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INFORMATION FOR THE AUTHORS

The Turkish Journal of Trauma and Emergency Surgery (TJTES) is an official
publication of the Turkish Association of Trauma and Emergency Surgery. It is
a peer-reviewed periodical that considers for publication clinical and experi-
mental studies, case reports, technical contributions, and letters to the editor.
Twelve issues are published annually.

Our journal is indexed in several prestigious databases, with the indexing
history detailed below:

As of 2001, the journal has been indexed in Index Medicus / Medline and
Scopus. Starting from 2005, it is included in Excerpta Medica and EMBASE.
From 2007 onwards, it has been listed in the Science Citation Index Expand-
ed (SCI-E) and the Journal Citation Reports / Science Edition. Since 2014,
the journal is indexed in EBSCOhost and ProQuest. As of 2023, it has been
added to PubMed Central.

The journal’s impact factor in SCI-E indexed journals is 1.1 according to the
2023 Journal Citation Reports (JCR). In PubMed, the journal is cited as ‘Ulus
Travma Acil Cerrahi Derg’.

Submission of a manuscript by electronic means implies: that the work has
not been published before (except in the form of an abstract or as part of a
published lecture, review, or thesis); that it is not under consideration for publi-
cation elsewhere; and that its publication in the Turkish Journal of Trauma and
Emergency Surgery is approved by all co-authors. The author(s) transfer(s)
the copyright to the Turkish Association of Trauma and Emergency Surgery
to be effective if and when the manuscript is accepted for publication. The
author(s) guarantee(s) that the manuscript will not be published elsewhere in
any other language without the consent of the Association. If the manuscript
has been presented at a meeting, this should be stated together with the
name of the meeting, date, and the place.

Manuscripts must be submitted in English. All submissions are initially re-
viewed by the editor, and then are sent to reviewers. All manuscripts are sub-
ject to editing and, if necessary, will be returned to the authors for answered
responses to outstanding questions or for addition of any missing information
to be added. For accuracy and clarity, a detailed manuscript editing is under-
taken for all manuscripts accepted for publication. Final galley proofs are sent
to the authors for approval.

Unless specifically indicated otherwise at the time of submission, rejected
manuscripts will not be returned to the authors, including accompanying ma-
terials.

Priority of publications is given to original studies; therefore, selection criteria
are more refined for reviews and case reports.

Manuscript submission: TJTES accepts only on-line submission via the
official web site (please click, www.travma.org.tr/en) and refuses printed
manuscript submissions by mail. All submissions are made by the on-line
submission system called Journal Agent, by clicking the icon “Online manu-
script submission” at the above mentioned web site homepage. The system
includes directions at each step but for further information you may visit the
web site (http://www.travma.org/en/journal/).

Manuscript preparation: Manuscripts should have double-line spacing,
leaving sufficient margin on both sides. The font size (12 points) and style
(Times New Roman) of the main text should be uniformly taken into account.
All pages of the main text should be numbered consecutively. Cover letter,
manuscript title, author names and institutions and correspondence address,
abstract in Turkish (for Turkish authors only), and title and abstract in English
are uploaded to the Journal Agent system in the relevant steps. The main text
includes Introduction, Materials and Methods, Results, Discussion, Acknowl-
edgments, References, Tables and Figure Legends.

The cover letter must contain a brief statement that the manuscript has been
read and approved by all authors, that it has not been submitted to, or is not
under consideration for publication in, another journal. It should contain the
names and signatures of all authors. The cover letter is uploaded at the 10th
step of the “Submit New Manuscript” section, called “Upload Your Files”.

Abstract: The abstract should be structured and serve as an informative
guide for the methods and results sections of the study. It must be prepared
with the following subtitles: Background, Methods, Results and Conclusions.
Abstracts should not exceed 200 words.

Figures, illustrations and tables: All figures and tables should be numbered
in the order of appearance in the text. The desired position of figures and
tables should be indicated in the text. Legends should be included in the rel-
evant part of the main text and those for photomicrographs and slide prepara-
tions should indicate the magnification and the stain used. Color pictures and
figures will be published if they are definitely required and with the under-

standing that the authors are prepared to bear the costs. Line drawings should
be professionally prepared. For recognizable photographs, signed releases of
the patient or of his/her legal representatives should be enclosed; otherwise,
patient names or eyes must be blocked out to prevent identification.

References: All references should be numbered in the order of mention in
the text. All reference figures in the text should be given in brackets without
changing the font size. References should only include articles that have been
published or accepted for publication. Reference format should conform to
the “Uniform requirements for manuscripts submitted to biomedical journals”
(http://www.icmje.org) and its updated versions (February 2006). Journal titles
should be abbreviated according to Index Medicus. Journal references should
provide inclusive page numbers. All authors, if six or fewer, should be listed;
otherwise the first six should be listed, followed by “et al.” should be written.
The style and punctuation of the references should follow the formats below:

Journal article: Velmahos GC, Kamel E, Chan LS, Hanpeter D, Asensio JA,
Murray JA, et al. Complex repair for the management of duodenal injuries. Am
Surg 1999;65:972-5.

Chapter in book: Jurkovich GJ. Duodenum and pancreas. In: Mattox KL, Fe-
liciano DV, Moore EE, editors. Trauma. 4th ed. New York: McGraw-Hill; 2000.
p. 735-62.

Our journal has succeeded in being included in several indexes, in this con-
text, we have included a search engine in our web site (www.travma.org.tr)
so that you can access full-text articles of the previous issues and cite the
published articles in your studies.

Review articles: Only reviews written by distinguished authors based on the
editor’s invitation will be considered and evaluated. Review articles must in-
clude the title, summary, text, and references sections. Any accompanying
tables, graphics, and figures should be prepared as mentioned above.

Case reports: A limited number of case reports are published in each issue
of the journal. The presented case(s) should be educative and of interest to
the readers, and should reflect an exclusive rarity. Case reports should contain
the title, summary, and the case, discussion, and references sections. These
reports may consist of maximum five authors.

Letters to the Editor: “Letters to the Editor” are only published electronically
and they do not appear in the printed version of TJTES and PubMed. The edi-
tors do not issue an acceptance document as an original article for the “letters
to the editor. The letters should not exceed 500 words. The letter must clearly
list the title, authors, publication date, issue number, and inclusive page num-
bers of the publication for which opinions are released.

Informed consent - Ethics: Manuscripts reporting the results of experimental
studies on human subjects must include a statement that informed consent
was obtained after the nature of the procedure(s) had been fully explained.
Manuscripts describing investigations in animals must clearly indicate the
steps taken to eliminate pain and suffering. Authors are advised to comply
with internationally accepted guidelines, stating such compliance in their man-
uscripts and to include the approval by the local institutional human research
committee.

POLICIES

Open Access Policy: The Turkish Journal of Trauma and Emergency
Surgery - TJTES (Ulusal Travma ve Acil Cerrahi Dergisi) supports the Bu-
dapest Open Access Initiative statement of principles that promotes free ac-
cess to research literature. The declaration defines open access to academic
literature as free availability on the internet, permitting users to read, record,
copy, print, search, or link to the full text, examine them for indexing, use them
as data for software or other lawful purposes without financial, legal, or techni-
cal barriers. Information sharing represents a public good, and is essential to
the advancement of science. Therefore, articles published in this journal are
available for use by researchers and other readers without permission from
the author or the publisher provided that the author and the original source are
cited. The articles in TJTES are accessible through search engines, websites,
blogs, and other digital platforms.

Additional details on the Budapest Open Access Initiative and their guidelines
are available at https://www.budapestopenaccessinitiative.org/, including a
Turkish translation of the recommendations at http://www.budapestopenac-
cessinitiative.org/boai-10-translations/turkish-translation.

Creative Commons License: A Creative Commons license is a public copy-
right license that enables the free distribution of copyrighted work. TITES
articles are licensed under the Attribution-NonCommercial-ShareAlike 4.0 In-
ternational (CC BY-NC 4.0) version. The author grants the right to share and
use original work with the condition that it be appropriately credited, it may



POLICIES

not be used for commercial purposes, and secondary products must also be
made available under the same terms of use. Specific details can be found at
https://creativecommons.org/licenses/by-nc/4.0/.

TJTES is committed to encouraging dissemination of academic work and in-
terdisciplinary cooperation.

Ethics Policy: The observance of ethical principles throughout the research
and publication process is fundamental to ensuring the integrity of the work
and furthering the goal of contributing to and sharing high-quality, objective,
reliable, and useful information.

TJTES has adopted ethical principles based on the guidelines prepared by
the Committee on Publication Ethics (COPE) (https://publicationethics.org/).
We implement these processes to ensure appropriate support for our authors
and their institutions, as well as our readers. It is crucial that all of the stake-
holders in the process (authors, readers and researchers, publishers, review-
ers, and editors) comply with ethical principles.

Ethical Responsibilities of the Authors:

+ Studies submitted for publication must be original work of the author. Ref-
erences to other studies must be cited and/or quoted completely and ac-
curately;

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

« All competing interests or relationships that may be perceived to constitute
a conflict of interest must be declared and explained;

+ All studies involving human or animal subjects must comply with national
and international laws and guidelines regarding privacy and ethical con-
duct (e.g., World Medical Association Declaration of Helsinki, US National
Institutes of Health Policy on the Use of Laboratory Animals, EU Directive
on the Use of Animals) and the details of approval and observance should
be indicated in the Materials and Methods section of the manuscript;

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

» Raw data and other material used in the article must be available and may
be requested from the author(s) in order to verify the validity of the reporting;

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

« Authors may not submit their article for publication to more than one journal
simultaneously. Each application must be initiated following the completion
of any previous effort. Previously published articles, will not be accepted,
including translations, without the proper acknowledgement of the original
author;

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

Ethical Duties and Responsibilities of the Editors: The editor is responsi-
ble for everything published in the journal. In the context of this responsibility,
editors have the following duties and obligations:

» Endeavor to meet the needs of readers and authors;
» Maintain continuous development to improve the journal;

» Consistently work to ensure quality and academic integrity. The editor is re-
sponsible for confirming that the publishing policies and standards are up-
held;

+  Support freedom of thought;

+ Prevent business needs or other considerations from compromising intel-
lectual and ethical standards, including acting in a balanced, objective, and
fair manner in the course of their duties without any discrimination based
on gender, religious or political beliefs, ethnic or geographical origin, spon-
sorship, renown, or other influence;

»  Apply the publicly defined publication policies created and enforced to en-
sure a timely and impartial evaluation process for all submissions;

+ Protect intellectual property and to defend the rights of the journal and
author(s);

» Demonstrate clarity and transparency. The editor is expected to ensure
that any errors, inconsistencies, or misleading statements are corrected
quickly and appropriately acknowledged;

+ Perform a thorough, timely, and objective investigation of any complaint or
allegation of misconduct, including providing the opportunity for the author
to present information refuting accusations, and to share the findings and
conclusions and implement appropriate action, which may include, but is
not limited to rejection of an article.

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

Author Relationship:

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

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

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

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

+ A description of the submission and evaluation process is publicly avail-
able;

+ Authors are provided with descriptive and informative feedback.
Reviewer Relationship:

« Reviewers are to be selected according to the subject of the study;
+ Information and guidance for the evaluation phase is provided;

+ Any conflicts of interest between authors and reviewers will be disclosed
and managed appropriately;

» Reviewer identity is to be kept confidential to preserve a blind review pro-
cess;

« Reviewers are to evaluate the study using unbiased, scientific, and con-
structive comments. Unkind or unscientific commentary will not be permit-
ted;

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

+ The pool of reviewers is to be assessed and supplemented regularly to
ensure a broad scope of expertise.

Editorial Board Relationship: The editor works with the members of the
editorial board to ensure that they are familiar with journal policies and devel-
opments in regular meetings and announcements, and will provide training for
new members and assistance to board members during their tenure in their
role as a supporter of the journal.

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

+  Members of the editorial board must evaluate studies impartially and inde-
pendently;

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

» The editor will maintain regular contact with the editorial board and hold
regular meetings regarding the development of editorial policies and other
aspects of journal management.

Creativity and Openness:
+ Constructive criticism is to be encouraged;

» Authors will be given the opportunity to reply to criticism or lodge com-
plaints;

» Negative results will not be a reason for submission denial.

Ethical Responsibilities of the Reviewers: Peer review of research em-
bodies the scientific method, subjecting the work to the exacting scrutiny of
knowledgeable colleagues. The rigor of the review process directly affects the
quality of the literature; it provides confidence in an objective and independent
evaluation of the published work. TJTES uses a double-blind review process.
All comments and the evaluation are transmitted through the journal manage-
ment system. Reviewers should:



+ Only agree to evaluate studies related to their specialty;
+ Return reviews promptly and within the designated timeframe;

+ Evaluate with impartiality. Nationality, gender, religious beliefs, political be-
liefs, commercial concerns, or other considerations must not influence the
evaluation;

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

+ Maintain confidentiality of all information. Destroy manuscripts and related
material following the review. Only the final published version may be used
for any purpose;

+ Report any suspicion of misconduct to the editor;

+ Use thoughtful and constructive language intended to improve the quality
of the article. Hostile or derogatory comments are not acceptable.

Ethical Responsibilities of the Publisher: The role of the publisher includes
stewardship of the scholarly record. As such, the publisher should:

+ Abide by ethical principles related to research integrity; the process of ap-
plication, review, and selection; and publication;

+ Collaborate with the editor and the editorial board to maintain and develop
the journal in a relationship that recognizes editorial independence and is
defined by written agreement;

+ Publish content in a timely manner, including corrections, clarifications,
and retractions;

* Preserve published work.

The publication processes of the journal are conducted in accordance with
the guidelines of International Committee of Medical Journal Editors (ICMJE),
the World Association of Medical Editors (WAME), the Council of Science
Editors (CSE), the Committee of Publication Ethics (COPE), the European
Association of Science Editors (EASE) and National Information Standards
Organization (NISO).

Examples of some activities considered to be contrary to scientific re-
search and publication ethics:

+ Plagiarism: The representation of the ideas, methods, data, or other work
of another, in whole or in part, as one’s own. The original source must be
appropriately acknowledged. Authors are encouraged to offer unique work
that does not rely on substantial use of other sources, regardless of cita-
tion.

» Fraud: The use of fabricated or falsified data or other deceptive misrepre-
sentation of fact.

+ Distortion: Manipulation of the research records, data, images, or results,
or presenting unused devices or materials as if they were used in the
research, particularly in the interests of study sponsors.

» Republication: Duplicate submissions presented as unique publications.

+ Slicing: The use of a portion of data or findings derived from a single re-
search idea in multiple smaller units as separate publications.

+ Inaccurate authorship: The inclusion of individuals as named authors who
were not active contributors, the failure to include contributors, or the inap-
propriate ranking of authors.

+ Lack of acknowledgement of individuals, institutions, or organizations that
provided financial or other substantial support to the work.

+ Use of a thesis or unpublished study without the permission of the owner.

+ Failure to comply with ethical rules for human and animal research, includ-
ing respect for patient rights and animal welfare, or obtaining the required
approval.

+  The misuse of resources, facilities, or devices provided for scientific re-
search.

+ The use of false or misleading statements.

On rare occasions it may be necessary for a journal to impose sanctions on
researchers who have engaged in questionable research practices or publish-
ing ethics malpractice: for example, a ban against publishing any further ar-
ticles in the journal when doing so puts the journal’s reputation demonstrably
at risk, or not permitting a researcher to serve as a reviewer or editor. Bans of
this nature may be implemented for a period of time and revoked or extended
if necessary, upon review at the conclusion of the allotted time period. Sanc-
tions may be appealed by writing to the journal editor.

Plagiarism Policy: Plagiarism is the theft of another’s work and a violation of
ethics, regardless of whether it is intentional or not. It is unacceptable conduct

to submit or publish manuscripts using other sources without appropriately
citing the reference. It is the policy of TITES, to use plagiarism detection soft-
ware for all submissions and to perform an editorial review when necessary.
The editor or the editorial board may request revision or reject a manuscript
that does not meet publication standards, including plagiarism, citation or
other manipulation, or any fraudulent misrepresentation.

Copyright Transfer: Manuscripts submitted for publication in TJTES should
be original, unpublished work. Upon submission, the authors are obliged to
declare that the study, in whole or in part, has not been previously published
or evaluated for publication on any other platform. Sanctions may be applied
for failure to observe this policy.

Authors agree to transfer copyright privileges upon submission to the TJTES.
This transfer takes effect upon acceptance for publication. No part of pub-
lished material may be used for any other purpose without the written permis-
sion of the publisher.

Authors should obtain any necessary permission from the copyright holder
when using content previously published in printed or electronic format, in-
cluding pictures, tables, or other elements. The legal, financial, and criminal
responsibility resides with the author.

Authors must return a completed copyright transfer form upon submission.

Conflict of Interest: The editor is required to ensure that any conflicts of inter-
est between authors, reviewers, or other parties are disclosed and managed
appropriately to provide an independent and impartial process.

Any potential perception of a financial or personal interest that may affect
decision-making creates a conflict of interest. The presence of a conflict of
interest is independent of the occurrence of inappropriateness. The reliability
of the scientific process and published articles is directly related to the objec-
tive consideration of conflicts of interest during the planning, implementation,
writing, evaluation, editing, and publication of scientific studies.

Financial relationships are the most easily identified conflicts of interest, and if
undisclosed, they undermine the credibility of the journal, the authors, and the
science. However, conflicts can also occur through individual relationships,
academic competition, intellectual approach, and more. Authors should re-
frain as much as possible from any relationship that could restrict their ability
to objectively access data or analyze, interpret, prepare, and publish their
article. Authors must disclose any relationships related to study submissions.

Editors and peer reviewers should also be aware of potential conflicts of inter-
est and refrain from engaging in any activity that could be questionable and
report associations that could be perceived as presenting a conflict.

