the LAL deficient condition and the rapid development
of cirrhosis, it is likely that the accumulation of lysosomal
triglycerides and cholesterol ester is one of the main causes
of liver fibrosis.'>'® According to a recent study, mice with
hepatocyte-specific LAL deletion had increased transami-
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nases as well as elevated levels of hepatic cytokines and
chemokines, which led to Kupffer cell activation and liver
damage.l"”

In the present study, it is aimed to evaluate LAL activity in
patients with cirrhosis. Also, our secondary aim was aimed
to compare LAL activity with cirrhosis patients of known
etiology to check whether LAL activity can aid determine
patients with cryptogenic cirrhosis by using machine learn-
ing methods.

Methods

Dataset and Patient Characteristics

An open-access data set was utilized in the study. In the
data set used, the patients consist of three groups. There
were 63 patients diagnosed with cryptogenic cirrhosis in
the first group (cryptogenic group), 88 patients with cir-
rhosis of known etiology in the second group (non- crypto-
genic group), and 97 healthy individuals without clinically
important liver disease in the third group (control group).
The patient groups in the study were matched in terms of
gender and age.l'®

Modelling Phase

Stochastic Gradient Boosting (SGB), a tree-based technique
from machine learning methods, was utilized in the model-
ing phase to model the control group and patients with cir-
rhosis and to explore the effect of LAL. Friedman invented
stochastic gradient boosting by integrating randomization
into the gradient boosting approach. A random subsample
is chosen at each refresh in SGB using a permutation sam-
pling approach. This subsample, rather than all learners, is
used to generate the model update, lowering the correla-
tion between trees.'™ This method, like other ensemble
learning methods, does not produce massive trees; instead,
each tree (approximately 100-200 trees) generated during
the process is summed up, and each observation is clas-
sified based on the most common categorization across
trees. These distinctions distinguish the SGB approach
from other augmentation techniques and reduce its unbal-
anced data sets and sensitivity to outliers. This approach,
which has a very high predictive power compared to other
algorithms, is 5 times faster than other methods and in-
corporates a series of regularizations that can improve the
overall performance of the model while decreasing overfit-
ting and overlearning.!' 2@ The data are separated as 80%
training 20% test data. To confirm model validity, the n-fold
cross-validation method, one of the resampling methods,
was used in this work. In this method;

The dataset is first separated into n pieces, after which the
model is applied to those pieces. In the second step, one of
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the n parts is used for testing, while the remaining n-1 parts
are used for training. In the last stage, the cross-validation
approach is evaluated using the average of the values col-
lected from the models. Accuracy (Acc), balanced accuracy
(bacc), sensitivity (se), specificity (sp), positive predictive
value (ppv), negative predictive value (npv), and F1-score
measures were utilized to assess the modeling perfor-
mance. The graphical summary showing the method, anal-
ysis and modeling process applied in the study is shown in
Figure 1.

Biostatistical Analysis

In the study, data were summarized as median (95 per-
cent confidence intervals), and number (percentage). The
Kolmogorov-Smirnov test was used to determine whether
or not the data was normal. The Mann-Whitney U test was

§

¥ ¥

Cryptogenic Non-cryptogenic

Compare [ Compare ] [ Compare ]

Cirrhosis

Modeling

— Platelets
—t>] LAL Activity

Variable Importance
| ALT

—| AST

e

Figure 1. Method, analysis and modeling process.

utilized for statistical analysis of non-normally distributed
data. p<0.05 was regarded statistically significant. Analyzes
were performed with IBM SPSS Statistics 25. Since the open
access data set was used in this study, ethical approval was
not required.

Results

The mean age of all patients and healthy individuals uti-
lized in the study was 66.24+£9.51. When the mean age of
the groups is examined, the mean age of the cryptogenic
patients was 68+10, the mean age of the cirrhosis patients
with known etiology was 65+10 years, and the mean age of
the control group was 66+8 years.

Comparison of Control and Cryptogenic Cirrhosis
Patients

When the total cholesterol, triglycerides, LDL cholesterol,
AST, ALT, HDL cholesterol, platelets, white blood cells, and
LAL activity variables were examined for the control and
cryptogenic groups, a significant difference was found be-
tween the two groups in all variables except triglycerides.
Table 1 shows the findings of the analysis.

Comparison of Control and Cirrhosis of Known
Etiology

When the total cholesterol, triglycerides, LDL cholesterol,
AST, ALT, HDL cholesterol, platelets, white blood cells, and
LAL activity variables were examined for the control and
non-cryptogenic groups, significant differences were ob-
tained between the 2 groups in all variables. Table 2 shows
the findings of the analysis.

Comparison of Cryptogenic Cirrhosis and Cirrhosis
of Known Etiology

When the total cholesterol, LDL cholesterol, HDL choles-
terol, triglycerides, AST, ALT, platelets, white blood cells,
LAL activity and spleen volume variables were examined

Table 1. Comparison of control and cryptogenic cirrhosis groups in terms of variables

Variables [Median (95 % Cl)]

Total Cholesterol (mg/dL)
LDL Cholesterol (mg/dL)
HDL Cholesterol (mg/dL)
Triglycerides (mg/dL)

AST (IU/L)

ALT (IU/L)

Platelets (cells/mm?3)

WBC (cells/mm?3)

LAL activity (nmol/Spot/H)

Control group Cryptogenic group p*

200 (194-213) 145 (128-152) <0.001
123 (113-128) 72 (66-83) <0.001
50 (47-53) 36 (35-40) <0.001
116.5 (108-125) 131 (115-159) 0.053
17 (16-20) 39 (33-42) <0.001
24.5 (23-27) 38 (34-45) <0.001
225 (215-244) 105 (96-125) <0.001
6.02 (5.8-6.54) 4.89 (4.36-5.35) <0.001

0.96 (0.89-1.08) 0.62 (0.52-0.76) <0.001

*:Mann Whitney U test.
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Table 2. Comparison of control and non- cryptogenic cirrhosis groups in terms of variables

Variables [Median (95 % Cl)] Control group Non-cryptogenic group p*
Total Cholesterol (mg/dL) 200 (194-213) 148 (135-166) <0.001
LDL Cholesterol (mg/dL) 123 (113-128) 85(73-92) <0.001
HDL Cholesterol (mg/dL) 50 (47-53) 45 (39-49) 0.012
Triglycerides (mg/dL) 116.5 (108-125) 94 (85-102) 0.012
AST (IU/L) 17 (16-20) 31 (27-46) <0.001
ALT (IU/L) 24.5 (23-27) 29 (26-34) 0.036
Platelets (cells/mm?) 225 (215-244) 114 (92-125) <0.001
WBC (cells/mm?3) 6.02 (5.8-6.54) 5.34 (4.77-6.03) 0.002
LAL activity (nmol/Spot/H) 0.96 (0.89-1.08) 0.54 (0.48-0.67) 0.001

*:Mann Whitney U test.

for the cryptogenic and non-cryptogenic groups, only to-
tal cholesterol, HDL and triglyceride variables were statisti-
cally different. Table 3 shows the findings of the analysis.

Modelling Results

The results of the performance measurements obtained
from the modeling using cirrhotic patients and control in-
dividuals in the test and training set are provided in Table
4. The graph of the significance of the variables obtained
from the modeling is given in Figure 2. When the signifi-
cance of the obtained variables is examined, it is seen that
the most important variables that explain the dependent
variable (control/cirrhosis) are platelet, LAL activity, ALT,
AST, and white blood cells, respectively.

Discussion

Chronic liver disease (CLD) and cirrhosis cause a high bur-
den of disability and increased healthcare costs, in addi-
tion to 2 million deaths worldwide each year. An accurate
estimation of the burden of cirrhosis is vital for setting
research and policy priorities. For this reason, worldwide

studies have gained importance to provide early diagnosis
and treatment of cirrhosis.”" There is a need for new mark-
ers that can detect cirrhosis at early stages. Therefore, the
current study focused on the changes in the LAL activity
in patients with cirrhosis. Within the scope of the study, in
addition to the LAL activity variable, total cholesterol, AST,
ALT, LDL cholesterol, HDL cholesterol, platelets, triglyc-
erides, and white blood cells variables were examined in
cryptogenic cirrhosis, cirrhosis with a known etiology and
control groups, and their changes between groups were
determined. In addition, to determine the importance of
the LAL activity in the cirrhosis and control groups, model-
ing was performed using the SGB method which is one of
the machine learning technique.

When the results were examined, significant statistical differ-
ences were obtained in all the variables examined (except
for the triglycerides variable) in the analyses performed in
healthy control and cryptogenic cirrhosis patients. Variables
that differ were total cholesterol, platelets, LDL cholesterol,
AST, HDL cholesterol, ALT, white blood cells, and LAL activity.

Table 3. Comparison of cryptogenic and non- cryptogenic cirrhosis groups in terms of variables

Variables [Median (95 % Cl)] Cryptogenic group Non-cryptogenic group p*
Total Cholesterol (mg/dL) 145 (128-152) 147.5 (135-166) 0.139
LDL Cholesterol (mg/dL) 72 (6-83) 85(73-92) 0.037
HDL Cholesterol (mg/dL) 36 (35-40) 45 (39-49) 0.023**
Triglycerides (mg/dL) 132.5(115-159) 94 (85-102) <0.001
AST (IU/L) 39 (33-42) 31 (27-46) 0.681
ALT (IU/L) 37.5(32-44) 29 (26-34) 0.059
Platelets (cells/mm?) 105 (96-130) 114 (92-125) 0.986
WBC (cells/mm?) 4.93 (4.36-5.4) 5.34 (4.77-6.03) 0.095
LAL activity (nmol/Spot/H) 0.62 (0.52-0.76) 0.54 (0.48-0.67) 0.450
Spleen volume (cm?) 70 (59-80) 59 (51-67) 0.151

*:Mann Whitney U test.
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Table 4. Performance metrics values obtained after modeling

Performance Metrics Training Stage Testing Stage

Value (%) Value (%)
Accuracy 98.9 93.2
Balanced Accuracy 98.7 934
Sensitivity 97.3 94.4
Specificity 100 923
Positive predictive value (PPV) 100 89.5
Negative predictive value (NPV) 98.2 2
F1-score 98.6 91.9
Sex :
Age
Total cholesterol sl
Triglycerides sl
LDL cholesterol 7_
HDL cholesterol sl
White blood cells 72
Ast  —
Alt __
LAL activity | —
Platelets - ; ’ ‘
0 20 40 60 80 100
Variable Importance Value

Figure 2. Variable importance plot.

The decrease of 0.34 units in LAL activity in the cryptogenic
cirrhosis group is statistically significant compared to the
control group. The LAL activity value is lower in cryptogenic
cirrhosis patients than in the control group. In the analysis
performed in control and cirrhosis with known etiology, sig-
nificant statistical differences were obtained in all variables
including total cholesterol, AST, LDL cholesterol, triglycer-
ides, HDL cholesterol, ALT, platelets, white blood cells, LAL
activity. The decrease of 0.42 units in LAL activity in cirrho-
sis with known etiology is statistically significant compared
to the control group. The results of our study show that the
LAL activity value is at a lower level in cirrhosis patients with
known etiology compared to the control group. If the results
obtained for the cryptogenic and known etiology cirrhosis
group are compared , it was observed that significant differ-
ences are obtained in total cholesterol, HDL, and triglycer-
ides variables. It was observed that the LAL activity did not
differ significantly between both groups (cryptogenic and
non- cryptogenic groups) with cirrhosis.

The LAL activity decreased in both cirrhosis patient groups
(cryptogenic and non- cryptogenic) compared to the con-
trol group, while there is no differential effect between the
cryptogenic and non- cryptogenic cirrhosis groups.

When the modeling results were conducted to determine
the importance of LAL activity in the control and cirrhosis

patient groups; accuracy (ACC), balanced accuracy (BACC),
Sensitivity (SE), Specificity (SP), positive predictive value
(PPV) and negative predictive value (NPV), and F1 score
were 93.2%, 93.4%,94.4%, 92.3%, 89.5%, 96%, and 91.9%,
respectively. According to the performance metric values
obtained from here, we can assume that the control and
cirrhosis patient group can be classified with high accuracy
by modeling with the independent variables (total choles-
terol, triglycerides, LDL cholesterol, platelets, AST, HDL cho-
lesterol, ALT, white blood cells, and LAL activity). When the
variable importance values produced from the modeling
are reviewed, platelets are found to be the most important
variable related to cirrhosis. In the second row, in accordance
with the purpose of the study, we see that the LAL activity
variable is among the most influential variables on the de-
pendent group. The LAL activity variable is followed by ALT,
AST, white blood cells, HDL cholesterol, LDL cholesterol, tri-
glycerides, and total cholesterol variables, respectively.

Based on the results obtained in the cirrhosis patient group
compared to the control group, when the studies conduct-
ed with the platelet variable with the highest variable im-
portance value were examined, it was determined that the
platelet value was lower in patients with cirrhosis compared
to the control group.?>2 Similarly, in the current study, the
platelet value was found to be lower in both cryptogenic
and cirrhosis groups with known etiology compared to the
control. However, no difference in platelet value was ob-
served between cryptogenic and known etiology patients
with cirrhosis. The decrease in LAL activity in the cirrhosis
group compared to the control is striking. However, there
is no significant difference in LAL activity between cryp-
togenic and cirrhosis groups with known etiology. It was
reported that the LAL activity was low in the cryptogenic
patients.?® Another study showed reduced LAL activity in
patients with cirrhosis.'® In the current study, it was deter-
mined that LAL activity that is an important variable in cir-
rhosis and it was validated by machine learning methods
in addition to basic statistical tests. Other predictive vari-
ables include AST and ALT, and the values of these markers
increase in liver disease.

In conclusion, the LAL activity can be considered as a valu-
able parameter that can be examined in cirrhosis patients.
Currently large sample size studies are required to evaluate
the value of LAL activity to discriminate among the differ-
ent etiologies of cirrhosis.
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Abstract

Objectives: Combined hepatocellular-cholangiocarcinoma (cHCC-CC) is a rare tumor that accounts for 2-3% of primary liver can-
cers. cHCC-CC mostly have a poor prognosis. There are publications reporting highly contradictory results regarding long-term
survival after resection. The aim of this study is to examine the post-resection results of patients with cHCC-CC.

Methods: The data of 7 patients with histopathologically proven cHCC-CC collected prospectively at Inonu University Liver Trans-
plantation Institute, between 2013-2023, were retrospectively analyzed. The preoperative variables examined were age, gender,
underlying liver disease, alpha-fetoprotein (AFP) and carbonhydrate antigen (CA 19-9) levels. No patient was diagnosed with cHCC-
CCin the preoperative tru-cut biopsies.

Results: Patients were predominantly male (M/F: 6/1) and median age 57 years. All patients had chronic hepatitis or cirrhosis. AFP
levels were above 10 ng/dL in 5 cases (7-813 ng/dL) and CA 19-9 levels were normal in all cases. Perihilar lymph nodes resected
during hepatectomy were involved with tumor in three patients. The maximum tumor diameter was 11 cm and the mean tumor
diameter was 4.5 cm. Bisegmental resection was performed in four patients with cHCC-CC. Major hepatectomy was performed in
two cases. Histopathologically, surgical margins were not tumor-free in two patients. The seventh case first underwent segment
II-1ll resection for hepatocellular carcinoma (HCC), but left hemihepatectomy was performed 1.5 months later due to the pres-
ence of histopathological tumor in the surgical margins. Histopathological diagnosis confirmed HCC. After 27 months, the patient
underwent salvage transplantation due to tumor recurrence within Milan criteria. Histopathological diagnosis was cHCC-CC. The
patient who underwent right hemihepatectomy died on the 3rd postoperative day due to reasons other than hepatic failure (car-
diac instability). One-year survival of the remaining 6 cases was 71.4%, 3-year survival was 14.3%, and 5-year survival was 14.3%.
Conclusion: cHCC-CC is an aggressive primary liver tumor associated with poor long-term oncological outcomes. Surgical resec-
tion is the only curative or palliative treatment option to improve the poor prognosis. In this study, we discussed the diagnosis,
treatment and survival of 7 patients with advanced stage cHCC-CC. Studies that require a multidisciplinary approach for the treat-
ment of these tumors are necessary to improve the survival of the patients.

