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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author(s) guarantee(s) that the manuscript will not be published elsewhere in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. TITES 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
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Evaluation of hepatic and remote organ injury in an
experimental liver ischemia-reperfusion model in rats and
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ABSTRACT

BACKGROUND: This study aims to show the changes in the liver, lung, kidney, and heart in the liver ischemia-reperfusion model in
rats and the effect of quercetin on these changes histopathologically and immunohistochemically.

METHODS: Eighteen Sprague Dawley rats were classified into three groups: Group | sham, Group 2 ischemia-reperfusion (IR),
Group 3 ischemia-reperfusion + quercetin (IR+Q). For three days, distilled water was given to Group |, and quercetin was given to
Group 3 via gavage. At the end of the third day, abdominal opening-closing was applied to Group |, and 4 hours of reperfusion was
applied to Groups 2 and 3 after | hour of ischemia by clamping the hepatoduodenal ligament, and all rats were euthanized. Liver, lung,
kidney, and heart tissue samples were stained with Hematoxylin Eosin (HE), Masson Trichrome, Periodic Acid-Schiff (PAS), and TUNEL
(Terminal deoxynucleotidyl transferase (TdT) deoxyuridine triphosphate nick end labeling assay) to assess apoptosis and examined
histopathologically and immunohistochemically under a light microscope.

RESULTS: In the liver, the damage score was significantly higher in the IR group than in the sham group, while it was significantly lower
in the IR+Q group than in the IR group. While there was no significant difference between the groups in semi-quantitative scoring
parameters, the Apoptotic Index was significantly higher in the IR group than in the sham group and significantly lower in the IR+Q
group than in the IR group. In the lung, no significant difference in lung damage scores between the groups was observed. While the
Apoptotic Index was significantly higher in the IR group than in the sham group, it was significantly lower in the IR+Q group than in the
IR group. In the kidneys, tubular cell degeneration and intertubular vascular congestion were significantly higher in the IR group than in
the sham group. While the Apoptotic Index was higher in the IR group than in the sham and IR+Q groups, it was higher in the IR+Q
group than in the sham group. In the heart, there was no difference between the groups in terms of myocardial cell degeneration and
vascular damage. The apoptotic index was significantly higher in the IR group than in the sham and IR+Q groups.

CONCLUSION: Our results indicate that histopathological damage occurs in the liver; lung, kidney, and heart in the experimentally
created IR model, and quercetin application decreases IR-related damage and apoptosis in these organs.

Keywords: Ischemia-reperfusion injury; liver; quercetin; remote organ.
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INTRODUCTION

An organ's inability to meet oxygen and nutrient demands due
to impaired blood flow causes depletion of energy stores, me-
tabolite accumulation, and oxidative stress, resulting in isch-
emia within a specified time.

Reinstating blood flow aggravates cellular damage through
the enhancement of reactive oxygen radicals (ROS) and the
inflammatory response. This condition is called ischemia-re-
perfusion damage (IRD). The risk of liver ischemia-reperfusion
damage is heightened in liver tissue following trauma or pro-
longed surgical procedures like tumor resection and trans-
plantation.['!

Experimental animal models, in which inflammatory factors
like chemokines, cytokines, and transcription factors are
released due to oxidative stress and reperfusion following
ischemia, have helped elucidate the pathophysiology of IRD.
I Mitochondrial peptides from necrotic cells during ischemia
stimulate Kupffer cells, macrophages in the liver. Kupffer cells
release ROS and inflammatory mediators, inducing apoptosis
in endothelial cells of vascular structures. The inflammatory
response intensifies with the presence of neutrophils and in-
flammatory mediators that infiltrate the liver parenchyma.!

The presence of IRD in the liver can also threaten other or-
gans. This phenomenon occurs because the inflammatory re-
sponse is carried to distant organs with the help of cytokines
released as a result of oxidative stress. In some cases, this
response can lead to fatal outcomes by causing multiple or-
gan dysfunction syndrome (MODS) or systemic inflammatory
response syndrome (SIRS).! Oxidative stress and increased
ROS levels are the main pathologies targeted for the preven-
tion and treatment of IRD. Antioxidant treatment mitigates
liver problems caused by IRD.™

Quercetin, a flavonoid present in numerous plants such as
seeds, red onions, blueberries, and apples, is a natural anti-
oxidant. This pigment exhibits antioxidant, anti-inflammatory,
and antifibrotic activities. Quercetin mitigates ischemia-re-
perfusion injury in multiple organs and tissues.! Quercetin's
antioxidant properties include free radical scavenging, nitric
oxide synthase reduction, and xanthine oxidase inhibition.[!
It exerts its anti-inflammatory effect by inhibiting cyclooxy-
genase and lipoxygenase enzymes and by reducing inflamma-
tory mediators such as prostaglandins and leukotrienes.”! The
heme oxygenase | enzyme, crucial for antioxidant and anti-
inflammatory responses, is activated by it.

This study explored the histopathological alterations in the
liver; lung, kidney, and heart tissues of rats caused by IRD in
the liver, assessing the impact of quercetin.

MATERIALS AND METHODS

The experimental procedures were carried out at Karadeniz
Technical University Medical Faculty Surgical Research Cen-
ter in Trabzon, Tirkiye. Eighteen female Spraque Dawley rats
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weighing between 250 and 300 g were used for the study.
The animals were treated in accordance with the National
Institutes of Health's Guide for the Care and Use of Labo-
ratory Animals. The Institutional Animal Ethical Committee
of Karadeniz Technical University, Trabzon, Tiirkiye approved
our study (protocol no: 2017-25). The rats were housed in
type |l cages, provided with tap water and standard rat chow
(Bayramoglu Yem ve Un Sanayi Tic. A.S., Erzurum, Tirkiye),
and maintained at a temperature of 22+1°C under a 12 hours
light-12 hours dark cycle.

Experimental Design
In the study, rats were classified into three groups.

Group | (Sham group, n=6): The rats, which received | mL
of distilled water by gavage for 3 days before the experiment,
were sacrificed by exsanguination, and their organs were re-
moved 4 hours after opening the abdomen, waiting | hour,
and then closing it.

Group 2 (Ischemia-Reperfusion (IR) group, n=6): On the day
of the experiment, rats reperfused for 4 hours after | hour of
ischemia were sacrificed by exsanguination, and their organs
were removed.

Group 3 (Ischemia-Reperfusion + Quercetin (IR+Q) group,
n=6): The rats that were given quercetin (Sigma-Aldrich; Mer-
ck KGaA, Darmstadt, Germany) by gavage for 3 days before
the experiment and reperfused for 4 hours after | hour of
ischemia were sacrificed by exsanguination, and their organs
were removed.

Experimental Protocol

The hepatic ischemia was induced through clamping of the
portal vein, hepatic artery, and bile duct (hepaticoduodenal
ligament) during the abdominal median laparotomy under
general anesthesia. After an hour, the liver was reperfused
for 4 hours before the rats were sacrificed by exsanguination.
For histological analysis, the liver, lung, kidney, and heart were
removed.

Histological Procedures

In the tissues prepared for examination with a light micro-
scope, Hematoxylin-Eosin (H&E) staining was performed to
observe the histological structure, and Masson's trichrome
staining was performed to examine connective tissue. Peri-
odic acid-Shiff (PAS) staining was performed to investigate
glycogen accumulation in the liver; lung, kidney, and heart;
microvilli and basal membranes of epithelial cells in kidney
tubules; and goblet cells in the lung.

Hepatic ischemia/reperfusion damage was graded (0 for mini-
mal, | for mild, 2 for moderate, and 3 for severe) based on
patterns of cytoplasmic vacuolization, nuclear pyknosis, hype-
reosinophilia, loss of cell borders, and neutrophil infiltration.
B A semi-quantitative score from 0-3 (ranging from none to
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severe) was assigned to hepatocytes degeneration, pyknotic
nuclei, sinusoidal dilatation, mononuclear cell infiltration, vas-
cular congestion, and hemorrhage in the liver.l")

Semi-quantitative damage scoring in the evaluation of lung
tissue was performed as follows: Grade 0, normal morphol-
ogy; Grade |, mild intra-alveolar edema and inflammatory cell
infiltration; Grade 2, moderate alveolar edema and inflamma-
tory cell infiltration; Grade 3, inflammatory cell infiltration
with severe alveolar edema and focal hemorrhage; Grade 4,
diffuse inflammatory cell infiltration and deterioration in the
alveolar structure.!'

In the evaluation of kidney tissue, degeneration of tubular
cells (tubular dilatation, shedding, and vacuolization of tubu-
lar epithelial cells) and intertubular vascular congestion were
scored semi-quantitatively as Grade 0, none; Grade |, mild;
Grade 2, moderate; and Grade 3, severe.l']

Myocardial cell degeneration scoring in the evaluation of
heart tissue was performed as Grade 0 (normal), no degen-
eration in myocytes; Grade | (mild), few degenerated myo-
cytes; Grade 2 (moderate), myocyte degeneration around
50%; Grade 3 (severe), myocyte degeneration over 50%.['2

Immunohistochemical Procedures

Terminal deoxynucleotidyl transferase (TdT) deoxyuridine
triphosphate (dUTP) nick end labeling assay (TUNEL) stain-
ing was performed to evaluate apoptosis in organs (|| 684
817 910 Roche Diagnostic, Mannheim, Germany). TUNEL
(+) cells with homogeneously stained brown nuclei without
areas of necrosis were defined as apoptotic. In the evaluation,
apoptotic and normal cells were recorded by counting 100
cells in 5 different areas at X400 magnification, and the Apop-
totic Index (Al) was calculated as follows: AI=TUNEL (+) cell
number/total cell number x 100.

RESULTS

Histological and Immunohistochemical Evaluation of
Liver Tissue

Pyknotic hepatocyte nuclei with eosinophilic cytoplasm, he-
patocyte degeneration, sinusoidal dilatation and congestion,
centrilobular necrosis, hemorrhage, apoptosis, and reduced
glycogen accumulation were observed in the liver of the IR
group. In the IR+Q group, sinusoidal dilatation, hepatocytes
with occasional eosinophilic cytoplasm and pyknotic nuclei,
and a higher glycogen accumulation were detected compared
to the IR group (Fig. 1).

While the damage score in the IR group was significantly
higher than in the sham group (p<0.008), the damage score
in the IR+Q group was significantly lower than that in the
IR group (p=0.015). No statistically significant difference in
semi-quantitative scoring was found between the groups
(p>0.05) (Table 1).

group); Column 1: H&E, Column 2: Masson trichrome, Column 3:
PAS, Column 4: TUNEL staining (X400)

Table I. Liver scoring results and Apoptotic Index (Al) evaluation

Sham IR IR+Q P
meantSD meantSD meantSD
Liver Dam. Score 0.5+0.84 2.5+0.84* 0.67£1.21° <0.013
Hep. Deg. 0.33+0.51 2.17+1.32 0.67+1.21 <0.055
Pic. Nuc. 0.33+0.51 2.17£1.32 0.67+1.21 <0.055
Sin. Dil. 0.0+0.0 0.83+0.75 0.33£0.81 <0.052
Mon. Cell Inf. 0.0+0.0 0.83+0.75 0.3310.81 <0.052
Vas. Cong. 0.0+0.0 1.50%1.22 1.50%1.22 <0.052
Hemorrhage 0.0+0.0 0.33£0.81 0.33£0.81 <0.588
Apoptotic Index (%) 26.33+0.51 63.97+6.84* 22.7+11.16° p<0.0001

Data were given as mean * standard deviation. n=6 rats in each group. Liver Dam. Score: Liver Damage Score; Hep. Deg: Hepatocyte Degeneration; Pic. Nuc.:
Pyknotic Nucleus; Sin. Dil.: Sinusoidal Dilation; Mon. Cell Inf: Mononuclear Cell Infiltration; Vas. Cong.: Vascular Congestion.*: (p<0.008) Damage score in the
IR group was found to be significantly higher than in the sham group. *: (p<0.015) In the IR+Q group, the damage score was significantly decreased compared to
the IR group. *: (p<0.0001) Apoptotic Index was found to be higher in the IR group than in the sham group. °: (p<0.0001) The Apoptotic Index was decreased

in the IR+Q group compared to the IR group. No significant differences were found in the comparison of other parameters among the groups.
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Table 2. Lung damage score and Apoptotic Index (Al) evaluation
Sham IR IR+Q P
meantSD meantSD meantSD
Lung Damage 1.17+0.41 2.17£1.17 1.50+0.55 p<0.152
Apoptotic Index (%) 25.12+7.84 59.21+9.46* 35.22+5.8° p<0.0001

Data were given as mean * standard deviation. n=6 rats in each group. *: (p<0.0001) The apoptotic index was found to be higher in the IR group than in the

sham group. °: (p<0.0001) The apoptotic index was decreased in the IR+Q group compared to the IR group.

ec: IR+tQ
group); Column 1: H&E, Column 2: Masson trichrome, Column 3:
PAS, Column 4: TUNEL staining (X400).

In the liver, the Al% obtained through the TUNEL method
was markedly increased in the IR group compared to the
sham group (p<0.0001), but was substantially diminished in
the IR+Q group relative to the IR group (p<0.0001) (Table I).

Histological and Immunohistochemical Evaluation of
Lung Tissue

While an increase in alveolar epithelial thickness, vascular
congestion, interalveolar hemorrhage, intra-alveolar edema,
neutrophil infiltration were observed in the lung in the IR
group, in the IR+Q group, there was a slight decrease in the
thickening of the alveolar epithelium and interalveolar hem-
orrhage compared to the IR group. In addition, when the lung
was evaluated with PAS staining, an increase in mucin secre-
tion and goblet cells in the bronchial wall was observed in the
IR and IR+Q groups (Fig. 2).

When the groups were evaluated in terms of lung damage
score, no significant difference was found between the groups
(p<0.152) (Table 2).

The apoptotic index in the IR group was significantly higher
than that in the sham group (p<0.0001), but it was significantly
lower in the IR+Q group relative to the IR group (p<0.0001).

Histological and Immunohistochemical Evaluation of
Kidney Tissue

In the cortex of the kidney's IR group, detached and vacu-
olized tubular epithelial cells, dilated tubules, congested in-
tertubular vessels, and increased intertubular collagen were
detected, while the renal medulla showed cast structures and
necrotic tubular epithelial cells within the lumen. In the IR+Q
group, both cortical intertubular congestion with epithe-
lial shedding and medullary shedding and necrosis with cast
structures were observed. In Figure 3, interruptions in the
brush border epithelium and basal membrane structures of
the kidney were minimally observed in the sham group, infre-
quently in the IR+Q group, and significantly in the IR group
upon PAS staining evaluation.

Tubular cell degeneration was significantly higher in the IR
group than in the sham group (p<0.004) (Table 3). Again, in-
tertubular vascular congestion was significantly higher in the
IR group than in the sham group (p<0.015) (Table 3).

In the evaluation of the apoptotic kidney index, the apop-
totic index in the IR group was significantly higher than in the
sham and IR+Q groups (p<0.0001, p<0.0001, respectively);
the apoptotic index in the IR+Q group was higher than in the
sham group (p<0.001) (Table 3).

Table 3. Kidney damage score and Apoptotic Index (Al) evaluation
Sham IR IR+Q P
meantSD meantSD meantSD
Tub. Cell Deg. 0.50+0.55 2.1740.75% 1.00+0.90 p<0.014
Vas. Cong. 0.33+0.52 1.50+0.55° 0.50+0.55 p<0.014
Apoptotic Index (%) 17.25+20.89 76.6+10.15% 45.08+12.760 p<0.0001

Data were given as mean * standard deviation. n=6 rats in each group. Tub. Cell Deg.: Tubular Cell Degeneration; Vas. Cong.: Vascular Congestion. *: (p<0.004)
Tubular cell degeneration was significantly higher in the IR group than in the sham group. °: (p<0.015) Intertubular vascular congestion was significantly higher in
the IR group than in the sham group. *: (p<0.0001) Apoptotic index was found to be significantly higher in the IR group than in the sham group. c: (p<0.0001)
The apoptotic index was significantly lower in the IR+Q group than in the IR group.
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Figure 3. Kidney (Line a: Sham group, Line b: IR group, Line c:
IR+Q group); Column 1: H&E, Column 2: H&E (renal medulla),
Column 3: Masson trichrome, Column 4: PAS, Column 5: TUNEL
staining (X400).

Figure 4. Heart (Line a: Sham group, Line b: IR group, Line c: IR+Q
group); Column 1: H&E, Column 2: Masson trichrome, Column 3:
PAS, Column 4: TUNEL staining (X400).

Histological and Immunohistochemical Evaluation of
Heart Tissue

In the heart tissue of the IR group, degeneration and loss of
striation in cardiac muscle fibers, perinuclear edema between
muscle fibers, and vascular hemorrhage were observed; in the
IR+Q group, a decrease in edema between perinuclear and
muscle fibers was observed locally. When the groups were

examined with Masson’s trichrome staining, there was no dif-
ference between the groups in terms of collagen distribution.
When the groups with PAS staining were evaluated, no dif-
ference was observed between the groups in the glycogen
accumulation in the muscle fibers (Fig. 4).

When myocardial cell degeneration was evaluated, no sig-
nificant difference was found between the groups (p<0.090).
In addition, myocardial fibrosis and vascular congestion were
scored semi-quantitatively. There were no patients with myo-
cardial fibrosis. There were no significant differences between
the groups in terms of vascular damage (Table 4).

The evaluation of the apoptotic index performed by the TU-
NEL technique in the heart showed that the apoptotic index
was significantly higher in the IR group than in the sham and
IR+Q groups (p<0.0001, p<0.0001, respectively) (Table 4).

DISCUSSION

Ischemia—reperfusion damage is the name given to the dam-
age caused by the ischemic and inflammatory response that
develops in the tissue after the blood flow is interrupted and
restored. It is a common complication of the liver follow-
ing prolonged liver surgery such as transplantation or tumor
resection, after trauma, or in situations of shock.I Using an
experimental liver IR model, we evaluated IRD in our study.

The complex, multifactorial pathophysiological process gives
rise to IRD. Local tissue acidosis and ischemia triggering in-
flammatory response mediators and leukocyte migration in
the blood lead to systemic damage and dysfunction. Acidosis
and local ischemia developing in the tissue that cannot meet
oxygen and nutrient needs cause systemic inflammatory re-
sponse syndrome, which results in distant tissue damage and
dysfunction through inflammatory mediators and leukocytes
that mix with the blood.™!

In the creation of the IRD model in the liver; clamping du-
rations have varied. In our study, we imposed ischemia for
an hour followed by reperfusion for four hours. A previous
study investigated the impact of quercetin on the liver under
experimentally induced IRD (45 minutes ischemia, | hour re-
perfusion).l'¥! Jaeschke distinguished between the acute (first

Table 4. Myocardial cell degeneration, heart vascular congestion score results, and Apoptotic Index (Al) evaluation
Sham IR IR+Q P
meantSD meantSD meantSD
Myo. Cell Deg. 1.17+0.98 2.33+0.82 1.67+0.52 p<0.090
Vas. Cong. 1.33£0.82 2.17£0.75 1.831£0.41 p<0.166
Apoptotic Index (%) 29.33+6.45 61.39£16.9% 37.09+7.41° p<0.0001

Data were given as mean * standard deviation. n=6 rats in each group. Myo. Cell Deg.: Myocardial Cell Degeneration; Vas. Cong.: Vascular Congestion. *:
(p=0.0001) The Apoptotic Index was found to be significantly higher in the IR group than in the sham group. *: (p<0.0001) The Apoptotic Index was significantly

lower in the IR+Q group than in the IR group.
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6 hours) and late/subacute (later 6 hours) phases of liver IRD.
The acute phase is the period of increased ROS production,
activation of Kupffer cells, and increased proinflammatory
cytokines; the subacute phase is characterized by intense in-
flammatory cytokine and neutrophil infiltration.l'] The acute
phase after IRD was evaluated in our study.

The researchers Taghizadieh et al.l'’! observed a marked re-
duction in the hepatic antioxidants, including glutathione per-
oxidase (GPX) and superoxide dismutase (SOD), during the
IRD process. These changes result in oxidative stress and cell
damage.!! Numerous studies have investigated the cellular
impacts of excessive ROS activity in IRD, as well as the use of
antioxidants to counteract these effects. The positive effects
of several antioxidant agents like melatonin,!'"'¢! carnosine,!'®!
quercetin, and desferrioxamine!'’l have been shown to im-
prove IRD in previous research.

Quercetin is a potent antioxidant and anti-inflammatory fla-
vonoid. Previous research reveals its ability to quench oxi-
dative stress and inflammation through various mechanisms,
including inhibiting lipid peroxide radical formation, binding
metal ions, scavenging radicals, affecting inducible nitric oxide
synthase activity, suppressing xanthine oxidase, reducing leu-
kocyte immobilization, and inhibiting tumor necrosis factor-
alpha (TNF-q).[5!3]

In Baykara's research, matching our IR durations, the IR
group exhibited damaged hepatocyte cell cords, numerous
and scattered hepatocyte necrosis, neutrophil infiltration
within parenchymal regions, and sinusoidal enlargement and
congestion, similar to our findings.'! According to Tokyol
et al's study,!'] histopathological findings and liver damage
scores following a 45-minute ischemia and |-hour reperfusion
period were consistent with our results. In Baykara’s study,
whose IR durations were the same as in our research, in the
IR group, the integrity of hepatocyte cell cords was impaired,
multiple and diffuse hepatocyte necrosis areas, neutrophil in-
filtration in parenchymal areas, enlargement and congestion
in sinusoids were observed in the IR group, compatible with
the findings of our study.l') The difference in general damage
between the groups was statistically significant, whereas the
differences in individual parameters were not. The insufficient
number of rats might account for this outcome.

In the IRD of one organ, damage to distant organs may occur
in addition. Systemic inflammation occurs due to oxidative
mediators released during IRD and subsequent leukocyte ad-
hesion through these mediators.P! In our study, lung, kidney,
and heart tissues were used to evaluate distant organ dam-
age.

As it is the initial capillary bed the blood encounters following
hepatic circulation, the liver experiences the greatest impact
from the inflammatory mediators generated during IRD.I'!
Major liver surgeries can result in both acute lung damage and
acute respiratory failure syndrome, which are significant com-
plications in IRD patients.l'¥ The IR+Q group showed de-
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creased thickening of alveolar epithelium, vascular congestion,
interalveolar hemorrhage, intra-alveolar edema, neutrophil
infiltration, and increase in apoptosis, as well as decreased Al,
compared to the IR group, but no significant difference was
noted in damage scoring between the two groups. Although
Oguz et al.'s study!'”! revealed histopathological changes due
to liver IRD-induced lung tissue damage, they found that sul-
foraphane—an antioxidant and anti-inflammatory agent like
quercetin—failed to mitigate this damage. Ninety minutes of
ischemia and 18 hours of reperfusion increased high-mobility
group box | (HMGBI) protein levels linked to inflamma-
tion in rat lungs.l'® Eight hours of liver reperfusion follow-
ing 75 minutes of ischemia resulted in increased apoptosis
and stress response enzymes in type Il alveolar cells, inflam-
matory cytokines in plasma, and greater neutrophil ratio in
bronchoalveolar lavage.l'! Similarly, we think the increase in
mucin secretion and goblet cells in the bronchi in our study's
IR and IR+Q groups is related to airway inflammation.

