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AIMS AND SCOPE

Turkish Journal of Surgery (Turk J Surg) is the official, peer reviewed, open access publication of the Turkish Surgical Society and Turkish
surgical community. The journal is published quarterly on March, June, September and December and its publication language is English.

The aim of the Turkish Journal of Surgery is to publish high quality research articles, review articles on current topics and rare case reports in
the field of general surgery. Additionally, expert opinions, letters to the editor, scientific letters and manuscripts on surgical techniques are
accepted for publication, and various manuscripts on medicine and surgery history and ethics, surgical education and the field of forensic
medicine are included in the journal.

As a surgical journal, the Turkish Journal of Surgery covers all specialties, and its target audience includes scholars, practitioners, specialists
and students from all specialties of surgery.

The editorial and publication processes of the journal are shaped in accordance with the guidelines of the International Committee of
Medical Journal Editors (ICMJE), World Association of Medical Editors (WAME), Council of Science Editors (CSE), Committee on Publication
Ethics (COPE), European Association of Science Editors (EASE), and National Information Standards Organization (NISO). The journal is in
conformity with the Principles of Transparency and Best Practice in Scholarly Publishing (doaj.org/bestpractice).

The Turkish Journal of Surgery is currently abstracted/indexed by PubMed Central, Web of Science-Emerging Sources Citation Index,
TUBITAK ULAKBIM TR Index, Scopus and EBSCO.

Processing and publication are free of charge. No fees are requested from the authors at any point throughout the evaluation and publication
process. All expenses of the journal are covered by the Turkish Surgical Society.

Manuscripts must be submitted via the online submission system, which is available at www.turkjsurg.com. Journal guidelines, technical
information, and the required forms are available on the journal’s web page.

Statements or opinions expressed in the manuscripts published in the journal reflect the views of the author(s) and not the opinions of the
Turkish Surgical Society, editors, editorial board, and/or publisher; thus, the editors, editorial board, and publisher disclaim any responsibility
or liability for such materials.

All published content is available online, free of charge at www.turkjsurg.com.
Turkish Surgical Society holds the international copyright of all content published in the journal.
The journal is printed on an acid-free paper.
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INSTRUCTIONS TO AUTHORS

Turkish Journal of Surgery (Turk J Surg) is the official, peer reviewed, open
access publication of the Turkish Surgical Society and Turkish surgical
community. The journal is published quarterly on March, June, September
and December and its publication language is English.

The aim of the Turkish Journal of Surgery is to publish high quality research
articles, review articles on current topics and rare case reports in the field of
general surgery. Additionally, expert opinions, letters to the editor, scientific
letters and manuscripts on surgical techniques are accepted for publication,
and various manuscripts on medicine and surgery history and ethics, surgical
education and the field of forensic medicine are included in the journal.

The editorial and publication processes of the journal are shaped in
accordance with the guidelines of the International Council of Medical Journal
Editors (ICMJE), the World Association of Medical Editors (WAME), the Council
of Science Editors (CSE), the Committee on Publication Ethics (COPE), the
European Association of Science Editors (EASE), and National Information
Standards Organization (NISO). The journal conforms to the Principles of
Transparency and Best Practice in Scholarly Publishing (doaj.org/bestpractice).

Originality, high scientific quality, and citation potential are the most
important criteria fora manuscript to be accepted for publication. Manuscripts
submitted for evaluation should not have been previously presented or
already published in an electronic or printed medium. The journal should
be informed of manuscripts submitted to another journal for evaluation but
rejected for publication. The submission of previous reviewer reports will
expedite the evaluation process. Manuscripts presented in a meeting should
be submitted with detailed information on the organization, including the
name, date, and location of the organization.

Manuscripts submitted to the Turkish Journal of Surgery will go through a
doubleblind peer-review process. Each submission will be reviewed by at least
two external, independent peer reviewers who are experts in their fields in
order to ensure an unbiased evaluation process. The editorial board will invite
an external and independent editor to manage the evaluation processes of
the manuscripts submitted by the editors or the editorial board members of
the journal. The Editor-in-Chief is the final authority in the decision-making
process for all submissions.

An approval of research protocols by the Ethics Committee in accordance with
international agreements (World Medical Association Declaration of Helsinki
“Ethical Principles for Medical Research Involving Human Subjects,” amended
in October 2013, www.wma.net) is required for experimental, clinical, and
drug studies and for some case reports. If required, ethics committee reports
or an equivalent official document will be requested from the authors. For
manuscripts concerning experimental research on humans, a statement
verifying that written informed consent of the patients and volunteers was
obtained following a detailed explanation of the procedures should be
included. For studies carried out on animals, the measures taken to prevent
pain and suffering of the animals should be stated clearly. Information on
patient consent, name of the ethics committee, and the ethics committee
approval number should also be stated in the Material and Methods section
of the manuscript. It is the authors' responsibility to carefully protect patients'
anonymity. For photographs that may reveal the identity of the patient, releases
signed by the patient or his/herlegal representative should be enclosed.

All submissions are screened by a similarity detection software (iThenticate
by CrossCheck).

In the event of alleged or suspected research misconduct, e.g., plagiarism,
citation manipulation, and data falsification/fabrication, the Editorial Board
will follow and act in accordance with COPE guidelines.

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

1. Substantial contributions to the conception or design of the work; or
the acquisition, analysis, or interpretation of the data for the work;

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

Final approval of the version to be published; AND

4. Agreement to be accountable for all aspects of the work, and ensuring
that questions related to the accuracy or integrity of any part of the
work are appropriately investigated and resolved.

In addition to being accountable for the parts of the work he/she has done,
an author should be able to identify which co-authors are responsible for

other specific parts of the work. In addition, authors should have confidence
in the integrity of the contributions of their co-authors.

All 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 in the title page of the
manuscript.

Turkish Journal of Surgery requires corresponding authors to submit a signed
and scanned version of the authorship contribution form (available for
download through www.turkjsurg.com) during the initial submission process
in order to act appropriately on authorship rights and to prevent ghost or
honorary authorship. 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 he/she accepts to undertake all responsibility
for authorship during the submission and review stages of the manuscript.

The Turkish Journal of Surgery requires and encourages the authors and the
individuals involved in the evaluation process of the submitted manuscripts
to disclose any existing or potential conflicts of interests, including financial,
consultant, and institutional. Any financial grants or other support received for
a submitted study from individuals or institutions should be disclosed to the
Editorial Board. To disclose a potential conflict of interest, the ICMJE Potential
Conflict of Interest Disclosure Form should be filled in and submitted by all
contributing authors. Cases of a potential conflict of interest of the editors,
authors, or reviewers are resolved by the journal’s Editorial Board within the
scope of COPE and ICMJE guidelines.

The Editorial Board of the journal handles all appeal and complaint cases
within the scope of COPE guidelines. In such cases, authors should get in
direct contact with the editorial office regarding their appeals and complaints.
When needed, an ombudsperson may be assigned to cases that cannot be
resolved internally. The Editor-in-Chief is the final authority in the decision-
making process for all appeals and complaints.

When submitting a manuscript to the Turkish Journal of Surgery, authors
accept to assign the copyright of their manuscript to the Turkish Surgical
Society. If rejected for publication, the copyright of the manuscript will
be assigned back to the authors. Turkish Journal of Surgery requires each
submission to be accompanied by a Copyright Transfer Form (available for
download at www.turkjsurg.com). When using previously published content,
including figures, tables, or any other material in both print and electronic
formats, authors must obtain permission from the copyright holder. Legal,
financial and criminal liabilities in this regard belong to the author(s).

Statements or opinions expressed in the manuscripts published in the Turkish
Journal of Surgery reflect the views of the author(s) and not the opinions of the
editors, the editorial board, or the publisher; thus, the editors, the editorial board,
and the Publisher disclaim any responsibility or liability for such materials. The
final responsibility in regard to the published content rests with the authors.

MANUSCRIPT PREPARATION

Manuscripts should be prepared in accordance with ICMJE Recommendations
for the Conduct, Reporting, Editing, and Publication of Scholarly Work in
Medical Journals (updated in December 2017 - http//www.icmje.org/
icmje-recommendations.pdf). Authors are required to prepare manuscripts
in accordance with CONSORT guidelines for randomized research studies,
STROBE guidelines for observational original research studies, STARD
guidelines for studies on diagnostic accuracy, PRISMA guidelines for
systematic reviews and meta-analysis, ARRIVE guidelines for experimental
animal studies, and TREND guidelines for non-randomized public behavior.
Manuscripts can only be submitted through the journal’s online manuscript
submission and evaluation system, available at www.turkjsurg.com.
Manuscripts submitted via any other medium will not be evaluated.
Manuscripts submitted to the journal will first go through a technical
evaluation process by the editorial office staff to ensure that the manuscript
has been prepared and submitted in accordance with the journal’s guidelines.
Submissions that do not conform to the journal’s guidelines will be returned
to the submitting author with technical correction requests.

Authors are required to submit the following:
+ Copyright Transfer Form,
«Author Contributions Form, and

+ ICMJE Potential Conflict of Interest Disclosure Form (should be
filled in by all contributing authors)



INSTRUCTIONS TO AUTHORS

during the initial submission. These forms are available for download at www.
turkjsurg.com.

Preparation of the Manuscript

Title page: A separate title page should be submitted with all submissions,
which should include:

« The full title of the manuscript as well as a short title (running
head) of no more than 50 characters,

« Name(s), affiliations, and highest academic degree(s) of the
author(s),

« Grantinformation and detailed information on the other sources
of support,

« Name, address, telephone (including the mobile phone number)
and fax numbers, 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.

Abstract: English abstract should be submitted with all submissions except
for Letters to the Editor. The abstract of Original Articles should be structured
with subheadings (Objective, Material and Methods, Results, and Conclusion).
Please check Table 1 below for word count specifications.

Keywords: Each submission must be accompanied by a minimum of three
to a maximum of six keywords for subject indexing 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, Medical Subject
Headings database (https://www.nlm.nih.gov/mesh/MBrowser.html).

Manuscript Types

Original Articles: This is the most important type of article since it provides
new information based on original research. The main text of original
articles should be structured with Introduction, Material and Methods (with
subheadings), Results, Discussion, Conclusion subheadings. Please check
Table 1 for the limitations for Original Articles.

Statistical analysis to support conclusions is usually necessary. Statistical
analyses must be conducted in accordance with international statistical
reporting standards (Altman DG, Gore SM, Gardner MJ, Pocock SJ. Statistical
guidelines for contributors to medical journals. Br Med J 1983; 7: 1489-93).
Information on statistical analyses should be provided with a separate
subheading under the Material and Methods section and the statistical
software that was used during the process must be specified.

Units should be prepared in accordance with the International System of
Units (SI).

Expert Opinions: Editorial comments aim to provide a brief critical
commentary by reviewers with expertise or with high reputation in the topic
of the research article published in the journal. Authors are selected and
invited by the journal to provide such comments. Abstract, Keywords, Tables,
Figures, Images, and other media are not included.

Review Articles: Reviews with high citation potential prepared by authors
with extensive knowledge on a particular field and whose scientific
background has already been proven by a high number of publications in the
related field are welcomed. These authors may even be invited by the journal.
Reviews should describe, discuss, and evaluate the current level of knowledge
of a topic in clinical practice and should guide future studies. The main text

should contain Introduction, Clinical and Research Consequences, and
Conclusion sections. Please check Table 1 for the limitations for Review Articles.

Case Reports: There is limited space for case reports in the journal, and reports
on rare cases or conditions constituting challenges in diagnosis and treatment,
those offering new therapies or revealing insight not included in the literature,
and interesting and educative case reports are accepted for publication. The
text should include Introduction, Case Presentation, Discussion, and Conclusion
subheadings. Please check Table 1 for the limitations for Case Reports.

Video Articles: We do encourage the submission of the video articles which
report interesting cases and technical methods.

The details of the review process are below.
All videos will be peer reviewed.
All videos will be published on the journals official Web site.
Article length: It should not exceed 500 words.
Reference Number: Not to exceed 5 references

Diagnosis, surgical technique and outcome should be summarized. All
important steps and aspects of the surgery should be mentioned in the video.
If it is a new surgical technique, appropriately labeled and cited video materials
may be used. Authors can use a rare case they have encountered, a surgical
technique, or videos using modern technological devices.

The following items must be provided:
+ The file of the video written in Word format.

+ Acompleted copy of the online broadcast consent form (form will
be prepared and linked), together with completed copies of patient
consent forms, if appropriate.

« All videos must contain an English narration.

«All videos should also be in the highest resolution possible, more
details on accepted file types and resolution are available at this link
(authors' video article submission guidelines; https://turkjsurg.com/
video-article-guidelines ).

+ The duration of the videos should not exceed five minutes and
the maximum file size should be 300Mb.

Letters to the Editor: This type of manuscript discusses important parts,
overlooked aspects, or lacking parts of a previously published article. Articles
on subjects within the scope of the journal that might attract the readers’
attention, particularly educative cases, may also be submitted in the form of a
“Letter to the Editor”Readers can also present their comments on the published
manuscripts in the form of a “Letter to the Editor” Abstract, Keywords, Tables,
Figures, Images, and other media should not be included. The text should be
unstructured. The article being commented on must be properly cited within
this manuscript.

Human Subjects Research

All research involving human participants must have been approved by the
authors’ Institutional Review Board (IRB) or by equivalent ethics committee(s)
and must have been conducted according to the principles expressed in
the Declaration of Helsinki. Authors should be able to submit, upon request,
a statement from the IRB or ethics committee indicating approval of the
research. The Journal reserves the right to reject work believed to have not
been conducted in a high ethical standard, even when formal approval has
been obtained.

Table 1. Limitations for each manuscript type

Abstract
Type of manuscript Word limit word limit Reference limit Table limit Figure limit
Original Article 5000 250 50 6 7 or total of 15 images
(Structured)

Review Article 5000 250 50 6 10 or total of 20 images
Case Report 1500 250 15 No tables 10 or total of 20 images
Surgical Methods 500 No abstract 5 No tables 10 or total of 20 images
Letter to the Editor 500 No abstract 5 No tables No media

AV
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INSTRUCTIONS TO AUTHORS

Subjects must have been properly instructed and have indicated that
they consent to participate by signing the appropriate informed consent
paperwork. Authors may be asked to submit a blank, sample copy of a subject
consent form. If consent was verbal instead of written, or if consent could not
be obtained, the authors must explain the reason in the manuscript, and the
use of verbal consent or the lack of consent must have been approved by the
IRB or ethics committee.

Animal Research

All animal research must have approval from the authors’ Institutional Animal
Care and Use Committee (IACUC) or equivalent ethics committee(s), and the
research must have been conducted according to applicable national and
international guidelines. Approval must be received prior to beginning the
research.

Manuscripts reporting animal research must state in the Methods section:
The full name of the relevant ethics committee that approved the work, and
the associated permit number(s). Where ethical approval is not required, the
manuscript should include a clear statement of this and the reason why. The
author should provide any relevant regulations under which the study is
exempt from the requirement of approval.

Tables

Tables should be included in the main document, presented after the reference
list, and 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 tables by 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 arranged
clearly to provide easy reading. Data presented in the tables should not be a
repetition of the data presented within the main text but should be supporting
the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted as separate files
(in TIFF or JPEG format) through the submission system. The files should not
be embedded in a Word document or the main document. When there are
figure subunits, the subunits should not be merged to form a single image.
Each subunit should be submitted separately through the submission system.
Images should not be labeled (a, b, ¢, etc)) to indicate figure subunits. Thick and
thin arrows, arrowheads, stars, asterisks, and similar marks can be used on the
images to support figure legends. Like the rest of the submission, the figures
too should be blind. Any information within the images that may indicate 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: 100 x 100 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 abstract and in the main text. The abbreviation should be
provided in parentheses following the definition.

When a drug, product, hardware, or software program is mentioned within
the main text, product information, including the name of the product, the
producer of the product, and city and the country of the company (including
the state if in the USA) should be provided in parentheses in the following
format:“Discovery St PET/CT scanner (General Electric, Milwaukee, WI, USA)"

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

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

References

While citing publications, preference should be given to the latest, most up-
to-date publications. If an ahead-of-print publication is cited, the DOI number
should be provided. Authors are responsible for the accuracy of references.
Only references cited in the text should be included in the reference list. The
reference list must be numbered according to the order of mention of the
references in the text. In the main text of the manuscript, references should be
cited using Arabic numbers in parentheses. Journal titles should be abbreviated
in accordance with the journal abbreviations in 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 authors should be listed followed
by et al'The reference styles for different types of publications are presented in
the following examples.

Journal Article: Rankovic A, Rancic N, Jovanovic M, Ivanovi¢ M, Gajovi¢ O, Lazi¢
Z, et al. Impact of imaging diagnostics on the budget - Are we spending too
much? Vojnosanit Pregl 2013; 70: 709-11.

Book Section: Suh KN, Keystone JS. Malaria and babesiosis. Gorbach SL, Barlett
JG, Blacklow NR, editors. Infectious Diseases. Philadelphia: Lippincott Williams;
2004. pp. 2290-308.

Books with a Single Author: Sweetman SC. Martindale the Complete Drug
Reference. 34th ed. London: 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
P, Piemme TE, Rienhoff O, editors. MEDINFO 92. Proceedings of the 7th World
Congress on Medical Informatics; 1992 Sept 6-10; Geneva, Switzerland.
Amsterdam: North-Holland; 1992. pp. 1561-5.

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

Thesis: Yilmaz B. Ankara Universitesindeki Ogrencilerin Beslenme Durumlari,
Fiziksel Aktiviteleri ve Beden Kitle indeksleri Kan Lipidleri Arasindaki lliskiler. H.U.
Saglik Bilimleri Enstitlist, Doktora Tezi. 2007.

Manuscripts Accepted for Publication, Not Published Yet: Slots J. The
microflora of black stain on human primary teeth. Scand J Dent Res. 1974.

Epub Ahead of Print Articles: 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].

Manuscripts Published in Electronic Format: Morse SS. Factors in the
emergence of infectious diseases. Emerg Infect Dis (serial online) 1995 Jan-Mar
(cited 1996 June 5): 1(1): (24 screens). Available from: URL: http:/ www.cdc.gov/
ncidod|EID/cid.htm.

REVISIONS

When submitting a revised version of a paper, the author must submit a detailed
“Response to the reviewers'that states point by point how each issue raised by
the reviewers has been covered and where it can be found (each reviewer's
comment, followed by the author’s reply and line numbers where the changes
have been made) as well as an annotated copy of the main document. Revised
manuscripts must be submitted within 30 days from the date of the decision
letter. If the revised version of the manuscript is not submitted within the
allocated time, the revision option may be canceled. If the submitting author(s)
believe that additional time is required, they should request this extension
before the initial 30-day period is over.

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

In the field of surgery, the transmission of knowledge and skills from one generation to the next is of paramount importance.
Surgical education not only ensures the continuity of expertise but also facilitates the innovation and development of new
techniques and procedures. However, in recent years, numerous challenges have emerged that threaten the effectiveness
of surgical education.

Challenges in the current era: Pandemic and financial constraints

The recent global pandemic has undoubtedly disrupted all facets of healthcare, and surgical education has been no
exception. While technology has offered some solutions, such as virtual surgical simulations, these tools cannot fully replicate
the hands-on experience of real-time surgeries. For instance, a study by Ellison et al. emphasizes the severe reduction in
clinical case volumes for residents during the pandemic, which has had a profound impact on their learning experiences (1).

Additionally, global financial issues within healthcare systems have further strained resources. Hospitals and educational
institutions are facing budget cuts, leaving less funding available for training programs, research opportunities, and
infrastructure development.

The role of scientific publishing in surgical education

Scientific publishing plays a critical role in the dissemination of new knowledge, advancements in surgical techniques, and
outcomes of clinical trials. However, the current landscape of academic publishing is not without its problems. The rise of
predatory publishing, where journals prioritize profit over quality, has become a serious concern. These journals often lack
rigorous peer review processes, leading to the dissemination of unreliable or low-quality research.

Atthe same time, the criteria for academic advancement are constantly evolving, with an increasing emphasis on the quantity
of publications rather than their quality (2). This places additional pressure on surgeons and researchers, who must navigate
a publishing environment where the opportunities to conduct and disseminate meaningful research are dwindling. Limited
time, funding, and access to reputable platforms all contribute to this growing challenge.

Looking forward: Addressing the gaps in surgical education

To address these issues, there is a need for systemic change. Healthcare institutions must prioritize investment in surgical
education, ensuring that future generations of surgeons receive the training they need to succeed. Moreover, scientific
publishing needs to uphold its integrity by fostering high-quality peer-reviewed work, while simultaneously providing
equitable access to publishing opportunities for all researchers, regardless of financial constraints.

In conclusion, surgical education is at a critical moment. While the challenges are significant, so too are the opportunities for
innovation and improvement. By addressing the systemic issues in education and publishing, we can ensure that the next
generation of surgeons is equipped with the skills, knowledge, and integrity to advance the field of surgery.

Sincerely,

Kaya SARIBEYOGLU()
Editor-in-Chief
Turkish Journal of Surgery
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ABSTRACT

Objective: This study aimed to analyze the average whole body radiation exposure, which changes significantly according to during endoscopic ret-
rograde cholangiopancreatography (ERCP) difficulty and to determine whether an ocular protection device must be used by analyzing applied ocular

radiation.

Material and Methods: Patients >18 years of age in whom an ERCP had been indicated were prospectively included in the study.

Results: A total of 1173 patients were included. Increased applied radiation dose significantly correlated with increased shot rate (Rho= 0.789, p<
0.001), ERCP duration (Rho= 0.487, p< 0.001), cost (Rho= 0.129, p< 0.001), and LOS (Rho= 0.109, p< 0.001). The whole body, skin, and eye radiation
exposure doses were found to be lower than the recommended limit per year (20 mSv/year).

Conclusion: Limit of ocular radiation exposure during ERCP did not exceed the recommended annual limit (20 mSv/year), and it was also detected to
be much lower than that. Therefore, the use of ocular visors is not recommended.
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INTRODUCTION

Endoscopic retrograde cholangiopancreatography (ERCP) is a crucial diagnostic
and treatment tool for hepatobiliary system disorders. However, a reliable
procedure could not be achieved without using fluoroscopy. The radiation dose
applied to the patients depends on many factors. The experience of the operator
and technician, the features of the patient and fluoroscopy device, and the
protective devices used are stated with regard to these factors. In some studies, the
amount of radiation exposure has been found to be correlated with procedure
type and fluoroscopy duration. Nevertheless, some factors related to long-term
fluoroscopy have recently been described, but they cannot yet be confirmed (1). It
was found that other staff were exposed to a lesser degree of radiation when
compared to the operator with respect to radiation distance (2). However, the
operator’s exposure to radiation can still be considerably limited by using
protective devices (2). Our aim was to analyze the average whole body radiation
exposure, which changes significantly according to the ERCP difficulty, and to
determine whether an ocular protection device must be used by analyzing applied
ocular radiation.

MATERIAL and METHODS
Patients

Patients >18 years of age in whom an ERCP is indicated were prospectively
included in the study between November 2019 and November 2022. Sedation was
applied by an anesthesiologist via continuous monitoring. Demographics,
additional diseases, and adverse events that occurred during the ERCP procedure
were electronically recorded. A complete blood count (CBC) and comprehensive
biochemistry tests were obtained both prior to and after the ERCP procedure. A
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pancreatitis prophylaxis was administered for all patients via
intravenous Ringer lactate infusion and intramuscular non-
steroid anti-inflammatory drug. Informed consent was obtained
fromall patients,and the whole data gathered were anonymized.

Procedure and Radiation Measurement

All procedures were performed by the same operator in the
gastroenterological ERCP unit of the hospital. A lateral decubi-
tus position was used. Advanced protective devices were used
against radiation, including lead visors around the patient’s
table and upper to the C-arm and between the patient and the
operator, other than routine lead aprons and thyroid shields.

Data regarding patients with respect to ampulla position, can-
nulation time, total procedure duration, procedure difficulty
(easy-moderate-hard), type of periampullary diverticula, total
number of fluoroscopic shots, total radiation dose, and adverse
events were prospectively recorded. Dosimeters, including the
whole body and ocular devices used by both the operator and
two other staff, were periodically evaluated by a special organi-
zation (Radat Laboratory Services). A video-recorded C-arm
fluoroscopy system producing 12.5 Hz pulses (BV Pulsera,
Philips, Amsterdam, the Netherlands) was used in the study.
Voltage and flow duration were automatically determined. An

experienced technician applied the fluoroscopic shots accord-
ing to the operator’s requests. Cumulative radiation exposure
was calculated and presented as mSv per hour. Our study was
approved by the ethics board .

Statistical Analysis

All values are represented as mean + standard deviation (SD),
95% confidence intervals (95% Cl), percentages, medians with
interquartile ranges (IQR) as appropriate. Distribution normality
was analyzed with the Kolmogorov-Smirnov and Shapiro-Wilk
tests properly. Differences respecting ERCP difficulty were test-
ed with one-way ANOVA or Kruskal-Wallis test appropriately. A
p value of <0.05 was accepted as significant. All analyzes were
calculated with Jamovi® (2.3.26), an open and free statistics
program, provided for free.

RESULTS

A total of 1173 patients were included into the study. Mean age
was 54 + 18,61 + 19, and 65 + 17 years in the easy, moderate,
and hard ERCP groups, respectively (p= 0.023). Female rates
were detected to be 23%, 34%, and 43% in separate three
groups (p< 0.001). No clinically meaningful, albeit statistically
significant, differences were found between groups (Table 1).

Table 1. Group features according to the difficulty in achieving ERCP

Easy (n=305) | Moderate (n=418) | Hard (n=450) P P derate P acv-hard P oderate-hard
Sex (F), n (%) 110 (23) 166 (34) 206 (43) 0.023 0.579 0.022 0.169
Age* (year) 54+£18 61+19 65+ 17 <0.001 <0.001 <0.001 <0.001
CC, n (%) 2(1) 10 (2) 31 (7) <0.001 0.168 <0.001 0.005
Leakage, n (%) 4(1) 6 (1) 10 (2) 0.554 0.989 0.635 0.665
Row ERCP, n (%) 1(0.5) 12(3) 71(16) <0.001 0.030 <0.001 <0.001
Diverticulum, n (%) 30 (10) 49 (12) 75(17) 0.014 0.702 0.021 0.094
Stent impl., n (%) 34(15) 74 (37) 77 (43) <0.001 <0.001 <0.001 0.509
Sphincterotomy, n (%) 238 (78) 348 (83) 340 (76) 0.019 0.181 0711 0.014
Sclerotherapy, n (%) 10(3) 51(12) 61 (14) <0.001 <0.001 <0.001 0.823
WBC* (x103/cc) 62+20 6.4 £ 2.1 6.8 £ 3.1 0.020 0.713 0.017 0.077
GGT* (U/L) 188 £ 175 220 + 203 197 £ 212 0.062 0.059 0.809 0.222
Bil* (mg/dL) 0.67 £0.86 080+ 1.1 1.1+£20 <0.001 0318 <0.001 0.021
ALP* (U/L) 218 £ 163 262 +194 259 + 205 0.022 0.036 0.058 0.980
ALT* (U/L) 88 £ 105 7778 54+ 68 <0.001 0.325 <0.001 <0.001
AST* (U/L) 55172 49 + 63 40+ 42 <0.001 0529 0.003 0.026
Amylase* (U/L) 68 + 74 94 + 201 70+£123 0.049 0.039 0.946 0.090
LOS* (day) 3[2-5] 4 [2-6] 6 [3-9] <0.001 0.011 <0.001 <0.001
Pre-cat, n (%) 4(1) 20 (5) 102 (23) <0.001 0.027 <0.001 <0.001
Duration* (min) 17£5 25+7 35+13 <0.001 <0.001 <0.001 <0.001
Shot* 15 [9-21] 22 [14-34] 29 [12-57] <0.001 <0.001 <0.001 <0.001
Radiation dose* 6.8+57 11.2+£10.1 163+£17.8 <0.001 <0.001 <0.001 <0.001
Cost* (B) 2473 £ 1837 3657 + 3598 6605 + 12657 | <0.001 <0.001 <0.001 <0.001
ALP: Alkaline phosphatase, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, Bil: Bilirubin, CC: Cholangiocarcinoma, F: Female, GGT: Gamma-glutamy!
transferase, Impl: Implantation, LOS: Length of stay, Pre-cat: Pre-catheterisation, £: Turkish lira, WBC: White blood count.
*mean + SD, ** median [IQR]. Bolds indicates statistical significance.
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Table 2. Correlation matrix
Radiation dose Shot Duration LOS Cost Age
Radiation dose Rho -
p -
Shot Rho 0.789* -
P <0.001 -
Duration Rho 0.487* 0.506* -
P <0.001 <0.001 -
LOS Rho 0.109* 0.094* 0.215*% -
P <0.001 0.002 <0.001 -
Cost Rho 0.129* 0.073* 0.180* 0.693* -
P <0.001 0.013 <0.001 <0.001 -
Age Rho 0.056 0.132* 0.198* 0.108* 0.092* -
P 0.058 <0.001 <0.001 <0.001 0.002 -
LOS: Length of stay.
*Sign and bold indicates statistical significance.

According to results, it seemed that harder ERCP did not only
mean the more accompanying cholangiocarcinoma, leakage,
row ERCP, diverticulum, stentimplantation rate, sphincterotomy,
sclerotherapy but also increased LOS, pre-cat rate, ERCP
duration, shot rate, total radiation dose, and the cost (Table 1).
According to correlation analysis, increased applied radiation
dose was significantly correlated with increased shot rate
(Rho= 0.789, p< 0.001), ERCP duration (Rho= 0.487, p< 0.001),
cost (Rho= 0.129, p< 0.001), and LOS (Rho= 0.109, p< 0.001)
(Table 2, Figure 1). The whole body, skin, and eye radiation
exposure doses were found to be lower than the recommended
limit per year (20 mSv/year) (Figures 2, 3).

DISCUSSION

ERCP is a technical issue and depends on the operator's
experience. Applied radiation during ERCP is multifactorial,
and features of the operator and the patient, the type of the
procedure, and other equipment may not be controlled. It is
recommended that fluoroscopy duration be the shortest that
could be achieved (1).

ERCP has also been performed recently via computed
tomography (CT) technology. Although an ERCP via CT can
facilitate the procedure in patients with hard ductal anatomy,
it may elongate not only the duration of the procedure and
the radiation but also require a contrast injection. A lower
degree of radiation exposure has been detected in patients
who have undergone a conventional ERCP procedure while
compared to patients having an ERCP procedure via CT (2).

The eyes are a highly sensitive part of the human body, and
radiation exposure may cause cataract formation (3). The
minimum long-term exposure to trigger cataract formation is
2500 mSv (3). International guidelines recommend against

exceeding a limit of 20 mSv/year for ocular radiation exposure
(4). The radiation exposure of the operators working in high-
volume centers (>200 procedures per year) and performing
hard and complicated ERCP procedures must be cautiously
assessed. Limitation by using lead-supported glasses might be
logical in these circumstances (5).

Recent studies show the importance of radiation assessment.
Although standard protection systems are routinely used for
the skin, thyroid, and whole body against radiation exposure,
knowledge about using ocular protection against radiation
exposure is vague (6). Recently, it was shown that ocular
cataractogenesis may be triggered by a lower radiation dose
than previously considered (6). Radiation spread through
fluoroscopy may cause cytotoxic cell damage in various tissues
(7). Early reactions can occur in tissues with high metabolic
demand, while late reactions take place in resistant tissues
such as vessels and bones (8). On the other hand, immune
system damage almost always occurs (8).