Keywords: Combined hepatocellular cholangiocarcinoma, hepatocellular carcinoma, intrahepatic cholangiocarcinoma
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ombined hepatocellular-cholangiocarcinoma (cHCC-

CQ) is a rare tumor that accounts for 2-3% of primary
liver cancers. This tumor is characterized by histological
heterogeneity of both hepatocellular carcinoma (HCC) and
intrahepatic cholangiocarcinoma (iCC) elements. Preop-
erative demographic, clinical, and radiological features are
not pathognomonic and may indicate either of the two tu-
mors. Biopsy results are often inconsistent with post-resec-
tion pathological results. There are publications reporting
highly contradictory results regarding long-term survival
after resection.?* The aim of this study is to examine the
post-resection results of patients with cHCC-CC.

Methods

In this study, the data of 7 patients with cHCC-CC collected
prospectively at Inonu University Liver Transplantation In-
stitute, between 2013-2023, were retrospectively analyzed.
The preoperative variables examined were age, gender,
underlying liver disease, alpha-fetoprotein (AFP) and car-
bonhydrate antigen (CA 19-9) levels. Histopathological
examination of the postoperative resection materials were
reviewed in detail. All patients assessed with dynamic en-
hanced computed tomography (CT) and five patients re-
vealed with upper abdominal magnetic resonance imaging
(MRI) with hepatospecific contrast medium preoperatively.
No patient was diagnosed with cHCC-CC in the preopera-
tive tru-cut biopsies. In all 7 patients who underwent surgi-
cal resection, serum bilirubin was below 2 mg/dL, platelet
levels were above 150.000 /mm?3, and nobody had spleno-
megaly, ascites, or esophageal varices. The patients were
followed up postoperatively with imaging tools (CT and
MRI) and serial tumor marker examinations.

Biostatistical Analysis

Quantitative variables were summarized as median (95 %
Confidence Intervals), and qualitative variables were given
as number (percentage). The Kaplan-Meier estimate was
used to calculate overall survival. Analyzes were performed
using IBM SPSS Statistics 25.

Results

There were 7 patients with cHCC-CC who were diagnosed
histopathologically following resection. Patients were pre-
dominantly male (M/F: 6/1) and median age 57 years (95%
Cl=38-77 years). All patients had chronic hepatitis or cir-
rhosis. Four patients were positive for hepatitis B virus and
two were positive for hepatitis B plus D viruses. Despite
another patient being negative for viral serology, she had
histopathological findings of chronic hepatitis. AFP levels
were above 10 ng/dL in 5 cases (7-813 ng/dL) and CA 19-9
levels were normal in all cases. Perihilar lymph nodes re-
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sected during hepatectomy were involved with tumor in
three patients. Tumors had a single nodule in four patients
and multiple nodules in three patients. The maximum tu-
mor diameter was 11 cm and the mean tumor diameter
was 4.5 cm (3.2-11 cm).

The tumors were not significantly different from ‘conven-
tional’ HCCs on macroscopic examination. Most of the cas-
es were unifocal, three of them were multifocal. On postop-
erative histopathological examination, the tumors showed
a combination of the two components, either close to each
other or deeply intermingled. The cholangiocarcinoma-
tous component revealed an adenocarcinoma morphol-
ogy with variable desmoplastic reaction. The hepatocel-
lular carcinoma component demonstrated hepatocytic
differentiation with the appropriate immunohistochemical
features. Confirmation of a hepatocellular carcinoma com-
ponent was shown by immunohistochemical cytoplasmic
staining with HepPar-1, Arginasel, canalicular staining
with polyclonal CEA or CD10 and sinusoidal capillarization
pattern by CD34. The cholangiocarcinomatous component
was stained positive for CK7 and CK19 immunohistochemi-
cally. In most of the cases, hepatocellular carcinoma was
poorly differentiated and cholangiocarcinoma component
was poorly or moderately differentiated in all cases.

The imaging features that favor ICC over HCC were pres-
ent for most of the lesion at CT and MRI. The prominent
features of the cases were the early rim enhancement and
delayed central enhancement in the portal venous and
delayed phase of contrast injection. The less common im-
aging features that favor the diagnosis of ICC were liver
surface retraction, hypointensity on T2W images and tar-
get appearance of DWI. One lesion had imaging findings
of HCC including arterial non-rim enhancement and portal
venous washout. The only one lesion with the largest diam-
eter that occupying right lobe of the liver had findings of
right portal venous invasion.

Bisegmental resection was performed in 4 patients with
cHCC-CC, which consisted of segments VI-VII in two cases,
segments VI and VIII in one case, and segment II- lll in one
case. Major hepatectomy was performed in two cases con-
sisting of right hemihepatectomy and central hepatecto-
my. In the patient who underwent right hemihepatectomy,
there was tumor thrombus in the right portal vein branch
extending to the left portal vein confluence (vP3). Histo-
pathologically, surgical margins were not tumor-free in two
patients who underwent bisegmental resection localized
to the right lobe and in the patient who underwent cen-
tral hepatectomy. In the seventh case, there was a differ-
ent scenario. The 24-year-old male patient first underwent
segment lI- lll resection for HCC, but left hemihepatectomy
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was performed 1.5 months later due to the presence of his-
topathological tumor in the surgical margins. Histopatho-
logical diagnosis confirmed HCC. After 27 months, the
patient underwent salvage transplantation due to tumor
recurrence within Milan criteria. Histopathological diagno-
sis was cHCC-CC. This patient is alive for 10 years after the
transplant. The patient who underwent right hemihepa-
tectomy died on the 3rd postoperative day due to reasons
other than hepatic failure (cardiac instability). The median
follow up time of the remaining 6 cases was 380 days (95%
Cl: 112-3422). One-year survival was 71.4%, 3-year survival
was 14.3%, and 5-year survival was 14.3% (Fig. 1). Six cases
are currently not alive. The cause of death in all cases was
tumor recurrence. The patients with tumor recurrence were
treated with systemic chemotherapy.

Discussion

Although radical surgical interventions are the most em-
phasized treatments for patients with ¢cHCC-CC, 5-year
survival rates are about 30% due to the aggressiveness of
the tumor. Major or segmental hepatic resections together
with lymphadenectomy is the recommended treatment.®
8 Age, male gender, elevated GGT, macrovascular invasion
and hilar lymph node metastases are associated with poor
prognosis after resection.” No effect of adjuvant treat-
ments on recurrence or survival has been demonstrated.
9 The inability to draw a conclusion from the publications
containing a small number of patients is a disadvantageous
issue regarding the treatment of this tumor. In our study,
seven cases were also reviewed. Despite surgical interven-
tions that we consider radical, our survival rate was 71.4%
at 1 year, but it was only 14.3% at 5 years, even with salvage
liver transplantation. This result is a summary of how ag-
gressive this tumor is.

Survival Function
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Figure 1. Survival curve of 7 patients with cHCC-CC treated with re-
section.

Radiologically findings suggestive of malignancy but atypi-
cal for HCC or CC should suggest cHCC-CC. In resectable
tumors, the diagnosis of this tumor can be established by
detailed histopathologic examination of the explant, but
failure to diagnose it in unresectable cases cHCC-CC may
be suggested by unresponsiveness to locoregional and sys-
temic chemotherapy.'” No radiological or histopathological
preoperative diagnosis of cHCC-CC could be made in any of
our cases, and even in the case that underwent to salvage LT,
the histopathologic diagnosis was HCC even in the previous
two hepatic resections. This raises the question of whether
cHCC-CC diagnosed after LT develops as a separate tumor or
after differentiation of the primary tumor.

Metastatic lymph nodes in the porta hepatis are predictors
of long survival. The contribution of lymphadenectomy to
survival in these cases is controversial.'? Could it be a use-
ful multidisciplinary treatment modality to consider surgi-
cal intervention after possible downstaging with systemic
or local chemotherapy in these cases? Answering this ques-
tion may contribute to survival in patients with cHCC-CC.
Perineural invasion in liver tumors is a factor that adversely
affects overall survival.'® However, there is insufficient data
on whether this is a prognostic factor in cHCC-CC. Meta-
static porta hepatis lymph nodes in 3, lymphovascular in-
vasion in 4, and perineural invasion in 2 of our cases were
present. More importantly, all cases had signs of cirrhosis or
chronic hepatitis, and all tumors were histopathologically
undifferentiated. It is likely that these parameters, which
negatively affect survival, explain the low survival rate in
our cases.

It has been shown that anatomical resections in liver can-
cers are associated with better survival than non-anatom-
ical resections.'"™ However, cirrhosis or chronic hepatitis
findings in our cases seem to lead us to parenchyma-pre-
serving anatomic resections. Despite this strategy, we per-
formed major hepatectomy in 2 cases with tumors larger
than 10 cm. We believe that survival of more than 1 year de-
spite positive surgical margins in the case who underwent
central hepatectomy is an acceptable palliation in such an
advanced stage tumor.

Extrahepatic portal vein invasion is rare in patients with
cHCC-CC, but hepatic vein invasion is more common. One
of our cases had portal vein invasion at vP3 level and we
performed a right hemihepatectomy. It is known that these
cases probably released tumor cells into the systemic circu-
lation and their survival was not good.'™ The role of liver
transplantation in cHCC-CC is controversial. It has been re-
ported that cHCC-CC cases within the Milan criteria have
similar survivals to HCC within the same criteria.'® The
survival over 10 years in our case, within the Milan criteria,
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who underwent salvage LT seems to be a confirmation of
this. This subject is out of the scope of the present article
and will be presented in another study of our institute.

In summary, cHCC-CC is an aggressive primary liver tumor
associated with poor long-term oncological outcomes. Sur-
gical resection is the only curative or palliative treatment
option to improve the poor prognosis. In this study, we dis-
cussed the diagnosis, treatment and survival of 7 patients
with advanced stage cHCC-CC. Studies that require a multi-
disciplinary approach for the treatment of these tumors are
necessary to improve the survival of the patients.
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Abstract

Objectives: The current study aimed to identify genes that show differential expression in tumor tissue by performing bioinfor-
matic analysis from matched tumor and non-tumoral liver tissue samples obtained from HBV- HCC patients.

Methods: mRNA data from 21 HBV-HCC patients were used in this open-access database-based study. The mRNA sequence data
were obtained from 21 pairs of tumors and non-tumoral liver tissue samples. Gene expression analysis was used in bioinformat-
ics analyses and log2FC value was used to identify genes showing up- and down-regulation. To illustrate differentially expressed
genes, the volcano plot was utilized.

Results: Our analysis showed that many genes showed quite different expression levels in tumor tissues. Among these genes,
the genes that showed very high fold upregulation were GNG4, IGF2BP1, GPC3, PEG10, AFP, SPINK1, EPS8L3, MYCN, DUSP9, and
DKK1 genes, respectively. The down-regulated genes were CNDP1, WAKMAR1, LINC01818, TH, LINC01093, MARCO, LOC101927078,
LOC105372263, FCN2, and CLEC4M.

Conclusion: Our study defined various genes that might be utilized as potential biomarkers for HBV-related HCC. Targeted treat-
ment for these genes can be developed and verified for efficacy in treatment.

Keywords: Biological behavior, Down-regulated genes, Hepatocellular carcinoma, Hepatitis B infection, Up-regulated genes
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early two billion individuals worldwide are infected

with the hepatitis B virus (HBV). At this point, there
are around 350 million carriers, HBV is one of the most
common public health problems, especially in the Middle
East and Eastern Asia.l" Even though the HBV vaccine is ef-
ficient and safe, and it has decreased the incidence of HCC
to a certain extent, HBV infection remains the main etio-
logic factor for hepatocellular carcinoma (HCC) globally.
More than half of all HCC cases are caused by HBV-related
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chronic liver disease.”> 3 HBV surface antigen (HBsAg) car-
riers had a 25-37-fold higher lifetime risk of developing
HCC than non-infected persons, according to recent re-
search in Asia and North America." ' HCC risk is known
to be increased by viral load;®® however, other variables
may be involved. Several studies in extremely prevalent
areas, notably Mainland China and South Africa, have dis-
covered a synergistic link between HBV infection and af-
latoxin B1."!
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HCC is the seventh most common cancer disease and the
third main cause of cancer deaths globally. According to a
recent epidemiological analysis, the incidence of liver cancer
is rising and will continue to rise, globally. This is attributed
to the rising incidence of fatty liver disease and Non-Alco-
holic Steatohepatitis (NASH).'® HCC has non-specific symp-
toms and the clinical diagnosis of the patients is difficult.
The most important therapeutic approach is screening and
treatment at an early stage.l'"" However, there is no cost-ef-
fective screening protocol. For these reasons, the majority of
the patients are diagnosed at a later stage, and these impor-
tant results in poor prognosis for the patients. Advances in
the molecular basis of HCC are of vital importance in these
circumstances because it enables scientists to develop bio-
markers for early diagnosis of the tumors and novel targeted
therapeutics with higher potential for treatment.'>'! The
genetic and molecular characteristics of HCC are complex.
There is a vast amount of intricate genetic changes that play
arole in the pathogenesis of HCC. During hepatocarcinogen-
esis, point mutations, chromosomal amplification/deletions,
gene methylations, and histone deacetylations contribute to
hepatocarcinogenesis by disrupting the regulation of signal
transduction pathways. Molecular studies on HCC have re-
vealed that activation of cellular oncogenes, inactivation of
tumor suppressor genes, and disruptions in signaling path-
ways such as PI3K/AKT, Wnt/-catenin, Ras, p53, pRB, , MAPK,
STAT, JAK, and HGF/cMET all play important roles in the de-
velopment, progression, and metastasis of HCC.

With the widespread use of genome-wide sequencing
techniques, significant progress has been made in examin-
ing the genetic factors that play critical functions in diseas-
es. Studies have focused on revealing the genetic mecha-
nisms of diseases that have high mortality, are important
public health problems, and have led to the determina-
tion of more efficient diagnostic biomarkers. Determining
the prognostic importance of a new biomarker that plays
a major role in carcinogenesis might inspire translational
research to create targeted treatments against these new
therapeutic indicators and their corresponding signaling
pathways. In addition, such a biomarker can also help clini-
cians predict the success of transplantation and determine
the nature of the immune response.

Global gene expression study provides quantitative in-
formation on the RNA types and quantity in the cells and
tissues. It is a very effective research technique for inves-
tigating the fundamental biology of diseases, developing
diagnostic markers, facilitating drug discovery and sur-
veillance of response to therapy, and creating databases
with information on biological processes. Consequently,
expression analysis has become one of the most widely
used methods in modern biology." This study aims to
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determine the genes that may play a role in the genomic
mechanism and are expressed differently in tumor tissues
by mRNA sequence analysis of tumor and distant non-neo-
plastic liver tissues from HBV-related HCC patients.