The publication team works diligently to ensure that the evaluation process is
conducted in an impartial manner in order to protect the interests of all parties.

The conflict of interest form and more detailed information are available at:
http://www.icmje.org/disclosure-of-interest/

Artificial Intelligence (Ai)-Assisted Technology

At submission, the journal should require authors to disclose whether they
used artificial intelligence (Al)— assisted technologies (such as Large Lan-
guage Models [LLMs], chatbots, or image creators) in the production of sub-
mitted work. Authors who use such technology should describe, in both the
cover letter and the submitted work, how they used it. Use of Al for writing
assistance should be reported in the acknowledgment section. Authors who
used Al technology to conduct the study should describe its use in the meth-
ods section in sufficient detail to enable replication to the approach, includ-
ing the tool used, version, and prompts where applicable. Chatbots (such as
ChatGPT) should not be listed as authors because they cannot be respon-
sible for the accuracy, integrity, and originality of the work, and these responsi-
bilities are required for authorship. Therefore, humans are responsible for any
submitted material that included the use of Al-assisted technologies. Authors
should carefully review and edit the result because Al can generate author-
itative-sounding output that can be incorrect, incomplete, or biased. Authors
should not list Al and Alassisted technologies as an author or co-author, nor
cite Al as an author. Authors should be able to assert that there is no plagia-
rism in their paper, including in text and images produced by the Al. Humans
must ensure there is appropriate attribution of all quoted material, including
full citations.

Publishing Fee: In order to further improve the quality and accessibility of the
journal, a fee will be charged as a contribution to the cost of production. This
fee will be charged during the process of application of submitted articles and
will be charged regardless of eventual acceptance/rejection of the manuscript.

Foreign authors can complete the article submission process after depositing



USD 600.- to the USD account.

Turkish authors can complete the article submission process after depositing
5000.- TL to the account.

The article number released at the last stage of the article upload process
must be written in the bank shipment description section.

Fast-track Publication Fee

The Turkish Journal of Trauma and Emergency Surgery, the scientific publica-
tion of the National Association of Trauma and Emergency Surgery, has now
added the option of a Fast-track Publication Fee to meet the demand for an

accelerated publication process. The charge for early publication is 10,000 TL
for Turkish authors and 1000 USD for foreign authors.

Article Processing Charge

Starting with the first issue of 2024, the Turkish Journal of Trauma and Emer-
gency Surgery will be introducing an Article Processing Charge (APC) of 200
USD for articles published in the journal. This charge is necessary to cover the
costs associated with the publication services provided by the journal. These
services include article management costs, the production of articles in PDF
and other formats, and the distribution of published articles to various venues
and other publishing functions.
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EXPERIMENTAL STUDY

Fraxin as a promising molecule in the pharmacological
treatment of acute mesenteric ischemia: an experimental

study
ismail Aydin,' © Furkan Ali Uygur," © Omer Emecen,? ©® Demet Sengiil®

'Department of General Surgery, Giresun University Faculty of Medicine, Giresun-Ttirkiye
?Department of Biochemistry, Giresun University Faculty of Medicine, Giresun-Tiirkiye
SDepartment of Pathology, Giresun University Faculty of Medicine, Giresun-Tiirkiye

ABSTRACT

BACKGROUND: Ischemia-reperfusion (I-R) injury associated with acute mesenteric vascular occlusion can lead to severe impair-
ment of intestinal tissue and may become a life-threatening condition if not treated in the early clinical stages. Previous studies have
suggested that fraxin may exert protective effects against I-R—induced mesenteric injury due to its antioxidant and anti-inflammatory
properties.

METHODS: This experimental study was conducted using healthy male Wistar albino rats. The animals were divided into four
groups: a Sham group (superior mesenteric artery [SMA] isolated but not occluded), a Control group (SMA isolated and I-R induced),
a 10 mg/kg Fraxin group, and a 50 mg/kg Fraxin group (fraxin administered before reperfusion). Total antioxidant status (TAS), total
oxidant status (TOS), superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase (CAT) activities were evaluated.
Histopathological examinations and inflammatory markers, including tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), and
myeloperoxidase (MPO), were also analyzed.

RESULTS: In the Sham group, SOD activity was 135.2+10.5 U/mg protein, GPx activity was 65.3+4.7 U/mg protein, and CAT activity
was 85.11£5.8 U/mg protein. In the Control group, these values were 95.4£7.9, 45.7+3.6, and 60.3+4.2 U/mg protein, respectively. In 10
mg/kg Fraxin group, SOD, GPx, and CAT activities were |15.618.4, 55.8+4.2, and 75.6+5.5 U/mg protein, respectively; in the 50 mg/
kg Fraxin group, the corresponding values were 130.8+9.7, 60.2+4.8, and 90.4+6.3 U/mg protein. Significant decreases in TNF-a, IL-6,
and MPO levels were observed in the Fraxin-treated groups (p<0.05).

CONCLUSION: Fraxin administration preserved tissues and improved antioxidant parameters by reducing oxidative stress and
inflammation in the acute mesenteric artery ischemia—reperfusion injury (AMAIRI) model. Based on these findings, fraxin may be
considered a potential therapeutic option for mesenteric ischemia-reperfusion-related injuries.

Keywords: Acute mesenteric vascular occlusion; anti-inflammatory activity; antioxidant activity; fraxin; ischemia—reperfusion injury.

INTRODUCTION clinical stage. Acute mesenteric ischemia (AMI) has been re-

ported in 0.11% of all patients presenting to the emergency
Experimental models of acute mesenteric vascular occlusion department (ED), corresponding to a frequency of nearly |
with ischemia-reperfusion (I-R) injury in small intestinal tis-  in 1,000 patients.'! However, despite significant advances in
sues cause severe tissue damage and may develop into a po- diagnostic techniques, perioperative management, and surgi-
tentially lethal surgical emergency if not diagnosed at an early ~ cal interventions over the past decades, the mortality rate
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of AMI remains between 32% and 69%.” These rates may
vary depending on geographical region, healthcare facilities,
and population characteristics.”! This high mortality rate un-
derscores the severity of AMI and highlights the importance
of early diagnosis and timely management.

The most common pathophysiological mechanisms of I-R in-
jury include superior mesenteric artery (SMA) embolism, su-
perior mesenteric artery thrombosis associated with chronic
atherosclerosis, non-critical mesenteric ischemia, abdominal
aortic aneurysm surgery, cardiopulmonary bypass, strangu-
lated hernia, neonatal necrotizing enterocolitis, intestinal
transplantation, and hemorrhagic-hypovolemic shock.M! In-
terruption of blood circulation causes ischemic damage by
rapidly disrupting tissue metabolism, whereas restoration of
blood flow can further exacerbate tissue injury. Reperfusion
following hypoperfusion leads to severe damage to the intes-
tinal mucosa and cells and can trigger a range of pathological,
molecular; and biochemical changes, particularly when diag-
nosis or treatment is delayed.®! While ischemic tissue injury
primarily results from oxygen deprivation and cell death as-
sociated with energy depletion, reperfusion further increases
oxidative stress and local tissue damage and may trigger sys-
temic inflammation or widespread inflammatory responses.

These considerations suggest that I-R injury requires further
investigation, as such injuries can cause substantial impair-
ment in both quality of life and overall health. A better under-
standing of I-R injury may facilitate the development of new
therapeutic strategies for the management of these injuries
in clinical practice.

It has been hypothesized that fraxin may prevent or attenuate
mesenteric I-R injury due to its antioxidant and anti-inflam-
matory properties. This hypothesis is based on the ability of
fraxin to act as a radical scavenger, inhibit lipid peroxidation,
and suppress the production of pro-inflammatory cytokines.
171 Supporting this hypothesis, several studies have demon-
strated that fraxin exerts protective effects against I-R injury
in various organs and tissues. For example, previous studies
have shown that fraxin reduces oxidative stress and exhibits
anti-inflammatory activity in renal ischemia-reperfusion injury.
B Additionally, similar protective effects of fraxin have been
demonstrated in lung tissue.’! Moreover, research findings in-
dicate that fraxin has hepatoprotective effects against toxic
injury in liver cells.' Therefore, this study aimed to investi-
gate the effects of fraxin administration on intestinal I-R injury.

The aim of this study was to evaluate the potential of fraxin
to regulate or attenuate I-R-induced mesenteric injury in a rat
model based on biochemical and pathological findings. Fur-
thermore, the findings of the present study may contribute
to the development of novel therapeutic approaches for the
treatment of mesenteric ischemia-reperfusion injury.

MATERIALS AND METHODS

This study was conducted at the Giresun University Experi-
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mental Animals Research and Application Center. Healthy
young adult male Wistar albino rats with an initial body
weight between 250 and 300 g were used in the study. To
ensure experimental consistency, only rats weighing between
180 and 200 g were included. Inclusion and exclusion criteria
were established to ensure that only healthy animals within
the specified weight range were used in the experiments.
To control for potential confounding variables, rats with any
signs of disease, injury, or body weight outside the predefined
range were excluded from the experiment. All procedures
were conducted in accordance with these criteria to maintain
the validity and consistency of the experimental groups, fol-
lowing commonly accepted research practices. The rats were
assigned to four groups, each consisting of eight animals. An-
esthesia was induced by intramuscular injection of ketamine
HCl at a dose of 80 mg/kg (Ketalar®; Pfizer, Istanbul, Tiirkiye)
and xylazine HCI at a dose of 3 mg/kg (Rompun®; Bayer, Is-
tanbul, Turkiye).

Study Design
In this study, a controlled experimental design was used.

* Group | (Sham group): The superior mesenteric artery
was identified but not ligated. The abdominal wall was closed
in two layers using No. 2 polypropylene sutures, and the rats
were euthanized after | hour and 45 minutes.

* Group 2 (Control group): The SMA was dissected, and
ischemia was induced using a non-traumatic microvascular
clip. The abdomen was then closed. The durations of isch-
emia and reperfusion were set at 45 minutes and 60 minutes,
respectively, as established in previous studies. The effects of
different durations were not investigated in this study; how-
ever, the selected durations are widely used in experimental
models and provide reliable results.!'"'2 After 45 minutes of
ischemia, laparotomy was performed, the clamp was released,
and reperfusion was initiated. I-R injury was induced by re-
perfusion, and the rats were euthanized after 60 minutes.

* Group 3 (Fraxin 10 mg/kg group): The procedure was
identical to that used in Group 2, with the addition of intra-
peritoneal administration of fraxin at a dose of 10 mg/kg prior
to reperfusion. The rats were euthanized after 60 minutes of
reperfusion.

* Group 4 (Fraxin 50 mg/kg group): The procedure was
identical to that used in Group 2. Fraxin was administered
intraperitoneally at a dose of 50 mg/kg prior to reperfusion.
The rats were euthanized after 60 minutes of reperfusion.

Dose Selection

The doses of 10 mg/kg and 50 mg/kg fraxin were selected
based on previous studies in the literature. These studies
determined the effective dose range and demonstrated the
efficacy of these doses in I-R injuries in different organs and
tissues.®?

This study design was carefully planned and implemented to
ensure that the experimental groups were as comparable as
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possible and that the results obtained would be reliable and
valid.

Interventions, Experiments, or Treatments

All animals received intramuscular injection of cefuroxime at
a dose of 20 mg/kg/day following the initial surgical proce-
dures. Throughout the experiment, the body temperature
of the rats was maintained at approximately 37.5°C using a
heat lamp. At the end of the experimental period, the rats
were anesthetized with ketamine and xylazine. Blood samples
were then collected from the heart using a syringe and trans-
ferred into microcentrifuge tubes. The samples were centri-
fuged at 3,000 g to obtain serum for biochemical analysis.
The abdomen was subsequently reopened, and intestinal tis-
sue samples measuring approximately 6—8 cm in length were
obtained from the terminal ileum. The samples were washed
with cold saline and fixed in 10% neutral formaldehyde solu-
tion. Additional blood samples were collected in ethylene-
diaminetetraacetic acid (EDTA)-containing tubes to prevent
clotting and centrifuged to obtain plasma for biochemical
analysis; the plasma samples were stored at -80°C. The in-
testinal tissues were embedded in paraffin blocks, and 5 pm
thick sections were prepared and stained with hematoxylin
and eosin (H&E). Histological sections were examined under
a microscope by a pathologist who was blinded to the ex-
perimental procedures. Total antioxidant status (TAS), total
oxidant status (TOS), superoxide dismutase (SOD), glutathi-
one peroxidase (GPx), and catalase (CAT) activities in plasma
and tissue samples were measured using spectrophotometric
methods with commercial kits. At the end of the study, all
rats were euthanized by the decapitation method.

Methods of Measurement and Calculations
Biochemical Tests

Total Antioxidant Status Measurement: TAS levels
were measured using the Total Antioxidant Status kit (Rel As-
say Diagnostics, Tiirkiye). In this method, ABTS (2,2'-azinobis
(3-ethylbenzothiazoline-6-sulfonate)) is oxidized to ABTSe+
by hydrogen peroxide in an acidic buffer solution (30 mmol/L,
pH 3.6). The ABTS+ forms a stable dark green-colored com-
plex in an acetate buffer. During serial dilution, the dark green
color gradually disappears upon dilution in a more concen-
trated, higher-pH acetate buffer solution (0.4 mol/L, pH 5).
The loss of this color occurs at a rate proportional to the
concentration of antioxidants present in the sample. This re-
action can be monitored spectrophotometrically, and the rate
of decolorization is inversely proportional to the total anti-
oxidant capacity (TAC) of the sample. This reaction is quanti-
fied using Trolox™ (6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid), a water-soluble analog of vitamin E. The
results obtained with this method are expressed as mmol
Trolox equivalent/L.

Total Oxidant Status Measurement: TOS levels were
measured using the Total Oxidant Status kit (Rel Assay Di-
agnostic, Tirkiye). In this method, oxidant molecules in the
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sample convert the ferrous ion (Fe?*)-o-dianisidine complex
to ferric ions (Fe**). The oxidation reaction is enhanced by
glycerol molecules present in the reaction medium. Ferric
ions then form a colored complex with xylenol orange in an
acidic environment. The intensity of the color is proportional
to the amount of oxidant molecules present in the sample.
The assay is calibrated using hydrogen peroxide (H,O,). Re-
sults are expressed as micromolar hydrogen peroxide equiva-
lents per litter (umol H202 equiv./L).

SOD, GPx, and CAT Level Measurement Methods

* SOD Activity: SOD activity was measured using a spec-
trophotometric method based on the inhibition of nitroblue
tetrazolium (NBT) reduction by superoxide generated by the
xanthine—xanthine oxidase system. Results were expressed
as units of SOD per milligram of protein (U/mg protein).

* GPx Activity: GPx activity was determined using a spectro-
photometric method based on the oxidation of nicotinamide
adenine dinucleotide phosphate (NADPH) to nicotinamide
adenine dinucleotide phosphate (NADP+) in the presence
of reduced glutathione, glutathione reductase, and hydrogen
peroxide. The results were expressed as U/mg protein.

e CAT Activity: CAT activity was measured by monitor-
ing the decomposition of hydrogen peroxide through the de-
crease in absorbance at 240 nm in the presence of catalase.
Results were expressed as U/mg protein.

Histopathological Examination

Terminal ileum tissues were embedded in parallel wax, sec-
tioned, and stained with hematoxylin and eosin. Histological
sections were examined under light microscopy by a patholo-
gist who was blinded to the experimental procedures. Intes-
tinal lesions were graded according to a five-level ischemia-
reperfusion injury scoring system adapted from Quaedackers
etal.:

e Grade 0: Normal villi and mucosa

* Grade |: Development of subepithelial space at the villus tip
with villous edema and occlusion

* Grade 2: Development of a subepithelial space at the villus
tip with bleeding and fragmentation at the villus tip

* Grade 3: Loss and fragmentation of the villus tip

* Grade 4: Complete separation of the villi from the lamina
propria

* Grade 5: Necrosis of the entire wall with fragmentation of
the lamina propria.

Statistical Analysis

A power analysis was performed to determine the appropri-
ate sample size for the study. Based on the results of the
power analysis, it was determined that eight rats per group
were required. Experimental ischemia-reperfusion studies
reported in the literature were used as references to deter-
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mine the appropriate number of animals required for statisti-
cal evaluation. Based on these references, the optimal sample
size was selected for this study. Statistical analyses were
performed using MedCalc (MedCalc Software Ltd., Ostend,
Belgium) and GraphPad Prism version 9.0.1. Variables were
expressed as meanstandard deviation. The Kruskal-Wallis H
test was used for comparisons among more than two groups,
and Dunn's test was applied for post hoc comparisons. Statis-
tical significance was defined as p<0.05 (two-tailed).

The study was conducted in compliance with ethical stan-
dards for animal experimentation. The study protocol was
approved by the Local Ethics Committee of Giresun Univer-
sity (approval number: 08.06.2020/6859/21). All procedures
involving animals were carried out in accordance with the
Guide for the Care and Use of Laboratory Animals and ad-
hered to the principles outlined in the EU Directive 2010/63/
EU on the protection of animals used for scientific purposes.

RESULTS

In this study, MDA and TAS levels were compared among the
four groups. In the Sham group, the MDA level was 45.5+9.0
pumol/L, whereas this value was 42.5+10.8 pmol/L in the
Control group. In the Fraxin-treated groups, MDA level was
33.6x11.4 umol/L at the 10 mg/kg dose and 56.3£16.5 pmol/L

Aydin et al. Fraxin; promising molecule in AMI: experimental study

at the 50 mg/kg dose. In terms of TAS levels, the values were
1.21£0.12 mmol Trolox equiv./L in the Sham group, 1.21£0.15
mmol Trolox equiv./L in the Control group, 1.81£0.91 mmol
Trolox equiv./L in the 10 mg/kg Fraxin group, and 1.27+0.28
mmol Trolox equiv./L in the 50 mg/kg Fraxin group (Table I,
Figure |A-B).