ERCP may be performed both in the supine and left lateral de
cubitus (LDD) positions. It has been shown that ERCP
performed in the LDD position is as safe as in the supine one
(9). Ocular radiation exposure of the ERCP staff was found to be
lower in the ERCP procedure performed in supine position
while compared to in LDD position. The body thickness
differences between two positions are accused of causing this
phenomenon (7). Another study with patients who underwent
an ERCP performed in the LDD position reported harder
technical issues for operators who got used to performing
ERCP in supine positions and more cardio-respiratory adverse
events (3). Still, we consider the difficulty of the procedure to
be more important than the body’s thickness.

Turk J Surg 2024; 40 (3): 183-189
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Figure 1. Correlation matrix depicting association among age, shot, duration, cost, and length of stay (LOS).

*p< 0.05, **p< 0,01, **p< 0.001.

In the ERCP procedure, lead visors are mandatory for the
operators; however, the use of the ocular protection devices is
optional. In some studies, the duration of fluoroscopy (hour) to
extend a recommended limit of ocular radiation exposure (10
mSv) was stated as 59.41 hours for operators and 88.17 hours
for other staff (10). Then ocular protection devices have to be
used by the operators in line with these results. However,
according to our study, even the operators did not get close to
the recommended level of the ocular radiation dose.
Furthermore, it has been calculated that 100 times more ERCP
procedures are needed to reach that limit.

Turk J Surg 2024; 40 (3): 183-189

Radiation dose exposure during ERCP is closely associated
with fluoroscopy duration, and it may become longer in
difficult cases (11). Another important factor is the experience
of the operator and the technician (11). It is known that
fluoroscopy’s duration is shorter in the hands of experienced
operators (11). Understanding the basics of radiation and
using protective devices can help reduce stress on the team
(12). Moreover, novel technologies provide features that might
reduce radiation exposure. Still, the main factor preventing
radiation exposure is a standard exposure time for ERCP (13).
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Figure 2. Eye radiation exposure through the years gone by for the operator (brown) and accompanying two nurses (red-mean
value).
*A maximum of 20 mSv per year is the determined limit value according to provision of laws.
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Figure 3. The whole body and skin radiation exposure through the years gone by for the operator (number before forward slash
sign means the month of the year). Red line delineates the mean radiation exposure of two accompanying nurses (avarage of the
whole body and skin radiation).

*A maximum of 20 mSv per year is the determined limit value according to provision of laws.
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The radiation exposure of the staff working in an ERCP unit
must be within acceptable limits. Unfortunately, some research
has shown that staff might have be exposed to a higher level
of radiation than that reported in the literature (14). Thus, the
ERCP procedure’s radiation doses and protective precautions
are still a matter of debate. On the other hand, the radiation
dose of patients for a diagnostic ERCP procedure is a mean of
14-26 Gy.cm?, while it may increase to 67-89 Gy.cm? for a
therapeutic procedure (15).

Indeed, there are also some studies investigating the radiation
exposure of anesthesiologists. In a great number of studies, it
has been shown that anesthesiologists, who were at least 1.5
meters away from the C-arm, did not expose themselves to
radiation, or at least exposed themselves to only a minimal
level of radiation (16). However, it has to be kept in mind that
1.5 meters of distance is the sensitivity limit of dosimeters.
Understanding the basics of radiation and using protective
devices can help reduce the possible harm to which the team
might be exposed (16,17). In our hospital, working schedules
are arranged in a shift formation that we consider another
protective factor for the staff against radiation.

Although total body and thyroid lead visors are mandatory, the
use of ocular protection devices is still a matter of debate. In
fact, our prospective study highlights two important points.
Does a standard body radiation dosimetry device provide
reliable information regarding ocular radiation exposure, and
what is the limit of fluoroscopy duration that makes it necessary
to use an ocular protective device? According to our study,
body radiation dosimetry results are in line with those of
ocular devices, and almost 100 times more ERCP procedures
than the current ERCP unit’s work are needed to make an
ocular protection device mandatory (Figures 2,3). This result
also suggests a reevaluation to the recent guidelines.

The current study also has some limitations. To begin with,
having only one center’s experience makes our results not
generalizable. However, considerable data, including more
than a thousand patients, makes us believe it is clinically
meaningful. Another point is that the only LDD position used
in our study makes it impossible to compare our results with a
supine position. Furthermore, the procedures were performed
by a single experienced operator, hence results may vary
according to the operators with different experiences. Lastly,
we have analyzed only an 18-month duration, which limits our
ability to comment on the chronic adverse events of the
radiation exposure. It seems more advanced, structured
prospective studies are needed.

CONCLUSION

Radiation exposure during ERCP is associated with fluoroscopy
duration and the difficulty of the procedure. The exposure of

Turk J Surg 2024; 40 (3): 183-189

radiation to the operators may be reduced significantly by using
protective devices. In the current study, the ocular radiation
limit did not only did exceed the recommended annual limit
(20 mSv/year) but it was also detected to be much lower than
that. Therefore, the use of ocular visors is not recommended.
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Endoskopik retrograd kolanjiyopankreotografi sirasinda okiiler ve tiim viicut radyasyon
maruziyeti
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OZET

Giris ve Amag: Amag, endoskopik retrograd kolanjiyopankreotografi (ERCP) zorluguna gore 6nemli 6lclide degisen tiim viicut radyasyon ma-
ruziyetinin ortalamasini analiz etmek ve uygulanan okdler radyasyonu analiz ederek okiler koruma cihazi kullanilmasi gerekip gerekmedigini
belirlemektir.

Gereg ve Yontem: Endoskopik retrograd kolanjiyopankreotografi endikasyonu olan 18 yas ustl hastalar prospektif olarak calismaya dahil edildi.
Bulgular: Calismaya toplam 1173 hasta dahil edildi. Artan uygulanan radyasyon dozu; artan radyografik ¢cekim sayisi (Rho= 0,789, p< 0,001), ERCP
surresi (Rho= 0,487, p< 0,001), maliyet (Rho= 0,129, p< 0,001) ve yatis stiresi (Rho= 0,109, p< 0,001) ile anlaml olarak iliskilidir. Tim vicut, cilt ve

g0z radyasyonuna maruz kalma dozlarinin yillik 6nerilen limitin (20 mSv/yil) altinda oldugu tespit edildi.

Sonug: Endoskopik retrograd kolanjiyopankreotografi sirasinda okiler radyasyona maruz kalma sinirinin 6nerilen yillik sinirt (20 mSv/yil) asmadigi
gibi bunun ¢ok altinda oldugu tespit edildi. Bu nedenle g6z vizorlerinin kullaniimamasi 6nerilmektedir.

Anahtar Kelimeler: Endoskopik retrograd kolanjiyopankreatografi, radyasyon maruziyeti, floroskopi stiresi
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ABSTRACT

Objective: Gallstone disease (GSD) and non-alcoholic fatty liver disease (NAFLD) share common risk factors. NAFLD can progress to non-alcoholic
steatohepatitis (NASH), which may lead to severe liver conditions. This study aimed to assess the prevalence of NASH and associated factors in patients
with GSD and fatty liver undergoing cholecystectomy.

Material and Methods: This prospective observational study was conducted from March 2021 to June 2023 and included 134 patients diagnosed
with GSD and fatty liver based on preoperative ultrasound. Core liver biopsies were obtained during cholecystectomy. Preoperatively, clinical,
anthropometric, demographic, biochemical variables, and FibroScan parameters were recorded.

Results: NASH was found in 21 (15.67%) patients, while 50 (37.31%) patients had probable NASH, and 63 (47.01%) had non-NASH scores. Metabolic
syndrome was present in 63.6% of the patients. Univariate analysis revealed significant differences in AST and ALT values between the NASH and non-
NASH groups. In multivariate analysis, AST was statistically significant (p= 0.041). Mean controlled attenuation parameter in patients with non-NASH
was 219.40 + 60.44 dB/m, and in patients with NASH, it was 265.48 + 63.47 dB/m (p= 0.006). Fibrosis was present in 33 of the 82 slides examined, with
17 patients having grade 2 and two patients with grade 3 fibrosis.

Conclusion: The high prevalence of NASH among GSD patients highlights a significant public health issue, prompting consideration for liver biopsy in
individuals with NAFLD and GSD undergoing laparoscopic cholecystectomy.

Keywords: Gallstone disease, NAFLD, NASH, non-alcoholic fatty liver disease, non-alcoholic steatohepatitis

INTRODUCTION

Symptomatic gallstone disease (GSD) stands as the most prevalent benign disorder
of the gallbladder, with an incidence of up to 6% among Indian adults (1). Patients
afflicted with GSD often exhibit a high prevalence of non-alcoholic fatty liver disease
(NAFLD), characterized by significant fat deposition in hepatocytes (2). Cholesterol
GSD shares several risk factors with NAFLD, notably age, obesity, diabetes mellitus,
insulin resistance, hyperlipidemia, sedentary lifestyle, and metabolic syndrome (2-4).
It remains uncertain whether NAFLD acts as a precursor to GSD, or if the presence
of GSD signifies long-standing features of metabolic syndrome, thereby hastening
the progression of NAFLD (5). NAFLD stands as the foremost cause of chronic liver
disease and cryptogenic cirrhosis globally. Non-alcoholic steatohepatitis (NASH),
encompassing 10%-20% of NAFLD cases, can advance to severe chronic liver
disease, liver cirrhosis, and hepatocellular carcinoma (6).
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the gold standard for diagnosing and staging NAFLD. However, firm
recommendations regarding when to perform a liver biopsy in NAFLD patients are
lacking. In our present study, our objective was to estimate the prevalence of NASH
in patients with symptomatic GSD and concomitant fatty liver diagnosed via US.
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This insight could aid in determining whether liver biopsy
should be routinely conducted during cholecystectomy to
assess the severity of NAFLD in GSD patients with concurrent
fatty liver. The diagnosis of NASH upon biopsy would offer
sufficient grounds for recommending lifestyle modifications,
controlling metabolic risk factors, and implementing long-term
liver disease monitoring in these patients. Additionally, we
aimed to identify clinical predictors of NASH within this
population, potentially facilitating timely evaluation and
intervention. Previous studies have primarily focused on general
patient populations, whereas our study exclusively concentrated
on individuals with fatty liver and GSD to ascertain both
prevalence rates and predictors of NASH in such patients.

MATERIAL and METHODS

This prospective observational study was conducted on con-
secutive adult patients aged 18-70 years diagnosed with symp-
tomatic GSD and fatty liver via ultrasound (US) undergoing
cholecystectomy at a tertiary care center in Northeastern India
from March 2021 to June 2023. Ethics approval was obtained
from the Institutional Ethics Committee (AIIMS/Pat/IEC/PGTh/
Jan20/09), and research approval was taken from the institu-
tional research board (AlIMS/Pat/IRC/2020/PGTh/Jan20/09) on
01/03/2021. Patients positive for HBV and HCV, with a history of
alcohol intake exceeding 20 g per day for females and 30 g per
day for males, diagnosed with liver cirrhosis, autoimmune
hepatitis, or other liver diseases, pregnant individuals, and
those with a history of drug intake (including oral contraceptive
pills, steroids, methotrexate, amiodarone, tamoxifen, highly
active antiretroviral therapy, and chemotherapy agents) were
excluded from the study. Written informed consent was
obtained from all included patients, and the study was con-
ducted in accordance with the declaration of Helsinki.

Demographic details, clinical history of comorbidities, and
anthropometric parameters were recorded. All patients
underwent blood investigations, including fasting blood sugar,
glycated hemoglobin (HbATc), liver function tests [bilirubin,
albumin, alanine transaminase (ALT), aspartate transaminase
(AST), alkaline phosphatase (ALP), prothrombin time
international normalized ratio (INR)], thyroid stimulating
hormone (TSH), lipid profile [triglycerides (TG), cholesterol,
high-density lipoprotein (HDL), low-density lipoprotein (LDL),
very low-density lipoprotein (VLDL)], and serology for hepatitis
B and C. Preoperatively, all patients underwent USG to
document gallstones and assess the presence of fatty liver, as
well as Fibroscan® (Echosens, Paris, France) for calculating
controlled attenuation parameter (CAP).

Liver biopsies were performed during laparoscopic
cholecystectomy using a 16 g x 20 cm, BARD Max-Core™ Core
Biopsy Instrument (Arizona, USA) from the right lobe of the
liver. Hematoxylin-eosin stained and Masson trichrome stained
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paraffin-embedded liver biopsy sections were examined and
interpreted by a single experienced pathologist. Severity was
assessed using the NAFLD activity score (NAS) as proposed by
the clinical research network (7). A NAS score of less than three
was categorized as non-NASH, 3-4 as borderline NASH, and five
or more as NASH. Fibrosis was staged on a scale of zero to four
according to the clinical research network (7).

The sample size was determined based on a survey by Monzon
et al, which reported a 10.2% prevalence of NASH in adult
patients with GSD (8). To achieve a 95% confidence level and a
5% absolute precision, the study required a sample size of 131
participants. Clinical demographic data collected were analyzed
using descriptive statistics. Qualitative variables were presented
as absolute [number, (n)] and relative [percentage, (%)]
frequencies. Standard deviations, means, and frequencies for
each group with categorical variables were calculated.
Qualitative data between the groups were compared using
Pearson’s Chi-square test or Fisher's exact test as appropriate.
Quantitative variables were analyzed using ANOVA for normally
distributed data (confirmed by Shapiro-Wilk test) and equal
variances (confirmed by Levene’s test). Ordinal logistic
regression analysis was adjusted for confounding variables to
identify independent predictors of NASH in the entire study
population. A probability value (p-value) less than 0.05 was
considered statistically significant. All statistical calculations
were performed using Statistical Package for the Social Sciences,
version 20, SPSS Inc, Chicago, IL, United States (SPSS) for
Microsoft Windows.

RESULTS

Among the 550 patients initially evaluated for laparoscopic
cholecystectomy, 150 patients with fatty liver on US who met
the inclusion and exclusion criteria were enrolled in the study.
Afurther 16 patients with inadequate liver tissue for quantifying
fatty liver on liver biopsy were excluded from the final analysis.

The demographic details of the patients are summarized in
Table 1. Mean age of the patients was 43.22 + 11.54 years (range
20- 72 years), with ninety (67.2%) of the study participants being
female. Mean body mass index (BMI) was 26.53 + 3.99 kg/mz.
Among all patients, 49 (36.6%) were obese, and 52 (38.8%) were
overweight. Additionally, twenty patients (16.3%) were diabetic,
23 (17.2%) were hypertensive, 16 (11.9%) had hypothyroidism,
and four had other comorbidities, including bronchial asthma
and coronary artery disease. According to the International
Diabetes Federation (IDF) consensus definition, metabolic
syndrome was present in 63.6% of the study population (9).

Upon analysis of liver biopsy samples from 134 patients with fatty
liver on preoperative US, NASH (i.e, NAS score> 5) was found in 21
(15.67%) patients with GSD. Fifty (37.31%) patients had probable
NASH (i.e, NAS scores of 3 and 4), while sixty-three (47.01%)
patients had non-NASH scores (i.e, NAS score< 2) (Table 2).

Turk J Surg 2024; 40 (3): 190-196



192

Liver biopsy in gallstone patients undergoing cholecystectomy: Observational study

Table 1. Patient demographics

Standard Deviation/
Category Mean/Count Percentage
Age, years 43.22 11.54
Sex
Male 44 32.8%
Female 90 67.2%
BMI, kg/m” 26.53 399
BMI categories
Normal (18.5-22.49) 20 14.9%
Overweight (22.5-27.49) 52 38.8%
Obese (>27.5) 49 36.6%
Comorbidity status 52 42.3%
Diabetes mellitus 20 16.3%
Hypertension 23 17.2%
Thyroid disease 16 11.9%
Other comorbidities 4 33%
BMI: Body mass index.
Table 2. Prevalence of NASH
Liver Biopsy n=134
Non-NASH 63 (47.01%)
Probable NASH 50 (37.31%)
NASH 21 (15.67%)
NASH: Non-alcoholic steatohepatitis.
Table 3. Prevalence of fibrosis
Grade n
0 49
la 2
b 1
1c 11
2 17
3 2
4 0
Total 82

Masson trichrome staining was performed on 82 samples,
revealing hepatic fibrosis in 33 of them, with 17 patients having
stage 2 and two patients with grade 3 fibrosis. None of the
patients had underlying cirrhosis (Table 3). Among patients with
NASH, 23% exhibited significant hepatic fibrosis (F2 or higher).

A higher percentage of patients with NASH had metabolic
syndrome (86.7%) although it did not achieve statistical
significance as a risk factor for NASH (p= 0.114). NASH patients
had higher AST levels (41.19 + 20.53 IU/L) compared to non-
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NASH subjects (28.95 + 12.66 IU/L) (p= 0.028). ALT levels in
non-NASH subjects were 2836 + 17.88 IU/L, while in NASH
subjects, they were 44.71 + 27.92 IU/L (p= 0.047). The remaining
biochemical parameters, such as ALP, albumin, INR, cholesterol,
HDL, VLDL, LDL, triglycerides, FBS, HbATc, and TSH, did not
achieve statistical significance. CAP increased from 219.40 +
60.44 dB/m in non-NASH subjects to 26548 + 6347 dB/m in
NASH patients (p= 0.006) (Table 4).

For multivariate analysis, the following variables were
considered: age, sex, comorbidities, BMI, AST, ALT, INR, HDL,
triglycerides, and CAP. In this model, only AST reached statistical
significance (p=0.041) (Table 5). No morbidity or mortality were
reported secondary to intra-operative liver biopsy in any
patient.

DISCUSSION

GSD and NAFLD share common risk and pathogenic factors,
and several studies have reported a significant association
between them. The clinical spectrum of NAFLD includes
steatosis, NASH, fibrosis, and cirrhosis. Given the high prevalence
of NAFLD in patients with GSD, our study aimed to determine
the prevalence of NASH and identify contributing risk factors in
patients with fatty liver undergoing cholecystectomy.

Our study found NASH in 21 (15.67%) out of 134 patients
undergoing cholecystectomy with fatty liver detected on
preoperative US. Fifty percent of the patients with NASH were
obese, while 43.5% of the probable NASH group and 42.9% of
the non-NASH group were obese. Univariate analysis revealed
significant differences in AST, ALT, and CAP between the NASH
and non-NASH groups (p= 0.028), (p= 0.008), and (p= 0.006),
respectively. Multivariate analysis showed that only AST was
significant (p=0.041).

The prevalence of NAFLD varies depending on the diagnostic
test and population studied. Indian data indicates a prevalence
of NAFLD between 6.7%-55.1% in adults (10). The variation in
prevalence results from different diagnostic methods such as US,
magnetic resonance imaging, and biopsy. A meta-analysis has
found the pooled odds ratio of NAFLD in patients with gallstone
disease to be 1.55 (95% ClI 1.31-1.82) (11). In studies on patients
undergoing cholecystectomy, NAFLD has shown a prevalence of
35%-55% in persons with GSD (8,12-15). The prevalence of NASH
varies from 6%-11% in patients undergoing cholecystectomy
(8,14,16,17). However, these studies were conducted on a
general cohort of patients undergoing cholecystectomy. Our
study specifically targeted patients with a preoperative diagnosis
of NAFLD on US, revealing a 15.67% prevalence of NASH in this
population. This high prevalence justifies considering liver biopsy
during cholecystectomy to detect NASH early and implement
necessary interventions such as lifestyle modifications and
treatment of metabolic comorbidities can help reduce the
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Table 4. Characteristics of the patients with gallstones studied according to diagnosis on liver histology
Liver biopsy
Risk factors Levels Non NASH (n=63) | Probable NASH (n= 50) NASH (n=21) p
Age (in years) 4135+ 1226 44.08 + 1051 46.76 £ 11.11 0.142
Sex Male 18 (40.9%) 22 (50%) 4(9.1%) 0.076
Female 45 (50%) 28 (31.1%) 17 (18.9%)
BMI (kg/m?) 2586 +4.11 27.34 +3.69 26.65 £ 4.15 0.169
BMI category Normal 14 (23.7) 3 (6.5%) 3(18.8%) 0.158
Overweight 24 (35.6%) 23 (50%) 5(31.3%)
Obese 21 (42.9%) 20 (43.5%) 8 (50%)
Presence of comorbidity Absent 39 (54.9%) 22 (31%) 10 (14.1%) 0.206
Present 21 (40.4%) 24 (46.2%) 7 (13.5%)
Metabolic syndrome Absent 21 (42.9%) 17 (37%) 2 (13.3%) 0.114
Present 28 (57.1%) 29 (53%) 13 (86.7%)
Bilirubin (mg/dL) 0.73 £ 0.54 067 £ 042 0.63 +0.39 0.652
AST (IU/L) 28.95 + 12.66 3312+ 1475 41.19£2053 0.028
ALT (IU/L) 2836+ 17.88 39.78 £ 2745 4471 £2792 0.008
ALP (IU/L) 92.18 + 44.44 98.25 £ 46.44 88.76 + 25.20 0.633
Albumin (g/dL) 4.00 £ 040 403 +£039 3.90 +0.57 0492
INR 0.99 +0.13 0.94 + 0.08 093 +0.10 0.073
Cholesterol (mg/dL) 168.0 £299 1722 £ 442 1724 £50.3 0.832
HDL (mg/dL) 5045 +40.25 42.85+1948 3820+ 10.19 0.212
VLDL (mg/dL) 3256 £ 13.30 29.99 £ 1549 34,05 +9.96 0.480
LDL (mg/dL) 93.50 £29.38 99.30 + 36.40 93.10 + 42.66 0.651
Triglycerides (mg/dL) 161.77 £ 62.7 14938 £ 76.7 21997 £ 2513 0.077
FBS (mg/dL) 104.50 £ 25.5 10550 £ 274 106.32 £16.5 0.958
HbATc (%) 572+0.85 572+141 566 +0.59 0.974
TSH (m 1U/L) 3.82+242 342 +339 533 +10.15 0.319
CAP (dB/m) 21940 £ 604 243.64 £59.7 26548 + 6347 0.006
BMI: Body mass index, AST: Aspartate transaminase, ALT: Alanine transaminase, ALP: Alkaline phosphatase, INR: International normalized ratio, HDL: High density
lipoprotein, VLDL: Very low density lipoprotein, LDL: Low density lipoprotein, FBS: Fasting blood sugar, HbA1c: Glycated hemoglobin, TSH: Thyroid stimulating
harmone, CAP: Controlled attenuation parameter.

advanced liver disease burden in the population. We utilized a
core liver biopsy instead of a wedge biopsy because fibrous
septa from a subcapsular sample in a wedge biopsy may mimic
cirrhosis and potentially overestimate the stage of liver disease
(18). Previous studies have primarily employed wedge biopsies
rather than core biopsies (13,15,16).

In patients with NAFLD, liver fibrosis plays a crucial role in
overall morbidity and mortality. Our study revealed significant
liver fibrosis in 23% of NASH subjects, although advanced
fibrosis was rare, and none had compensated cirrhosis. These
findings suggest that patients were likely identified during the
relatively early phase of NAFLD progression. Typically, fibrosis
progression in NAFLD is slow, with approximately seven years
required for one stage of fibrosis to progress (19).

Obesity is a common risk factor for both NAFLD and GSD. Both
excessive BMI and visceral obesity are recognized risk factors for
NAFLD. In studies conducted on patients undergoing
cholecystectomy, some have found a statistically significant
difference in BMI between the NASH and non-NASH groups
(14,16). In contrast, other studies have reported no significant
difference in BMI among NASH and non-NASH patients (17).
The presence of 50% of the patients in the non-obese group
might be attributed to the lower BMI in our population
compared to other parts of the country. NAFLD has been
reported in lean subjects residing in developing countries,
suggesting that lean NAFLD may represent a distinct entity that
could contribute to NAFLD in our population.
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Table 5. Summary of ordinal regression analysis

Standard

Variable Estimate (b) Error p

Age 0.038 2513 0.265
Sex -0.354 0460 0442
BMI 0.060 0.054 0.270
Comorbidity 0.041 0450 0928
AST 0.050 0.024 0.041
ALT 0.004 0.015 0.792
INR -2.108 1.858 0.257
HDL -0.015 0.011 0.165
Triglycerides 0.001 0.002 0.688
CAP 0.003 0.004 0416

BMI: Body mass index, AST: Aspartate transaminase, ALT: Alanine transaminase,
INR: International normalized ratio, HDL: High density lipoprotein, CAP:
Controlled attenuation parameter.

Metabolic syndrome is prevalent in patients with symptomatic
gallstones, with a significant association with NAFLD. It remains
unclear whether NAFLD serves as a precursor to GSD or if the
presence of GSD indicates the presence of longstanding
features of metabolic syndrome, potentially accelerating the
progression of NAFLD. In our study, metabolic syndrome was
present in 63.6% of NAFLD patients, with 20 patients (16.3%)
diagnosed with diabetes mellitus and 23 (17.2%) with
hypertension. A higher percentage of patients with NASH
exhibited metabolic syndrome (86.7%) although it did not
achieve statistical significance as a risk factor for NASH (p=
0.114).The prevalence of metabolic syndrome in the non-NASH
group was 57.1%, and in the probable-NASH group, it was 53%.
The close association between metabolic syndrome and GSD
has led some researchers to propose GSD as another
manifestation of metabolic syndrome (19). However, its role as
a risk factor for NASH in our study did not reach statistical
significance. Routine assessment of metabolic syndrome
components is essential to mitigate NASH progression and
liver-related complications.

Identifying subsets with NASH and liver fibrosis in NAFLD
patients is crucial for disease management. While several non-
invasive validated non-invasive markers for liver fibrosis such as
AST/platelet ratio index, fibrosis-4 index, non-alcoholic fatty
liver disease fibrosis score, BMI AST/ALT ratio, and diabetes
score (BARD), exist for liver fibrosis, none reliably indicate the
presence of NASH (20). In studies comparing NAFLD and NASH
patients with normal controls based on liver biopsies, AST and
ALT were found to correlate with the presence of NASH (15,21).
In our univariate analysis, AST and ALT levels were significant in
both NASH and non-NASH populations, with only AST showing
independent association with NASH in the multivariate analysis.
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High serum triglyceride levels and low serum HDL levels are
commonly observed in patients with NAFLD (15,22-24). Our
results were consistent with this observation although statistical
significance was not achieved.

CAP is a valid method for the non-invasive detection and
quantification of hepatic steatosis. Its measurement has been
validated by multiple studies, and CAP scores have shown
good correlation with hepatic steatosis observed on liver
biopsies (25-28). In our study as well, CAP was significantly
different between the NASH and non-NASH groups in the
univariate analysis.

Liver biopsy during cholecystectomy was well-tolerated in our
study, with no significant complications reported. This may be
attributed to the fact that the liver biopsy procedure is
performed under laparoscopic visualization, allowing for
immediate coagulation of any bleeders using electrocautery.
We can observe for any further bleeding from the biopsy site.

This study highlights the importance of screening for NASH in
patients with GSD and fatty liver undergoing cholecystectomy.
Liver biopsy emerges as a vital diagnostic tool to assess NASH
and fibrosis presence and severity. Close monitoring of
metabolic syndrome components is warranted to mitigate
NASH progression and liver-related complications. Routine
assessment of liver enzymes and evaluation of fibrosis status
can aid in early detection and management strategies for
patients with GSD and fatty liver undergoing cholecystectomy.

Our study had limitations, including being hospital-based and
single-centered, posing a risk of referral bias. Additionally, as a
cross-sectional study, causality cannot be determined. Our
study group consisted of patients who were optimized for
surgery; hence, the biochemical parameters obtained may
reflect optimized rather than typical values found in the general
population. Consequently, the prediction of risk factors may
have been influenced. Nonetheless, our findings underscore
the importance of considering liver biopsy in NAFLD patients
with GSD undergoing cholecystectomy, particularly in those
with elevated liver enzymes.
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ORIJINAL CALISMA-OZET
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Kolesistektomi yapilan safra tasi hastaligi ve eslik eden alkolik olmayan yagl karaciger
hastaligi olan hastalarda karaciger biyopsisi: Prospektif gozlemsel bir calisma

Aaron John', Utpal Anand? Tarun Kumar?, Rohith Kodali?, Kunal Parasar?, Ramesh Kumar®, Rajeev Priyadarshi®, Basant Singh?, Kislay Kant?

! Rajagiri Hastanesi, Gastrointestinal, HPB, Coklu Organ Nakli Cerrahisi Klinidi, Kochi, Hindistan
2Tum Hindistan Tip Bilimleri Enstittist, Cerrahi Gastroenteroloji Anabilim Dali, Patna, Hindistan
3Ttm Hindistan Tip Bilimleri Enstitisu, Patoloji Anabilim Dali, Patna, Hindistan
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OZET

Giris ve Amag: Safra tasi hastaligi (STH) ve alkolik olmayan yagl karaciger hastaligi (AOYKH) ortak risk faktorlerini paylasmaktadir. Alkolik olmayan
yagli karaciger hastaligi, ciddi karaciger rahatsizliklarina yol acabilen alkol disi steatohepatit (ADS)'ye ilerleyebilir. Bu calismada, kolesistektomi
yapilan STH ve yagli karaciger hastalarinda NASH prevalansini ve iliskili faktorleri degerlendirmeyi amacladik.

Gereg ve Yontem: Bu prospektif gozlemsel calisma Mart 2021-Haziran 2023 tarihleri arasinda yuritilmis ve preoperatif ultrasonografiye gore
STH ve yagli karaciger tanisi koyulan 134 hasta dahil edilmistir. Kolesistektomi sirasinda kor karaciger doku biyopsileri alinmistir. Ameliyat dncesi
klinik, antropometrik, demografik, biyokimyasal degiskenler ve FibroScan parametreleri kaydedilmistir.

Bulgular: Hastalarin 21'inde (%15,67) NASH, 50'sinde (%37,31) olasi NASH ve 63’linde (%47,01) NASH disi skorlar saptandi. Hastalarin %63,6'sin-
da metabolik sendrom mevcuttu. Tek degiskenli analizde AST ve ALT degerleri NASH ve NASH olmayan gruplar arasinda anlamh farkliliklar
gostermistir. Cok deg@iskenli analizde, AST istatistiksel olarak anlamliydi (p=0,041). NASH olmayan hastalarda ortalama kontrolli zayiflama para-
metresi 219,40 + 60,44 dB/m iken NASH olan hastalarda 265,48 + 63,47 dB/m idi (p= 0,006). incelenen 82 lamin 33’linde fibrozis mevcuttu ve 17
hastada evre 2 ve iki hastada evre 3 fibrozis vardi.

Sonug: Safra tasi hastaligi olan hastalar arasinda NASH prevalansinin ylksek olmasi, dnemli bir halk saghgi sorununa isaret etmekte ve laparosko-
pik kolesistektomi geciren NAFLD ve STH'li bireylerde karaciger biyopsisinin dikkate alinmasini gerektirmektedir.

Anahtar Kelimeler: Safra tasi hastaligi, NAFLD, NASH, alkolik olmayan yagli karaciger hastalig, alkol disi steatohepatit
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The coexistence of gastrointestinal stromal tumors and
malignancies: Our 10-year results

Yavuz Selim Angm@, Cengiz CeyIan@, Kutay Saélam@, Cemalettin Aydm@

Department of General Surgery, inénl University Faculty of Medicine, Malatya, Turkiye

ABSTRACT

Objective: Gastrointestinal stromal tumor (GIST) is one of the most common mesenchymal tumors in the gastrointestinal system, occurring frequently
after epithelial tumors. Although rare, secondary epithelial malignancies can be associated with GISTs. It was planned to conduct a retrospective cohort
study evaluating the coexistence of GISTs with malignancies and their long-term outcomes through clinical and pathological findings.