Methods

Dataset

In the current study, we used an open-access dataset ob-
tained by sequencing the mRNAs of 21 pairs of tumor and
non-tumoral liver tissues obtained from patients with HBV-
related HCC (HBV- HCC). These 21 pairs of tumors and non-
tumoral liver tissues that were employed for RNA sequenc-
ing were obtained from HBV-HCC patients who underwent
primary surgical resection between 2008 and 2013 at
Mount Sinai Medical Center in New York, USA.'* RNAs ob-
tained from tissues were utilized for cDNA library prepa-
ration after quality control. The resulting library was sub-
jected to purification. Before loading onto the sequencer,
the size and concentration of the RNAseq collection were
evaluated using a Bioanalyzer and Qubit fluorometry (Life
Technologies, NY, USA) and compared to human transcript
reference sequences from the ENSEMBLE database."!

Bioinformatics and Gene Expression Analyses

Bioinformatics generally includes collecting, storing, orga-
nizing, archiving, analyzing, and presenting the results by
visualizing the data obtained based on both theory and
practice in a field in biology, medicine, behavioral or health
sciences. In addition, it is concerned with the research and
development of computational tools and approaches to
expand the use and processing of data obtained as a result
of studies, or the application of known methods. In bioin-
formatics, analyses are made by selecting a database and
a program that allows the performance of bioinformatic
analysis following the biological question, molecule, or
structure to be examined. The data and results obtained
at the end of the analyses are blended in the light of the
previously defined information about the subject in the lit-
erature and interpreted analytically.®

Changes in the physiology of an organism or cell will cause
changes in the pattern of gene expression, making gene ex-
pression analysis significant in many disciplines of biologi-
cal inquiry. By hybridizing mRNA to a high-density array of
immobilized target sequences, each of which corresponds
to a different gene, DNA microarray technology is used to
examine gene expression. The impact of substances on
gene expression, for example, can provide information on
their functional and toxicological properties. Expression in-
vestigations on clinical samples, both normal and sick, may
lead to the discovery of new biomarkers.!'”
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Bioinformatics Analysis

In this study, gene expression analyses were performed on
MRNA data obtained from 21 pairs of samples. In the in-
vestigation, the Limma package, which is accessible in the
R coding language and enables expression analysis, was
employed (18Limma (Linear Models for Microarray Analy-
sis) is a library for analyzing gene expression microarray
data, with a focus on using linear models to evaluate spe-
cific experiments and determine differential expression.
The packet's functionalities apply to all gene expression
methods, such as microarrays, RNA-seq, and quantitative
PCR. The obtained results are displayed in the form of a
table of genes ranked in order of importance and a graph
depicting differentially expressed genes. Genes with the
lowest p values are the most trustworthy, and the results
table contains corrected P and log2-fold change (log2FC)
values. Up-regulated genes were identified using log2FC
>1 and a p-value of 0.05, whereas down-regulated genes
were found using log2FC -1 and a p-value of 0.05. The vol-
cano graph and Mean difference (MD) graph were used to
show differentially expressed genes in the study. Uniform
Manifold Approximation and Projection (UMAP) graphs
were preferred to visualize the relations of the samples in
the study with each other. In addition, a boxplot was used
to show the distribution of each sample.

Study Protocol and Ethics Approval

The National Center for Biotechnology Information (NCBI)
Gene Expression Omnibus open-access dataset was used
in this work, which involved human participants and was
established in compliance with institutional and national
research committee ethical requirements. Since the open-

access dataset was utilized, no approval from the local eth-
ics commission was required.

Results

The mRNA sequence data used in the current study con-
tains 26760 expressions. There were 21 pairs of samples
which make up 42 in total, and the graph of the distribu-
tion of these samples is given in Figure 1. The UMAP graph
that shows how the samples are related to each other is
given in Figure 2. According to the gene expression anal-
yses performed, statistically important differences were
determined between both groups in the level of gene ex-
pression (|log2FC| > 1.0, p<0.05). According to the results
of the bioinformatics analysis, the GNG4 gene has 165.42-
fold higher gene expression in tumor tissues than in non-
tumoral liver tissues. Likewise, IGF2BP1, GPC3, PEG10,
AFP, SPINK1, EPS8L3, MYCN, DUSP9, and DKK1 genes had
higher gene expression in the tumors of 143.01, 83.86,
62.24, 60.54, 53.81, 52.70, 42.25, 43.41, 40.22-fold, respec-
tively. The CNDP1 gene, on the other hand, has 49.86-
fold lower gene expression in tumor tissues than in non-
tumoral liver tissues. Similarly, WAKMAR1, LINC01818, TH,
LINC01093, MARCO, LOC101927078, LOC105372263, FCN2,
and CLEC4M genes have 43.11, 40.22, 39.67, 38.85, 36.75,
36.50, 36.25, 35.01, 33.59-fold lower gene expression, re-
spectively.

Information on the first 20 genes showing an increase and
decrease in expression between the two groups is given in
Tables 1 and Table 2. Figure 3 depicts the volcano plot uti-
lized to display the differentially expressed genes between
groups.
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Figure 1. The distribution of the values of the selected Samples.
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Figure 2. UMAP plot of the samples (Green Dots: Tumor specimens,
Purple dots: non-neoplastic liver tissues samples).

Discussion

HCC is a frequent cause of cancer-related mortality which
accounts for the fourth most prevalent cause of cancer-as-
sociated mortality."** The incidence and mortality of HCC

Journal of Inonu Liver Transplantation Institute

vary significantly across the world. This can be attributed
to regional variations in the duration and intensity of expo-
sure to environmental and infectious factors. Also, accessi-
bility to medical resources and the ability to identify HCCin
its earlier stages. All these enable patients to receive poten-
tially curative treatment. In Eastern Asia and Sub-Saharan
Africa, low- and middle-income countries account for near-
ly 80% of all HCC cases.?'?2 Alcoholism, HBV, non-alcoholic
fatty liver disease, HCV, and dietary toxins are all potential
risk factors for HCC development.?”? HBV and HCV infection
are the most common causes of HCC, accounting for 4 in
5 of all HCC cases globally. With the exception of Northern
Africa, where HCV prevalence is highest, HBV infection is
the leading cause of this cancer across Eastern Asia and the
majority of African countries.?"?? It is predicted that 257
million people globally are infected with chronic HBV. As a
result of this condition, chronic viral liver disease and HCC
are extremely common. Between 2015 and 2030, HBV is
predicted to cause 20 million deaths due to cirrhosis, acute
or chronic hepatitis, and HCC, with HCC alone accounting
for 5 million deaths.>®

The annual incidence of HCC in cirrhotic people due to
chronic HBV or HCV infection is between 2 and 5%. HBV-
related HCC can occur even in the absence of liver cirrhosis
and accounts for 30 to 50% of HCC cases in HBV-endemic

Table 1. Up-regulated genes in tumor tissues relative to non-tumoral liver tissue samples

GenelD PADJ p Log2FoldChange Symbol Description

2786 2,41E-30 1,29E-32 7,3706792 GNG4 G protein subunit gamma 4

10642 7,36E-32 3,58E-34 7,1650115 IGF2BP1 Insulin like growth factor 2 mRNA binding
protein 1

2719 1,08E-38 3,12E-41 6,3956802 GPC3 Glypican 3

23089 1,56E-21 1,89E-23 5,9686012 PEG10 Paternally expressed 10

174 1,05E-15 2,74E-17 5,9220562 AFP Alpha- fetoprotein

6690 1,76E-15 4,82E-17 5,753456 SPINK1 Serine peptidase inhibitor Kazal type 1

79574 2,47E-19 3,95E-21 5,7214354 EPS8L3 EPS8 like 3

4613 3,53E-21 4,48E-23 5,5005538 MYCN MYCN proto-oncogene, bHLH transcription
factor

1852 4,62E-22 5,39E-24 5,4477672 DUSP9 Dual specificity phosphatase 9

22943 4,78E-12 2,39E-13 5,3304587 DKK1 dickkopf WNT signaling pathway inhibitor 1

5865 8,46E-19 1,44E-20 5,2286698 RAB3B RAB3B, member RAS oncogene family

4751 6,43E-46 6,05E-49 5,1911583 NEK2 NIMA related kinase 2

29944 3,08E-19 4,97E-21 5,0813647 PNMA3 PNMA family member 3

256714 9,87E-16 2,56E-17 4,952008 MAP7D2 MAP7 domain containing 2

2563 2,86E-30 1,56E-32 4,9170355 GABRD gamma-aminobutyric acid type A receptor
subunit delta

1063 6,85E-55 7,17E-59 4,8550639 CENPF Centromere protein F

11082 1,11E-28 6,96E-31 4,8386647 ESM1 Endothelial cell specific molecule 1

114794 1,53E-14 4,84E-16 4,8192059 ELFN2 Extracellular leucine rich repeat and
fibronectin type Ill domain containing 2

220134 2,74E-41 6,17E-44 4,8055116 SKA1 Spindle and kinetochore associated
complex subunit 1

55872 1,04E-33 4,29E-36 4,7363249 PBK PDZ binding kinase
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Table 2. Down- regulated genes in tumor tissues relative to non-tumoral liver tissue samples
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GenelD PADJ P Log2FoldChange Symbol Description

84735 1,58E-26 1,23E-28 -5,64658 CNDP1 Carnosine Dipeptidase 1

105372576  4,04E-19 6,60E-21 -5,43271 WAKMART1 wound and keratinocyte migration
associated INcRNA 1

105373684  5,16E-36 1,73E-38 -5,33103 LINC01818 long intergenic non-protein coding RNA
1818

7054 5,59E-14 1,96E-15 -5,31748 TH Tyrosine hydroxylase

100506229  9,32E-27 7,17E-29 -5,28676 LINCO1093 long intergenic non-protein coding RNA
1093

8685 8,90E-20 1,32E-21 -5,2043 MARCO macrophage receptor with collagenous
structure

101927078  9,88E-38 2,95E-40 -5,19588 LOC101927078 uncharacterized LOC101927078

105372263  5,50E-16 1,37E-17 -5,18188 LOC105372263 uncharacterized LOC105372263

2220 2,38E-19 3,78E-21 -5,13387 FCN2 Ficolin 2

10332 5,38E-16 1,33E-17 -5,07029 CLEC4M C-type lectin domain family 4 member M

3781 9,27E-42 1,99E-44 -5,01768 KCNN2 potassium calcium-activated channel
subfamily N member 2

339390 2,76E-16 6,50E-18 -4,89947 CLEC4G C-type lectin domain family 4 member G

5816 3,19E-40 8,01E-43 -4,80921 PVALB Parvalbumin

51266 7,60E-20 1,11E-21 -4,72287 CLEC1B C-type lectin domain family 1 member B

107985462  2,43E-14 8,00E-16 -4,68485 LOC107985462 uncharacterized LOC107985462

8547 1,61E-19 2,49E-21 -4,58575 FCN3 Ficolin 3

101928384  3,80E-19 6,18E-21 -4,58488 LOC101928384 uncharacterized LOC101928384

102724019  1,94E-12 8,99E-14 -4,55773 LOC102724019 uncharacterized LOC102724019

143941 6,83E-25 6,25E-27 -4,42997 TTC36 tetratricopeptide repeat domain 36

27302 2,80E-13 1,11E-14 -4,4283 BMP10 bone morphogenetic protein 10

areas.””” HBV infection is responsible for 30% and 45% of
people with liver cirrhosis and HCC, respectively, world-
wide.l24%]

The total survival of HCC patients is low, and prevention of
exposure to the risk factors is important to reduce the glob-

Sogi0{Fvalue)

leg2{fold change)

Figure 3. Volcano plot of genes with increased (red dots) and de-
creased (blue dots) gene expression among the group of tumorous
and non-neoplastic liver tissues.

al burden of the disease. There is a rising interest in identi-
fying diagnostic and prognostic markers, and new and ef-
fective targeted treatments. Furthermore, research aimed
at defining the mechanisms of hepatocyte carcinogenesis
and means of increasing the clinical care of patients with
HCC is also a very popular subject.202¢!

The current study examined liver tissues from HBV- HCC pa-
tients and utilized mRNA sequence data to identify genes
with differences in gene expression between tumor tissues
and non-neoplastic liver tissues. For this purpose, gene
expression analysis was applied to the data set as a bioin-
formatic analysis, and the genes that differed between the
two groups were determined. According to the results of
the bioinformatics analysis, the GNG4 gene, IGF2BP1, GPC3,
PEG10, AFP, SPINK1, EPS8L3, MYCN, DUSP9, and DKK1 genes
had higher gene expression in the tumors. The CNDP1 gene
had lower expression in tumor tissues than in non-tumoral
liver tissues. Similarly, WAKMAR1, LINC01818, TH, LINC01093,
MARCO, LOC101927078,LOC105372263, FCN2, and CLEC4M
genes had lower expression in the tumors.

It has been shown that the abnormal expression of the
GNG4 gene plays a significant role in the development of
HCC.?" GNG4 is upregulated in the HCC cells.”® Further-
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more, the GNG4 gene was shown to be among the differ-
entially expressed genes for HBV-related HCC.??' In a clinical
study, IGF2BP1 was up-regulated in tumor tissues at a very
high fold in the case of HCC.B? Several studies have also
been undertaken to examine the link between the IGF2BP1
gene and HCC.B'32 Many studies on the GPC3 gene have
also supported the idea that this gene can be a reliable bio-
marker for HCC, and this gene has shown upregulation in
HCC.1333% Likewise, the PEG10 gene has been defined as the
gene that plays a role in the development of HCC and is
one of the genes that is upregulated in the case of HCC 637
The CNDP1 gene is significantly downregulated in HCC.®
It has been shown that downregulation of MORCO was as-
sociated with tumor progression in HCC.*!

HCC, like all other cancers, has gene mutations and muta-
tion-related mRNA expression alterations. As demonstrat-
ed by the findings of this study, the potential alterations in
the expression of genes are highly related to HCC, and pa-
tients who have these genetic mutations are susceptible to
HCC. Therefore, a surveillance program is required as well
as preventive measures should be taken.

Conclusion

This study identified differentially expressed genes for tu-
mor and non-tumoral liver tissue using genomic data from
HBV- HCC patients. With further and comprehensive anal-
ysis of the target genes that we have defined, significant
biomarkers for HCC can be developed. In addition, with
the use of these biomarkers in clinical practice, the patient
treatment approaches might be determined and personal-
ized treatment strategies may be developed.

Disclosures

Ethics Committee Approval: This article was produced from the
NCBI open-access dataset. Therefore, it has been reported by the
institute that ethics committee approval is not required.
Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Concept - ZK,, S.A,; Design - ZK,,
S.A., C.C,; Supervision — C.C.; Materials — Z.K., S.A,; Data collection
&/or processing - Z.K,, T.T.S.; Analysis and/or interpretation - Z.K,,

S.A; Literature search - Z.K,, T.T.S., S.A; Writing — ZK., S.A; Critical
review - S.A,, C.C.

References

1. Ganem D, Prince AM. Hepatitis B virus infection--natural history
and clinical consequences. N Engl J Med 2004;350: 1118-29.

2. Zanetti AR, Van Damme P, Shouval D. The global impact of vac-
cination against hepatitis B: a historical overview. Vaccine
2008;26:6266-73.

3. Parkin DM.The global health burden of infection-associated can-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Journal of Inonu Liver Transplantation Institute

cers in the year 2002. Int J Cancer 2006;118:3030-44.

Hassan MM, Hwang LY, Hatten CJ, Swaim M, Li D, Abbruzzese JL,
Beasley P, Patt YZ. Risk factors for hepatocellular carcinoma: syn-
ergism of alcohol with viral hepatitis and diabetes mellitus. Hepa-
tology 2002;36:1206-13.