An organ most frequently affected by IRD in the liver is the
kidney. The reported incidence of acute kidney damage after
liver operations is between 40% and 85%.1°1 When the kidney
tissue after IRD was examined in our study, cellular degen-
eration and necrosis findings were observed in both cortex
and medulla regions in the IR group. Again, in damage scor-
ing, tubular cell degeneration and vascular congestion scores
were higher in the IR group. However, although quercetin
partially reduced histopathological deterioration, it was not
effective in improving damage scoring. Al that increased in the
IR group was found to be slightly lower in the IR+Q group.
Miranda et al.? reported increased malondialdehyde (MDA)
and myeloperoxidase (MPO) levels in the kidneys after liver
IRD in rats. This study showed that the event is related to
oxidative stress. In a study in which apoptosis and related Fas
gene expression were measured in kidney tissue after liver
transplantation, it has been shown that both events began
| hour after transplantation and increased up to 12 hours.
221 In our study, sufficient IRD time was applied to apopto-
sis formation in accordance with these data. In a study by
Takhtfooladi et al.,” in which ischemia for 30 minutes and
reperfusion for 24 hours was applied in the liver; kidney dam-
age was evaluated and, unlike our study, diffuse necrosis and
glomerular fibrosis findings were observed. This difference
may be because the study included the subacute period in
terms of reperfusion.

In the IR+Q group, histopathological degeneration findings
noted in the IR group, including nuclear pyknosis, perinuclear
and interstitial edema, vascular hemorrhage, and conges-
tion, were partially alleviated but without statistical signifi-
cance. No evidence of myocardial cell degeneration, vascular
damage, or myocardial fibrosis was found. A study with 150
minutes of ischemia and 12 hours of reperfusion yielded a
high damage score due to myocardial necrosis and edema.
21 The difference is attributed to varying durations. In the
IR+Q group, the heart tissue exhibited a decrease in Al levels
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compared to the IR group. Applying IRD to heart tissue, as
in our study, resulted in apoptosis, yet quercetin diminished
this effect.l?’]

We did not find any significant difference between the groups,
except for a slight increase in intertubular collagen in the IR
group, in the connective tissue of the sections of each of the
four organs we stained with Masson Trichrome. This result
may be due to the fact that our experimental period was not
sufficient for collagen increase. We think that more precise
results can be obtained by including the 6-24 hour subacute
period of IRD in the experiment.

CONCLUSION

In the light of the findings, it was shown that the experimen-
tally created IR model in the liver causes histopathological
damage to the liver and distant organs, and quercetin has
positive effects on this damage. For these results to be clini-
cally applicable, there is a need for experimental and clinical
studies to be carried out at different IRD times, at different
doses of quercetin, supported by further investigations.
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DENEYSEL CALISMA - 0Z

830

Sicanlarda deneysel karaciger iskemi-reperfiizyon modelinde karaciger ve uzak organ
hasarinin degerlendirilmesi ve bu hasara quercetin'in etkileri

AMAC: Bu calisma, sicanlarda karaciger iskemi-reperfiizyon modelinde karaciger, akciger, bobrek ve kalpte meydana gelen degisiklikleri ve
quercetin'in bu degisiklikler Gizerindeki etkisini histopatolojik ve immuinohistokimyasal olarak géstermeyi amaglamaktadir.

GEREC VE YONTEM: On sekiz Sprague Dawley sican 3 gruba ayrildi: Grup | sham, Grup 2 iskemi-reperfiizyon, Grup 3 iskemi-reperfiizyon +
quercetin. 3 glin boyunca Grup |'e distile su, Grup 3'e ise quercetin gavaj yoluyla verildi. 3. giiniin sonunda Grup |'e abdominal agma-kapama, Grup
2 ve 3'e ise hepatoduodenal ligament klemplenerek | saatlik iskeminin ardindan 4 saatlik reperfiizyon uygulandi ve tim siganlar sakrifiye edildi.
Karaciger, akciger, bobrek ve kalp doku 6rnekleri hematoksilen eozin (HE), Masson Trikrom, Periyodik Asit-Schiff (PAS) ve apoptozu degerlendir-
mek i¢in TUNEL (Terminal deoksiniikleotidil transferaz (TdT) deoksiliridin trifosfat nick end labeling assay) ile boyandi ve 1sik mikroskobu altinda
histopatolojik ve immitinohistokimyasal olarak incelendi.

BULGULAR: Karacigerde hasar skoru; IR grubunda sham grubuna gore anlamli derecede yiiksek iken, IR+Q grubunda IR grubuna gére anlamli
derecede diisiiktii. Yari kantitatif skorlama parametrelerinde gruplar arasinda anlamli bir fark bulunmazken, apoptotik indeks IR grubunda sham
grubuna gore anlamli derecede yiiksek, IR+Q grubunda ise IR grubuna gére anlamli derecede diistiktii. Akcigerde, akciger hasari skorlarinda gruplar
arasinda anlamli bir fark gézlenmedi. Apoptotik indeks IR grubunda sham grubuna gore anlamli derecede yiiksekken, IR+Q grubunda IR grubuna
gore anlamli derecede dstikti. Bobreklerde, tiibller hiicre dejenerasyonu ve intertiibiler vaskiiler konjesyon IR grubunda sham grubuna gore an-
lamli derecede yuksekti. Apoptotik indeks IR grubunda sham ve IR+Q gruplarina gére daha yiiksek iken, IR+Q grubunda sham grubuna gére daha
ylksekti. Kalpte, miyokardiyal hiicre dejenerasyonu ve vaskdler hasar agisindan gruplar arasinda fark yoktu. Apoptotik indeks IR grubunda sham ve
IR+Q gruplarina gére anlamli olarak daha yUksekti.

SONUC: Sonuglarimiz, deneysel olarak olusturulan IR modelinde karaciger, akciger, bobrek ve kalpte histopatolojik hasar olustugunu ve quercetin
uygulamasinin bu organlarda IR ile iligkili hasari ve apoptozisi azalttigini gostermektedir.

Anahtar sozciikler: Iskemi-reperfiizyon hasari; karaciger; quercetin; uzak organ hasari.
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EXPERIMENTAL STUDY

Does infliximab attenuate oxidative stress following
traumatic brain injury?

Omer Sahin,' © Fatma Karaca Kara?

'Department of Brain and Nerve Surgery, Bestepe State Hospital, Ankara-Ttirkiye
2Department of Medical Biochemistry, Bestepe State Hospital, Ankara-Ttirkiye

ABSTRACT

BACKGROUND: Traumatic brain injury is a global health problem. Infliximab is used daily to treat a variety of inflammatory systemic
disorders. The goal of this study was to compare the pathological and biochemical changes induced by dexamethasone and infliximab
usage in rats with blunt head trauma.

METHODS: Thirty-two adult rats were used in our study. Groups of eight animals were used, and those with skin incision without
any additional trauma were called sham (Group |); those with skin incision and head trauma were called control (Group 2); those
who received | mg/kg intraperitoneal dexamethasone immediately after head trauma were called steroid (Group 3); and those who
received 5 mg/kg subcutaneous infliximab immediately after trauma were called infliximab (Group 4). The animals were euthanized
seven days after the operation.

RESULTS: Brain tissue malondialdehyde (MDA), superoxide dismutase (SOD), and glutathione peroxidase (GPx) values of the four
groups were compared and a statistically significant difference was shown. However, no significant difference was observed between
the infliximab and dexamethasone groups in terms of tissue MDA, SOD, and GPx concentrations. Pathological sections showed that
trauma-induced cortical damage, interstitial edema, and perivascular edema were reduced in the infliximab group.

CONCLUSION: Infliximab demonstrates comparable neuroprotective effects to dexamethasone in oxidative stress markers, while
providing superior efficacy in edema reduction.

Keywords: Infliximab; rat model; head injury; antioxidant.

INTRODUCTION jury warrants attention as a problem for public health.?!

Infliximab, developed by Merck & Co., Inc. (Whitehouse Sta-
tion, NJ, USA) and approved by the U.S. Food and Drug Ad-
ministration for managing various inflammatory systemic con-
ditions, acts as an antagonist to tumor necrosis factor-alpha
(TNF-a). As a chimeric monoclonal antibody, infliximab neu-
tralizes elevated levels of TNF-a both within the bloodstream
and at sites of inflammation. A review of the literature indi-
cates that several types of anti-TNF-a therapy, including inf-
liximab, are recommended for treating spinal cord injuries.!]

Traumatic brain injury is a global health problem as well as a
growing socioeconomic problem. In the United States alone,
more than |.5 million people suffer from traumatic brain inju-
ry each year.['! While traffic accidents are responsible for more
than 50% of cases of acute trauma, falls are the second-most
common cause.? In a study conducted in Southeastern Ana-
tolia, Berber et al. observed a mean age of 7.7 years among
patients with traumatic head injury and underscored the im-
portance of causes of head trauma such as traffic accidents
and falls. They additionally concluded that traumatic brain in- However, infliximab’s effect on head trauma has not been in-

Cite this article as: $ahin O, Karaca Kara . Does infliximab attenuate oxidative stress following traumatic brain injury? Ulus Travma Acil Cerrahi Derg
2025;31:831-838

Address for correspondence: Omer Sahin

Department of Brain and Nerve Surgery, Bestepe State Hospital, Ankara, Tiirkiye

E-mail: dromersahin060@gmail.com

Ulus Travma Acil Cerrahi Derg 2025;31(9):831-838 DOI: 10.14744/tjtes.2025.99881 =03 =]
Submitted: 14.01.2025 Revised: 15.08.2025 Accepted: 20.08.2025 Published: 05.09.2025
OPEN ACCESS This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). BY _No (=]

Ulus Travma Acil Cerrahi Derg, September 2025, Vol. 31, No. 9 831


https://orcid.org/0000-0001-9689-0068
https://orcid.org/0000-0002-4379-3085

vestigated. Therefore, in our study, we investigated the effects
of infliximab and dexamethasone on malondialdehyde (MDA),
superoxide dismutase (SOD), and glutathione peroxidase
(GPx) in cases of blunt head injury in a rat model and com-
pared their effects pathologically.

MATERIALS AND METHODS
Rat Model

The study was conducted in accordance with the Declara-
tion of Helsinki. Ethical considerations concerning our study’s
experimental protocol were meticulously reviewed and sub-
sequently approved by the Local Ethics Agency (No. 795,
November |, 2024). The animal subjects employed in our
investigation were sourced from the Experimental Animal
Breeding Laboratory affiliated with Health Sciences Univer-
sity, Ankara Training and Research Hospital and all experi-
mental procedures were conducted within the Experimental
Animal Research Laboratory at the same institution. The bio-
chemical analyses associated with the study were performed
by trained staff at the Medical Biochemistry Department at
Ankara Bestepe Hospital.

Our experiment involved 32 male adult Wistar rats, each
weighing 250-300 g, which were maintained under standard-
ized laboratory conditions and provided unrestricted access
to food and water.

Sahin et al, The effects of infliximab in traumatic brain injury

Anesthesia and Surgical Procedure

Anesthesia was administered via the intramuscular injection
of 45 mg/kg of ketamine hydrochloride in conjunction with
10 mg/kg of xylazine. After checking anesthetic depth by cor-
neal reflex and tail pinch test, physiological values such as
breathing, pulse, and rectal temperature of the animals were
recorded preoperatively, postoperatively, and after one week
(Table I).

Prior to the surgical intervention, the frontoparietal regions
of the rats’ heads were shaved and disinfected using a 10%
solution of polyvinylpyrrolidone—iodine. The surgical proce-
dure involved inducing head trauma following the method
outlined by Marmarou et al.’! A midline incision spanning the
coronal and lambdoid sutures was made in the scalp, after
which a stainless-steel disc | cm in diameter was meticu-
lously affixed to the central portion of the calvarium. Once
the trauma device was prepared, the rat was positioned
in a prone orientation to ensure that the disc was located
beneath the lower end of the device. A weight was subse-
quently allowed to drop freely from a height of | m onto the
disc (Fig. 1). None of the rats exhibited respiratory arrest or
seizures shortly after trauma. Post-impaction, the calvarium
was carefully analyzed for any resulting fractures, after which
the scalp was sutured.

Definition of Groups

The rats were assigned to four groups with eight rats each:

Table I. Distribution of physiological parameters of groups measured preoperatively, postoperatively, and after one week (values
are presented as the median scores (25th and 75th percentiles))
Sham Control Dexamethasone Infliximab
Weight
Preoperatively 284.5 (279.5-293.25) 292.5 (276.5-295.5) 280.5 (275.5-291.5) 279 (276-290.75) 3
Postoperatively 289 (283.5-290.25) 283.5 (277.75-291.25)  288.5 (284.5-293.75) 280 (272-289.25)
| week after 285.5 (280-289) 288 (283.5-296.5) 288 (277.5-291.25) 290.5 (283.75-297.25)

Rectal tempera-ture
Preoperatively
Postoperatively
| week after

Number of respirations
Preoperatively
Postoperatively
| week after

Hearth rate
Preoperatively
Postoperatively

| week after

36.55 (36.48-36.82)
36.65 (36.38-36.82)
36.25 (36.18-36.85)

97.5 (94.5-99.75)
97 (89.25-105.5)
91 (83.75-103)

354.5 (311.25-378)
352 (324.75-405)
368 (338-390.25)

36.3 (36.25-36.6)
36.3 (36-36.4)
36.45 (36.35-36.85)

104.5 (93.5-112)
100 (84-110.25)
92 (75.75-105.5)

359.5 (323-390.25)
302 (280.5-334.5)
277.5 (268.5-322.75)

36.6 (36.4-36.78)
36.45 (36.4-36.53)
36.5 (36.35-36.85)

84.5 (77.75-89.75)
88 (77.75-93.5)
93 (90-100.25)

347 (306.25-41 1)
359 (305.25-420)
354 (295.75-412.5)

36.75 (36.68-36.9)
36.7 (36.5-36.82)
36.55 (36.4-36.7)

103 (94.25-106.75)
91 (88.5-92.5)
82.5 (79.5-93.25)

344 (272.25-413.5)
393 (326.75-412.5)
418 (296.5-429.75)

*No significant differences among the groups (p>0.05). 1No significant differences among all groups (p>0.05).
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Figure 1. Schema presenting Marmarou weight drop model.

(I) a sham group that received a scalp incision without any
additional trauma being inflicted; (2) a control group that re-
ceived a scalp incision, underwent head trauma, but had no
medical treatment administered; (3) a dexamethasone group
that received | mg/kg intraperitoneal dexamethasone im-
mediately following head trauma; and (4) an infliximab group
that received 5 mg/kg subcutaneous infliximab immediately
following trauma.]

The animals were euthanized seven days after the operation.
The cranial bones, including the scalp, were extracted as a
single unit. After dividing from the midline, one hemisphere
was sent for pathological sections. The other side was used
for biochemical evaluations.

Evaluation of Pathologic Sections

The samples were fixed in a 10% formaldehyde solution, af-
ter which standard processing procedures were conducted
utilizing the LEICA ASP 300S apparatus. Subsequently, paraf-
fin blocks were created, and 4-micron-thick cross-sections
were obtained using the LEICA RM 2255 microtome. The
sections underwent staining with hematoxylin and eosin. Fol-
lowing these steps, examinations were conducted with an
OLYMPUS BX51 microscope. The examiner who evaluated
the sections was unaware of the group information of the
samples. Following the evaluation of sections for neuronal

Ulus Travma Acil Cerrahi Derg, September 2025, Vol. 31, No. 9

degeneration, perivascular edema, and interstitial edema, all
parameters were quantified as a percentage of the affected
area. The classification system employed was as follows: 0
(no edema), | (slight) 5%, 2 (minimal) 6-20%, 3 (moderate)
21-50%, 4 (severe) 51-75%, 5 (very severe) 76—100%.

Measurement of MDA, GPx, and SOD Activity

Tissue samples were processed via homogenization using |
mL of distilled water in an Ultra Turrax tissue homogenizer.
The resulting homogenates served as the basis for quantify-
ing the activities of MDA, GPx, and SOD. All experimental
procedures were conducted at a temperature of 4°C to en-
sure enzymatic integrity. The protein content of the brain
samples was analyzed according to Lowry’s method,[”? while
the level of lipid peroxidation in the samples was determined
by measuring concentrations of MDA using the NWLSS
NWKMDAOI assay, with results expressed in micromoles
per gram of protein. Meanwhile, GPx activity was assessed
using a colorimetric assay kit, based on methods established
by Paglia and Valentine, and concentrations of GPx were re-
corded as milliunits per gram of protein.®! Last, SOD activity
was evaluated using a superoxide dismutase assay kit, with
results expressed in units per gram of protein.

Statistical Analysis

As each group had a sample size of eight, we reported me-
dian values alongside the interquartile range (25th and 75th
percentiles), and we used non-parametric tests as suggested
in previous research.’! For overall group comparisons, we ap-
plied the Kruskal-Wallis test. If significant differences were
detected, we performed pairwise subgroup comparisons us-
ing the Mann-Whitney U test. The significance level (type |
error) was set at 5%, and we adjusted p-values using the Bon-
ferroni correction to account for multiple comparisons. All
analyses were conducted using IBM SPSS Statistics version 23
(IBM Corp., Armonk, NY, USA).

RESULTS

Physiological parameters of groups are given in Table I. No
statistically significant difference was found between the
groups (p>0.05).

Pathological Examination

Table 2 presents a summary of the pathological findings.
Regarding neuronal degeneration, significant differences
were observed among all groups (p<0.05). The sham group
showed no neuronal degeneration, while the control group
exhibited severe neuronal damage. Both treatment groups
demonstrated reduced neuronal degeneration compared to
the control group, with infliximab showing slightly better
results than dexamethasone, although no significant differ-
ence was found between the two treatment groups (p>0.05).
Significant differences in perivascular and interstitial edema
were observed among all groups (p<0.05). The sham group
exhibited no edema (Fig. 2a). Notably, there was a statisti-

833



Sahin et al,, The effects of infliximab in traumatic brain injury

Table 2. Injury grading scores in samples (values are presented as the median scores (25th and 75th percentiles))

Score Sham Control Dexamethasone Infliximab

Neuronal degeneration 0 (0-0) 4 (4-5) 2.5 (1.75-3.25) 2 (1-3) T
*

Perivascular edema 0 (0-0) 4 (4-5) 2 (1.75-2.25) I (1-1.25) t
+

Interstitial edema 0 (0-0) 4.5 (4-5) 2 (1.75-3) 1 (0-1.25) t
3

T Significant differences among the groups (p<0.05). ¥ Significant difference between Dexamethasone and Infliximab groups (p<0.05). * No significant difference

between Dexamethasone and Infliximab groups (p>0.05).

Figure 2. Hematoxylin and eosin-stained sections: (a) Sham group
demonstrates normal brain tissue; (b) Trauma group shows severe
perivascular and interstitial edema; (¢) Dexamethasone group de-
mon-strates moderate perivascular and interstitial edema; (d) Inflix-
imab group shows mild perivascular and interstitial edema. (Black
arrow: Perivascular edema; Green arrow: Interstitial edema).
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Figure 3. Box and whisker plots showing malondialdehyde (MDA)
levels in brain tissue. Lipid peroxidation content is expressed as
micromoles per gram protein.
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cally significant distinction between the trauma and infliximab
groups (p<0.05). Moreover, infliximab demonstrated sta-
tistically superior results compared to the dexamethasone
group (p<0.05). The control group displayed severe edema
(Fig. 2b). Examination of the study group sections revealed
that both infliximab and dexamethasone groups showed re-
duced perivascular and interstitial edema, particularly when
juxtaposed with the trauma group (Fig. 2c). This observation
underscores the relative effectiveness of infliximab in reduc-
ing perivascular and interstitial edema in the subjects under
investigation (Fig. 2d).

MDA Levels by Group

A statistically significant difference in MDA levels was de-
tected between the control group and all the other groups
(p<0.05). The presence of trauma resulted in a marked eleva-
tion in MDA levels. Meanwhile, the infliximab group displayed
a statistically significant difference in MDA concentrations
compared with the control group (p<0.05); however, no such
significant difference was observed when compared to the
dexamethasone group (p>0.05). These findings are depicted
in Figure 3.

GPx Levels by Group

Levels of GPx in the brain were notably lower in the con-
trol group than in all other groups (p<0.05). By contrast, the
groups treated with infliximab and dexamethasone demon-
strated elevated GPx levels that were not statistically signifi-
cant (p>0.05) (Fig. 4).

SOD Levels by Group

The control group displayed a significant reduction in SOD
activity compared with the sham and drug groups (p<0.05)
(Fig. 5). The infliximab group demonstrated a notable differ-
ence in SOD activity relative to the control group (p<0.05),
although it did not differ significantly from the dexametha-
sone group (p>0.05). These results underscore the varied ef-
fects of different treatments on SOD activity in the context
of trauma and inflammation.

Ulus Travma Acil Cerrahi Derg, September 2025, Vol. 31, No. 9
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Figure 4. Box and whisker plots showing glutathione peroxidase
(GPx) levels in brain tissue. GPx content of the brain is expressed
as milliunits per gram of protein.
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Figure 5. Box and whisker plots showing superoxide dismutase
(SOD) levels in brain tissue. SOD content of the brain is expressed
as units per gram of protein.

DISCUSSION

TNF-a, an important proinflammatory cytokine produced by
many blood cells, interacts with two distinct receptors pres-
ent on various types of cells: the type | TNF-a receptor,
commonly called “p55,” and the type 2 TNF-a receptor, com-
monly called “p75."l' Cytokines, particularly TNF-a, play a
crucial role in the injury of endothelial cells induced by ac-
tivated leukocytes. Their effect occurs not only through the
activation of neutrophils but also by enhancing the expression
of adhesion molecules on endothelial cells, including E-selec-
tin, which facilitates the adhesion of activated neutrophils to
those cells.'"'? Moreover, Zheng et al. have demonstrated
that TNF-a can directly induce damage to endothelial cells
independent of the involvement of neutrophils.l'! The effects
of the cytokine on oxidative stress are mediated through the
activation of multiple reactive oxygen species (ROS) genera-
tion pathways. This is primarily achieved by disrupting the ef-
ficiency of the mitochondrial electron transport chain, which
normally results in 2-5% electron loss during oxidative phos-
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phorylation. However, this increases significantly in the pres-
ence of TNF-a, causing mitochondrial dysfunction and de-
creased adenosine triphosphate (ATP) production!'! TNF-a
also activates nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase isoforms (NOX2, NOX4, NOXI, and dual
oxidase [DUOX]) and enhances other enzymes such as xan-
thine oxidase, lipoxygenases, and cyclooxygenases, thereby
diversifying ROS production pathways.['®! This multi-pathway
activation amplifies and perpetuates oxidative stress, which
explains the dramatic increase in MDA levels observed fol-
lowing traumatic brain injury.l'®

Numerous researchers have explored the connection be-
tween TNF-a and neuronal injury. Wang et al. found that
the concentration of TNF-a was elevated in the tissues of
injured spinal cords,!'”! while Yakovlev and Faden reported
that spinal cord injuries in rats resulted in a significant rise
in TNF-a messenger RNA at the injury site only 30 minutes
post-trauma, with a direct correlation between the level of
TNF-a and the intensity of the injury.'® Furthermore, Taoka
et al. observed that TNF-a levels in injured spinal cord tissue
increased markedly following compressive trauma and peaked
4 hours after the initial injury.'"? The effects of TNF-a on
antioxidant enzyme systems are paradoxical and significantly
reduce cellular antioxidant capacity. TNF-a suppresses the
expression of cytoplasmic Cu/Zn-SOD at the transcriptional
level through nuclear factor kappa B (NF-kB)-independent
pathways, thereby weakening the cell's defense against super-
oxide radicals, particularly in neurons.?! Conversely, TNF-o
increases mitochondrial Mn-SOD expression via NF-kB ac-
tivation as a compensatory response; however, this is usu-
ally insufficient to counteract increased mitochondrial ROS
production.?"’ Furthermore, TNF-a reduces glutathione per-
oxidase (GPx) activity and disrupts glutathione homeostasis
by suppressing glutathione synthesis and reducing glutathione
reductase activity.?? The loss of GPx7 expression promotes
TNF-a-induced NF-kB activation, creating a positive feed-
back loop that sustains inflammatory responses and amplifies
oxidative stress. This results in a net decrease in antioxidant
capacity and increased susceptibility to oxidative damage.**!