Material and Methods: Demographic and clinicopathological data of 69 patients who underwent surgery for GIST between January 2011 and Novem-
ber 2021 were retrieved from the patient database. Variables between the groups with only GIST and those with a secondary malignancy alongside
GIST were analyzed using the Chi-square test and Mann-Whitney U test. Long-term survival analyses were conducted using the Kaplan-Meier test. A
p-value of <0.05 was considered statistically significant.

Results: Out of the 69 patients in our population, 40 (58%) were male, and the median age was 65 years (interquartile range= 56-75). GIST was the most
commonly located in the stomach (59.4%), and nine (13%) patients had a secondary malignancy. Tumor size, smooth muscle antibody (SMA), and S100
antibody expression showed significant differences between the groups (p< 0.001, p= 0.015, p= 0.006). Shorter survival was observed in patients with
GIST plus secondary malignancy (p= 0.005).

Conclusion: The incidence of other intraabdominal malignancies occurring alongside GISTs is more common than have been previously thought.
While the presence of a secondary malignancy does not impact the overall survival (OS) in GISTs, it was observed that survival is dependent on the
primary malignancy. Patients diagnosed with GISTs require thorough investigation and close monitoring for secondary malignancies.

Keywords: Gastrointestinal stromal tumors, synchron, clinicopathological, prognosis

INTRODUCTION

Gastrointestinal stromal tumors (GISTs) originate from the interstitial Cajal cells
(ICC) located in the intramuscular layer. Despite being the most common
mesenchymal tumors, GISTs constitute only 1-2% of gastrointestinal system
cancers (1). They are predominantly observed in individuals aged between 60-69
years and are rare in those below 40 years old. GISTs can occur anywhere in the
gastrointestinal system from the esophagus to the anus. However, they are most
frequently found in the stomach (2).

The diagnosis of GIST is established histologically in the presence of tyrosine-
protein kinase kit (KIT) or cluster of differentiation 34 (CD34) positivity. If the tumor
is negative for KIT, CD34, desmin, smooth muscle actin (SMA), and S-100 protein
(S-100), additional tests such as discovered on gastrointestinal stromal tumor
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staining 1 (DOG1) or mutation analysis of the KIT or platelet-derived growth factor
receptor-a (PDGFRA) genes are necessary (3).

GISTs are rare compared to epithelial malignancies in the gastrointestinal system,
and the expected survival rate in this group is relatively better (4). Tumor
aggressiveness is associated with Ki-67 score, mitotic index, tumor size, and
localization (4,5). Additionally, GIST can coexist with epithelial malignancies. While
it predominantly accompanies gastrointestinal system malignancies, it can also be
observed in conjunction with prostate, breast, hematological malignancies, kidney,
and lung cancers (6).

A retrospective cohort study was planned to investigate the clinicopathological
differences and long-term (10 years) outcomes of GISTs accompanied by secondary
malignancy, compared to GISTs alone.
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MATERIAL and METHODS
Study Design and Patients Selection

Demographic and clinicopathological data, postoperative
outcomes, and long-term follow-ups of 69 patients operated
for GIST between 2011-2021 at our center were obtained from
the patient database. The study was approved by the ethics
committee. Approval number is 2023/5189.

Inclusion criteria:

e Operable GIST patients aged 18 and above, regardless of
the presence of accompanying epithelial malignancy.

Exclusion criteria:
e Patients with distant metastasis.
e Unresectable and recurrent tumors.

Demographic information (age, sex), clinicopathological data
(comorbidities, ASA scores, tumor size and localization, Ki-67
score, mitotic index, cluster of differentiation 117 (another name
for the KIT protein) (CD117), CD34, DOGT1, SMA, S100 statuses),
postoperative complications [Clavien Dindo mild (1-2)/ severe
(3-4)], the presence of a second primary malignancy, recurrence
(localization), risk of GIST recurrence after surgery [National
Institutes of Health (NIH) criteria], and overall survival data were
retrieved from the patient database (7,8). All patients operated
for GIST underwent preoperative thoraco-abdominal computed
tomography (CT), endosonography (EUS), and if necessary,
magnetic resonance imaging (MRI) for staging. To monitor
patients during the follow-up period, we employed a rigorous
imaging schedule, which included CT scans conducted every six
months and annual PET scans to ensure any emerging
malignancies were detected as early as possible. This protocol
allowed for the timely identification of secondary malignancies
that were not apparent at the time of the initial GIST diagnosis.

The population was divided into two groups: GIST with
accompanying second primary malignancy and GIST alone.

Patient Management

Patients with suspected GIST based on radiological or
endoscopic findings and having resectable tumors were
operated. Those with accompanying secondary malignancies
along with GIST received a pathological diagnosis in the
preoperative period. Radical surgery was performed for patients
with accompanying secondary malignancies. RO resection was
achieved for GIST cases. Disease staging was performed
according to the American Joint Committee on Cancer (AJCC
8) criteria. After surgery, pathology reports were reevaluated,
and appropriate patients received adjuvant therapy. All patients
were scheduled for outpatient follow-ups every three months
for the first two years postoperatively, followed by semiannual
appointments for the next three years.

Turk J Surg 2024; 40 (3): 197-203

Statistical Analysis

Compliance of numerical data with normal distribution was
controlled by Shapiro Wilk test. It was determined that none of
the variables showed a normal distribution. Continuous
variables were analyzed with the Mann-Whitney U test. Median
and interquartile range (IOR) values of these variables were
given. Chi-square analysis was performed for categorical
variables. Surveillance analysis between groups was done with
Kaplan-Meier.

RESULTS

Among the 69 patients who underwent surgery and were
followed up due to GIST, median age was 65 years (range=
56-75), with 40 (58%) being male. Patients with more than two
comorbidities accounted for 30.4% of the population, with the
majority having ASA 1 (4.3%) and ASA 2 (60.9%) operative risk.
The most common site of GIST localization was the stomach
(59.4%), followed by the jejunum-ileum (21.7%). The presence
of accompanying secondary malignancy was observed in nine
patients (13%) (Table 1).

In our study, out of the nine patients diagnosed with
gastrointestinal stromal tumors with additional malignancies,
two malignancies were detected during the follow-up period
after the initial GIST diagnosis. These secondary malignancies
were identified 12 and 18 months following the GIST diagnosis.
At the time of the initial GIST diagnosis, imaging methods,
including computed tomography (CT) and positron emission
tomography (PET) scans did not reveal the presence of these
secondary tumors.

In the analyses conducted between the two groups, there were
no statistical differences in terms of age, sex, comorbidity,
histological type, mitotic index, and Ki-67 (p> 0.05). However,
the tumor size in the group with secondary malignancy [3 cm
(2-3)] was significantly smaller compared to the group with
only GIST [8 (5-16)] (p< 0.001).

Following pathological examinations, there were no statistical
differences between the groups in terms of CD117, CD34, and
DOGT. However, there were statistically significant differences
in SMA (p=0.015) and S100 (p= 0.006) status (Table 2).

There were no statistically significant differences between the
groups in terms of postoperative complications, length of
hospital stay [seven days (5-10) vs. 10 days (7-15)], residual tumor
classification [R1= 10 (16.7%) vs. 1 (11.1%)], recurrences [12 (20%)
vs. 0 (09)], and mortality [11 (18.3%) vs. 2 (22.2%)]. However, there
was a statistically significant difference between the groups in
terms of postoperative recurrence risk (NIH classification) (p=
0.001). Inrecurrence risk scoring, 63.3% of the patients in the GIST
group were classified as high risk, whereas the majority of the
patients in the GIST plus secondary malignancy group (55.6%)
were classified as very low risk (Table 3).
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Table 1. Demographic data and tumor locations of the population
Variables Median Count (%)
Age, year 65 (56-75)
Male 40 (58%)
Sex
Female 29 (42%)
Absent 22 (31.9%)
Comorbidty 1-2 26 (37.7%)
3< 21(30.4%)
1 3 (4.3%)
ASA 2 42 (60.9%)
3 24 (34.8%)
Stomach 41 (59.4%)
Jejunum-ileum 15 (21.7%)
Duodenum 2 (2.9%)
Retroperitoneum 0 (0%)
Tumor localization Colon 4 (5.8%)
Rectum 0 (0%)
Intesinal mesentery 5 (7.2%)
Liver 1 (1.4%)
Anal canal 1(1.4%)
Absent 60 (87%)
GIST plus secondary malignancy
Present 9 (13%)
ASA: American Society of Anesthesiologists, GIST: Gastrointestinal stromal tumor.

In the group of patients with secondary malignancies
accompanying GIST, six out of nine patients were male. GIST,
mostly originating from gastric localization, was present.
Secondary malignancies in these patients included two colon
cancers, two rectal cancers, two hepatocellular carcinomas
(liver transplants had been performed before the diagnosis of
GIST), one stomach cancer (synchronously detected gastric
adenocarcinoma), one breast cancer (detected during follow-
ups), and one lung cancer (diagnosed during follow-ups due to
GIST) (Table 4).

Survey Analysis Results

The average follow-up period for patients was 47.4 months.
During the follow-up period, mortality was observed in 13
patients (18.8%), and recurrence occurred in 12 patients
(17.4%). Out of these recurrences, 9 (75%) were in the
peritoneum, 2 (16.7%) were in the liver,and 1 (8.3%) was a local
recurrence. In the group with only GIST, the average overall
survival was 59.2 £ 498 months, whereas in the group with
GIST plus secondary malignancy, it was 28.2 + 6.08 months (p=
0.005) (Table 5, Figure 1).

DISCUSSION

In our study, consistent with the literature, GISTs (%13) are
accompanied by secondary malignancies (mostly gastrointesti-

nal malignancies) in long-term follow-ups. The occurrence of
secondary malignancies accompanying GIST ranges from 4.5%
to 33% (6,9,10). Moreover, a meta-analysis has revealed that
secondary malignancies are predominantly derived from the
gastrointestinal and genitourinary systems (9).

Studies supporting the association between epithelial tumors
and GIST, as well as hypotheses attempting to explain this asso-
ciation, exist in the literature. Kawanowa and colleagues have
reported microscopic GIST in 35% of the patients operated on for
gastric adenocarcinoma (11). In an experimental study by Cohen
and colleagues, simultaneous development of gastric cancer and
leiomyosarcoma has been demonstrated using nitrosoguanidine
and acetylsalicylic acid (12). Moreover, other hypotheses have
focused on Helicobacter pylori-induced chronic gastritis and
atrophic gastric mucosa as secondary factors, as well as the effects
of chemotherapy and radiotherapy (13). Maiorana et al. have
reported the potential of a single carcinogenic agent to affect two
different tissues in the same organ, leading to the formation of
different types of cancer (14). However, Ponti et al. have suggested
the hereditary nature of a subset of GISTs negative for KIT and
PDGFRA activation mutations, potentially contributing to a multi-
neoplastic process (15). Nevertheless, the common factors and
reasons for the tumorigenesis of both epithelial and mesenchy-
mal-origin malignancies remain unproven in the present day.
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Table 2. Analysis of the clinicopathological data of the groups
Only GIST GIST Plus Seconder Malignancy p
Variables Median (IQR) n (%) Median (IQR) n (%)
Age, year 65 (56-75) 68 (57-76) 0.742
Sex Male 34 (56.7%) 6 (66.7%) 0571
Female 26 (43.3%) 3(33.3%)
ASA 1 1(1.7%) 2 (22.3%) 0.010
2 39 (65%) 3(33.3%)
3 20 (33.3%) 4 (44.4%)
Comorbidity 0 18 (30%) 4 (44.4%) 0.210
1-2 25 (41.7%) 1(11.2%)
3< 17 (28.3%) 4 (44.4%)
Histological type Spindle-shaped 32 (53.3%) 4 (44.4%)
Epithelioid 10 (16.7%) 3(33.3%) 0488
Mix 18 (30.0%) 2 (22.3%)
Mitotic index 4(1-14) 1(1-10) 0.156
Ki-67 5(2-10) 5(2-10) 0.879
Tumor size, cm 8 (5-16) 3(2-3) <0.001
Tumor cut-off <4 7 (11.7%) 7 (77.8%)
>4 53 (88.3%) 2 (22.2%) <0001
SMA Positive 39 (65%) 2 (22.2%) 0.015
S100 Positive 6 (10%) 4 (44.4%) 0.006
cb117 Positive 53 (88.3%) 8 (88.9%) 0.961
CD34 Positive 41 (69.5%) 9 (100%) 0.053
DOG1 Positive 47 (78.3%) 9 (100%) 0.121
IQR: Interquartile range, ASA: American Society of Anesthesiologists, KIT: Tyrosine-protein kinase kit, CD34: Cluster of differentiation 34, SMA: Smooth muscle actin,
S-100: S-100 protein, CD117: Cluster of differentiation 117 (@another name for the KIT protein), DOG1: Discovered on GIST-1.

In the literature, the majority of secondary malignancies
originate from the gastrointestinal system, particularly the
stomach (16-18). Similarly, in our study, six out of the nine
tested patients had stomach-originated secondary
malignancies. Another noteworthy point is that two of our
patients underwent liver transplantation due to hepatocellular
cancer. GISTs were incidentally detected during endoscopic
examinations due to the close monitoring of these patients.
Additionally, non-gastrointestinal cancers were observed in
two patients.

In our group of patients with accompanying secondary
malignancies, it was observed that the tumor size was
statistically significantly smaller, with a low mitotic index, and
consequently, a lower risk of tumor recurrence. A similar
situation has also been demonstrated in the study conducted
by Du et al. We believe that the reason for the smaller tumor
size in patients with gastrointestinal system malignancies,
either preoperatively synchronously or detected due to another

Turk J Surg 2024; 40 (3): 197-203

malignancy while under observation, is early detection through
the conducted screenings (18).

The most important markers for identifying GISTs are CD117
and CD34. Therefore, the majority of GISTs are positive for
CD117 (>95%) and/or CD34 (40%) (19). The simultaneous
detection of both CD117 and CD34 is a common feature in
most patients. In our case series, there was no significant
difference between the group with synchronous malignancy in
terms of CD117 and CD34 and the group with only GIST.
However, there was a significant difference between the two
groups in terms of SMA (p= 0.033) and S100 (p= 0.045). While
SMA was proportionally higher in the GIST-only group (65% vs.
22.2%), S100 was higher in the GIST plus secondary malignancy
group (10% vs. 44.4%).

Although overall survival was lower in the GIST plus secondary
malignancy group, we believe this is not due to GIST itself
because of the low recurrence risks. Instead, it is likely that the
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Table 3. Surgical and clinical follow-up outcomes of the groups in the postoperative period

Only GIST GIST Plus Secondary Malignancy
Variables n (%) Median (IQR) n (%) Median (IQR) p
CD1-2 26 (44.8%) 1(11.1%) 0.147
Postoperative complication CD 34 10 (17.2%) 3(33.3%)
Length of stay hospital, day 7 (5-10) 10 (7-15) 0.294
Resudual tumor classification RO 50 (83.3%) 8 (88.9%) 0.671
R1 10 (16.7%) 1(11.1%)
R2 0 (0%) 0 (0%)
NIH Very low 4 (6.7%) 5 (55.6%) 0.001
Low 6 (10%) 1(11.1%)
Intermediate 12 (20%) 0 (0%)
High 38 (63.3%) 3(33.3%)
Postoperative chemotherapy Absence 29 (48.3%) 3(33.3%) <0.001
Imatinib 31 (51.7%) 0 (0%)
Adjuvant 0 (0%) 6 (66.7%)
Recurrence 12 (20%) 0 (0%) 0.140
Recurrence localization Absence 48 (80%) 9 (100%)
Peritoneum 9 (15%) 0 (0%)
Liver 2(3.3%) 0 (0%)
Lung 0 (0%) 0 (0%)
Local recurrence 1(1.7%) 0 (0%)
Mortality 11 (18.3%) 2 (22.2%) 0.781

GIST: Gastrointestinal stromal tumor, CD: Clavien dindo classification, IQR: Interquartile range, NIH: National Institutes of Health.

Table 4. Clinical and pathological data of the patients with secondary malignancies accompanying GIST

No Sex Age (y) Localization TD (cm) MI (x/50 hpf) Localization Follow-Up (Months)
1 F 57 Duodenum 3 1 Breast cancer (IDC) DFS (36)

2 M 83 Stomach 3 1 Colon cancer Death (12)

3 M 77 Stomach 11 10 Colon cancer DFS (12)

4 M 50 Jejenum-lleum 4 10 Lung cancer Death (10)

5 M 57 Stomach 2 2 HCC (liver Tx) DFS (24)

6 F 62 Stomach 2 1 HCC (liver Tx) DFS (60)

7 M 69 Stomach 1 1 Gastric adenoca DFS (24)

8 M 68 Jejenum-lleum 2 13 Rectum cancer DFS (15)

9 F 76 Stomach 3 1 Rectum cancer DFS (24)

TD: Tumor diameter, MI: Mitotic index, IDC: Invasive ductal carcinoma, DFS: Disease free survival, HCC: Hepatocellular carcinoma.

secondary malignancy directly impacted the expected lifespan.
Similar findings were observed in the study by Diamantis and
colleagues, where there was no statistical difference in terms of
expected lifespan between similar groups (p= 0.19) (20).

While our study provides valuable insights into the association
between GISTs and secondary malignancies, several limitations
should be acknowledged. First, the sample size is relatively
small, which may limit the generalizability of our findings.

Turk J Surg 2024; 40 (3): 197-203
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Table 5. Analysis of the overall survival rates of the groups

Mean + SD 95% Cl p
Only GIST 59.2 £ 498 49.56-68.91 0.005
GIST plus secondary malignancy 282 +6.08 16.28-40.10
Overall 558 £4.59 46.79-64.80

SD: Standart deviation, Cl: Confidence interval, GIST: Gastrointestinal stromal tumor.
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Figure 1. Overall survival rates of patients with only GIST and GIST
plus secondary malignancy.

Larger studies with more diverse populations are needed to
confirm these results. Second, the retrospective nature of our
study may introduce selection bias, third, our study relies on
data from a single institution, which may not reflect the
broader population. Finally, the lack of longitudinal data limits
our ability to assess long-term outcomes and recurrence rates
beyond the study period. Future research should aim to
address these limitations by including multicenter cohorts and
longer follow-up durations.

CONCLUSION

Specifically, we will mention that our sample size is limited and
that being a retrospective study may affect the generalizability
of the results. Additionally, we recognize that a longer follow-up
period and larger sample size would be necessary to fully
assess. The frequency of secondary malignancies accompanying
GIST is considerable. Furthermore, considering that in such
cases the expected lifespan is determined by the presence of
secondary malignancy, we recommend preoperative screening
for gastrointestinal system malignancies in patients diagnosed
with GIST.
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Gastrointestinal stromal tiimorler ve malignitelerin birlikteligi: 10 yillik sonu¢larimiz

Yavuz Selim Angin, Cengiz Ceylan, Kutay Saglam, Cemalettin Aydin

inona Universitesi Tip Fakiltesi, Genel Cerrahi Anabilim Dali, Malatya, Turkiye

OZET

Giris ve Amag: Gastrointestinal stromal timér (GIST) gastrointestinal sistemde en sik gériilen mezenkimal tiimérlerden biridir ve siklikla epitelyal
timérlerden sonra ortaya cikar. Nadir de olsa, ikincil epitelyal maligniteler GIST'lerle iliskili olabilir. GIST'lerin malignitelerle birlikteligini ve uzun
donem sonuglarini, klinik ve patolojik bulgularla degerlendiren retrospektif bir kohort calismasi planlandi.

Gerec ve Yontem: Ocak 2011 ve Kasim 2021 tarihleri arasinda GIST nedeniyle ameliyat edilen 69 hastanin demografik ve klinikopatolojik verileri
hasta veritabanindan alindi. Sadece GIST olan ve GIST ile birlikte ikincil malignitesi olan gruplar arasindaki degiskenler ki-kare testi ve Mann-
Whitney U testi kullanilarak analiz edildi. Uzun donem sagkalim analizleri Kaplan-Meier testi kullanilarak yapildi. p< 0,05 istatistiksel olarak anlamli
kabul edildi.

Bulgular: Popiilasyonumuzdaki 69 hastanin 40'1 (%58) erkekti ve ortanca yas 65 (ceyrekler arasi aralik= 56-75) idi. GIST en sik mide yerlesimliydi
(%59,4) ve dokuz hastada (%13) ikincil bir malignite vardi. Tumor boyutu, diiz kas antikoru (SMA) ve S100 antikor ekspresyonu gruplar arasinda
anlamli farkliliklar gésterdi (p< 0,001, p= 0,015, p= 0,006). GIST arti ikincil malignitesi olan hastalarda daha kisa sagkalim gézlendi (p= 0,005).

Sonug: GiST ile birlikte diger intraabdominal malignitelerin gériilme sikligi daha 6nce diistiniilenden daha yaygindir. ikincil bir malignitenin varligi
GIST'lerde genel sagkalimi (OS) etkilemezken, sagkalimin birincil maligniteye bagh oldugu gézlenmistir. GIST tanisi konan hastalarin ikincil malig-

niteler agisindan kapsamli bir sekilde arastirilmasi ve yakindan izlenmesi gerekmektedir.

Anahtar Kelimeler: Gastrointestinal stromal timérler, senkron, klinikopatolojik, prognoz
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The role of ergonomics training and posture exercises in
surgeons’ musculoskeletal system disorders

Seving Kiilekcioglu'([3), Evren Dilektasli2(®)

! Department of Physiotherapy, Mudanya University Faculty of Health Sciences, Bursa, Tuirkiye
? Department of General Surgery, Istinye University Faculty of Medicine, Istanbul, Ttrkiye

ABSTRACT

Objective: The surgeon needs to understand the risks involved in performing surgery with ergonomic errors. Although there are many barriers to
ergonomic effectiveness, success begins with the surgeon’s awareness, recognition of existing obstacles, and education. The main purpose of the study
is to evaluate the effect of ergonomic training and posture exercises on the surgeon’s pain, physical workload, psychological state, and quality of life to
prevent musculoskeletal system disorders and extend career life.

Material and Methods: Surgeons who had completed at least one year in their profession, worked an average of 40 hours a week, had musculoskeletal
pain in at least one area, and volunteered to participate in the study, regardless of gender and age, were included in the study. Researchers carried out
the ergonomics training and exercise program individually by giving face-to-face training. Surgeons were asked to complete the physical workload
questionnaire (PWQ), Beck depression index (BDI), and short form health survey (SF-36) before and one month after the study. Changes in visual
analogue scale (VAS) and activities of daily living were recorded.

Results: Surgeons who received ergonomic training and exercise programs showed significant improvements in pain, physical workload, depression,
and quality of life measurements.

Conclusion: To prevent fatigue and pain resulting from the accumulation of ergonomic flaws, surgeons should be trained and guided on proper
posture and endurance, and encouraged to maintain a comfortable and natural posture.

Keywords: Surgeon, exercise, pain, posture, ergonomic, musculoskeletal system disorders

INTRODUCTION

Worldwide, 23-100% of surgeons in a range of subspecialties report musculoskeletal
disorders (MSDs) brought on by poor workplace ergonomics (1,2). Regardless of
expertise, this truth applies to all sorts of operations. In addition to mental acuity,
attention, and precise movement application, the surgical procedures that
surgeons do on a daily basis require them to maintain posture for minutes to hours
with extended static effort (1,3). Because the surgical field is fundamentally
dynamic and situations may change quickly, surgeons often choose suboptimal,
ergonomically constrained postural positions to provide the best possible exposure
and access to the surgical field. It is believed that these ergonomic issues result in
pain, discomfort, and psychological issues (4,5). Surgeons also indicate that, off the
job, MSD brought on by their jobs significantly impacts quality of life, interferes
with social and sleep patterns, and makes them want to retire early (6,7). It is critical
for the surgeon to realize the hazards of doing surgery with ergonomic mistakes,
Cite this article as: Killekcioglu S, Dilektasli E. The role of and although there are several barriers to ergonomic effectiveness, success starts

ergonomics training and posture exercises in surgeons’ with the surgeon’s awareness, knowledge of existing barriers, and training (8).
musculoskeletal system disorders. Turk J Surg 2024; 40 (3): . — .
204211, According to reports, as few as 9% of surgeons are aware of official ergonomic

guidelines, and only 3% follow them on a regular basis (9). Despite the extensive
literature on ergonomic issues, few research has proposed remedies to this
problem (2,10,11).
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Research Ethics Committee of Istinye University. All procedures
were performed in accordance with the principles of the World
Medical Association Declaration of Helsinki. Thirty-seven
surgeons, regardless of sex and age, who had at least one year
of experience, worked an average of forty hours a week, and
had musculoskeletal complaints in at least one area, were
included in the study. After informing the surgeons who met
the inclusion criteria about the study and its purpose, an
informed consent form was obtained from those who agreed
to participate in the study. Data were collected using survey
forms developed based on previously published literature on
postural ergonomics in the surgical field. Demographic
information, areas where pain is felt, causes of pain, whether
pain affects daily life, ergonomics awareness and training status,
and visual analog scale (VAS) values in the region where they
feel the pain most severely were questioned. The surgeons
were asked to complete the physical workload questionnaire
(PWQ), Beck depression index (BDI), and quality of life short
form 36 (SF-36). Validation of the PWQ Turkish form used in our
research was conducted by Kahraman et al. and, to our
knowledge, it is the only self-report questionnaire used to
evaluate physical workload in Turkiye. In addition to analyzing
increased workload due to poor posture and intense effort in
the workplace, it can also be used to prevent high-risk work-
related tasks. PWQ contains nineteen items describing different
work situations (12,13). Five items include trunk posture, three
items include arm posture, five items include leg posture, and
six items include weightlifting. Scoring is accomplished by
summing the responses to each item to create a raw score.
Final scores are calculated by dividing the raw score by the
maximum possible score on the subscale and multiplying by
one hundred.

The BDI, developed by Beck et al, was used to evaluate the
psychological states of surgeons (14). The scale, which is used
to determine the risk and susceptibility of depression in adults
and to measure the severity of depression symptoms, does not
diagnose the person with depression, but determines the
person’s depression level with a numerical data. The Turkish
adaptation of the scale consisting of twenty-one items was
made by Hisli (15). Each item in the scale is rated between zero
and three points. The highest score is sixty-three, and the
higher the score, the higher the person’s depression level. The
severity of depression is interpreted as 0-9= minimal, 10-16=
mild, 17-29= moderate, and 30-63= severe.

We used the SF-36 short form survey to collect information
about the patient’s quality of life and health status (16). This
survey evaluates eight sub-parameters: physical functioning
(PF), physical role functioning (PRF), emotional role functioning
(ERF), energy/vitality (VT), mental health (MH), social
functionality (SF), bodily pain (BP) and general health (GH)

Kulekgioglu and Dilektash  2()§

perception. Each domain has a score ranging from 0 to 100%.
Higher scores indicate higher levels of function and well-being.
We evaluated the survey results by comparing them with
Turkish norms (17).

Ergonomics training and an exercise program were given one-
on-one by the physician in the form of face-to-face training.
Simple and standardized ergonomic principles were taken from
the literature and integrated into existing posture and
strengthening exercise guides. The training procedure
established regarding ideal working posture, correct monitor
and table position, design of hand tools, and placement of
equipment was applied to all surgeons. A standard exercise
program was created, including neck (extensors, flexors, and
rotators), shoulder (flexors, extensors), and upper and lower
back (flexors, extensors, and rotators) muscle groups. Exercise
training was given by explaining the parts of this program that
could be done during surgery and outside of surgery in the
work or home environment. Compliance with the program was
checked, with checks made once a week. A brochure with
images and descriptions was created and distributed to enable
the surgeon to independently manage the program after
training. After one month, they were asked to fill out the PWQ,
BDI, and SF-36 questionnaires again, and the changes were
recorded. It was questioned whether there were any changes in
VAS and activities of daily living. Thirteen surgeons who did not
comply with the procedure were excluded from the study.

Statistical Analysis

In calculating the sample size of this study, the power was
determined to be at least 80%, and type-1 error was 5% for
each variable. Shapiro-Wilk and Skewness-Kurtosis tests were
used to check whether the continuous measurements in the
study were distributed normally, and since the measurements
were normally distributed, parametric tests were applied.
Descriptive statistics for continuous variables in the study were
expressed as mean, standard deviation, mean difference,
number (n), and percentage (%). “Paired t-test” was used to
comparethe changesbetween“before and after"measurements.
The McNemar test was calculated to determine the relationships
between (before-after) ratios measured at various times in the
same patients. In the calculations, the statistical significance
level was taken as p< 0.05, and the SPSS (IBM SPSS for Windows,
ver. 26) statistical package program was used for analyses.

RESULTS

Twenty-four surgeons from different surgical departments
completed the study. Demographic characteristics are shown
in Table 1, and the distribution of risk factors for MSD is shown
inTable 2. Seventy percent of the surgeons stated that they had
difficulty in daily life activities due to MSD, and 87.5% stated
that ergonomic improvements needed to be made in the

Turk J Surg 2024; 40 (3): 204-211



206

Ergonomics training and posture exercises in surgeons

Table 1. Demographic characteristics of the surgeons
n %
Sex Female 6 25.0%
Male 18 75.0%
Mean sD
Age 49.17 8.83
Height (cm) 173.25 6.77
Weight (kg) 77.54 13.86
SD: Standard deviation, cm: Centimeter, kg: Kilogram.
Table 2. Risk factors of musculoskeletal symptoms among the study participants
n %
Bad position 21 87.5%
Bad posture 18 75.0%
Lean forward too much 14 58.3%
Standing for a long time 12 50.0%
Stand still 9 37.5%
Stress 7 29.2%
Temperature of the operating room environment 7 29.2%
Table height 7 29.2%
Used materials 7 25.0%
Insufficient equipment 6 20.8%
Monitor position 5 20.8%

operating room. Of the surgeons, 95.8% had not received any
ergonomics training. The distribution of the regions with MSD
before and after the study is shown in Table 3. After the
program, the decrease in pain in the neck, back, and waist,
which are the most frequently painful areas, was found to be
statistically significant. Despite that, no statistically significant

relationship was observed between the ratios of the patients’

shoulder, leg, and hand variables measured at two separate
times. Since the classifications of the patients’ elbow, knee, hip,
and foot variables, which were measured at two separate times,
were not determined in some periods, the relationships
between these variables could not be calculated. The changes
in VAS, PWQ, BDI, and SF-36 values of the surgeons before and
one month after the program are statistically significant and are
shown in Table 4.

DISCUSSION

In our study, we evaluated the effects of ergonomic training
and posture exercises on pain, physical workload, psychological
state, and quality of life. Consistent with the literature, we found
that MSDs are most commonly seen in the neck, upper back,
and waist, and the most blamed factors are poor posture,
inappropriate body positions, and working leaning forward for
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extended periods of time (1,2,10,11,18). The prevalence of MSD
in surgeons also highlights the need for prevention. Ergonomics
training is essential to protect surgeons from preventable,
potentially career-changing, or even career-ending injuries.
Although many surgeons seek medical treatment for MSD and
modify their practices based on pain, they are not adequately
trained. In studies, the rate of surgeons receiving ergonomics
training varies between 1.5% and 16% (19-21). In our study, this
rate was found to be 4.1%. Additionally, it has been reported
that most surgeons receiving ergonomics training do not
comply with these guidelines (9). In our study, it was determined
that only half of the surgeons complied with the instructions.
Forgetting and lack of time are the main reasons for not being
able to adapt to the training program and exercises, which
suggests that ergonomics and postural awareness should be
the focus of surgical training from an early age. Poor posture
can lead to muscle imbalances over time. It can cause one
muscle group to repeatedly shorten and another muscle group
to lengthen. In addition, no matter how many surgeons focus
on ergonomics, posture problems will continue to occur in the
operating room due to the nature of their work. In this context,
exercises performed in and outside the operating room are
thought to make a critical contribution to ergonomics to



Kulekgioglu and Dilektash - 2()7

Table 3. Distribution of pain regions
n % *p

Neck 1 22 91.7%

001
Neck 2 10 41.7%
Upper back 1 21 87.5% o1
Upper back 2 14 58.3% ‘
Back 1 10 41.7%

.008
Back 2 2 8.3%
Shoulder 1 8 333%

125
Shoulder 2 4 16.7%
Leg 1 5 20.8%

125
Leg 2 1 4.2%
Hand 1 4 16.7%

510
Hand 2 2 8.3%
Elbow 1 2 8.3%
Elbow 2
Knee 1 1 4.2%
Knee 2
Hip 1 2 8.3%
Hip 2
Foot 1
Foot 2

prevent and reverse musculoskeletal problems. The exercises
are aimed at improving postural imbalances, reducing
musculoskeletal pain, and eliminating the negative impact of
the operating room. Strength training and stretching exercise
protocols have been proven to be effective in reducing neck,
back, and waist pain (22-25). Training regimens have been
shown to be effective in forward positioning of the head and
straightening of the shoulders, which are common in surgeons
(26-28,29). There are publications in the literature that reach the
common conclusion that regular exercise reduces
musculoskeletal pain (23-25,30,31). This claim is also supported
in our study.