Sun CA, Wu DM, Lin CC, Lu SN, You SL, Wang LY, Wang LY, Wu MH,
Chen CJ. Incidence and cofactors of hepatitis C virus-related he-
patocellular carcinoma: a prospective study of 12,008 men in Tai-
wan. Am J Epidemiol 2003;157:674-82.

Chen CJ, Yang HI, Su J, Jen CL, You SL, Lu SN, Huang GT, lloeje
UH; REVEAL-HBV Study Group. Risk of hepatocellular carcinoma
across a biological gradient of serum hepatitis B virus DNA level.
JAMA 2006;295:65-73.

Paterlini P, Driss F, Nalpas B, Pisi E, Franco D, Berthelot P, Brechot
C. Persistence of hepatitis B and hepatitis C viral genomes in pri-
mary liver cancers from HBsAg-negative patients: a study of a
low-endemic area. Hepatology 1993;17:20-9.

Pollicino T, Squadrito G, Cerenzia G, Cacciola |, Raffa G, Craxi A,
Farinati F, Missale G, Smedile A, Tiribelli C, Villa E, Raimondo G.
Hepatitis B virus maintains its pro-oncogenic properties in the
case of occult HBV infection. Gastroenterology 2004;126:102-10.
Ming L, Thorgeirsson SS, Gail MH, Lu P, Harris CC, Wang N, et
al. Dominant role of hepatitis B virus and cofactor role of afla-
toxin in hepatocarcinogenesis in Qidong, China. Hepatology
2002;36:1214-20.

Neuveut C, Wei Y, Buendia MA. Mechanisms of HBV-related hepa-
tocarcinogenesis. J Hepatol 2010;52:594-604.

Bialecki ES, Di Bisceglie AM. Diagnosis of hepatocellular carcino-
ma. HPB (Oxford) 2005;7(1):26-34.

Bruix J, Hessheimer AJ, Forner A, Boix L, Vilana R, Llovet JM. New
aspects of diagnosis and therapy of hepatocellular carcinoma.
Oncogene 2006;25(27):3848-56.

Avila MA, Berasain C, Sangro B, Prieto J. New therapies for hepato-
cellular carcinoma. Oncogene 2006;25: 3866-84.

Edgar R, Domrachev M, Lash AE. Gene Expression Omnibus: NCBI
gene expression and hybridization array data repository. Nucleic
Acids Res 2002;30: 207-10.

Yoo S, Wang W, Wang Q, Fiel MI, Lee E, Hiotis SP, Zhu J. A pilot
systematic genomic comparison of recurrence risks of hepatitis
B virus-associated hepatocellular carcinoma with low- and high-
degree liver fibrosis. BMC Med 2017;15:214.

Akalin PK. Introduction to bioinformatics. Mol Nutr Food Res
2006;50:610-9.

van Hal NL, Vorst O, van Houwelingen AM, Kok EJ, Peijnenburg
A, Aharoni A, et al. The application of DNA microarrays in gene
expression analysis. J Biotechnol 2000;78:271-80.

Smyth GK. Limma: linear models for microarray data. Bioinfor-
matics and computational biology solutions using R and Biocon-
ductor: Springer; 2005. p. 397-420.

Fitzmaurice C, Allen C, Barber RM, Barregard L, Bhutta ZA, Brenner
H, et al. Global, regional, and national cancer incidence, mortality,



Kucukakcali et al., Genetic Alterations in HBV-Associated HCC / doi: 10.14744/jilti.2023.68077 51

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

years of life lost, years lived with disability, and disability-adjusted
life-years for 32 cancer groups, 1990 to 2015: a systematic analysis
for the global burden of disease study. JAMA Oncol 2017;3:524-
548.

Yang JD, Hainaut P, Gores GJ, Amadou A, Plymoth A, Roberts LR. A
global view of hepatocellular carcinoma: trends, risk, prevention
and management. Nat Rev Gastroenterol Hepatol 2019;16:589-
604.

El-Serag HB. Epidemiology of viral hepatitis and hepatocellular
carcinoma. Gastroenterology. 2012;142: 1264-73. doi: 10.1053/j.
gastro.2011.12.061.

Tang A, Hallouch O, Chernyak V, Kamaya A, Sirlin CB. Epidemiol-
ogy of hepatocellular carcinoma: target population for surveil-
lance and diagnosis. Abdom Radiol (NY) 2018;43:13-25.

Zhang M, Wang B, Liu Y, Sun X, Luo X, Wang C, Li L, Zhang L, Ren
Y, Zhao Y, Zhou J, Han C, Zhao J, Hu D. Cumulative increased risk
of incident type 2 diabetes mellitus with increasing triglyceride
glucose index in normal-weight people: the Rural Chinese Cohort
Study. Cardiovasc Diabetol 2017;16:30.

Tang LS, Covert E, Wilson E, Kottilil S. Chronic hepatitis B infection:
areview. JAMA 2018;319:1802-1813.

Hou J, Wang G, Wang F, Cheng J, Ren H, Zhuang H, Sun J, Li L, Li J,
Meng Q, Zhao J, Duan Z, Jia J, Tang H, Sheng J, Peng J, LU F, Xie Q,
Wei L. Guideline of prevention and treatment for chronic hepati-
tis B (2015 update). J Clin Transl Hepatol 2017;5:297-318.

Ghidini M, Braconi C. Non-coding RNAs in primary liver cancer.
Front Med (Lausanne) 2015;2:36.

Zhang J, Ying A, Yu M, Yu B. Analysis of differentially expressed
genes and protein-protein interaction in hepatocellular carci-
noma based on RNA-Seq data. Genomics and Applied Biology
2019;38:461-7.

Skawran B, Steinemann D, Weigmann A, Flemming P, Becker T, Flik
J, Kreipe H, Schlegelberger B, Wilkens L. Gene expression profiling
in hepatocellular carcinoma: upregulation of genes in amplified
chromosome regions. Mod Pathol 2008;21(5):505-16.

Li H, Zhao X, Li C, Sheng C, Bai Z. Integrated analysis of IncRNA-
associated ceRNA network reveals potential biomarkers for the
prognosis of hepatitis B virus-related hepatocellular carcinoma.
Cancer Manag Res 2019;11:877-897.

Sorenson EC, Khanin R, Bamboat ZM, Cavnar MJ, Kim TS, Sadot E,

31.

32.

33.

34.

35.

36.

37.

38.

39.

Zeng S, Greer JB, Seifert AM, Cohen NA, Crawley MH, Green BL,
Klimstra DS, DeMatteo RP. Genome and transcriptome profiling
of fibrolamellar hepatocellular carcinoma demonstrates p53 and
IGF2BP1 dysregulation. PLoS One 2017;12:e0176562.

Yuan P, Meng L, Wang N. SOX12 upregulation is associated with
metastasis of hepatocellular carcinoma and increases CDK4 and
IGF2BP1 expression. Eur Rev Med Pharmacol Sci 2017;21:3821-
3826.

He J, Zuo Q, Hu B, Jin H, Wang C, Cheng Z, Deng X, Yang C, Ruan
H, Yu C, Zhao F, Yao M, Fang J, Gu J, Zhou J, Fan J, Qin W, Yang XR,
Wang H. A novel, liver-specific long noncoding RNA LINC01093
suppresses HCC progression by interaction with IGF2BP1 to facili-
tate decay of GLIT mRNA. Cancer Lett 2019;450:98-109.

Zhu XT, Yuan JH, Zhu TT, Li YY, Cheng XY. Long noncoding RNA
glypican 3 (GPC3) antisense transcript 1 promotes hepatocellular
carcinoma progression via epigenetically activating GPC3. FEBS J
2016;283:3739-3754.

Kandil DH, Cooper K. Glypican-3: a novel diagnostic marker for he-
patocellular carcinoma and more. Adv Anat Pathol 2009;16:125-
9.

Ofuji K, Saito K, Yoshikawa T, Nakatsura T. Critical analysis of the
potential of targeting GPC3 in hepatocellular carcinoma. J Hepa-
tocell Carcinoma 2014;1:35-42.

Ip WK, Lai PB, Wong NL, Sy SM, Beheshti B, Squire JA, Wong N.
Identification of PEG10 as a progression related biomarker for he-
patocellular carcinoma. Cancer Lett 2007;250:284-91.

Tsou AP, Chuang YC, Su JY, Yang CW, Liao YL, Liu WK, Chiu JH,
Chou CK. Overexpression of a novel imprinted gene, PEG10, in
human hepatocellular carcinoma and in regenerating mouse liv-
ers. J Biomed Sci 2003;10(6 Pt 1):625-35.

Tanaka S, Mogushi K, Yasen M, Ban D, Noguchi N, Irie T, Kudo
A, Nakamura N, Tanaka H, Yamamoto M, Kokudo N, Takayama
T, Kawasaki S, Sakamoto M, Arii S. Oxidative stress pathways in
noncancerous human liver tissue to predict hepatocellular carci-
noma recurrence: a prospective, multicenter study. Hepatology
2011;54:1273-81.

XiaoY, Chen B, Yang K, Wang Q, Liu P, Gu Y, Zhong Q, Liu Z, He Y,
Liu Q. Down-regulation of MARCO associates with tumor progres-
sion in hepatocellular carcinoma. Exp Cell Res 2019;383:111542.



E‘/) JOURNAL OF INONU LIVER
“imn TRANSPLANTATION INSTITUTE

DOI: 10.14744/jilti.2023.43531
J Inonu Liver Transpl Inst 2023;1(2):52-56

A Novel Technique for Cadaveric Organ Procurement: Exposure
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Abstract

Objectives: To describe a technique for retrieval of abdominal organs from a cadaveric donor and to report the outcomes of 59
cases at a single center.

Methods: We retrospectively analyzed data from 59 cadaveric organ retrieval operations between 2016 and 2021. The internal
transverse fascia incision technique was used in all cases.

Results: Of the 59 patients 37 was male and 22 was female. Median intensive care unit stay was 10 days. The technique provided
good exposure for abdominal closure, allowing for the retrieval of the liver, kidneys, and spleen. Aesthetic results and respect for
the donor's body were also achieved.

Conclusion: Internal transverse fascia and vertical skin incision is a feasible and efficient method for abdominal organ procure-
ment in cadaveric donors. Further studies are needed to validate and compare technique to other established methods.

Keywords: cadaveric, donor, technique, internal transverse fascia incision, procurement, transplantation
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rgan transplantation is a definitive and inevitable so-

lution for end-stage disease, fulminant liver failure or
end-stage kidney disease. There is an organ shortage for
patients suffering from end-stage diseases. Cadaveric and
living donors are two primary sources of organs for trans-
plantation. Cadaveric donors are deceased individuals
whose organs are procured after brain or circulatory death
confirmation. On the other hand, living donors are healthy
individuals who voluntarily donate one of their organs, typ-
ically a kidney or a part of their liver, to a recipient in need.

While living donor transplantation has the advantage of bet-
ter graft survival rates and the possibility of pre-emptive trans-
plantation, it is limited by the availability of suitable donors
and the potential risks to the donor's health. Cadaveric trans-
plantation allows for a more excellent pool of organs. How-

ever the quality of organs may be affected by various factors
such as cause of death, donor age, and comorbidities.l'

Xenotransplantation, which involves the transplantation
of organs, tissues, or cells from one species to another, has
emerged as a potential solution to address the shortage
of organs for transplantation. However, despite promising
advancements in the field, xenotransplantation is not yet
widely applied due to unresolved issues such as immu-
nological barriers, ethical concerns, and the potential for
transmission of zoonotic diseases.**

A critical distinction between living and deceased donors
lies in the incision method employed during the organ har-
vesting process. For obtaining organs from deceased do-
nors, the thoracoabdominal cavities are typically opened
using a midline incision that stretches from the supraster-
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nal notch to the symphysis pubis. This procedure is known
as the thoracoabdominal approach or the standard organ
procurement technique (SOPT).”! If intrathoracic organ ex-
traction is not required, intraabdominal organs can be pro-
cured through abdominal incisions without requiring ster-
notomy. This method, called the modified standard organ
procurement technique (MSOPT).

In this paper, we would like to present a novel MSOPT tech-
nique in cadaveric donors. This technique is favored for har-
vesting cadaveric organs and helps to ensure good exposure.

Methods

Patient Population and Data Collection

We retrospectively reviewed medical records from 121 ca-
daveric donors. 11 of them were allowed to be donor due
to infection, sepsis and malignancy. 14 of the organ pro-
curement operations performed by another transplanta-
tion team. Of 96 patients organ procurement performed
by our team but 37 of them have some missing data and
our described tecnich were not performed. Ultimately,
the study enrolled 59 eligible patients between 2016 and
2021. (Fig. 1) An experienced surgical team performed
all procurement procedures. Demographic and clinical

All brain death detected patients and candidate as
donor, n:121

Excluded from the study: Organ
distribution not permitted due to
infection, malignancy or other patient
related condition,

n:1l

Organ procurement performed in our region, n:110

Excluded from study: Organ
procurement performed by other
transplant team, n:14

Organ procurement performed by our team, n:96

Excluded from the study: Patients
with missing data and operated with
other than described technique. n:37

Patients included to the study, n:59

Figure 1. Flowchart of the patient selection enrolled in current study.

characteristics, including sex, age, comorbidities, cause
of death, cardiac arrest, cardiopulmonary resuscitation
(CPR ) duration, intensive care unit (ICU) stay duration,
inotropic treatment, nationality, were collected from pa-
tient records. Laboratory parameters were also collected,
including hemoglobin, white blood cell count, platelet
count, sodium, potassium, creatinine, aspartate transami-
nase (AST), alanine transaminase (ALT), total and direct
bilirubin, international normalised ratio (INR), and C-re-
active protein (CRP) levels were also collected. The study
was approved by University of Health Sciences- Antalya
Education and Research Hospital's ethical committee with
188/2023 registration number.

Surgical Procedure

The organ retrieval procedure began with the detecting
brain death, followed by meticulous donor care and family
consent. Under general anesthesia, a midline incision was
made from the xiphoid process to the suprapubic region. In
our novel technique we make an incision to subcutaneous
tissue, muscle, fascia, and parietal peritoneum using suit-
able energy devices lateral inner umbilicus level to Toldt's
fascia bilaterally, while preserving the skin. The skin of the
abdomen was temporarily sutured to the linea alba using

Figure 2. General appearance of the abdominal cavity after Internal
Transverse Fascia and Vertical Skin Incision.
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No. 1 silk suture for improved exposure (Fig. 2).

This abdominal opening allows us a great view of abdom-
inal cavity and organs. Utilizing the Cattell and Braasch
maneuver, the inferior vena cava was suspended supe-
riorly to the left renal vein. The inferior mesenteric vein
was secured, and a cannula was introduced. The distal ab-
dominal aorta was exposed and suspended near the iliac
bifurcation, allowing for the placement of an additional
cannula. Both hemidiaphragms were incised anteriorly in
a crescent-like shape close to the costochondral junction,
providing access to the thoracic cavity. The inferior vena
cava's opening in the right atrium was identified within
the pericardial sac.

A cross-clamp was applied to the supraceliac abdominal
aorta, and the right atrium was opened to prevent poten-
tial liver overdistention. All supportive medicine were dis-
continued at this point. The inferior vena cava was opened
superior to the hepatic vein, and 3 L ringer lactate and
1 L of the University of Wisconsin solution were infused
through the distal abdominal aortic cannula. Crushed ice
was added to the abdominal cavity to maintain a cold en-
vironment.

An additional 2 L ringer lactate and 500 ml of the Uni-
versity of Wisconsin solution were introduced through
the inferior mesenteric vein cannula to perfuse the por-
tal vein. Upon completion of the perfusion process, the
visceral organs were meticulously removed using en bloc
dissection. Subsequently, the vascular pedicles of the or-
gans were dissected on the back table for further analysis
and preparation.