Infliximab, an innovative inhibitor of TNF-q, is widely used
for a variety of therapeutic and research purposes. Its clinical
applications include rheumatoid arthritis, ankylosing spondy-
litis, psoriatic arthritis, Crohn’s disease, ulcerative colitis, and
psoriasis, all of which infliximab is officially sanctioned for.
(2] Research conducted by Olmarker et al. has demonstrated
that the targeted inhibition of TNF-a via the intraperitoneal
administration of infliximab effectively mitigated both initial
focal pain and subsequent widespread responses to pain trig-
gered by experimental disc herniation in a rat model.””! Fur-
thermore, Demir et al. revealed that infliximab diminishes
the production of interleukins IL-1, IL-6, IL-8, and TNF-a in
a uveitis model.”! In the present study, infliximab caused a
statistically significant increase in the levels of GPx and SOD
enzymes that protect against lipid peroxidation. The neuro-
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protective effects of infliximab extend beyond the neutral-
ization of TNF-a alone, operating through multiple comple-
mentary mechanisms. As a chimeric monoclonal antibody, it
binds with high affinity to both soluble and membrane-bound
TNF-a, thereby preventing interaction with TNF receptors
and blocking downstream signaling cascades.””! Its fragment
crystallizable (Fc) domain activates both antibody-dependent
cellular cytotoxicity and complement-dependent cytotoxicity,
thereby eliminating inflammatory cells and activated macro-
phages.l?®2] By neutralizing TNF-a, infliximab blocks pathways
that produce reactive oxygen species, including NADPH oxi-
dase activation and mitochondrial dysfunction, while facilitat-
ing the restoration of antioxidant enzymes.B” Furthermore,
infliximab promotes a shift in the phenotype of microglia cells
from MI (pro-inflammatory) to M2 (anti-inflammatory) and
preserves the integrity of the blood-brain barrier by reduc-
ing endothelial ROS production and protecting tight junction
proteins. This contributes to superior neuroprotective out-
comes compared to dexamethasone treatment.?'32

In our study, analysis of pathological sections revealed that
trauma induced extensive perivascular and interstitial edema.
Treatment with infliximab significantly reduced these trauma-
related pathological changes. Notably, the infliximab-treated
group showed statistically better outcomes compared to the
dexamethasone-treated group. Following traumatic brain
injury, TNF-a levels surge within hours, sustaining a pro-
inflammatory state that exacerbates vascular hyperperme-
ability.?>*! The role of TNF-a in disrupting vascular integrity
is critical to edema formation. As Kunimura et al. demon-
strated, TNF-a impairs endothelial cell junctions via the gua-
nine nucleotide exchange factor-H| (GEF-H1)/ Ras homolog
family member A (RhoA)/ Ras-related C3 botulinum toxin
substrate (Rac) signaling pathway, reducing membrane local-
ization of tight junction proteins such as Claudin-5 and Oc-
cludin.®! Infliximab’s superior efficacy over dexamethasone
in mitigating edema likely stems from its specific targeting of
TNF-a. As shown by Zhou et al., infliximab binds with high
affinity to both soluble and membrane-bound TNF-q, directly
counteracting the primary driver of vascular permeability.¢
While dexamethasone exerts broad anti-inflammatory ef-
fects, infliximab’s targeted mechanism may provide more pre-
cise control over edema development.

The use of synthetic glucocorticoids such as dexamethasone
for the treatment of severe traumatic brain injury has been
implemented in clinical and experimental settings to reduce
inflammation and edema.’” The target of our report was to
compare the biochemical and pathological effects of inflix-
imab, a TNF-a inhibitor, and dexamethasone on head trauma.
The literature indicates that TNF-a inhibitors have been used
in treating spinal cord injuries and contributed positively to
recovery in such cases. However, the effect of TNF-a inhibi-
tors in a head trauma model has not previously been exam-
ined. Chengke and Kurt have mentioned the protective ef-
fects of infliximab in an experimentally induced spinal cord
injury model,[*38 while Borcek et al. have reported that adali-
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mumab, another TNF-a inhibitor, caused a statistically signifi-
cant decrease in MDA levels similar to infliximab.B? Although
infliximab has been studied with different tissues other than
the brain in previous publications, the data obtained in our
study is seen as compatible with previous studies. We found
that trauma initiated a statistically significant increase in MDA
levels, while infliximab and dexamethasone triggered a statis-
tically significant decrease in those same levels. By the same
token, infliximab produced a statistically significant increase
in the levels of GPx and SOD enzymes that protect against
lipid peroxidation. These findings were also supported by the
pathological assessment of the brain tissues. Trauma caused
significant neuronal degeneration, perivascular edema, and in-
terstitial edema; and infliximab treatment decreased it.

It is important to recognize several limitations in this research.
First, the small sample size may affect the generalizability of
the findings. Future studies should include larger cohorts and
both male and female animals to account for potential sex
differences in traumatic brain injury response. Second, the
study tested only a single dose of infliximab, leaving ques-
tions about optimal dosing. Further research should explore
dose-dependent effects and compare infliximab with other
TNF-a inhibitors. Third, while the study measured oxidative
stress markers and pathological changes, deeper mechanistic
investigations would strengthen the findings. These should in-
clude more extensive biochemical analyses, immunostaining,
and electron microscopy, such as cytokine profiling, apopto-
sis markers, and blood-brain barrier integrity assessments.
Fourth, the seven-day observation period may not fully cap-
ture long-term recovery or delayed neurodegeneration; ex-
tended studies with behavioral tests are needed. Finally, while
rat models are useful, differences in human traumatic brain
injury pathophysiology necessitate caution when translating
findings to humans. Future work should include non-human
primates or human cell models to improve clinical relevance.
Addressing these limitations will help refine infliximab's po-
tential as a therapeutic option for traumatic brain injury.

CONCLUSION

In sum, infliximab exhibits antioxidant effects comparable to
those of dexamethasone, but is superior in terms of ede-
ma control. This suggests that targeted blockade of TNF-a
may be a more effective approach to the treatment of post-
traumatic cerebral edema. Long-term results and additional
studies are needed, however, before the observed neuropro-
tective activity of infliximab can be used, especially following
head trauma in humans.
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DENEYSEL CALISMA - 0Z

838

Infliximab travmatik beyin hasar1 sonras1 oksidatif stresi azaltir m1?

AMAGC: Travmatik beyin hasari kiiresel bir saglik sorunudur. infliximab cesitli enflamatuvar sistemik durumlarin tedavisinde giinliik olarak kullanil-
maktadir. Calismamizin amaci kiint kafa travmali sicanlarda deksametazon ve infliximab kullanimi sonucunda ortaya gikan patolojik ve biyokimyasal
degisiklikleri karsilastirmaktir.

GEREC VE YONTEM: Bu calismada 32 yetiskin erkek Wistar sican kullanilmistir. Sekiz hayvandan olusan gruplar kullanildi ve ek travma olmaksizin
deri kesisi yapilanlar sham (grup |); kafa deri kesisi ve kafa travmasi olanlar kontrol (grup 2); kafa deri kesisi ve kafa travmasindan hemen sonra
| mg/kg intraperitoneal deksametazon alanlar steroid (grup 3); kafa deri kesisi ve travmadan hemen sonra 5 mg/kg subkutan infliximab alanlar
infliximab (grup 4) olarak adlandiriimistir. Hayvanlar operasyondan 7 giin sonra &tanazi ile 6ldirildu.

BULGULAR: Tiim gruplarin doku malondialdehit, stiperoksit dismutaz ve glutatyon peroksidaz verileri géz 6niine alindiginda, biitiinde istatistiki ola-
rak pozitif bir fark vardi (p<0.05). Ote yandan, infliximab ve deksametazon gruplari arasinda doku malondialdehit, stiperoksit dismutaz ve glutatyon
peroksidaz konsantrasyonlari agisindan istatistiksel olarak anlamli bir fark tespit edilmedi. Patolojik kesitler travmaya bagli kortikal hasarin, intertisyel
6demin ve perivaskiiler 6demin infliximab grubunda daha az oldugunu géstermistir.

SONUC: Infliximab, oksidatif stres belirteglerinde deksametazon ile karsilagtirilabilir nGroprotektif etkiler gosterirken, ddemin azaltilmasinda Gstiin
etkinlik saglar.

Anahtar sézcukler: Antioksidan; infliximab; kafa travmasi; sigan modeli.
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Performance of ChatGPT-4o0 in thoracic trauma:
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ABSTRACT

BACKGROUND: This study aims to evaluate the performance of ChatGPT-40 in thoracic trauma management by comparing its
responses to established clinical guidelines.

METHODS: Five major thoracic surgery guidelines were reviewed, including the Advanced Trauma Life Support (ATLS) Guidelines
2018, Eastern Association for the Surgery of Trauma (EAST) Guidelines 2020, Evaluation and management of traumatic pneumotho-
rax: A Western Trauma Association critical decisions algorithm 2022, European Trauma Course (ETC) Guidelines 2016, and the Na-
tional Institute for Health and Care Excellence (NICE) Guidelines for Trauma 2020. Fifty open-ended questions were developed based
on these guidelines and submitted to ChatGPT-4o. Five thoracic surgery specialists evaluated the artificial intelligence (Al) responses
using a 5-point Likert scale.

RESULTS: ChatGPT-40 achieved an average score of 4.76+0.57 on the 50-question evaluation. ChatGPT-40 excelled in questions
derived from well-defined guidelines, demonstrating its ability to synthesize and apply guideline-based medical knowledge. Its perfor-
mance aligns with previous studies in urological trauma and emergency medicine, which reported similar reliability. However, its reli-
ance on pre-existing data limits its effectiveness in addressing highly nuanced or novel clinical scenarios. These findings underscore its
potential as a complementary tool in guideline-driven medical contexts while emphasizing the need for clinical oversight in complex
cases.

CONCLUSION: ChatGPT-40 performed strongly in thoracic trauma management questions, demonstrating minimal errors and high
reliability. These results suggest it could serve as a valuable support tool for clinical decision-making, particularly in scenarios guided
by established protocols. Further exploration into broader medical domains is warranted.

Keywords: Thoracic trauma; clinical decision support systems; artificial intelligence in medicine; guideline adherence; natural language
processing.

Artificial intelligence (Al) and natural language process-
ing (NLP) tools have emerged as innovative aids in medical

INTRODUCTION

Thoracic trauma is a significant cause of morbidity and mor-
tality worldwide, accounting for up to 25% of trauma-related

decision-making. Al models such as OpenAl’s ChatGPT have
shown promise in synthesizing and contextualizing large vol-

deaths.['Z Prompt and accurate diagnosis, coupled with timely
intervention, is critical for improving outcomes. Over the past
two decades, various clinical guidelines have been developed
to standardize the management of thoracic trauma.>”!

umes of medical literature.®% Previous studies have evaluated
ChatGPT’s performance in various medical specialties, includ-
ing its role in urological traumal'” and clinical oncology,!'"
demonstrating its potential to support clinicians in decision-
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making. However; its performance in the domain of thoracic
trauma remains underexplored.

Thoracic injuries encompass a wide spectrum, ranging from
simple rib fractures to life-threatening conditions like tension
pneumothorax and flail chest. The complexity of thoracic
trauma management is compounded by its dependence on
rapidly evolving evidence-based practices.l'? Guideline adher-
ence has been shown to improve outcomes, but variations
in practice persist due to factors such as lack of awareness,
clinical inertia, and resource limitations.I'® This underscores
the need for tools that can facilitate access to guideline-based
information and enhance clinical decision-making.

Recent evaluations of Al models suggest their utility in ad-
dressing these gaps by providing clinicians with concise,
evidence-based answers to complex clinical questions.!'*!]
For instance, ChatGPT has been reported to perform well
in translating and summarizing clinical guidelines into action-
able recommendations.l'®! Additionally, its ability to engage in
interactive dialogue has the potential to simulate case-based
discussions, which are crucial in trauma scenarios where rapid
decisions are required.['”]

In this study, we sought to evaluate the performance of ChatG-
PT-40 in addressing thoracic trauma-related clinical questions
derived from five widely recognized guidelines, including the
Advanced Trauma Life Support (ATLS) Guidelines, the Eastern
Association for the Surgery of Trauma (EAST), the European
Trauma Course (ETC) Guidelines, the National Institute for
Health and Care Excellence (NICE) Guidelines, and the West-
ern Trauma Association Critical Decisions Algorithm.B71 By
comparing its responses to expert opinions, this study aims
to assess the model’s capability to provide accurate, guideline-
concordant answers and to explore its potential role in aug-
menting clinical practice in thoracic trauma management.

MATERIALS AND METHODS
Study Design

A descriptive cross-sectional study was designed to compare
ChatGPT-40’s responses with guideline-based recommenda-
tions. The study involved generating clinical questions from
established guidelines, obtaining answers from ChatGPT-4o,
and evaluating these answers using a standardized scoring
system reviewed by thoracic surgery experts.

Data Source and Question Development

Five well-recognized thoracic trauma management guidelines
were selected as the basis for question development:

* Advanced Trauma Life Support (ATLS) Guidelines, 2018.5!

* Eastern Association for the Surgery of Trauma (EAST) Prac-
tice Management Guidelines, 2020.1!

* Evaluation and Management of Traumatic Pneumothorax:
A Western Trauma Association Critical Decisions Algorithm,

840

2022.51
* European Trauma Course (ETC) Guidelines, 2016.1

* National Institute for Health and Care Excellence (NICE)
Guidelines for Trauma, 2020.1

Fifty open-ended clinical questions addressing critical aspects
of thoracic trauma management (e.g., pneumothorax, hemo-
thorax, flail chest, rib fractures) were developed by two tho-
racic surgery specialists who are also authors of this study.
Both had completed formal specialty training in thoracic sur-
gery and had active clinical experience in the management
of thoracic trauma. Their direct involvement in the design
and objectives of the study ensured that each question was
clinically relevant and explicitly linked to one or more of the
selected guidelines, thereby maintaining both accuracy and
comprehensiveness.

To illustrate the structure and clinical relevance of the ques-
tions and corresponding ChatGPT-40 responses, a represen-
tative question-answer pair is presented below.

Example Question:

Where is the appropriate surgical site for tube tho-
racostomy?

ChatGPT-40 Response:
Surgical Site:

Location: The fifth intercostal space, anterior to the mid-
axillary line (often referred to as the "safe triangle").

Landmarks: The tube should be inserted above the rib to
avoid the neurovascular bundle that runs along the bottom
of each rib. The site is chosen to allow drainage of air or fluid
from the pleural space.

ChatGPT-40 Query Process

Each of the 50 questions was entered into ChatGPT-4o using
a standardized format. The model was instructed to provide
concise, evidence-based answers relevant to the question.
No additional prompts or contextual clarifications were pro-
vided to simulate real-world clinical use.

All queries were conducted in December 2024 using the
ChatGPT web interface with the default GPT-40 model avail-
able at that time (GPT-40, May 2024 release). Each clinical
question was submitted only once to simulate real-world
conditions, particularly in time-sensitive clinical settings
where multiple iterations are not feasible. No adjustments
were made to model parameters such as temperature or ran-
domness, as these settings are not user-configurable through
the ChatGPT-40 web platform.

Evaluation of Responses

The responses were evaluated by five thoracic surgery spe-
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Table I.  Evaluation of clinical consensus among experts

Doctor |

Doctor 2 Doctor 3

Doctor 4

Doctor 5

Mean

Standard
Deviation

How many years have you been working
as a thoracic surgery specialist?

|. Which pathologies should be identified
and treated during the Primary Survey in
thoracic trauma?

2. Which pathologies should be identified
and treated during the Secondary Survey
in thoracic trauma?

3. How should tension pneumothorax
be diagnosed, and what is the treatment?

4. What clinical findings are observed in
tension pneumothorax?

5. How are the respiratory mechanics
disrupted in open pneumothorax?

6. What is the first intervention for open
pneumothorax outside the hospital?

7. How do you clinically differentiate
between tension pneumothorax and
massive hemothorax?

8. How is the diagnosis of pericardial
tamponade made following thoracic
trauma?

9. How can tension pneumothorax and
pericardial tamponade be differentiated
through physical examination?

10. How should a patient be managed if
they develop circulatory arrest and no
pulse is palpable after thoracic trauma?

Il1. What should be done before
air transport of a patient with
pneumothorax?

12. What are the indications for
thoracotomy in a patient with
hemothorax following thoracic trauma?

13. How is blunt cardiac injury
diagnosed, and what is the follow-up and
treatment?

14. What are the chest X-ray findings in
blunt aortic injury?

I5. On which side is traumatic
diaphragmatic rupture most common?
How is it diagnosed, and what are the
treatment principles?

16. What is the mechanism of blunt
esophageal rupture, and how is it
diagnosed? What are the treatment
principles?

17. What is the significance of
subcutaneous emphysema following
thoracic trauma?

1-10 Years

1-10 Years
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1-10 Years

More than 20 years

1-10 Years

4.6

4.8

4.8

4.8

4.8

4.8

4.8

4.8

4.8

4.8

4.8

0.00

0.89

0.00

0.45

0.45

0.45

0.00

0.00

0.45

0.45

0.45

0.45

0.45

0.45

0.00

0.45

0.00
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18. What complications can develop 5 5 5 5 5 5 0.00
after rib fractures?
19. How do lower rib fractures (I0th- 5 5 5 5 5 5 0.00

12th) differ from other rib fractures??

20. How should a patient be managed 5 5 5 5 5 5 0.00
if they have no palpable pulse but show

signs of life after a penetrating thoracic

injury?

21. How should a patient be managed if 5 5 5 5 4 4.8 0.45
they have no palpable pulse and no signs

of life after a penetrating thoracic injury?

22. Should emergency department 5 5 3 5 5 4.6 0.89
thoracotomy be performed in a patient

with extra-thoracic penetrating trauma

who has no palpable pulse but shows

signs of life?

23. Should emergency department 5 5 5 5 3 4.6 0.89
thoracotomy be performed in a patient

with extra-thoracic penetrating trauma

who has no palpable pulse and no signs

of life?

24. How should a patient be managed 5 5 5 5 4 4.8 0.45

if they have no palpable pulse but show
signs of life after blunt thoracic trauma?

25. How should a patient be managed if 5 5 5 5 4 4.8 0.45
they have no palpable pulse and no signs
of life after blunt thoracic trauma?

26. In pneumothorax diagnosis, should 5 5 5 5 4 4.8 0.45
inspiratory or expiratory X-rays be
preferred?

27. In a hemodynamically stable 5 5 5 4 4 4.6 0.55
patient with traumatic pneumothorax,

what criteria on X-ray and computed

tomography (CT) should indicate the

need for tube thora-costomy?

28. How is the differentiation made 5 5 | 5 4 4 1.73
between small and large pneumothorax?

29. If a patient with pneumothorax 5 5 5 5 4 4.8 0.45
has shortness of breath, should an

intervention (needle aspiration, chest

tube) be performed regardless of

pneumothorax size?

30. How should a small pneumothorax 5 5 5 5 5 5 0.00
without shortness of breath be
managed?

31. Is needle aspiration associated with a
shorter hospital stay compared to chest
tubes in pneumothorax management?

32. What should be done if needle 5 5 5 5 5 5 0.00
aspiration  fails in  pneumothorax
management?

33. Is there a role for large bore (>20 5 5 5 5 2 4.4 1.34
F) chest tubes in pneumothorax
management?

34. Should chest tubes in pneumothorax 5 5 5 5 4 4.8 0.45
management be routinely connected to
a suction system?

842 Ulus Travma Acil Cerrahi Derg, September 2025, Vol. 31, No. 9



Dal et al, GPT-40 in thoracic trauma: Guideline-based performance evaluation

35. Under what circumstances can a 5 5 5 5 4 48 0.45
patient with a history of pneumothorax

engage in scuba diving?

36. In pneumothorax management, 5 5 5 5 4 4.8 0.45
which is more successful: surgical or

chemical pleurodesis? Which patients

are more suitable for each option?

37. What is the most suitable agent for 5 5 5 5 4 4.8 0.45
chemical pleurodesis?

38. How is pneumothorax managed 5 5 5 5 4 4.8 0.45
during pregnancy?

39. Is prophylactic antibiotic use 5 5 5 5 2 44 1.34
necessary during chest tube placement
for traumatic pneumothorax?

40. How would performing chemical
pleurodesis on a patient with cystic
fibrosis and pneumothorax impact a
potential lung transplant?

41. Which imaging modality has a higher 5 4 5 5 3 4.4 0.89
diagnostic value for pneumothorax:
ultrasound or X-ray?

42. What are the indications for 5 5 4 5 4 4.6 0.55
intubation in flail chest?

43. What radiological findings are 5 5 4 5 4 4.6 0.55
observed in pulmonary contusion on a
chest X-ray?

44. What is the significance of a first rib 5 5 5 5 4 4.8 0.45
fracture?

45. Where is the appropriate surgical 5 5 5 5 4 48 0.45
site for tube thoracostomy?

46. In the emergency department, if 5 5 5 5 5 5 0.00
pneumothorax is not detected on

extended Focused Assessment with

Sonography for Trauma (eFAST) in

thoracic trauma, can it be excluded?

47. Only which patients should undergo 3 5 5 5 4 4.8 0.45
chest decompression (needle, finger,
chest tube) in the pre-hospital setting?

48. Which imaging studies should be 5 5 5 5 4 4.8 0.45
ordered first for a severely unstable

patient with respiratory distress

following chest trauma?

49. Is it appropriate to choose a CT scan 5 4 5 5 4 4.6 0.55
as the first imaging modality for thoracic
trauma in patients under |6 years old?

50. What is the first choice of analgesic 5 5 5 5 4 4.8 0.45
following major trauma?

cialists who participated voluntarily, following an open call Their years of experience in thoracic surgery—ranging from
distributed via a professional communication network among

. ) . . | to over 20 years—are detailed in Table |. A 5-point Likert
thoracic surgeons. All reviewers were certified specialists

with clinical experience in thoracic trauma management. scale was used for scoring, where:
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I: Strongly Disagree — Incorrect or irrelevant response.
2: Disagree — Partially correct but missing key details.
3: Neutral — Adequate but lacking depth.

4: Agree — Comprehensive and correct.

5: Strongly Agree — Comprehensive, correct, and clinically
insightful.

Reviewers assessed the accuracy, relevance, and adherence of
the answers to guideline recommendations. Discrepancies in
scoring were resolved through consensus.

Statistical Analysis

The mean and standard deviation of scores were calculated
to determine ChatGPT-40’s overall performance. Statistical
significance was defined as p<0.05. Data were analyzed using
SPSS version 26.0 (IBM Corp., Armonk, NY, USA). The free-
marginal multirater kappa test was used to calculate inter-rat-
er reliability, with the tool available at “http://justusrandolph.
net/kappa/” utilized for the analysis.!'8]

Ethical Considerations

This study did not involve human or animal subjects and thus
did not require formal ethical approval. All data used were
derived from publicly available clinical guidelines. Reviewer
participation was voluntary, and no personal or identifiable
information was collected. According to the Declaration of
Helsinki, ethical committee approval was not required for this
study.

RESULTS

The mean score across all 50 questions was 4.76+0.57, indicat-
ing a high level of accuracy and adherence to guideline-based
recommendations (Table I). Median scores for all questions
were consistently 5.0, reflecting a high level of agreement
among reviewers regarding the model's performance. The
evaluation produced a free-marginal kappa value of 0.58, with
a 95% confidence interval of [0.51, 0.65], reflecting an inter-
mediate to good level of agreement among the raters.