MSD is the leading cause of workforce loss (32,33). According
to the current literature, the main risk factors are heavy lifting,
bending the back or working with arms raised, repetitive
movements, and vibration (34,35). Studies have shown that
surgeons experience physical symptoms due to ergonomic
problems, tilting their heads up or down more than 50° for half
of the average surgery time, and working in awkward postures
due to the nature of the operation (36,37). For these reasons, it
isimportant to evaluate the physical workload in the workplace.
In our study, we used PWQ to assess physical workload. To the
best of our knowledge, PWQ is the only valid and reliable
questionnaire available in Turkish to assess physical workload

resulting from body posture and overexertion. Moreover, as far
as we know, this is the first time it has been used in a study on
the physical workload of surgeons. A significant improvement
was detected in surgeons’ PWQ scores before and after the
training and exercise program, and this result is important in
terms of drawing attention to the importance of ergonomics
training and exercise programs to reduce the physical workload
of surgeons.

It has long been known that doctors are at risk of developing
several psychological conditions, such as burnout, stress,
anxiety, and depression. The unique pressures of a surgical
career, including long, unpredictable hours, the expectation of
significant personal sacrifice, and dealing with life-or-death
decisions daily, place surgeons at risk for psychological distress
(38-40). Accumulated evidence from both observational studies
and randomized controlled trials suggests that exercise reduces
depressive symptoms and anxiety. In our study, the average
Beck depression scale value before the program was 7.8, and
the symptoms were found to be compatible with minimal
depression. After the program, the mean value of the scale
decreased significantly, and it was determined that mild
depressive symptoms continued in only one surgeon, and the
results were consistent with the literature (40-43).
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Table 4. Comparison results of “before-after” values of measurements
Mean SD Difference t *p
VAS 1 6.50 1.41
3.36 10.632 001
VAS 2 3.10 1.48
Beck 1 7.80 3.84
3.21 8.326 001
Beck 2 4.60 2.75
PWQ 1 16.60 6.34
551 6412 .001
PWQ 2 11.10 4.37
SF PF 73.75 19.46
-9.17 -4.011 .001
SF PF 2 82.90 14.06
SF PRF 35.80 3113
-26.74 -7.948 001
SF PRF 2 62.50 27.58
SF ERF 40.25 4048
-18.01 -4.520 001
SF ERF 2 5825 3146
SF Energy 43.10 20.95
-13.29 -4.655 001
SF Energy 2 57.25 17.94
SF MH 55.00 1857
-8.17 -3.099 004
SFMH 2 63.20 13.62
SF SF 49.50 22.87
-15.60 -5.704 .001
SF SF 2 65.10 2049
SF Pain 5323 15.85
-16.48 -6.993 001
SF Pain 2 69.70 17.11
SF GS 52.80 20.03
-11.17 -5.376 001
SFGS2 6340 16.68
VAS: Visual analog scale, PWQ: Physical workload questionnaire, PF: Physical functioning, FRG: Physical role functioning, ERF: Emotional role functioning, MH: Mental
health, SF: Social functionality, GS: General health.

The SF-36 is the most frequently used standardized scale with
proven validity to evaluate quality of life (16,17). At baseline
evaluation, surgeons reported moderate impairment on the
physical role, bodily pain, physical role functioning, emotional
role functioning, social functioning, mental health, and energy/
vitality subscales; however, no impairment was detected at
baseline assessments of physical functioning and general
health.

This result shows that surgeons experience significant problems
regarding their quality of life and personal health. A statistically
significant increase was obtained in all parameters in the post-
program evaluation. Physical role function, pain, and energy
scores also reached the population average. Although the
increases were significant, emotional role function, mental
health, and social functioning scores were still below the
average value. This result suggests that surgeons should also be
supported in terms of mental health in addition to physical
support programs (exercise and ergonomics training).

Ideally, formal, specialty-specific training in ergonomics, body
mechanics, and posture should be provided at the assistant
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level. We predict that it is important to encourage surgeons to
exercise, as well as to ensure that they continue their exercise
habits for many years. It is important for surgeons to improve
their working hours and make exercise a part of their lives, both
for themselves and for their patients. This should be considered
a public health problem; therefore, the surgeons and other
members of society should be ensured to live together with
sports throughout their lives. Thus, musculoskeletal pain, which
has been shown to be the most common occupational disease
in Europe, will decrease, and the frequency of the need to apply
to health services will decrease.

The limitations of this study include the fact that the surgeons
are from a single institution, the sample size is small, the follow-
up period is short, the use of survey forms and the surgical
sub-branches are not evaluated separately.

CONCLUSION

In conclusion, a significant improvement was shown in the
pain, physical workload, depression, and quality of life
measurement values of surgeons who were given ergonomics



training and exercise programs before and one month after the
program. Surgeons should be encouraged to maintain a
comfortable and natural body posture, trained, and directed to
exercise for correct posture and endurance to avoid the fatigue
and pain that accumulate from ergonomic errors. Future focus
should be on specialty-specific ergonomics training, postural
awareness training, and surgical expertise. We also think that
ergonomic training should be accepted as a part of surgical
training and that the ergonomic awareness of all individuals
receiving surgical competence should be established at an
early stage.
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Ergonomi egitimi ve postiir egzersizlerinin cerrahlarin kas iskelet sistemi
rahatsizliklarindaki rolui

Seving Kiilekcioglu', Evren Dilektasli?
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OZET

Giris ve Amag: Cerrahin ergonomik hatalarla ameliyat yapmanin icerdigi riskleri anlamasi gerekir. Ergonomik etkinligin 6niinde pek cok engel olsa
da basari, cerrahin farkindaligi, mevcut engelleri tanimasi ve egitimi ile baslar. Calismanin temel amaci kas-iskelet sistemi bozukluklarinin énlen-
mesi ve kariyer dmriintin uzatilmasi icin ergonomik antrenman ve postiir egzersizlerinin cerrahin agrisina, fiziksel is ylkiine, psikolojik durumuna
ve yasam kalitesine etkisini degerlendirmektir.

Gereg ve Yontem: Cinsiyet ve yas gozetmeksizin mesleginde en az bir yilini tamamlamis, haftada ortalama 40 saat calisan, en az bir bolgede
kas-iskelet sistemi agrisi olan, ¢alismaya katilmaya gondillii olan cerrahlar calismaya dahil edildi. Arastirmacilar ergonomi egitimi ve egzersiz
programini yliz ylize egitim vererek bireysel olarak gerceklestirdiler. Cerrahlardan calismadan 6nce ve calismadan bir ay sonra fiziksel is yiku
anketini (PWQ), Beck depresyon endeksini (BDI) ve kisa form saglik anketini (SF-36) doldurmalari istendi. Gorsel analog skala (VAS) ve gunlik
yasam aktivitelerindeki degisiklikler kaydedildi.

Bulgular: Ergonomi egitimi ve egzersiz programlari alan cerrahlarin agri, fiziksel is yiikl, depresyon ve yasam kalitesi 6l¢limlerinde anlamli
iyilesmeler goruldu.

Sonug: Ergonomik kusurlarin birikmesinden kaynaklanan yorgunluk ve agriy1 6nlemek icin cerrahlar, dogru durus ve dayaniklilik konusunda egi-
tilmeli, yonlendirilmeli, rahat ve dogal bir durus stirdirmeleri tesvik edilmelidir.

Anahtar Kelimeler: Cerrah, egzersiz, agri, durus, ergonomik, kas-iskelet sistemi bozukluklari
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Unveiling molecular clues: Exploring IFNy, IL-10, and
MMP?7 blood levels in gastric carcinoma patients
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ABSTRACT

Objective: Gastric carcinoma is a leading cause of morbidity and mortality worldwide. Early detection can help reduce mortality rates. Biomarkers are
being investigated globally for their potential in disease screening, monitoring, and follow-up in various cancers. However, currently, there is insufficient
data on the role of biomarkers in gastric carcinoma.

Material and Methods: This single center case control study was conducted from June 2018 to March 2021 from South India. Blood samples were
collected from 85 patients diagnosed with gastric carcinoma and 85 apparently healthy individuals serving as the control group. The samples were
collected in a fasting state. The serum levels of biomarkers interferon gamma (IFNy), interleukin 10 (IL-10), and matrix metalloproteinase 7 (MMP7) were
measured using enzyme-linked immunosorbent assay (ELISA) and compared between the two groups. Additionally, the levels of biomarkers were
compared within the gastric cancer group based on disease location, stage, and histotype.

Results: The serum levels of IFNy and IL-10 were found to be significantly elevated in gastric carcinoma patients compared to the healthy control group.
Both biomarkers exhibited high sensitivity and specificity in detecting carcinoma of the stomach. However, there was no significant difference in the
serum level of MMP7 between gastric cancer patients and control group.

Conclusion: IFNy and IL-10 show promise as potential molecular biomarkers for the detection of gastric carcinoma. Further, well designed studies,
involving larger and more diverse populations matched for stage and histological types, are necessary to establish the screening and monitoring utility
of these biomarkers in gastric carcinoma.

Keywords: Matrix metalloproteinase 7, interferon gamma, interleukin 10, enzyme-linked immunosorbent assay, gastric cancer, screening

INTRODUCTION

According to Global Cancer Statistics (GLOBACON) 2020, gastric cancer ranks as the
fifth most common cancer worldwide and the fourth leading cause of cancer-
related mortality. The current annual burden of gastric cancer amounts to
approximately 1.1 million new cases per year and is expected to rise to 1.8 million
per year by 2040 (1). However, the diagnosis of early-stage gastric carcinoma
remains below 20% of cases, which results in poor prognosis and overall survival
(2). To reduce disease burden, early detection and efficient monitoring of gastric
carcinoma are crucial, necessitating the identification of novel screening,
monitoring, and prognostic tools such as biomarkers.

The tumor microenvironment encompasses a variety of cells and inflammatory
o mediators, each exhibiting unique patterns in different tumors. These mediators
Cite this article as: Atul A, Elamurugan TP, Sudharsanan S, . . . .
Vijayakumar C, Sreenath GS, Balasubramaniyan V. Unveiling can be detected and measured in peripheral plasma, offering potential for tumor
molecular clues: Exploring IFNy, IL-10, and MMP7 blood  detection and monitoring. Inflammatory molecules play a significant role in
levels in gastric carcinoma patients. Turk J Surg 2024; 40 (3): . T . . o
512218, immune responses, chronic inflammation, tissue injury, and the development of
cancer, invasion, and metastasis. The balance between pro-inflammatory and anti-

inflammatory chemical mediators influence tumor growth (3).
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Some recent studies, including one conducted by Shokrzadeh
et. al, suggest that there may be an increase in serum levels of
IL.-10and IFNy, potentially indicating their usefulness as diagnostic
markers for early detection of gastric carcinoma (6). Matrix
metalloproteinase 7 (MMP7) is an enzyme known for its
involvement in tumorigenesis, metastasis, and inflammatory
processes through the remodeling of extracellular matrix
components.

Limited studies have been conductedintheIndian subcontinent
involving the serum levels of IFNy, IL-10, and MMP7 in gastric
carcinoma patients (7-11). The significance of these biomarkers
in gastric carcinoma is yet to be confirmed with larger and
more diverse populations. In this study, we assessed the
circulating levels in blood of three important biomolecules
IFNy, IL-10, and MMP7 in gastric carcinoma patients and
compared them with their levels in an apparently healthy
control population.

MATERIAL and METHODS

The project received approval from the Institutional Ethics
Committee in 2018, and the study was conducted from June
2018 to March 2021 in a tertiary care centre from South India.

Study Population and Sampling

The sample size was calculated using OPENEPI software for
unmatched case-control studies with proportions, considering
a 10% dropout rate, 80% power, and 95% confidence interval.
Fasting blood samples were collected from 85 patients
diagnosed with gastric carcinoma before treatment and 85
volunteers as controls. All participants were aged 18 years or
older and provided informed consent to participate in the
study. Venous blood samples of 5 mL were collected,
centrifuged, and stored at -80°C until analysis.
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Biomarker Analysis

The samples were processed using commercially available
enzyme linked immunosorbent assay (ELISA) kits to assess the
levels of the selected biomarkers, following the methodology
provided in the respective user manuals. IL-10 levels were
assessed using the Diaclone IL-10 ELISA kit. IFNy levels were
assessed using the fine test human IFNy ELISA kit. MMP7 levels
were assessed using the human matrix metalloproteinase-7
ELISA kit from Bioassay Technology Laboratories.

Statistical Analysis

Statistical analysis was performed using IBM SPSS software
version 20.0 for Windows. A few extreme outlier values were
excluded from the study as they were due to ELISA well defects.
Demographic data was compared and analysed using unpaired
t-test for age and Chi-square test for gender. The serum levels
of biomarkers were expressed in their respective quantitative
units and compared using the Mann-Whitney U test. The
variation of biomarkers based on the stage of the disease,
location, and histology was calculated, and analysed using the
Kruskal-Wallis and Mann-Whitney U tests.

RESULTS

A total of 170 participants were included (85 in each group) in
the study. On comparing the mean age between the groups, it
was found that there was a significant difference between age;
however, the difference in proportion of sex between the
groups was not significant. Half of the study patients presented
with abdominal pain (Table 1). The statistical difference between
the median values of IFNy and IL-10 (not MMP7 levels) in these
two groups were found to be significant (p< 0.001) (Table 2).
Statistical significance of individual biomarker level difference
between the stages of gastric carcinoma was found to be
statistically insignificant (Table 3).

Table 1. Comparison of demographic data between gastric carcinoma patients cases and controls

Parameters Cases, n=85 Controls, n= 85 Significance* (p)
Age (years) Mean 5445 44.92 <0.001°
Standard deviation 12.02 15.06
Sex Male (%) 64.7 529 0.07°
Female (%) 353 47.1
Symptoms Presenting symptoms Patients presented (%)
Abdominal pain 5647
Vomiting 41.17
Distension 15.29
Hematemesis or melaena 5.8
Regurgitation 35
Others 18.82

*p< 0.05 is considered significant; a: Unpaired t-test; b: Chi-square test.

Turk J Surg 2024; 40 (3): 212-218



214

Potential molecular biomarkers for the detection of gastric carcinoma

Table 2. Comparison of biomarker levels in patients and controls

Cases Control
Biomarker M (IQR) M (IQR) p (¥
IFNY (pg/mL) 9.6 (9.2-10.8) 6.4 (6.0-7.6) <0.001
IL-10 (pg/mL) 12.1(9.2-18.0) 39(3.3-5) <0.001
MMP7 (ng/mL) 0.7 (0.5-1.2) 0.8 (0.6-1.2) 0.188

*Statistical significance was determined by Mann-Whitney U test.

M (IQR): Median with inter quarter range.
IFNy: Interferon gamma, IL-10: Interleukin 10, MMP7: Matrix metalloproteinase 7.

Table 3. Comparison of serum levels of biomarkers in different stages, locations and histotypes of gastric cancer

Parameters IFNy [M (IQR)] (pg/mL) | IL-10 [M (IQR)] (pg/mL) | MMP7 [M (IQR)] (pg/mL)

Stage Early 1142 (96210 11.57) 13.8 (12310 18.2) 1.21 (0.55to 1.31)
Locally advanced 9.6 (9.2t0 10.5) 11.2 (84 to 14.3) 0.73 (047 t0 1.13)
Metastatic 9.5(9.21t09.8) 134(9.1t017.8) 0.9 (043 to0 1.29)
P value® 0.75 046 0.88

Site Proximal 9.3(92t0 10.0) 104 (9.5t0 13.8) 0.7(04to 1)
Distal 9.7 (9.21t010.8) 122 (93t0 15.8) 0.7 (0.5t0 1.1)
Body 9.5(9.110 10) 94 (5310 13.3) 0.6(0.31t00.7)
P value® 05 022 033

Histology Diffuse adenocarcinoma 9.5(9.0t0 10.2) 11.3(84t0 17.1) 0.85 (0.58 to 1.21)
Intestinal adenocarcinoma 9.6 (9.21t010.8) 11.7 (93 t0 14.8) 0.7 (0.38 t0 1.16)
p value© 0.39 0.69 0.08

M (IQR): Median with inter quarter range; a: Kruskal Wallis test; b: Kruskal Wallis test; ¢: Mann-Whitney U test. IFNy: Interferon gamma, IL-10: Interleukin 10,
MMP7: Matrix metalloproteinase 7.

It also showed the variation in serum levels of biomarkers

according to the histology of gastric cancer. Statistical 1.0
significance was not established when the biomarker values
were compared between diffuse and intestinal types of
adenocarcinoma. Other variants like GIST and lymphoma were
not compared as their frequency in the data was too less to
compare.

ROC Curve for Interleukin 10
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A point of maximum sensitivity 86% (85.9%) and specificity 88%
(88.2%) was selected as the cut-off point for IL-10 level, which
corresponds to the serum level of 7.73 pg/mL and the area
under curve was 0.9. This implied that IL-10 level at 7.73 pg/mL
can classify the population into gastric carcinoma patients and d
healthy population with high accuracy (Figure 1). ﬁ
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A point of 95% (95.3%) sensitivity and 81% (81.2%) specificity

was selected, which corresponds to serum level of 8.7 pg/mL as
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that IL-10 level at 8.7 pg/mL can classify population into gastric Soecifici

carcinoma patients and healthy population with high accuracy 1-Specificity

(Figure 2).

Figure 1. ROC curve for IL-10.
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Figure 2. ROC curve for IFNy.

DISCUSSION

Despite numerous research efforts and advancements, late-
stage diagnosis remains a hindrance to the prognosis of gastric
carcinoma in most cases. In developed countries like Japan and
Korea, pre-emptive screening using upper gastrointestinal
endoscopy has proven to enhance survival rates through early
detection. However, the feasibility of implementing such
screening programs on a day-to-day basis in developing
countries is questionable. Ongoing studies aim to discover
affordable and economical screening, diagnostic, monitoring,
and prognostic tools for gastric carcinoma. Biomarkers play a
crucial role in tumor management, overcoming the limitations
of invasive, technically demanding, and expensive monitoring
tools currently in use. Various biomarkers are being studied
worldwide for their potential application in gastric carcinoma.

In our study, the average age of gastric carcinoma patients was
found to be 54 years, which aligns with similar studies
conducted in South India (average age of 60 years) and Eastern
India (average age of 55 years) (8,9). The male-to-female ratio
among gastric carcinoma patients in our study was 1.83:1.
Comparable male predominance ratios have been observed in
the northeastern population of India (2.16:1) and in other
Indian studies (2:1) (10,11). A recent study reported a male
predominance ratio of 2.2:1 worldwide for gastric carcinoma
(12). Similar trends were observed in Korean patients younger
than 45 years (13). This difference in sex difference may be
attributed to the protective effects of female hormones as well
as higher exposure to environmental agents like tobacco and
alcohol in males (14,15).
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Abdominal pain was the most common symptom reported by
56% of the gastric carcinoma patients in our study, followed by
vomiting (41%), weight loss (10%), abdominal distension (15%),
bleeding manifestations (6%), and regurgitation (3.5%). Similar
studies have reported abdominal discomfort, pain, and anorexia
as the most common presenting symptoms in gastric carcinoma
patients (8,11).

Regarding tumor location, 15% of the patients in our study had
proximal gastric cancer (fundus and cardia growths), 14% had
cancer of the body of the stomach, and 71% had distal stomach
carcinoma (antrum and pylorus growths). Other Indian studies
have also shown that distal stomach is the most common
location for gastric carcinoma (9,10). However, a Chinese
analysis has reported a higher prevalence of gastric cardia
tumors in their study population (16).

At presentation, 74% of the patients in our study had locally
advanced gastric carcinoma, 20% had metastasis, and only 6%
presented in the early stage. Similar findings have been
reported by other studies, suggesting that late-stage
presentation of gastric carcinoma is a common occurrence due
to symptoms developing as the disease progresses and limited
access to advanced healthcare and diagnostic tools in
developing countries (10,16-18). Adenocarcinoma accounted
for 92% of the gastric carcinoma cases in our study, with 41%
classified as diffuse type and 59% as intestinal type. Other
studies have also observed a higher frequency of intestinal type
adenocarcinoma in gastric cancer patients (19,20). However,
contrasting results have been reported in different populations,
indicating that the prevalence of adenocarcinoma types may
vary in different regions (21).

Helicobacter pylori and T cell inflammatory reactions can
increase IFNy in the gastric mucosa, leading to high serum [FNy
levels in gastric cancer patients (7,22,23). In our study, a
significant rise in serum levels of IFNy was observed in gastric
carcinoma cases compared to controls. It is not clear if this
increase is related to EBV or H. pylori infections (24,25). However,
conflicting results have been reported by other studies, with
some showing decreased levels of IFNy in gastric cancer
patients compared to healthy controls (26). Nonetheless, our
study found a high sensitivity of 95% and specificity of 81% for
IFNy at a level of 8.7 pg/mL in differentiating gastric carcinoma
patients from controls. Similarly, our study revealed higher
serum levels of IL-10 in gastric carcinoma patients compared to
controls. Similar trends have been reported by other studies
emerging from India and other countries with average IL-10
levels ranging from 16-27 pg/mL in gastric carcinoma patients
(6,23,27,28). A high sensitivity of 86% and specificity of 88% at a
level of 8.7 pg/mL were observed for IL-10 in our study. The
high sensitivity and specificity observed for IL-10 (86%
sensitivity; 88% specificity) and IFNy (95% sensitivity; 81%
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specificity) support their utility in differentiating gastric
carcinoma patients. This is in line with the proposed utility of
IFNy and IL-10 by Sanchez-Zauco et al. (22). Comparison of IL-10
and IFNy values among different tumor locations, histological
types, and stages of gastric carcinoma in our study did not yield
statistically significant differences. However, further studies
with larger sample sizes are needed to conclusively determine
the significance of these biomarkers according to these
variables.

MMP7 levels were analyzed in our study, but no significant
relationship could be established between gastric carcinoma
patients and controls. Contrasting results have been reported
in other studies, with high MMP7 levels associated with poor
prognosis in gastric carcinoma patients in some analyses
(29-31). On the other hand, one study even observed
immunonegative staining for MMP7 in majority of gastric
cancer patients (32). Genetic polymorphism of the MMP7 gene
and genotypic influences on its expression may contribute to
the variability in results.

CONCLUSION

The introduction of novel biomarkers and the exploration of
the tumor microenvironment have opened up a wide scope for
early diagnosis and treatment approaches for numerous
diseases, including gastric carcinoma. Our study has revealed
higher serum levels of IFNy and IL-10 in gastric carcinoma,
suggesting the potential utility of these biomarkers for
screening and monitoring gastric carcinoma patients. Further
studies involving larger and more heterogeneous populations
can help establish the effectiveness of these biomarkers in the
management of gastric carcinoma.
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Molekiiler ipuclarinin ortaya konulmasi: Mide karsinomu hastalarinda IFNy, IL-10 ve
MMP7 kan diizeylerinin aragtirilmasi
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OZET

Giris ve Amag: Mide karsinomu diinya capinda morbidite ve mortalitenin 6nde gelen nedenidir. Erken teshis 6lim oranlarinin azaltiimasina
yardimci olabilir. Biyobelirtegler, cesitli kanserlerde hastalik taramasi, izleme ve takipteki potansiyelleri acisindan kiresel olarak arastiriimaktadir.
Ancak su anda mide karsinomunda biyobelirteclerin roliine iliskin yeterli veri bulunmamaktadir.

Gereg ve Yontem: Bu tek merkezli vaka kontrol ¢calismasi Haziran 2018'den Mart 2021°e kadar Guiney Hindistan'da gerceklestirildi. Mide kanseri
tanisi alan 85 hastadan ve kontrol grubu olarak gérev yapan saglikli gériinen 85 kisiden kan &rnekleri toplandi. Ornekler ac olarak toplandi.
interferon gama (IFNy), interlékin 10 (IL-10) ve matriks metalloproteinaz 7 (MMP7) biyobelirteclerinin serum seviyeleri, enzim baglantili
immunosorbent tahlili (ELISA) kullanilarak 6lctildi ve iki grup arasinda karsilastirildi. Ek olarak mide kanseri grubunda hastaligin lokasyonu, evresi
ve histotipine gore biyobelirteglerin seviyeleri karsilastirildi.

Bulgular: [FNy ve IL-10'un serum seviyelerinin mide karsinomu hastalarinda saglikli kontrol grubuyla karsilastirildiginda anlamli derecede yiiksek
oldugu bulundu. Bu biyobelirteglerin her ikisi de mide karsinomunun tespitinde yiiksek hassasiyet ve spesifiklik sergiledi. Ancak mide kanseri
hastalari ile kontrol grubu arasinda serum MMP7 diizeyi acisindan anlamli bir fark yoktu.

Sonug: IFNy ve IL-10, mide karsinomunun tespiti icin potansiyel molekiler biyobelirtecler olarak Gimit vericidir. Ayrica, evre ve histolojik tiplere
gore eslestirilmis daha buyk ve daha cesitli poptlasyonlari iceren iyi tasarlanmis calismalar, bu biyobelirteclerin mide karsinomunda tarama ve
izleme yararliigini belirlemek icin gereklidir.

Anahtar Kelimeler: Matris metaloproteinaz 7, interferon gama, interlokin 10, enzime baglh immiinosorbent tahlili, mide kanseri, tarama
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ABSTRACT

Objective: The aim of this study was to examine the early surgical and long-term survival outcomes of cytoreductive surgery (CRS) alone and CRS plus
perioperative intraperitoneal chemotherapy (IPC) in patients with peritoneal metastases (PM).

Material and Methods: CRS alone or CRS plus IPC was performed on 122 patients for various intraabdominal PMs. Patients were divided into two
groups as PCl <19 and PCl >19 to compare early surgical outcomes.

Results: Among PM patients 70 (57.4%) were of non-ovarian and 52 (42.6%) were of ovarian origin. Of the patients 74 (60.7%) were in the peritoneal
cancer index (PCl) <19 group and 48 (39.3%) were in the PCl >19 group. The complication ratio of PCl >19 group was higher than that of the PCl <19
group and median overall survival (OS) of PCl >19 group was lower than that of the PCl <19 group. Complete or nearly complete (CCR-0/CCR-1) resec-
tions rates were similar in both groups (95.9% in the PCl <19 group and 93.8% in the PCl >19 group). However, CCR-0 resection rate was found to be
lower in the PCl >19 group compared to the PCl <19 group (60.8% vs. 39.6%) (p< 0.001).

Conclusion: CCR-0/CCR-1 resections can be achieved with CRS in most patients with PCI >19 score. It would be appropriate to consider CRS or CRS plus
perioperative IPC for palliative purposes in selected patients with PCl >19 score.

Keywords: Peritoneal metastases, peritoneal cancer index, cytoreductive surgery, early post-operative intraperitoneal chemotherapy, hyperthermic in-
traperitoneal chemotherapy

INTRODUCTION

Peritoneal metastases (PM) is a disease characterized by the distribution of avascular
tumor nodules in different diameters and numbers on peritoneal surfaces, and its
prognosis is poor, especially in non-gynecological cancers (1). In recent years,
cytoreductive surgery (CRS) plus perioperative, intraperitoneal chemotherapy (IPC)
methods in PM of gastrointestinal and ovarian cancers have provided positive
oncological results.

Cite this article as: Ercan M, Aziret M, Karaman K, Kose
O, Oter V, Yirgin H, et al. Surgical and survival outcomes
of cytoreductive surgery alone or with perioperative
intraperitoneal chemotherapy in high peritoneal cancer
index. Turk J Surg 2024; 40 (3): 219-228

The most critical factors in selecting patients treated with CRS are the type of
primary tumor, the volume and distribution of peritoneal disease, and the patient’s
performance status (2). As it is known, the parameters to be considered in the
application of curative perioperative chemotherapy are the peritoneal cancer index
(PCl) and the complete cytoreduction (CCR), which indicates the completion of
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cytoreduction. Some authors suggest prognostic cut-offs for PCl as <17 for colorectal
PM, <7 for gastric PM, and <15 for ovarian PM (3-6). On the other hand, there is no
specific PCI cut-off value for patients with pseudomyxoma peritonei (PMP) and long-
term survival is not affected by the extent of the disease (7). Regardless of the origin
of PM, the most important prognostic factor for survival is the removal of all visible
tumor tissues with complete cytoreduction. The HIPEC or EPIC is eligible for patients
undergoing complete (CCR-0) or nearly complete (CCR-1) resection (8,9).
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In the literature, it is emphasized that high PCl is associated with
suboptimal cytoreduction, while the complication rates due to
CRS are higher and survival outcomes are worse in patients. A
study of colorectal cancer has shown that PCl >19 correlated
with suboptimal cytoreduction and is associated with increased
major morbidity and worse survival (10). Similarly, PCI >21 has
been shown to be an independent predictor of high-grade
complications after ovarian cancer surgery (11).

Additionally, since systemic chemotherapy cannot be started in
cases of intestinal obstruction, surgical treatment is usually
preferred. Averbach and Sugarbaker evaluated early post-
operative IPC with CRS in patients with bowel obstruction due to
recurrent intraabdominal cancer (12). The authors demonstrated
that with aggressive treatment, favorable oncologic outcomes
(three-year survival 32.7%) can be achieved with acceptable
morbidity and mortality rates (55% and 7.14%, respectively).

In the light of these studies, we wanted to question the rationality
of the treatment methods by revealing the early surgical and
long-term survival results of CRS or CRS plus perioperative IPC in
our patients with PMs with a high PCI (PCI >19).

MATERIAL and METHODS
Patients

Between 2011 and 2019, CRS alone or CRS plus IPC was performed
on 122 patients for various intraabdominal PMs. The patients
whose data were regularly recorded were analyzed retrospectively
and were divided into two groups as PCl <19 and PCl >19.

Patient characteristics of the groups (origin of PMs, age, sex, BMI,
clinical and radiological features), CCR-R resections (CCR-0, CCR-1,
CCR-2), treatment modalities (CRS alone and SRC plus
perioperative IPC), operative time, hospital stay, surgical
procedures (organ resections and peritonectomies), early post-
operative complications, and hospital mortality were compared.
In the survival analysis, patients were categorized into two
groups as non-ovarian and ovarian. Survival analysis was
performed according to PCl scores [<9, (10-19) and >19], CCR
resections, and treatment modalities (CRS alone, CRS plus HIPEC,
and CRS plus EPIC) in groups.