Histopathological examinations revealed three normal, three
edematous, and two fragmented villi in the Sham group. In
the Control group, two normal, two edematous, two hem-
orrhagic, one fragmented, and one detached villus were
observed. In the 10 mg/kg Fraxin group, three normal, one
fragmented, one detached, and three necrotic villi were iden-
tified, whereas in the 50 mg/kg Fraxin group, five normal, one
hemorrhagic, one fragmented, and one necrotic villus were
observed (Table 2).

Regarding local and systemic inflammatory markers, the tu-
mor necrosis factor alpha (TNF-a) level was 15.2+2.1 pg/
mL, the interleukin-6 (IL-6) level was 12.3£1.8 pg/mL, and
the myeloperoxidase (MPO) level was 10.5+1.3 U/mg pro-
tein in the Sham group. In the Control group, these values
were 35.4+5.3 pg/mL, 40.6x4.9 pg/mL, and 25.84£3.6 U/mg
protein, respectively. In the Fraxin-treated groups, the levels
were TNF-a 20.7+3.2 pg/mL, IL-6 22.4+2.5 pg/mL, and MPO
14.2+2.0 U/mg protein at the 10 mg/kg dose, and TNF-a

Table I. Malondialdehyde (MDA) and total antioxidant status (TAS) levels across the four study groups

Group MDA (pmol/L) TAS (mmol Trolox equiv./L) p-value (MDA) p-value (TAS)
Group | (Sham) 45.5+9.0 1.21£0.12 0.045 0.510
Group 2 (Control) 42.5+10.8 1.210.15 0.048 0.515
Group 3 (Fraxin 10 mg/kg) 33.6x11.4 1.81£0.91 0.036 0.475
Group 4 (Fraxin 50 mg/kg) 56.3£16.5 1.27+0.28 0.039 0.480

(b)

Figure 1. (a) Bar graph showing malondialdehyde (MDA) levels across the four groups (presented as meanztstandard error). (b) Bar graph
showing total antioxidant status (TAS) levels across the four groups (presented as meantstandard error).
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Table 2. Histopathological grading and findings across the study groups
Group Grade 0 Grade | Grade 2 Grade 3 Grade 4 Grade 5 Total
(Normal) (Edema) (Hemorrhage) (Fragmentation) (Separation) (Necrosis) (n)
Sham 3 3 0 2 0 0 8
Control 2 2 2 | | 0 8
Fraxin 10 mg/kg 3 0 0 | | 3 8
Fraxin 50 mg/kg 5 0 | | 0 I 8
Table 3. Comparison of local and systemic inflammatory markers
Group TNF-a IL-6 MPO p-value p-value p-value
(MeantSD) (MeantSD) (MeantSD) (TNF-a) (IL-6) (MPO)
Sham 15.2£2.1 12.3£1.8 10.5£1.3 0.05 0.04 0.03
Control 35.4+5.3 40.6+4.9 25.8+3.6 0.02 0.0l 0.0l
Fraxin 10 mg/kg 20.7+3.2 22.4+2.5 14.2+2.0 0.04 0.03 0.02
Fraxin 50 mg/kg 18.3£2.8 19.8£3.1 13.1£1.7 0.03 0.02 0.02

18.3+2.8 pg/mL, IL-6 19.8£3.1 pg/mL, and MPO 13.1£1.7 U/
mg protein at the 50 mg/kg dose (Table 3).

In our study, although biochemical assessments indicated a
marked improvement in antioxidant capacity, the rate of tis-
sue necrosis was higher in the Fraxin-treated groups (particu-
larly the low-dose group) compared to the other groups. This
finding appears inconsistent with the observed biochemical
improvement. We believe that studies with longer follow-up
periods and larger sample sizes may provide clearer results.

In conclusion, Fraxin treatment reduced oxidative stress and
inflammation while enhancing antioxidant defense mecha-
nisms. These findings demonstrate a protective role of fraxin
in acute mesenteric ischemia-reperfusion injury.

DISCUSSION

The aim of this study was to evaluate the protective effects
of fraxin against ischemia-reperfusion injury of the small in-
testine. The results demonstrated that Fraxin exerted a pro-
tective effect against I/R-induced tissue damage by reducing
oxidative stress and inflammation and by enhancing antioxi-
dant defense mechanisms. In the present study, Fraxin-treat-
ed groups showed increased levels of total antioxidant sta-
tus and decreased levels of total oxidant status. Additionally,
significant increases were observed in the activities of anti-
oxidant enzymes, including SOD, GPx, and CAT. Moreover,
compared with the control group, Fraxin-treated groups
exhibited markedly reduced levels of inflammatory markers
such as TNF-q, IL-6, and MPO. Histopathological examina-
tion also demonstrated that Fraxin reduced intestinal dam-
age and helped preserve the structural integrity of villi. These
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findings indicate that fraxin may serve as a potential therapeu-
tic agent in mesenteric I/R injury.

The findings of this study demonstrate the protective effects
of fraxin against acute mesenteric ischemia-reperfusion in-
jury. Fraxin administration reduced oxidative stress and in-
flammatory responses while enhancing antioxidant defense
mechanisms in tissues. Previous studies have also reported
similar protective effects of fraxin in ischemia—reperfusion
injury affecting other organs. For instance, Topdag et al.¥l re-
ported that fraxin reduces oxidative stress and inflammation
during renal ischemia—reperfusion injury. Similarly, Okubo et
al.'1 demonstrated its protective effects in lung ischemia-re-
perfusion injury. Nanayakkara et al.l' also showed that fraxin
protects against ischemic tissue damage in cardiac muscle.
Together, these findings suggest that fraxin could be used as
an effective agent for treating mesenteric ischemia-reperfu-
sion injuries.

The present research findings show that fraxin has protec-
tive effects by reducing inflammatory markers such as TNF-a,
IL-6, and MPO in acute mesenteric ischemia-reperfusion
injury. The effects observed with fraxin are consistent with
findings from other studies on I/R injuries reported in the
literature. For example, igoglu Aksakal et al.l'! demonstrat-
ed that umbelliferone reduced TNF-q, IL-6, and MPO lev-
els. Similarly, the present study found that fraxin produced
comparable reductions in these inflammatory markers.['"!
Ali et al.l'! reported that raloxifene decreased TNF-a and
IL-6 levels while increasing antioxidant capacity. These find-
ings indicate that raloxifene reduces inflammation and oxida-
tive stress, supporting effects similar to those observed with
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fraxin.l'! In another study, Karatas et al.'} investigated to-
cilizumab and reported reduced TNF-a and IL-6 levels along
with an enhanced antioxidant defense system. This suggests
that tocilizumab suppresses the inflammatory response, fur-
ther supporting the anti-inflammatory effects observed with
fraxin.l'! Furthermore, Zengin et al.l'¥ showed that cerium
oxide nanoparticles decreased TNF-a and IL-6 levels and
reduced MPO activity. The The above findings demonstrate
the anti-inflammatory properties of fraxin.l'¥l Alvani et al.l']
demonstrated that acacetin reduced TNF-a and IL-6 levels
while increasing antioxidant enzyme activity. Taken together,
these results demonstrate that fraxin has beneficial effects
on inflammation and oxidative stress.l'”) In conclusion, this
study, along with other research in the literature, indicates
that fraxin is an effective protective agent against mesenteric
ischemia-reperfusion injuries by reducing inflammatory mark-
ers and enhancing antioxidant defenses. These findings are
supported by similar outcomes, as evidenced by decreased
TNF-q, IL-6, and MPO levels.

The findings of this study indicate that acute mesenteric isch-
emia-reperfusion injury can be mitigated by fraxin through its
ability to increase the levels of antioxidant enzymes such as
SOD, GPx, and CAT. Other investigations on I/R injury also
support these outcomes. In research conducted by Trocha
et al % liver I/R injury showed increased activities of SOD,
CAT, and GPx when treated with sitagliptin. Hence, it can
be inferred that these findings corroborate that fraxin has
similar protective effects by enhancing the activity of these
enzymes against free radicals that cause oxidative stress in
cells.?? Demirhan .'s work on resveratrol demonstrated that
MDA levels decreased while SOD and CAT activities in-
creased; this is consistent with the observed effects of fraxin
in strengthening antioxidant defense mechanisms.2"! Similarly,
Heidari .'s study on Withania coagulans root extract report-
ed decreased MDA levels along with increased SOD, CAT,
and GPx activity, thereby reducing oxidative stress. Fraxin
demonstrated comparable effects by increasing antioxidant
enzyme activities as well.l'l CoQI10, together with berber-
ine, was reported by Apaydin and Batil (2019) to provide
protection against ischemia-reperfusion injury by increasing
SOD, CAT, and GPx activities, indicating that fraxin may act
through similar mechanisms.l'? In light of these findings, it can
be concluded from this study, as well as others reported in
the literature, that mesenteric ischemia-reperfusion injuries
are effectively prevented by fraxin acting as an inducer of an-
tioxidant enzymes. Consistent with these findings, SOD, GPx,
and CAT levels were shown to increase.

This study has certain limitations. First, the experimental
study was conducted only in a rat model, which may limit the
generalizability of these findings to humans. Additionally, the
investigation assessed only short-term effects and did not ex-
amine long-term outcomes or potential adverse reactions as-
sociated with fraxin use. Moreover, specific doses were used
in the experimental design without consideration of different
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dosage ranges; therefore, the effects of varying doses on out-
come measures were not explored. Finally, only biochemical
and histopathological parameters were evaluated in this re-
search, and a detailed analysis of the molecular mechanisms
of action of fraxin was not performed.

CONCLUSION

Fraxin protected tissues and strengthened the antioxidant
system by reducing oxidative stress and inflammation. It in-
creased the activity of antioxidant enzymes such as SOD,
GPx, and CAT, while reducing inflammatory markers includ-
ing TNF-a, IL-6, and MPO. These findings are consistent with
other studies reported in the literature. The results suggest
that fraxin may be a potential therapeutic agent for mesen-
teric ischemia-reperfusion injury. Further studies with larger
sample sizes and longer follow-up periods are needed to bet-
ter clarify tissue necrosis at low doses and to determine the
safety of this treatment.
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DENEYSEL CALISMA - 0Z

Fraksin, akut mezenter iskemisinin farmakolojik tedavisinde umut veren molekiil:
Deneysel bir calisma

AMAC: Akut mezenter iskemi (AMI), ince bagirsaga kan akisinin ani kesilmesi sonucu olusan, bagirsak nekrozu ve karin agrisinin nadir nedenlerinden
biridir. Tani ve tedavideki gecikme mortalitede ciddi artislara neden olmaktadir. Bu ¢alismada, antienflamatuvar ve antioksidan etkileri oldugu bilinen
fraksin'in bagirsak iskemi-repurfiizyon hasari tizerindeki etkilerinin arastirilmasi amagland.

GEREG VE YONTEM: Bu calisma, saglikli erkek Wistar Albino sicanlar kullanilarak kontrollii deneysel tasarimda gergeklestirildi. Siganlar dért gruba
ayrildi: Sham grubu (SMA izole edilmis ancak kapatilmamis), Kontrol grubu (SMA izole edilmis ve I-R ile indiiklenmis), 10 mg/kg fraksin grubu ve
50 mg/kg fraksin grubu (reperfiizyondan once fraksin uygulandi). Toplam antioksidan kapasite (TAS), toplam oksidan durum (TOS), sliperoksit
dismutaz (SOD), glutatyon peroksidaz (GPx) ve katalaz (CAT) aktiviteleri degerlendirildi. Histopatolojik incelemeler ve enflamatuvar belirtegler
(TNF-q, IL-6 ve MPO) da analiz edildi.

BULGULAR: Sham grubunda SOD aktivitesi 135.2%10.5 U/mg protein, GPx aktivitesi 65.314.7 U/mg protein ve CAT aktivitesi 85.1+5.8 U/mg
protein olarak belirlendi. Kontrol grubunda ise bu degerler sirasiyla 95.4%7.9, 45.7£3.6 ve 60.314.2 U/mg protein olarak belirlendi. 10 mg/kg
fraksin grubunda SOD | 15.6£8.4, GPx 55.8+4.2 ve CAT 75.6+5.5 U/mg protein; 50 mg/kg fraksin grubunda SOD 130.8%9.7, GPx 60.2+4.8 ve
CAT 90.4+6.3 U/mg protein. Fraksin uygulanan gruplarda TNF-a, IL-6 ve MPO diizeylerinde anlamli diisiisler goézlendi (p<0.05).

SONUC: Fraksin'in mezenterik iskemi-repurfiizyon hasarinda dokulari korumasi, inflamasyonu ve oksidatif stresi azaltarak antioksidan gostergeleri
gliclendirmesi nedeniyle bu hastaligin farmakolojik tedavisinde potansiyel bir ajan olarak kullanilabileceginin akilda tutulmasi gerektigini distinliyoruz.

Anahtar sozciikler: Antienflamatuvar aktivite; antioksidan aktivite; fraksin; iskemi-reperfiizyon hasari; koruyucu etki; mezenter iskemi.
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Comparison of posterior transversus abdominis plane
block and erector spinae plane block for postoperative
analgesia after caesarean section performed under spinal
anesthesia: a prospective randomized trial
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ABSTRACT

BACKGROUND: This study aimed to compare the analgesic efficacy of the transversus abdominis plane block (TAPB) and the erec-
tor spinae plane block (ESPB) following cesarean delivery under spinal anesthesia. The primary endpoint was the proportion of patients
requiring rescue analgesia within the first 24 hours postoperatively. Secondary outcomes included time to first rescue analgesia, Nu-
merical Rating Scale (NRS) scores at predefined time points (30 minutes, 4, 8, 12, 16, and 24 hours), and the incidence of persistent
postsurgical pain at two months.

METHODS: This single-center, prospective, randomized controlled study included patients undergoing cesarean section under spinal
anesthesia. Participants were randomly allocated into two groups: TAPB and ESPB. Postoperative pain and vital signs were assessed
30 minutes after block application and at 4, 8, 12, 16, and 24 hours postoperatively. Pain intensity was measured using the NRS (0=no
pain, 10=worst imaginable pain). Rescue analgesia was administered when the NRS score was 24. Diclofenac sodium 75 mg intramus-
cularly (IM) was given for NRS scores of 4-5, while intravenous (IV) morphine sulfate 0.05 mg/kg was administered for NRS scores 26.

RESULTS: A total of 94 patients were analyzed: 48 received ESPB and 46 received TAPB postoperatively. The TAPB group had a
significantly higher proportion of patients requiring rescue nonsteroidal anti-inflammatory drug (NSAID) analgesics compared to the
ESPB group (58.70% vs. 27.08%, p=0.002). NRS scores at 30 minutes, 12 hours, and |6 hours postoperatively were significantly lower
in the ESPB group (p=0.03, p=0.003, and p=0.023, respectively).

CONCLUSION: For postoperative analgesia following cesarean section under spinal anesthesia, ESPB resulted in a significantly lower
proportion of patients requiring rescue analgesia within the first 24 hours compared to TAPB. In addition, ESPB demonstrated a faster
onset and longer duration of effective analgesia, suggesting it may be a more favorable option for postoperative pain management in
this clinical setting.

Keywords: Erector spinae plane block; transversus abdominis plane block; cesarean section; regional anesthesia; postoperative pain
management.
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INTRODUCTION

Pain control following cesarean delivery is challenging, as it
must provide adequate pain relief for the mother while en-
suring no adverse effects on the newborn. Spinal anesthesia
is widely used for cesarean delivery because of its simplic-
ity and rapid onset; however, it offers limited postoperative
pain relief.l'? Intrathecal opioids, such as preservative-free
morphine or hydromorphone, are highly effective for postop-
erative pain management in neuraxial anesthesia and provide
prolonged analgesia, but they may be associated with side ef-
fects including pruritus, nausea, vomiting, and, rarely, respira-
tory depression.

The transversus abdominis plane block (TAPB) is an alter-
native modality for postoperative pain control following ce-
sarean section. It involves the injection of a local anesthetic
between the internal oblique and transversus abdominis mus-
cles.?! TAPB can be performed using subcostal, lateral, or
posterior approaches, each targeting different dermatomes
to achieve pain relief. However, TAPB has limited efficacy in
controlling visceral pain.F!

The erector spinae plane block (ESPB) involves the injection
of a local anesthetic into the anatomical space between the
erector spinae muscle and the transverse process of the ver-
tebra. This technique may provide both somatic and visceral
analgesia by allowing spread toward the paravertebral space.
18 |nitially described for the management of thoracic chronic
pain, ESPB has demonstrated effectiveness in pain control fol-
lowing cesarean delivery.”!') Nevertheless, some studies have
questioned whether local anesthetics reliably reach the para-
vertebral space, suggesting that the clinical effects of ESPB
may instead be related to increased blood concentrations.
' Despite being classified as a "Plan A" block by Regional
Anesthesia UK, the clinical efficacy of ESPB is considered un-
predictable.['™]

This study aimed to compare the analgesic effects of TAPB
and ESPB following cesarean delivery under spinal anesthesia.
Although ESPB has demonstrated both somatic and visceral
analgesia in abdominal surgeries, as reported in the system-
atic review by Mansour et al,'"! we investigated whether
ESPB offers a clinical advantage over TAPB in patients under-
going cesarean section under spinal anesthesia. The primary
endpoint was the proportion of patients requiring rescue
analgesia within the first 24 hours postoperatively. Second-
ary outcomes included the time to first rescue analgesia, Nu-
merical Rating Scale (NRS) scores at predefined time points
(30 minutes, 4, 8, 12, 16, and 24 hours), and the incidence of
persistent postsurgical pain at two months.