ChatGPT-40 performed best on questions requiring clear,
guideline-based answers. For instance, it provided highly ac-
curate and consistent responses on topics such as the di-
agnosis of tension pneumothorax, which are determined
by standard protocols. While its performance on questions
requiring more nuanced clinical judgment was also generally
strong, slightly more variability was observed. Overall, there
was robust agreement among the evaluating doctors, as re-
flected by consistently high scores.

Questions on emergency management steps, such as needle
decompression for tension pneumothorax, received perfect
scores (5.0£0.0), emphasizing the tool’s utility in high-stakes
clinical scenarios.
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In contrast, questions requiring the identification of clini-
cal findings or differential diagnosis displayed slightly varied
scores, with a mean of 4.6+0.89. This variability suggests that
while ChatGPT-40 provides accurate answers, its depth in
clinical reasoning could be further refined.

DISCUSSION

The findings of this study demonstrate that ChatGPT-4o per-
forms exceptionally well in answering clinical questions re-
lated to thoracic trauma, with a mean score of 4.76+0.57 on
a 5-point Likert scale, indicating high accuracy and adherence
to established guidelines.

Previous studies have explored the role of Al in trauma-re-
lated domains with promising results. For example, ChatGPT
has demonstrated robust performance in synthesizing uro-
logical trauma guidelines,!'” and Al models have been applied
in emergency medicine for prioritizing acute interventions.
[l These findings support the applicability of large language
models in structured, protocol-driven trauma care. However,
this study is one of the first to systematically evaluate the
application of ChatGPT-4o in thoracic trauma management,
addressing a critical gap in the literature.

The model’s ability to provide accurate and guideline-con-
cordant responses reflects its advanced natural language
processing capabilities. Questions involving straightforward
diagnostic and management protocols, such as tension pneu-
mothorax or chest tube placement, received perfect scores
(5.010.0), showcasing ChatGPT-40’s strength in synthesizing
well-established evidence. These findings are consistent with
other specialties, where Al tools excel in processing explicit
and structured data.?”

Additionally, ChatGPT-40’s interactive nature enables dynam-
ic querying, allowing clinicians to refine or expand upon initial
responses. This adaptability could be particularly valuable in
resource-limited settings or for less experienced practitio-
ners who might benefit from supplemental guidance.?'! The
high performance observed in this study highlights ChatGPT-
40’s utility as a decision-support tool in thoracic trauma man-
agement. By synthesizing complex guidelines into actionable
insights, it can enhance clinical efficiency, particularly in high-
pressure environments such as trauma centers.*?

Moreover, ChatGPT-40’s application extends beyond individ-
ual clinicians. It could potentially be integrated into electronic
health record (EHR) systems to provide real-time recom-
mendations during patient care.”® However, Al should not
replace clinical expertise but instead act as an adjunct, sup-
porting decision-making while allowing clinicians to exercise
their judgment.

CONCLUSION

This study underscores the potential of ChatGPT-40 as a reli-
able, guideline-concordant tool for thoracic trauma manage-
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ment. Its high performance, particularly in questions derived
from explicit guidelines, demonstrates its promise in aug-
menting clinical decision-making. However, careful consider-
ation of its limitations and integration with clinical expertise
is essential to maximize its impact on patient care.
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ORIJINAL CALISMA - 6Z

846

Torasik travmada ChatGPT-4o0 performansi: Kilavuzlara dayali kargilagtirmali
degerlendirme

AMAC: Bu calisma, Chat GPT-40'nun torakal travma yonetimindeki performansini, yanitlarini belirli klinik kilavuzlarla karsilastirarak degerlendir-
meyi amaglamaktadir.

GEREC VE YONTEM: Bes ana torakal cerrahi kilavuz incelendi; bunlar arasinda 2018 yilina ait Advanced Trauma Life Support (ATLS) Kilavuzlari,
2020 yilina ait Eastern Association for the Surgery of Trauma (EAST) Kilavuzlari, 2022 yilina ait Evaluation and Management of Traumatic Pneu-
mothorax: A Western Trauma Association Critical Decisions Algorithm, 2016 yilina ait European Trauma Course (ETC) Kilavuzlari ve 2020 yilina
ait NICE Trauma Kilavuzlar yer almaktadir. Bu kilavuzlara dayali olarak 50 agik uglu soru gelistirilmis ve Chat GPT-40'ya sunulmustur. Bes torakal
cerrahi uzmani, yapay zekanin yanitlarini 5 dereceli Likert Slgegi ile degerlendirmistir.

BULGULAR: Chat GPT-4o, 50 soruluk degerlendirmede ortalama 4.76+0.57 puan almisti. Chat GPT-4o, iyi tanimlanmis kilavuzlardan tiretilen
sorularda basarili olmus ve kilavuzlara dayali tibbi bilgiyi sentezleme ve uygulama yetenegini géstermistir. Performansi, Grolojik travma ve acil tip
alanindaki 6nceki calismalarla uyumludur ve benzer glivenilirlik bildirilmistir. Ancak, mevcut verilere dayali calismasi, oldukga ayrintili veya yeni klinik
senaryolari ele almadaki etkinligini sinirlamaktadir. Bu bulgular, kilavuz odakli tibbi baglamlarda, 6zellikle karmasik vakalarda klinik denetim gereklili-
gine vurgu yaparak, onun tamamlayici bir arag olarak potansiyelini vurgulamaktadir.

SONUC: Chat GPT-4o, torakal travma yonetimi sorularinda gliglii bir performans sergilemis, hatalari minimumda tutmus ve yliksek giivenilirlik
gostermistir. Bu sonuglar, 6zellikle belirlenmis protokollerle yonlendirilen senaryolarda, klinik karar verme siirecinde degerli bir destek araci olabi-
lecegini gostermektedir. Daha genis tibbi alanlarda daha fazla arastirma yapilmasi gereklidir.

Anahtar sozclikler: Dogal dil isleme; klinik karar destek sistemleri; kilavuzlara uyum; tipta yapay zeka; torakal travma.
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ABSTRACT

BACKGROUND: This study aims to assess the diagnostic value and problem-solving utility of follow-up abdominopelvic computed
tomography (CT) scans performed within 10 days of the initial presentation for acute non-traumatic abdominal symptoms in the
emergency department.

METHODS: A retrospective analysis was conducted on patients who presented with acute abdominal symptoms to the emergency
department between January |, 2013 and May 30, 2023, and underwent abdominopelvic CT scans in the acute setting. Among this
cohort, 149 patients had repeat abdominopelvic CT scans during the same admission and were classified into five groups based on find-
ings: Group A (no change in diagnosis), Group B (confirmation of suspected initial diagnosis), Group C (disease progression), Group
D (disease regression), and Group E (new diagnosis).

RESULTS: The mean age of the cohort was 51.5+18 years (range: 19-92). The average interval between initial and repeat CT scans
was 40.9£59.05 hours (range: 0.5-238). The number of patients in each group was as follows: Group A (n=21), Group B (n=60), Group
C (n=32), Group D (n=25), and Group E (n=11). Partial bowel obstruction was the most common finding (27%, 41/149), with 72%
(18/25) of Group D showing regression on follow-up CT. The "wait and follow-up" approach significantly guided management decisions
for partial bowel obstruction (p<0.01).

CONCLUSION: This study emphasizes the importance of the "wait and repeat CT" strategy in enhancing diagnostic accuracy and
guiding clinical management for patients with acute non-traumatic abdominal complaints. Follow-up CT scans were particularly effec-
tive in identifying conditions such as partial bowel obstruction.

Keywords: Abdominal pain; acute abdomen; computed tomography; emergency medicine; intestinal obstruction.

INTRODUCTION

In emergency radiology (ER) practice, abdominopelvic CT
scans play an indispensable role in the assessment of patients
with acute non-traumatic abdominal symptoms. Abdomi-
nal pain, one of the most frequent reasons for emergency
department visits, is a key indication for CT imaging.l! Ab-

dominopelvic CT has become a cornerstone of routine emer-
gency practice due to its ability to provide rapid and detailed
cross-sectional imaging, enabling clinicians to swiftly identify
life-threatening conditions and guide treatment decisions.**]
However, within this patient population, there remains a lack
of well-established classification systems and limited research
on the clinical utility of repeat abdominopelvic CT scans. Few
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studies in the literature have evaluated the diagnostic contri-
bution of repeat imaging.[*”!

This study aims to address this gap by focusing on patients for
whom the "wait and repeat” strategy is employed. Our objec-
tive is to identify and characterize the patient subgroup that
benefit most from follow-up CT scans, particularly in cases
where the initial scan fails to provide a definitive diagnosis. By
analyzing the diagnostic value of repeat abdominopelvic CT
scans performed within one week of the initial presentation,
this study seeks to determine which patient subgroups benefit
most from this approach and to define the specific scenarios in
which repeat imaging serves as a crucial diagnostic tool.

MATERIALS AND METHODS

Study Design and Time Period: The study protocol was ap-
proved by the Institutional Review Board of Hacettepe Uni-
versity Hospital (Approval No: GO 23-566). The study was
conducted in accordance with the principles of the Declara-
tion of Helsinki. Patients who presented to the emergency
department (ED) at Hacettepe University Hospital between
January [, 2013 and May 30, 2023, with acute abdominal pain
and underwent abdominal CT scans were included in this ret-
rospective study.

Population and Sample Size: A total of 16,474 patients were
admitted to the emergency department with abdominal com-
plaints. Among these patients, 228 underwent repeat ab-
dominal CT examinations during the same admission. After
excluding 79 patients for the following reasons: being under
18 years of age (n=12), images with artifacts (n=49), known
chronic organic gastrointestinal disease (n=11), or complica-
tions of known malignancy (n=7), a total of 149 patients with
appropriate CT images were included in the final analysis.

Study Setting: CT scans were performed using a 2-slice scan-
ner (until 2016) and a 64-multislice CT scanner (after 2016).
The standard protocol for non-traumatic abdominal pain in-
cluded administering 50 cc of oral contrast (iopamidol-300)
diluted in 600 mL of water; consumed one hour prior to the
CT scan, and 80 cc of intravenous contrast (iopamidol-370),
injected 90 seconds before CT scanning. For CT scans per-
formed with a renal protocol, no intravenous contrast was
administered. Images were acquired at 3-mm intervals, span-
ning from the middle of the heart to the ischial tuberosities,
with routine coronal reconstructions performed. The distri-
bution of initial CT examinations according to contrast agent
utilization was as follows: 92 scans (61.7%) without intrave-
nous (IV) contrast, 32 scans (21.4%) with only IV contrast,
17 scans (I1.4%) with both IV and oral contrast, and 8 scans
(5.3%) with only oral contrast. For follow-up CT examina-
tions, the breakdown was: 75 scans (50.3%) with only IV con-
trast, 3| scans (20.8%) without oral or IV contrast, 26 scans
(17.4%) with both IV and oral contrast, and 17 scans (1 1.4%)
with only oral contrast.
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Intervention and Outcome Measures: Medical records, includ-
ing CT reports, physician notes, nursing notes, and specialty
consultations, were comprehensively reviewed. Vital signs,
laboratory test results, and all imaging studies conducted in
the ED were also included in the analysis.

Patients were categorized based on the similarity or differ-
ence between initial and repeat CT findings into the following
groups:

* Group A: No change in preliminary diagnosis on repeat CT.
* Group B: Confirmation of the initially suspected diagnosis.
* Group C: Disease progression after initial diagnosis.

* Group D: Regression of findings after initial diagnosis.

* Group E: Identification of a completely different diagnosis.

Data Analysis

Continuous variables were summarized as mean * standard
deviations or median (range), depending on distributional
characteristics. Normality was tested using the Kolmogorov-
Smirnov test. Categorical variables were evaluated with the
chi-square test or Fisher's exact test, as appropriate. Statis-
tical analyses were performed using IBM SPSS Statistics for
Windows, Version 26.0 (IBM Corp., Armonk, NY, USA). A
two-tailed p<0.05 was considered statistically significant.

RESULTS

This study included 149 patients who met the inclusion cri-
teria: age over |8 years, absence of chronic conditions or
known malignancies, and exclusion of cases with image arti-
facts. The mean age of the cohort was 51.5£18 years, with
a median of 53 years (range: 19-92 years). Of the patients,
91 (61.07%) were male and 58 (38.93%) were female. The
average interval between the initial and repeat CT scans was
40.9459.05 hours (range: 0.5-238 hours) (Table I).

The diagnostic outcomes from the repeat CT scans were
classified into five groups based on changes relative to the
initial scans (Fig. I, Fig. 2):

* Group A (No change in the preliminary diagnosis): 2| pa-
tients (14%) showed no change in CT findings between the
initial and follow-up scans, maintaining the original diagnosis.

* Group B (Confirmation of suspected diagnosis on follow-up
CT): 60 patients (40%) had their initial suspected diagnoses
confirmed on repeat CT.

* Group C (Disease progression after initial diagnosis): 32
patients (22%) showed progression of findings compared with
the initial scan.

* Group D (Disease regression of initial findings on follow-
up CT): 25 patients (17%) demonstrated regression of initial
findings on repeat CTs.
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Table |I. Demographic characteristics of patients and
contrast agent use in computed tomography (CT)

scans

Mean*SD or
Number

Parameter

51.5+18 (19-92)
917149 (61.7%)
40.9+59.05 (0.5-238)

Mean age in years (range)
Number of males/total (%)
Mean interval between CT scans (range)

Initial CT scan (number, percentage)

Non-contrast 92 (61.7%)
IV contrast 32 (21.4%)
Oral contrast 8 (5.3%)
IV + oral contrast 17 (11.4%)
Repeat CT scan (number; percentage)
Non-contrast 31 (20.9%)
IV contrast 75 (50.3%)
Oral contrast 17 (11.4%)
IV + oral contrast 6 (17.4%)

* Group E (Completely different diagnosis): || patients (7%)
were found to have a completely different diagnosis on repeat

CT, not suspected during the initial examination.

Group E; 11;
7%

R

Group B; 60;
40%

Figure 1. The number and percentage of patients in each group.

In Group A (n=21), the most common diagnoses were uro-
lithiasis (seven patients), epiploic appendagitis (six patients),
and partial bowel obstruction (six patients). In Group B
(n=60), frequent diagnoses included enterocolitis, partial
bowel obstruction, acute appendicitis, acute cholecystitis,
pelvic inflammatory disease, acute pyelonephritis, and sero-
sitis. In Group C (n=32) predominant diagnoses were partial
bowel obstruction, acute appendicitis, urolithiasis, renal in-
farction, enterocolitis, and acute pyelonephritis. In Group D
(25 patients), the most prevalent condition was partial bowel
obstruction, followed by enterocolitis, serositis, and urolithia-
sis. Group E (I | patients) revealed diverse new diagnoses on

Figure 2. Representative cases for each group. Group A: No change in findings of epiploic appendicitis located in the left lower quadrant
on repeat computed tomography (CT) scan (a, b, arrows). Group B: Initially suspicious findings of acute cholecystitis on the first CT scan
were confirmed on follow-up CT (c, d, arrows). Group C: Findings of acute appendicitis showed progress (e, f, arrows). Group D: Findings
of partial bowel obstruction improved (g, h). Group E: Initial CT was negative (i), while the follow-up CT revealed renal infarction (j, arrow)

and splenic infarction (k, arrow).
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Table 2.
shown in brackets.

Distribution and frequency of findings across groups, presented as the number of patients in each category. Group sizes are

Group A (n=21) Group B (n=60)

Group C (n=32)

Group D (n=25) Group E (n=11)

Urolithiasis (7) Enterocolitis (14)

Partial bowel
obstruction (7)

Epiploic appendagitis (6)
Partial bowel obstruction (6) Acute appendicitis (7)

Omental infarction (1) Pelvic inflammatory

disease (5)

Acute diverticulitis (1) Acute cholecystitis (5)

Acute pyelonephritis (3)
Serositis (2)

Others (17)

Partial bowel obstruction (8)

Acute appendicitis (3)

Urolithiasis (3)

Renal infarction (2)

Enterocolitis (2)
Acute pyelonephritis (2)
Others (12)

Partial bowel
obstruction (18)

Renal infarction (5)

Partial bowel
obstruction (2)

Enterocolitis (4)

Acute pancreatitis (1)
Cholelithiasis (I)

Serositis (2)
Urolithiasis (1)

Urolithiasis (1)
Cystitis (1)

repeat CT, including renal infarction, partial bowel obstruc-
tion, acute pancreatitis, cholelithiasis, urolithiasis, and cystitis
(Table 2).

In Group A, all six patients diagnosed with epiploic ap-
pendagitis initially underwent non-contrast CT imaging.
However, due to persistent symptoms, follow-up contrast-
enhanced CT scans were subsequently performed. Similarly,
among the seven patients with urolithiasis in Group A, six
underwent non-contrast CT as their initial imaging modality.
Of these, two required contrast-enhanced repeat CT due to
anuria, while the remaining patients underwent repeat imag-
ing because of ongoing pain. In Group B (60 patients with
confirmed suspected diagnoses on repeat CT), the initial im-
aging was non-contrast in 48 cases. Of these, 42 underwent
repeat CT with IV contrast. In Group E, non-contrast CT was
used as the initial imaging modality in 9 of the || patients,
with contrast-enhanced CT performed during repeat evalu-
ations. In one patient, the initial contrast-enhanced CT scan
failed to clearly identify a stone at the ureterovesical junction,
which was retrospectively noted to have been difficult to de-
tect. However, the stone was successfully visualized on the
follow-up non-contrast CT scan.

The average time interval between the initial and repeat CT
scans was 40.9£59.05 hours (range: 0.5-238 hours). When
analyzing the intervals for each group individually, the mean
durations were: Group A, 49.31£59.05 hours (range: |-18I
hours); Group B, 30.8+54.5 hours (range: 0.5-229 hours);
Group C, 62+71.2 hours (range: 1.5-238 hours); Group
D, 28.1+43.7 hours (range: 1.5-205 hours); and Group E,
47.61£66.6 hours (range: 1.5-210 hours). The highest aver-
age time interval between CTs was observed in Group C.
Although no statistically significant differences were identi-
fied between the mean time intervals across the groups, the
considerable variability in the duration between examinations
suggests that direct comparisons may not be appropriate.
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A particularly notable finding was the high prevalence of par-
tial bowel obstruction, which was observed in 41 of 149 pa-
tients (27%), making it the most frequent condition across all
groups. In Group D, 18 of the 25 patients (72%) with partial
bowel obstruction experienced regression of findings on re-
peat CT scans, indicating that many of these patients benefit
from the "wait and repeat” approach. Among the 18 patients
with partial intestinal obstruction in Group D, obstruction
in two cases was attributed to ventral and inguinal hernias
and resolved following surgery. The remaining patients were
managed conservatively without surgery, using nasogastric
tube decompression, during which the obstruction resolved.
Oral contrast was administered in the initial CT scan of eight
patients, whereas it was used in repeat CT imaging in only
five of these patients. In the progression group, the most
frequently observed condition was partial intestinal obstruc-
tion, affecting eight patients. However, partial bowel obstruc-
tion was significantly more prevalent in the regression group
compared to other groups (p<0.01), and follow-up CT imag-
ing appeared particularly valuable for both monitoring these
patients and informing treatment decisions. Importantly, no
patients experienced significant adverse events from either
the initial or repeat CT scans, although the potential long-
term radiation risks from CT exposure were not directly ad-
dressed in this study.

DISCUSSION

Acute non-traumatic abdominal pain is a frequent presenting
complaint in emergency departments and often necessitates
abdominopelvic CT scans for accurate diagnosis. Multi-detec-
tor CT scanners provide high diagnostic accuracy and play a
key role in guiding critical patient management decisions.® ']
In particular, the "wait and repeat CT" strategy has gained
attention for its potential to yield additional diagnostic in-
formation without requiring immediate surgical intervention.
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Our findings demonstrate that the "wait and repeat CT" ap-
proach plays a significant role in refining diagnoses and guid-
ing clinical management. By categorizing patients based on
changes between initial and follow-up CT findings, we identi-
fied several diagnostic outcomes: confirmation of initial suspi-
cions, detection of disease progression, regression of findings,
and identification of new diagnoses. This study specifically
aimed to evaluate the diagnostic contribution and problem-
solving role of repeat CT imaging performed within 10 days
for acute non-traumatic abdominal conditions. Through this
analysis, we sought to establish the value of follow-up CT in
confirming or modifying initial diagnoses, as well as detecting
disease changes or previously unrecognized conditions.

Our data also highlight the potential utility of performing
contrast-enhanced CT scans following non-contrast imaging
in selected clinical scenarios. Among patients with a con-
firmed suspected diagnosis, the transition from non-contrast
to contrast-enhanced CT in 42 of 48 cases improved diagnos-
tic assessment and management, underscoring its importance
in refining diagnostic accuracy. Furthermore, in Group E, con-
trast-enhanced imaging during repeat evaluations was benefi-
cial in many cases. However, findings from one patient suggest
that non-contrast imaging may sometimes be more effective,
particularly in specific contexts such as identifying stones at
the ureterovesical junction. The importance of IV contrast in
confirming diagnoses has been demonstrated, particularly in
patients whose suspected diagnosis was validated. Performing
with IV contrast in these patients, when clinically indicated,
may improve diagnostic accuracy while reducing the rate of
unnecessary CT scans.

Our findings contribute to the ongoing discussion regarding
the diagnostic utility of repeat imaging in acute abdominal cas-
es. Lee et al.”! reported that repeat abdominopelvic CT scans
within one month revealed new or worsening findings in 30%
of patients presenting to the emergency department with
acute abdominal pain, emphasizing the importance of repeat
imaging in clinical decision-making. In our study, which used
a shorter interval of 10 days compared to their one-month
interval, 14% of patients exhibited no change on repeat CT,
in contrast to the 43% reported in their study. We observed
progression in 22% of patients (Group C) among 149 cases,
compared to their study, which reported a progression rate
of 15% in 53 patients. Similarly, 17% of our patients showed
regression (Group D), compared with 26% in their study.
Finally, 7% of our patients were diagnosed with a different
condition on repeat CT (Group E), compared to 15% in the
same group in their study. These differences may reflect the
potential influence of varying time intervals on the outcomes
of repeat imaging.

In contrast, Nojkov et al.l'l concluded that repeat abdomi-
nal CT scans after an initially negative CT in non-traumatic
abdominal pain cases had a low diagnostic yield (6.5%). Our
findings suggest a different perspective: 14% of patients re-
tained their original diagnosis, 40% had their initial suspected

Ulus Travma Acil Cerrahi Derg, September 2025, Vol. 31, No. 9

diagnosis confirmed, 22% demonstrated disease progression,
17% showed regression, and 7% received an entirely new di-
agnosis. These findings emphasize the higher diagnostic yield
of repeat CT in our patient population compared to the re-
sults reported by Nojkov et al.l'Z In their study, the most
frequently observed findings were obstructive nephrolithiasis,
gastrointestinal mural thickening or masses, and diverticulitis.
In contrast, the most common findings in our study were par-
tial bowel obstruction, enterocolitis, urolithiasis, and acute
cholecystitis.

The diagnostic utility of follow-up CT scans was particularly
notable in cases of partial bowel obstruction, which was the
most frequently encountered condition in our study, affecting
27% of patients. Regression of findings on follow-up imaging
was observed in 72% of these patients (Group D), supporting
the "wait and repeat" approach as a valuable strategy, par-
ticularly for managing partial bowel obstruction. Among the
patients with partial obstruction who showed regression, no
clear underlying cause was identified in most cases, except for
two (ventral and inguinal hernias). These cases were managed
with nasogastric tube decompression, which led to symptom
resolution and was attributed to adhesions. Oral contrast
was administered during follow-up CT in only five of these
patients. Although no statistically significant benefit (p<0.05)
of oral contrast in resolving partial obstruction was observed,
the unequal data distribution and small sample size suggest
that its impact should be further investigated in larger studies.