Peritoneal cancer index and complete cytoreduction scores

PCl scoring defined by Sugerbaker was used (15). Resections
(completeness of cytoreduction) were classified as CCR-0, CCR-1,
CCR-2. CCR-0 was defined as the absence of visible tumor tissue
in the abdomen, CCR-1 residual tumor <25 mm, and CCR-2
residual tumor between 2.5 mm and 2.5 cm.

Patient selection criteria

All patients were discussed in detail in the multidisciplinary
oncology council before the surgery and evaluated in terms of
treatment planning. Imaging methods such as ultrasonography,
computerized tomography, magnetic resonance imaging, and
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positron emission tomography were used to evaluate the extent
of the disease in the pre-operative period. The selection criteria
of the patients to be admitted to the CRS are listed below.

1-  Performance status must be EGOG <2
2- Age>18

3-  Absence serious medical histories (for example; severe
cardiac or chronic obstructive pulmonary disease)

4- Nutritional status (albumine >2.5 ng/dL)

5-  Absence of signs of extra-abdominal metastases

6-  Absence of signs of biliary obstruction

7- No bulky involvement in the mesenteric root

8- Absence of bilateral hydroureteronephrosis
Surgical procedures

Laparotomy was performed with a median incision extending
from the xiphoid to the pubis. Incision scars due to previous
surgeries were removed and intraabdominal adhesions were
separated by dissection. Except for PMP, only peritoneal areas
infiltrated with tumor were removed in the dissection of the
peritoneum. Routinely, after the resections, the abdomen was
irrigated with a mixture of povidone-iodine and oxygenated
water for one minute and then with 0.9% isotonic NaCl. HIPEC
was not performed in patients who developed excessive blood
loss and severe acidosis during the operation. After the HIPEC
procedure was completed, the abdomen was re-opened and
anastomoses were performed.

Organ resections and peritonectomy procedures were based on
Paul H. Sugarbaker's procedures (13).

Perioperative intraperitoneal chemotherapy

In HIPEC for colorectal PM and PMP we used mitomycin C (15
mg/m?, with 1.5% dextrose dialysis solution at 42 °C for 90
minutes) or oxaliplatin (360 mg/m?, with 5% dextrose solution at
43 °Cfor 30-45 minutes). In HIPEC for gastric PM, PMP and ovarian
PM we used cisplatin (50 mg/m?, 1.5% dextrose dialysis solution
at 42 °C for 90 minutes). In non-ovarian PM, 5-fluorouracil was
used for EPIC (400-600 mg/m? with 50 meq NaHCO, and 1 liter
of 5% dextrose). In ovarian PM, paclitaxel or cisplatin was used for
EPIC. In EPIC, the drains were clamped for 23 hours after the
chemotherapeutic agent was administered intraperitoneally.
Then, the drains were opened for one hour and the
chemotherapeutic agent was drained out of the abdomen. The
EPIC procedure was reapplied in patients with good tolerance in
the follow-up.

Post-operative approach

All patients were followed in the the intensive care unit after the
operation. Post-operative bleeding was defined as more than
200 cc of blood coming from the drains. Post-operative mortality



was defined as mortality within the first month. Patients with CRS
alone were transferred to medical oncology after recovery and
were allowed to receive adjuvant chemotherapy regimens in the
early period.

Statistical Analysis

Statistical analysis was achieved using the SPSS 21.0 software
version. The variables were investigated using analytical methods
(Kolmogorov-Smirnov test) to determine distribution. Descriptive
analyses were introduced using means and standard deviations
if the variables were normally distributed; medians and
interquartile ranges were used if the variables were non-normally
distributed. Categorical variables are specified as numbers and
percentages. Pearson Chi-square test was used to compare
categorical variables, and student’s t test was used for pairwise
comparison of normally distributed continuous variables.
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The survival analysis of cancers according to treatment status, CC
score, and PCl score was performed using the log-rank test. Chi-
square test was used to compare categorical variables, and
Mann-Whitney U test was used to compare non-normally
distributed variables.

RESULTS

Among the PM patients 70 (57.4%) were of non-ovarian and 52
(42.6%) were of ovarian origin. Of the patients 74 (60.7%) were in
the PCl <19 group and 48 (39.3%) were in the PCl >19 group.
Male sex ratio was higher in the PCl >19 group than in the PCl
<19 group. The origin of PMs with high PCl was colorectal cancer
in the first place and ovarian cancer in the second place. A
adverse clinical findings were found at a higher rate in the
PCl >19 group. Especially bowel obstruction and
hydroureteronephrosis were detected at a significantly higher
rate in the PCI >19 group (p= 0.001, p= 0.041) (Table 1).

Table 1. Pre-operative patient characteristics

PCl <19 (n=74) PCl >19 (n=48) p
Sex
Female 58 (78.4%) 26 (54.2%) 0.005
Male 16 (21.6%) 22 (45.8%)
Age (years), mean + SD 5418+ 115 524 +137 0431
BMI, mean + SD 26.1+£55 254+63 0.584
Origin of PM
Colorectal 24 (32.4%) 23 (47.9%) 0.086
Appendiceal 3 (4.1%) 4 (8.3%) 0.321
Gastric 3 (4.1%) 4 (8.3%) 0.321
Mesothelioma 3 (4.1%) 2 (4.2%) 0.976
Pancreas 0 1(2.1%) 0.212
GIST 1 (1.4%) 2 (4.2%) 0.327
Ovarian 40 (54.1%) 12 (25%) 0.002
Primary 37 (50%) 21 (43.7%) 0.596
Secondary* 37 (50%) 27 (56.3%) 0499
Clinical and radiological findings
Bowel obstruction 7 (9.5%) 16 (33.3%) 0.001
Ascites 30 (40.5%) 25 (52.1%) 0.211
Liver metastasis and/or
Glisson capsule involvement 14 (18.9%) 16 (33.3%) 0.071
Mesenteric root involvement 1 (1.4%) 3(6.3%) 0.550
Hydroureteronephrosis 7 (9.5%) 11 (22.9%) 0.041
5 cm >intraabdominal mass 34 (45.9%) 27 (56.2%) 0.266
BMI: Body mass index, PCl: Peritoneal cancer index, PM: Peritoneal metastasis, GIST: Gastrointestinal stromal tumor.
*Secondary: Peritoneal metastasis was detected after primary tumor surgery.
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Table 2. Comparison of post-operative variables in PCl groups

PCl <19 (n=74) PCl >19 (n= 48) p
CCR score
CCR-0 45 (60.8%) 19 (39.6%) <0.001
CCR-1 26 (35.1%) 26 (54.2%) <0.001
CCR-2 3(4.1%) 3 (6.2%) 0456
Treatment modalities
CRS alone 37 (50.0%) 15 (31.2%) 0.060
IPC (HIPEC or EPIC) 37 (50.0%) 33 (68.8%) 0.058
Duration of surgery (minute), mean + SD 3919+ 1273 5230+ 1599 <0.001
Duration of hospital stay (day), mean + SD 169+ 116 314+ 241 <0.001
Follow up (mounth), mean + SD 265+ 151 128+ 136 <0.001
PCl: Peritoneal cancer index, CCR: Complete cytoreduction, CRS: Cytoreductive surgery, EPIC: Early post-operative intraperitoneal chemotherapy, HIPEC: Hyperthermic
intraperitoneal chemotherapy, SD: Standard deviation.

Seven appendicial tumors and two ovarian tumors were
mucinous ascites, the others were non-mucinous. Primary
surgery rate was (number of patients without previous
abdominal surgery for cancer) 58 (47.5%), Recurrence rate was
64 (52.5%) (patients who had previously undergone abdominal
surgery for cancer). All patients with recurrence had previously
received different neoadjuvant and adjuvant chemotherapy
regimens. All patients with primary recurrence underwent
emergency surgery for obstruction and bleeding. In principle,
neoadjuvant chemotherapy was administered except in cases
where it was not needed. Adjuvant treatment is given between
4-6 months and neoadjuvant treatment between 8-12 months
depending on the origin of the primary tumor. We use Folfox or
Folfiri in colon cancer, Folfox or Folfiri in ovarian cancer
Carboplatin and Flot combinations in gastric cancer as adjuvant
and neoadjuvant chemotherapy regimens.

Complete or nearly complete (CCR-0/CCR-1) resections rates
were similar in both groups (95.9% in the PCl <19 group and
93.8% in the PCl >19 group). However, the CCR-0 resection rate

was found to be lower in the PCl >19 group compared to the
PCl <19 group (60.8% vs. 39.6%) (p< 0.001). The rate of IPC was
higher in the PCl >19 group (50% vs. 68.8%) (p= 0.058).

Mean duration of surgery time and the mean duration of
hospital was significantly longer in the PCl >19 group than in
the PCl >19 group (p< 0.001) (Table 2).

Comparison of complications

Surgical complications rates were very high in the PCl >19
group compared to the PCl <19 group (Table 3). The rates of
reoperation (16.7% vs. 54%) and percutaneous intraabdominal
abscess drainage (14.6% vs. 4.1%) were also significantly higher
in the PCI >19 group than in the PCl <19 group (p= 0.042 and
p= 0.038, respectively). Reasons for reoperation were bowel
leakage in six patients, intraabdominal bleeding in four patients,
and bladder/ureteral leakage in two patients. While hospital
mortality rate was 12.5% in the PCl >19 group, there was no
mortality in the PCl <19 group (p= 0.003).

Hospital mortality occurred in six patients. The causes of death

Table 3. Comparison of early post-operative complications and mortality in PCl groups
PCl <19 (n=74) PCl >19 (n= 48) p

Complications n (%) n (%) n (%)
*Elevated AST-ALT levels 18 (24.3) 22 (45.8) 0.014
Acute renal failure 1(1.4) 11(22.9) <0.001
Leukopenia 1(1.4) 5(104) 0.037
Wound site (seroma, dehiscence, infection) 20 (27.0) 27 (56.2) 0.001
Pulmonary (effusion, atelectasis, pneumonia) 13(17.6) 20 (41.7) 0.003
Sepsis 4 (5.4) 16 (33.3) <0.001
Intraabdominal bleeding 10 (13.5) 15(31.2) 0.018
Intraabdominal fluid collection 7(9.5) 14 (29.2) 0.005
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Table 3. Comparison of early post-operative complications and mortality in PCl groups (continue)

PCl <19 (n=74) PCl >19 (n= 48) p
Complications n (%) n (%) n (%)
lleus 4(54) 6(12.5) 0.190
Bowel leakage 101.4) 7 (14.6) 0.006
Urine leakage 1(14) 6(12.5) 0.015
Pancreatic leakage 0 5(104) 0.008
Interventions for complications
Re-operation 4(54) 8 (16.7) 0.042
Percutaneous intraabdominal abscess drainage 3(4.1) 7 (14.6) 0.038
Percutenous nephrostomy catheterization 2(27) 3(6.3) 0.346
Hospital mortality 0 6(12.5) 0.003
ALT: Alanin aminotransferase, AST: Aspartat aminotransferase, PCl: Peritoneal cancer index.

of the patients were sepsis and pneumonia due to surgical
complications.

Survival analysis

The follow-up period was 14.3 + 9.5 months in the non-ovarian
group and 20.5 + 16.1 months in the ovarian group (p= 0.059).
The survival distribution of non-ovarian and ovarian patients
according to PCl score, CCR resections and treatment modalities
is shown in Table 4. Median survival time of the patients with PC
>19 in the non-ovarian and ovarian groups was similarly low
(Table 4). Median survival time of patients with CCR-0 resection
of non-ovarian and ovarian PMs was almost twice that of
patients with CCR-1 resection (Table 4).

Although not statistically significant in either group, the best
survival outcomes were achieved in patients who underwent
CRS plus EPIC (Table 4).

DISCUSSION

CRS is an extensive surgical procedure that allows complete
resection of all visible macroscopic peritoneal metastatic
disease and treatment of residual microscopic peritoneal
disease with perioperative IPC modalities. Most peritoneal
surface malignancy treatment centers use HIPEC only, some
use EPIC only, and others use both in turn.

The method of application of IPC may also vary according to
cost conditions. We generally prefer to apply HIPEC, but due to
perioperative instability, we may have to apply EPIC or alone
CRS to some of our patients.

Patients to whom CRS plus IPC is applied are at risk of serious
morbidity due to the possible side effects of both the complex
surgical procedure and the drugs administered intraperitoneally
(14). In this respect, identifying patients who will benefit from
CRS plus IPC is extremely important from a prognostic point of
view. Therefore, the authors proposed prognostic PCl score cut-

off values for PMs of various origins (4-6,15-17). PCl =20 score,
perihepatic region involvement and diffuse small bowel
involvement were determined as risk factors in radiological
prognostic evaluation in colorectal PM (18). Yan et al. have
reported that the probability of suboptimal cytoreduction is
100% in the presence of a tumor >5 cm in the epigastric region
and small intestine involvement and the probability of CCR is
94% in the absence of these findings, in the peritoneal
mesothelioma study (19). Massive small bowel and mesenteric
involvement and the presence of extensive hepatobiliary
disease are negative predictive factors for cytoreduction, as
emphasized in large-centered studies. However, it is not
possible to exclude patients with bowel obstruction from
cytoreduction, especially since they do not receive
chemotherapy. In our study, approximately 40% of all patients
had high PCl score. All negative clinical findings, especially
bowel obstruction, liver metastasis and hydroureteronephrosis
were found to be significantly higher in the PCl >19 group. As
can be seen from these findings, a significant number of our
patients were candidates for suboptimal cytoreduction. Despite
this, in our study, complete or nearly CCR could be obtained
with multiple organ resections and peritonectomy procedures
in most (93.8%) patients with PCl >19. However, despite these
extensive surgical procedures, the CCR-0 resection rate was
significantly lower in the PCl >19 group than in the PCl <19
group (39.6% and 60.8%, respectively). Similarly, Yonemura et al.
have reported in patients with colon cancer that, the rate of
CCR decreased as the PCl score increased (20).

In a systematic review of morbidity and mortality of SRC plus
HIPEC, mean mortality rate has reported as 2.9% (range 0-17%),
and primary morbidity rate as 28.8% (0-52%). A multi-
institutional study has reported a, reoperation rate of 14%,
mortality rate due to SRC plus IPC as be 4.1% and the morbidity
rate as 33.6% in non-ovarian peritoneal carcinomatosis (21).
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Table 4. Distribution of the survival of non-ovarian and ovarian groups according to PCl scores, CCR resections and treatment modalities
Number | Mortality | Overall
of (n) survival Overall survival rates 5 A
. Overall survival time (months)
patients (%) (%)
(n)
6 1 3 Median + 95% Log-rank D
months | year years | Standard error | Confidence | Chi-square/df
interval

Non-ovarian 70 33 52.9 753 59.4 41.8 240+ 6.6 10.9-37.0
PCl (<9) 16 2 875 100.0 90.9 818 316+28 26.1-37.1
PCI (10-19) 13.697/2 0.001

18 9 50.0 889 769 411 268 £ 4.1 18.8-34.9
PCl (>19)

36 22 389 58.0 36.7 24.1 134£20 93-175
CCR-0 35 10 714 96.9 834 60.8 325+£34 258-39.2
CCR-1 29 17 414 82.8 71.3 24.1 18837 11.6-26.1 10.505/2 0.005
CCR-2 6 6 0 83.3 16.7 16.7 126 £50 2.7-255
CRS alone 17 8 529 588 588 515 202 +38 12.7-27.7
HIPEC 36 18 50.0 777 56.0 30.8 198+27 14.5-252 0.990/2 0.610
EPIC 17 58.8 874 65.7 46.0 277 +49 180-373
Ovarian 52 16 69.2 82.1 74.8 60.4 38.4+33 31.8-45.0
PCl (<9) 17 88.2 100.0 86.5 50.0 50.1£3.1 44.0-56.2

20.210/2 <0.001

PCI (10-19) 23 5 78.3 100.0 804 333 358+34 289-426
PClI (>19) 12 9 250 80.8 68.9 25.0 142 +49 46-238
CCR-0 29 6 79.3 929 89.0 70.0 449+ 3.6 378-519
CCR-1 22 9 59.1 86.4 60.0 54.0 259+42 176-343 10.456/2 0.005
CCR-2 1 1 0 0 0 0 20+0 20-20
CRS alone 36 9 75.0 79.8 76.2 69.8 327+29 27.0-385
HIPEC 4 4 0 50.0 50.0 0 170+87 0-341 8.685/2 0.013
EPIC 12 3 75.0 100.0 77.8 64.8 393£73 249 -53.7
PCl: Peritoneal cancer index, CCR: complete cytoreduction, CRS: Cytoreductive surgery, EPIC: Early post-operative intraperitoneal chemotherapy, HIPEC: Hyperthermic
intraperitoneal chemotherapy.
The median OS of non-ovarian group with PCl <9 and PCl (10-19) score is higher than PCl score >19 (p= 0.001). The median OS of ovarian group with PCl <9 and PCl
(10-19) score is higher than PCl score >19 (p< 0.001). The median OS in the non-ovarian and ovarian groups with a CCR-0 resection was much higher than the
CCR-1 and CCR-2 resections (p= 0.005). The significant difference in overall survival on the treatment of ovarian PM is due to the fact that alone SRC and SRC plus
EPIC procedures have more prolonged median OS than SRC plus HIPEC procedures (p= 0.001).

As demonstrated in the studies above, CRS plus perioperative
IPC method is generally accepted as a surgical procedure with
morbidity and mortality rates similar to those seen in any major
abdominal surgery. Studies have shown that especially the
increase in PCl is correlated with major morbidity. In a study on
ovarian cancer, it has been found that high PCI (>24) caused an
increase in complication rates (22). In another study, PCl >21
has been found to be an independent predictor of high-grade
complications after ovarian cancer surgery (11). A study on
colorectal cancer has confirmed that longer operative time
(>540 minutes) and PCl >19 are independent risk factors for
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major morbidity (10). In our study, the mean duration of surgery
time was significantly longer in the PCl >19 group (523 minutes
vs. 391.9 minutes). We found that the morbidity and mortality
rates after CRS were very high in the PCl >19 group compared
to the PCl <19 group. Especially, intraabdominal bleeding,
intraabdominal fluid collection bowel leakage, urine leakage,
and pancreatic leakage were found to be quite high in the PCl
>19 group. On the other hand, our results show that the
incidence of post-operative complications in patients with PCl
<19 is not significantly different from that seen in any major
intraabdominal surgery.



Intestinal fistulase have been reported as the most important
cause of morbidity in SRC plus perioperative IPC (22-24). In a
study, the authors have reported that a high PCl score was the
only independent risk factor for gastrointestinal complications
in patients undergoing CRS plus IPC in multivariate analysis. In
the study, it has been reported that the frequency of
gastrointestinal complications was highly correlated with a PCl
>30 score (25). In our study, we found a high rate of bowel
leakage (8.6%) like the literature. However, one of these patients
was in the PC <19 group and seven of them were in the PCI >19
group. In addition to intestinal fistulaes, urinary anastomotic
leaks are complications that are difficult to manage. In the
literature, it is stated that urological procedures increase the risk
of major complications in CRS (26,27).

In our study, the hospital mortality rate was 12.5% in the PCl
>19 group, while there was no mortality in the PCl <19 group.
The causes of mortality of the patients were sepsis and
pneumonia due to surgical complications. The rates of sepsis
and pulmonary complications were found to be quite high,
especially in the PCI >19 group (18.7 % and 41.7 %). Similarly, it
is stated that the leading cause of death after CRS/HIPEC is
sepsis and related respiratory complications (8,22).

In this study, the distribution of patients in the PCl groups (54%
ovarian PM in PCl <19 and 48% colorectal PM in PCI >19) was
not homogeneous. Therefore, it was thought that it would be
more appropriate to perform survival analyzes in two separate
groups (non-ovarian and ovarian) based on tumor origins.
Analysis of survival in the groups was performed separately
according to PCl scores [<9, (10-19) and >19], CCR resections,
and treatment modalities (CRS alone, CRS plus HIPEC, and CRS
plus EPIC).

In our series, median survival time of the non-ovarian group
was 31.6 months in the PCl <9 group, 26.8 months in the PCl
(10-19) group and 134 months in the PCl >19 group. In
colorectal carcinoma, Leonardo et al. have indicated that
patients with high PCI (PCI >6) and significant nodal involvement
(N2) may not benefit from the SRC plus HIPEC procedure (28).
Weber et al. have reported that the median survival in patients
with colon cancer was 33.2 months in patients with PCl <10,
12.1 months in patients with PCl (11-19) and the two-year
overall survival was 89% with PCl <10 (29). Da silva and
Sugarbaker have reported that patients with PCl of <20 had a
median survival of 41 months compared with 16 months for
patients with PCl >20 (17). The authors state that when PCl is
greater than 20 in colorectal cancer, five-year survival rate is less
than 10%, and that widespread disease becomes a relative
contraindication for this combined therapy (6). In our series,
non-ovarian PMs were heterogeneous, but the majority
(approximately 2/3) were colorectal PMs. Therefore, it is seen
that similar survival results have been obtained. In our series the
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median survival time of ovarian group was 50.1 months in the
PCl <9 group, 35.8 months in the PCI (10-19) and 14.2 months
in the PCl >19 group. In a study for ovarian cancer, PCl >10 in
primary advanced ovarian cancer was positively associated
with poor prognosis (6). A recent prospective study concluded
that the PCl score is a reliable tool to help assess disease extent
in patients with advanced epithelial ovarian cancer and may
help predict complete surgical cytoreduction, but not as a
predictor of death. In this study, the cut off value for over PC is
PCl >13 (30). In our series, the survival of ovarian PM patients
with PCI >19 was quite low. In fact, the median survival time of
patients with PC >19 in the non-ovarian and ovarian groups
was nearly identical.

In our study, one of the best prognostic factors for median OS

was a CCR score as well as a low PCl score. Median survival time
of the non-ovarian group was 32.5 months in CCR-0, 18.8 in
months CCR-1 and 12.6 months in CCR-2. Three-year survival
rates of the non-ovarian group was 60.8% in CCR-0, 24.1% in
CCR-1 and 16.7% in CCR-2 (p= 0.005). Median survival time of
non-ovarian PM patients with CCR-0 resection was almost
twice that of patients with CCR-1 resection. We found that in
non-ovarian PMs, the CCR-1 resection did not provide a
significant long-term (three-years) survival advantage over the
CCR-2 resection. Yonemura et al. have also reported the median
survival time as 25.9 months and five-years overall survival 20%
in patients who underwent CCR-0 resection and in 8.0 months
and 9.9%, respectively with CCR-1 resection (20). In their study,
CCR-Oresectionand PCl<10have been reported asindependent
favorable prognostic factors in multivariate analysis (20). Elias et
al. have achieved a median survival of 33 months with CCR in
84% of patients with colorectal carcinoma. In multivariate
analysis showed that CCR was one of the independent
prognostic factors (8).

Median survival time in the ovarian group was 44.9 months in
CCR-0, 25.9 months in CCR-1 and 2.0 months in CCR-2 (p=
0.005). Likewise, studies with ovarian cancer have emphasized
that the survival benefit of R1 resection is low. Arjona-Sanchez
A. have reported the mean PCl score of the patients as 15.8 and
performed a CCR-0 score of 95% in their study (31). In the study,
R1 cytoreduction was detected as a risk factor in multivariate
analysis (31). Robella et al. have reported that the most
important prognostic factor for survival was the completeness
of cytoreduction (32). In their study, overall survival with CCR
was 48 months. Similarly, CCR-0 resection was one of the most
important prognostic factors affecting survival in our patients
with ovarian PM. As with non-ovarian PMs, median survival
time of ovarian PM patients with CCR-0 resection was almost
twice that of patients with CCR-1 resection.

In the literature for PM due to gastric cancer, Yang et al. in a
prospective randomized Phase Il study, have reported median
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survival as 6.5 months in the CRS group and 11 months in the
CRS plus HIPEC group (33). In a recent phase three study for
ovarian cancer, adding HIPEC to interval CRS in patients with
stage lll epithelial ovarian cancer resulted in longer recurrence-
free survival and overall survival compared to surgery alone
without increased side effects (34). A recent study has
investigated the specific benefit of adding HIPEC to CRS in
colorectal PM. The authors have reported overall survival of 41.7
months in the CRS plus HIPEC group and 41.2 months in the
CRS alone group. The authors have underlined that adding
HIPEC to CRS had no overall survival benefit (35). We performed
CRS plus perioperative IPC (HIPEC or EPIC) in 50% of our
patients with PCl <19 and 68.8% of our patients with PCl >19.
CRS alone was applied to a significant proportion of patients in
both groups. Overall in our study, it was observed that adding
HIPEC to CRS in non-ovarian PMs did not provide a survival
advantage over other treatment modalities. This may be due to
the fact that most of the non-ovarian patients were of colorectal
origin. On the other hand, the survival results of our patients
who underwent CRS plus HIPEC for the ovarian PM group were
poor. The reason for this may be the low number of patients
who underwent CRS plus HIPEC in this group, as well as the fact
that some of the patients died in the early post-operative
period due to complications. In addition, it is clear in this series
that alone CRS provided a remarkable survival in both groups.

The superiority of HIPEC and EPIC methods over each other is
controversial in the literature. In the study on the method of
IPC, Elias et al. have compared CRS and HIPEC/EPIC methods for
complications and therapeutic outcomes in colorectal cancer
(36). They have reported that HIPEC was better tolerated, had
less morbidity and mortality, and provided a more prolonged
survival. The same author, in a later study for colon PM, has
shown that the use of HIPEC or EPIC did not have a statistically
significant prognostic effect (8). Glehen et al. have shown that
no significant difference in survival was observed between
patients treated with intraperitoneal chemohyperthermia
(IPCH) alone and EPIC alone or both, but survival outcomes
were better with the combination (9).

The present study has some limitations. It is heterogeneous in
terms of histopathological features and treatment modalities.

CONCLUSION

This study showed that a high rate of CCR-0/CCR-1 resections
can be achieved with extensive CRS in patients with PCl >19.

However, this result was obtained with extensive surgery
results in high post-operative morbidity and mortality. In both
non-ovarian and ovarian groups, the CCR-1 resection provides
approximately half the survival time of the CCR-0 resection. In
the PCl >19 group, low CCR-0 resection rate and high CCR-1
resection rate also negatively affect long-term survival
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outcomes. In general, the best survival results are obtained in
patients with a PCl <9 score and a CCR-0 resection. The survival
time of patients who underwent EPIC in non-ovarian and
ovarian PMs was relatively longer, but this was not statistically
significant.

The results of this study showed that the application of CRS or
CRS plus IPC treatment methods should be considered for
palliative purposes in selected patients with PCl >19 score.
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Yiiksek periton kanseri indeksinde tek basina veya perioperatif intraperitoneal
kemoterapi ile birlikte sitorediiktif cerrahi ve sagkalim sonuglar
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OZET

Giris ve Amag: Bu calismanin amaci, peritoneal metastazl (PM) hastalarda tek basina sitorediktif cerrahi (CRS) ve CRS arti perioperatif intraperi-
toneal kemoterapinin (IPC) erken cerrahi ve uzun donem sagkalim sonuglarini incelemektir.

Gereg ve Yontem: Cesitli intraabdominal PM'ler icin 122 hastaya tek basina CRS veya CRS + IPC uygulandi. Erken cerrahi sonuclar karsilastirmak
icin hastalar peritoneal kanser endeksi (PCl) <19 ve PCl >19 olmak Uizere iki gruba ayrildi.

Bulgular: Peritoenal metastazl hastalarinin 70 (%57,4)'i non-ovaryan ve 52 (%42,6)'si over kdkenliydi. Hastalarin 74 (%60,7)'t PCl <19 grubunda
ve 48 (%39,3)'i PCl >19 grubundaydi. PCl >19 grubunun komplikasyon orani PCl <19 grubundan daha yiksektir ve PCl >19 grubunun medyan
genel sagkalimi (GS) PCl 19 grubundan daha diistiktli. Tam veya tama yakin (CCR-0/CCR-1) rezeksiyon oranlari her iki grupta da benzerdi (PCl <19
grubunda %95,9 ve PCl >19 grubunda %93,8). Ancak CCR-0 rezeksiyon orani PCl >19 grubunda PCl <19 grubuna kiyasla daha diistik bulunmustur
(%60,8%e karsi %39,6) (p< 0,001).

Sonug: PCl >19 skoru olan hastalarin cogunda CRS ile CCR-0/CCR-1 rezeksiyonlari elde edilebilir. PCI >19 skoru olan secilmis hastalarda palyatif
amaglar icin CRS veya CRS + perioperatif IPC'yi disinmek uygun olacaktir.

Anahtar Kelimeler: Peritoneal metastazlar, peritoneal kanser endeksi, sitoredtiktif cerrahi, erken postoperatif intraperitoneal kemoterapi, hiper-
termik intraperitoneal kemoterapi

DOI: 10.47717/turkjsurg.2024.6457

Turk J Surg 2024; 40 (3): 219-228



ORIGINAL ARTICLE \\
Turk J Surg 2024; 40 (3): 229-239

Comparison of surgical outcomes between shunt
surgery and devascularization in non-cirrhotic portal
hypertension
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ABSTRACT

Objective: Non-cirrhotic portal hypertension (NCPH) is the most common cause of portal hypertension and upper gastro-intestinal bleeding in children
and adolescents in developing nations. It is characterized by features of portal hypertension with preserved liver function. Proximal splenorenal shunt
(PSRS) and esophagogastric devascularization are the two most commonly performed surgeries for its management. The present study is aimed at
comparison of surgical outcomes between these two procedures.

Material and Methods: Between April 2018 and March 2022, prospectively maintained data of consecutive NCPH cases who underwent surgical
intervention was reviewed retrospectively. Cases were categorized into two groups- shunt surgery and devascularization. The pre-operative
characteristics, peri-operative morbidity and long-term outcomes were compared between the groups.

Results: Of 112 cases who were treated during the study period, 54 cases which underwent surgery were included in the study. Of these, 20 cases
underwent PSRS, and splenectomy and devascularization was performed in 34 cases. There was no difference in pre-operative variables between the
two groups. Patients undergoing PSRS experienced longer duration of surgery (260 vs. 200 minutes, p< 0.001), and those in the devascularization
group had significantly greater operative blood loss (350 vs. 455 ml, p< 0.001). Post-operative morbidity was comparable between the two groups.
Hypersplenism was corrected in all cases and no cases reported rebleeding after median follow-up of 30 months. Three cases in each group developed
features of portal biliopathy in follow up period.

Conclusion: Both PSRS and devascularization procedures have comparable efficacy and safety in the management of NCPH.

Keywords: Non-cirrhotic portal hypertension, extrahepatic portal venous obstruction, non-cirrhotic portal fibrosis, proximal spleno-renal shunt, devas-
cularization

INTRODUCTION

The term “non-cirrhotic portal hypertension” (NCPH) includes a diverse group of
vascular conditions with features of portal hypertension and relatively preserved
liver function. NCPH is the commonest cause of portal hypertension and upper
gastro-intestinal bleeding in children in developing nations (1). The two common
pathologies leading to NCPH are non-cirrhotic portal fibrosis (NCPF)/idiopathic
portal hypertension (IPH) and extrahepatic portal venous obstruction (EHPVO).
Both conditions are characterized by the early development of features of portal
hypertension (1). The etiology remains idiopathic in up to 70% of the patients (2).
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EHPVO and NCPF are differentiated from each other by the presence or absence of
portal cavernoma formation, respectively (3).