Following organ retrieval, the abdominal incision was
closed anatomically. The lateral and midline fascia were
approximated using No. 1 PDS or Prolene suture, and the
skin was sutured subcutaneously with 3/0 Prolene or rapid
Vicryl (Fig. 3).

Results

Of the 96 cadaveric donors we have the data of 59 patients
and 37 (63%) were male, and 22 (37%) were female. The
median age was 51 years (IQR, year: 38-65). Cardiac arrest
occurred in 16 (27%) cases, with a median CPR duration of
10 minutes (IQR, minute: 5-15). The median ICU stay du-
ration was 4 days (IQR, day: 2-7). Nationality distribution
showed 51 (86%) were citizens and 8 (14%) were foreign.
Blood group A is most frequently observed one (Table 1).
The leading cause of brain death was listed and the most
common cause of death was cerebrovascular accident
(75%), followed by multiple trauma (6%) and intracranial
lesions (8%) (Table 2). The various laboratory data of the
patients were given in Table 3.

Figure 3. Appearence after organ procurement.

Discussion

Since Starzl first described the multiorgan procurement
procedure the technique has been modified®” SOPT and
MSOPT™ are examples of the described techniques. Here
we modified the abdominal incision of these both meth-
ods. The extensive exposure and comfortably preperation
and disection of donated organs are important issue for
postoperative results after implantation. The inner trans-
verse incision technique presented in this study offers sev-
eral advantages over traditional methods of organ retrieval
from cadaveric donors. By providing an extensive working
area, easy implementation, and a respectful approach to
the donor's body, this technique may contribute to improv-

Table 1. Demographic data of all patients, n:59

Sex, Male/Female, n (%) 37 (63)/22 (37)
Age, Median (IQR) 51 (38-65)
Blood Group (n)

A Rh+/- 23/1

B Rh+/- 15/3

O Rh+/- 12/1

AB Rh+/- 3/1
Nationality; Citizen/Foreign, n (%) 51(86)/8 (14)
ICU stay, days, Median (IQR) 4(2-7)
CPR, min, Median (IQR) 10 (5-15)

IQR: Interquartile Range; ICU: intensive care unit; CPR: cardiopulmonary
resuscitation.
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Table 2. Causes of brain death n:59

n %
Cerebrovascular accident 44 75
Multiple trauma 4 6
Intracranial lesion 5 8
Cardiac arrest 2 3
Methil alcohol intoxication 1 2
Multi organ dysfunciton 1 2
Status epilepticus 1 2
Drowning in water 1 2

ing the organ retrieval process.

One of the main benefits of the inner transverse incision
technique is the ability to reduce the risk of organ damage
during the retrieval process. As organ quality is crucial for
the success of transplantation, any technique that minimiz-
es damage to the graft holds significant potential. By of-
fering a wider working area and reducing the need for ad-
ditional incisions, this technique allows the surgical team
to work more comfortably and efficiently. This point may
result in shorter operative times, which has been shown
to impact organ quality and transplantation outcomes
positively. In the existing literature, two predominant dis-
section methodologies are delineated.® In our study, we
consistently employ cold dissection techniques to mitigate
excessive hemorrhaging and subsequently reduce the
overall duration of the surgical procedure.

Another critical aspect of the inner transverse incision
technique is its respectful approach towards the donor's
body. In many cultures, how a deceased person's body is
treated carries significant emotional and spiritual implica-
tions for the bereaved family. By preserving the skin and
ensuring a satisfactory cosmetic outcome, this technique
demonstrates respect for the donor's body and aligns with
the wishes of the relatives. This, in turn, may foster a more
positive attitude towards organ donation, potentially in-
creasing the number of donors and helping to address the
organ shortage crisis.

Despite the encouraging results of this study, some limita-
tions need to be acknowledged. As previously mentioned,
the study's single-center and retrospective nature may
limit the findings' generalizability. Moreover, a direct com-
parison with other established techniques would provide
a better understanding of the advantages and potential
drawbacks of the inner transverse incision technique. Fu-
ture research could also explore the use of this technique in
various clinical settings and its potential impact on donor
family satisfaction and overall organ transplantation out-
comes.

Table 3. Laboratory parameters of donors

11.2£2.17 (0.28)
19.45+11.3 (1.49)
212+110.5(14.7)
153.8+13.8(1.8)
4.37+3.61(0.47)
1.61£1.78 (0.23)
84.4+182(23.9)
100+407 (53.5)
1.05£1.22 (0.16)
0.53+0.73 (0.17)
1.29+0.48 (0.06)
128+124(17.8)

Hemoglobin, Mean+SD (SEM)
White Blood Cell x 103, Mean+SD (SEM)
Platelets x 103, Mean+SD (SEM)
Sodium, Mean=SD (SEM)
Potassium, Mean+SD (SEM)
Creatinin, MeanzSD (SEM)

AST, Mean+SD (SEM)

ALT, Mean=SD (SEM)

Total Billirubin, Mean%SD (SEM)
Direct Billirubin, Mean+SD (SEM)
INR, Mean£SD (SEM)

CRP, MeanzSD (SEM)

AST: aspartate transaminase; ALT: alanine transaminase; INR: international
normalised ratio; CRP: C reactive protein; SEM: standart error of mean; SD:
standart deviation.

In summary, the inner transverse incision technique offers
a promising alternative to traditional methods of organ
retrieval in cadaveric donors. By providing a wide working
area, easy implementation, and a respectful approach to
the donor's body, this technique can potential to improve
the efficiency and outcomes of the organ retrieval process.
Further studies are needed to validate these findings and
explore the potential applications of this technique in dif-
ferent clinical contexts.
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Abstract

Objectives: Many challenges persist, especially when transplanting large grafts into small pediatric patients in liver transplantation
(LT). In this study, we will discuss the details of the "heterotopic reversed position technique" in LT, which is applied to prevent com-
plications and allows primary closure of the abdomen in the initial surgery without causing an increase in intra-abdominal pressure.

Methods: From March 2002 to December 2021, our institution performed 3121 LT of these 691 (22.1%) were pediatric LT. We pres-
ent the outcomes of 11 pediatric patients who underwent LT using this method.

Results: In the postoperative phase, none of the 11 cases had vascular complications. Five of the cases were alive for an average
of 9.2 years. The causes of mortality in the three cases were due to persistent hepatic encephalopathy after surgery in one case,
another due to hemodynamic instability in the early postoperative period, and the third due to graft-versus-host disease that
manifested two months after surgery.

Conclusion: The reversed positioning technique offers a promising solution to the challenges of pediatric liver transplant, espe-
cially in cases of acute fulminant liver failure.

Keywords: Pediatric living donor liver transplantation, heterotopic reversed position, large for size syndrome
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he evolution of liver transplantation (LT), especially Despite these advances, challenges persist, especially
in the pediatric population, has been marked by sig- when transplanting large grafts into small pediatric pa-
nificant milestones and innovations. With the increasing  tients. Technical difficulties, such as increased intraab-
dominal pressure and challenges in abdominal closure,
have been significant concerns.® Primary closure of the
abdomen may lead to elevated intra-abdominal pressure.

demand for organs, attention was shifted towards living
donor liver transplantation (LDLT). The first LDLT was per-

formed in the late 1980s, and over the years, surgical tech- . . . . .
i _ This can result in inflow or outflow obstructions in the im-
niques were refined, making LDLT a valuable procedure for  janted graft, an extended need for mechanical ventilation

pediatric patients, especially in regions with limited organ  due to increased intrathoracic pressure, the development
donation from deceased donors.!"2 of abdominal compartment syndrome, associated renal
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failure, graft loss, infection, and wound dehiscence.” * To
address these challenges, innovative techniques, such as
the use of monosegment or reduced-size grafts, have been
introduced.® However, even if vascular complications are
partially prevented by reducing the volume of the graft
with these techniques, the challenges to closing the abdo-
men remain unchanged, since the anterior-posterior diam-
eter of the graft remains the same and there is no effect
on the vascular anastomosis difficulties, since the distance
between the hepatic vein and the portal vein of the graft
remains unchanged (Fig. 1).

In this study, we will discuss the details of the "heterotopic
reversed position technique” in liver transplantation, which
is applied to prevent the complications and allows primary
closure of the abdomen in the initial surgery without caus-
ing an increase in intra-abdominal pressure and present
the outcomes of 11 pediatric patients who underwent LT
using this method.

Methods

This is a retrospective analysis of prospectively collect-
ed data, and no patient can be identifiable through the
manuscript, the consent form was not obtained from the
patients. We reviewed the medical records of pediatric pa-
tients who underwent heterotopic liver transplantation be-
tween March 2002 and December 2021.

Patients aged 0-18 years diagnosed with end-stage liver
disease and who underwent heterotopic liver transplan-
tation were included. Exclusion criteria included patients
with incomplete medical records, those who were older
than 18 years of age, and those who underwent orthotopic
liver transplantation.

All statistical analyzes were performed using the Statistical

Package for Social Sciences software version 24 (IBM SPSS
Statistics for Windows/Mac, Armonk, NY: IBM Corp.). Con-
tinuous variables were presented as meanztstandard devia-
tion or median (min-max, range) and categorical variables
were presented as numbers and percentage.

Surgical Technique

Donor selection criteria are described elsewhere.” All po-
tential living donors were evaluated, including CT angiog-
raphy for graft size, future remnant liver size of the donor,
and evaluation of vascular anatomy. Informed consent was
obtained from all donors.

The technique prerequisites are as follows:
- Graft-to-Recipient Weight Ratio (GRWR) >4%

+ The anterior-posterior diameter of the graft is 1.5 times
the diameter of the recipient's abdominal cavity.

« The distance from the portal vein (PV) to the hepatic
vein (HV) of the graft is double that of the recipient.

+ A graft that curving under the diaphragm due to an ex-
tended left lateral liver segment was seen as a relative
contraindication.

For living donors, we used a reverse T incision followed by a
left lateral segmentectomy. Full-sized grafts from deceased
donors were split and prepared for transplantation upon
arrival at our center. Since the order of anastomosis could
change due to graft rotation, we meticulously examined the
topographic placement of the hilar structures (Fig. 2) Addi-
tionally, we used a saphenous vein graft as a circumferential
fence for the left hepatic vein of the grafts. After rotating
the left lateral segment graft 180° in the sagittal plane, it
was placed on the right side of the inferior vena cava (IVC)
similar to the right lobe LDLT (Figure 3a,b). The subsequent
anastomosis was performed between the left hepatic vein

Recipient HV-PV
distance

Graft HV-PV
distance

Recipient PV - Graft PV
distance

Figure 1. Difference distance between the hepatic vein and the por-
tal vein of the graft and recipient.

Hepatic artery

Figure 2. Topographic placement of the hilar structures.
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Left hepatic vein

Loft portal vein

¥ Left biliary tract

™ Lot hopatic artery

aaaaaaaaa

Left bilary tract

Hepatic artery
Left hepatic artery anastomosis

Figure 3. (a) Normal position of segment 2-3 graft, (b) Position after
rotating the left lateral segment graft 180° in the sagittal plane, (c) It
is placed on the right side of the inferior vena cava (IVC) similar to the
right lobe LDLT. The subsequent anastomosis is performed between
the left hepatic vein of the graft and the orifice of the recipient's right
hepatic vein, (d) Subsequently, anastomoses of the bile duct, portal
vein, and hepatic artery were performed in sequence.

of the graft and the orifice of the recipient's right hepatic
vein (Fig. 3c). Subsequently, anastomoses of the bile duct,
portal vein, and hepatic artery were performed in sequence
(Fig. 3d). Rotation of the graft repositioned the bile duct
posterior to the portal vein, necessitating a modification in
the sequence of anastomosis (Fig. 4a, b).

Results

From March 6, 2002 to December 31, 2021, our institution
performed 3121 LT of these 691 (22.1%) were pediatric LT.
Eleven of these pediatric patients underwent the hetero-
topic reversed position technique for LT.

The median age at the time of transplantation of this sub-
group was 31 months (range: 12-64 months), with an aver-
age weight of 13.5 kg (range: 9-20 kg). There were six males
and five females. Indications for LT included fulminant liver
failure (9 patients), cholestatic liver disease (1 patient), and
chronic rejection (1 patient). Six received left lateral seg-
ment grafts from living donors, four from deceased donors.
And a 16-year-old patient underwent retransplantation
using a left lobe graft from a deceased donor (segment
2-3-4) graft. The heterotopic reversed position technique
was used due to significant adhesions in the region corre-
sponding to the left lobe of the liver in this patient. Demo-
graphic and intraoperative data are summarized in Table 1.

The average GRWR for the ten pediatric patients, exclud-

Figure 4. (a) Rotation of the graft repositioned the bile duct poste-
rior to the portal vein, necessitating a modification in the sequence
of anastomosis. (b) Appearance of hilar structures after completion
of anastomose.

ing the retransplantation case, ranged from 1.5 to 3.4. The
anterior-posterior diameter of the grafts averaged 8.3 cm,
contrasting with the 4.3 cm anterior-posterior diameter of
the orthotopically transplantable abdominal cavity. The
distance between the portal vein (PV) and the hepatic vein
(HV) in the grafts was 8.2 cm on average, while the corre-
sponding distance in the recipients was 3.7 cm on average.
Nine out of the ten cases had fulminant liver failure in which
the liver is normal in size and ascites is usually absent.

In the postoperative phase, none of the 11 cases had vascu-
lar complications (Fig. 5a, b). Five of the cases were alive for
an average of 9.2 years. The biliary stricture that occurred
in two of them was treated with percutaneous biliary inter-
ventions (Fig. 6a, b, ¢). The causes of mortality in the three
cases were due to persistent hepatic encephalopathy after
surgery in one case, another due to hemodynamic instabil-
ity in the early postoperative phase, and the third due to
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Table 1. Demographic and intraoperative data

Journal of Inonu Liver Transplantation Institute

Case Age Indication Donor Graft Patient Weight Graft weight GRWR  Total bilirubin Child / PELD
(months) (segment) (kg) (gr) (%) (mg/dL)

1 22 HAV Mother 2-3 13 236 1.8 3 B/8
2 34 HAV Mother 2-3 10 250 23 25 B/34
3 25 HAV Mother 2-3 12 240 2.0 18 C/27
4 23 HAV Uncle 2-3 12 269 2.2 14 B/24
5 39 HAV Father 2-3 18 275 1.5 24 C/59
6 48 HAV Mother 2-3 16 270 1.6 24 C/48
7 37 HAV Deceased 2-3 1 370 33 25 c/18
8 64 HAV Deceased 2-3 20 450 2.2 16 C/25
9 28 Biliary atresia Deceased 2-3 10 345 34 4 B/10
10 12 HAV Deceased 2-3 9 270 3.0 16 B/30
1 192 Chronic rejection Deceased 2-3-4 50 550 1.1 35 C/19*

*The MELD score was calculated because the patient was over 12 years old. GRWR: Graft-to-recipient weight ratio; PELD: Pedatric end-stage liver disease;

MELD: Model for end-stage liver disease; HAV: Hepatitis A virus.

-
@

Hepatic artery x

2

Figure 5. Radiological image of postoperative (a) hepatic artery, (b)
portal vein and hepatic vein anastomoses.

graft-versus-host disease that manifested two months after
surgery. The eleventh patient, the retransplantation case,
died due to peritonitis resulting from postoperative duo-
denal ulcer perforation.