MATERIALS AND METHODS

Patient Selection

This prospective, randomized, controlled study was con-
ducted after obtaining approval from the Basaksehir Cam

Ulus Travma Acil Cerrahi Derg, April 2026, Vol. 32, No. 4

Ve Sakura City Hospital Clinical Research Ethics Committee
(IRB No. 2021.10.27), in accordance with the principles of the
Declaration of Helsinki. The study was registered as a clini-
cal trial under the number NCT05625009. Written informed
consent was obtained from all participants.

Patients aged 1845 years who were scheduled to undergo
elective cesarean delivery under spinal anesthesia were in-
cluded in the study. A total of |38 patients met these criteria
between November 15, 2022 and January 15, 2023. The ex-
clusion criteria were: an American Society of Anesthesiolo-
gists (ASA) score >2; major intraoperative bleeding requiring
surgical intervention (e.g., bilateral uterine artery ligation,
B-Lynch procedure, Cho's procedure, or change in incision
type); need for intubation for any reason during surgery; lo-
cal infection at the block site; reoperation within the first 48
postoperative hours for any reason; and refusal to participate
in the study or to undergo any of the study interventions.

Randomization and Blinding

Patients were randomly assigned in equal numbers to either
the ESPB or TAPB group using computer-generated random
numbers placed in separate opaque envelopes, which were
opened by the study investigator immediately before block
administration. All blocks were performed by the same an-
esthesiologist. The investigators performing the blocks and
those conducting the NRS assessments were different individ-
uals. The investigators responsible for NRS assessments were
blinded to group allocation. Additionally, the care providers
monitoring the patients during hospitalization were blinded
to group assignment, as was the statistician analyzing the data.

Perioperative Management

Preoperative assessment was conducted according to routine
institutional practice. Isotonic saline infusion was initiated af-
ter an |8-G intravenous line was secured. All patients were
monitored for blood pressure, heart rate, and blood oxygen
saturation and received spinal anesthesia using a standard-
ized technique, consisting of 10—12 mg of 0.5% hyperbaric
bupivacaine administered between the L3-L4 vertebrae. Af-
ter confirmation of an adequate sensory block (loss of sensa-
tion at the T5 level) using a pinprick test with a Neurotip®,
surgical incision was permitted. No patient required intraop-
erative conversion to general anesthesia. All surgeries were
performed using a Pfannenstiel incision. If the mean arterial
pressure decreased by more than 20% from baseline or if sys-
tolic blood pressure fell below 90 mmHg, 5 mg of ephedrine
was administered. Additionally, if the heart rate decreased to
50 bpm or less, an appropriate dose of atropine was adminis-
tered. After delivery, 15 U of oxytocin were administered as
an intravenous (IV) infusion.

At the end of surgery, patients were transferred to the post-
anesthesia care unit for follow-up.

Postoperative Management

In the recovery unit, patients randomized to the ESPB group

421



Soyadi et al. Kisa Sarban et al. Comparison of TAP and ESP Block for post-cesarean analgesia

received bilateral ESPB at the T9 vertebral level in the sitting
position. The patient beds were positioned at a 45-degree
head-up angle. Because lower-extremity motor block persist-
ed, patients were assisted into the sitting position by post-
anesthesia care unit staff. After skin sterilization, the spinous
process was identified using a high-frequency (12—15 Mhz)
linear ultrasound (US) probe (Hitachi Arietta 65 ultrasound
device). The ultrasound probe was then moved laterally to vi-
sualize the transverse process. Subsequently, 20 mL of 0.25%
bupivacaine was injected bilaterally into the plane between
the erector spinae muscle and the transverse process of the
vertebra, resulting in a total volume of 40 mL.

Patients randomized to the TAPB group received bilateral
posterior transversus abdominis plane blocks in the recovery
unit. After skin sterilization, the US probe was placed pos-
terior to the midaxillary line between the costal margin and
the iliac crest. Posteriorly, the transversus abdominis muscle
transitions into its aponeurosis, with the quadratus lumbo-
rum muscle visualized posteromedial to the aponeurosis.
The needle was inserted using an in-plane approach, and the
injection site was located between the internal oblique and
transversus abdominis muscles, posterior to the midaxillary
line and near the aponeurosis. US-guided TAP block was per-
formed by bilateral injection of 20 mL of 0.25% bupivacaine
solution (total volume: 40 mL).

After postoperative recovery unit follow-up for at least 30
minutes, the levels of analgesia provided by the blocks was
assessed using a pinprick test. Subsequently, patients with
an Aldrete score of 9 or higher were transferred to the
ward. Upon admission to the ward, patients received | g IV
paracetamol and 75 mg intramuscular (IM) diclofenac sodium
as part of the standard multimodal analgesia protocol, regard-
less of pain score. This initial dose of diclofenac sodium was
not considered rescue analgesia in the outcome analyses.
During postoperative follow-up, paracetamol (I g) was ad-
ministered intravenously at 8-hour intervals.

To ensure patient safety, the total daily dose of diclofenac
sodium was limited to a maximum of 150 mg. If a patient
had already received two 75 mg doses of diclofenac sodium
and continued to experience pain, intravenous morphine was
administered instead of additional nonsteroidal anti-inflam-
matory drugs (NSAIDs). To prevent gastrointestinal adverse
effects related to NSAID use, all patients routinely received
proton pump inhibitor (PPI) therapy during the postoperative
period.

Protocol

Postoperative pain status and vital signs were evaluated 30
minutes after block administration, before transfer to the
ward, and subsequently at 4, 8, 12, 16, and 24 hours post-
operatively. Pain intensity at rest was assessed using the NRS
(range 0—10, where 0 indicates no pain and 10 indicates the
worst imaginable pain). Rescue analgesia was administered to
patients with an NRS score of 4 or higher at any assessment
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time. Diclofenac sodium (75 mg IM) was administered to pa-
tients with NRS scores of 4 and 5. If adequate pain relief was
not achieved within 30 minutes following diclofenac adminis-
tration, IV morphine sulfate (0.05 mg/kg) was administered to
patients with an NRS score of 6 or higher.

Two months after surgery, patients were contacted by tele-
phone and asked about the presence of low back pain or
incision-site pain to determine the incidence of persistent
postsurgical pain.

The primary endpoint was the proportion of patients requir-
ing rescue analgesia within the first 24 hours postoperatively.
Secondary outcomes included time to first rescue analgesia,
NRS scores at specific time points (30 minutes, 4, 8, 12, 16,
and 24 hours), and the incidence of persistent postsurgical
pain at two months.

Statistical Analysis

The primary outcome of the study was the frequency of res-
cue analgesic requirement during the first 24 postoperative
hours. A 50% difference in the proportion of patients requir-
ing rescue analgesia between groups was anticipated. Based
on this assumption, a sample size of 84 patients was calcu-
lated to detect this difference assuming a two-tailed o of 5%
and a 3 of 20%. To account for potential data loss, enrollment
of 100 patients was planned.

Data distribution was assessed using the Shapiro-Wilk test.
Normally distributed data were expressed as mean * stan-
dard deviation and compared using the Student’s t-test.
Non-normally distributed data were presented as median
(25th—75th percentile) unless otherwise stated. Categorical
variables were expressed as frequency (percentage) and com-
pared using the chi-square test. NRS scores were compared
between groups using the Mann—Whitney U test and within
groups using the Friedman and Wilcoxon tests. All analyses
were performed using NCSS 2007 Statistical Software (Utah,
USA) and MedCalc Statistical Software (Ostend, Belgium).

RESULTS

This study evaluated the clinical efficacy of two regional anal-
gesia techniques (erector spinae plane block and transversus
abdominis plane block). A total of 139 patients were initially
assessed for eligibility; however, 27 patients were excluded
based on predefined criteria. The reasons for exclusion were
an ASA score of 3 (n=15) and refusal to participate (n=12).

The flow of patient enrollment, randomization, exclusions,
and final analysis for both groups is presented in Figure |. Pa-
tient demographic characteristics are summarized in Table I.

As shown in Table 2, the proportion of patients requiring res-
cue NSAIDs within the first 24 postoperative hours (primary
outcome) was significantly higher in the TAPB group (58.7%)
than in the ESPB group (27.1%) (p=0.002). There was no sig-
nificant difference in total opioid consumption between the
groups. Of the two patients in the TAPB group who required
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Figure 1. Flow diagram of patient enrollment and allocation.

Table |I. Demographic characteristics

TAPB (n=46) ESPB (n=48) p
Age 28.97+45.53 29.85+5.83 0.457
Height (cm) 161.87521 160.94+3.8 0322
Weight (kg) 67.5246.51 66.5+6.83 0.460
BMI (kg/m?) 25.77+2.31 25.66+2.43 0.834

Values are expressed as meanzstandard deviation (SD). TAPB: Transversus abdominis plane block; ESP: Erector spinae plane block; BMI: Body mass index.

Table 2. Rescue analgesic consumption

TAPB (n=46) ESPB (n=48) P
Rescue NSAI analgesic 27 (58%) 13 (27%) 0.002
Time to first rescue analgesic (min) 720 (720-960) 960 (720-1200) 0.149
Rescue opioid analgesic 2 (4%) 0 (0%) 0.144

Values are expressed as meanzstandard deviation (SD) or median (25th—75th percentile). TAPB: Transversus abdominis plane block; ESP: Erector spinae plane

block; NSAI: Nonsteroidal anti-inflammatory.
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Table 3. Postoperative Numeric Rating Scale scores
TAPB (n=46) ESPB (n=48) p

30 minutes 2 (2-3) 2 (2-2) 0.003
4 hours 2 (2-3) 2 (2-3) 0.116
8 hours 3(2-3) 2.5 (2-3) 0.166
12 hours 3 (34 3(2-3) 0.003
16 hours 3 (2.5-45) 3(3-4) 0.023
24 hours 3(3-4) 3(3-4) 0.366

Values are expressed as median (25%—75" percentile). NRS: Numeric Rating Scale; TAPB: Transversus abdominis plane block; ESP: Erector spinae plane block.

opioid rescue analgesia, each received a single dose.

Regarding postoperative NRS scores during the first 24
hours, no statistically significant differences were observed
between the groups at 4, 8, and 24 hours. However;, NRS
scores at 30 minutes, |12 hours, and 16 hours postoperatively
were significantly lower in the ESPB group (p=0.03, p=0.003,
and p=0.023, respectively) (Table 3). Trends in NRS scores
over the first 24 hours are illustrated in Figure 2.

At the two-month postoperative follow-up, none of the
patients reported cesarean incision pain. All reported pain
complaints were related to low back pain. Pain was reported
by six patients (12.5%) in the ESPB group and 10 patients
(21.74%) in the TAPB group; however, this difference was
not statistically significant (p=0.233). A total of four patients
(4.2%), all in the TAPB group, were referred to the outpatient
pain clinic for low back pain with an NRS score of 4. No other
complications were observed.

DISCUSSION

In this study, the primary endpoint was the requirement for
rescue intravenous analgesia within the first 24 postopera-
tive hours, which was used to assess the efficacy of the pain
management strategies employed. Our findings demonstrat-
ed that although there was no significant difference in opioid
consumption between the groups, a significant difference was
observed in the use of rescue nonsteroidal anti-inflammatory
analgesics.

These results suggest that while both blocks were similarly
effective in limiting opioid consumption, the greater need for
supplementary NSAID analgesia in the TAPB group may in-
dicate less effective overall pain control compared to ESPB.

Our findings highlight the complexity of postoperative pain
management and reinforce the importance of a multimodal
analgesic approach. The higher consumption of rescue NSAI
analgesics in the TAPB group may reflect the relatively lim-
ited analgesic efficacy of peripheral plane blocks such as TAPB
compared to deeper or more extensive blocks like ESPB.
Further research is warranted to investigate additional or al-
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Figure 2. Trend of patients’ pain scores assessed using the Nu-
meric Rating Scale (NRS).

ternative pain management strategies that may optimize an-
algesia and reduce reliance on rescue medications in patients
receiving TAPB.

Previous studies have demonstrated that the use of TAPB
for postoperative pain control following cesarean delivery
under spinal anesthesia significantly reduces opioid consump-
tion within the first 24 hours. In another study evaluating
ESPB for the same outcome, the authors similarly reported
a reduction in postoperative opioid consumptionl|. In the
present study, only two patients (2.08%) required opioid an-
algesia. Considering that all patients received a plane block,
our study confirms the findings of previous studies regarding
the efficacy of both TAPB and ESPB. However, the lower re-
quirement for additional NSAID analgesics in the ESPB group
suggests a more favorable analgesic profile for this technique.

In the literature, several studies have compared ESPB and
TAPB in patients undergoing cesarean section under spinal
anesthesia; however, only one incorporated NSAI analgesics
into the postoperative analgesia protocol. In that study, ESPB
was found to be significantly superior to TABP in terms of
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NSAI analgesic requirements.l'] The findings of the pres-
ent study are consistent with those results, demonstrating
a lower need for NSAID administration in the ESPB group
compared to the TAPB group within the first 24 postopera-
tive hours. This finding is important given the potential ad-
verse effects of NSAIl analgesics, including peptic ulcer bleed-
ing even with short-term use, as well as nephrotoxicity and
other end-organ damage associated with long-term use.['*!”]

The reduced need for rescue NSAID analgesia in the ESPB
group may be explained by the distinct anatomical and phar-
macological characteristics of the two blocks. TAPB primar-
ily targets the thoracolumbar nerves within the fascial plane
between the internal oblique and transversus abdominis mus-
cles and is therefore largely limited to somatic analgesia of the
anterior abdominal wall. In contrast, ESPB involves deposition
of local anesthetic between the erector spinae muscle and
the transverse process, allowing potential spread to the para-
vertebral and epidural spaces. This spread may provide both
somatic and visceral analgesia, which is particularly advanta-
geous in cesarean delivery, where visceral pain contributes
substantially to postoperative discomfort.'® Furthermore,
the deeper injection site and broader surface area of contact
in ESPB may prolong drug absorption and extend block du-
ration, thereby explaining the longer-lasting analgesic effect
observed. Taken together, these anatomical and pharmaco-
kinetic differences likely account for the lower NSAID con-
sumption and the more favorable analgesic profile of ESPB
compared with TAPB in obstetric patients.

In the present study, we observed a statistically significant
difference in NRS scores favoring ESPB at 30 minutes postop-
eratively. Although this difference was no longer significant at
4 hours, the lower requirement for rescue analgesics in the
ESPB group suggests a more sustained and effective analgesic
profile compared to TAPB.

NRS pain scores at 12 and |16 hours postoperatively were
significantly lower in the ESPB group. These findings are con-
sistent with previous studies demonstrating a longer dura-
tion of effective analgesia with ESPB compared to TAPB. One
comparative study reported the duration of analgesic efficacy
to be 8 hours for TAPB and 12 hours for ESPB (p<0.001).['"!
In another study, the difference was even more pronounced,
with the mean time to first rescue analgesia reported as 43.5
hours for ESPB and 12.1 hours for TAPB (p<0.001).22

Although time to first rescue analgesic administration was
longer and fewer patients required NSAID rescue analgesia in
the ESPB group, only the reduction in NSAID rescue analge-
sic requirement reached statistical significance. These findings
suggest a potential clinical advantage of ESPB over TAPB, par-
ticularly in reducing the need for additional analgesics; how-
ever, further studies with larger sample sizes are warranted
to confirm these observations.

Chronic postsurgical pain is an important concern, with an
incidence of 15.4% in patients undergoing cesarean section.’?”

Ulus Travma Acil Cerrahi Derg, April 2026, Vol. 32, No. 4

Effective postoperative pain control has been shown to play a
crucial role in reducing the development of chronic pain fol-
lowing cesarean section.l?'?2 Several studies in the literature
suggest that effective analgesia provided by ESPB reduces the
incidence of chronic pain after cardiothoracic procedures.
(2221 However, we were unable to identify data regarding ab-
dominal surgeries. Although no statistically significant differ-
ence in pain at two months was observed between the ESPB
and TAPB groups in this study (21.7% vs. 12.5%, p=0.23), the
observed effect size supports the need for further studies
with appropriate power analyses aimed at identifying differ-
ences in long-term pain incidence.

In our study, the ESPB was performed in the sitting position
while spinal anesthesia was still active. Although no hemo-
dynamic instability was observed, this approach may carry a
theoretical risk of orthostatic hypotension, and performing
the block in the lateral decubitus position may represent a
safer alternative in future applications.

In obstetric postoperative analgesia, one of the key advan-
tages of regional techniques over systemic analgesics is their
ability to provide effective pain relief while minimizing sys-
temic opioid exposure. This is particularly important in the
early postpartum period, as it facilitates early mobilization.

Limitations

This study has several limitations. First, although the primary
focus was on nonsteroidal anti-inflammatory drug (NSAI) an-
algesic consumption, adverse effects related to NSAID use
were not evaluated. Second, differentiation between somatic
and visceral pain, one of the potential differences in analgesic
mechanisms between ESPB and TAPB, was not assessed. Ad-
ditionally, pain at rest and pain during movement were not
evaluated separately. Due to the nature of the interventions,
neither participants nor the anesthesiologists performing the
blocks could be blinded, resulting in an open-label study de-
sign.

Furthermore, pain scores at the time of block administration
were not recorded, which may have affected early postop-
erative pain comparisons due to potential variability in spinal
anesthesia regression. Additionally, because all patients rou-
tinely received paracetamol and diclofenac upon ward admis-
sion, the exact time to first analgesic request could not be
accurately determined. The study also did not assess pain
beyond the first 24 postoperative hours or evaluate postop-
erative mobilization outcomes, both of which are important
in obstetric care. These factors should be addressed in future
studies with longer follow-up and functional outcome mea-
sures.