The clinical features and management of EHPVO and NCPF share certain common
characteristics. The commonest presentation of NCPH is variceal hemorrhage
followed by symptomatic splenomegaly/and portal biliopathy (1). The primary
focus of management in both of these conditions involves control of the acute
episode of variceal bleeding first, followed by measures to prevent rebleeding
(secondary prophylaxis) (2). Both for control of acute bleeding episode and
secondary prophylaxis, endoscopic management in the form of endoscopic
variceal ligation (EVL) or endoscopic sclerotherapy are the preferred modes of
treatment (2). However, the re-bleeding rate following endotherapy is 17% and
requires a long duration of regular follow-up (1). Moreover, endotherapy is not
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useful in symptomatic splenomegaly, hypersplenism, growth
failure and portal biliopathy (4). Surgery is indicated in these
conditions besides failure of endoscopic therapy (3). Non-
selective porto-systemic shunts are the preferred surgical
treatment option. Of these, proximal splenorenal shunt (PSRS)
is the most common surgery performed (1).

Splenectomy with esophago-gastric devascularization is
another effective way to treat variceal hemorrhage in NCPH
and isindicated in situations where shunt surgery is not feasible
due to unfavorable venous anatomy (5). The morbidity and
rebleeding rate of devascularization procedures have been
reported to be higher than those of shunt surgeries (6,7).
However, the majority of these procedures were carried out for
emergency management of uncontrolled variceal bleeding,
leading to a higher rate of postoperative morbidity and
mortality. There is also heterogeneity in the results of these
procedures due to carrying out the procedure with or without
esophageal transection (5,7). There are no studies comparing
the outcomes of shunt surgery and devascularization procedure
in the management of NCPH, especially in elective settings. The
present study aimed at comparing the surgical outcome
between shunt surgery and devascularization procedure in the
management of NCPH.

MATERIAL and METHODS

Between April 2018 and March 2022, the prospectively
maintained data of 112 consecutive patients with NCPH who
were treated at a tertiary care institute in eastern India was
reviewed retrospectively. Of these, 54 cases that underwent
surgical intervention were included in the study. These cases
were categorized into two groups based upon the type of

April 2018- March 2022
Patients of NCPH admitted (n=112)

Exclusion: (n=58)

+ Patients treated with
medical/ endoscopic
management

(n=54)

| |

‘ Shunt surgery ‘ Devascularization
(n=20) (n=34)

’ Patients who had undergone surgical intervention

Comparison of pre-operative characteristics, peri-
operative morbidity and long term outcome

Figure 1. Flow diagram of study protocol.
NCPH: Non-cirrhotic portal hypertension.
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surgery performed: shunt and devascularization groups
(Figure 1). All cases were operated on an elective basis, and
porto-systemic shunt surgery was the preferred mode of
surgical intervention. Devascularization procedure was
performed in situations where non-shuntable venous anatomy
was identified either on preoperative imaging or as an
intraoperative finding. Apart from these, devascularization was
also carried out in NCPF with nodular liver. The two groups
were compared in terms of surgical outcome and long-term
follow-up. The study was conducted after prior approval of
institutional research and ethical committee.

The cases of NCPH were diagnosed as EHPVO or NCPF/IPH
based upon doppler ultrasonographic or computed
tomography porto-venography findings. Detailed pre-operative
data of history and clinical examination findings were recorded.
Pre-operative esophagogastroduodenoscopy was carried out
in all cases, and esophageal varices were graded according to
Baveno classification. Cases with active variceal bleeding,
having grade 2 or 3 esophageal varices, or having red color
signs were subjected to endoscopic variceal ligation or
sclerotherapy. Indications of surgery were uncontrolled variceal
bleeding on endotherapy, symptomatic hypersplenism/
splenomegaly, symptomatic portal biliopathy and growth
retardation. During the initial phase of the study, we only
performed transient elastography (fibroscan) in equivocal cases
to differentiate between NCPF and child A cirrhosis. However,
from July 2019 onward, it was regularly carried out in every case
of NCPH. Hypersplenism was defined as cytopenias in any of
cell lines associated with splenomegaly. Portal biliopathy (PB) or
portal cavernoma cholangiopathy was defined as typical
abnormalities of the biliary tract, including the gallbladder,
cystic duct, and biliary ducts, in patients with portal
hypertension.

Surgical Technique

Cases were planned for either shunt surgery (PSRS) or
esophago-gastric  devascularization with  splenectomy,
depending on the presence or absence of shuntable venous
anatomy, respectively. For intended shunt surgery, cases were
explored by either abdominal incision (reverse Makuchi incision
or L-incision) or left thoracoabdominal (TA) incision, depending
upon the surgeon'’s preference. The procedure begins with the
opening of the lesser sac by division of gastrocolic omentum,
identification, and ligation-in-continuity of the splenic artery
over the superior border of pancreas. Complete mobilization of
the spleen was achieved by the division of the splenic ligaments
and collateral vessels along with them. On dissection of the
splenic hilum, the splenic artery was ligated and divided, the
splenic vein was clamped, and splenectomy completed. For
PSRS, a length of 5-7 cm of splenic vein was dissected, and
small tributaries were carefully ligated and divided. Exposure of



the left renal vein was done away from the renal hilum, and
partial clamping was achieved by using Satinsky clamp. An
end-to-side splenorenal shunt was performed using
polypropylene 6-O double needle suture. In cases of pre-
operatively identified non-shuntable venous anatomy, a left
subcostal incision was utilized for the devascularization
procedure. In this, devascularization of half of the lesser
curvature and two-thirds of the greater curvature of the
stomach was performed. Vessels along the lesser and greater
curvature of the stomach, including short gastric, left
gastroepiploic, and left gastric collaterals, were ligated.
Retrogastric collaterals lying behind the gastro-esophageal
junction were meticulously dissected and divided. Then, the
lower 5-7 cm of esophagus was revascularized using a trans-
hiatal approach without esophageal transection. Intra-operative
core needle liver biopsy was taken in all cases for baseline liver
histology. An abdominal drain was placed in all cases, and a left
intercostal drain was placed when a thoraco-abdominal incision
was used for surgery. The closure of incisions was carried out
using delayed absorbable monofilament  sutures
(polydioxanone) in a continuous small-bites fashion. The bites
were taken at a distance of 5 mm apart and about 5-9 mm from
the wound edges.

The Clavien-Dindo (C-D) classification was utilized for classifying
the post-operative complications. After discharge, the cases
were followed at three-monthly intervals, which included
history and clinical examination, laboratory investigations
including complete blood counts, and liver function tests.
Doppler ultrasonography of the abdomen was carried out six
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months post-operatively, and esophagogastroduodenoscopy
was performed only when clinically indicated. A follow-up
fibro-scan was also performed one year after the surgical
procedure.

Statistical Analysis

For categorical variables, depending on the number of
observations, Chi-square and Fisher’s exact tests were applied
to study the relations. Continuous variables were compared
using the Student’s t test for normally distributed data and the
Mann-Whitney U test for non-parametric variables. Statistical
significance was determined by applying a p-value of lower
than 0.05. All the analyses were carried out using SPSS version
22.0 (SPSS Inc).

RESULTS

The comparative analysis of pre-operative characteristics
between the two groups is shown in the table (Table 1). Median
age of the study population was 22.0 years (IQR= 15.5-28.5), and
there was a slight female preponderance, as 28 (52%) of all cases
were female. Participants in the shunt group had a lower age of
onset of symptoms in comparison to devascularization group,
and the majority of the cases underwent surgery in the second
or third decade of life (Figure 2).

Of the total 54 cases, 45 (83.3%) were diagnosed as EHPVO, and
the rest were NCPF (16.7%). The age of onset of symptoms was
earlier in EHPVO than in NCPF (14.0 vs. 21.5 years). A history of
bleeding and hypersplenism was present in 41 (76%) and 47
(87%) individuals, respectively.
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Figure 2. Comparison of age distribution of study subjects between the two groups.

PSRS: Proximal spleno renal shunt.
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Table 1. Comparison of pre-operative characteristics between two groups

Variable Shunt Devascularization Total p
Age (median, years) 20.0 (16.8-23.3) 23.0(18.0-31.5) 22.0(17.0-27.0) 0.119
Sex 0.181

Male 12 14 26

Female 08 20 28

Duration of symptoms (mean, years) 511+37 571+24 549+56 0.711
Age of onset (median, years) 14.0 (9.5-17.5) 18.0 (11.8-25.0) 16.0 (10.5-22.0) 0.089
Diagnosis 0.801
EHPVO 17 28 45

NCPF 3 6 9

Bleeder 0.232
Yes 17 24 41

No 3 10 13

Hypersplenism 0.733
Yes 17 30 47

No 3 4 7

EVL history 0.780
Yes 14 25 39

No 6 9 15

Number of EVL (median) 2.0 (1.0-3.0) 1.5(1.0-3.0) 2.0 (1.0-3.0) 0618
History of blood transfusion 0.842
Yes 13 23 36

No 7 1 18

Units of blood transfusion (median) 2.0 (1.0-4.0) 3.0 (0-4.0) 2.0(0-4.0) 0431
Esophageal varices 0.780
Present 19 29 48

Absent 01 05 06

Esophageal varices grade 0439
Grade 1 04 06 10

Grade 2 06 05 11

Grade 3 09 18 27

Portal hypertensive gastropathy 0463
Present 1 22 33

Absent 9 12 21

Portal biliopathy 0.740
Symptomatic 01 03 04

Asymptomatic 07 09 16

Absent 12 22 34

Grade of splenomegaly 0426
Mild 0 2 2

Moderate 7 7 14

Gross 13 25 38

Comorbidity 0.145
Present 0 5 5

Absent 20 29 49

Values are presented as number or mean + standard deviation or median (inter quartile range).
EHPVO: Extra hepatic portal venous obstruction, NCPF: Non-cirrhotic portal fibrosis, EVL: Endoscopic variceal ligation.
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A total of 39 (72%) cases underwent endotherapy (EVL) prior to
surgery, with a comparatively higher number of median
endotherapy sessions in the devascularization group (2.63 vs.
2.03). Esophageal varices were present in 48 (88.9%) cases, and
half of the population had grade 3 esophageal varices. Features
of clinical portal biliopathy were present in 20 (37%) cases. Of
these, only four cases (7.5%) had symptomatic PB. A total of 38
(70.4%) cases had gross splenomegaly, with a mean splenic size
of 20.4 + 4.4 cm. Pre-operative characteristics were comparable
between the two groups. Transient elastography was performed
in 35/45 EHPVO and 6/9 NCPF cases, respectively. Mean liver
stiffness (LS) in NCPF and EHPVO were (7.90 + 1.17 kPa) and
(4.61 +0.83 kPa), respectively.
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The commonest indication of surgery in both groups was
variceal hemorrhage, followed by symptomatic hypersplenism
(Table 2). Three cases in devascularization and one case in the
shunt group underwent surgery for symptomatic PB.
Thrombosed spleno-portal axis (SPA) was evident in 14 (25.9%)
cases, and all of these cases underwent devascularization.
Median duration of the surgery was significantly higher in the
shunt group (260 min) than the devascularization group (200
min) (p< 0.001). However, devascularization surgery was
associated with significantly higher median blood loss (455 ml
vs. 350 ml). No difference was found in other intra-operative
parameters between the two groups.

Table 2. Comparison of intra-operative characteristics between two groups

Variable Shunt Devascularization Total p
Indication of surgery 0676
Bleed 11 18 29

Symptomatic hypersplenism (SH) 03 07 10

Bleed + SH 05 04 09

Portal biliopathy 01 03 04

Splenomegaly 00 02 02

Incision <0.001
Abdominal 06 28 34

Thoraco-abdominal (TA) 14 06 20

Spleen size (cm) 202 +4.1 20.5+45 204 +44 0.844
Splenic vein diameter (mm) 11.1+275 125+54 11.8+44 0.371
Spleno-portal axis (SPA) <0.001
Patent 20 20 40

Thrombosed 0 14 14

Spontaneous porto-systemic shunt 0.041
Present 02 12 14

Absent 18 22 40

Intra-operative blood transfusion 0614
Yes 16 29 45

No 04 05 09

Pre-operative blood transfusion 0.273
Yes 01 05 06

No 19 29 48

Post-operative blood transfusion 0.801
Yes 03 06 09

No 17 28 45

Units of peri-operative BT 193+£13 286+29 249+ 24 0274
Duration of surgery (min)? 260 (250-270) 200 (180-208) 210 (196-250) <0.001
Blood loss (ml)? 350 (328-373) 455 (450-480) 445 (353-460) <0.001

Values are presented as number or mean + standard deviation or median (inter quartile range).

“Mann-Whitney U test, SH: Symptomatic hypersplenism, BT: Blood transfusion.
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Overall, post-operative morbidity developed in 26 cases (48.1%).
However, about two-thirds of these were C-D grade I and Il (22
cases), and grade lll and IV morbidities were reported in two
and one cases, respectively (Table 3). One patient, who
underwent surgery after failed endoscopic retrograde
cholangiography (ERC) for PB with recurrent cholangitis, died in
the post-operative period due to sepsis and multi-organ failure.
The commonest morbidity was transient ascites, which
developed in twenty-two cases (41%) and resolved through
conservative management and pharmacotherapy in all the
cases. No cases developed surgical site infection or wound
dehiscence. There was no difference in the occurrence and
grade of post-operative morbidity or length of hospital stay
between the two groups. Liver histology was essentially normal
in EHPVO cases while in NCPF, small portal vein branches were
obliterated in all cases and nodular hyperplasia was evident in
Six (66.7%) cases.

Median duration of follow-up was 30 months (range= 24 to 66
months). Symptoms related to hypersplenism were corrected in

all cases (Table 4). There was no reported re-bleeding episode in
any of the cases during the follow-up. In 16/19 (84%) cases, a
patent shunt was identified on Doppler ultrasonography. Three
cases in each group developed symptomatic portal biliopathy
during follow-up. Of these, two cases in the shunt group and
three cases in the devascularization group presented with
features of cholangitis. Two cases in each group required ERC-
stenting, and one case in the shunt group underwent Roux-en-Y
hepaticojejunostomy two years after the index surgery. We
observed no significant change in liver stiffness on transient
elastography at one year of follow-up. Mean LS value in NCPF
and EHPVO were 7.97 + 1.12 kPa (p=0.187) and 4.75 + 0.85 kPa
(p=0.477), respectively.

DISCUSSION

Porto-systemic shunt is the preferred surgical procedure in the
management of NCPH. The most commonly performed shunt
procedure is the PSRS (1). However, in the absence of shuntable
venous anatomy, esophago-gastric devascularization procedures
combined with splenectomy are employed (4).

Table 3. Comparison of post-operative morbidity between two groups

Variable Shunt Devascularization Total p
Overall morbidity 0.835
Present 10 16 26

Absent 10 18 28

Transient ascites 0.932
Present 08 14 22

Absent 12 20 32

Post-operative bleeding® 1.000
Present 01 03 04

Absent 19 31 50

Other morbidity®?

Present 01 04 05 0.640
Absent 19 30 49

Post-operative blood transfusion? 1.000
Yes 03 06 09

No 17 28 45

Clavien-Dindo grade® 0.606
Grade | 05 07 12

Grade Il 05 05 10

Grade Il 00 02 02

Grade IV 00 01 01

Grade V 01 00 01

Hospital stay (median, days) 7 (5-10) 6 (4-22) - 0.162

Values are presented as number or median (range)

3Fischer’s exact test, °Includes pancreatic fistula (2), chest infections (2) and urinary tract infection (1).
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Table 4. Comparison of follow-up results between two groups
Variable Shunt Devascularization Total p
Correction of hypersplenism -
Yes 16 27 43
No 0 0 0
NA 3 7 10
Rebleeding -
Yes 0 0 0
No 19 34 53
Shunt thrombosis
Yes 03 NA - -
No 16 NA
Portal biliopathy 0486
Yes 3 3 6
No 16 31 47
Cholangitis 0.885
Yes 2 3 5
No 17 31 48
Intervention for portal biliopathy 0.513
Conservative 1 1 2
ERCP 1 2 3
Surgery 1 0 1
Mortality -
Yes 0 0 0
No 19 34 53
Values are presented as number. ERCP: Endoscopic retrograde cholangiopancreatography, NA: Not applicable.

Even though there is ample literature on shunt surgery and
selective devascularization, there is a paucity of literature
comparing the two procedures. In the present study, we
compared the surgical outcome between two main surgical
procedures, namely shunt surgery (PSRS) and splenectomy with
esophago-gastric devascularization. We demonstrated that the
two procedures are safe and comparable for both short-term
and long-term outcomes.

NCPH has been described as a disease of children and young
adults. The median age of our study population at the time of
surgical intervention was 22.0 years (range= 12-64), which is
consistent with the previous studies (8-10). Median age of
population at the symptom’s onset was 16.0 years (range=4-43).
There is a difference of a decade in terms of the onset of
symptoms in NCPF as compared to EHPVO, and generally, in
EHPVO, symptoms appear in the first and second decade of life,
while in NCPF they appear in the third or fourth decade (2,11).
Our results were also in line with previous studies. The reported
incidence of esophageal varices in EHPVO and NCPF is

80-90% (10-12). In accordance with previous studies, the
commonest presentation of NCPH was recurrent variceal
bleeding with failed endotherapy (10,11,13). About two-thirds
and three-fourths of our cases required blood transfusions and
endotherapy, respectively. Median number of endotherapy
sessions in our study was 2.43 before undergoing surgery. Both
of these conditions are associated with moderate or massive
splenomegaly (10). The reported incidence of hypersplenism is
comparatively higher in NCPH than cirrhosis of the liver, and it
varies from 22% to 80% (14,15). Similar to our findings, most of
the cases of hypersplenism are asymptomatic (14). A high
incidence of hypersplenismin surgical patients may be explained
by the fact that endotherapy does not treat hypersplenism, and
such cases are more likely to be referred for surgical intervention.
Portal biliopathy occurs in about 80-100% of cases of EHPVO
and about 9-40% of cases of NCPF, and the majority of the cases
(62-95%) remain asymptomatic (16). No difference was found
between the two groups in terms of pre-operative characteristics,
including patient demographics, symptomatology, and the
presence of comorbidities.
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NCPH treatment is primarily focused on the management of
acute variceal bleeding and the prevention of rebleeding
(secondary prophylaxis). Although endoscopic therapy is the
preferred mode of treatment for NCPH, the indications of
surgery included failed endotherapy, symptomatic
hypersplenism, portal biliopathy, and growth retardation (1).
Among these, the primary indication of surgery is a recurrent
variceal bleed with failed endoscopic management (17). In
accordance with previous studies, recurrent variceal bleeding
with failed endotherapy was the most common indication for
surgery in our study. Surgeries for symptomatic hypersplenism
and portal biliopathy were indicated in 10 (18.5%) and 4
(7.4%) cases, respectively.

There was a difference in the type of incisions between the
two groups, as all planned devascularization procedures were
performed with abdominal incisions, while PSRS was
performed with both abdominal and thoraco-abdominal (TA)
approaches, depending upon the surgeon’s preferences. The
TA approach for devascularization was only used in situations
where the plan of surgery was changed intra-operatively with
the identification of non-shuntable venous anatomy. Since
the cases with thrombosed SPA could not undergo PSRS, it
was only present in the devascularization group. In the
current study, spontaneous shunts were present in about 26%
of the cases, which was higher than a previous study (10).
However, other studies reported a non-shuntable venous
anatomy due to the occurrence of splenic vein thrombosis in
35% to 69.2% of cases (5,18,19). The reason could be the
delayed presentation after the onset of symptoms. There was
no difference between the two groups in indications of
surgery, splenic size, splenic vein diameter, or the or the need
for peri-operative blood transfusions. Mean duration of
surgery was significantly higher in the shunt surgery group
(260 vs. 200 minutes), and intra-operative blood loss was
significantly higher in the devascularization group (455 vs. 350
ml). Saluja et al. have compared PSRS with splenectomy alone
in NCPF patients and reported a higher operative duration
(215 vs. 95 min) and higher blood loss (375 vs. 200 ml) in the
PSRS group (20). However, meaningful comparisons could not
be drawn as the authors did not perform esophago-gastric
devascularization along with splenectomy. Das et al. have
reported a similar duration of shunt surgery (275.9 min),
operative blood loss (365.6 ml), and mean duration of hospital
stay (7.35 days) in shunt surgeries (21). Chattopadhyay et al.
have compared the outcome of portal biliopathy in NCPH
patients between PSRS and splenectomy and devascularization
but did not provide intra-operative details (22).

In our study, about 48% of the total cases developed post-
operative complications. Post-operative transient ascites was
the most common morbidity and was present in 22 (84.6%)
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cases, which resulted in higher overall morbidity. Most of the
complications were minor, and major complications (C-D
grade >3) were evident only in four (7.4%) cases. The exact
mechanism of post-operative ascites is unknown but a
transient rise in portal pressure due to disruption of
spontaneous shunts could be the possible mechanism. Das et
al. have reported an overall complication rate of 20.8%, with
minor complications in the majority of the cases Pal et al. have
reported an operative mortality rate of 0.9%, and 3/114 cases
required re-exploration for bleeding complications (21). The
median hospital stay in their study was seven days (9).
Similarly, in a previous study of 160 PSRS procedures in
EHPVO, the authors have reported an elective mortality rate of
0.7% (23). Devascularization procedures were associated with
higher post-operative complications owing to combined
esophageal transection, including anastomotic leaks and
delayed esophageal strictures. However, devascularization
without esophageal transection has been found to be equally
effective in controlling variceal bleeding but with a reduced
rate of post-operative complications (5,7). The development
of post-operative ascites in these cases could result in wound
dehiscenceandincisional herniaformation.The recommended
technique of wound closure of elective laparotomies is by a
“‘continuous small-bites suturing technique”. In this, delayed
absorbable suture materials are used, and bites are taken at
only aponeurosis 5-9 mm away from the wound margins and
distance from each bite is kept at 5 mm. This technique results
in adequate tissue perfusion. Due to lack of quality evidence,
European hernia society recommends the utilization of similar
principles for non-midline incisions too (24). In our study, we
observed no wound dehiscence or incisional hernia formation
utilizing this method of abdominal wall closure.

Mesenterico-left portal vein bypass (rex-shunt) is regarded as
the most physiological surgical option, but it is mostly feasible
in young children, and comparative data with non-selective
shunts is still lacking (3). Although, at present, porto-systemic
shunts are the preferred surgical intervention in NCPH,
devascularization is employed in situations where shunts are
not possible owing to unfavorable venous anatomy,
inadvertent venous injury, or venous thrombosis. Rebleeding
rate after PSRS varies from 0.6%to 11% (9,15,21,23). Rebleeding
rates of devascularization have been reported to be somewhat
higher in older studies, i.e, 11%-17%; a newer study from India
observed no rebleeding after a follow-up of 12-60 months
(6,7,25). In our study, no patient in either arm reported a
rebleeding episode after a median follow-up of 30 months.
These favorable results could be because of meticulous
esophago-gastric devascularization, which includes ligation
of retrogastric and left gastric veins. An incomplete
devascularization is known to increase re-bleeding rates
substantially (26). The other reason could be a comparatively



shorter follow-up period, as a median bleed-free period of 45
months has been reported in a previous study (9). Similar to
other studies, we observed resolution of hypersplenism in all
cases (18,27). We observed one post-operative mortality in a
case of EHPVO accompanied by portal biliopathy and
recurrent cholangitis because of severe cholangitis, sepsis,
and multi-organ failure. Up to 10% of individuals with PB may
die because of various complications (2).

The shunt patency rate in EHPVO varies from 84% to 98% in
different studies (14,15,21). However, a recent study from India
questioned the long-term patency of shunts and reported a
patency rate of 60% between one and five years after the
procedure and observed a higher shunt patency in cases of
NCPF (28). There are variable results of shunt obliteration in
NCPF. Saluja et al. reported a shunt block in 6.25% of cases,
while in another study from India, it was 25% (20,28). We
observed patent shunts in 17/20 (85%) cases using clinical
and doppler ultrasonography. We did not encounter any
cases of encephalopathy in the follow-up period. Moreover,
conditions specifically defined for NCPF after shunt surgery
(myelopathy, encephalopathy, and nephropathy) were not
observed in our study. Saluja et al. found hepatic
encephalopathy in 12.5% of NCPF cases that underwent
shunt surgery (20). Similarly, Pal et al. have reported a 13%
incidence of post-shunt encephalopathy, and 9.7% of cases in
their series developed post-shunt nephropathy (29). The
authors have found shunt surgery effective in terms of
variceal bleed control but questioned the feasibility of shunt
surgery in NCPF due to its high long-term morbidity (45%)
(29). We did not observe any of these complications, probably
due to the selection of shunt surgery in very few NCPF cases
and comparatively shorter duration of follow-up.

Chattopadhyay et al. have compared the outcomes of shunt
surgery and devascularization in NCPH-associated portal
biliopathy and found equal efficacy of both procedures in
relieving PB (22). We also observed similar findings in our
study. Shunt surgeries are known to decrease the portal
pressure by diverting the portal blood and, hence, alleviate
the symptoms of portal biliopathy. However, there are studies
that have shown a reduction of portal blood flow by
splenectomy in liver transplant cases (30). This was also
observed in another study concerning NCPF, in which the
authors found regression of varices after splenectomy alone
in NCPF-associated PB (20). Therefore, splenectomy with
devascularization is effective in relieving PB in NCPH and may
be opted for in cases where shunt surgery is not possible. Six
cases in the follow-up period developed PB (three in each
group), and most of these cases responded to conservative
(2) or ERC-stenting (3). One patient in the shunt group had
recurrent cholangitis despite ERC intervention, was diagnosed
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as having biliary stricture, and required Roux-en-Y
hepaticojejunostomy two years after the index surgery. Portal
cavernoma of long duration exerts ischemic changes in bile
ducts, resulting in biliary strictures that are not amenable to
endoscopic therapy and often require surgical biliary bypass
(31).

The role of liver biopsy is limited in the diagnosis of EHPVO
and is only indicated when there is suspicion of chronic liver
disease (1,32). However, in NCPF, it is required to rule out
underlying cirrhosis and differentiate it from other causes of
cirrhosis (1). Anintraoperative liver biopsyisalso recommended
for documenting baseline liver histology for follow-up. Liver
histology usually remains normal in patients with EHPVO (1).
In accordance with the previous studies, an obliterative
sclerosis of medium caliber portal vein branches was present
in all cases, and there was no evidence of liver cirrhosis in
NCPF (10). Transient elastography has emerged as a promising
tool to differentiate NCPF from other causes of portal
hypertension (33). A previous study from Spain has reported a
significantly lower mean liver stiffness value in NCPF/IPH than
cirrhosis but higher than in EHPVO (33). Similar findings have
also been reported by another study from India (34). We also
found a higher mean LS value in NCPF than EHPVO. A stable
LS value at the one-year follow-up in our study also indicates
that liver parenchyma is not involved in the pathogenesis of
NCPH.

There are certain limitations to our study. Firstly, it is a
retrospective and single-center study with an inherent risk of
referral bias. Secondly, devascularization was carried out only
in cases in which shunt surgery was not possible, and many of
these cases had thrombosed SPA. The results should be
interpreted cautiously, especially with regards to portal
biliopathy, as devascularization may augment PB in cases with
patent SPA. Lastly, we did not evaluate minimal hepatic
encephalopathy. Nevertheless, this is the first study to
compare the surgical outcomes between these two
procedures on an elective basis. Most of the previous studies
either performed a very small number of devascularization
procedures in comparison to shunt surgeries or carried out
them in emergency settings. Therefore, meaningful
comparisons are difficult to interpret based on the findings of
those studies.

In conclusion, both proximal spleno-renal shunt and
devascularization procedures have comparable short-term and
long-term outcomes in the management of non-cirrhotic
portal hypertension. Although shunt surgery remains the
preferred procedure when surgeryisindicated, devascularization
procedure is reasonably safe and should be performed when
shunt surgery is not possible for various reasons.
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Sirotik olmayan portal hipertansiyonda sant cerrahisi ile devaskiilarizasyon arasindaki
cerrahi sonuglarin karsilastirilmasi

Saad Anwar, Kunal Parasar, Utpal Anand, Basant Singh, Kislay Kant, Rohith Kodali

"Ttm Hindistan Tip Bilimleri Enstitisy, Cerrahi Gastroenteroloji Anabilim Dali, Patna, Hindistan

OZET

Giris ve Amag: Sirotik olmayan portal hipertansiyon (NCPH), gelismekte olan ulkelerdeki cocuk ve ergenlerde portal hipertansiyon ve st gastro-
intestinal kanamanin en yaygin nedenidir. Karaciger fonksiyonu korunmus portal hipertansiyon 6zellikleri ile karakterizedir. Proksimal splenorenal
sant (PSRS) ve 6zofagogastrik devaskiilarizasyon, bu durumun tedavisinde en sik kullanilan cerrahi tedavi yontemleridir. Bu ¢alisma, bu iki prose-
dir arasindaki cerrahi sonuglarin karsilastiriimasini amaclamaktadir.

Gereg ve Yontem: Nisan 2018 - Mart 2022 tarihleri arasinda cerrahi girisim uygulanan ardisik NCPH olgularinin prospektif olarak tutulan verileri
retrospektif olarak incelendi. Olgular sant cerrahisi ve devaskiilarizasyon olmak tizere iki gruba ayrildi. Gruplar arasinda ameliyat dncesi 6zellikler,
peri-operatif morbidite ve uzun vadeli sonuglar karsilastirildi.

Bulgular: Calisma stiresi boyunca tedavi edilen 112 olgudan cerrahi uygulanan 54 olgu ¢alismaya dahil edildi. Bunlardan 20 olguya PSRS, 34
olguya splenektomi ve devaskiilarizasyon uygulandi. iki grup arasinda ameliyat &ncesi degiskenler acisindan fark yoktu. Proksimal splenorenal
sant uygulanan hastalarda daha uzun ameliyat siresi (260'a karsi 200 dakika, p< 0,001) ve devaskiilarizasyon grubundakilerde anlamli olarak
daha fazla ameliyat kan kaybi (350'ye karsi 455 ml, p< 0,001) yasandi. Ameliyat sonrasi morbidite iki grup arasinda karsilastirilabilir diizeydeydi.
Hipersplenizm tiim olgularda duzeltildi ve 30 aylik medyan takip sonrasinda hicbir olguda tekrarlayan kanama bildirilmedi. Her iki gruptaki tic
olguda takip doneminde portal biliyopati 6zellikleri gelisti.

Sonug: Hem PSRS hem de devaskularizasyon prosediirleri NCPH tedavisinde karsilastirilabilir etkinlik ve glivenlige sahiptir.

Anahtar Kelimeler: Sirotik olmayan portal hipertansiyon, ekstrahepatik portal venéz obstriiksiyon, sirotik olmayan portal fibrozis, proksimal
spleno-renal sant, devaskdilarizasyon
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The relation between ABO blood groups and
clinicopathologic characteristics of the patients with
gastric adenocarcinomas
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ABSTRACT

Objective: This study aimed to examine the association between blood groups and clinicopathological factors that could affect the prognosis of pa-
tients with gastric cancer.

Material and Methods: In this retrospective single-center study, patients with gastric adenocarcinoma were obtained from a prospectively maintained
database. The association between blood groups and clinicopathologic characteristics including sex, age, tumor location, tumor size, tumor stage,
metastatic lymph node ratio (MLR), lymphovascular invasion, and perineural invasion were analyzed.

Results: The study included 91 female and 221 male patients. The blood group distribution was A>O>B>AB both in the patients and healthy donors.
Non-O blood types were more common in cancer patients than in healthy donors (p= 0.038). However, there was no significant association between
sex, age, tumor location, tumor stage, lymph node status, lymphovascular invasion, and perineural involvement and blood groups. =7 lymph node
involvement and MLR of >0.6 were significantly more common in patients with blood group A than in those with non-A blood groups (p= 0.034 and
p=0.018; respectively).

Conclusion: The findings of this study suggest that blood group A patients are associated with higher MLR and N3 involvement, so it is possible that
these patients with gastric cancer have a poorer prognosis.