Discussion

Pediatric liver transplantation presents unique challenges,
especially when there is a mismatch in age and body mass
index (BMI) between the donor and the recipient. Ideally, if
there is a perfect match, complications related to the size
of the graft and the difficulties of anastomosis are mini-
mized. However, in many pediatric cases, as observed in
our study, transplantation involves a segment 2-3 from a
living or deceased donor. If the anterior-posterior diameter
of the graft exceeds that of the pediatric patient's abdomi-
nal cavity, it will invariably impede primary abdomen clo-
sure during orthotopic transplantation. Since the anterior
posterior diameter of the graft remains the same, the use
of reduced-size or monosegment grafts cannot solve this
problem. Using the reversed position technique, the ante-
rior-posterior diameter of the segment 2-3 graft, regardless
of its size, remains considerably smaller than that of the
right hypochondrium. Consequently, within the context
of this technique, the size of the anterior-posterior diam-
eter of the segment 2-3 graft does not hinder the primary
closure of the abdominal cavity. The orthotopic position is
always preferred for graft placement if it is technically fea-
sible and allows primary abdominal closure. However, this
is not possible in many cases. Therefore, the heterotopic
reversed position technique was preferred in these cases.

In pediatric patients presenting with acute fulminant insuf-
ficiency, while the segment 2-3 grafts are not large enough
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Figure 6. (a) The biliary stricture that occurred in two of the patients (b) was treated with percutaneous biliary interventions and (c) dilatation,

external catheter, and stenting.

to induce the large-for-size syndrome, their orthotopic
implantation remains notably challenging. Children with
fulminant liver failure do not exhibit the manifestations
typically associated with chronic liver disease. Conditions
such as ascites or liver enlargement, which are prevalent
in chronic liver failure, lead to expansion of the right hy-
pochondrium and epigastric space.®’" Consequently, in
pediatric cases of fulminant liver insufficiency, where the
abdominal cavity has not had the opportunity to adapt or
expand, orthotopic transplantation of segment 2-3 graft
becomes a formidable challenge. In this case, rotating the
segment 2-3 graft 180° in the sagittal plane and transplant-
ing it heterotopically to the right hypochondrium allows
the graft to fit into the abdominal cavity and the anterior
wall of the abdomen to be closed primarily.

Another concern is the misalignment between the graft's
hilar structures and those of the pediatric recipient. Spe-
cifically, the distance between the hepatic vein and the
hilar structures of the segment 2-3 graft substantially ex-
ceeds the distance between the recipient’s hepatic vein
orifice and the hilar structures. Undertaking anastomosis
of the portal vein and hepatic artery without tailored ad-
justments can result in pronounced kinking of these vas-
cular structures, predisposing them to thrombotic events.
Current best practices advocate for the recipient's portal
vein to align with the coroner vein and the hepatic artery
to align with the common hepatic artery level for optimal
anastomotic outcomes.'> * However, the inherent short-
ness of the pediatric recipient's vascular structures com-
plicates this process. Even with meticulous alignment,
the risk of vascular kinking and subsequent thrombosis
remains palpable. Once the segment 2-3 graft is situated
in the right hypochondrium, the elongated nature of the
recipient's portal vein transitions from a perceived disad-

vantage to a beneficial attribute. As evidenced in our series,
the extended portal vein maintains its physiological align-
ment. Similarly, the graft's hepatic artery's length in this
technique ensures that the anastomosis remains relaxed,
mitigating undue tension. It is worth noting that, in certain
instances, the hilar vascular and ductal anastomoses within
this technique may experience tension. To counteract this,
supportive devices, such as expanders or balloons, which
elevate the graft anteriorly and alleviate tension in the hilar
structures, can be strategically positioned posterior to the
graft.'¥

A meticulous examination of the graft's hilar structures
is imperative, especially when considering a 180° sagit-
tal plane rotation for heterotopic transplantation. In the
standard transplantation procedure, the recipient's hilar
structures follow a sequence from anterior to posterior:
bile duct, hepatic artery, and portal vein. However, with the
reversed position technique, this sequence for the graft's
hilar structures is altered to portal vein, hepatic artery,
and bile duct. Consequently, the anastomotic sequence
shifts to prioritizing the bile duct, followed by the hepatic
artery, and culminating with the portal vein. This specific
sequence has been previously discussed in the context of
dual lobe LT cases.'> ' Yet, it is crucial to note that this se-
quence is not universally applicable. Based on our obser-
vations, initiating with the portal vein anastomosis often
does not compromise subsequent anastomoses of the
bile duct and hepatic artery. Hence, it is imperative for an
experienced transplant surgeon to meticulously evaluate
the topographical arrangement of the hilar structures dur-
ing the back-table preparations to determine the optimal
anastomotic sequence.

Some segment 2-3 grafts are seen to extend more to the
left and upwards than usual. In this case, when the graft is
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rotated 180°in the sagittal plane and positioned to the right
and the corner of the right diaphragm with the abdomi-
nal side wall of the parietal peritoneum, the long lateral
edge of the graft and the liver parenchyma corresponding
to the left triangular ligament will bend. Such placement
may cause graft dysfunction in the postoperative period.
Therefore, excessive extension of the segment 2-3 graft to
the left may be considered a relative contraindication for
this technique. Balci et al. suggested heterotopic implanta-
tion of reduced size monosegment or left lateral segment
grafts."?The author suggested that the right lateral part of
the graft can be resected in accordance with the preopera-
tive right hypochondrium volume of the recipient.

In conclusion, the reversed position technique offers a
promising solution to the challenges of pediatric liver
transplantation, especially in cases of acute fulminant liver
failure. However, further studies are needed to assess its
long-term outcomes and establish its broader applicability.
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Abstract

Advanced age of the patient carries a higher risk after liver transplantation (LT) and may lead to worse outcomes. As people's life
expectancy increases and advances in the medical treatment of chronic liver disease have increased the need for LTs in the older
population. LT recipients over the age of seventy have acceptable survival rates after LT, provided certain criteria are met.

A 78-year-old male patient with cryptogenic liver cirrhosis and tense ascites. His MELD-Na score was 27. He underwent a right lobe
living donor liver transplant and was discharged from hospital in good health after a month.

LDLT for elderly recipients might be suitable if the recipients does not have any co-morbidity, their outcomes are comparable to
those for younger recipients which resulted in fairly acceptable long-term outcomes and if donor morbidity is acceptable.
Keywords: Elderly recipient, liver transplantation, living donor liver transplantation
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dvanced age of the patient carries a higher risk after

liver transplantation (LT) and may lead to worse out-
comes."? As people's life expectancy increases and ad-
vances in the medical treatment of chronic liver disease
have increased the need for LTs in the older population. LT
recipients over the age of seventy have acceptable survival
rates after LT, provided certain criteria are met.’ There-
fore, most transplant centers evaluate for LT patients over
70 years of age with less advanced liver disease and no
cardiopulmonary comorbidity. There is no universally ac-
cepted upper age limit for LT candidates but the functional
status of older patients is important in pre-LT evaluation.
In this report, we aimed to present the living donor liver
transplantation (LDLT) performed on one of the oldest liver
patients in the literature.

Case Report

A 78-year-old male patient had cryptogenic liver cirrhosis
with tense ascites. His blood laboratory values were total
bilirubin 5.6 mg/dL, INR 2.86 IU, Na 134 mEq/dL, creatinine
0.9 g/dL, and MELD-Na score was 27.The general condition
of the patient was moderate, he had difficulty in walking
and slowness in speaking was remarkable. Physical ex-
amination, laboratory, and radiologic results of the elderly
patient with high MELD score were considered. As a result
of the evaluations in the LT council, the cardiopulmonary,
neurological and GIT endoscopy findings of the patient
who had 27 MELD-Na and 13 Child scores were complete-
ly normal. The patient's living donor was his 30-year-old
nephew. The graft-to-recipient weight ratio was 1.01 and
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remnant liver volume of the donor was 38 %. A right lobe
LDLT was performed, operation time was about 7 hours,
and the patient's blood loss was 250 ml during the opera-
tion.

The donor's postoperative course was uneventful and was
discharged on the 7" day. Recipient was extubated on
postoperative day 1, the ICU process was 3 days and there
were no complications. The immunosuppressive regimen
consisted of cyclosporine A and corticosteroid. Care was
taken to keep CO levels low, one week after LT, CO levels
were between 50-100 ng/dL. Recipient was discharged on
day 38 post LT, late discharge due to patient's departure
to hometown Jordan. The patient has been followed for 2
years without any complication.

Discussion

Three-quarters of LT in Turkiye consists of LDLTs.®! LDLT dif-
fers from deceased donor liver transplantation (DDLT) in
many ways. It does not use public deceased donor source,
does not harm the rights of other recipients. Another is the
risk of mortality and morbidity in healthy donors and this
poses a huge ethical problem. Therefore, LDLT for elderly re-
cipients might be suitable if the recipients does not have any
co-morbidity, their outcomes are comparable to those for
younger recipients which resulted in fairly acceptable long-
term outcomes and if donor morbidity is acceptable 2!

The advantages of the recipient presented in this article
were that he had no co-morbidities, had a low BMI, and had
a healthy living donor with adequate GRWR. The disadvan-
tages consisted of high MELD score, presence of ascites for
a long time, and advanced age. Considering these param-
eters, the LT decision was made and the result was success-
ful with long-term follow up. Therefore, it is necessary to be
very careful when making the LT decision in patients over
70 years of age, but it should not be deprived the appropri-
ate recipients from LT.

So far, we have been able to find only one 78-year-old pa-
tient as the oldest recipient who underwent LDLT in the
relevant literature.”? This patient had a 23-month survival,
but had a pre-LT MELD score of 12 and had LDLT for HBV-
related HCC. The patient presented in our article had a high
MELD score and tense ascites.

Interesting observation in the elderly LT recipients was the
lower incidence of acute cellular rejection according to the
younger recipients. Therefore, we started cyclosporine A,
which is a less potent immunosuppressive agent, at a low
dose in this patient. Another center recommends reducing
the usual doses of tacrolimus by 60-80% as an immunosup-
pressive strategy.”’ A result of aging is a reduction of the
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cellular and humoral immune responses, but it is associ-
ated with an increased risk of infection and malignancy.”#
For this reason, the patient's clinical and laboratory obser-
vations were taken more frequently.

In conclusion, LDLT may be appropriate for low-risk elderly
recipients with favorable long-term outcomes. This report
presents one of the oldest recipients which were per-
formed LDLT.
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Abstract

Meckel’s diverticulum is a rare cause of bowel perforation in liver transplant recipients. The aim of the present study is to discuss our man-
agement protocol in a 57-year old male liver transplant recipient with intestinal perforation due to complicated Meckel’s diverticulum.
We report a case of 57 years old male liver transplant recipient who had abdominal sepsis on posttransplant 13th day. He was oper-
ated on and found to have Meckel’s diverticulum that caused intestinal perforation due to volvulus around fibrous bands extend-
ing to the anterior abdominal wall. Segmental bowel resection with end-jejunostomy was performed. The patient had sepsis on
the postoperative period and is followed in intensive care unit and treated with a combination of antibiotics.

Meckel’s diverticulum is a rare cause of bowel perforation and this is the first case presenting with perforation in early post-trans-
plant period. Stoma is beneficial for reduction of abdominal sepsis related symptoms. Preemptive diverticulectomy should be

considered for prevention of serious complications such as perforation.
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iver transplantation (LT) isa major abdominal procedure.

In addition, living donor liver transplantation (LDLT) is a
technically demanding procedure where liverischemia and
reperfusion injury plays a critical role.l"” Meticulous tissue
dissection during recipient hepatectomy, prolonged portal
clamping, hepatic ischemia, and reperfusion in addition
to the turmoil of inflammatory response that is induced
during all these processes results in a hostile environment
that is prone to gastrointestinal and hepatic complications.
For these reasons, gastrointestinal complications ranging
from mild nausea/vomiting to major issues such as gastro-
intestinal perforations can be observed in LT recipients.?
Prolonged portal vein clamping, gastrointestinal mucosal

injury, prolonged operative times, previous abdominal sur-
geries and need for post-transplant revisional surgeries are
major risk factors for gastrointestinal system perforations.
3¢l The incidence of gastrointestinal system perforation
rages between 1 to 5% in adults and 8 to 15% in pediatric
liver transplant recipients.'>37!

Meckel’s diverticulum was first described by Wilhelm Fabry
in 1598.1n 1700, Alexis Littre defined the presence of Meck-
el’s diverticulum in strangulated inguinal hernia sack. How-
ever, a detailed embryologic and anatomic explanation of
the origins of this anomaly was done by Johann Friedrich
Meckel in 1809 and thus this congenital malformation is
named after this German anatomist.® It is the most com-
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mon congenital defect of the gastrointestinal tract, it re-
sults from the persistence of the vitello-intestinal tract.”!
“The rule of the two” is defined for Meckel’s diverticulum;
i) it is present in 2% of the population, ii) it is seen within 2
feet from the ileocecal valve, iii) it is usually 2 inches in di-
ameter, iv) it usually contains two kinds of ectopic mucosae
(gastric and pancreatic).'"*"" The lifetime risk for Meckel’s
diverticulum to develop complications is nearly 7%.'23
The defined risk factors for occurrence of complications are
male gender, age less than 40-50 years of age, diverticulum
length longer than 2 cm and presence of ectopic mucosa.
1415 The complications are complications are obstruction,
bleeding, diverticulitis and perforation. Obstruction can
occur either by volvulus around the fibrous bands or intus-
susception.” Bleeding occurs if the diverticulum contains
ectopic mucosae such as gastric and pancreatic tissue.
Bleeding can occur by erosion of the diverticular mucosa
or the adjacent enteric mucosa by irritation of the secre-
tions of the ectopic pancreatic or gastric tissue. Bleeding
is more common in children and obstruction is more com-
mon in adults."''® Perforation due to diverticulitis is a very
rare event in all age groups and in all populations and it is
not only specific for liver transplant recipients.

Meckel’s diverticulum as the etiology of gastrointestinal
perforation and abdominal sepsis is a rare event. Our litera-
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ture search has shown that there is only one case that has
been reported so far.'” This was a case of 20 years of male
patient who developed acute abdomen due to Meckel’s
diverticulum perforation three years after the transplant
procedure. The cause was a migrated biliary stent that dis-
lodged and perforated the diverticular wall far."”?

In the present case report, we present a case of a 57 male
liver transplant recipient that was operated for abdominal
sepsis 13 following the transplant procedure. The cause of
perforation was local intestinal volvulus due to Meckel’s
diverticulum. The aim of the present study was to discuss
our approach for the management of the patient who is
the first case in literature that presented with an early post-
operative gastrointestinal perforation due to complicated
Meckel’s diverticulum.

Case Report

Fifty-seven years old male liver transplant recipient was in
in his post-transplant 13" day when lethargy, hypotension,
tachycardia and a fever of 38°C developed. He was trans-
planted for autoimmune hepatitis and in the last year he
was hospitalized for the suspicion of mesenteric ischemia
or acute pancreatitis and he underwent right lower limb
amputation for peripheral vascular disease. The laboratory
values are summarized in Table 1.