CONCLUSION

In conclusion, this study demonstrated that a significantly low-
er proportion of patients in the ESPB group required rescue
analgesia within the first 24 postoperative hours compared
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to the TAPB group. Beyond this primary outcome, ESPB was
also associated with a faster onset and longer duration of ef-
fective analgesia, as well as lower pain scores at selected post-
operative time points. Taken together, these findings suggest
that ESPB may offer a more favorable analgesic profile than
TAPB for postoperative pain management following cesarean
delivery.

Ethics Committee Approval: This study was approved
by the Basaksehir Cam Ve Sakura City Hospital Clinical Re-
search Ethics Committee (Date: 27.10.2021, Decision no:
NCT05625009). The study was registered as a clinical trial
under the number NCT05625009

Informed Consent: Written informed consent was ob-
tained.

Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept: OS., O.A, EIT,
EM, TA, H.C.G, FG.O; Design: 0S., O.A, ELT,EM, TA,
H.C.G.,, EG.O; Supervision: EG.O.; Resource: OS., O.A,,
ELT, EM, TA, H.C.G, FG.O; Materials: OS., OA, EILT,
E.M, TA. H.C.G, EG.O.; Data collection and/or process-
ing: O.S., O.A., E.M,, TA_; Analysis and/or interpretation: O.S.,
OA.,ELT,EM, TA, H.C.G, EG.O; Literature review: OSS.,
OA, EILT, EM, TA, HC.G, FG.O; Writing: OS,, E.LT,
H.C.G,; Ciritical review: OS,, E.L T, H.C.G.

Conflict of Interest: None declared.

Financial Disclosure: The author declared that this study
has received no financial support.

REFERENCES

1. Patel SD, Sharawi N, Sultan P. Local anaesthetic techniques for post-cae-
sarean delivery analgesia. Int ] Obstet Anesth 2019;40:62—77. [CrossRef]

2. Frolich MA. Obstetric anesthesia. Morgan and Mikhails Clinical Anes-
thesiology New York: McGraw-Hill Education; 2013; p. 843-876.

3. Tsai HC, Yoshida T, Chuang TY, Yang SE Chang CC, Yao HY, et al.
Transversus Abdominis Plane Block: An Updated Review of Anatomy
and Techniques. Biomed Res Int 2017;2017:8284363. [CrossRef]

4. Abdallah FW, Halpern SH, Margarido CB. Transversus abdominis plane
block for postoperative analgesia after Caesarean delivery performed un-
der spinal anaesthesia? A systematic review and meta-analysis. Br J An-
aesth 2012;109(5):679—87. [CrossRef]

5. Covotta M, Claroni C, Costantini M, Torregiani G, Pelagalli L, Zini-
1li A, et al. The Effects of Ultrasound-Guided Transversus Abdominis
Plane Block on Acute and Chronic Postsurgical Pain After Robotic Par-
tial Nephrectomy: A Prospective Randomized Clinical Trial. Pain Med
2020;21(2):378-86. [CrossRef ]

6. Kwon HM, Kim DH, Jeong SM, Choi KT, Park S, Kwon HJ, et al. Does
Erector Spinae Plane Block Have a Visceral Analgesic Effect?: A Ran-
domized Controlled Trial. Sci Rep 2020;10(1):8389. [CrossRef ]

7. Yang HM, Choi YJ, Kwon HJ, O J, Cho TH, Kim SH. Comparison of
injectate spread and nerve involvement between retrolaminar and erector
spinae plane blocks in the thoracic region: a cadaveric study. Anaesthesia
2018;73(10):1244-50. [CrossRef]

8. Costache I, Sinclair J, Farrash FA, Nguyen TB, McCartney CJ, Ramnan-

426

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

an CJ, et al. Does paravertebral block require access to the paravertebral
space? Anaesthesia 2016;71(7):858-9. [CrossRef ]

Santonastaso DP, de Chiara A, Addis A, Mastronardi C, Pini R, Agnolet-
ti V. Ultrasound guided erector spinae plane block for post-operative pain
control after caesarean section. ] Clin Anesth 2019;58:45-6. [CrossRef]
Ribeiro Junior IDV, Carvalho VH, Brito LGO. Erector spinae plane
block for analgesia after cesarean delivery: a systematic review with meta-
analysis. Braz ] Anesthesiol 2022;72(4):506-15. [CrossRef ]

Dostbil A, Ince I, Altinpulluk EY, Perez ME Peksoz U, Cimilli G, et
al. Analgesic effect of erector spinae plane block after cesarean section:
A randomized controlled trial. Niger J Clin Pract 2023;26(2):153-61.
[CrossRef]

Morimoto Y. Current status of the erector spinae plane block. Anaesth
Pain Intensive Care 2021;25(1):83~7. [CrossRef ]

Pawa A, King C, Thang C, White L. Erector spinae plane block: the ulti-
mate 'plan A’ block?. Br J Anaesth 2023;130(5):497—-502. [CrossRef]
Mansour MA, Baradwan S, Shama AA, Mahmoud MA, Abouelnour
AS, Mohamed AMA, et al. Erector spinae plane block versus transversus
abdominis plane block for analgesia after cesarean section: a systematic
review and meta-analysis. Braz ] Anesthesiol 2025;75(4):844606. [Cross-
Ref]

Malawat A, Verma K, Jethava D, Jethava DD. Erector spinae plane block
and transversus abdominis plane block for postoperative analgesia in ce-
sarean section: A prospective randomized comparative study. ] Anaesthe-
siol Clin Pharmacol 2020;36(2):201-6. [CrossRef]

Bindu S, Mazumder S, Bandyopadhyay U. Non-steroidal anti-inflamma-
tory drugs (NSAIDs) and organ damage: A current perspective. Biochem
Pharmacol 2020;180:114147. [CrossRef]

Wichmann MA, Cruickshanks KJ, Carlsson CM, Chappell R, Fischer
ME, Klein BE, et al. NSAID Use and Incident Cognitive Impair-
ment in a Population-based Cohort. Alzheimer Dis Assoc Disord
2016;30(2):105—12. [CrossRef]

Aygun H, Ozturk NK, Ugur M, Aydin Y, Celik GI, Thomas DT, et al.
Evaluation of ultrasound-guided bilateral low thoracic erector spinae
plane block for postoperative analgesia in cesarean delivery patients:
a prospective, randomized, controlled clinical trial. Braz ] Anesthesiol
2022;72(4):444-9. [CrossRef]

Boules ML, Goda AS, Abdelhady MA, Abu El-Nour Abd El-Azeem SA,
Hamed MA. Comparison of analgesic effect between erector spinae plane
block and transversus abdominis plane block after elective cesarean sec-
tion: a prospective randomized single-blind controlled study. ] Pain Res
2020;13:1073—-80. [CrossRef ]

Weibel S, Neubert K, Jelting Y, Meissner W, Wockel A, Roewer N, et al.
Incidence and severity of chronic pain after caesarean section: A system-
atic review with meta-analysis. Eur ] Anaesthesiol 2016;33(11):853-65.
[CrossRef]

Komatsu R, Ando K, Flood PD. Factors associated with persistent pain
after childbirth: a narrative review. Br ] Anaesth 2020;124(3):e117-30.
[CrossRef]

Borges NC, de Deus JM, Guimaries RA, Conde DM, Bachion MM, de
Moura LA, et al. The incidence of chronic pain following Cesarean sec-
tion and associated risk factors: A cohort of women followed up for three
months. PLoS One 2020;15(9):e0238634. [CrossRef]

Wiech M, Zurek S, Kurowicki A, Horeczy B, Czuczwar M, Piwowarczyk
P, et al. Erector Spinae Plane Block Decreases Chronic Postoperative Pain
Severity in Patients Undergoing Coronary Artery Bypass Grafting. ] Clin
Med 2022;11(19):5949. [CrossRef ]

Sait Yiice M, Sarkilar G, Kiligarslan A, Dereli Y, Ozyiirek S, Tavlan
A. Evaluation of erector spinae plane block in cardiac surgery patients
in terms of acute and chronic pain scores. Eur Rev Med Pharmacol Sci

2023;27(9):4019-27.

Ulus Travma Acil Cerrahi Derg, April 2026, Vol. 32, No. 4


https://doi.org/10.1016/j.ijoa.2019.06.002
https://doi.org/10.1155/2017/8284363
https://doi.org/10.1093/bja/aes279
https://doi.org/10.1093/pm/pnz214
https://doi.org/10.1038/s41598-020-65172-0
https://doi.org/10.1111/anae.14408
https://doi.org/10.1111/anae.13527
https://doi.org/10.1016/j.bjane.2021.09.015
https://doi.org/10.1016/j.bjane.2021.09.015
https://doi.org/10.4103/njcp.njcp_1636_21
https://doi.org/10.35975/apic.v25i1.1435
https://doi.org/10.1016/j.bja.2023.01.012
https://doi.org/10.1016/j.bjane.2025.844606
https://doi.org/10.4103/joacp.JOACP_116_19
https://doi.org/10.1016/j.bcp.2020.114147
https://doi.org/10.1097/WAD.0000000000000098
https://doi.org/10.1016/j.bjane.2021.07.032
https://doi.org/10.2147/JPR.S253343
https://doi.org/10.1097/EJA.0000000000000535
https://doi.org/10.1016/j.bja.2019.12.037
https://doi.org/10.1371/journal.pone.0238634
https://doi.org/10.3390/jcm11195949

Sarban et al. Comparison of TAP and ESP Block for post-cesarean analgesia

ORIJINAL CALISMA - 6Z

Spinal anestezi altinda gerceklestirilen sezaryen operasyonlarinda postoperatif analjezi
yonetimi icin posterior transversus abdominis plan blok ile erector spinae plan blogunun
kargilagtirilmasi: Prospektif randomize ¢aligma

AMAC: Bu galisma, spinal anestezi altinda gergeklestirilen sezaryen dogumu sonrasinda transversus abdominis plan blogu (TAPB) ile erector spinae
plan blogu (ESPB) uygulamalarinin analjezik etkilerini karsilastirmayr amaglamaktadir. Birincil sonlanim noktasi, postoperatif ilk 24 saatte kurtarma
analjezisi gereksinimi duyan hasta oranidir. Ikincil sonlanim noktalari arasinda ilk kurtarma analjezisine kadar gecen siire, belirli zaman noktalarindaki
NRS skorlari (30. dakika, 4., 8., 12., |6. ve 24. saatler) ve 2. ayda persistan cerrahi sonrasi agri insidansi yer almaktadir.

GEREC VE YONTEM: Bu tek merkezli, prospektif randomize kontrollii galisma, spinal anestezi altinda sezaryen operasyonu gegiren ve rastgele iki
gruba (TAPB ve ESPB) ayrilan hastalari icermektedir. Postoperatif agri ve vital bulgular, blok sonrasi 30. dakikada ve postoperatif 4., 8., 12., 6. ve
24. saatlerde degerlendirilmistir. Agri, sayisal derecelendirme skoru (NRS; 0: agri yok, 10: en siddetli agri) ile Slglilmustiir. NRS skoru 4 veya daha
ylksek olan hastalara kurtarma analjezisi uygulanmistir. NRS skoru 4 veya 5 olan hastalara 75 mg IM diklofenak sodyum, 6 ve Uzeri olanlara ise 0.05
mg/kg IV morfin sllfat verilmistir.

BULGULAR: Galismada toplam 94 hasta analiz edilmistir: 48 hastaya postoperatif ESPB, 46 hastaya TAPB uygulanmistir. ilk 24 saatte kurtarma NSAI
analjezik ihtiyaci TAPB grubunda anlamli derecede daha yiiksek bulunmustur (%58.70’e karsi %27.08, p=0.002). ESPB grubunda 30. dakika, 2. saat
ve |6. saatteki NRS skorlari anlamli olarak daha dustik bulunmustur (sirasiyla, p=0.03, p=0.003 ve p=0.023).

SONUC: Spinal anestezi altinda gergeklestirilen sezaryen operasyonlarinda postoperatif analjezi igin uygulanan ESPB, TAPB'ye kiyasla ilk 24 saatte
kurtarma analjezisi gereksinimi duyan hasta oranini anlamli derecede azaltmistir. Ayrica ESPB, daha hizli baslayan ve daha uzun siiren etkili analjezi
saglamis ve bu yontiyle postoperatif agri yonetiminde daha avantajli bir segenek oldugunu desteklemistir.

Anahtar sozclikler: Erector spinae plan blokaji; transversus abdominis plan blokaji; sezaryen agri kontroli; sezaryen sonrasi kronik agri; rejyonal anestezi;
postoperatif agri yonetimi.
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ABSTRACT

BACKGROUND: Despite efforts toward early diagnosis, approximately 25% of patients with colorectal cancer are still operated
on under emergency conditions. The aim of this study was to investigate the risk factors associated with morbidity and mortality in
emergency colorectal cancer resections.

METHODS: Emergency colorectal cancer resections performed at a single center were included in this retrospective study. Baseline,
operative, and tumor-related data were examined. Morbidity was defined as a complication of Clavien Dindo grade 23. Risk factors for
both morbidity and mortality were evaluated using univariate analyses and multivariable logistic regression.

RESULTS: The study included 188 patients, of whom |19 (63.3%) were men. In the multivariate analysis, factors associated with
increased morbidity risk were age (odds ratio [OR]=3.02, p=0.009), American Society of Anesthesiologists (ASA) score (OR=2.04,
p=0.049), duration of surgery (OR=1.01, p=0.001), and presence of perforation (OR=3.24, p=0.004). Multivariate analysis for mortality
demonstrated significant effects of age (OR=3.23, p=0.017), ASA score (OR=5.92, p=0.009), duration of surgery (OR=1.01, p=0.007),
and presence of perforation (OR=3.01, p=0.013).

CONCLUSION: This study highlights several key risk factors—including advanced age (270 years), higher ASA scores (23), longer
operative times, and the presence of perforation—that significantly impact morbidity and mortality in emergency colorectal cancer
resections. Early recognition of these factors may improve risk stratification and guide more effective perioperative care strategies for
high-risk patients.

Keywords: Colorectal cancer; emergency surgery; morbidity; mortality.

INTRODUCTION

Colorectal cancer (CRC) ranks third worldwide in terms
of both the number of cancer diagnoses and cancer-related
deaths."? Moreover, its incidence in Eastern Europe and
Asia, including Tiirkiye, has been reported to be increasing.
Bl Despite efforts toward early diagnosis, approximately 25%
of patients are still operated on under emergency condi-

tions.B” The principal reasons requiring emergency surgery
for colorectal tumors include local tumor invasion, regional
progression, and medical or technical problems during the
treatment process. In clinical practice, these conditions most
commonly present as obstruction and perforation.?8% In
emergency colorectal surgery, morbidity and mortality re-
main significantly higher compared to elective procedures and
therefore deserve particular attention.”:!%
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Identifying risk factors, determining both global and local
rates for morbidity and mortality, and performing appropriate
risk stratification in emergency colorectal cancer surgery are
essential for improving patient management. This approach
may help identify patients who could benefit from additional
treatments and closer postoperative follow-up.>¢!'l In addi-
tion, operative mortality is considered an important indicator
for evaluating surgical performance and quality of care.

The aim of our study was to investigate the risk factors as-
sociated with morbidity and mortality in patients who under-
went emergency resection for colorectal cancer in our clinic.

MATERIALS AND METHODS

Patients who underwent emergency colorectal cancer re-
section at a single tertiary referral center between January
2019 and December 2022 were included in this retrospective
study. All patients were aged |8 years or older. Approval for
the study was obtained from the Institutional Ethics Board
of Istanbul Bakirkoy Dr. Sadi Konuk Training and Research
Hospital (Date: 17.07.2023, Decision no: 2023-14-13). The
study was registered in the Clinical Trials Protocol Registra-
tion and Results System (Trial ID: NCT06074432). The study
was conducted in accordance with the Strengthening the Re-
porting of Observational Studies in Epidemiology (STROBE)
statement and complied with the principles of the Declara-
tion of Helsinki.

Patients were excluded from the analysis if they met any of
the following criteria: undergoing surgery without resection
or undergoing surgery for indication other than primary
colorectal cancer, such as diverticulitis, ischemia, inflamma-
tory bowel diseases, or metastases from another malignancy.
All data were obtained from the hospital software system,
and informed consent was obtained from all patients. Surgical
procedures were performed by general surgeons.

Factors such as age, sex, body mass index (BMI), American
Society of Anesthesiologists (ASA) score, Charlson Comor-
bidity Index (CCl), smoking status, comorbidity history, pres-
ence of perioperative blood transfusion, duration of surgery,
length of hospital stay, tumor location and characteristics,
presence of perforation, and stoma/anastomosis preference
were evaluated. During the analysis of ASA scores, patients
were divided into two subgroups: ASA |-l and ASA Il or
higher. Tumors located distal to the midpoint of the trans-
verse colon were classified as left-sided, whereas tumors
located proximal to this point were classified as right-sided.
Nutrition Risk Screening (NRS-2002) scores recorded at hos-
pital admission were also included in the analyses. For mor-
bidity assessment, complications with a Clavien—Dindo score
of 23 were considered significant.

Risk factors for both morbidity and mortality were first
evaluated using univariate analyses. Variables found to be sig-
nificantly associated with morbidity and mortality were in-
cluded in multivariate logistic regression analyses. Pearson’s
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chi-square test, Student's t-test, and the Mann—Whitney U
test were used where appropriate. Normality of distribution
was assessed using the Kolmogorov—Smirnov test. Normally
distributed values expressed as mean * standard deviation
(SD). Variables that did not show a normal distribution were
expressed as median and 25th-75th interquartile range values
(median (IQR25th-75th)). The effects of risk factors on mor-
bidity and mortality were expressed as odds ratios (OR) with
their 95% confidence intervals (CI). A p value of <0.05 was
considered statistically significant. Statistical analyses were
performed using SPSS for Windows, version 29.0 (SPSS, Chi-
cago, IL, USA).