Keywords: ABO blood group, gastric cancer, outcome, pathologic characteristics

INTRODUCTION

Gastric cancer is a leading cause of cancer deaths worldwide. It is estimated that
more than one million new cases of gastric cancer will occur annually, with
approximately 750.000 of these cases resulting in death from the disease.
Moreover, it is responsible for one in every 12 cancer-related deaths (1). Its
prevalence among men is twice that of women (1,2).

The fact that the geographical distribution of gastric cancer shows a substantial
variation suggests that there are numerous factors affecting its incidence, survival,
and mortality (3). In addition to genetic predisposition, environmental factors and
nutritional habits appear to have an important role in the development of gastric
cancer. A diet high in salt, nitrite, or ultra-processed foods and fatty acids, as well as
diets that are low in whole grains, seeds, fruit, and vegetables, has been linked to

Cite this article as: Celik SU, Gulap Y, Demir MB, $ahin K, an elevated risk of gastric cancer (4). The association between Helicobacter pylori
Senocak R. The relation between ABO blood groups and d tri . . II-d ted. with thi : . ti
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ABO blood group antigens are complex carbohydrates expressed on red blood
Corresponding Author cells (RBCs) (6). These antigens have been the focus of many studies since their
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cancer was more prevalent in patients with the blood group A,
whereas the rate was lower among those with the O blood
group compared to normal population. Since that time,
numerous studies have been conducted to investigate the
relation between blood groups and various types of cancer
(10). It is currently believed that individuals with blood group A
are at a higher risk of developing cancer than those with non-A
blood groups. Conversely, those with blood group O are
thought to be at a lower risk than those with non-O blood
groups (11).

Although there is a well-established association between ABO
blood groups and certain cancer characteristics, there has been
a paucity of knowledge regarding the link between blood
groups and the prognosis of these diseases, as well as the
clinicopathologic features affecting the prognosis. In this study,
we analyze the association between blood groups and the
clinicopathologic characteristics that may influence the
prognosis of patients with gastric adenocarcinomas.
Additionally, the study presents a comparative analysis of the
frequency of blood groups in patients with gastric cancer
versus the general population.

MATERIAL and METHODS
Study population

Approval was granted by the Ethics Committee of Gulhane
Training and Research Hospital (approval no: 2024/178).

The study was conducted at a tertiary care hospital over the
period of seven years from January 2017 and December 2023
and involved 312 patients with pathologically diagnosed
gastric adenocarcinomas. Patients with gastric cancers other
than adenocarcinomas and with Siewert type |-l cancers were
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excluded from the study. Patients with distant metastases
(stage IV) were also not included since they were treated with
chemotherapy instead of surgical resection (Figure 1). As a
control group, 6.382 healthy blood donors who donated to the
blood unit of the same hospital over the course of a year,
between January 2017 and December 2018, were also enrolled.

Clinicopathological data

The standard agglutination test was used for the determination
of the blood groups of the patients and the healthy controls. In
addition, data on demographic features and pathological
characteristics including tumor location, size, and differentiation
degree, number of metastatic lymph nodes, tumor-node-
metastasis (TNM) stage, metastatic lymph node ratio (MLR),
lymphovascular invasion and perineural tumor invasion was
obtained from the hospital database (12).

Statistical Analysis

Continuous data were presented as mean =+ standard deviation
(SD) or median with range values, while categorical data were
expressed as number (n) and percentage (%), depending on
distribution assumptions. The differences in clinicopathologic
characteristics between the blood groups were analyzed using
chi-square or Fisher's exact test. All p values were two-sided,
and the significance level was set at p<0.05. Jamovi (version
2.5) software was used for data analyses (Sydney, Australia).

RESULTS

The study included 221 male patients (70.8%) and 91 female
patients (29.2%), with a mean age of 66.2 + 12.7 years. About
half of the patients (n= 154, 49.4%) had blood group A, 89
(28.5%) had blood group O, 46 (14.7%) had blood group B, and
23 patients (7.4%) had blood group AB. Blood groups were

Assesed for eligibility

Excluded (n= 96)
- Stage 1V disease (n=43)

(n= 408)
Y

Included

(n= 312)

- Siewert type I and II (n=29)
- Non-adenocarcinoma gastric cancer (n=24)

A 4 A 4 A 4

Y

B blood group
(n=46)

A blood group
(n= 154)

AB blood group
(n=23)

O blood group
(n=89)

Figure 1. CONSORT flow diagram.
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ABO blood groups and gastric cancer

Table 1. The comparison of ABO blood distribution between patients and healthy donors

ABO blood types (%)
Groups p* p** pr¥¥
A B AB (0] non-A non-O
Healthy (n=6382) 2859 (44.8) | 942 (14.8) 397 (6.2) 2184 (34.2) | 3523 (55.2) | 4198 (65.8)
0.184 0.114 0.038
Gastric cancer (n=312) 154 (49.4) 46 (14.7) 23 (7.4) 89 (28.5) 158 (50.6) 223 (71.5)

p*, the comparison of ABO blood distribution between patients with gastric cancer and healthy donors; p**, differences between the blood group
A and non-A blood group; p***, differences between the blood group O and non-O blood group.

similarly distributed between gastric cancer patients and
healthy blood donors (p= 0.184). The order of frequency of
blood groups was A>0>B>AB in both groups. Non-O blood
groups were statistically more common in gastric cancer
patients compared to healthy donors (71.5% vs. 65.8%, p=
0.038). However, when comparing the frequency of blood
group A between the gastric cancer group and the healthy
donor group, no significant difference was found (49.4% vs.
44.8%, p= 0.114) (Table 1).

The association between the blood groups and the
clinicopathologic features of the patients with gastric
adenocarcinomas is presented in Table 2. TNM stage |, II, and Il
patients were found to be 59 (18.9%), 65 (20.8%), and 188
(60.3%), respectively. No statistically significant difference was
observed in sex (p= 0.885), age (p= 0.088), disease location (p=
0.270), size (p= 0.225), differentiation status (p= 0.144), stage
(p=0.097), lymph node involvement (p= 0.085), MLR (p= 0.084),

and lymphovascular (p= 0.553) or perineural involvement (p=
0.159) between the blood groups.

In addition, regional metastatic lymph node involvement (N3)
>7 and an MLR >0.6 were found to be significantly more
common in the patients with blood group A than in those with
blood group non-A (50.0% vs. 34.8%, p= 0.034 and 29.9% vs.
16.5%, p= 0.018; respectively). In addition, perineural invasion
was more common in A blood groups than in non-A blood
groups (39.6% vs. 29.7%, p= 0.067), but this difference was not
statistically significant. However, our findings indicated that
there was no statistically significant difference between patients
with O blood type and those with non-O blood types regarding
all clinicopathologic parameters (Table 2).

DISCUSSION

The relation between the ABO blood-group system and some
tumors, systemic disorders (such as cardiovascular disease), and
some infectious diseases has been known for many years

Table 2. Clinicopathological characteristics of the patients with gastric adenocarcinoma divided by different ABO blood groups
ABO blood types (%)
Groups A B AB 0 non-A non-O p* p** p***
(n=154) (n=46) (n=23) (n=89) (n=158) (n=223)
Sex 0.885 0.819 0.774
Male 110 (71.4) 34 (73.9) 15 (65.2) 62 (69.7) 111 (70.3) 159 (71.3)
Female 44 (28.6) 12 (26.1) 8(34.8) 27 (30.3) 47 (29.7) 64 (28.7)
Age, years 0.107 0.061 0.959
<60 54 (35.1) 8(17.4) 5(21.7) 27 (30.3) 40 (25.3) 68 (30.5)
>60 100 (64.9) 38 (82.6) 18 (78.3) 62 (69.7) 118 (74.7) 155 (69.5)
Tumor location 0.270 0459 0.267
Upper 43(27.9) 17 (37.0) 3(13.1) 20 (22.5) 40 (25.3) 63 (28.2)
Middle 50 (32.5) 15 (32.6) 9(39.1) 38 (42.7) 62 (39.2) 74 (33.2)
Lower 61 (39.6) 14 (304) 11 (47.8) 31 (34.8) 56 (35.5) 86 (38.6)
Tumor size (cm) 0.225 0.931 0.199
<5 86 (55.8) 20 (43.5) 14 (60.9) 55(61.8) 89 (56.3) 120 (53.8)
>5 68 (44.2) 26 (56.5) 9(39.1) 34 (38.2) 69 (43.7) 103 (46.2)
Differentiation status 0.144 0.271 0.803
Well 11(7.1) 3(6.5) 6 (26.1) 10(11.2) 19 (12.0) 20(9.0)
Moderate 57 (37.0) 19 (41.3) 8 (34.8) 34 (38.2) 61 (38.6) 84 (37.7)
Poor 86 (55.9) 24 (52.2) 9(39.1) 45 (50.6) 78 (494) 119 (53.3)
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Table 2. Clinicopathological characteristics of the patients with gastric adenocarcinoma divided by different ABO blood groups (continue)
ABO blood types (%)

Groups A B AB o non-A non-O p* p** p**
(n=154) (n=46) (n=23) (n=89) (n=158) (n=223)

TNM stage® 0097 | 0177 | 0067

| 28 (18.2) 7(15.2) 8(34.8) 16 (18.0) 31 (19.6) 43(19.3)

I 26 (16.9) 8(174) 5(1.7) 26 (29.2) 39 (24.7) 39(17.5)

Il 100 (64.9) 31 (674) 10 (43.5) 47 (52.8) 88 (55.7) 141 (63.2)

Lymph node metastasis 0.085 0.034 0.258

NO (0) 38 (24.7) 11 (23.9) 11 (47.8) 27 (30.3) 49 (31.0) 60 (26.9)

N1 (1-2) 22 (14.3) 5(10.9) 3(13.1) 16 (18.0) 24 (15.2) 30 (13.5)

N2 (3-6) 17 (11.0) 11 (23.9) 3(13.1) 16 (18.0) 30 (19.0) 31(13.9)

N3 (=7) 77 (50.0) 19 (41.3) 6 (26.0) 30 (33.7) 55 (34.8) 102 (45.7)

MLR 0.084 0.018 0.129

0 38 (24.6) 11 (23.9) 11 (47.8) 27 (30.3) 49 (31.0) 60 (26.9)

>0-0.3 46 (29.9) 14 (30.4) 4(174) 27 (30.3) 45 (28.5) 64 (28.7)

>0.3-0.6 24 (15.6) 11 (23.9) 5(21.8) 22 (24.8) 38 (24.0) 40(17.9)

>0.6 46 (29.9) 10 (21.8) 3(13.0 13 (14.6) 26 (16.5) 59 (26.5)

Lymphovascular invasion 0.553 0.666 0.789

No 83 (53.9) 25 (54.3) 16 (69.6) 48 (53.9) 89 (56.3) 124 (55.6)

Yes 71(46.1) 21 (45.7) 7 (30.4) 41 (46.1) 69 (43.7) 99 (44.4)

Perineural invasion 0.159 0.067 0459

No 93 (60.4) 31 (674) 19 (82.6) 61 (68.5) 111 (70.3) 143 (64.1)

Yes 61 (39.6) 15 (32.6) 4(174) 28 (31.5) 47 (29.7) 80 (35.9)

MLR: Metastatic lymph node ratio.

SAJCC Cancer Staging Manual, 8" edition.

p*, differences between the groups (A, B, AB, and O); p**, differences between the blood group A and non-A blood group; p***, differences

between the blood group O and non-O blood group.

although discrepancies in the results of the studies in this field
mean that trials in this issue are ongoing (6). Recent studies
have suggested a potential association between blood group
antigens and tumor oncogenesis, tumor dissemination, and
survival in several forms of cancer (8). Aird et al. have shown an
association between the blood group A and gastric carcinoma,
and numerous later studies have confirmed this association,
while numerous studies have been conducted to investigate
the influence of blood group types on the prognosis and
survival of individuals diagnosed with cancer (9-11,13,14).
Nevertheless, the results are rather conflicting, even within the
same kind of tumor.

In this study, we analyzed the link between blood groups and
the clinicopathologic features that may have an impact on the
prognosis of patients with gastric adenocarcinomas. There have
been earlier studies investigating the association between
blood groups and prognosis in gastric cancer although their
results are inconsistent (15-17). As there are numerous factors

affecting the prognosis of gastric cancer, we aimed to analyze
the link between blood types and clinicopathological
characteristics of gastric cancer rather than its prognosis. In line
with other studies in the literature, the order of blood type
frequencies were A> O> B> AB both in the patients and the
healthy donors, and there was a male predominance in gastric
cancer patients (16). In this study, non-O blood type was found
to be more prevalent in patients with gastric cancer. Consistent
with our findings, Zhang et al. have identified a lower gastric
cancer risk (OR= 0.84) in patients with O blood group in their
meta-analysis (11).

In earlier studies investigating the relation between the blood
groups and gastric cancer survival, significant heterogeneity
was present and different conclusions were documented. For
instance, in a study investigating the link between blood types
and clinicopathologic features of the patients with gastric
cancer, the researchers have reported no significant association
between blood groups regarding sex, tumor size, tumor stage,
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degree of differentiation, and P53 expression. They have only
reported that the subjects with blood group O were statistically
significantly less likely to have angiolymphatic involvement
than those with non-O blood groups (15). Furthermore, the
expression of progestogen receptors, estrogen receptors, and
carcinoembryonic antigen (CEA) was significantly higher in
blood group A patients than in those with other blood groups.
While there was no statistically significant difference between
blood groups and survival, patients with blood group B had a
longer survival than those with other blood groups. In another
study, Xu et al. have analyzed the prognostic impact of the
blood types in more than a thousand gastric cancer patients
and reported that patients with blood group AB had a longer
survival than those with non-AB blood groups (p< 0.001) (16).
Furthermore, A blood group patients exhibited the poorest
survival outcomes across all blood groups. In a study by Xiao et
al, no significant difference has been found for the survival
rates of patients across the four blood groups (17). The authors
have also explored the prognostic impact of the blood types in
gastric carcinoma patients with different preoperative CEA
levels, and they have reported that among the patients with
high preoperative CEA, the AB blood group was associated
with longer survival than non-AB blood type.

Gastric cancer shows a significant geographic variation in
incidence, and there are numerous factors that affect survival
and mortality, with both genetic susceptibility and
environmental triggers such as nutrition and infectious agents
playing a crucial role in development, prognosis, and survival of
gastric cancer (3-5). Tumor stage, lymph node status, MLR,
tumor size and other histopathological tumor-related factors
such as lymphatic, vascular or perineural invasion; tumor
differentiation; and the Lauren classification are valuable
prognostic factors in gastric cancer patients (18-21). Moreover,
HER2 overexpression is considered to be a poor prognostic
factor in patients with gastric cancer (22). When reviewing
studies assessing prognostic features in gastric cancer
specifically in relation with blood groups, tumor depth and
stage, lymph node metastasis, blood group A, ER expression,
and CEA elevation have been found as the most prominent
factors (15-17). Considering the findings of above studies, there
is a clear relationship between clinicopathological features and
the prognosis of gastric cancer.

In the present study, among all clinicopathological features,
seven or more regional lymph node involvement was more
common in blood group A compared to non-A blood groups
(p=0.034) and patients with A blood group had a greater rate
of MLR (>0.6) than those with the non-A blood groups (p=
0.018), while no relation was identified between the blood
groups and patient demographics, tumor location, size, and
stage, or lymphovascular invasion. Moreover, perineural
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invasion was more common in blood group A compared to
non-A blood groups (39.6% vs. 29.7%, p= 0.067). According to
these results, lymph node metastasis and MLR are significant
prognostic indicators for gastric cancer patients undergoing
radical D2 resection. Three staging systems have been used for
decades to predict the prognosis of patients with gastric
adenocarcinoma: Log odds of positive nodes (LODDS), nodal
staging system, and MLR. When these systems compared with
each other, the LODDS and MLR have exhibited a higher
prognostic accuracy compared with TNM and nodal systems
(23). A number of studies have employed a 0.2 to 0.3 cut-off for
MLR, with the results indicating that a higher MLR is associated
with a significantly lower survival rate and a higher recurrence
for N3 disease (24-27). It is also a poor prognostic factor for
stage Il gastric cancer (28). In other words, an increased MLR in
blood group A may indicate a worse prognosis in patients
undergoing curative gastrectomy, given the large number of
stage Il patients in this study.

Studies have demonstrated a direct correlation between the
ABO group genotype and the levels of inflammatory markers in
the blood. This evidence suggests that blood-group antigens
may influence the immune system response (29,30). Thus, ABO
blood-group antigens and antibodies might have potential
implications on tumor dissemination, angiogenesis, and
lymphatic invasion. The results indicate a correlation between
the ABO blood group and the predisposition to lymphatic
invasion and tumorigenesis. Similarly, although a link between
blood groups and the prognosis of gastric cancer could not be
inferred, blood group A was associated with higher lymph
node involvement.

The results indicate a correlation between the ABO blood
group and a predisposition to lymphatic invasion and
tumorigenesis.

Finally, there are several important limitations of this study that
are noteworthy. First, the data comes from a retrospective
single-center analysis; second, the high rate of advanced stage
cancer limits its generalizability to every gastric cancer patient.
Lastly, exclusion of stage IV patients can make tumor pathology
biased and make findings not generalizable. In addition, the
sample size of patients with AB blood group and B blood group
was small, which could result in unsatisfactory statistical p
values.

CONCLUSION

The relation between ABO blood groups and clinicopathological
features and prognosis of gastric cancer has not been
extensively studied. Although several studies have defined
survival advantages for certain blood types, relevant studies are
limited, and their results are inconclusive. The present study
showed some association between the ABO blood groups and



clinicopathological characteristics in gastric cancer, especially
with blood group A being associated with a higher MLR level
and N3 involvement, estimating that patients having gastric
adenocarcinoma with A blood group may have a worse
prognosis. Although gastric carcinoma is more prevalent in
patients with non-O blood groups, the relation between this
blood type and tumor characteristics is relatively weak. There is
need for further prospective multicenter studies with larger
sample sizes to better define the influence of blood types on
clinicopathological features and survival in gastric cancer.

Further prospective multicenter studies with larger sample
sizes are needed to better define the influence of blood group
on clinicopathological features and survival in gastric cancer.
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Mide adenokarsinomlu hastalarin ABO kan gruplari ile klinikopatolojik ozellikleri

arasindaki iliski

Suileyman Utku Celik, Yasin Giilap, Mehmet Bahadir Demir, Sahin Kaymak, Rahman Senocak

Gulhane Egitim ve Arastirma Hastanesi, Genel Cerrahi Klinigi, Ankara, Tdrkiye

OZET

Giris ve Amag: Bu calismada mide kanseri teshisi konan hastalarin prognozunu etkileyebilecek kan gruplarti ile klinikopatolojik faktorler arasindaki

iliskinin incelenmesi amaglanmistir.

Gereg ve Yontem: Bu retrospektif tek merkezli calismada, mide adenokarsinomlu hastalar prospektif olarak tutulan bir veri tabanindan elde
edilmistir. Kan gruplari ile cinsiyet, yas, timor yeri, timor boyutu, timor evresi, metastatik lenf nodu orani (mLNO), lenfovaskiiler invazyon ve
perindral invazyon gibi klinikopatolojik 6zellikler arasindaki iliski analiz edildi.

Bulgular: Calismaya 91 kadin ve 221 erkek hasta dahil edildi. Kan grubu dagilimi hem hastalarda hem de saglikli donérlerde A> O> B> AB seklin-
deydi. O kan grubu olmayan kanser hastalarinda saglikli donérlere gére daha yaygindi (p= 0,038). Ancak cinsiyet, yas, timor yerlesim yeri, timor
evresi, lenf nodu metastazi, lenfovaskdler invazyon, perinéral tutulum ve kan gruplari arasinda anlamli bir iliski bulunmadi. =7 lenf nodu tutulumu
ve >0,6 mLNO, kan grubu A olan hastalarda kan grubu A olmayanlara gére anlamli derecede daha fazlaydi (sirasiyla p= 0,034 ve p=0,018).

Sonug: Bu calismanin bulgulari, kan grubu A olan hastalarin daha ytiksek mLNO ve N3 tutulumu ile iliskili oldugunu ve dolayisiyla mide kanseri
teshisi olan bu hastalarin daha kéti bir prognoza sahip olabilecegini gdstermektedir.

Anahtar Kelimeler: ABO kan grubu, mide kanseri, patolojik 6zellikler, sonug
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Emphysematous liver abscess: Variable clinical
presentations, management challenges and
outcomes-a case series
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ABSTRACT

Emphysematous liver abscesses (ELAs), characterized by the presence of gas within the hepatic parenchyma, are an uncommon and potentially life-
threatening entity. ELAs with clinical presentations mimicking hollow viscus perforation pose a diagnostic conundrum for clinicians. This series high-
lights the diagnostic challenges posed by such atypical presentations and emphasizes the importance of considering hepatic pathology in the differen-
tial diagnosis of pneumoperitoneum. Our objective is to provide a comprehensive analysis of the diverse clinical presentations, diagnostic challenges,
and therapeutic strategies employed in managing this unique subset of liver abscesses.
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INTRODUCTION

Emphysematous liver abscesses (ELAs) are also known as gas-forming pyogenic
liver abscesses, with 76-85% occurring in patients with uncontrolled diabetes
mellitus (1). Despite its infrequent occurrence, ELA poses a formidable clinical
challenge due to its propensity for rapid deterioration and life-threatening
complications. Complications are reported in as many as 92% of the cases,
respiratory-related complications being the most common (2). The spectrum of
clinical presentations ranges from subtle symptoms like fever and abdominal pain
todreaded complications like shock, making it a diagnostic challenge. Management
of acute emphysematous liver abscess requires urgent external drainage of the
abscess cavity, but pneumoperitoneum on radiological imaging can pose a serious
diagnostic dilemma and can misguide surgeons, leading to unnecessary
laparotomies. The evolving landscape of treatment options, encompassing medical
therapy, percutaneous drainage, and surgical intervention, will be scrutinized in
the context of individual cases, offering valuable insights into the optimal
management strategies tailored to diverse clinical scenarios.

Case Reports
Case 1

A 22-year-old male with no comorbidities and a history of occasional alcohol
intake presented with a history of on and off right upper quadrant pain for seven
days with an associated low-grade fever. A chest radiograph (Figure 1A) done
elsewhere showed gas under the right hemidiaphragm, suggestive of
pneumoperitoneum. On examination, the patient was afebrile, hemodynamically
stable, and showed no signs of peritonitis. Repeat chest radiographs revealed
similar findings. Ultrasonography (USG) of the abdomen was suggestive of a liver
abscess in the right lobe of the liver. Contrast enhanced computed tomography
(CECT) of the abdomen and thorax (Figure 1B,C) revealed a hypodense space-
occupying lesion with visible air fluid levels inside in the right lobe of the liver.
Routine blood investigations were within normal limits, and external drainage via
USG-guided pigtail catheter (PCD) insertion in the liver abscess cavity was done.
Pus culture revealed the heavy growth of Klebsiella pneumoniae. The patient was
discharged on oral antibiotics and was asymptomatic on three monthly follow ups.
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Figure 1. A. Chest radiograph showing pneumoperitoneum. B,C. CECT of the abdomen showing a hypodense

specks and air-fluid levels.

Case 2

An 18-year-old heavy alcoholic and smoker male with no other
comorbidities presented to the surgical emergency with
complaints of severe abdominal pain, high-grade fever, and
chills for seven days. On examination, the patient was febrile
with tachycardia, hypotension, abdominal tenderness with
guarding, and rigidity suggestive of peritonitis. An abdominal
radiograph did not reveal any abnormalities. USG revealed
multiple abscesses in the right lobe of the liver with no intra-
abdominal collection. The patient’s biochemical parameters
were as follows: haemoglobin of eight, total leucocyte count of
28.000 with 85% polymorphocytes, platelet count of 35.000,
urea of 180, creatinine of 3.8, INR of 3.7, and prothrombin time
of 36. Liver function tests showed: total bilirubin= 3, alkaline
phosphatase (ALP)= 400, SGOT= 120, and SGPT= 110,
suggestive of multiorgan dysfunction syndrome. The patient
was resuscitated, and CECT of the abdomen (Figure 2A, B) was
done, which revealed multiple hypodense space-occupying
lesions along with homogenous collection in the liver
parenchyma, with specks of air noted inside the cavities in the
right lobe of the liver, suggesting an emphysematous liver
abscess. After initial resuscitation, the patient was managed by
external drainage with multiple pigtail catheter insertions in
the liver abscess cavity and empirical broad-spectrum
antibiotics. Pus culture revealed K. pneumoniae as the causative
agent. The patient’s condition improved after drainage. The
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patient was discharged on oral antibiotics and was
asymptomatic on three monthly follow ups.

Case 3

A 50-year-old diabetic female with poor glycaemic control
presented with complaints of intermittent fever, chills, and right
upper quadrant pain for 10 days. On examination, the patient
was afebrile, hemodynamically stable, and tender in the right
hypochondrium. Chest radiograph was suggestive of gas
under the right hemidiaphragm and suggestive of
pneumoperitoneum (Figure 3A). USG revealed two liver
abscesses in the right lobe of the liver. The CECT of the
abdomen was suggestive of two large hypodense spaces
occupying lesions along with homogenous collection in the
liver parenchyma, involving segments VIII, II, and Il of the liver
along with specks of air and visible air fluid levels inside the
hypodense lesions (Figure 3B). The patient was managed by
external drainage, pigtail catheter insertion in the liver abscess
cavity, and glycaemic control. Pus culture was sterile. The
patient was discharged on oral antibiotics and was
asymptomatic on three monthly follow up.

Case 4

A 32-year-old male with a history of laparoscopic
cholecystectomy a month prior presented with complaints of
abdominal pain and intermittent fever for seven days. The
patient was hemodynamically stable with localised tenderness
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Figure 3. A. Chest radiograph showing pneumoperitoneum. B. CECT of the abdomen showing two large hypodense space
occupying lesions with air specks and air-fluid levels.

in the right hypochondrium. Radiograph of the chest showed
gas under the right dome of the diaphragm, suggestive of
pneumoperitoneum, and USG showed a 400 mL hypoechoic
lesion in segment seven of the liver, suggestive of a liver
abscess (Figure 4A). The CECT of the abdomen showed a
hypodense lesion with a speck of air in segment seven of the

liver, suggesting an emphysematous liver abscess (Figure 4B,C).
The patient was managed by external drainage, pigtail catheter
insertion in the liver abscess cavity, and IV antibiotics. Pus
culture was sterile. The patient was discharged on oral
antibiotics and was asymptomatic on three monthly follow ups.

Turk J Surg 2024; 40 (3): 247-255
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Figure 4. A. Chest radiograph showing pneumoperitoneum. B,C. CECT of the abdomen showing a hypodense space-occupying lesion with air

speck.

Case 5

A 55-year-old chronic alcoholic male with no comorbidities
presented with high-grade fever, abdominal distension, and
right upper quadrant pain for one week. On examination, the
patient was hemodynamically stable with a distended
abdomen and right upper quadrant tenderness. USG revealed
two liver abscess cavities, and CECT revealed a right lobe liver
abscess along with an emphysematous left lobe abscess
(Figure 5A,B). After initial resuscitation, the patient was managed
by external drainage with pigtail catheter insertion in the liver
abscess cavity, and cultures revealed Klebsiella spp. The patient
was discharged on oral antibiotics and was asymptomatic on
three monthly follow ups.

Case 6

A 54-year-old diabetic female with poor glycaemic control
presented with upper abdominal pain and fever for one week.
The patient was hemodynamically stable with right upper
quadrant tenderness. USG was suggestive of emphysematous
cholecystitis. Blood investigations showed hemoglobin= 6, total
leukocyte count= 38.000, creatinine= 3, urea= 160, total
bilirubin= 3.2, SGOT= 140, SGPT=200, and alkaline phosphatase=
300. Non-contrast computed tomography of the abdomen
showed a large liver abscess with emphysematous changes
(Figures 6AB). The patient was managed by external drainage
with pigtail catheter insertion in the liver abscess cavity,
glycaemic control, and broad-spectrum antibiotics. Pus culture
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Figure 5. A,B. CECT showing a right lobe liver abscess and an emphysematous left liver lobe abscess.
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revealed Klebsiella spp. The patient was discharged on oral
antibiotics and was asymptomatic on three monthly follow ups.

Case 7

A 48-year-old alcoholic and diabetic male presented with
complaints of high-grade fever, abdominal distension, and
right upper quadrant pain for one week. On examination, the
patient was hemodynamically stable with right upper quadrant
tenderness. USG revealed a single liver abscess cavity, and CECT
revealed a right lobe liver abscess with emphysematous
changes and pleural effusion. After initial resuscitation, the
patient was managed by external drainage with pigtail catheter
insertion in the liver abscess cavity and glycaemic control
(Figure 7AB). Pus culture revealed Escherichia coli spp. The
patient was discharged on oral antibiotics and was
asymptomatic on three monthly follow ups.
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Figure 6. A,B. Non-contrast CT scan showing a large liver abscess with emphysematous changes.

Case 8

A 50-year-old chronic alcoholic male with no comorbidities
presented with a high-grade fever and generalised pain in the
abdomen for five days. On examination, the patient was
hemodynamically stable with generalised peritonitis.
Abdominal radiographs showed gas under the right dome of
the diaphragm, suggestive of pneumoperitoneum; USG was
suggestive of liver abscess (Figure 8A). CECT revealed a liver
abscess with emphysematous changes and was managed by
external drainage with pigtail catheter insertion in the liver
abscess cavity (Figure 8A-C). Pus culture showed E. coli spp. The
patient was discharged on oral antibiotics and was
asymptomatic on three monthly follow ups.
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Figure 8. A. Chest radiograph showing pneumoperitoneum. B,C. CECT showing liver abscess with emphysematous changes.

DISCUSSION

ELAs are typically characterised by gas formation within the
abscess cavity. 6-24% of all bacterial liver abscesses are
emphysematous in nature, with the maximum incidence in
Asia, particularly Taiwan (1). The most common pathogens are
K. pneumoniae and E. coli, with Klebsiella accounting for 82% of
cases (2). ELAs have a case fatality rate of 12-40% and a mortality
rate of 27-37%, as compared to only 12% in non-gas-forming
liver abscesses (3,4).

The clinical presentations vary from simple fever, malaise, pain
in the abdomen, and respiratory difficulty to deadly
complications like septic emboli, meningitis, endophthalmitis,
or even shock (1). Yang et al. have reported hepatocellular
damage in 57% of ELAs and 19% of non-gas-forming liver
abscesses; similar findings were noted in our series, with all the
patients having deranged ALP (5). Around 6% of the patients
present with intrapleural or intraperitoneal rupture and features
of peritonitis mimicking those of hollow viscus perforation (6).
Diabetic patients might present with milder or no pain because
of diabetic neuropathy, adding an additional layer of complexity
and warranting careful assessment. A similar case of
pneumoperitoneum because of a ruptured liver abscess has
also been reported by Maliyakkal et al. (7).

The commonly identified risk factor is poor glycaemic control,
as hyperglycaemia provides a favourable condition for gas
formation via the mixed acid fermentation pathway of glucose,
leading to the production of formic acid, which breaks down
further into carbon dioxide and hydrogen by the action of
formic hydrogenylase (3). ELAs are more prone to rupture due
to mass tissue damage, gas formation, and impaired transport
of gas and catabolic products away from the lesion because of
diabetic microangiopathy, leading to gas accumulation and a
rise in internal pressure (6).
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Investigations usually show a raised total leukocyte count,
alkaline phosphate, and liver enzymes, with or without
coagulopathy. Abdominal USG, simple radiography, and other
imaging techniques might prove to be helpful for diagnosis,
but computed tomography is the diagnostic tool of choice for
accurate detection of gas within the abscesses, along with
abscess location, size, number, and associated complications.
Differential  diagnoses include subphrenic abscess,
emphysematous cholecystitis, right renal abscess, perinephric
abscess, hepatic flexure interposed between the diaphragm
and liver, and partial abdominal heterotaxia. It is often difficult
to differentiate  ELAs from emphysematous hepatitis.
Chromatographic analysis of the formed gas has shown
nitrogen (Nz: 65.8 to 78.1%), oxygen (02: 1.2 to 7.3%), carbon
dioxide (CO2: 5410 14.8%), and hydrogen (H2: 9.0to 18.3%) as
constituents (3).