Table 1. Summary of the course of laboratory values of the patient before, during and after the exploratory surgery

Laboratory Parameters Before Exploratory Surgery

The Day of The Exploratory Surgery

After The Exploratory Surgery

Leukocyte (cells/mm?) 8.91
Hemoglobin (g/dL) 8.6
Hematocrit (%) 24.2
Platelet (x10% corpuscle/mm?) 155
INR 1.3
Glucose (mg/dL) 164
BUN (mg/dL) 1.7
Creatinine (mg/dl) 0.5
Na (mEq/dl) 145
Potassium (mEq/dL) 3.1
Chloride (mEg/dL) 102
Albumin (mg/dL) 3.1
AST (IU/ml) 26
ALT (IU/ml) 32
ALP (IU/ml) 90
GGT (IU/ml) 30
Total Bilirubin (mg/dL) 11.9
Direct Bilirubin (mg/dL) 59
Ammonia (ug/dL) 51

Fibrinogen (mg/dL) 205.08

9.2 12.6
10.3 10.1
28.1 27
114 85
14 2.2
179 98
14.5 15.4
0.4 04
146 148
2.81 29
106 111
34 26
57 190
49 109
94 111
71 31
12.8 18.2
7.2 9.6
22 78
1294 167.7

ALT: Alanine aminotransferase; ALP: Alkaline Phosphatase; AST: Aspartate aminotransferase; BUN: Blood Urea Nitrogen; GGT: Gamma Glutamyl Transferase;

INR: International Normalized Ratio.
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We decided to continue with emergency exploratory lapa-
rotomy. There was 500 cc of enteric content and profound
peritonitis in all quadrants of the abdomen. The peritoneal
cavity was irrigated with 10 liters of warm saline. Our explo-
ration revealed a conglomerated intestinal segment 160
cm distal to the Treitz ligament and 190 cm proximal to the
ileocecal valve. Further adhesiolysis showed that there was
perforated intestinal segment and a diverticular extension
from the antimesenteric side that was fixated to the ante-
rior abdominal wall with fibrous bands (Fig. 1). The possible
cause the intestinal perforation was a volvulus of the intes-
tinal segment because the perorated site of the intestine
had pale ischemic mucosa. We performed a segmental
small bowel resection with end jejunostomy. We avoided
primary anastomosis because of the profound peritonitis
and contamination and of the peritoneal cavity with intes-
tinal content. The surgical specimen is shown in Figure 2.

The postoperative early course was very troublesome and
as it can be seen from the laboratory values, patients was
septic (Table 1). For this reason we switched his antibiotic
treatment to tazobactam and piperacillin, teicoplanin and
anidulafungin. He has minor biliary leakage from the bile
duct anastomosis, and he is still recovering in the intensive
care unit.

Discussion

Gastrointestinal perforations can complicate the postop-
erative course of liver transplant recipients. Risk factors
for occurrence of gastrointestinal system perforations are
previous abdominal surgeries, prolonged portal clamping
and need for post-transplant revisional surgery. All these
factors show that the case is technically demanding and
the procedure itself is complicated.?”? The present case is
the first case of complicated Meckel’s diverticulum causing
gastrointestinal perforation in the early post-transplant pe-
riod.

There have been only few report of complicated Meckel'’s
diverticulum in solid organ transplant recipients.'”'® Liu
et al'® have reported a 51 years old male patient who
received a multi-visceral transplant due to unresectable
neuroendocrine tumor. The patient had recurrent gastroin-
testinal bleeding 3 months after the transplant procedure
and ileoscopy revealed active bleeding from Meckel’s di-
verticulum. The patients was treated with bowel resection.
Topal et al.' have reported a Meckel diverticulum perfora-
tion in a liver transplant recipient in the postoperative third
year which was due to a migrated biliary stent. The patient
was treated with diverticulectomy. In the present case, our
patient was re-operated to abdominal sepsis. We have di-
agnosed the presence of complicated Meckel’s diverticu-

Proximal Bowel

Stomach
A Tl

Figure 1. Intraoperative appearance of the of the perforation site
showing the Meckel’s diverticulum.

Figure 2. The surgical specimen is opened along the antimesenteric
side. The long white arrow shows the intestinal lumen from proximal
to distal direction. The white arrowhead shows the longitudinally
opened Meckel’s diverticulum.

lum intraoperatively. Since there was extensive peritonitis
and contamination of the peritoneal cavity we performed
resection and diversion end-ileostomy. We have previously
published our experiences with gastrointestinal system
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perforations in liver transplant recipients.’?” Also, we have
shown the survival benefit of creating a stoma in pediatric
liver transplant recipients with gastrointestinal system per-
foration” which, in our opinion, is valid for adult patients
as well.

The operation of asymptomatic Meckel’s diverticulum has
a morbidity rate of 0-6%. However, operating on patients
with complicated Meckel’s diverticulum has a morbidity
rate over 30% with a lifetime complication risk over 15%.
1131519200 The delay in diagnosis has an adverse effect on
the prognosis of the patients. In addition, the accuracy of
preoperative diagnosis is as low as 5%.2" This is because
the low efficacy of computerized tomography and reduced
accuracy of radionuclide scans in the diagnosis of Meckel’s
diverticulum.?>21 Therefore, high grade suspicion of the at-
tending physician and a low threshold for performing ex-
ploratory surgery has paramount prognostic importance.
In our institute, we usually have a low threshold for opera-
tive intervention in clinical conditions such as acute abdo-
men and suspected abdominal sepsis in liver transplant
recipients in our clinic. In the present case, we have seen
the intestinal content in the drains and from the surgical
incisions. Therefore, exploratory surgery was the only op-
tion for this patient.

Prevention is the best treatment option for any disease. In
our case pre-emptive resection of incidentally discovered
Meckel's diverticulum during the transplant procedure
would have prevented this complication. However, we have
not specifically searched the abdomen for any other gas-
trointestinal diseases since we have a detailed preoperative
work-up for our patients. But since the pre-operative de-
tection of a Meckel’s diverticulum is very difficult, this was
a didactic case for us and from now on, we intend to check
the abdominal cavity for any other conditions during the
transplant procedure. The efficacy and safety of pre-emp-
tive diverticulectomy is the main question that should be
answered. Unfortunately, the data regarding this subject is
not available. However, as we have mentioned above, the
intervention for symptomatic or complicated cases is asso-
ciated with significant morbidity and furthermore, the life-
long risk of developing complicated in Meckel’s diverticu-
lum is high. Therefore, we believe that these arguments are
enough to justify incidental diverticulectomy during the
liver transplant procedure.

In summary, the present case has shown that complicated
Meckel’s diverticulum can be an underlying cause of per-
foration in liver transplant recipients. Therefore, attending
surgeons should have a low threshold for operative inter-
vention in patients and should decide whether to perform
diverticulectomy or resection primary anastomosis versus
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creating a stoma according to the condition of the patient.
In addition, the safety and efficacy of incidental diverticu-
lectomy should be evaluated with further randomized con-
trolled trials.
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Abstract

Spontaneous rupture of hepatocellular carcinoma is a fatal and rare complication. Most of the patients admitted to the emergency
department with abdominal pain and hemodynamic instability. After appropriate intravenous fluid therapy different treatment
modalities can be chosen due to patient’s functional liver reserve, clinical status and tumor’s features.

A 48 years old male patient admitted to the emergency department with upper abdominal pain and severe hypotension. Dynamic
contrast enhanced computerized tomography showed ruptured partially hypervascularized lesion at segment 4b and 5 in the liver.
Also there were free hemorrhagic fluid densities at perihepatic and perisplenic areas. First of all transcatheter arterial embolization
was performed at the interventional radiology department, then central hepatectomy including segment 5 and segment 4b was
performed. The patient was discharged without any complication.

Ruptured hepatocellular carcinoma is an emergency clinical situation. Staged hepatectomy after transcatheter arterial emboliza-
tion for ruptured hepatocellular carcinoma may be the best treatment option for patients who have acceptable liver functions and
resectable tumor features.
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Spontaneous rupture of hepatocellular carcinoma (HCC)
is a fatal and rare complication. The incidence rate of
spontaneous rupture for HCC is between 2,6-26 %.M" The in-
cidence rate has reduced due to early diagnosis during the
last decade, but mortality rates are still high like 25-100 %
in most cases.! Most of the patients consulted at the emer-
gency department with abdominal pain and hypoten-
sion. It is difficult to choose the right treatment modality
for these clinically unstable patients. Studies have shown
different treatment strategies such as emergency hepa-
tectomy, hepatic arterial ligation, perihepatic packing and

transcatheter arterial embolization (TAE). Liver functions
and histopathologic features of tumor have the key role for
choosing the right treatment option and also they affect
the prognosis of the patient. We aimed to report a sponta-
neous rupture of hepatocellular carcinoma case that was
treated successfully with central hepatectomy after TAE.

Case Report

A 48 years old male patient has applied to the emergency
department with severe hypotension and tachycardia. (Ar-
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terial blood pressure: 90/ 50 mmHg and heart rate: 120 b/
min). He also had mild abdominal pain. Physical examina-
tion was revealed. There was abdominal tenderness at the
epigastric region. The patient was monitored for the vital
signs. Intravenous fluid resuscitation was started rapidly,
and blood samples were collected for laboratory tests. He-
moglobin level was 5.5 g/dl. AFP level was 16,31 ng/ml. All
the other biochemical test analyses were in normal range.
(AST: 30 IU/L, ALT: 35 IU/L, Total bilirubin: 1.1 mg/dl, INR:
1.02) After fluid resuscitation and red blood cell transfu-
sion, the patient’s vital signs were stabilized. Dynamic
contrast enhanced computerized tomography showed
hypervascularized lesion at segment 4b and 5 with the di-
mensions of 6x4 cm in the liver. Also free hemorrhagic fluid
densities were observed at perihepatic and perisplenic ar-
eas (Fig. 1). In order to stop active bleeding, transcatheter
arterial embolization was performed at the interventional
radiology department. Then elective surgery was planned.
Central hepatectomy including segment 5 and segment 4b
was performed. Post-operative course was uneventful and
the patient was discharged without any complication. Final
pathological examination revealed moderately differenti-
ated ruptured hepatocellular carcinoma with the dimen-
sions of 4x3,5x3 cm (Figs. 2-3).

Discussion

Male gender and Child-Pugh A class patients’ predomi-
nance has been shown in studies for ruptured HCC." Our
patient was a 48 year old male patient and his liver func-
tions were fine at the admission. Hemodynamic instability,
hemoperitoneum, and the degree of liver injury are the
major factors affecting 30 day mortality."” Ruptured HCC
with massive hemoperitoneum often results with hemor-
rhagic shock which should be treated urgently with intra-
venous fluid resuscitation in order to stabilize patients. We
had treated our patient with intravenous fluids and red
blood cell transfusion.

As we know that most of the HCC tumors’ blood supply
arises from the hepatic artery, conservative treatment strat-
egies wouldn't be enough to decrease the risk of continu-
ous or repeated bleeding. After hemodynamic stabilization
of the patients TAE and/or surgery should be considered
for ruptured HCC patients.? TAE is a better hemostatic
method when compared with surgical hepatic arterial liga-
tion.B! Although TAE has an excellent hemostatic effect in
ruptured HCC, Zhong et al observed that when TAE is com-
pared with hepatectomy TAE has lower therapeutic effect.
M Li et al suggested staged TAE followed by surgery in se-
lected patients as a solution because due to hemodynamic
instability the surgery may be difficult as a first choice.”

Figure 1. Contrast enhanced CT obtained one day before the admission
(@) and at the day of admission (b) shows hypervascular tumor located
in segment IV. An increase in the amount of perihepatic fluid consistent
with hemorrhagic fluid is seen in these serial CT examinations.

Figure 2. Superselective catheterization of the tumor feeding arte-
rial branch of segment IV artery shows slight active contrast extrav-
asation from the periphery of the tumor (a). Cone-beam CT slice (b)
shows the hypervascular tumor. After selective bland embolization
with calibrated particles selective angiography image (c) demon-
strates retained contrast in the tumor and cessation of active contrast
extravasation.

Figure 3. Post-embolization control CT slice (a) demonstrates necrosis
of the tumor (b) and the decrease in the amount of perihepatic hem-
orrhage. Central hepatectomy (c) and macroscopy of the tumor (d).

It should be considered that if TAE is a definitive or prelimi-
nary treatment modality case by case. Reevaluation of the
patient after TAE; especially post TAE liver functions and
patient’s clinical condition are the main factors for choos-
ing surgery after TAE as a definitive treatment. In a recent
study liver failure after TAE was observed in 19 % patients
who receive TAE after ruptured HCC, which suggests that
patients with good reserved hepatic function should be se-
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lected for TAE.M Liver functions and general clinical condi-
tion of our patient were excellent so we initially chose TAE
for hemodynamic stabilization and afterwards surgery as a
definitive treatment.

Patients who have ruptured HCC with stable hemodynamic
parameters, acceptable liver functions and resectable tu-
mor features may be considered for emergency hepatecto-
my. In a recent study spontaneous rupture independently
predicted poor overall survival after hepatectomy but over-
all survival and recurrence free survival after hepatectomy
for ruptured HCC in the emergency and staged subgroups
were not significantly different in multivariable analyses.®

Conclusion

Ruptured HCC is an emergency clinical situation which
should be evaluated by a multidisciplinary team consisted
of surgeons, interventional radiologists, hepatologists and
medical oncologists. Staged hepatectomy after TAE for rup-
tured HCC may be the best treatment option for patients
who have acceptable liver functions, resectable tumor fea-
tures and fine clinical conditions.
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Abstract

Hydatid disease may affect any organ or tissue, but the most involved organ is the liver. Despite the fact that it is an asymptomatic disease
in most patients, about one-third of patients will have a complication. The most common complications of hydatid disease are cystobi-
liary communications, superinfection, cyst rupture, and mass effect induced complications. Primary aim of this study is to present this
case study, 27 years old female patient, regarding a hydatid cyst originating from caudate lobe of the liver, extending to the foremen of
Winslow and resulting in pressure on the left portal vein with heterogeneous liver parenchyma seen on computed tomography; as exten-
sive, causing abdominal pain and treated before causing portal venous thrombosis or portal hypertension. The patient underwent cho-
lecystectomy, pericystectomy and received preoperative and postoperative albendazole treatment. In the contrast enhanced computed
tomography taken five months after the surgery, it was observed that the heterogeneity in the liver parenchyma completely resolved.
After reviewing the literature, there were no studies showing early treatment of such cases before complications occurred.

Keywords: Caudate lobe, compression, hydatid cyst, liver, portal inflow
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ydatid disease is caused by a cestode class tainted

family parasite; about 95% of humans hydatid disease
is caused by echinococcus granulosus and the definitive
host is sogged." Infection of humans occurs by accidental
ingestion of echinococcus granulosus from dog feces and
results in hydatid disease. When eggs are ingested by an
intermediate host like human, they are taken by the gastro-
intestinal system in humans to the portal vein and then to
the liver developing the characteristic hydatid cyst.

Most cysts adhere to hepatic sinusoidal membranes, in most
cases larva eggs bypassing those membranes can enter the
systemic circulation and cause lung, splenic and brain cysts.
231 Asymptomatic diagnosed cysts may increase in size, col-
lapse, calcify or remain asymptomatic in the same patients
according to size, location and the relation to surrounding

structures with a complication rate around 30%-50%."* The
most common symptom is nonspecific abdominal pain.
Other symptoms include itching and jaundice with diagno-
sisachieved by radiological studies, serological and immuno-
logical tests. Although liver function tests may be normal in
biliary complications, cholestasis enzymes or transaminases
are elevated; the ELISA test has 85% sensitivity.® The symp-
toms and signs of hydatid cyst are related to cyst size, site
and surrounding structures. Average growth in cyst size is 10
mm in the first 6 months then 20-30 mm yearly.”? Increasing
cyst size may affect hepatic vein, portal vein, interahepatic
or extrahepatic biliary structure, right diaphragm and kid-
ney. The aim of this case report was to present a hydatid cyst
originating from caudate lobe of the liver, extending to the
foremen of Winslow and resulting in pressure on left portal
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vein with heterogeneous liver parenchyma seen on mag-
netic resonance imaging; as extensive causing abdominal
pain and treated before causing portal venous thrombosis
or portal hypertension.