RESULTS

During the four-year study period, 222 patients who under-
went surgery for an emergency colorectal mass were iden-
tified; however, 34 patients were excluded from the study
according to the exclusion criteria (Fig. I).

The study was conducted with the remaining 188 patients,
of whom 69 (36.7%) were women (Table |). Perforation was
detected in 42 patients (22.3%). Among these, perforation
was located at the tumoral segment in 35 patients (83.3%),
whereas seven patients (16.6%) had perforation proximal
to the tumor site. Patients with perforation were similar to
those without perforation in terms of age (p=0.658), BMI
(p=0.273), CCI score (p=0.680), diagnosis of diabetes mel-
litus (DM) (p=0.515), duration of surgery (p=0.245), tumor
stage (p=0.508), presence of metastasis (p=0.372), and total
lymph node count (p=0.365).

Among the patients, primary anastomosis was the more fre-
quently performed procedure (61.17%, n=115). Anastomotic
leakage occurred in 13 of these patients (1 1.3%). In the leak-
age subgroup, seven patients died, corresponding to 6.08% of
the anastomosis group. The overall morbidity rate was 36.1%
(n=68), and the 90-day mortality rate was 23.9% (n=45).

In the univariate analysis, morbidity was associated with age
(>70 years), ASA score (23), CCl score (24), hypertension,
duration of surgery, presence of perforation, and total lymph
node count (Table 2). Four of these seven predictive variables
were statistically significant in the multivariate analysis (Table
2). The presence of perforation was associated with a three-
fold increase in the odds of morbidity. Similarly, age over 70
years was associated with a similar increase in risk. The odds
of morbidity increased by 1% for each additional minute of
surgery.

On the other hand, eight factors were significantly associated
with mortality (Table 3). Of these variables, only age, ASA
score, duration of surgery, and presence of perforation were
statistically significant in the multivariate analysis (Table 3).
The results showed that both perforation and age over 70
years increased the odds of mortality approximately three-
fold. Similar to morbidity, each additional minute of surgery
was associated with a 1% increase in the odds of mortality.
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Figure 1. Flowchart diagram of the study.

DISCUSSION

In this study, emergency colorectal cancer resections were
associated with mortality and morbidity rates of 23.9% and
36.1%, respectively. Perforation, age over 70 years, ASA score
23, and longer operative time were identified as risk factors.
The morbidity rate observed in our study is consistent with
findings reported in the literature.''3] However, the mortal-
ity rate appears to be slightly higher than those reported in
similar studies.®'2'* |n our study, patients with other diagno-
ses such as diverticulitis or colitis, as well as those who did
not undergo resection, were excluded. Considering that all
included patients underwent resection and were histopatho-
logically confirmed to have colorectal cancer, it is reasonable
that these rates might be higher. Previous studies have also
reported that undergoing colectomy for colorectal cancer is
a predictor of mortality.['3!3]

Several studies have reported that patients presenting with
colonic perforations experience highly morbid and fatal sur-
gical outcomes.l'*'®l In the present study, perforation (n=42,
22.3%) was also strongly associated with worse outcomes
in terms of both morbidity and mortality. According to the
World Society of Emergency Surgery (WSES) Guidelines,
perforation most commonly occurs at the tumor site (70%),
while the remaining cases occur more proximally.?®! In our
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Table I. Baseline characteristics of the patients
Variable n (%)
Age

<70 83 (44.1)

>70 105 (55.8)
Sex, n (%)

Female 69 (36.7)

Male 119 (63.3)
BMI, n (%)

<185 3(1.6)

18.5-24.9 71 (37.8)

25-29.9 68 (36.2)

230 46 (24.5)
ASA score, n (%)

=l 55 (29.3)

-V 33 (70.7)
CCl score

<l 55 (29.3)

2lv 133 (70.7)
Smoking history 50 (26.6)
Hypertension (HT) 72 (38.3)
Diabetes mellitus (DM) 40 (21.3)
Chronic obstructive pulmonary disease (COPD) 14 (7.4)
Chronic renal failure (CRF) Il (5.9)
Cerebrovascular accident (CVA) I (5.9)
Congestive heart failure (CHF) 29 (15.4)
Presence of perforation 42 (22.3)
Type of surgery

Resection + stoma 73 (38.8)

Resection + anastomosis 115 (61.1)
T stage

TI-2 8 (4.3)

T3-4 180 (95.7)
Grade

I 11 (5.9)

Il 141 (75.0)

n 36 (19.1)
Stage

I-11 78 (41.5)

n-v 110 (58.5)
Tumor location

Right-sided 44 (23.4)

Left-sided 144 (76.6)

Older men constituted the predominant patient group in the study. A con-
siderable proportion of patients were obese (24.5%). Hypertension was
the most common comorbidity, followed by diabetes mellitus. Perforation
was detected in 22.3% of patients (n=42). Although the majority of pa-
tients were elderly and had multiple comorbidities, anastomosis was pre-
ferred over stoma formation in more than 60% of patients.
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Table 2.  Univariate and multivariate analyses of factors associated with morbidity
Variable No major complication  Major complication  Univariate  Multivariate OR 95% CI
n=120 (%) n=68 (%) analysis analysis
Age
<70 64 (53.3) 19 (27.9)
>70 56 (46.7) 49 (72.1) <0.001* 0.009 3.02 1.31-6.95
Sex, n (%)
Male 75 (62.5) 44 (64.7) 0.763*
Female 45 (37.5) 24 (35.3)
BMI, n (%)
<185 2(1.7) 1 (1.5) 0.530%*
18.5-24.9 43 (35.8) 28 (41.2)
25-29.9 48 (40) 20 (29.4)
>30 27 (22.5) 19 (27.9)
ASA score, n (%)
-l 45 (37.5) 10 (14.7) <0.001* 0.049 1.0 1.00-5.95
-1V 75 (62.5) 58 (85.3)
CCl score
<3 43 (35.8) 12 (17.6) 0.008* 0.798 0.87 0.31-241
24 77 (64.7) 56 (82.4)
Smoking history 37 (30.8) 13 (19.1) 0.081*
NRS-2002 score
<3 99 (82.5) 56 (82.4)
23 21 (17.5) 12 (17.6) 0.980%*
Hypertension 37 (30.8) 35 (51.5) 0.005* 0.132 1.82 0.83-4.01
Diabetes mellitus 22 (18.3) 18(26.5) 0.190*
Chronic obstructive
pulmonary disease 6 (5.0 8(11.8) 0.090*
Chronic renal failure 6 (5.0 5(7.4) 0.509*
Cerebrovascular accident 6 (5.0) 5(74) 0.509*
Congestive heart failure 14 (11.7) 15 (22.1) 0.058*
Tumor location
Right 29 (24.2) 15 (22.1) 0.743*
Left 91 (75.8) 53 (77.9)
Duration of operation (min) 176.75£51.46 200.44+54.47 0.003** 0.001 .01 1.00-1.01
Perioperative
blood transfusion 55 (45.8) 35 (51.5) 0.457*
Perforation 18 (15) 24 (35.3) 0.001* 0.004 324  1.46-7.16
Type of surgery
Resection + stoma 50 (35.5) 23 (48.9) 24 (51.1) 0.101*
Resection + anastomosis 91 (64.5)
Tumor length (cm) median 3.90 (2.65-4.50) 4 (3.00-5.00) 0.239%%*
Tumor diameter (cm) 4.67£1.77 4.79+1.64 0.673%*
T stage
TI-2 6 (5.0 2 (2.9) 0.713*
T3-4 114 (95.0) 66 (97.1)
Total lymph node count, 25.94+12.92 22.15+11.08 0.043** 0.310 0.98 0.95-1.01
mean+SD
Metastatic lymph nodes, 2.11+3.44 2.28+3.66 0.750**
Grade
| 6 (5.0) 5(7.4)
Il 93 (77.5) 48 (70.6)
1] 21 (17.5) 15 (22.1) 0.560%*
Stage
-1l 50 (41.7) 28 (41.2)
-Iv 70 (58.3) 40 (58.8) 0.948%*
*Chi-square test; **Student’s t-test; **Mann—Whitney U test.
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Table 3. Univariate and multivariate analyses of factors associated with mortality

Alive Death Univariate Multivariate OR 95% CI
n=143 (%) n=45 (%) analysis analysis
Age
<70 72 (50.3) 11 (24.4) 0.002%* 0.017 3.23 1.23-8.52
>70 71 (49.7) 34 (75.6)
Sex n (%)
Male 92 (64.3) 27 (60.0)
Female 51 (35.7) 18 (40.0) 0.189*
BMI

<185 3(2.1) 0 (0)

18.5-24.9 54 (37.8) 17 (37.8)

25-29.9 52 (36.4) 16 (35.6)

230 34 (23.8) 12 (26.7) 0.785*

ASA score

-l 52 (36.4) 3 (6.7)

-1V 91 (63.6) 42 (93.3) <0.001* 0.009 5.92 1.55-22.65
CCl score

<3 48 (33.6) 7 (15.6)

24 95 (66.4) 38 (84.4) 0.02 7% 0.375 2.49 0.16-1.98
Duration of operation (min) 179.02+47.47 201.89+59.18 0.009*** 0.007 1.01 1.00-1.01
Perioperative
blood transfusion 67 (46.9) 23 (51.1) 0.618*

Smoking history 40 (28.1) 10 (22.2) 0.446*
NRS-2002 score
<3 118 (82.5) 37 (82.2)
23 25 (17.5) 8 (17.8) 0.964*
Hypertension 47 (32.9) 25 (55.6) 0.006* 0.124 2.03 0.82-5.05
Diabetes mellitus 28 (19.6) 12 (26.7) 0.311*
Chronic obstructive
pulmonary disease 7 (4.9) 7 (15.6) 0.018* 0.206 2.30 0.63-8.40
Chronic renal failure 6 (4.2) 5(I1.1) 0.085*
Cerebrovascular accident 8 (5.6) 3 (6.7) 0.789*
Congestive heart failure 21 (14.7) 8 (17.8) 0.616*
Perforation 25 (17.5) 17 (37.8) 0.004*
Type of surgery
Resection + stoma 41 (34.2) 32 (47.1)
Resection + anastomosis 79 (65.8) 36 (52.9) 0.081*
T stage
TI-2 6 (4.2) 2 (4.4)
T3-4 137 (95.8) 43 (95.6) 0.943*
Grade

| 7 (4.9) 4 (8.9)

Il 110 (76.9) 31 (68.9)

1] 26 (18.2) 10 (22.2) 0.468*

Stage
-1l 58 (40.6) 20 (44.4)
-1v 85 (59.4) 25 (55.6) 0.645*
Tumor location
Right-sided 32 (22.4) 12 (26.7)
Left-sided L1 (77.1) 33 (73.3) 0.553*
Metastatic lymph nodes median 1 (0-3) | (0-2.5) 0.916%**
Total lymph node count median 23 (16-31) 20 (14-25) 0.038*** 0.376 0.98 0.95-1.01
Tumor length (cm) median 4 (2.5-4.5) 4 (3-5) 0.259%**
Tumor diameter (cm) median 4.5 (4-5) 5 (3.5-6) 0.249%** 0.013 3.0l 1.26-7.17

*Chi-square test; **Student’s t-test; **Mann—Whitney U test.
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study, more than 80% of perforations were located at the
tumor site. Age was also found to have a statistically signifi-
cant relationship with both morbidity and mortality in the
multivariate analyses, which is consistent with findings in the
literature.l' Elderly patients are known to be more vulner-
able to intra-abdominal sepsis. The counterbalancing of septic
stimuli by anti-inflammatory mechanisms may often be inad-
equate in this population.' Aging has also been associated
with decreased physiological reserve and a higher burden of
comorbidities, both of which may contribute to increased
morbidity and mortality.?”! In the context of our study re-
sults, however, comorbidity scores did not show a significant
effect on outcomes in the multivariate analyses. Therefore,
the concept of physiological reserve, often described as an
“elusive concept,” may be particularly relevant. Physiological
reserve has been defined as the ability of an organism to cope
with stressors.?"! Although reserve capacity may be partially
improved under certain conditions, emergency surgery gen-
erally provides limited opportunity for preoperative optimi-
zation. Nevertheless, the recommendation of the American
Geriatrics Society should be emphasized: frailty assessment
should be documented at hospital admission in elderly pa-
tients undergoing emergency surgery.?2 On the other hand,
sex was not found to be significantly associated with out-
comes in our study, which is consistent with the findings of
several previous studies.['"'Z

In another study designed similarly to ours, risk factors were
evaluated in three main contexts: patient-related factors, sep-
tic consequences of the disease, and the effects of the surgi-
cal procedure itself.l*) In the same study, it was noted that the
third category is relatively neglected in many scoring systems.
Blood transfusion is one of the factors within this category.
Skala et al." reported that blood loss and blood transfusion
were associated with mortality; however, this association was
not confirmed in multivariate analyses in the same study. In
our study, blood transfusion was not found to be significantly
associated with morbidity or mortality. While some studies
have reported no serious adverse effects related to blood
transfusion,['>#] others have demonstrated a significant as-
sociation with morbidity and mortality, even in multivariate
analyses.>'22¥! Various explanations have been proposed for
this effect. Perioperative bleeding, which is an important indi-
cation for blood transfusion, may be related to patient-related
factors such as malnutrition, portal hypertension, anticoagu-
lant therapy, or liver failure.l! Additionally, transfusion-related
immunomodulation (TRIM) has been suggested as a possible
mechanism contributing to adverse outcomes, particularly in
this frail population with a high mean age.*!

It may be useful to briefly address the scoring systems men-
tioned above. When the Physiological and Operative Severity
Score for the Enumeration of Mortality and Morbidity (POS-
SUM) classification was first introduced, it was suggested that
although several classifications existed for predicting mortal-
ity, morbidity had largely been neglected.’?” Today, however, a
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substantial body of evidence evaluating morbidity is available.
Since then, several well-known variants of POSSUM have
been developed, and multiple comparisons and evaluations
have been conducted.l'>?¢3 Furthermore, other classifica-
tion systems have been introduced, and modified versions of
these systems have also been proposed.3'32 |t is beyond
the scope of this article to compare scoring systems or to
determine which system overestimates or underestimates
morbidity and mortality in emergency surgery patients. Nev-
ertheless, all of these efforts reflect an attempt to improve
predictive accuracy, better understand patient risk, and ulti-
mately enhance the “quality of care”.?] Given the limitations
of time and available resources, clinicians aim to understand
the patient as accurately as possible using the fewest vari-
ables. The search for the most reliable predictive tools there-
fore continues.?¥ Insights gained from these efforts may help
guide surgical training and contribute to the evaluation of
surgical quality.l''! Accurate risk assessment is also essential
for providing realistic and up-to-date information to patients
and their relatives.[%%*! Since our study also investigates po-
tentially modifiable factors, adherence to Enhanced Recovery
After Surgery (ERAS) recommendations may be beneficial.
¥l Although global risk scales are important, the region and
institution in which clinicians practice may have unique char-
acteristics. Therefore, the availability of local data may also
contribute to areas such as resource allocation and sustain-
able accountability.

ASA scores of lll or IV were associated with higher mortality
compared with lower ASA scores. Similarly, Skala et al.! re-
ported that when the ASA score was 23, mortality rates ap-
proached nearly 25%, whereas the same rate was only 1-2%
for patients with ASA <II. Another study has reported similar
results.’'l Despite these findings, the possibility of interob-
server variability should be considered when interpreting
ASA scores, and clinical judgment should also be taken into
account.®® In terms of preexisting comorbidities, chronic
obstructive pulmonary disease (COPD) was associated with
mortality in the univariate analysis; however, this relationship
was not supported in the multivariate analysis in our study.
In another study including both elective and emergency pa-
tients, chronic lung disease was significantly associated with
in-hospital mortality.!

Morbidity was associated with several factors in the univari-
ate analyses. Factors such as age, ASA score, CCl score, and
hypertension (HT) were patient-related and preexisting pre-
dictors of morbidity. Regarding disease-related factors, per-
foration, longer operative time, and total lymph node count
were associated with worse outcomes. However, as wisely
noted by Skala et al,[* correlation and causation represent
different aspects of reality. Therefore, we cannot modify cer-
tain factors associated with outcomes, such as lymph node
count, age, and preexisting comorbidities. On the other
hand, the septic consequences of perforation may be partially
modifiable. As demonstrated in the study by Krutsri et al.,*%
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rapid identification of patients requiring emergency colorectal
surgery and completion of the necessary preoperative steps
within specific time frames may reduce adverse outcomes.
Acting promptly and appropriately may provide an opportuni-
ty to intervene before perforation occurs. Alternatively, even
if perforation has already occurred before intervention, the
severe septic consequences may be minimized. Additionally,
factors directly related to the surgical procedure itself should
not be neglected when evaluating modifiable variables.!

In our results, the duration of surgery was associated with
adverse outcomes in both morbidity and mortality analyses.
Previous studies have reported that prolonged operations
are associated with higher intraoperative and postoperative
complication rates.!'! However, some studies have reported
conflicting findings.1! Differences in study design may explain
these discrepancies. Variables such as the type of surgery
(emergency versus non-emergency) and the presence of per-
foration can, of course, affect the duration of surgery. The
study by Skala et al.M is an example of a dissimilar result;
however, that study included indications other than cancer,
such as diverticulitis, the tumoral perforation rate was not
reported, and some of the cases were non-emergency. An-
other example is the study by Abd-El-Aal et al.,'? which in-
cluded patients with a relatively low rate of diagnosed can-
cer. In that study, univariate analyses showed a significant
relationship between operative duration and morbidity and
mortality, whereas multivariate analyses did not. Therefore,
factors related to study design may explain these differences.
Naturally, more robust studies are needed. However, opera-
tive duration itself may not necessarily have a direct causal
relationship with morbidity and mortality. Rather, it may rep-
resent another potential outcome and indicator of factors
that contribute to morbidity and mortality. A recent study
also identified prolonged surgery, blood loss, and the need for
transfusion as indicators of difficult surgery.>¢!