This study has several limitations. The retrospective design
may introduce selection bias, and the single-center setting in
a tertiary-care teaching hospital may limit the generalizability
of the findings to smaller community hospitals. Furthermore,
the relatively small sample size reduces the robustness of the
study, emphasizing the need for future prospective studies
to confirm these findings. The small sample size limits the
ability to assess the utility of repeat CT imaging for diagnos-
ing rare but potentially fatal conditions that might be over-
looked. Large-scale studies using standardized equipment and
imaging protocols are needed to validate these findings. The
repetition of CT imaging despite unchanged diagnosis high-
lights a limitation in the use of follow-up imaging. In Group
A, all six patients with epiploic appendagitis underwent re-
peat contrast-enhanced CT scans solely due to persistent
symptoms, yet the findings did not alter the initial diagnosis.
Similarly, among the six patients with urolithiasis who initially
underwent non-contrast CT, repeat imaging with contrast
was performed in two cases due to anuria and in the re-
maining cases for ongoing pain, but the diagnostic outcomes
remained unchanged. These observations suggest potential
overutilization of repeat imaging in situations where it may
not significantly influence clinical decision-making, underscor-
ing the need for more judicious use of follow-up CT scans
to balance patient care with resource efficiency. When com-
paring the mean time intervals between examinations across
groups, no statistically significant differences were observed.
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However, the considerable variability in these intervals may
have introduced selection bias in group formation, represent-
ing a potential limitation of the study. Furthermore, imaging
performed up to 10 days later may reflect entirely different
disease processes, making it impractical to apply a single time
frame to the management of conditions with widely vary-
ing urgency. Additionally, the heterogeneous use of oral and
intravenous contrast agents, the limited imaging phases ac-
quired, and the use of both 2-slice and 64-slice CT scanners
may have reduced image quality and consistency, posing an-
other limitation of this study.

CONCLUSION

Our study highlights the significant diagnostic contribution of
repeat abdominopelvic CT scans performed within 10 days in
patients with acute non-traumatic abdominal pain. The "wait
and repeat" strategy is invaluable for confirming or revising
diagnoses, detecting disease progression or regression, and
identifying new conditions. Despite ongoing concerns about
radiation exposure and economic costs, the clinical benefits,
particularly in dynamic conditions such as partial bowel ob-
struction, support the continued use of this approach. Fu-
ture research should focus on optimizing imaging protocols
to balance diagnostic accuracy with patient safety and cost-
effectiveness.
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ORIJINAL CALISMA - 6Z

Akut batin tan1 ve tedavisinde 'bekle ve BT"yi' yonteminin sorun ¢6zmedeki rolii

AMAC: Bu galisma, acil servise akut travmatik olmayan karin agrisi sikayetiyle basvuran hastalarda, ilk bagvurudan sonraki 10 giin iginde gergeklesti-
rilen takip abdomenopelvik bilgisayarli tomografi (BT) taramalarinin tanisal degerini ve sorun ¢ézme potansiyelini degerlendirmeyi amaglamaktadir.
GEREC VE YONTEM: | Ocak 2013 ile 30 Mayis 2023 tarihleri arasinda akut karin sikayetleri ile acil servise basvuran ve akut ddnemde abdome-
nopelvik BT cekilen hastalar retrospektif olarak analiz edildi. Bu kohort igerisinde, ayni yatis siresi icinde tekrar abdomenopelvik BT gekilen 149
hasta belirlendi ve bulgulara gére bes gruba ayrildi: Grup A (ilk tanida degisiklik yok), Grup B (baslangigta stiphelenilen taninin dogrulanmasi), Grup
C (hastaligin progresyonu), Grup D (hastaligin regresyonu) ve Grup E (tekrarlayan BT'de yeni tani).

BULGULAR: Kohortun ortalama yasi 51.5%18 yil (19-92) idi. ilk ve tekrarlayan BT cekimleri arasindaki ortalama siire 40.9+59.05 saat (0.5-238)
olarak belirlendi. Gruplara gore hasta sayisi su sekildeydi: Grup A (n=21), Grup B (n=60), Grup C (n=32), Grup D (n=25) ve Grup E (n=1I1). En
sik karsilasilan bulgu parsiyel barsak obstriiksiyonu idi (%27, 41/ 149); Grup D’nin %72’sinde (18/25) takip BT'de regresyon izlendi. “Bekle ve BT'yi
tekrarla” yaklasimi, parsiyel barsak obstriiksiyonunda klinik yonetim kararlarini anlamli sekilde yonlendirdi (p<0.01).

SONUCGC: Bu galisma, travmatik olmayan akut karin sikayeti olan hastalarda tanisal dogrulugun artirilmasi ve klinik yonetimin yonlendirilmesinde
“bekle ve BT'yi tekrarla” stratejisinin 5nemini vurgulamaktadir. Takip BT leri 6zellikle parsiyel barsak obstriiksiyonu gibi durumlarin belirlenmesinde
etkili bulunmustur.

Anahtar sézclikler: Acil tip; akut batin; barsak tikaniklig; bilgisayarli tomografi; karin agrisi.

Ulus Travma Acil Cerrahi Derg 2025;31(9):847-853 DOI: 10.14744/tjtes.2025.26793
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ABSTRACT

BACKGROUND: This retrospective cohort study aimed to evaluate the safety of hyperbaric oxygen therapy (HBOT) in patients
with blunt thoracic trauma, with particular focus on crush injuries sustained during the 2023 Kahramanmaras earthquakes.

METHODS: Twenty-five patients with documented thoracic trauma who underwent HBOT at a tertiary care center were included.
HBOT was delivered at 2.4 atmospheres absolute (ATA) for two hours per session in a multiplace chamber. Data on demographics,
clinical findings, treatment outcomes, and adverse events were analyzed.

RESULTS: The median age was 23 years (range: 10-57), and 64% were female. The median number of HBOT sessions was | | (range:
2-37). Three patients (12%) died during follow-up due to severe crush injuries, unrelated to HBOT. Five patients (20%) developed
respiratory or cardiac symptoms during treatment, including dyspnea (n=2), chest pain (n=1), dyspnea with chest pain (n=1), and
arrhythmia with convulsions (n=1). Pneumomediastinum was incidentally detected in one intubated patient post-session and was
managed conservatively, allowing HBOT to continue without further complications. One patient experienced a generalized seizure
attributed to central nervous system oxygen toxicity; HBOT was discontinued, neurological evaluation was performed, and no per-
manent sequelae occurred.

CONCLUSION: Although HBOT is generally considered safe, it may cause cardiopulmonary complications in patients with thoracic
trauma, especially those with poor clinical reserve or requiring mechanical ventilation. Most complications observed in this cohort
were minor and manageable. HBOT can be safely administered in carefully selected thoracic trauma patients when individualized risk
assessment and multidisciplinary monitoring are ensured. Future prospective studies with larger cohorts are needed to further clarify
safety profiles and risk stratification strategies.

Keywords: Hyperbaric oxygen therapy; thoracic trauma; blunt chest injury; pulmonary complications.

height, assaults, or crush injuries.I"! Between 45% and 65% of

INTRODUCTION

patients admitted to the emergency department with multiple

Thoracic trauma refers to injury of the chest wall, pleural trauma have an associated thoracic injury.?

space, or intrathoracic organs caused by blunt or penetrating

mechanisms and accounts for a significant proportion of trau-
ma-related deaths.I'l Most thoracic traumas present as blunt
injuries, commonly resulting from traffic accidents, falls from

Hyperbaric oxygen treatment (HBOT) is a therapeutic meth-
od in which 100% oxygen is administered, either intermit-

tently or continuously, at pressures higher than | atmosphere
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absolute (ATA) within a closed chamber.P! It enhances oxygen
diffusion into hypoxic tissue regions and is used for various
clinical indications, such as early administration in crush inju-
ries, which has been shown to reduce hypoxia-related tissue
damage, necrosis, and the risk of infection.[**! Although HBOT
is generally considered a safe treatment modality, it carries
certain risks of complications. Patients at increased risk for
developing pulmonary barotrauma (PBT) during HBOT in-
clude those with air-trapping lesions in the lungs, a history
of spontaneous pneumothorax, underlying pulmonary dis-
ease, mechanical ventilation, or a history of thoracic trauma.
1l Existing lung injuries resulting from thoracic trauma, such
as pulmonary contusion, laceration, hematoma, pseudocyst,
hemothorax, and tracheobronchial injury, are particularly sen-
sitive to pressure changes during HBOT and may increase the
risk of pulmonary complications due to the vulnerability of
damaged pulmonary structures.[*®!

Although the incidence of PBT during HBOT has been re-
ported to be very low in the literature, at approximately 4.5
cases per one million treatments,® complications may still
occur in high-risk patient groups.”*!"! Published case reports
on these complications have mostly involved patients treated
for carbon monoxide poisoning or chronic wounds, whereas
systematic data specific to the thoracic trauma population re-
main limited. There is currently no consensus in the literature
regarding the degree of pulmonary complication risk or their
optimal management strategies.

The small sample sizes, reliance on retrospective designs, and
variability in patient characteristics across current studies limit
the ability to draw definitive conclusions about the safety of
HBOT in patients with thoracic trauma. Therefore, conduct-
ing studies to fill this gap is essential to guide the safer and
more effective use of HBOT in this patient group. The aim of
this study is to evaluate the safety profile of HBOT in patients
with thoracic trauma and to support clinical decision-making.

MATERIALS AND METHODS
Ethical Approval

The research was carried out in alignment with the ethical
guidelines of the Declaration of Helsinki and was approved
by the Gulhane Ethics Board of the University of Health Sci-
ences (05/25: 2025-50).

Design and Participants

This retrospective cohort study evaluated patients
with accompanying thoracic trauma related to the 2023
Kahramanmaras earthquake who underwent HBOT at the
Department of Underwater and Hyperbaric Medicine, Giil-

hane Training and Research Hospital.
The study population consisted of both male and female pa-

tients, with no age restrictions applied. Patients with missing
or incomplete data were excluded from the study. Data col-
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lected included age, sex, demographic characteristics, clinical
indications for HBOT, and follow-up information regarding
morbidity and mortality. In addition, the number of HBOT
sessions administered and any complications that occurred
during the treatment process were recorded.

HBOT was administered to all patients at 2.4 ATA for a dura-
tion of two hours per session in a multi-place chamber (Hip-
ertech ZYRON 12, 2008, Istanbul, Tiirkiye).

Statistical Analysis

Statistical analyses were performed using Jamovi software
(version 2.4.7; The Jamovi Project, Sydney, Australia). The
normality of distribution for continuous variables was as-
sessed using the Shapiro-Wilk test. Descriptive statistics
were presented as mean * standard deviation, median (mini-
mum-—maximum), or number and percentage [n (%)], as ap-
propriate.

RESULTS

A total of 25 patients were included in the study. The me-
dian age was 23 years (range: 10-57). Of these, 16 patients
(64%) were female and nine patients (36%) were male. All
patients included in the study had sustained thoracic trauma
during the earthquake and underwent HBOT due to indica-
tions such as crush injury and/or compartment syndrome.
The median number of HBOT sessions administered was | |
(range: 2-37). At the end of the treatment process, nine pa-
tients (36%) were discharged with complete recovery, while
three patients (12%) died during follow-up after the HBOT
schedule ended; these deaths were not attributed to HBOT.
The remaining |13 patients (52%) could not complete the full
course of HBOT as initially scheduled due to poor tolerance,
voluntary discontinuation, or transfer to another facility.

Of the 25 patients, two (8%) had asthma, while the remaining
23 patients (92%) had no known chronic pulmonary disease.
All patients (100%) had sustained blunt thoracic trauma. The
radiological findings observed in these patients are presented
in Figure I.

Thorax Pathologies in Radiological Images

O R N W AU O N

Figure 1. Thoracic pathologies identified on radiological imaging.
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Pre-HBOT: Chest tube insertion was required in two patients
(8%) prior to HBOT due to pneumothorax secondary to
blunt thoracic trauma.

During HBOT: Adverse events were observed in a small num-
ber of patients during HBOT sessions. Dyspnea occurred in
two patients (8%), chest pain in one patient (4%), both chest
pain and dyspnea in one patient (4%), and one patient (4%)
developed arrhythmia and convulsions. The remaining 20
patients (80%) completed the treatment without any com-
plaints.

Post-HBOT: Pulmonary barotrauma in the form of pneumo-
mediastinum occurred in only one patient (4%). The patient
did not report any symptoms such as chest pain or dyspnea
during or after HBOT sessions. Pneumomediastinum was in-
cidentally detected on a routine thoracic computed tomogra-
phy (CT) scan performed by the primary clinical team for fol-
low-up evaluation. No additional intervention was required,
and conservative management was deemed appropriate by
the thoracic surgery team. Following multidisciplinary consul-
tation, HBOT was resumed the next day under close clinical
monitoring. No additional complications were observed dur-
ing subsequent HBOT sessions in this patient.

DISCUSSION

In this retrospective study, the safety of HBOT was evalu-
ated in 25 patients with blunt thoracic trauma. While some
patients (n=5, 20%) experienced transient symptoms such
as dyspnea, chest pain, arrhythmia, and convulsions during
treatment, only one case (4%) of pneumomediastinum was
recorded after HBOT. These findings indicate that strict and
close monitoring is critical in patients with thoracic trauma
during and after HBOT. Physicians, attending staff, and pri-
mary caregivers should remain vigilant for signs of pulmonary
complications both during and after HBOT sessions.

The potential complications of HBOT arise from the physi-
ological effects of pressure changes and high oxygen concen-
trations.!'2 Barotrauma can develop during the pressurization
and decompression phases of treatment due to significant
pressure-volume fluctuations. PBT results from pulmonary
overexpansion in response to a reduction in ambient pres-
sure.l' PBT of ascent can present in four clinical forms: local
pulmonary injury, pneumomediastinum, pneumothorax, and
arterial gas embolism (AGE).l'" Pulmonary pathologies that
may increase the risk of barotrauma during decompression
include reduced pulmonary compliance, a history of sponta-
neous pneumothorax, acute lower respiratory tract infection,
atelectasis, bullous emphysema, pulmonary cysts, blunt chest
trauma, subpleural blebs, pulmonary fibrosis, and chronic
obstructive pulmonary disease with air trapping.'¥! Clini-
cians should carefully evaluate patients for the risk of PBT
prior to initiating HBOT in those with thoracic trauma. To
our knowledge, there is only one case report in the literature
describing the development of PBT in patients with existing
thoracic trauma.l'”! In our study, pneumomediastinum was
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observed in only one patient. Pneumomediastinum is defined
as the presence of air within the mediastinal cavity and may
occur spontaneously or as a result of iatrogenic factors such
as trauma, mechanical ventilation, or endoscopic procedures.
U617 Intubation and positive-pressure ventilation—especially
when high pressures are applied—can lead to alveolar rupture
and subsequent leakage of air into the mediastinum.['® During
HBOT, pressure fluctuations, particularly during the decom-
pression phase, may exacerbate pre-existing air leaks or reveal
subclinical pulmonary injuries.l'”’ The possibility of an occult
or subclinical pneumothorax should always be considered,
and clinicians must remain vigilant for potential complications
such as tension pneumothorax.I'”’ Nevertheless, the litera-
ture suggests that HBOT may still be safely administered in
carefully selected, asymptomatic, and hemodynamically stable
cases of pneumomediastinum under close clinical observa-
tion. In our case, the patient was intubated and receiving
mechanical ventilation due to critical illness. The patient did
not report any complaints at any stage of HBOT. However,
pneumomediastinum was incidentally detected on a thoracic
CT scan performed for routine monitoring by the primary
clinical team. Therefore, it is difficult to definitively attribute
the pneumomediastinum to either intubation or HBOT. In
this clinically stable patient, HBOT was continued under close
monitoring without any complications. This underscores the
importance of multidisciplinary evaluation and individualized
clinical decision-making in patients undergoing HBOT, particu-
larly those with thoracic trauma or prior airway interventions.

Patients who developed dyspnea, chest pain, convulsions, or
arrhythmia during HBOT were evaluated on a case-by-case
basis. In our study, dyspnea was observed in two patients.
In one of these, the pre-HBOT posteroanterior chest radio-
graph was interpreted as normal. However, dyspnea persisted
throughout the entire fourth session of HBOT. A post-ses-
sion thoracic CT scan revealed pericardial effusion, bilateral
pleural effusions with adjacent passive atelectasis, and com-
plete collapse of the right middle and lower lobes. This pa-
tient had undergone two surgical procedures under general
anesthesia with endotracheal intubation prior to HBOT and
was concurrently receiving dialysis treatment for renal failure.
In the literature, atelectasis is described as one of the most
frequently observed respiratory complications, particularly
after upper abdominal and thoracic surgeries.?"! This clinical
picture may be explained by atelectasis secondary to repeat-
ed surgical interventions and fluid accumulation in the pleural
and pericardial spaces due to postoperative fluid overload and
inadequate renal function. It is also possible that HBOT con-
tributed to the aggravation of this condition, as the increased
pressure within the hyperbaric environment may elevate the
respiratory workload in patients with limited cardiopulmo-
nary reserve, thereby exacerbating clinical dyspnea.”2

In our study, another patient who developed dyspnea was
evaluated in the intensive care unit with a posteroanterior
chest radiograph and arterial blood gas analysis after the ses-
sion. The patient had a history of multiple blood transfusions
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and was diagnosed with transfusion-related acute lung injury
(TRALI) based on clinical assessment. Due to progressive
clinical deterioration and an increasing need for respiratory
and systemic support, the patient was unable to continue
HBOT sessions.

Pulmonary injuries commonly associated with blunt chest
trauma include pneumothorax, hemothorax, pulmonary
contusion, and tracheobronchial disruption.] Among these,
untreated pneumothorax is considered an absolute contrain-
dication for HBOT.I'” However, pneumothorax may not con-
stitute a contraindication to HBOT if it is properly treated.
In our study, two patients with thoracic trauma had chest
tubes. One of these patients experienced chest pain during
the compression phase of HBOT, while the other reported
both chest pain and dyspnea during the compression phase.
In the first patient, chest pain began during the compres-
sion phase of the HBOT session. Evaluation by the thoracic
surgery team confirmed that the chest tube was correctly
positioned and that oscillation within the tube appeared nor-
mal. However, due to recurrence of similar pain during the
descent phase in subsequent sessions, it was considered that
the increasing ambient pressure during HBOT may have led to
a reduction in intrathoracic gas volumes in accordance with
Boyle’s law. Consequently, the resulting increase in negative
intrapleural pressure may have caused the chest tube to come
into contact with the pleura, potentially triggering the pain.
Based on this clinical assessment, the patient’s primary care
team decided to discontinue HBOT. The other patient with
a chest tube reported experiencing chest pain and dyspnea
during the compression phase of all four HBOT sessions. As
these symptoms persisted in subsequent sessions, they were,
similar to the previous case, attributed to the presence of the
chest tube. Once the patient’s pneumothorax had resolved,
the chest tube was removed. However, following chest tube
removal, the thoracic surgery team considered further HBOT
sessions to pose a high risk for barotrauma. Consequently,
the patient did not continue HBOT.

In our study, another patient developed an arrhythmic epi-
sode during HBOT. Blunt thoracic trauma can affect not only
pulmonary structures but also cardiovascular components,
potentially influencing clinical outcomes and the safety of ad-
junctive therapies such as HBOT. Although often less evident,
cardiac injury remains a relevant concern in such cases.?* It
may result from direct chest impact—particularly during end-
diastole—compression of the heart between the sternum
and vertebrae, sudden deceleration, or increased intracardiac
pressure due to elevated venous return. Other contributing
mechanisms include blast injuries, rib or sternal fractures, and
concussive forces capable of inducing arrhythmias or even
myocardial rupture.’™ In our case, the patient’s thorax was
compressed under debris; however, no radiological signs of
cardiac injury or skeletal fracture were identified.

HBOT itself has been associated with certain cardiovascu-
lar effects. It may lead to left ventricular (LV) dysfunction
or bradycardia by increasing afterload and filling pressures.

Ulus Travma Acil Cerrahi Derg, September 2025, Vol. 31, No. 9

(261 Therefore, optimizing cardiac function prior to HBOT
is recommended, particularly in high-risk patients.?”] Fur-
thermore, HBOT may influence cardiac conduction, likely
through enhanced parasympathetic activity.?®! Although rare,
arrhythmias such as extrasystoles and premature ventricu-
lar contractions have been reported without major clinical
consequences.®?’] Retrospective evaluation of this patient
revealed a history of arrhythmia prior to hospitalization. It
is plausible that HBOT either triggered or unmasked an un-
derlying arrhythmogenic tendency. This case highlights the
importance of comprehensive cardiovascular assessment and
continuous electrocardiographic monitoring in patients with
a history of blunt thoracic trauma undergoing HBOT.

One patient experienced a generalized tonic-clonic seizure
during an HBOT session. Central nervous system (CNS) oxy-
gen toxicity is a known but rare complication of HBOT.?
This condition is thought to result from the accumulation
of oxygen-derived free radicals in neural tissue, leading to
neuronal hyperexcitability, which in some cases can trigger
generalized tonic-clonic seizures.B'!

To mitigate this risk, air breaks were incorporated into the
treatment protocol, alternating periods of oxygen breathing
with short intervals of breathing ambient air. This approach
aims to reduce the risk of CNS oxygen toxicity and associ-
ated convulsions. However, despite these precautions, such
adverse events may still occasionally occur.

In our case, HBOT was discontinued following the seizure,
and the patient was evaluated by neurology specialists. The
patient had no prior history of epilepsy or seizure susceptibil-
ity, and no metabolic or structural abnormalities were identi-
fied. In the absence of alternative etiologies, the seizure was
considered possibly related to central nervous system oxygen
toxicity induced by HBOT. It should be noted, however, that
this complication is not specific to thoracic trauma and may
potentially occur in any patient receiving HBOT. This case
underscores the importance of individualized risk assessment
and strict adherence to treatment protocols to minimize the
likelihood of such adverse events.

Furthermore, in our study, three patients died during the
follow-up period after completion of the planned HBOT ses-
sions. All three patients had sustained severe crush injuries
and exhibited poor clinical status at baseline. Importantly,
none of these patients experienced any HBOT-related ad-
verse effects or clinical deterioration during the treatment
sessions. Therefore, the observed mortalities were not
temporally or causally linked to HBOT but were instead at-
tributed to the underlying severity of trauma and systemic
complications.

This study has several limitations. Its retrospective nature
limits causal inference, and the small sample size reduces
generalizability. Additionally, not all patients underwent stan-
dardized imaging or pulmonary function testing before and
after HBOT, which may have led to underrecognition of sub-
clinical complications. The presence of multiple comorbidi-
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ties also made it difficult to isolate the effects of HBOT from
other clinical factors.

CONCLUSION

In this study, various respiratory and cardiac symptoms oc-
curred during HBOT in patients (n=5, 20%) with blunt
thoracic trauma, and one patient (4%) developed pneumo-
mediastinum. These findings emphasize the importance of
thorough clinical evaluation and close monitoring in thoracic
trauma patients during and after HBOT. Therefore, HBOT
should be administered only in carefully selected post-trauma
cases, guided by a multidisciplinary approach and individual-
ized risk assessment, with patients being closely monitored
throughout the treatment process.
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ORIJINAL CALISMA - 6Z

Toraks yaralanmasi olan hastalarda hiperbarik oksijen tedavisi: Giivenli mi?

AMAC: Bu retrospektif kohort galismada, 2023 Kahramanmaras depremleri sonrasinda kiint toraks travmasi gegiren hastalarda hiperbarik oksijen
tedavisinin (HBOT) giivenligini degerlendirmek amaglanmistir.