Treatment is mainly percutaneous abscess drainage, along with
antibiotic therapy and glycaemic control, with a reported
success rate of 94% (8). Surgery is indicated if peritonitis and
rupture are suspected, and surgery as extensive as an
emergency hepatectomy might be needed (9). The summary,
blood parameters, and outcome of all patients are shown in
Table 1, Table 2, and Table 3.

In our study, four hemodynamically stable patients with
unremarkable clinical examinations were found to have gas
under the right hemidiaphragm, which was a diagnostic
dilemma. Such findings can easily misguide the surgeon to
perform an unnecessary laparotomy, suspecting hollow viscus
perforation, especially in low-resource settings where facilities
for USG and CECT are not available, as reported by Pham et al.
(10). Contrastingly, another patient with signs and symptoms of
acute abdomen with multiorgan dysfunction had no gas under
the right hemidiaphragm and was found to have ELAs,
indicating the variability in the presentations of this rarer entity.
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Table 2. Blood parameters at admission

Case no Hb TLC INR Bilirubin | SGOT/SGPT ALP Urea | Creatinine CRP HBA1C | Lactate
1. 10.2 11000 1.1 0.8 60/55 120 40 0.8 2 52 3

2. 8 28000 3.7 3 120/110 400 180 3.8 65 5.6 6

3. 94 32000 1.2 24 80/65 200 64 1.2 28 104 2

4. 13 26000 1.24 110/75 180 68 0.8 15 6.2 2

5. 8.9 22000 1.8 2 80/55 160 120 22 8 54 1.8

6. 6 38000 32 2 140/200 300 160 3 55 8.8 4

7. 12 24600 22 12 60/45 140 70 1.8 15 9.2

8. 10.8 20800 2.6 14 50/45 150 72 1.1 10 10 38

Hb: Haemoglobin, TLC: Total leucocyte count, INR: International normalized ratio of prothrombin time, SGOT: Serum glutamy! ornithine transferase, SGPT: Serum
glutamic pyruvate transferase, ALP: Alkaline phosphatase, CRP: C-reactive protein, HBA1c: Glycosylated haemoglobin.

Table 3. Outcomes of all patients

Caseno | Age/sex Habits Outcome Total duration of PCD in-situ | Condition at three monthly follow up
1. 22/M Alcoholic Discharged to home 12 weeks Stable

2 18/M Alcoholic/Smoker | Discharged to home 16 weeks Stable

3 50/F None Discharged to home 14 weeks Stable

4 32/M None Discharged to home 8 weeks Stable

5. 55/M Alcoholic Discharged to home 10 weeks Stable

6 54/F None Discharged to home 6 weeks Stable

7 48/M Alcoholic Discharged to home 8 weeks Stable

8 50/M Alcoholic Discharged to home 16 weeks Stable, required PCD reinsertion

PCD: Percutaneous drainage tube, M: Male, F: Female.

CONCLUSION

To conclude, heightened awareness among clinicians,
radiologists, and surgeons regarding the potential for
emphysematous liver abscess to mimic other acute abdominal
emergencies is warranted. A comprehensive understanding of
the varied clinical presentations, particularly distinguishing ELAs
from hollow viscus perforations, and the incorporation of
advanced imaging techniques like contrast-enhanced computed
tomography are crucial for accurate and timely diagnosis, guiding
appropriate therapeutic interventions, avoiding unnecessary
laparotomies, and improving patient outcomes with less invasive
modalities like percutaneous drainage.
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Amfizematoz karaciger apseleri: Degisken klinik sunumlar, yonetim zorluklari ve
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OZET

Karaciger parenkimi icinde gaz varlidi ile karakterize olan amfizematoz karaciger apseleri (AKA) nadir goriilen ve potansiyel olarak yasami tehdit
eden bir durumdur. i¢i bos organ perforasyonunu taklit eden klinik tablolara sahip AKA'lar klinisyenler icin tanisal bir bilmece olusturmaktadir.
Bu seri, bu tir atipik sunumlarin yarattigi tanisal zorluklari ve pndmoperitoneumun ayirici tanisinda hepatik patolojinin g6z 6niinde bulundu-
rulmasinin nemini vurgulamaktadir. Bu calismanin amaci, karaciger apselerinin bu benzersiz alt kiimesinin yonetiminde kullanilan cesitli klinik
sunumlarin, tanisal zorluklarin ve terapétik stratejilerin kapsamli bir analizini sunmaktir.
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ABSTRACT

Inflammatory pseudotumor (IPT) is a rare liver disease confused with liver tumors. It is a disease that should be known in the differential diagnosis for
clinicians as the correct diagnosis of IPT will prevent unnecessary surgery. Demographic datas, diagnoses and imaging modalities of six patients with
radiologically and/or histopathologically diagnosed hepatic IPT between 2016 and 2023 were retrospectively analyzed. Four out of six patients were
female and median age was 57.5 (47-66). C-reactive protein was higher in four patients, and carbohydrate antigen 19.9 level was higher in one patient.
We used magnetic resonance imaging (MRI) for diagnosis in five patients. Only in one patient computed tomography was enough for diagnosis. Tumor
locations were segment 5 for two patients, segment 7-8 in two patients, segment 7 in one patient, and 8 in one patient. Liver biopsy was performed in
five patients because it could not be distinguished from malignancy by imaging methods. Histopathological results of all these biopsies defined as IPT.
Initial tumor median size was 31 (17-55) mm. Two patients were operated on. The first one underwent right hepatectomy due to a 2-fold increase in size
within 11 months. The second one had a mass indistinguishable from hepatic adenoma by MRI and underwent nonanatomic resection. In one patient,
IPT disappeared completely in the 18 month of follow-up period while it regressed in size in two patients. Two of our patients had a history of recurrent
endoscopic retrograde cholangiopancreatography, which we noticed incidentally before IPT was diagnosed. IPTs are liver masses with low malignant
potential and may shrink spontaneously during follow-up. We suspected that biliary tract interventions may be the cause of IPT.

Keywords: Inflammatory pseudotumor, hepatic mass, IgG4, biliary tract intervention

INTRODUCTION

Inflammatory pseudotumor (IPT) is a rare disease characterized by fibrosis and
chronic infiltration of inflammatory cells (1). It may affect many organs including the
biliary tract, lung, lymph nodes, pancreas, retroperitoneum and liver (2,3). IPT
localized in the liver may be confused with liver tumors (1). In the etiology infections
(mostly bacterial), immunology, allergy or malignancies are blamed (4). It has also
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been reported that there may be a relationship between immunoglobulin G4
(IgG4)-related sclerosing disease and IPT (5). It is mostly observed in men between
the ages of 30-40 years, and its symptoms include nonspecific findings including
fever, abdominal pain and weight loss (6). Computed tomography (CT) of the liver
and magnetic resonance imaging (MRI) with liver-specific contrast are recommended
for differential diagnosis (1) .

IPT has a good prognosis and it has been reported in the literature that spontaneous
regression in tumor size may occur spontaneously or with anti-inflammatory drugs
or steroid treatment (7). Since unnecessary surgery will be prevented with the
correct diagnosis of IPT, it is a disease that should be known in the differential
diagnosis for clinicians. Our aim was to raise awareness about this disease by sharing
our clinical experience with you.
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MATERIAL and METHODS

This study was approved by the institutional review board
(Approval number: 19). When the admissions to our clinic
between 2016 and 2023 were analyzed retrospectively, we
found that a total of six patients were diagnosed with IPT
radiologically and/or histopathologically. Demographic data,
diagnosis and screening parameters were analyzed
retrospectively. Continuous variables were defined as median
(range), and categorical data were defined as frequencies and
percentages. Patients were followed up clinically and
radiologically until March 2024.

RESULTS

Demographic and preoperative biochemical results of six
patients are analyzed in Table 1. Four (66.6%) out of six patients
were female and median age was 57.5 (47-66). White blood cell
(normal level is between 4.4-12.6 x 103/Ul), and alpha fetoprotein
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(AFP) (normal level is between 0.5-5.8 IU/mL) levels were
between normal values. C-reactive protein (CRP) (normal level is
between 0-5 mg/L) was higher in four patients, and carbohydrate
antigen (CA) 199 (normal level is between 0-27 U/mL) level was
higher in one patient. Viral markers (hepatitis B, C, and anti-HIV)
were between normal levels for all of the patients.

Diagnosis and follow-up outcomes are shown in Table 2. We
used MRI for diagnosis in five patients. Only in one patient, CT
was enough for diagnosis. Tumor locations were segment 5 for
two patients, segment 7-8 in two patients, segment 7 in one
patient, and 8 in one patient. Liver biopsy was performed in five
patients because it could not be distinguished from malignancy
by imaging methods. Histopathological results of all these
biopsies were defined as IPT. The pathological results of three
patients were related with IgG4. Anaplastic lymphoma kinase
(ALK) was negative for five patients.

Table 1. Demographic data and preoperative biochemical test results of the patients

Patient Number 1 2 3 4 5 6
Gender F M F M F
Age (year) 55 47 60 63 66 48
WBC (10%/ul) 44 94 5 76 1.9 7.9
CRP (mg/L) 13.8 76.6 14.6 228 23 0.7
CA 19.9 level (U/mL) 29 948 0.6 443 41.1 -
AFP level (IU/mL) 42 - 1.86 1.69 3 -
Viral markers N N N N N N
F: Female, M: Male, WBC: White blood cell, AFP: Alpha fetoprotein, CRP: C-reactive protein, CA: Carbohydrate antigen, N: Normal.

Table 2. Diagnosis and follow-up outcomes of the patients

Patient Number 1 2 3 4 5 6
Imaging methods cT MRI MRI USG-MRI MRI MRI
Tumor location in the liver (segment) 5 5 7 7-8 8 7-8
Liver biopsy (+/-) + + + + + -
lgG4 - + - - + +
ALK - - NA - - -
Initial tumor size (mm) 50 17 55 40 22 20
Tumor number (n) 1 1 1 1 1 1
O/F F F F F O ¢)
Last tumor size (mm) 50 10 22 0 - -
Follow up period (month) 12 33 4 18 11 6
Survival status E A E A A A
CT: Computed tomography, USG: Ultrasonography, MRI: Magnetic resonance imaging, IgG4: Immunoglobulin G4, ALK: Anaplastic lymphoma kinase, NA: Non-
available, O: Operation, F: Follow up, A: Alive, E: Exitus.
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Initial tumor median size was 31 (17-55) mm, and a tumor focus
was detected in all patients using imaging methods. Two
patients were operated. Patient 5 was diagnosed as IPT by
preoperative liver biopsy but underwent right hepatectomy due
to a 2-fold increase in size within 11 months. Patient 6 had a mass
indistinguishable from hepatic adenoma by preoperative MRI
and underwent nonanatomic resection.

In one patient, IPT disappeared completely in the 18" month
of follow-up period while it regressed in size in two patients
(Figure 1). One of the patients with tumor size regression died
in the fourth month of follow-up period due to intracranial
hemorrhage. One patient died in the 12" month of follow-up
period because of heart failure; no progression in tumor size
was noted during this 12-month follow-up period. The follow-
up periods of the two patients who survived and did not have
surgery were 33 month and 18 month, respectively.

Two of our patients had a history of recurrent endoscopic
retrograde cholangiopancreatography (ERCP), which we
noticed incidentally before IPT was diagnosed. Patient 1, who
had pancreatic head malignancy, underwent preoperative
ERCP three times. Postoperatively, three percutaneous

transhepatic cholangiographies were performed, followed by
the placement of a percutaneous biliary stent. A liver mass
developed after the biliary tract interventions, and the
pathological result was IPT. Patient 2 has a history of nine ERCP
procedures performed over five years due to acute biliary
pancreatitis.

DISCUSSION

IPT, also known as inflammatory myofibroblastic tumor and
plasma cell granuloma, is a rare inflammatory soft tissue lesion
(2). IPT is also known as inflammatory myofibrohistiocytic
proliferation, fibrous histiocytoma, etc. in the literature (8). IPT
usually affects the right lobe of the liver, but it has been rarely
reported to be found in the spiegel lobe and hilar region or
bilobar multifocal (6,9). IPT was localized in the right lobe in all
of our patients in accordance with the literature. We thought
that the reason of IPT for two patients may have been related
to repeated biliary tract interventions. Similarly, our hypothesis
is supported by a case series including three patients, in
which it has been reported that biliary tract manipulation may
be the cause of IPT (10).

Figure 1. Axial MRI section showing slightly hyperintense on non-fat-suppressed T2 in segment 8 of the liver (A),
hypointense on precontrast T1 (B), centrally stained in postcontrast portal phase images and becomes isointense with
the parenchyma (C). In control imaging, the lesion has completely regressed. T2AG without fat suppression (D), post-
contrast portal phase images (E) and hepatobiliary phase images (F).
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Laboratory findings include leukocytosis, increased
erythrocyte sedimentation rate and CRP,  polyclonal
hypergammaglobulinemia, and mildly elevated liver enzymes.
AFP, one of the tumor markers, is mostly normal, whereas CA
19.9 has been found at high values in some patients (6). ALK
overexpression is observed in 50% of patients with IPT, and
positivity has been associated with high local recurrence and
increased mortality (8).

Similar contrast enhancement patterns on CT and MRI can also
be observed in other lesions such as atypical hepatocellular
carcinoma, intrahepatic cholangiocarcinoma, metastatic
tumors and abscesses (1). CT findings for IPT exhibit significant
variability. The most frequently observed features are
hypoattenuating, ill-defined masses with a range of contrast
enhancement levels. Delayed enhancement, particularly in
septal and peripheral regions, is noted and is believed to be
associated with fibrous components (11). MRI reveals a variable
presentation of these tumors; they are generally hypointense
relative to skeletal muscle on T1-weighted images, hyperintense
on T2-weighted images, and show heterogeneous
enhancement after contrast material is administered (12). It has
been reported that IPT should be suspected if Ig G4 is also
positive in the presence of targetoid-like aspect of hepatic mass
on MRI (4).

Nevertheless, because of uncertainty in the imaging diagnosis,
histologic diagnosis is important to accurately diagnose IPT (8).
It is known that the clinical course and prognosis of IPT are
favorable with conservative treatment (1). While we diagnosed
IPT in five patients with biopsy and followed four of them, right
hepatectomy was performed in only one patient in
consequence of of rapid growth. On histopathological
examination, IPT is characterized by proliferation of fibroblasts
or myofibroblasts and inflammatory cell infiltration consisting
of lymphocytes and plasma cells (6,9). Two histologic forms
have been reported for IPT in the liver. These are fibrohistiocytic
and lymphoplasmocytic forms (13). Lymphoplasmocytic form
has been associated with Ig G4. It has been reported that this
form is mostly observed in the hepatic hilus (13). In the
fibrohistiocytic form, the tumor is found as a mass located in
the periphery of the liver (14).

It has been reported that spontaneous regression may occur
with conservative treatments such as nonsteroidal
antiinflammatory drugs after pathologic diagnosis (8). In a case
series of three patients in the literature, spontaneous regression
has been reported for liver localized IPT (7). Although the
recurrence rate has been reported to be approximately 25%, it
has also been reported that surgical procedure may be required
(8). No conservative treatment was given to the patients in our
study group, and no progression in the size of the mass was
observed except in one patient and even regression was found.
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CONCLUSION

IPTs are liver masses with low malignant potential and may
shrink spontaneously during follow-up. As long as they are
closely monitored with imaging methods and there is no
suspicion of malignancy, there is no need for surgical
intervention. Finally, we doubt that development of IPT may be
associated with biliary tract interventions.
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OZET

Enflamatuvar psodotiimor (EPT), karaciger timorleriyle kanstirilan nadir bir karaciger hastaligidir. Enflamatuvar psédotiimériin dogru tanisi ge-
reksiz cerrahiyi 6nleyeceginden klinisyenler icin ayirici tanida bilinmesi gereken bir hastaliktir. 2016-2023 yillari arasinda radyolojik ve/veya his-
topatolojik olarak hepatik EPT tanisi almis alti hastanin demografik verileri, tanilari ve goriintlileme yontemleri retrospektif olarak analiz edildi.
Altr hastanin dordi kadindi ve ortanca yas 57,5'ti (47-66). C-reaktif protein dort hastada ytiksekti ve karbohidrat antijeni 19,9 seviyesi bir hastada
yuksekti. Bes hastada tani icin manyetik rezonans goriintiileme (MRG) kullanildi. Sadece bir hastada tani icin bilgisayarli tomografi yeterli oldu. Tu-
mor yerlesimi iki hastada segment 5, iki hastada segment 7-8, bir hastada segment 7 ve bir hastada 8 idi. Bes hastaya goriintlileme yéntemleriyle
maligniteden ayirt edilemedigi icin karaciger biyopsisi yapildi. Tum bu biyopsilerin histopatolojik sonuglari EPT olarak tanimlandi. Basglangictaki
tiimér medyan boyutu 31 (17-55) mm idi. iki hasta ameliyat edildi. ilk hastaya 11 ay icinde tlimér boyutunda iki kat artis olmasi nedeniyle sag he-
patektomi yapildi. ikinci hastada MRG ile hepatik adenomdan ayirt edilemeyen bir kiitle vardi ve anatomik olmayan rezeksiyon yapild. Bir hastada
EPT, takip stresinin 18. ayinda tamamen kaybolurken, iki hastada boyut olarak geriledi. Hastalarin ikisinde EPT tanisi konulmadan 6nce tesadufen
fark edilen tekrarlayan endoskopik retrograd kolanjiyopankreatografi dykulsu vardi. Enflamatuvar psédotiimérler diistik malignite potansiyeline
sahip karaciger kutleleridir ve takip sirasinda kendiliginden kuculebilmektedir. Safra yolu miidahalelerinin EPT’ye neden olabileceginden stiphe-
lenilmektedir.

Anahtar Kelimeler: Enflamatuvar psédotiimér, karacigerde kitle, IgG4, safra yolu girisimi
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ABSTRACT

Neuroendocrine tumors (NETS) arising from extrahepatic bile ducts are very rare. We present a patient with perihilar NET who was operated on with a pre-
operative diagnosis of Klatskin tumor. A 58-year-old female patient was admitted with abdominal pain and jaundice. Laboratory data showed elevated
serum bilirubin levels and liver function tests. Computed tomography (CT) and magnetic resonance cholangiopancreatography (MRCP) findings were
consistent with perihilar bile duct tumor. The patient was operated on with a diagnosis of Klatskin tumor. She underwent right hepatectomy, resection
of the extrahepatic bile duct, portal lymphadenectomy and Roux-en-Y hepaticojejunostomy. The final pathologic examination of the resected specimen
demonstrated a well differentiated neuroendocrine tumor (Grade 1). NETs originating from perihilar bile ducts are extremely rare, and preoperative defi-
nite diagnosis is very difficult. It should be kept in mind that NET may be one of the rare causes of perihilar bile duct obstruction.

Keywords: Neuroendocrine tumor, perihilar bile duct, resection

INTRODUCTION

Neuroendocrine tumors (NETs) can be found throughout the gastrointestinal tract
and pancreas. However, NETs arising from extrahepatic bile duct are very rare. NETS
arising from perihilar region is exceedingly rare with a few cases reported in the lit-
erature (1). Preoperative differential diagnosis of perihilar NET is difficult and in gen-
eral, it is diagnosed with postoperative histopathologic evaluation of the resected
specimen. We herein report a case of perihilar NET with a preoperative diagnosis of
perihilar cholangiocarcinoma.

CASE REPORT

A 58-year-old female patient was admitted with abdominal pain and jaundice.
Physical examination revealed only a mild tenderness on the right upper quad-
rant. Laboratory data showed elevated serum total and direct bilirubin levels
(6.29/5.42 mg/dL) and liver function tests. Serum levels of CEA and CA19-9 were
normal. The patient was referred to computed tomography (CT). Both right and left
intrahepatic bile duct dilatation were revealed on contrast- enhanced abdominal

Cite this article as: Salis M, Kandemir M, Giindogdu E, CT and also a-two-cm diameter of an isodense mass was detected in the perihilar
Ozer |, Unal B, Ulasg M. Primary neuroendocrine tumor of the ; ; ; ;

region (Figure 1). Magnetic resonan holangiopancr raphy (MRCP) w r-
perihilar bile duct: A case report. Turk J Surg 2024; 40 (3): €gio ( gu el) a.g et C, esond .C? cholang Opa ¢ ?atog ap ')/ ( C ) was pe'
261-263. formed with a prediagnosis of perihilar cholangiocarcinoma. Dilated intrahepatic

bile ducts, obstruction of common hepatic duct due to tumor mass and normal
intrapancreatic distal common bile duct were seen on MRCP images (Figure 2).
MRCP findings were consistent with perihilar bile duct tumor.
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Figure 1. Contrast-enhanced axial CT image shows dilated left and
right intrahepatic bile ducts (black arrows) and an isodense tumor
mass (white arrow) localizated in common bile duct.

Figure 2. Thick slab MRCP shows left and right intrahepatic bile ducts
dilatation (black arrows), perihilar extrahepatic bile duct tumor (star)
and normal caliber of intrapancreatic terminal common bile duct.

The final pathologic examination of the resected specimen
demonstrated a well differentiated (Grade 1) neuroendocrine
tumor in accordance with the World Health organization (WHO)
2010 classification. The maximum diameter of the tumor was
1.2 cm. Proximal and distal surgical margins were free of tumor
cells. However, there were tumor cells in the lateral margin and
subepithelial stroma of the hepatic duct. There was only one
metastatic local lymph node.

Turk J Surg 2024; 40 (3): 261-263

The patient did not receive any modality of adjuvant therapy.
After a 15-month-follow-up period, the patient was doing well
with normal physical examination findings and completely nor-
mal liver function tests. Ga67 PET BT showed no evidence of
distant metastasis or local recurrence.

DISCUSSION

Neuroendocrine tumors are classified as as NET Grade 1 (G1),
NET Grade 2 (G2), and neuroendocrine carcinoma (NEC) accord-
ing to the 2010 WHO classification system (2). This paper pres-
ents a case of NET G1 arising from an extremely rare localization.

The precise diagnosis of perihiler NET is frequently not possi-
ble preoperatively. Differential diagnosis based on radiologic
findings is difficult although BT reveals hypervascular, well-cir-
cumscribed lesions (3). The differential diagnosis includes chol-
angiocarcinoma, metastatic tumors and lymphoma (4). There
are no specific hormonal symptoms and serum markers (3).
Preoperative histopathologic diagnosis is usually not possible.
Moreover, as the most frequent cause of malignant perihilar bile
duct obstruction is adenocarcinoma, histopathologic diagnosis
is not generally needed for resectable cases when a malignant
obstruction is suspected. Therefore, the definite histopatholog-
ic diagnosis is generally possible after the evaluation of the re-
sected specimen. In this case, our preoperative diagnosis was
perihilar cholangiocarcinoma and the treatment plan was re-
section of the tumor.

Data regarding the optimal management and prognosis of
these tumors are not sufficient in the literature. However, re-
section when technically possible should be performed as it is
frequently impossible to distinguish NETs from cholangiocarci-
nomas. In addition, G1 and G2 NETs are slowly growing tumors
and resection has been shown to be beneficial (5,6).

Surgery is the mainstay of treatment and should be considered
in all patients if technically feasible in gastroenteropancreatic
neuroendocrine tumors (GEP-NET). Curative surgical resection
of the primary lesion should be performed in patients with lo-
calized GEP-NET (7).

In G1 and G2 NETs, curative intended surgery has been
considered, even in patients with liver and/or lymph node
metastases (8). Debulking surgery may also be performed for
liver metastases in certain circumstances (8). In our patient,
resection of the tumor with right hepatectomy and regional
lymphadenectomy was performed as recommended in the
literature (6-8).

As perihilar NETs are extremely rare, data regarding long-
term follow-up of these tumors are lacking. However, as
G1 and G2 NETs are slowly growing tumors, better survival
when compared to perihilar cholangiocarcinoma may be
expected. Similarly, our patient showed complete clinical and
biochemical healing after a follow-up of 15 months.



CONCLUSION

In conclusion, NETs of the perihilar extrahepatic bile duct are
extremely rare and are difficult to diagnose perioperatively. Sur-
gical resection is the only therapy that offers a chance of cure.
Perihilar NETs should be kept in mind in the differential diagno-
sis of a suspected perihilar malignant obstruction.
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OZET

Ekstrahepatik safra kanallarindan kaynaklanan néroendokrin timorler (NET’ler) cok nadirdir. Preoperatif Klatskin timor tanisi ile opere edilen
perihiler NET'li bir hastayi sunuyoruz. Elli sekiz yasinda kadin hasta, karin agrisi ve sarilik sikayeti ile basvurdu. Laboratuvar incelemesinde serum
bilirubin diizeylerinde ve karaciger fonksiyon testlerinde artis mevcuttu. Bilgisayarli tomografi (BT) ve manyetik rezonans kolanjiyopankreatografi
(MRCP) bulgulari; perihiler safra kanali timori ile uyumluydu. Hasta Klatskin timor tanisi ile ameliyat edildi. Hastaya sag hepatektomi, ekstrahe-
patik safra kanali rezeksiyonu, portal lenfadenektomi ve Roux-en-Y hepatikojejunostomi yapildi. Rezeke edilen numunenin patolojik inceleme-
sinde, iyi farkhlasmis bir néroendokrin timér (evre 1) gosterildi. Perihiler safra kanallarindan kaynaklanan NET'ler oldukc¢a nadirdir ve preoperatif
kesin tani cok zordur. NET'in perihiler safra yolu tikanikliginin nadir sebeplerinden biri olabilecegi unutulmamalidir.
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ABSTRACT

Intestinal duplications are rare developmental anomalies that can occur anywhere along the gastrointestinal tract. Gastric duplication cysts are uncom-
mon congenital anomalies and are rarely diagnosed in adults. However, diagnosis of the condition in an adult can be difficult as it is usually asympto-
matic, or the symptoms are nonspecific. Here we report a rare case of symptomatic gastric duplication cysts in an adult who was treated successfully with

surgical resection.
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INTRODUCTION

Intestinal duplications are rare developmental anomalies that can occur anywhere
along the gastrointestinal tract. Intestinal duplications were originally described in
1941, by Ladd and Gross as having an attachment or adherence to some part of the
gastrointestinal tract, the presence of a smooth muscle wall and a mucosal lining
with one or more cell type of the gastrointestinal tract (1).

These malformations are believed to be congenital, formed before the differenti-
ation of epithelial lining, and therefore named for the organ with which they are
associated. Duplication cysts of the stomach represent four per cent of all alimentary
tract duplications. Approximately 67 percent of gastric duplication cysts (GDCs) are
identified within the first year of life. Duplication cysts in adults are generally asymp-
tomatic and encountered as incidental findings at endoscopy or laparotomy (2).

GDCs are uncommon congenital anomalies and are rarely diagnosed in adults. Al-
imentary tract duplication cysts most frequent affect the ileum (35%), the esoph-
agus (19%), the jejunum (10%), the stomach (9%) and the colon (7%) (3). In 35%
of patients, GDCs co-exist with other congenital abnormalities such as annular or
heterotopic pancreas, or vertebral anomalies such as spina bifida (3). On consid-
eration of the fact that these cysts are usually asymptomatic or, in any case, have
no specific signs and symptoms, diagnosis is frequently made post-operatively (3).
Presentation in adults is uncommon as individuals with gastrointestinal duplication
are usually asymptomatic or have nonspecific symptoms. A gastric duplication cyst
can be complicated by intra cystic hemorrhage, ulceration, infection, mechanical
obstruction, and rarely, malignancy (4).

Here we report a rare case of symptomatic GDC in an adult who was treated suc-
cessfully with surgical resection.

CASE REPORT

A 19-year old female presented with a four-month history of intermittent epigastric
discomfort associated with progressively increasing back and left upper quadrant
abdominal pain. Review of systems revealed weight loss of approximately seven kg.
Her past medical history and family history were not significant.
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Figure 1. CT image shows a cystic lesion.

Ultrasonography demonstrated the presence of a 7 x 4 cm
mass, posterior to the gastric fundus, well-defined cystic lesion
located superior and anterior to the left kidney and the spleen
medially.

Gastroscopy revealed a bulging deformity with extrinsic com-
pression at the cardio-esophageal junction.

Magnetic  resonance imaging (MRl and computed
tomograpghy (CT) scans of the abdomen confirmed 55 x 48
mm homogenous, septated cystic mass located posterior to the
gastric fundus (Figure 1). The left kidney and spleen was clearly
identified. To better evaluate the mass, patient underwent
endoscopic ultrasonography that confirmed a hypoechoic mass
with a slightly heterogeneous internal echo and regular margins
located just below the gastroesophageal junction; the lesion
measured about 5.5 x 5 cm and seemed to be contiguous to the
fourth wall layer.

| )
Figure 2. The pictures show duplication cysts.
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On exploratory laparotomy, there were two cystic masses mea-
suring approximately 5 x 4 cm and 3 x 2 cm, which was slightly
adherent to anterior wall of stomach close to the greater curva-
ture (Figure 2). Totally excision of cystic masses without resec-
tion of stomach was performed for a presumed gastric dupli-
cation cyst.

Pathology confirmed a duplication cyst with gastric mucosa
and no evidence of malignancy.

Patient’s postoperative course was uneventful. She was dis-
charged on the postoperative day four and she is doing well
and symptomless six months post-operatively.

DISCUSSION

Gastric  duplication cysts are uncommon developmental
anomalies found primarily in children, being rarely diagnosed
in adults. However, diagnosis of the condition in an adult can
be difficult, as it is usually asymptomatic, or the symptoms are
nonspecific, with vague abdominal pain. Continued secretion
of enzymes and hydrochloric acid into the duplication cyst may
result in gastric ulceration, perforation of the gastric ulcer and
the formation of a fistula into adjacent organs, which can result
in gastrointestinal hemorrhage (4). Laboratory investigations of
gastric duplication cysts are usually unremarkable. Most gastric
duplications are localized along the greater curvature. They
may have a cystic or tubular configuration and may or may not
communicate with the gastric lumen. Non-communicating
cysts are more frequently encountered and can be identified
as intramural defects with an irregular profile of the stomach at
barium contrast radiography. Endoscopy may reveal a gastric
mass with intact, erythematous or ulcerated overlying mucosa.

Turk J Surg 2024; 40 (3): 264-266
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Yetiskinlerde nadir goriilen ¢oklu gastrik duplikasyon kisti: Olgu sunumu
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OZET

Bagirsak duplikasyonlari, gastrointestinal sistem boyunca herhangi bir yerde ortaya cikabilecek nadir gelisimsel anomalilerdir. Gastrik duplikas-
yon kistleri nadir gortilen konjenital anomalilerdir ve yetiskinlerde nadiren teshis edilir. Bununla birlikte, bir yetiskinde durumun teshisi zor olabilir
clinkt genellikle asemptomatiktir veya semptomlar spesifik degildir. Burada cerrahi rezeksiyon ile basarili bir sekilde tedavi edilen, yetiskinde
nadir goriilen semptomatik gastrik duplikasyon kisti olgusu sunulmaktadir.

Anahtar Kelimeler: Mide duplikasyon kisti, gastrointestinal duplikasyon, yetiskin, mide cerrahisi
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