In most studies on emergency colorectal cancer surgery,
nutritional evaluation was either not performed or albumin
levels were primarily used as the basis for assessment.202334
However, we concluded that albumin may be misleading, con-
sidering that it is also a negative acute-phase reactant and
that our patients undergo emergency surgery. This issue has
also been highlighted in another study.®? Wexner also noted
that measuring albumin levels and considering them as a vari-
able that can be rapidly modified is problematic.l'"! In some
studies, questionnaires were preferred to assess malnutri-
tion instead of albumin levels.I'"™! In our study, we preferred
the Kondrup score, also known as the NRS-2002 score, to
evaluate malnutrition. To the best of our knowledge, our
study is the only one investigating the relationship between
the NRS-2002 score and outcomes of emergency colorectal
cancer surgery. In univariate analyses, the NRS-2002 score
was significantly associated with both morbidity and mortal-
ity; however, multivariate logistic regression analyses did not
support this finding.
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The retrospective nature of this study is the most prominent
limitation. As the aim was to identify modifiable factors, the
lack of data on “delay to operation” may also be considered
another limitation. Furthermore, findings from a single tertia-
ry referral center may not be easily generalizable to hospitals
at different levels. However, conducting the study with a spe-
cific and relatively homogenous patient group may increase
the generalizability of the results. Additionally, the use of a
specific scoring system in a study focused on this particu-
lar patient population may contribute to more comparable
findings in the literature. Despite these limitations, the de-
tailed results of a considerable number of patients, analyzed
through multi-stage methods and including variables that have
been relatively neglected in previous studies, represent im-
portant strengths of this study.

CONCLUSION

This study highlights several significant risk factors contrib-
uting to morbidity and mortality in patients undergoing
emergency colorectal cancer resections. Early identification
of these well-defined risk factors may help stratify patients
at higher risk and optimize management strategies. When
a patient with colorectal cancer presents as an emergency
case, early risk stratification is crucial, and institutional pro-
tocol-based processes with time-bound targets should be
established. Once a patient is identified as high risk, close
monitoring and intensive treatment are recommended to im-
prove clinical outcomes. Emergency resections carry a high
risk of complications and mortality, particularly in elderly pa-
tients, those with higher ASA scores, prolonged operative
durations, and perforations. These patients may benefit from
targeted perioperative strategies and closer postoperative
surveillance.
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Kolorektal kanserin acil rezeksiyonlarinda morbidite ve mortalite ile iligkili risk faktorleri

AMAC: Erken tani igin gosterilen tiim cabalara ragmen kolorektal kanser hastalarinin dértte biri hala acil sartlarda ameliyat edilmektedir. Calisma-
mizin amaci acil kolorektal kanser rezeksiyonlarinda morbidite ve mortalite ile iliskili risk faktorlerini arastirmaktir.

GEREG VE YONTEM: Tek bir referans merkezde acil sartlarda yapilan kolorektal kanser rezeksiyonlarinin retrospektif degerlendirmesi ile yapilan
bu galismada, hastalara ait demografik veriler, perioperatif 6zellikler ve detaylarin yani sira tomur karakteristikleri incelendi. Calismamizda morbidite
varligi Clavien-Dindo 23 komplikasyon olarak tanimlandi. Hem morbidite hem de mortalite agisindan 6nce tek degiskenli analizler ve ardindan gok
degiskenli lojistik regresyon testleri ile risk faktorleri arastirildi.

BULGULAR: Calismamiz %63’i (119 hasta) erkek olmak tizere toplam 188 hasta ile gerceklestirildi. Cok degiskenli analizlerde morbidite riski ile
iligkili faktorler yas (OR=3.02, p=0.009), ASA skoru (OR=1.01, p=0.049), ameliyat siiresi (OR=1.01, p=0.001) ve perforasyon varligiydi (OR,
3.24, p=0.004). Mortalite igin yapilan ¢ok degiskenli analizde yasin (OR, 3.23, p=0.017), ASA'nin (OR, 5.92, p=0.009), ameliyat siiresinin (OR, 1.01,
p=0.007) ve perforasyon varliginin (OR, 3.0, p=0.013) mortalite gelisimi ile anlamli bir iliskiye sahip oldugu tespit edildi.

SONUC: Bu calisma, acil kolorektal kanser rezeksiyonlari gegiren hastalarda morbidite ve mortaliteye katkida bulunan birkag 6nemli risk faktoriini
vurgulamaktadir. Yagin yetmis lizerinde olmasi, lig ve lizerinde ASA skoru, ameliyat sliresinin uzun olmasi ve perforasyon varlig hem morbidite hem
de mortalite sonuglarini kotl etkileyen temel faktorler olarak belirlenmistir. Bu risk faktorlerinin erken tanimlanmasi, daha ytksek risk altindaki
hastalarin belirlenmesi ve bu sayede hasta yonetiminin gelistiriimesine imkan taniyacaktir. Yiiksek morbidite ve mortalite oranlari géz 6niine alindi-
ginda, kolorektal acillerde 6zellikle yasl, daha yliksek ASA skorlarina sahip, ameliyatin uzadigi ve perforasyon tespit edilmis hastalarin yakindan izlem
gerektirdigi ve bu ozelliklere sahip hastalarda daha dikkatli bir perioperatif bakimin faydali olabilecegi akilda tutulmalidir.

Anahtar sozctkler: Acil cerrahi; kolorektal kanser; morbidite; mortalite.
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Logging-related fatalities in the Eastern Black Sea region of
Tiirkiye: a forensic—epidemiological analysis
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2Department of Forensic Medicine, Atatiirk University Faculty of Medicine, Erzurum-Tiirkiye

ABSTRACT

BACKGROUND: Logging is widely recognized as one of the most hazardous industries. Despite the prominence of this sector in
Tirkiye’s Eastern Black Sea region, comprehensive forensic investigations of logging-related deaths are limited.

METHODS: This retrospective study examined 102 logging-related fatalities identified among 4,878 forensic autopsies performed
between 2013 and 2023 by the Recep Tayyip Erdogan University. Demographic, occupational, environmental, seasonal, and medical
response characteristics were extracted from autopsy reports and supplemented with information from police and judicial records.

RESULTS: The victims were predominantly male (93.1%) with an average age of 57.4 years. Two-thirds of them were unregistered
workers, and 5.9% were foreign nationals. Tree-strike injuries were the leading cause of death (51.0%), followed by falls from trees
(30.4%). Fatalities most frequently occurred in the fall (32.4%), with cranial trauma predominating in the summer and thoracic inju-
ries in the spring. Autopsy findings revealed extensive polytrauma, including pelvic and extremity fractures (71.6%) and intracranial
hemorrhage (53.9%). Most incidents were witnessed (78.4%); however, unwitnessed deaths occurred disproportionately among older
informal workers on private lands. Female victims (6.9%) primarily died while performing auxiliary tasks and frequently lacked medical
intervention (83%).

CONCLUSION: This study represents the first comprehensive medico-legal evaluation of logging-related fatalities in the Eastern
Black Sea region. The findings highlight the pivotal role of unregulated labor, hazardous seasonal working conditions, and limited emer-
gency response capacity in shaping mortality patterns. Targeted interventions, including stricter enforcement of occupational safety
regulations, training for informal workers, and improved access to rural emergency services, are urgently needed to reduce preventable
deaths in forestry and logging activities.

Keywords: Forensic autopsy; occupational injury; logging fatality; seasonal risk; Turkiye.

INTRODUCTION

Logging is recognized as one of the most hazardous industries
worldwide, with some of the highest occupational fatality
rates across sectors.l'! Activities such as tree felling, prun-
ing, climbing, and transporting logs expose both professional
forestry workers and amateurs to a high risk of severe trau-
matic injuries and deaths.? These incidents are often associ-
ated with environmental challenges, including rugged terrain,

remote and hard-to-access work areas, and adverse weather
conditions, as well as occupational exposures such as the use
of heavy motorized and cutting tools and contact with aller-
genic flora and fauna.?®! Individual vulnerabilities, such as ad-
vanced age, pre-existing health conditions (e.g., cardiovascu-
lar disease or balance disorders), inadequate use of personal
protective equipment (PPE), and noncompliance with safety
protocols, further increase the risk of fatal outcomes.! How-
ever, beyond individual-level factors, the hazardous physical
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Figure 1. Primitive cable car system and challenging terrain conditions.

environment of forestry operations requires systemic pro-
tective measures. These measures include mechanized trans-
port systems (e.g., cableways/teleferiks), proper terrain sta-
bilization, controlled felling zones, and collective safeguards
designed to minimize exposure to falling trees, rolling logs,
and unstable slopes (Fig. |). Therefore, effective prevention
requires strict adherence to PPE standards along with com-
prehensive environmental and organizational interventions
tailored to the high-risk nature of logging sites (Fig. 2)."!

Several large-scale studies from the United States underscore
the magnitude of this problem. An analysis of occupational
deaths between 2009 and 2013 identified blunt trauma from
falling trees or branches as the leading cause of death, with
head injuries being most common and victims predominantly
middle-aged males.!! The authors emphasized the importance
of mechanization and enhanced fall-prevention training. Simi-

larly, a multi-state study conducted across |19 western states
between 2011 and 2017 estimated an occupational fatality
incidence of 3.5 per 100,000 full-time workers, with male
mortality rates nearly ten times higher than those of females.
Certain regions, such as Alaska and New Mexico, demon-
strated disproportionately high fatality rates across different
ethnic groups. Long-term surveillance of tree care workers
from 1987 to 2023 revealed that nearly one-quarter of fatali-
ties occurred within the first year of employment, highlighting
inexperience as a critical risk factor. The same study reported
that only 39% of employers provided systematic training, and
more than half lacked written safety protocols.! Age also
plays a significant role. A study among farmers aged 255 years
in Indiana between 1988 and 2017 reported a mean age at
death of 67.4 years, with most fatalities resulting from blunt
trauma caused by falling trees. Reduced physical capacity,
insufficient use of protective equipment, and unsafe cutting

Figure 2. Warning and safety signs in logging areas.
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techniques were identified as major contributing factors.[
A recent U.S.-based study retrospectively evaluated injuries
and fatalities among forestry and logging workers over a |16-
year period (2003-2019) using data from the Bureau of Labor
Statistics. The analysis found that contact with objects and
equipment was the leading cause of both injuries and fatali-
ties, followed by transportation-related incidents for fatalities
and falls, slips, and trips for nonfatal injuries.”! The authors
emphasized that persistent gaps in occupational health and
safety practices remain and highlighted the need for collab-
orative preventive strategies between researchers and the
forestry industry.')

Findings from Tiirkiye mirror these international observa-
tions. Field studies report that head trauma, falls from height,
and chainsaw-related injuries are more common among in-
dividuals with limited education and inadequate use of pro-
tective equipment.!'"'2 However, systematic research on log-
ging-related deaths based on forensic autopsy data remains
scarce. This gap is particularly notable given the critical role
of forensic medicine in elucidating causes of death, identifying
environmental and individual risk factors, and providing reli-
able evidence for occupational safety policies. Comprehen-
sive evaluation of autopsy findings alongside crime scene evi-
dence, witness reports, and trauma patterns offers a unique
opportunity to generate robust data for preventive strategies.

Against this background, the present study retrospectively
examines logging-related fatalities in the Eastern Black Sea
region of Tiirkiye over an eleven-year period (2013-2023),
based on forensic autopsy data collected at the Recep
Tayyip Erdogan University. The study aims to characterize
the mechanisms of death, distribution of traumatic lesions,
autopsy findings, environmental and seasonal patterns, and
occupational profiles of the victims. By including individuals
engaged in unauthorized or non-professional logging activi-
ties, this research provides novel insights into the multifac-
eted risks associated with logging in Tiirkiye. The findings are
expected to contribute to the forensic literature and to sup-
port the development of region-specific occupational safety
interventions, including training and awareness programs in
rural communities. By also incorporating cases related to un-
authorized or non-professional logging activities, this study
addresses a critical research gap and provides evidence-based
recommendations for targeted occupational safety interven-
tions in rural Tirkiye.

MATERIALS AND METHODS

Data Source

This retrospective, autopsy-based study was conducted at
the Recep Tayyip Erdogan University, Tiirkiye, which is the
sole authority responsible for performing forensic autopsies
in the Eastern Black Sea region. The study period extended
from January |, 2013 to December 31, 2023. During this pe-
riod, a total of 4,878 forensic autopsies were performed, all

Ulus Travma Acil Cerrahi Derg, April 2026, Vol. 32, No. 4

of which are mandatorily conducted in cases of violent, suspi-
cious, or unnatural deaths under Turkish law.

Selection of Subjects

From the total autopsy population, 102 cases were identi-
fied in which death occurred in the context of occupational
or non-occupational logging activities. Inclusion criteria re-
quired that the fatal event be clearly associated with tree
felling, pruning, climbing, or wood-handling operations, as
documented in the autopsy report and supported by supple-
mentary materials (e.g., police reports, judicial records from
the National Judiciary Informatics System [UYAP], and crime
scene documentation). Cases with ambiguous activity con-
texts or deaths resulting from natural, non-traumatic causes
were excluded.

Quality Control of the Autopsy Procedure

All autopsies included in this study were performed by spe-
cialists in forensic medicine at the Recep Tayyip Erdogan
University in accordance with national forensic protocols
and institutional guidelines. Each case underwent a complete
forensic autopsy, including external examination and internal
dissection of all major body cavities. Toxicological samples
were collected when indicated. As this was a retrospective
study, the authors did not perform all of the autopsies them-
selves; instead, official autopsy reports and related documen-
tation were systematically reviewed. During data extraction,
the completeness and internal consistency of each case were
verified by cross-checking relevant variables (e.g., correspon-
dence between the cause of death, trauma patterns, and
toxicological results) to ensure that all autopsies had been
conducted and recorded in accordance with the institution's
standardized quality procedures.

Variables Analyzed

Standardized data were extracted retrospectively for each
case. The variables analyzed in this study included demo-
graphic characteristics (age, sex, and occupation), environ-
mental factors (incident location, season of occurrence, and
presence of witnesses), and injury mechanisms, such as being
struck by a falling tree, falling from a tree, electrical injuries,
and other trauma-related events. The cause of death was
determined based on autopsy findings (e.g., multiple body
trauma, head trauma, or thoracic injury) and was supported
by toxicological analyses, including ethanol and other relevant
substances when available.

Statistical Analysis

Statistical analyses were performed using SPSS software, ver-
sion 25.0 (IBM Corp., Armonk, NY, USA). Categorical vari-
ables were analyzed using Pearson’s chi-square test or Fisher’s
exact test when expected cell counts were <5. The normality
of continuous variables was assessed using the Kolmogorov—
Smirnov test. Depending on the distribution, comparisons
between two groups were performed using either the Stu-
dent’s t-test or the Mann—Whitney U test, while analysis of
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Figure 3. Unsafe and informal logging practices in rural areas.

variance (ANOVA) or the Kruskal-Wallis tests was used for
comparisons involving more than two groups. Post hoc analy-
ses with Bonferroni correction were conducted where appli-
cable. A p value <0.05 was considered statistically significant.

RESULTS

A total of 4,878 forensic autopsies were conducted between
2013 and 2023. Among these, 102 deaths (2.1%) were con-
firmed to be related to forestry and logging activities and
were included in the study.

Demographic and Occupational Characteristics

The victims were predominantly male (93.1%, n=95), with
only seven females (6.9%). Ages ranged from 20 to 81 years
(mean 57.4x15.5), with 71.6% of deaths occurring between
4] and 65 years of age. This distribution reflects the pre-
dominance of middle-aged and older men engaged in logging
activities in the region. With respect to occupation, 38.2%
(n=39) were officially employed forestry workers, whereas
61.8% (n=63) belonged to other occupational groups or
were unregistered individuals. Many individuals in the latter
group died while cutting wood on private or unauthorized
land (Fig. 3). Foreign nationals accounted for six cases (5.9%),
all of whom were Georgian workers. Statistical analysis re-
vealed significant differences between forestry workers and
non-workers in terms of incident location (p<0.001), pres-
ence of witnesses (p=0.002), and mechanisms of fatal in-
jury (p=0.028). Forestry workers were more often involved
in witnessed incidents occurring in forested areas (92.3%),
whereas non-workers more frequently died on private lands
without witnesses (Table I).

Mechanisms and Causes of Death

The leading fatal mechanism was being struck by a falling tree

440

(51.0%, n=52), followed by falls from trees (30.4%, n=31),
falls from cliffs or slopes (6.9%, n=7), and cutting tool in-
juries (5.9%, n=6). Electrocution (5.9%, n=6) was observed
exclusively among non-forestry workers. Autopsy findings
identified blunt trauma or multiple body trauma as the most
frequent cause of death (81.4%, n=83), followed by cardiovas-
cular events (6.9%, n=7), electrocution (5.9%, n=6), and sharp
force injuries (5.9%, n=6).

Medical Response and Scene Characteristics

In 64.7% of cases, death occurred at the scene (Fig. 4). Basic
life support or resuscitation was attempted in 27.5% of cases,
while only 7.8% of victims reached a hospital where surgi-
cal intervention was possible. Chainsaw use was recorded in
62.7% of incidents, and in 65.7% of cases the deceased was
the individual directly engaged in felling the tree.