GEREC VE YONTEM: Calismaya, toraks travmasi tanisi alarak Giilhane Egitim ve Arastirma Hastanesi Hiperbarik Tip Klinigi'nde HBOT uygulanan
25 hasta alindi. HBOT, cok kisilik bir odada 2.4 ATA basingta, giinde bir kez, iki saat stireyle uygulandi. Hastalarin demografik verileri, klinik endikas-
yonlarl, seans sayilari ve tedavi sirasinda gelisen komplikasyonlar retrospektif olarak analiz edildi.

BULGULAR: Hastalarin medyan yasi 23 (dagilim: 10-57) olup, %64’i kadindi. Medyan HBOT seans sayisi | | (2-37) idi. Ug hasta (%12), HBOT
tamamlandiktan sonraki takip stirecinde, altta yatan agir crush yaralanmalarina bagli olarak hayatini kaybetmistir; bu olimler HBOT ile iligkili bulun-
mamistir. Tedavi sirasinda bes hastada (%20) solunum ve kardiyak semptomlar gézlenmistir: Dispne (n=2), gogls agrisi (n=1), hem dispne hem agri
(n=1), aritmi ve konviilsiyon (n=1). Bir entlibe hastada seans sonrasi rutin gekilen toraks BT'de tesadiifen pnémomediastinum saptanmis, hasta sta-
bil seyretmis ve tedaviye komplikasyonsuz sekilde devam edilmistir. Ayrica bir hastada seans sirasinda jeneralize tonik-klonik nébet gelismis, santral
sinir sistemi oksijen toksisitesine bagli olabilecegi distiniilerek HBOT sonlandirilmis ve hasta nérolojik agidan degerlendirilmistir.

SONUC: HBOT, toraks travmasi olan hastalarda potansiyel faydalar saglayabilecek destekleyici bir tedavi segenegidir. Ancak 6zellikle solunum re-
zervi kisitl, entiibe edilen ya da ciddi eslik eden yaralanmalari bulunan hastalarda komplikasyon riski artabilir. Bu nedenle, tedavi karari hasta bazinda
dikkatle degerlendirilmelidir. HBOT'nin bu 6zel hasta grubunda uygulanabilirligini artirmak igin multidisipliner yaklagim, bireysellestirilmis risk analizi
ve yakin klinik izlem gereklidir.

Anahtar sozclikler: Hiperbarik oksijen tedavisi; toraks travmalari; kiint toraks yaralanmalari; pulmoner komplikasyonlar.
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related to extravasation injuries of non-cytotoxic
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ABSTRACT

BACKGROUND: Extravasation of non-cytotoxic medications can lead to serious complications such as pain, tissue necrosis, limb
loss, and even death. This descriptive cross-sectional study aims to assess the knowledge levels of emergency department (ED) nurses
regarding extravasation incidents involving non-cytotoxic medications and to highlight the importance of effective management and
prevention.

METHODS: The study was conducted in the EDs of three hospitals in Istanbul, Tiirkiye, between November 19, 2020 and Decem-
ber 31, 2020. A total of 100 ED nurses participated in the study. Inclusion criteria required nurses to be working full-time in the EDs
during the study period and to provide written and verbal consent. The study utilized a survey to assess sociodemographic character-
istics, knowledge of non-cytotoxic medications (e.g., epinephrine), symptoms of extravasation, prevention strategies, and intervention
practices.

RESULTS: The mean age of the nurses was 29.43 years, with 57% female and 73% holding a bachelor’s degree. Among participants,
52% had 0-3 years of ED experience. Ninety-one percent reported not receiving education on extravasation after graduation, and 82%
indicated no extravasation protocol was in place at their workplace. Knowledge about non-cytotoxic medications causing extrava-
sation significantly increased with ED experience (p=0.035). Nurses in units with an extravasation protocol had significantly higher
knowledge levels (p=0.007). Female nurses demonstrated better knowledge of extravasation symptoms than male nurses (p=0.012).
Nurses with a bachelor’s or higher degree had significantly better knowledge than others (p=0.015). The knowledge rate for the ex-
travasation care protocol was 64%, with the most recognized protocol item being “immediately stop the infusion” (97%) and the least
recognized being “aspirate the medication not to exceed 3-5 mL”’ (33%). Strong correlations were found between non-pharmacological
factors and knowledge of non-cytotoxic medications (r=0.601; p<0.001), as well as between knowledge of extravasation care proto-
cols and non-pharmacological factors (p<0.001).

CONCLUSION: The study highlights the need for targeted education and the establishment of institutional protocols for manag-
ing and preventing extravasation in EDs. Nurses' knowledge significantly impacts their adherence to prevention and care protocols.
To ensure patient safety, it is important to provide ongoing education and implement evidence-based intervention protocols for the
management of extravasation in ED settings.

Keywords: Emergency department; extravasation; complication management.
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INTRODUCTION

The primary goals of care provided by Emergency Depart-
ment (ED) nurses in healthcare systems around the world are
to protect health, ensure patient safety, and improve health.
Medication errors are a key indicator of patient safety.l"] The
ED’s multitasking environment, overcrowding, and need for
quick decisions can contribute to medication errors. Medica-
tion administration errors can threaten patient safety, leading
to incorrect treatments, various complications, injuries, limb
loss, and even death.*®! There can be many complications in
the administration of medications. Examples of these compli-
cations include bleeding, hematoma, thromboembolism, infec-
tion, and extravasation of the medication.!®”! Extravasation is
an iatrogenic complication that occurs when medications or
solutions administered to the patient via intravenous (V) infu-
sion leaks into the surrounding tissues such as subcutaneous
tissue, adipose tissue, connective tissue, and muscle tissue,
rather than staying within the vein. Extravasation not only
prolongs the patient's hospital stay but also has an impact on
their daily life; it may cause critical and irreversible local in-
juries. If left untreated, medications that cause extravasation
and are used in the ED can cause tissue necrosis, dysfunction,
and permanent disfigurement.®'l Extravasation injuries and
non-standardized nursing care caused by non-cytotoxic medi-
cations administered by ED nurses may negatively affect the
patient's health and quality of life.l'>'*]

The aim of this descriptive study is to draw attention to the
fact that extravasation can cause serious complications such
as pain, limb loss, tissue necrosis, and death and to determine
the knowledge levels of ED nurses about extravasation. Al-
though the causes, symptoms, and nursing process of extrava-
sation have been addressed in various independent articles in
the literature, the knowledge levels of nurses about extravasa-
tion have not been examined in detail and systematically. This
study aims to fill this gap in the literature.

MATERIALS AND METHODS

Design and Setting

This descriptive cross-sectional study was conducted in the
Emergency Departments of three hospitals located in Istan-
bul, Tirkiye, under the jurisdiction of the Ministry of Health,
between November 19, 2020 and December 31, 2020. The
sample included 100 ED nurses (n=100) who met the inclu-
sion criteria and were actively working in the EDs during
the study period. The minimum required sample size was
calculated using the G*Power software with a 95% power
(«=0.05), resulting in 76 participants. To ensure sufficient
statistical power and account for potential non-responses or
data loss, the final sample consisted of 100 participants, ex-
ceeding the minimum required sample size.

Inclusion Criteria

The study included ED nurses who were working full-time in
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the Emergency Departments of the selected hospitals during
the study period and who agreed to participate by providing
both verbal and written consent.

Exclusion Criteria

Nurses who were excluded from the study included those
who refused participation or did not provide the necessary
verbal and written consent, part-time workers, nurses on
leave, those with physical or psychological conditions that
hindered participation, and those who were assigned to dif-
ferent units during the study period. Nurses who left their
positions during the study period were also excluded.

Data Collection Process and Data Collection Tools

The data collection tool was developed by adapting questions
from existing literature and previous studies on extravasation
injuries and related practices.?®'*l To ensure the validity and
relevance of the survey, the opinions of five nurse academi-
cians with expertise in the field were sought. Their feedback
was incorporated into the final version of the survey, leading
to revisions in wording and structure. The expert validation
process confirmed that the tool was both valid and reliable
for assessing the knowledge and practices of ED nurses re-
garding non-cytotoxic medication extravasation.

A pilot study was conducted with a small sample of ED nurses
to test the reliability and clarity of the survey. The feedback
from the pilot study confirmed that the questions were clear
and understandable, and the survey was revised accordingly.

The final survey included questions regarding the sociodemo-
graphic characteristics of ED nurses, such as age, education,
and work experience. It also assessed their knowledge about
non-cytotoxic medications, such as epinephrine, used in the
ED that may cause extravasation. The survey further ex-
plored their understanding of extravasation symptoms, pre-
vention strategies, and the interventions they would imple-
ment when dealing with extravasation injuries. Additionally,
nurses were asked to respond to protocol-based statements
concerning the current practices they would follow in manag-
ing extravasation.

Ethical Considerations

The study was conducted in accordance with the ethical
principles outlined in the Helsinki Declaration, ensuring the
privacy and confidentiality of all participants. The survey was
administered only after obtaining written consent from each
participant. Personal and medical information was kept confi-
dential, with all data stored securely. The study received ethi-
cal approval from the Istanbul University-Cerrahpasa, Social
and Human Sciences Research Ethics Committee (January 7,
2020, decision no: 2019/165) and the necessary institutional
permissions from the Ministry of Health.
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Data Analysis

The collected data were analyzed using SPSS version 25.0
(IBM Corp., Armonk, NY, USA). Descriptive statistics (e.g.,
frequencies, percentages, means, medians, and standard devi-
ations) were calculated to summarize the sociodemographic
characteristics and responses of the participants. To examine
differences between groups, the Independent Samples t-test
was used for continuous variables, and One-Way Analysis
of Variance (ANOVA) was used to compare means across
different groups. When significant differences were found
in the ANOVA, multiple comparisons were conducted us-
ing the Tukey test. The relationship between two continuous
variables was assessed using the Pearson correlation test. A
significance level of p<0.05 was applied for all statistical tests,
and results were evaluated within a 95% confidence interval.

RESULTS

The mean age of the participating ED nurses was 29.43
(standard deviation [SD]=5.90). It was determined that 57%
(n=57) of them were female, and 73% (n=73) had received a
bachelor’s degree. When looking at their ED experience, ED
nurses with 0-3 years of experience comprised 52% (n=52)
of the study. Ninety-one percent (n=91) of the ED nurses
stated that they had not received any education on extrava-
sation after graduation, and 82% (n=82) indicated that there
was no extravasation protocol implemented in their work-
place (Table ).

With the increase in the ED experience of ED nurses, it was
determined that their knowledge about the extravasation
potential of non-cytotoxic medications increased (p=0.035).
Depending on whether there was an extravasation protocol
implemented in the unit where ED nurses worked, it was
found that ED nurses had significantly higher knowledge lev-
els regarding non-cytotoxic medications causing extravasa-
tion (p=0.007) (Table 2). When the extravasation symptom
knowledge levels of ED nurses were examined according
to gender, it was determined that women had a statistically
significantly higher level of knowledge about extravasation
symptoms compared to men (p=0.012). It was found that the
extravasation symptom knowledge levels of ED nurses varied
significantly according to their educational level (p=0.015);
the group with the highest knowledge level about extrava-
sation symptoms was composed of ED nurses with a bach-
elor’s degree and postgraduate education (Table 2). When
looking at the knowledge level of ED nurses about the ex-
travasation prevention protocol according to their sociode-
mographic and professional characteristics, it was observed
that the knowledge levels of ED nurses regarding the extrava-
sation prevention protocol varied significantly according to
their educational level (p=0.033); the group with the highest
knowledge level about the extravasation prevention protocol
was composed of ED nurses with a bachelor’s degree and
postgraduate education (Table 2).

When the knowledge levels of ED nurses regarding the ex-
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travasation care protocol were examined, the rate of being
knowledgeable was determined as 64% (n=64); it was found
that the protocol item about which ED nurses were most
knowledgeable was "immediately stop the infusion," with a
rate of 97% (n=97), and the least knowledgeable protocol
item was "aspirate no more than 3-5 mL of the medication,"
with a rate of 33% (n=33) (Table 3).

The Pearson correlation coefficients (r) demonstrate sig-
nificant relationships between nurses' knowledge levels and
their extravasation management practices. The strongest
correlation was observed between non-pharmacological fac-

Table I. Sociodemographic and professional characteristics
of emergency department nurses

Variables N*
Number of nurses 100
Age, years# 29.415.9
Age group

<30 years 66

230 years 34
Sex: Female 57
Education

High School 10

Associate's Degree 13

Bachelor's Degree 73

Graduate Degree 4
Hospital

A 33

B 33

C 34
Duration of professional experience

<3 years 38

4-6 years 27

7-10 years 8

2| | years 27
Emergency department experience

0-3 years 52

4-6 years 17

7-10 years 15

21| years 16
Received extravasation training after graduation

Yes 9

No 9l
Implementation of extravasation protocol in the work unit

Yes 18

No 82

#Meanzstandard deviation; *Number and percentage are the same value.
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Table 2. Nurses' knowledge levels on factors causing extravasation and prevention protocols according to their sociodemographic
and professional characteristics
Knowledge of Knowledge of Knowledge of
Non-Cytotoxic Extravasation Extravasation
Medications Symptoms Prevention Protocol

Variables XiSD P Value XiSD P Value XiSD P Value
Sex 0.722 0.012 0.820

Female 7.8+4.7 3.4+0.7 9.543.1

Male 7.5%4.6 3.1+0.8 9.3%3.3
Education 0.380 0.015 0.033

High School 7.9+4.9 2.9+0.6 72433

Associate's Degree 6.0%4.1 29+1.1 8.7+3.8

Bachelor's & Graduate Degree 7.9+4.7 3.4+0.7 9.84£2.9
Emergency Department Experience 0.035 0.459 0.662

0-3 years 7.5%4.5 3.3x0.7 10.41£2.3

4-6 years 6.4+4.9 3.0+0.7 8.4+3.5

7-10 years 6.8+4.5 3.3+0.9 9.313.9

2| years 10.6£3.9 3.3x0.7 9.2+3.5
Received extravasation training after graduation 0.007 0.561 0.447

Yes 10.3+4.7 3.2+0.8 89133

No 7.1x4.5 3.3x0.7 9.5%3.2

X: Mean; SD: Standard deviation. *P value was evaluated with the Mann-Whitney U test, with p<0.05.

tors, that is, elevation, cold/heat application, etc., and non-
cytotoxic medications knowledge, with a correlation coef-
ficient of r=0.601 (p<0.001), indicating a strong relationship
between these two variables. Additionally, a moderate posi-
tive correlation was found between knowledge of non-phar-
macological factors and extravasation symptoms (p<0.001)
(Table 4).

There was also a significant correlation between extravasation
care protocols and non-pharmacological factors (p<0.001), as
well as with non-cytotoxic medications (p<0.001), indicating
that as nurses' knowledge of these factors increased, their
adherence to extravasation care protocols also improved
(Table 4).

Other notable correlations include the relationship between
extravasation prevention protocols and extravasation symp-
toms (p<0.00l) and the relationship between extravasa-
tion prevention protocols and non-pharmacological factors
(p<0.001). These findings suggest that nurses' knowledge
across various aspects of extravasation management is con-
sistently related to their practical implementation of both
prevention and care protocols. All correlations reported
were statistically significant, with p-values less than 0.05, indi-
cating meaningful associations between knowledge and prac-
tice in extravasation management (Table 4).
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Table 3. Management of extravasation and nursing care

Statements Practice Rate (%)

Extravasation Care Protocol

Immediately stop the infusion 97
Inform the physician 56
Aspirate the medication

(not exceeding 3-5 mL) 33
Remove the peripheral venous catheter 68
Elevate the affected area 78
Apply hot and cold compresses 77

Administer the antidote, if necessary and

available, as per physician's order 55
Complete the recording and reporting

process related to extravasation 48

DISCUSSION

The primary aim of this study was to examine the knowledge
levels and nursing practices of ED nurses regarding extravasa-
tion caused by non-cytotoxic medications. The results ob-
tained showed that the general knowledge levels of ED nurs-
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Table 4.
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Correlation between nurses' knowledge and extravasation management practices

Non-Pharmacological

Non-Cytotoxic

Extravasation Extravasation Prevention

Factors Medications Symptoms Protocols
Non-Cytotoxic Medications 0.601*
Extravasation Symptoms 0.591* 0.420*
Extravasation Prevention Protocols 0.521* 0.328** 0.412%*
Extravasation Care Protocols 0.599* 0.577* 0.270%*%* 0.498%*
*p<0.001; **p<0.01; Pearson correlation test.
es about extravasation were at a moderate level. The findings this subject.

of this study are parallel to similar studies in the literature.
l6-18 For example, in a study conducted to determine the
knowledge levels of nurses working in a university hospital
intensive care unit about extravasation, it was reported that
the average general knowledge of nurses about extravasation
was 80.41%.['%!

This study also examined the relationship between the
knowledge level of ED nurses about medications that cause
extravasation and their postgraduate extravasation training
and professional experience. It was found that nurses with
more ED experience and those who received postgraduate
extravasation training had significantly higher knowledge lev-
els about medications that cause extravasation. This finding
is supported by previous studies. Yildiz and Avci (2020)!'"] re-
ported that half of the nurses (53.8%) had knowledge about
non-cytotoxic medications that can cause extravasation. Atay
et al.l'¥ (2023) reported that 74.5% of nurses stated that they
did not receive any postgraduate training on extravasation
management during in-service training programs, and 89.7%
of nurses reported that they had knowledge about medica-
tions that cause extravasation. According to Kahraman et
al.?% (2020), 89.9% of nurses reported that they did not re-
ceive any training on extravasation, and 55.7% did not consid-
er extravasation as a medical error. There are studies report-
ing that in-service training programs provided a statistically
significant improvement in nurses’ knowledge and practices in
minimizing extravasation.??2 This situation shows that nurs-
es' knowledge level about medications that cause extravasa-
tion can be increased with increased ED experience and post-
graduate extravasation training. In addition, the findings of the
study conducted by Sisan et al.®! (2018) were inconsistent;
it was reported that only a small proportion of ED nurses
(19.6%) had knowledge about non-cytotoxic medications that
cause extravasation. It can be suggested that informing ED
nurses about medications that can cause extravasation will
reduce the risk of encountering this complication.

The research results provide an important starting point for
understanding the educational level of ED nurses and their
knowledge levels about extravasation symptoms. In particu-
lar, as the educational level of nurses increases, their knowl-
edge levels about extravasation symptoms increase, providing
a deeper understanding beyond previous general studies on
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One of the important findings of this study was the educa-
tional level of ED nurses and their knowledge level about ex-
travasation prevention protocols. As the educational level of
ED nurses increases, their knowledge level about extravasa-
tion prevention protocols also increases. This finding is con-
sistent with prior research. Pluschnig et al.?1 (2015) stated
that implementing a protocol or standardized treatment for
extravasation improves the management of the extravasation
process. It can therefore be argued that providing ED nurses
with training on the management of extravasation caused by
non-cytotoxic medications would be beneficial.

In this study, the management of extravasation by ED nurses
and what they do in nursing care were also questioned (Table
3). The findings obtained from this study were found to be
parallel to similar studies in the literature.2' 252 Atay et al.l'®]
(2023) reported that the nursing care applied by nurses after
extravasation was stopping the IV infusion (98.6%), elevation
(89.7%), applying cold (76.6%), and aspirating the medications
(40.7%). Elsayed et al.®1 (2024) reported that the manage-
ment of intravenous chemotherapy extravasation of oncology
nurses was positively affected by training. According to the
study by Maasand et al.?! (2019), nurses reported that the
majority (91.0 %) of patients with radiographic contrast ma-
terial injuries only elevated the injured area. The differences
in extravasation management and nursing care may be attrib-
uted to the lack of standardized extravasation management
and nursing care protocols in hospitals.

Limitations

The limitations of the study are, firstly, that the results have
limited applicability to the general ED nursing population due
to factors such as sample size and demographic characteris-
tics. In addition, there are methodological limitations in the
data collection method and research design. In this study, the
use of a questionnaire as a data collection method may not
fully reflect the participants' actual thoughts and behaviors
due to social desirability bias, which may limit the accuracy
of the results. In future studies, using larger and more varied
groups of ED nurses can help address these issues, and in-
cluding new medications that might cause extravasation can
make the findings more applicable to a wider audience.
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CONCLUSION

The study's findings recommend regular training on extrava-
sation management and high-risk medications for ED nurses
starting to work in the ED. Lack of knowledge among nurses
may lead to failure to perform effective interventions, espe-
cially in critical situations that may affect patient safety. In light
of the findings, it is suggested that in-service training programs
be developed or updated regularly to align with internationally
accepted practices for extravasation management. It is rec-
ommended that in-service training programs in EDs provide
training on extravasation based on the Targeted Medication
Safety Best Practices for Hospitals, prepared by the Institute
for Safe Medication Practices (ISMP), and the Infusion Therapy
Standards of Practice. [27,28] Moreover, extravasation man-
agement and related nursing care should be conducted in ac-
cordance with a standardized, up-to-date, and evidence-based
protocol (e.g., checklists). Finally, it is recommended that a
general standard for extravasation management be developed
and supported by additional studies conducted across differ-
ent healthcare institutions and on a broader scale.
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ORIJINAL CALISMA - 6Z

866

Acil servis hemgirelerinin sitotoksik olmayan ilaclarin ekstravazasyon yaralanmalariyla
ilgili bilgi ve uygulamalar:

AMAC: Non-sitotoksik ilaglarin ekstravazasyonu, agri, doku nekrozu, uzuv kaybi ve hatta 6liime kadar ciddi komplikasyonlara yol agabilir. Bu
tanimlayici kesitsel galisma, acil servis (AS) hemsirelerinin non-sitotoksik ilaglarla meydana gelen ekstravazasyon vakalarina iligkin bilgi diizeylerini
degerlendirmeyi ve etkili yonetim ve énlemenin 6nemini vurgulamay amaglamaktadir.

GEREC VE YONTEM: Calisma, 19 Kasim 2020 ile 3| Aralik 2020 tarihleri arasinda istanbul, Tirkiye'deki g hastanenin AS’lerinde gergeklestirilmis-
tir. Calismaya toplamda 100 AS hemsiresi katiimistir. Dahil edilme kriterleri, hemsirelerin calisma dénemi boyunca AS’lerde tam zamanli galisiyor
olmalarini ve yazili ve sozlii onay vermelerini gerektirmistir. Calismada, hemsirelerin sosyodemografik 6zelliklerini, non-sitotoksik ilaglar (6rnegin
epinefrin), ekstravazasyon belirtileri, dnleme stratejileri ve miidahale uygulamalarina yonelik bilgilerini degerlendiren bir anket kullaniimistir.
BULGULAR: Hemsirelerin yas ortalamasi 29,43 yil olup, katilimcilarin %57'si kadin ve %73'i lisans diplomasina sahiptir. Katiimcilarin %52'si AS de-
neyimi olarak 0-3 yil arasinda bir siireye sahiptir. Katiimcilarin %9 1’i, mezuniyet sonrasi ekstravazasyonla ilgili egitim almadiklarini belirtmis ve %82’si
isyerlerinde ekstravazasyon protokolii bulunmadigini ifade etmistir. AS deneyimi arttik¢a, non-sitotoksik ilaglarin ekstravazasyona yol agmasiyla ilgili
bilgi seviyelerinin anlamli bir sekilde arttigi gézlemlenmistir (p=0.035). Ekstravazasyon protokoll bulunan birimde galisan hemsirelerin bilgi seviye-
leri, protokolstiz birimde galisanlara gére anlamli sekilde daha yiiksektir (p=0.007). Kadin hemsireler, erkek hemsirelere gore ekstravazasyon belir-
tileri hakkinda daha yiiksek bilgiye sahipti (p=0.012). Lisans veya daha yiiksek egitim diizeyine sahip hemsirelerin, diger gruplara gore daha yiiksek
bilgiye sahip oldugu bulunmustur (p=0.015). Ekstravazasyon bakim protokoliine dair bilgi orani %64 olup, en bilinen protokol maddesi “enfiizyonu
hemen durdurma” (%97) ve en az bilinen maddesi “ilact 3-5 ml'yi gegmeyecek sekilde aspirasyon yapma” (%33) olmustur. Non-farmakolojik fak-
torler ile non-sitotoksik ilag bilgisi arasinda gtilu bir iliski bulunmus (r = 0.601; p<0.001) ve ekstravazasyon bakim protokolleri ile non-farmakolojik
faktorler arasinda anlamli iligkiler gézlemlenmistir (p<0.001).