Case Report

A 27-year-old female patient applied to a private health
institution with the complaints of nonspecific right up-
per quadrant pain and itching. Since hydatid cyst disease
was detected in radiological analysis, albendazole (10 mg/
kg/days) treatment was started. The patient, whose com-
plaints did not resolve with anthelmintic treatment, was
referred to our center for surgical treatment. In order to
ensure the diagnosis of a hydatid cyst disease, contrast
enhanced computed tomography was done and findings
were 80x80 mm cyst with detached cystic membranes (lily
sign) Gharbi Il originating from segment 1 (caudate lobe)
and extending to segment 7-8 superiorly and diaphragm
anteriorly with portal confluence and heterogeneous pa-
renchyma changes seen in the left lobe of the liver com-
pressing left portal vein (Fig. 1). Echinococcus IgG ELISA
was positive for hydatid disease. The patient was kept on
preoperative anthelmintic treatment to prevent an postop-
erative recurrence and reduce intracystic pressure. Intraop-
erative findings consistent with 100x70 mm cystic lesion,
displacing left portal vein, hepatic artery and common bile
duct, superiorly. Periheptic area was surrounded with wet
gauze 3% saline to prevent seeding. First hiller dissection,

cholecystectomy and cholangiogram were performed. Cyst
content was aspirated through an incision on the anterior
wall of the cyst, followed by partial pericystectomy (Fig. 2).
Cholangiogram was repeated to check if there is any biliary
communication with the cyst cavity; after hemostasis drain

Figure 1. A cystic lesion located in the caudate lobe that disrupts the
contrasting pattern on the left side of the liver by compressing the
portal vein.

Figure 2. Images obtained from different stages during surgery. (a) The
structure of the cyst that compresses the hilar structures posteriorly (b) Re-
moval of the daughter vesicle in the cyst after the anterior wall is opened.
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was inserted. Patient was discharged on the 4™ postoper-
ative days on albendazole for six weeks, 12 months later
there were no signs of recurrence on computed tomogra-
phy (Fig. 3), 36 months later patient was doing well without
signs of recurrence or complications.

Discussion

Hydatid disease is an endemic disease in sheep and cattle
raising countries like turkey, Spain Middle East, Africa and
Greece.®! As intermediate hosts, human beings are infect-
ed by ingested larva eggs through food contaminated by
dog’s feces. The first step in physical diagnosis is examina-
tion and patient history in which most patients with hyda-
tid disease remain asymptomatic as the cyst grows slowly;
some patients develop symptoms due to cyst size, number
or location. These symptoms might be caused by the mass
effect of the cyst on the biliary tree, vascular structures
or surrounding organs. A common complication of hyda-
tid Cyst is rupture of the biliary tree, secondary infection,
anaphylactic shock, obstruction of the biliary tree or pres-

Figure 3. Control CT images taken at the sixth postoperative month.
Heterogeneity in the left lobe of the liver appears to have disap-
peared.

sure on vascular structures. Cyst fluid contains antigens
that could cause fever, urticarial or eosinophilic reactions.
Anaphylactic shock, a well-known complication of hydatid
disease, occurs 1-16% of patients who suffered form intra-
peritoneal ruptures,” although it is really common to see
complications related to mass effect of the large hydatid
cyst when the hydatid cyst is located on the hepatic hilum
like portal vein thrombosis, Budd-Chiari syndrome, seg-
mental atrophy secondary biliary cirrhosis and duodenal
stenosis. In our case, exophytic hydatid cyst caused pres-
sure on the left portal vein but was treated before causing
any other liver complications. Hydatid cyst diagnosis was
achieved by patient history, physical examination, labora-
tory investigations and radiological studies. Hydatid cyst
was classified radiologically according to ultrasound find-
ings in Gharbi classification: Type 1; pure cystic fluid col-
lection, Type 2; fluid collection with membrane separation,
Type 3; fluid collection with septa, Type 4; heterogeneous
pattern, Type 5; completely calcified."® In our case, the
most common was membranes separation, and we con-
sidered it as gharbi type II; symptomatic patients should
be diagnosed and treated early to prevent complications;
treatment modalities include medical percutaneous drain-
age and surgical interventions. Surgical interventions
should be targeted at removing the cyst and preventing
recurrence with minimal rates of morbidity and mortality.
Cyst type and anatomical location should be considered
when choosing treatments modalities. Medical treatment,
open surgery, PAIR (punction- aspiration- injection- reaspi-
ration) or laparoscopic surgery can be considered in the
treatment of hydatid cyst disease.'"'? In our case, the cyst
was exophytic, and we opted for pericystectomy, surgical
treatment was divided into Conservative and radical open
and minimally invasive, and the choice was based on cyst
size, type, Location, surgeon experience and institution’s
facilities; it should be mentioned that there is no difference
between open and minimally invasive surgeries according
to recurrence rate. The ideal treatment of a complicated hy-
datid cyst is preoperative medical treatment 1 to 2 weeks
before any surgical intervention unless there is an emer-
gency indication for an intervention. The best treatment of
a complicated hydatid cyst is surgery and radical surgery
for exophytic cysts; a radical approach like lobectomy, seg-
mentectomy or pericystectomy has a higher morbidity and
mortality rate compared to conservative treatment which
is the best in regards to recurrence. As a result, in countries
like turkey in which hydatid disease is considered endemic,
hydatid disease should be one of the differential diagnoses
when dealing with patients with vague abdominal pain.
Radiological studies are cornerstone in devising a diagno-
sis and treatment plan for patients. It is preferable to keep
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patients on albendazole 10 -14 days preoperatively and 6-8
weeks postoperatively (continuous and cyclic). Conclusion
after reviewing the literature, there were no studies show-
ing early treatment of liver hydatid cysts with a high risk of
complications before complications occurred.
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Dear Editor,

We read with interest the article by Shankar et al.l" that was
recently published in American Journal of Transplantation.
This study was conducted on prospectively collected data-
base of 296 left lateral segment (LLS) pediatric living donor
liver transplantation. Aim of it was to identify different ve-
nous drainage patterns of segment 2 (V2) and segment 3
(V3) and to describe their proper reconstruction. We would
like to make a few contributions by emphasizing that we
appreciate great importance to this study.

The left hepatic vein (LHV) anatomy defined by the au-
thors, which we encounter in a previous study of Mohamed
Rela,”” can be more comprehensive classification with addi-
tion of two different types, although the frequency is low.
V2 and V3 may drain conjoin or separately into the middle
hepatic vein (Fig. 1a, b).

In “modified triangular technique” frequently used in anas-
tomosis to the vena cava inferior (VCI) of the recipient of
the LHV, we do not recommend making a longitudinal slit
in the anterior aspect of the inferior vena cava, as suggest-
ed in the article by Fukuda et al.®! Because this incision will
cause an excessive width on the inferior vena cava side of
the anastomosis, adapting sutures will be used excessively

to adapt the anastomosis, and inferior vena cava stenosis
will occur as a result.

Regarding reconstruction techniques in grafts with mul-
tiple orifices:

+ Unification venoplasty should be performed in type 1b
and type 2. However, while doing this procedure, V2 and
V3 orificies should be held together like an equilateral
triangles (Fig. 2a). The closest edge of triangles should
be joined with interrupted 7/0 absorbable monofla-
ment sutures (Fig. 2b). The objective here is to apply a
joining suture without narrowing or stretching both lu-
mens. If the unifying includes half of the orificies of V2
and V3, that is half of the circles, it can be seen that both
of the lumens narrow. Then an autologous saphenous
vein that cut longitudinally or cryopreserved iliac vein
graft is sutured around the joined vessel like a circum-
ferential fence or venous conduit (Fig. 2¢). This may also
be called a funnel shaped extension.”

« In this article, we see that a partial circumferential
fence is made the named as “extension venoplasty” in
Figure 4c. Such reconstructions will complicate anasto-
mosis. A circumferential fence with saphenous vein or a
venous conduit should always be made as 360 degree.
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Cryopreserved
vein graft

Figure 2.V2 and V3 orificies are held together like an equilateral triangles (a); the closest edge of triangles are joined with interrupted sutures
(b); a cryopreserved ilia cvein graft is sutured around the joined vessel like a venous conduit (c).

+ We would like to state that we cannot make sense of
the fact that the diameter of V3 below or above 7 mm
in type 3 determines the type of reconstruction. In any
case, the V3 orifice should be extended to V2 with a
cryopreserved vein and unification should be done as
described above. In the pediatric patients, especially
under 10 kg, lengthening and anastomosis of the V3
into the inferior vena cava with an already very narrow
diameter will invite inferior vena cava complications.
Also, since the extension of V3 into the inferior vena
cava will partially change the flow direction, thrombosis
will be inevitable in a low-flow venous system.
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Dear Editor;

We read with great interest the recent article "Respiratory
Complications Among Living Liver Donors: A Single-Center
Retrospective Observational Study" published by Elbeialy
and colleagues. The authors stated that despite the low
incidence of significant respiratory complications among
their living liver donor cohort, close monitoring and early
management are essential to achieve better prognosis, es-
pecially in donors older than 35 years or those with pre-
vious surgery. We would like to draw attention to a few
points.

Authors state that they routinely use conventional angiog-
raphy to evaluate the suitability of the living liver donor can-
didates. In the earlier times of living donor liver transplan-
tation, the imaging techniques had an insufficient quality
and conventional angiography was routinely used to avoid
unnecessary laparotomy. However, in the last decade,
there is a great number of advancements in the accuracy
and quality of the non-invasive imaging techniques that re-
sulted in the abandonment of the conventional angiogra-
phy for the evaluation of the living liver donors.”” Currently,
conventional angiography is only used for the evaluation

of vascular anatomy under certain exceptional conditions.
In our institute, we use conventional angiography in less
than 0.1 % of living liver donor candidates. Similarly, if pre-
operative ultrasonography, dynamic computerized tomog-
raphy, and dynamic magnetic resonance imaging are per-
formed appropriately, the fibrosis and hepatosteatosis can
be evaluated accurately and occasionally there will be nor
need for preoperative liver biopsy. In recent years, transient
elastography (Fibroscan) can help determine the texture
and steatosis of the liver, and together with using a specific
formula, steatosis rates can be determined which is compa-
rable with the histopathological evaluation.?4

The authors have stated that they have used PASS software
to calculate the sample size of 124 patients. In our opinion,
there is no need for sample size and power analysis calcula-
tion in the present study because the authors have includ-
ed all living liver donors’ in the designated period which
makes alpha value to be 0.05 at the minimum and the
power would be 100%. If the authors were to use a statisti-
cal method, they should have performed propensity score
matching analysis on the 10 patients with complications by
choosing a 1:2 matched control group with similar demo-
graphic and clinical characteristics. This approach would

Address for correspondence: Sami Akbulut, MD. Department of Surgery and Liver Transplant Institute, Inonu University

Faculty of Medicine, Malatya, Turkiye
Phone: +90 532 325 12 12 E-mail: akbulutsami@gmail.com

Submitted Date: 11.04.2023 Revised Date: 11.04.2023 Accepted Date: 13.04.2023 Available Online Date: 25.09.2023

°Copyright 2023 by Journal of Inonu Liver Transplantation Institute - Available online at wwwijilti.org
OPEN ACCESS This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

vt
q

EI' -



https://orcid.org/0000-0002-6864-7711

80

have reduced bias significantly in the present study.”

In the statistical methods section, the authors should clar-
ify the criteria they have used to include the parameters
to the logistic regression model, the accepted p values to
include the variables to the analysis, the type of logistic re-
gression model that is used (enter, backward, forward, etc.).
In Table 1, the authors have expressed the age variable as
mean+SD and have stated that there was no statistically
significant difference between the groups in terms of the
donors’age. However, in the logistic regression model, the
authors have used age cut off value of 35 years. The authors
should clarify the method of calculation of this cut off value
(ROC etc.) and should express the sensitivity and specificity
for this cut off value. Another method is to use the cut off
values found in other studies that require referring to the
specific studies. The authors should clarify the reason why
they have not used this cut off value in Table 1.

There is not enough evidence in the literature regarding
the relationship between the postoperative pulmonary
complications and the right donor hepatectomies. Besides,
the authors could not show such a correlation in their study.
Nevertheless, our experience including 2250 donor hepa-
tectomies and the review of the literature shows that pul-
monary complications are more frequently encountered
after the right lobectomies. In our opinion, the main reason
for this is the dissection plane between the right lobe and
the diaphragm which may lead to diaphragmatic paralysis
and may lead to increased diffusion of ascites fluid to the
pleural cavity. We have used the data provided by Dondero
and colleagues'® in their study, the risk of pulmonary com-
plications was 47-fold higher in patients undergoing right
lobectomy when compared to patients undergoing left lo-
bectomy (OR=47; p=0.008). We have also analyzed the data
provided in the study by lwasaki and colleagues™ the risk
of pleural effusion following right lobectomy was 7.87-fold
higher and the p-value was very close to being significant
(p=0.051). We also reanalyzed the data of Ulubay and col-
leagues® and we found that the risk of overall pulmonary
complications following right lobectomy was 1.4-fold high-
er but this did not reach statistical significance. Similarly, a
re-analysis of the data of Ates and colleagues™ has shown

Journal of Inonu Liver Transplantation Institute

that overall complication risk was 1.31-fold higher but it
did not reach statistical significance. Associating all these
results with our experience, during the right lobectomy,
we suggest that the dissection should be held close to the
liver and far away from the diaphragm as much as possible
to reduce the postoperative pulmonary complications that
related with surgical procedure.

Disclosures
Peer-review: Externally peer-reviewed.
Conflict of Interest: None declared.

References

1. Elbeialy MAK, Shorbagy MS, Saleh M, Elsaid K. Respiratory Com-
plications Among Living Liver Donors: A Single-Center Retro-
spective Observational Study. Exp Clin Transplant 2020;18:474-
480.

2. Hennedige T, Anil G, Madhavan K. Expectations from imaging for
pre-transplant evaluation of living donor liver transplantation.
World J Radiol 2014;6:693-707.

3. Kim JM, Ha SY, Joh JW, Sinn DH, Jeong WK, Choi GS, et al. Pre-
dicting Hepatic Steatosis in Living Liver Donors via Noninvasive
Methods. Medicine (Baltimore) 2016;95:€2718.

4. Yen YH, Kuo FY, Lin CC, Chen CL, Chang KC, Tsai MC, Hu TH. Pre-
dicting Hepatic Steatosis in Living Liver Donors Via Controlled At-
tenuation Parameter. Transplant Proc 2018;50:3533-3538.

5. Morgan CJ. Reducing bias using propensity score matching. J
Nucl Cardiol 2018;25:404-406.

6. Dondero F, Taille C, Mal H, Sommacale D, Sauvanet A, Farges O, et
al. Respiratory complications: a major concern after right hepa-
tectomy in living liver donors. Transplantation 2006;81:181-6.

7. lwasakiJ, lida T, Mizumoto M, UemuraT, Yagi S, Hori T, et al. Donor
morbidity in right and left hemiliver living donor liver transplan-
tation: the impact of graft selection and surgical innovation on
donor safety. Transpl Int 2014;27:1205-13.

8. Ulubay G, Er Dedekarginoglu B, Kupeli E, Salman Sever O, Oner
Eyuboglu F, Haberal M. Postoperative pulmonary complications
in living-liver donors: a retrospective analysis of 188 patients. Exp
Clin Transplant 2015;13:340-5.

9. Ates M, Kinaci E, Dirican A, Sarici B, Soyer V, Koc S, Yilmaz S. Pul-
monary Complications After 1,150 Living Donor Hepatectomies.
Transplant Proc 2015;47:1319-22.