Seasonal Distribution and Anatomical Injury Patterns

Fatalities occurred most frequently in fall (32.4%), followed
by summer (25.5%), winter (22.5%), and spring (19.6%). Inci-
dents involving individuals struck by falling trees were particu-
larly concentrated during the fall season (Fig. 5, left). Seasonal
analysis revealed that cranial trauma predominated in sum-
mer, thoracic trauma in spring, and more evenly distributed
trauma patterns during fall and winter. These differences ap-
pear to reflect both the seasonal intensity of forestry work
and environmental conditions (Fig. 5, right).

Associations Between Age, Occupation, and Injury Type

Significant associations were identified between age and oc-
cupational status, incident location, and mechanism of injury.
Forestry workers had a lower mean age (50.1+14.9 years)
compared with non-workers (61.9+14.2 years; p<0.001).
Victims of falls from trees were older (mean 66.9+8.3 years;
p=0.011). Similarly, deaths occurring in forested areas in-
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Table I. Demographic and incident characteristics of logging-related fatalities

Variable Forestry workers Non-forestry/unregistered Total
n (%) n (%) n (%)

Sex

Male 36 (92.3) 59 (93.7) 95 (93.1)

Female 3(7.7) 4 (6.3) 7 (6.9)
Age (years)

Range 20-79 22-8l| 20-8l

MeanzSD 50.1x14.9 61.9+14.2 57.4x15.5

41-65 years 28 (71.8) 45 (71.4) 73 (71.6)
Nationality

Turkish 39 (38.2%) 59 (61.8%) 98 (94.1)

Georgian 2 (5.1) 4 (6.3) 6 (5.9)
Incident characteristics

Location: forest land 36 (92.3) 22 (34.9) 58 (56.9)

Location: private land 3(7.7) 41 (65.1) 44 (43.1)

Witnessed events 34 (87.2) 46 (73.0) 80 (78.4)

Unwitnessed events 5(12.8) 17 (27.0) 22 (21.6)
Mechanism of fatal injury

Struck by falling tree 29 (74.4) 23 (36.5) 52 (51.0)

Fall from tree 7 (17.9) 24 (38.1) 31 (30.4)

Fall from cliff or slope 2 (5.1) 5(7.9) 7 (6.9)

Cutting-tool injury 1 (2.6) 5(7.9) 6 (5.9)

Electrocution 0 (0.0) 6 (9.5) 6 (5.9)

Figure 4. Images from the scene of the incident.

volved younger individuals (mean age 51.2 years) than those
occurring on private land (mean age 64.5 years; p<0.001).
These findings suggest that older individuals are more vulner-

able to fall-related fatalities (Fig. 6A).

Ulus Travma Acil Cerrahi Derg, April 2026, Vol. 32, No. 4

Autopsy Findings

The most frequent traumatic lesions were pelvic and extrem-
ity fractures (71.6%), followed by cranial trauma and intracra-
nial hemorrhage (53.9%), cranial fractures (39.2%), rib and
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Figure 5. Seasonal distribution of logging-related fatalities by mechanism of injury and heatmap of anatomical injury correlations.

Figure 6. Multi-panel visualization of key findings in logging-related fatalities. (a) Mean age distribution according to occupational status,
injury type, and incident location. (b) Prevalence of traumatic lesions identified at autopsy. (¢) Distribution of trauma mechanisms in wit-
nessed versus unwitnessed events. (d) Medical intervention rates according to age group and sex.
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sternum fractures (35.3%), pulmonary lacerations (29.4%),
cervical vertebral fractures (15.7%), and spinal cord injuries
(13.7%). Abdominal organ injuries were also documented,
including liver lacerations (14.7%) and splenic lacerations
(11.8%), findings consistent with high-energy polytrauma (Fig.
6B).

Witnessed vs. Unwitnessed Cases

Most incidents were witnessed (78.4%), with cranial trauma
being the predominant cause of death in this group. In unwit-
nessed cases, trauma mechanisms were more heterogeneous
and often reflected delayed discovery of the victims (Fig. 6C).

Gender- and Age-Related Differences

Among female victims (6.9% of cases), 83% died without
receiving medical intervention. Younger and middle-aged
victims were more likely to receive resuscitative attempts,
whereas older individuals more frequently died at the scene
without intervention (Fig. 6D).

DISCUSSION

Demographic and Occupational Characteristics

Consistent with the gendered structure of forestry labor
worldwide, fatalities were overwhelmingly male (>90%).l'*'4
The 6.9% of female deaths were not associated with tree fell-
ing but rather with auxiliary tasks, such as wood transport.
This pattern reflects the peripheral involvement of women in
forestry-related activities. The mean age of 57.4 years indi-
cates the heightened vulnerability of middle-aged and older
men, contrasting with the younger professional cohorts re-
ported in Northern Europe and North America.l'>!¥! Nota-
bly, two-thirds of the victims were unregistered workers, and
many of the deaths occurred on private or unregulated land,
highlighting systemic gaps in occupational safety oversight
similar to those observed in Eastern Europe.l'! The presence
of foreign nationals among the fatalities (all of whom were
Georgian workers) further underscores how migrant labor-
ers are often assigned the most hazardous tasks while lack-
ing adequate protection. Limited access to training, language
barriers, and informal employment conditions restrict their
ability to benefit from occupational safety measures, thereby
increasing their exposure to hazards and systemic vulnerabili-
ties.['®

Mechanisms and Causes of Death

In our cohort, the mortality pattern was dominated by tree-
strike injuries, a finding consistent with global data on log-
ging-related fatalities. Unlike Scandinavian forestry systems,
where mechanized harvesting has progressively reduced such
incidents, rural regions of Tiirkiye remain largely dependent
on manual tree felling, perpetuating structural risk. Falls from
trees and steep slopes represented the second most com-
mon cause of death and disproportionately affected older
men, whose physiological decline—including impaired bal-
ance, slower reaction times, and reduced musculoskeletal re-
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silience—increases their susceptibility to high-energy trauma.
Although less frequent, chainsaw-related injuries remain a
preventable subset of fatalities, reflecting gaps in training and
inadequate enforcement of protective measures.['”! Electro-
cutions, which were largely confined to private lands near
overhead power lines, highlight infrastructural hazards that
could be mitigated through improved intersectoral planning.
[20] Taken together, these mechanisms reveal a dual burden:
the unavoidable dangers of heavy timber work and the pre-
ventable risks arising from inadequate regulation, insufficient
training, and the lack of modernization in forestry practices.
These findings underscore the need for urgent policy mea-
sures that combine mechanization, stricter enforcement of
occupational safety standards, and community-level educa-
tion to reduce both structural and modifiable hazards in for-
estry work.

Medical Response and Scene Characteristics

In our series, most incidents were witnessed (78.4%), en-
abling prompt resuscitative efforts. In contrast, unwitnessed
deaths, which frequently occurred on private lands, were
typically discovered hours later, eliminating any chance of
survival. This contrast underscores the critical importance of
immediate intervention, a finding consistent with occupation-
al injury research indicating that the presence of bystanders
significantly improves emergency response and survival out-
comes.?'l The predominance of cranial trauma in witnessed
cases reflects the inherently fatal nature of severe head inju-
ries, which are often resistant to resuscitative efforts. Con-
versely, unwitnessed events more often involved thoracic
or abdominal trauma, patterns consistent with delayed dis-
covery and prolonged post-injury survival. Informal loggers,
particularly non-forestry workers, died disproportionately
in unwitnessed circumstances, highlighting the risks associ-
ated with working alone. In professional forestry operations,
team-based protocols often mitigate these risks. Therefore,
preventive strategies should emphasize discouraging solitary
tree felling, mandating the use of communication devices in
remote areas, and strengthening first-aid preparedness. In re-
gions where informal labor predominates, community-based
safety awareness programs are essential.

Seasonal Distribution and Anatomical Correlations

Our analysis revealed a clear seasonal clustering of fatalities,
with fall (32.4%) representing the peak period, followed by
summer, winter, and spring. Fall-related deaths were predom-
inantly caused by tree-strike incidents, coinciding with inten-
sive fuel preparation and woodcutting in the Eastern Black
Sea region. Similar seasonal patterns of forestry injuries have
been documented internationally, reflecting the influence of
climatic and socio-economic cycles on labor intensity.!l'5222]
Seasonal, anatomy-specific patterns further highlighted this
interaction. Cranial trauma predominated during summer,
likely due to longer daylight hours and increased tree-felling
activity, during which head injuries caused by falling trees and
branches are well documented. In spring, thoracic trauma
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Figure 2. Preoperative sagittal T2-weighted magnetic resonance
imaging (MRI) of the cervical spine demonstrating C6—7 disloca-
tion with associated spinal cord contusion and edema extending
from C5 to C7.
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Figure 3. Postoperative cervical computed tomography (CT) im-
ages. (a) Sagittal reconstruction showing anterior C6 corpectomy
with expandable cage placement and C5-7 anterior plating. (b)
Sagittal view demonstrating posterior instrumentation from C4 to
C7 with laminectomy at C5-6. (c) Axial CT image at the C6 level
showing the anterior cage and plate construct. (d) Axial CT image
at the C5 level showing posterior lateral mass screw fixation.
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than among those who underwent surgical stabilization, sug-
gesting that stabilization may play a protective role. Belanger
et al.B) subsequently defined SPAM as a distinct clinical entity,
while Planner et al.! described characteristic MRI features,
including cranially ascending T2 hyperintensity and cord
swelling. More recent reviews, such as Zhang and Wang, con-
firm its estimated incidence of 0.4—1% and emphasize that no
unifying mechanism has been established (Table )."]

The proposed pathophysiology remains multifactorial, en-
compassing vascular ischemia or venous hypertension, cere-
brospinal fluid flow obstruction, autoimmune inflammation,
and reperfusion injury.*”! Pathological studies have identified
cord edema, infarction, and apoptotic changes above the in-
dex injury, supporting both vascular and secondary injury hy-
potheses.”! Clinically, SPAM often presents with stepwise or
rapid deterioration, sometimes preceded by low-grade fever,
pain, or autonomic instability.'?

Therapeutic strategies are not standardized. High-dose cor-
ticosteroids, anticoagulation, and surgical approaches such as
duraplasty or cord untethering have been attempted, with
inconsistent results.?”'1 Supportive management, including
hemodynamic stabilization, ventilatory support, and rehabili-
tation, remains the cornerstone of care.’”] Despite aggres-
sive combined anterior and posterior decompression and
stabilization in our case, the patient deteriorated neurologi-
cally on postoperative day 10, culminating in quadriplegia and
respiratory failure.

A particular limitation of our case was the inability to ra-
diologically demonstrate ascending myelopathy due to signifi-

Figure 4. Postoperative sagittal T2-weighted magnetic resonance
imaging (MRI) of the cervical spine. Metallic artifact from anterior
and posterior instrumentation limits evaluation; however, no defi-
nite new compressive lesion is observed.

515



Solmaz et al. SPAM following cervical spinal cord injury

‘BuiBew adueruosaJ d1dudel (YW PIN [euldsouqaus?) 145D Aunlul paod Jeulds ;DS ‘AyredojaAw Suipuadse snewne-1sod 91n2eqng :WVdS
‘uopeanp dn-moj|o} pue ‘SSWODINO [BJIUI]D ‘POPUIISE S[9AJ| [eulds Jo Jaquinu 43ojoyred aya jo uonedo| [edlwoleue ‘Wsiueydsw Jo ASojoyred pasodoud ‘sausined jo daquinu ‘uSissp Apnas sazirewwns d|qel sy |

[STRITE) J1peI0Y) J9ddn
syjuow 9 Y3IM PAAIAING 8 0) Jequinjode.oy | 1DS J93ye sisAjeaed Suipuadsy | 340dau aseD) ICT0T “|B 39 semsig
(pamainau) 1a£10¢
tsisouBoud uoog SWISIUBYDSW [BII0I2BHI|N || +09 MB3IASJ 3UNJeIRIIT ‘Buepn @ Sueyz
9-§ p402 d12ed0Yy | UoIS3| dAOqE Y3 A3ojoyaed yum 151500T
Asdoiny [eyeq sisoadode ‘ewapa ‘uondJeu| 140dau aseD “le 39 Auereyy-|y
S|2A9] Jaydly
syauow 9 S21SP YIIM PBAIAING 9 « (711) a1esoy | WVdS dneWNe.-1s0d 140dau ase) 1010T “[e 33 Jewny|
3|qeliep SIIDIYSP [eNPISAJ SWOS $3 JI2B.IOYI/|BIIAIDD) Suljjams pJod “AusumuriadAy 71 M3IAD
‘pazi|iqels Iso} Suipuadse Ajjeiue.d Y| a|dniy aA2adsoaay 1800C “[& 33 Jauue|q
syauow ¢ AJan023u [einIed S JIoeIOY) « JequinT (e1wsysi ‘uoisusliadAy
SNOUSA) WSIUBYISW JB|NJSBA 240dau ase) »1900T ‘IPIWyds
SYIUO| pajeloLIlep auo 8+ [eJ1AJ2D pue d[deaoY | Anus [esjulpd
‘paroadwl om| 12Ul3ISIp € SB paulap |\VdS € $3149S 358D ©1000T ‘& 3 J4o8uejeg
Aupigaow J1deIOYY 1DS Ajaes ul
w.Js1-340yg y3iH 9—¢ pue [BdIAIDD) AyredojaAw Buipusdsy [IAETEIN S3149S 358D 16661 “[e 39 oy
Juswadeuew aAnesado (WWVdS
(o1oeU0Y3/|BOIAIRD) -uou UM st Jaysiy YaIMm 1)
|e3®) SWOS SnolJeA ‘AyredojaAw 3uipuadse ayndy yE| Apnis 1u0yoD 1116861 “Ie 38 uojqex
Ajaespusiyedu) ‘3]qelaep +—1 [ed1AID
skep /| [eaeq SPAd| T 03 d1deJIoY | uolsa| pJod Suipuddse Alieg 140dau ase) 0116961 ‘[ueiq
TISIUEtPO
uoneing Papuadsy A3ojoyreq pasodoud (syusney) usisaq
dn-mojjo4 awo23nQ S|9A9] Jo uonedo /ASojoyreyq N Apmyg JAed) j1oyIny

Aanfui psod [euids us1je (4vdS) AyredojaAw Suipuadse dnnewney-3sod aindeqns jo sydodau Aoy

‘1 S1qeL

Ulus Travma Acil Cerrahi Derg, April 2026, Vol. 32, No. 4

516



Solmaz et al. SPAM following cervical spinal cord injury

cant metallic artifacts from instrumentation on postopera-
tive MRI. Although no new compressive lesion or hematoma
was identified, the artifact precluded optimal evaluation of
intramedullary changes. Thus, the diagnosis of SPAM relied
on the characteristic clinical progression and the exclusion
of alternative etiologies such as pulmonary embolism, cardiac
dysfunction, or sepsis. This limitation underscores the im-
portance of correlating imaging with clinical findings and high-
lights the potential value of artifact-reducing MRI sequences
or CT myelography in similar scenarios.

Overall, our case highlights the unpredictable course of
SPAM, its high mortality despite timely surgical stabilization,
and the diagnostic challenges posed by postoperative imaging
limitations.

CONCLUSION

Subacute post-traumatic ascending myelopathy remains a
rare but devastating complication of spinal cord injury, char-
acterized by rapid neurological deterioration and high mortal-
ity. Its pathophysiology is still unclear; imaging may be limited
in the postoperative setting, and no standardized treatment
exists. Supportive care, therefore, remains the cornerstone
of management, while vigilant neurological monitoring and
continued reporting of cases are essential to improve early
recognition, refine diagnostic strategies, and guide future
therapeutic approaches.
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OLGU SUNUMU - 0Z

Servikal omurga travmasi sonrasi gelisen subakut posttravmatik asendan myelopati: Nadir
ve 6liimciil bir komplikasyon

Subakut posttravmatik asendan myelopati (SPAM), omurilik yaralanmalarinin nadir fakat yikici komplikasyonlarindan biridir. Travmadan sonraki
gunler veya haftalar icinde, baslangig lezyonunun birkag segment tizerinde nérolojik kotlilesme ile kendini gosterir. Patofizyolojisi tam olarak bilinme-
mekte olup standart bir tedavi yaklagimi yoktur. Otuz sekiz yasindaki erkek hasta motosiklet kazasi sonrasi acil servise getirildi. Baslangi¢ radyolojik
incelemelerde C6—7 diizeyinde travmatik spondilolistezis, bilateral faset dislokasyonu ve C5-7 dlizeyinde medulla spinalis kontilizyonu ile 6dem
saptandi. Reduksiyon sonrasi anterior Cé korpektomi, ekspandibl kafes ve C5-7 plak yerlestiriimesi yapildi, ardindan C5-6 total laminektomi ve
C4-7 posterior enstriimantasyon uygulandi. Postoperatif donemde kismi nérolojik diizelme izlendi. Ancak |0. glinde kuadriparezi hizla kuadriplejiye
ilerledi; spinal sok bulgulari ve solunum depresyonu gelisti. Kontrol gériintiilemelerinde hematom veya implant malpozisyonu saptanmadi, ancak
manyetik artefakt nedeniyle medulla intrensek patolojisi net degerlendirilemedi. Pulmoner emboli, kardiyak disfonksiyon ve sepsis gibi ayirici tanilar
ekarte edildi. Klinik seyir asendan myelopati ile uyumlu degerlendirildi ve yogun destek tedavisine ragmen hasta kaybedildi. SPAM, servikal omurga
travmalarinin nadir fakat 6liimciil bir komplikasyonudur. Postoperatif donemde metalik artefakt nedeniyle radyolojik tani sinirli olabilir. Bu nedenle
klinik-radyolojik korelasyon, dikkatli norolojik takip ve yeni vaka bildirimleri bu nadir sendromun daha iyi anlasiimasi ve yénetimi agisindan kritik
oneme sahiptir.

Anahtar sozclikler: Asendan miyelopati; servikal travma; komplikasyon; omurilik yaralanmasi; SPAM.
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