SONUC: Calisma, AS’lerde ekstravazasyon yonetimi ve onlenmesi igin hedeflenmis egitimlerin ve kurumsal protokollerin olusturulmasi gerekliligini
vurgulamaktadir. Hemsirelerin bilgisi, 5nleme ve bakim protokollerine uyumlarini 6nemli &iglide etkilemektedir. Hasta giivenligini saglamak igin, AS
ortamlarinda ekstravazasyon yonetimi igin slirekli egitim saglanmasi ve kanita dayali miidahale protokollerinin uygulanmasi nemlidir.

Anahtar sozclikler: Acil servis, ekstravazasyon, komplikasyon yonetimi
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ABSTRACT

BACKGROUND: This study aimed to determine the reliability and efficacy of endoscopic retrograde cholangiopancreatography
(ERCP) in elderly patients compared with younger patients.

METHODS: In this retrospective study, ERCP procedures performed in our endoscopy unit between December 2020 and October
2024 were reviewed. Elderly patients aged 280 years (AA group) and younger patients aged <65 years (control group) were included.
Their demographics, comorbidities, American Society of Anesthesiologists (ASA) scores, ERCP indications, procedural success, and
complications were compared.

RESULTS: There were significant differences in ASA scores, comorbidities, and the use of anticoagulant or antiplatelet drugs be-
tween the groups (p<0.05, p<0.01, and p<0.05, respectively). Juxtapapillary diverticula were more common in the AA group than in
the control group (21% vs. 5.1%, p<0.01). Regarding indications, choledocholithiasis and obstructive jaundice were the most common
in both groups (p=0.456 and p=0.064, respectively). The rate of cannulation success was not significantly different between the groups
(p=0.956). Sphincterotomy and stone extraction with balloon or basket were the most frequent interventions in both groups (p=0.22
and p=0.563, respectively). Postprocedural pancreatitis was significantly more common in the control group than in the AA group
(p=0.041). No significant differences were found in other complications, including bleeding, perforation, infection, basket impaction,
and cardiopulmonary events between the groups (p=0.436, p=0.354, p=0.958, p=0.254, and p=0.289, respectively).

CONCLUSION: Therapeutic ERCP procedures can be performed safely and efficiently in elderly patients, as their outcomes are
comparable to those observed in younger patients.

Keywords: Advanced age; safety; endoscopic retrograde cholangiopancreatography; complications; indications.

INTRODUCTION elderly population, was 7,550,727 in 2019, and increased by
20.7% over the last five years to 9,112,298 in 2024. The pro-

According to data from the Turkish Statistical Institute, the  portion of the elderly population in the total population rose
population aged 65 years and older, which is considered the ~ from 9.1% in 2019 to 10.6% in 2024."1 Life expectancy is in-
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creasing worldwide due to improvements in public health and
advances in medical care. In parallel with this rise, the termi-
nology of aging has also evolved. In the past, advanced-age
(AA) patients were defined as those aged 265 years. Today,
however, individuals aged 65-74 are considered “early elder-
ly,” while those aged 280 years are referred to as “advanced
age”% As the geriatric population grows, hepatobiliary dis-
eases, such as bile duct stones and tumors, and postoperative
complications following various pancreatic surgeries**! are be-
coming more prevalent in AA individuals.’*”! For instance, bili-
ary surgery in patients over 82 years of age carries a mortality
rate of 9.7% and a complication rate of 62%.[!

Endoscopic retrograde cholangiopancreatography is primar-
ily a therapeutic technique that provides a safer alternative
to surgery for AA patients and, in some circumstances, al-
lows for direct treatment of many pancreaticobiliary diseases.
¥l Consequently, endoscopic procedures, particularly ERCP,
are increasingly being performed in AA patients as the size
of this population grows, and as equipment, operator expe-
rience, and interventional modalities develop to address the
challenges in this patient group.[®

In the literature, ERCP has a reported complication rate of
4%-11%,'9 while the mortality rate has been reported as
0.3%-0.5%.'"1 However, in AA patients, complications and
mortality rates may be higher and less predictable due to
several factors. To provide precise information to elderly pa-
tients and to balance risks and benefits in geriatrics, it is crucial
to better understand the success and safety of ERCP in this
population.

Therefore, we aimed to evaluate the reliability and perfor-
mance of ERCP in AA patients compared with younger con-
trol patients (<65 years), focusing on cannulation success, in-
dications, procedure details, and complication rates between
the groups.

MATERIALS AND METHODS

Following approval from the Kanuni Sultan Sileyman Health
Application and Research Center Ethics Committee (proto-
col no: KAEK 2023.05.71), patients aged 280 years or <65
years who underwent ERCP in our general surgery endos-
copy unit between December 2020 and October 2024 were
reviewed using patient files, outpatient clinic records, and the
hospital’s electronic archives. Patients with incomplete data,
those under |8 years of age, patients aged 65-79 years, preg-
nant individuals, patients with major psychiatric disorders,
those with recurrent ERCPs, cases with prior gastrectomy,
and patients with active pancreatitis were excluded from the
study.

While evaluating the reliability and effectiveness of ERCP in
AA patients, we divided the patients into two groups: the
AA group, aged 280 years (n=105), and the control group
aged <65 years (n=350). Demographics (age, sex), comorbid
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diseases, ASA scores, indications for ERCP, details of inter-
ventions, and complications, if any, were compared between
the two groups.

All ERCPs were performed by five experienced endoscopists
at our single center, each conducting at least 250 cases per
year. After the intervention, patients were monitored for one
day for any adverse events. Written informed consent was
obtained from all patients, and the research was conducted in
accordance with the principles of the Declaration of Helsinki.

ERCP Procedure

Patients were placed in the prone or left lateral decubitus
position according to the standardized technique. Proce-
dures were performed under deep sedation using propofol
(1-1.5 mg/kg), ketamine (I1-4.5 mg/kg intravenously [IV]),
and midazolam (10-20 mg IV). Vital signs, including oxygen
saturation, arterial pressure, and heart rate, were measured
and monitored with a digital pulse oximeter. Standard side-
viewing duodenoscopes (Fujinon ED-450XT5) were used for
all procedures. Endoscopic sphincterotomy was performed
when necessary using either a standard sphincterotome or
a precut sphincterotome. For the precut technique, either
suprapapillary fistulotomy or precut papillatomy was applied.
For bile duct stone removal, standard techniques such as dor-
mia basket, extraction balloon, or both were employed. For
bile duct drainage or other indications, plastic (10F, 8.5F 10
cm, double-pigtail) and metallic self-expandable metal stents
(SEMS) biliary stents were used as appropriate.

The British Society of Gastroenterology (BSG) and Euro-
pean Society of Gastrointestinal Endoscopy (ESGE) guideline
recommendations for the management of patients on anti-
platelet therapy or anticoagulants were applied to the study
population.l'Z Low-thrombosis-risk conditions were defined
as ischemic heart disease without coronary stents, cerebro-
vascular accidents, and peripheral vascular disease, whereas
high-thrombosis-risk conditions were defined as the presence
of coronary artery stents. ERCP with sphincterotomy is clas-
sified as a high-risk procedure for bleeding in the guidelines.

I. Low-thrombosis-risk patients: P2Y |2 inhibitors (clop-
idogrel, ticagrelor, prasugrel) were discontinued seven days
before the procedure and restarted 1-2 days after ERCP if
there was no bleeding. In patients on dual antiplatelet thera-
pY, acetylsalicylic acid was continued. Warfarin was discontin-
ued five days before the procedure, International Normalized
Ratio (INR) was checked prior to ERCP and confirmed to
be <I.5, and warfarin was restarted on the evening of the
procedure. INR was rechecked one week later to ensure ad-
equate anticoagulation. For patients on direct oral anticoagu-
lants (DOAC:s: dabigatran, rivaroxaban, apixaban, edoxaban),
the last dose was taken three days before the procedure, and
therapy was resumed 2-3 days after ERCP.
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2. High-trombosis-risk patients: Acetylsalicylic acid was
continued, and the risk/benefit of discontinuing P2Y 12 recep-
tor antagonists was evaluated in consultation with an inter-
ventional cardiologist. For patients on warfarin, treatment
was stopped five days before ERCP, and low-molecular-weight
heparin (LMWH; enoxaparin sodium 4000 IU/day) was initi-
ated two days after stopping warfarin. LMWH was omitted
on the day of ERCP. Warfarin was restarted on the evening of
ERCP at the usual daily dose, and LMWH was continued until
the INR target was achieved. As acetylsalicylic acid is con-
sidered safe with respect to bleeding risk, it was continued
without interruption. These recommendations were applied
to all patients included in the study.

Bleeding related to intervention was classified as follows:
mild bleeding was defined as a hemoglobin drop of <3 g/dL
without the need for transfusion; moderate bleeding required
transfusion (<4 units) but not an interventional procedure;
and severe bleeding required transfusion of >5 units of eryth-
rocyte suspension or an interventional procedure (surgical or
angiographic) to control the bleeding.['®!

Basket impaction was defined as the entrapment of a stone
by a dormia or lithotripsy basket that could not be retrieved
from the common bile duct.

Cholangitis was diagnosed when the body temperature ex-
ceeded 38°C within 24-48 hours after ERCP, and no other
focus was identified, suggesting a biliary source.'?]

Cardiopulmonary complications included hypoxemia (oxygen
saturation <90%), myocardial infarction, congestive heart fail-
ure, cerebrovascular accident, cardiac or respiratory arrest,
arrhythmia, and hypotension (systolic blood pressure <90
mmHg).l'*!

Mortality, whether directly related to the procedure or not,
was considered intervention-related when death occurred
within 48 hours due to complications or incomplete endo-
scopic treatment (e.g., failure to relieve bile duct obstruc-
tion).["3]

Postprocedural pancreatitis (PPP)** was defined as the onset
or worsening of abdominal pain after ERCP, serum amylase
levels 23 times the upper limit of normal, or hospitalization
prolonged by at least three days.["!

Perforations occurring during ERCP were classified into four
types according to the Stapfer classification: Type |, duode-
nal wall perforation; Type 2, perforation around the ampulla;
Type 3, choledochus wall perforation; and Type 4, retroperi-
toneal free air. Emergency surgery was required for Type |
perforations, while conservative management was appropri-
ate for the other types of perforations depending on the pa-
tient’s clinical condition.!”]
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Statistical Analysis

All analyses were performed using the Statistical Package for
the Social Sciences, Version 24.0. (Armonk, New York, United
States). Continuous variables were expressed as mean+SD,
and categorical variables were presented as percentages and
frequencies. The student’s t-test and the Chi-square test
were used for comparisons between groups for continuous
and categorical variables, respectively. A p value <0.05 was
considered statistically significant.

RESULTS

Between December 2020 and October 2024, a total of 2,865
therapeutic ERCP procedures were performed in our general
surgery endoscopy-ERCP unit. Of these, |17 patients aged
280 years with a naive papilla who underwent 165 ERCP
procedures were identified, accounting for 4% of all cases
(117/2,865). Twelve patients (two with previous gastrectomy
and |0 with incomplete data) were excluded from the study.
Thus, 105 patients aged 280 years (mean age: 85.8 years,
range: 80-92 years) who underwent |35 ERCP procedures
were included in group AA. After applying the selection cri-
teria, the control group consisted of 350 consecutive patients
with a naive papilla, with a mean age of 44.3 years (range:
22-64 years) (Fig. 1).

Of the 105 patients in group AA, 65 (62%) were female and
40 (38%) were male (F/M=1.6). In the control group, 200
(57%) patients were female and 150 (43%) were male. The
difference was not statistically significant (p=0.857). Com-
pared with the control group, the group AA had higher ASA
scores, higher rates of anticoagulant or antiplatelet usage, and
more comorbidities, all of which were statistically significant
(p<0.05, p<0.05, and p<0.0l, respectively). The mean hos-
pital stay was 4.1£1.8 days in group AA and 4.3%1.2 days

Therapeutic ERCP procedure
(n=2865)

Patients under the age of 18
Patients with inkomplet data

Patients with previous
— gastrectomies

Pregnant patients
Recurrent ERCPs

Patients between 65-79

years of age

Patients included in the study (n=455)

-]
‘ |

Control group(n=350)

Group AA (n=105)

Figure 1. Study design.
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Table I. Demographic characteristics and hospitalization periods of the patients

AA Group Control Group p value
n=105 (%) n=350 (%)
ASA score
I — 95 (27)
1l 55 (52) 222 (64) <0.05
1l 44 (42) 33 (7)
v 6 (6) 7Q2)
\
Mean age, years (range) 85.8 (80-92) 44.3 (22-64)
Drugs 61 (58) 57 (16) <0.05
Anticoagulant 41(39) 41 (1)
Antiaggregant 8 (8) 10 (3)
Both 12 (11) 6 (2)
Comorbidity 92 (88) 135 (39) <0.01
DM 13 (12) 25 (7)
HT 8 (7.6) 21 (6)
COPD 11(10) 17 (4.8)
Dementia 6 (6) 3 (0.9)
CAD 15 (14) 15 (4)
CHF 11 (10) 3 (0.9)
Cancer 5(4.7) 2 (0.6)
At least two 23 (22) 49 (14)
Hospital stay (days) 4.1%1.8 43%1.2 0.254
Sex
Male 40 150 0.857
Female 65 200

Data are given as mean *standard deviation (SD) or n (%). ASA: American Society of Anaesthesiologists; DM: Diabetes Mellitus; COPD: Chronic Obstructive
Pulmonary Disease; CAD: Coronary Artery Disease; CHF: Congestive Heart Failure; BMI: Body Mass Index; AA: Advanced age.

Table 2. Endoscopic retrograde cholangiopancreatography (ERCP) indications in the two groups

AA Group Control Group p value
n=105 (%) n=350 (%)
Choledocholithiasis 55 (52) 190 (54) 0.456
Obstructive jaundice 32 (30) 56 (16) 0.064
Cholangitis 6 (5.7) 26 (7.4) 0.258
Dilated bile duct 11 (10) 36 (10) 0.479
Acute pancreatitis 0 12 (3.4)
Papillary adenoma 2(1.9) 5(1.4) 0.368
Biliary/pancreatic leak 0 20 (19)
Primary sclerosing cholangitis 0 5(1.4)

Data are given as n (%). AA: Advanced age.
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In terms of indications, the most common ERCP indication
in both groups was choledocholithiasis (52% in group AA
and 54% in the control group) (p=0.456). Although obstruc-
tive jaundice was more common in group AA (30%) than in
the control group (16%), the difference was not statistically
significant. Acute pancreatitis, pancreatic or biliary leak, and
primary sclerosing cholangitis were not indications in group
AA compared with the control group (Table 2).

Diverticulum in the second part of the duodenum and jux-
tapapillary diverticulum were more common in group AA,
occurring in 22 (21%) patients, compared with 18 (5.1%) in
the control group, which was a statistically significant differ-
ence (p<0.0l).

Common bile duct cannulation was successful in 98 (94%)
patients in group AA and 336 (96%) patients in the control
group, with no statistically significant difference (p=0.956).
In group AA, the indications for failed cannulation were ob-
structive jaundice in four cases, dilated bile duct in two cases,
and cholangitis due to choledocholithiasis in the remaining
two patients. In three cases of failed cannulation, the papilla

was located inside a large diverticulum and could not be de-
tected. In two of these failed cannulation cases, a rendezvous
technique was used for cannulation, while in the remaining
six patients, external drainage with percutaneous transhe-
patic cholangiography was performed to drain the bile duct
(Table 3).

Sphincterotomy and stone extraction with balloon or basket
were the most frequently performed interventions in both
groups (p=0.22 and p=0.563, respectively), and although more
common in group AA, the differences were not statistically
significant. For bile duct stenting, plastic stents were used in
33.3% of patients in group AA and 31.4% in the control group
(p=0.548). The indications for plastic stent use in group AA
were impacted stones, cholangitis, and pancreatic malignancy,
while in the control group, the most common indications
were residual stone or sludge, cholangitis, and postoperative
bile fistula. Self-expandable metal stents (SEMS) were used in
both groups: 2 (1.9%) in group AA and 5 (1.42%) n the con-
trol group (p=0.445). In group AA, SEMS was preferred as a
permanent stent in two patients with inoperable pancreatic

Table 3. Endoscopic retrograde cholangiopancreatography (ERCP) intervention details and complications
AA Group Control Group p value
n=105 (%) n=350 (%)
Sphincterotomy 88 (84) 248 (71) 0.22
Stone extraction with balloon or basket 71 (67) 193 (55) 0.563
Bile duct stenting 37 (35.2) 110 31.4)
Biliary plastic 35(33.3) 105 (30) 0.548
Biliary SEMS 2 (1.9) 5(1.42) 0.445
Ampullectomy | (0.95) 3 (0.85) 0.468
Mechanic lithotripsy 7 (6.6) 16 (4.57) 0.356
Success rate 98 (94.1) 337 (96.4) 0.956
Complications 12 (11.4) 44 (12.5) 0.432
Pancreatitis 4(3.8) 21 (6) 0.041
Bleeding 4 (3.8) 9 (2.6) 0.436
Mild 3(2.8) 7() 0.417
Moderate () 1 (0.3) 0.423
Severe - 1 (0.3)
Perforation | (0.95) 2 (0.6) 0.354
Basket impaction 2 (1.9) 6 (1.7) 0.254
Infection (cholangitis, cholecystitis) 3(2.9) 10 (2.85) 0.958
Cardiopulmonary events 2 (1.9) 3 (0.9) 0.289
Juxtapapillary diverticula 22 (21) 18 (5.1) <0.01
ERCP-related death 0.654
During procedure (1) 1 (0.3) 0.551
After the procedure (1) 1 (0.3) 0.728

Data are given as mean+SD or n (%). AA: Advanced age; SEMS: Self-expendable metallic stent; ERCP: Endoscopic retrograde cholangiopancreatography.
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cancer, while in the control group, it was used in one case to
control moderate bleeding after precut sphincterotomy, in
two cases due to suspected Stapfer type Il and Ill perforations
after sphincterotomy, and in the remaining three cases for
drainage of a locally advanced pancreatic head tumor before
neoadjuvant therapy (Table 3).

A mass in the papilla was identified in two (1.9%) cases in
group AA and five (1.4%) cases in the control group (p=0.368).
Ampullectomy was performed in one (0.95%) case in group
AA and three (0.85%) cases in the control group (p=0.468).
The histopathological diagnosis was adenoma with high-grade
dysplasia and clear margins, which was accepted as a cure
in geriatric patients. In the control group, one patient had
papillary adenoma with benign hyperplasia and clear margins,
whereas the remaining two patients had invasive adenocarci-
noma and underwent pancreaticoduodenectomy, as decided
by the multidisciplinary oncology council (Table 3).

Mechanic lithotripsy was performed in seven (6.6%) cas-
es in group AA and 16 (4.57%) cases in the control group
(p=0.356).

The most common complication in the control group was
PPP, detected in 21 (6%) cases, whereas it was detected in
four (3.8%) cases in group AA. The rate of PPP was higher in
the control group than in group AA (6% vs. 3.8%, respective-
ly), and the difference was statistically significant (p=0.041).
The ages of group AA patients with PPP ranged from 82 to
88 years. Of these, three were female and one was male.
The indications were choledocholithiasis in three cases and
obstructive jaundice in one case. In the control group, 74% of
PPP patients were female and 26% were male. The indications
for ERCP were choledocholithiasis in |7 (80%) patients, chol-
angitis in two (10%), papillary adenoma in one (5%), and bile
leakage after liver hydatid surgery in one (5%). In group AA,
one of the four PPP patients had a juxtapapillary diverticulum;
however, diverticulum was not present in any of the control
group PPP cases.

Bleeding complications occurred in four (3.8%) cases in group
AA and nine (2.6%) cases in the control group (p=0.436). In
group AA, three cases had minor and one case moderate
bleeding, whereas in the control group, seven cases had mi-
nor, one case moderate, and one case major bleeding. A ma-
jor bleeding case occurred in a patient receiving anticoagulant
therapy, with the indication being obstructive jaundice. Our
treatment modality was the application of a fully covered self-
expendable metallic stent, through which the bleeding was
gradually controlled. The stent was withdrawn after three
weeks (Table 3).

Perforations were detected in one (0.95%) case in group AA
and two (0.6%) cases in the control group (p=0.354).

Basket impaction was another complication observed in both
groups: two (1.9%) cases in group AA and six (1.7%) cases in
the control group (p=0.254). In group AA, one patient un-
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derwent open surgery with an upper midline incision, chole-
cystectomy, choledochotomy, stone extraction, basket wire
removal, and choledochal T-tube drainage. The t-tube was
removed in the third postoperative week following a patent
T-tube cholangiography. In another patient in group AA, the
basket was successfully removed after endoscopic withdrawal
attempts, and a plastic biliary stent was placed. In the con-
trol group, two patients underwent surgery due to basket
impaction. Both underwent upper midline incision, cholecys-
tectomy, choledochotomy, stone and basket wire extraction,
and choledochal T-tube placement, after which they were dis-
charged uneventfully. In the remaining four patients, recurrent
endoscopic withdrawal attempts were successful, and plastic
stents application were subsequently placed.

Infectious complications (cholecystitis, cholangitis) were ob-
served in three (2.9%) cases in group AA and 10 (2.9%) cases
in the control group (p=0.958).

Cardiopulmonary side effects (hypoxia, aspiration, cardiac ar-
rhythmia, or angina pectoris) occurred in two (1.9%) patients
in group AA and three (0.9%) patients in the control group
(p=0.289), with no statistically significant difference.

Endoscopic  retrograde cholangiopacreatography-related
death was observed in two patients (2%) in group AA and
two patients (2%) in the control group. In both groups, one
patient died during the procedure and another died during
the hospitalization follow-up period.

DISCUSSION

With the increase in average life expectancy, the frequency
of endoscopic examinations in elderly patients has also risen.
Differences in disease prevalence, concomitant systemic dis-
eases, and the risk of complications that may occur highlight
the need for more careful evaluation of endoscopic proce-
dures in the elderly.l' In the present study, we evaluated the
outcomes of ERCP procedures performed in our clinic on AA
patients and compared them with younger patients.

In two large meta-analyses, the incidence of PPP was report-
ed to be 4.8%-11.9%, while mortality among patients who
developed PPP was reported as 0.1%-0.7%.'"! A meta-analysis
of I5 prospective and 52 retrospective cohort studies ex-
amining the risk factors of PPP found that young age, female
sex, sphincter of Oddi dysfunction, a history of pancreati-
tis, absence of bile duct dilation (bile duct diameter <I cm),
normal bilirubin levels, and difficult cannulation were the
main risk factors.l'! Conversely, S6kmen et al.,l'1 in a ret-
rospective study, reported that periampullary diverticulum
was more common in elderly and female patients and was
associated with an increased risk of PPP. They suggested that
difficult cannulation due to periampullary diverticulum might
be the leading cause of PPP. However, Jayaraj et al.,l'® in their
meta-analysis, concluded that ERCP was both successful and
feasible, with comparable complication rates in patients with
and without periampullary diverticulum. Finkelmeier et al.,['”!
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in a retrospective study including 758 patients, reported that
PPP occurred less frequently in patients aged 280 years com-
pared to younger patients (0.9% vs. 5.3%; p<0.05). Similarly,
in another retrospective study of 624 cases, both the fre-
quency and severity of PPP were lower in patients aged 280
years compared to the younger control group (1.3% vs. 2.9%,
p=0.262). |n studies investigating the feasibility of ERCP
in elderly patients, Rodriguez-Gonzalez et al.?! and Ergin
et al.”2 reported no cases of PPP among patients aged 290
years. In line with the literature, in the present study, the
rate of PPP was lower in elderly patients compared to the
control group (3.8% vs. 6%). The difference was statistically
significant (p=0.041). The ages of group AA patients suffering
from PPP ranged from 82 to 88 years. No mortality related
to PPP was detected, and the majority of patients with PPP
were female in both groups. In group AA, one of the four
patients with PPP had a juxtapapillary diverticulum, whereas
none of the PPP patients in the control group had a diverticu-
lum. Although cannulation time was longer, the complication
rate was not different from those without diverticulum. We
suggest that, as a result of aging, decreased secretory capac-
ity, fibrosis, and atrophy of the pancreatic tissue might reduce
the response to trauma, as seen in ERCP.

Post-interventional bleeding might be a fatal complication af-
ter ERCP. In the literature, although some authors®?% have
reported no significant difference in post-ERCP bleeding in
patients over 80 years old compared to younger ones, despite
higher antiaggregant and anticoagulant use in the 80-year-old
group, Elmi et al.?®1 and Chong et al.*! reported that nonage-
narians had twice the risk of bleeding compared with younger
patients. They pointed out that the increased prevalence of
coagulopathy, the use of medications that could increase
bleeding risk, and the need for larger sphincterotomies to
extract large stones require more therapeutic maneuvers. In
our series, there was no severe bleeding in either groups,
but three minor and one moderate bleeding events occurred
in group AA. Although a higher rate of bleeding is expected
in elderly patients due to the frequent use of nonsteroidal
anti-inflammatory drug (NSAIDs) and antithrombotic drugs,
there was no statistically significant difference between the
two groups (3.8% vs. 2.6%, p=0.417). In our daily practice, for
patients using two antiaggregant drugs, one is discontinued if
the patient is at high cardiac risk. Low-molecular-weight hepa-
rin was initiated in patients using warfarin or new-generation
anticoagulants as bridging therapy before the procedure.

Considering ERCP-related perforations, it is an uncommon
but very serious complication, with an incidence of 0.2% to
1.6%.52 In the literature, factors such as prolonged inter-
vention duration, precut sphincterotomy, advanced age, and
sphincter of Oddi dysfunction have been found to increase
the risk of ERCP-related perforations.”®! In our study, there
was no statistically significant difference between the AA and
control groups in terms of post-ERCP perforations (0.95 vs.
0.6, p=0.354). In group AA, one patient had a Stapfer type 2
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perforation, which was detected during the procedure. The
defect was closed with endoclip application, and after 10 days
of follow-up, the patient was discharged. In the control group,
two patients had Stapfer type 2 and type 3 perforations de-
tected during the procedure, and SEMS placement was the
treatment modality. Both patients had uneventful follow-up
periods and were discharged on days 10 and 12, respectively.

Obstructive cholangitis is a clinical entity that requires ur-
gent drainage to prevent cholangiosepsis. Bodger et al.,*" in
their study analyzing 20,246 ERCPs nationwide in England,
reported that the mortality risk of cholangitis is not related
to patient age but mainly depends on the timing of drainage.
Cholangitis was the indication in six (5.7%) cases in group AA
and 26 (7.4%) cases in the control group, and the difference
was not statistically significant (p=0.258). In the presence of
cholangitis, the application of early (<24 hours) ERCP in our
patients prevented an increased risk of complications in the
elderly of the study group.

Lemmel's syndrome was first described by Dr. Gerhard Lem-
mel in 1934 and is a rare cause of biliary obstruction.? Its
pathophysiology is nonspecific, but reported mechanisms
include three leading causes: chronic fibrosis of the papilla,
periampullary diverticulitis, and chronic inflammation of the
ampulla. In addition, the location of the duodenal diverticu-
lum may cause malfunction of the sphincter of Oddi, leading
to functional obstruction. Alternatively, obstructive jaundice
may result from external compression of the common bile
duct or ampulla of Vater.B'l In group AA, we detected two
cases of Lemmel’s syndrome causing obstructive jaundice
without choledocholithiasis or malignancy but with a large
juxtapapillary diverticulum causing obstruction in the pancre-
atic part of the bile duct. Our treatment modality was sphinc-
terotomy and biliary stenting.

In our study, comorbidities and ASA physical status scores
were significantly higher in group AA (p<0.01, p<0.05), but
differences in post-ERCP complication rates were not statis-
tically significant (p=0.432). In a retrospective study, the au-
thors, finding the same results, explained that the ASA physi-
cal status score was not a quantitative index but a qualitative
one, which is not sufficient to measure the health status of
the AA population. Instead, a comprehensive elderly assess-
ment (CEA) was suggested for use in geriatric patients.?

Studies evaluating the safety and effectiveness of ERCP in AA
patients are very limited. Fritz et al.,’¥ in their retrospective
study with 502 cases, reported that in patients 280 years of
age, the success rate was 88%, compared with 86% in pa-
tients <80 years of age, while the complication rate was 6.8%
versus 5.1%, with no statistically significant difference detect-
ed. In another study conducted by Katsinelos et al.,* pa-
tients over 90 years of age and patients between 70-90 years
were compared, and the early complication rate was 6.3% in
patients 290 years and 8.4% in patients between 70-90 years.
The mortality rate due to ERCP was [.6% in patients 290
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years of age and 0.6% in patients between 70-90 years of age.
In our study, in line with the literature, there was no statisti-
cally significant difference between the two groups in terms
of success rate and postprocedural complications (complica-
tion and success rates were | 1.4% and 94.1% in group AA vs.
12.5% and 96.4% in the control group). ERCP-related mortal-
ity was 1.9% and 0.57% in groups AA and control, respec-
tively, in line with previous reports.3¢

Tyagi et al.,.’) in their prospective study, reported that the in-
cidence of periampullary diverticulum was 7.5% and showed
that the size of the diverticulum and the location of the papil-
la had no effect on cannulation success or post-ERCP compli-
cations. Jayaraj et al.,['® in their meta-analysis, reported that
ERCP was successful and feasible with comparable complica-
tion rates in patients with and without periampullary diver-
ticulum. In our study, periampullary diverticulum was more
commonly seen in group AA at 22 (21%) compared with the
control group at 18 (5.1%), which was statistically significant
(p<0.01). Cannulation time was longer, but the complication
rate was not different from those without diverticulum. We
think that as the experience and number of cases performed
by the endoscopist increase, failure of selective cannulation
and complications due to periampullary diverticulum will pro-
portionally decrease.

Many studies have shown that lower complication rates and
higher success rates in terms of selective biliary cannulation
are achieved in high-volume centers and by highly experi-
enced endoscopists.*®3 This study was conducted in a high-
volume center with at least 1,000 cases per year. Therefore,
our results may not be generalizable to centers with lower
ERCP volume or less operator experience.

The retrospective design and being a single-center study were
the main limitations of this study. Additionally, the study pe-
riod was extended and had a relatively small sample size. Fur-
ther multicenter prospective studies with larger case series
are needed to confirm and support these results.

CONCLUSION

Endoscopic retrograde cholangiopancreatography is increas-
ingly being used in the diagnosis and treatment of elderly pa-
tients, since the incidence of bile duct and pancreatic cancer
increases with age and surgical intervention in these patients
carries high mortality and morbidity. We think that ERCP is
a reliable, applicable, and feasible method in AA patients, but
clinicians should be alert to potential adverse events.
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ORIJINAL CALISMA - 0Z

I_E_ndoskopik retrograd kolanjiyopankreatografi ileri yaslarda giivenilir bir islem midir?
Uciincii basamak tek merkez deneyimi

AMAC: Bu calismanin amaci ileri yasl hastalarda endoskopik retrograd kolanjiyopankreatografinin (ERCP) glivenilirligini, daha geng kontrol grubuyla
karsilagtirarak belirlemektir.

GEREC VE YONTEM: Bu retrospektif galismada, Aralik 2020 ile Ekim 2024 tarihleri arasinda endoskopi tinitemizde gerceklestirilen ERCP pro-
sedurleri incelenerek, ileri yas hastalar (280 yas) (Grup AA) ve daha geng hastalar (<65 yas) (Kontrol grubu) dahil edilerek demografik &zellikler,
eslik eden hastaliklar, Amerikan Anestezistler Dernegi (ASA) skorlari, ERCP endikasyonlari, islem basarisi ve komplikasyonlar agisindan birbirleriyle
karsilastirildi.

BULGULAR: iki grup arasinda ASA skorlari, komorbiditeler ve antikoagiilan ve antiplatelet ilag kullanimi agisindan anlamli fark vardi (p<0.05,
p<0.01 ve p<0.05). Juxtapapiller divertikil grup AA'da kontrol grubuna gore daha yaygindi (%2 1'e karsi 5,1, p<0.01). Endikasyonlar agisindan her
iki grupta da en sik koledokolitiyazis ve obstriiktif sarilik goriildii (p=0.456, p=0.064). Kaniilasyon basarisi agisindan iki grup arasinda anlamli fark
yoktu (p=0.956). Her iki grupta da en ¢ok yapilan girisimler sfinkterotomi ve balon ve basket ile tag ekstraksiyonu idi (sirasiyla p=0.22 ve p=0.563).
islem sonrasi pankreatit orani geng grupta istatistiksel anlamli olarak daha yiiksekti (p=0.041). Kanama, perforasyon, enfeksiyon, basket sikismasi
ve kardiyopulmoner komplikasyon oranlari agisindan iki grup arasinda anlamli fark saptanmadi (p=0.436; p=0.354; p=0.958; p=0.254; p=0.289).
SONUC: Terapotik ERCP islemleri ileri yas hastalarda da uygun endikasyonlarla, geng yas grubu ile karsilastirilabilir komplikasyon ve sonuglarla
guivenli ve etkin bir sekilde uygulanabilir.

Anahtar sozclikler: Endoskopik retrograd kolanjiyopankreatografi; endikasyonlar; glivenlik; ileri yas; komplikasyonlar.
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ABSTRACT

BACKGROUND: This study aims to retrospectively evaluate treatment approaches and clinical outcomes in patients with penetrat-
ing abdominal trauma caused by gunshot injuries—one of the most complex and controversial areas in trauma surgery.

METHODS: A total of 10| patients diagnosed and treated for penetrating abdominal trauma due to gunshot injuries between 2015
and 2025 were included in the study. Demographic data (age and sex); vital signs at admission to the emergency department (blood
pressure, pulse, respiratory rate, body temperature); level of consciousness (Glasgow Coma Scale); hemodynamic status (stability/
instability, need for fluid or inotropic support); intra-abdominal (liver, spleen, small intestine, colon, etc.) and extra-abdominal (thorax,
extremities, head, etc.) organ injuries; laboratory findings (hemoglobin, leukocyte count, creatinine, pH level); treatment modality
(surgical intervention or conservative management); surgical techniques used; blood and blood product transfusions; and hospital
length of stay were retrospectively analyzed. Patients were divided into two groups: those who underwent surgical treatment and
those managed conservatively. Factors influencing treatment decisions and variables affecting mortality were evaluated statistically.

RESULTS: Of the patients, 83.2% were male, with a mean age of 28.3+10.5 years. Surgical treatment was performed in 81.2% of
cases, while 18.8% received conservative management. No mortality occurred in the conservatively managed group, whereas the surgi-
cally treated group had a mortality rate of 15.9%. Mortality among female patients (29.4%) was significantly higher than among males
(9.5%) (p=0.026). Hemodynamic instability, intra-abdominal organ injury, presence of free air in the abdomen, and the need for blood
product transfusion were associated with both the decision for surgical intervention and higher mortality. Additionally, damage control
surgery and multiple organ injuries were linked to increased mortality.

CONCLUSION: Management of abdominal trauma caused by gunshot injuries requires a multidisciplinary approach to ensure ap-
propriate patient selection and treatment planning. In hemodynamically stable patients, selective non-operative management (SNOM)
is a safe and effective option, whereas surgical intervention—particularly in cases requiring damage control surgery—is associated with
higher mortality. The increased mortality rate among female patients underscores the need for closer monitoring of this subgroup and
further investigation into potential additional risk factors. These findings align with current literature and provide practical guidance
for clinical decision-making.

Keywords: Gunshot injury; selective non-operative management (SNOM); surgical intervention; mortality; hemodynamic instability;
damage control surgery; abdominal trauma.
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INTRODUCTION

Penetrating abdominal trauma is one of the most complex
and debated challenges in trauma surgery. In regions where
gunshot and stab wounds are prevalent, such injuries continue
to be a major cause of morbidity and mortality.'! Even in the
absence of death, gunshot injuries can lead to permanent dis-
ability, reduced quality of life, loss of employment, and high
treatment costs.

Despite advances in surgical techniques, imaging modalities,
and intensive care, the management of abdominal trauma
caused by gunshot injuries continues to vary depending on
patient- and injury-specific characteristics.!

Traditionally, surgical exploration has been the mainstay of
treatment for such injuries.! Damage control surgery remains
the first-line approach for surgical exploration,>®! and physi-
ological criteria can provide an objective basis for decision-
making in this context.”! However, diagnostic laparotomy for
abdominal gunshot injuries has been reported to result in
negative laparotomy rates as high as 53%.%° Gunshot wounds
to the abdomen represent the most challenging subgroup for
decision-making among penetrating abdominal trauma cases.
Although selective non-operative management (SNOM) re-
mains difficult in these patients, it has been shown to be suc-
cessful in carefully selected cases.['*!"12

In recent years, the outcomes of SNOM in hemodynamically
stable patients have gained increasing acceptance and clinical
application.l'? This approach offers several advantages, in-
cluding the prevention of unnecessary laparotomies, shorter
hospital stays, and lower complication rates. The literature
emphasizes that with proper patient selection, SNOM is a safe
and effective strategy; however, meticulous monitoring is es-
sential.l

In this study, we retrospectively evaluated the clinical charac-
teristics, treatment modalities, and outcomes of 101 patients
treated for abdominal trauma caused by gunshot injuries. Our
aim was to assess these findings in the context of existing lit-
erature, focusing on how treatment approaches in abdominal
gunshot trauma vary depending on factors such as hemody-
namic status, organ injury, presence of free intraperitoneal air,
and the mechanism of injury.

MATERIALS AND METHODS

This study involved a retrospective evaluation of 101 patients
who presented to our hospital and were treated for abdomi-
nal trauma caused by gunshot injuries between 2015 and
2025. Ethical approval was obtained from the institutional re-
view board of the hospital (Ethics Committee Approval No:
2025/01-37). The research was conducted in accordance with
the principles of the Declaration of Helsinki.
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Inclusion and Exclusion Criteria

Patients aged 15-64 years with a diagnosis of abdominal trau-
ma caused by gunshot injuries and complete medical records
were included in the study. Exclusion criteria were incom-
plete medical records, stab wounds, non-penetrating (blunt)
abdominal trauma.

Data Collection

Patient data were retrieved from medical files and the hospi-
tal information management system. Collected variables in-
cluded demographic characteristics (age, sex), clinical findings
at admission, treatment modality (surgical or conservative),
type of surgery (definitive or damage control), hemodynamic
status, level of consciousness, presence of abdominal pen-
etration, intraperitoneal free air, intra-abdominal and extra-
abdominal organ injuries, laboratory parameters, need for
blood product transfusion, and lengths of stay in the intensive
care unit and inpatient wards.

Treatment Groups

Patients were classified into two groups based on treat-
ment modality: surgical and conservative. For the surgically
treated group, detailed data were recorded on the type of
surgery, hemodynamic and neurologic status, intra-abdominal
and extra-abdominal injuries, laboratory findings, and clini-
cal outcomes. For the conservatively managed group, clinical
and laboratory data, as well as treatment outcomes, were
analyzed.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics,
version 28 (IBM Corp., Armonk, NY, USA). Categorical vari-
ables were expressed as frequencies and percentages, and
continuous variables as mean * standard deviation or median
(minimum-maximum), depending on distribution. Differences
between categorical variables were analyzed using the chi-
square test, and differences between continuous variables
were assessed using the independent samples t-test or the
Mann-Whitney U test, as appropriate. A p-value <0.05 was
considered statistically significant.

RESULTS

The study population consisted of 101 patients, including 17
females (25.41+12.88 years, range: 15-64 years) and 84 males
(28.88+9.93 years, range: 16-56 years), with a mean age of
28.30+10.49 years (range: |15-64 years).

The mortality rate was higher among patients who under-
went surgical treatment (15.9%) compared to those managed
conservatively, in whom no mortality was observed. This
finding suggests that surgically treated patients presented
with more severe and higher-risk clinical profiles. Regarding
sex, the mortality rate among female patients (29.4%) was
significantly higher than that among males (9.5%) (p=0.026),
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possibly reflecting more severe presentations or additional
risk factors in female patients. By type of surgery, no mortal-
ity occurred among patients who underwent definitive sur-
gery, whereas the mortality rate was 33.3% in those who
underwent damage control surgery (Table I).

Hemodynamically stable patients were less likely to undergo
surgery and had lower mortality rates. Similarly, patients with

preserved consciousness had lower mortality (Table 2), in-
dicating that the patient's overall condition at presentation
directly influenced treatment decisions and outcomes.

Patients who underwent surgery had significantly longer
intensive care unit (ICU) and ward stays, reflecting their
more severe clinical status and greater demand for hospital
resources. In terms of laboratory parameters, pH and he-

Table I. Clinical and demographic characteristics and outcomes
Variable Category No Mortality Mortality Total p-value
Treatment approach Surgical 69 (84.1%) 13 (15.9%) 82 0.063
Conservative 19 (100%) 0 (0%) 19
Sex Male 76 (90.5%) 8 (9.5%) 84 0.026
Female 12 (70.6%) 5 (29.4%) 17
Type of surgery Definitive 43 (100%) 0 (0%) 43 <0.001
Damage control 26 (66.7%) 13 (33.3%) 39
Table 2. Association between treatment approach, level of consciousness, and hemodynamic stability
Treatment Hemodynamically Hemodynamically Conscious Unconscious Total p-value
Approach Stable (n, %) Unstable (n, %) (n, %) (n, %)
Surgical 31 (37.8%) 51 (62.2%) 54 (65.9%) 28 (34.1%) 82 <0.001
(stability)
Conservative 19 (100%) 0 (0%) 19 (100%) 0 (0%) 19
Total 50 51 73 28 101 0.003

(consciousness)

Table 3. Laboratory and clinical parameters

Parameter Surgical (n=82) Conservative (n=19) p-value
ICU stay duration (days) 6 [1-300] | [0-4] <0.001
Ward stay duration (days) 4 [0-12] 2 [1-5] 0.007
pH 7.31 [6.80-7.52] 7.40 [7.35-7.42] <0.001
INR 1.26 [0.91-3.93] 1.07 [0.97-1.86] <0.001
WBC 12.78 [1.86-27.90] 14 [9.77-6] 0.332
Hemoglobin (Hb) 12.90 [4.80-17.58] 15 [13-18.6] <0.001
ALT 40.50 [8-974] 27 [9-108] 0.023
AST 48 [12-714] 27 [17-127] 0.001
Creatinine 0.85 [0.32-4.22] 0.80 [0.66-1.09] 0.266
Abdominal penetration (yes/no) 81/l 11/8 <0.001
Presence of free air in abdomen (yes/no) 79/3 11/8 <0.001
Blood product transfusion (yes/no) 49/33 0/19 <0.001

pH: Blood acidity level; INR: International Normalized Ratio; WBC: White blood cell count; Hb: Hemoglobin; ALT: Alanine aminotransferase; AST: Aspartate

aminotransferase.
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Table 4. Injury characteristics and firearm type
Variable Category Surgical (n=82) Conservative (n=19) Total (n=101) p-value
Injury region Right upper 35 (42.7%) 7 (36.8%) 42 (41.6%) 0.098
Left upper 12 (14.6%) 1 (5.3%) 13 (12.9%)
Right lower Il (13.4%) 7 (36.8%) 18 (17.8%)
Left lower 24 (29.3%) 4 (21.1%) 28 (27.7%)
Firearm type Rifled 70 (85.4%) 8 (42.1%) 78 <0.001
Smoothbore 12 (14.6%) 11 (57.9%) 23
Blood product transfusion Yes 49 (59.8%) 0 (0%) 49 <0.001
No 33 (40.2%) 19 (100%) 52
Time to surgery Immediate 64 (63.4%) - - -
12-48 hours later 18 - - -

moglobin (Hb) levels were significantly lower in the surgical
group, suggesting impaired tissue perfusion and more exten-
sive blood loss. Conversely, international normalized ratio
(INR), alanine aminotransferase (ALT), and aspartate amino-
transferase (AST) levels were higher in the surgical group, in-
dicating more pronounced coagulopathy and liver injury. The
presence of intra-abdominal injury and free air was markedly
more common in the surgical group, supporting the prefer-
ence for surgical intervention in cases of visceral organ injury.
Blood product transfusion was significantly more frequent in
the surgical group, whereas no transfusions were required in
the conservatively managed patients (Table 3).

The most commonly affected anatomical region was the right
upper quadrant (41.6%). There was no significant association
between the site of injury and the treatment approach, sug-
gesting that treatment decisions were more strongly influ-
enced by the patient’s overall condition and organ injury rather
than the location of trauma. Analysis by firearm type revealed
that the majority of surgically treated patients were injured
by rifled firearms (85.4%), whereas injuries from smoothbore
firearms were more often managed conservatively. This find-
ing supports the notion that rifled firearms tend to cause
deeper and more severe injuries, thereby increasing the likeli-
hood of surgical intervention. Blood product transfusion was
significantly more common in the surgical group, further in-
dicating a higher incidence of hemorrhage and shock in these
patients. Among the surgically treated group, 63.4% under-
went immediate surgery, while the remaining patients were
operated on within 12-48 hours (Table 4).

DISCUSSION

According to the literature, mortality rates in abdominal
trauma caused by gunshot injuries range between 10-20%,
with factors such as multiple organ injury, hemodynamic in-
stability, and advanced age being associated with higher mor-
tality.['®! In our study, the overall mortality rate was 12.9%,
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and the factors associated with mortality were analyzed in
detail (Tables | and 2).

Gunshot injuries are more frequently observed in males and
tend to occur more often in young adults.l'"*'*! Similarly, in
our study, 84 of the 101 patients were male, with a mean age
of 28 years.

Surgical treatment was performed in the majority of patients
(81.2%), while conservative management was applied in
18.8%. Notably, no mortality occurred in the conservatively
managed group, whereas the mortality rate among surgically
treated patients was 15.9%. These findings align with pre-
vious studies reporting mortality rates of 10-20% in surgi-
cally treated gunshot-related abdominal trauma cases.'! For
instance, Demetriades reported a 13.5% mortality rate in
surgically treated patients with abdominal gunshot injuries.!'!

The significantly higher mortality rate in female patients com-
pared to males (29.4% vs. 9.5%, p=0.026) raises the question
of whether sex plays a prognostic role in abdominal gunshot
trauma. Although data on sex-related differences in mortality
are limited, some studies have suggested that mortality may
indeed be higher among female patients.[" In our study, the
higher mortality in women was not associated with surgical
type, hemodynamic or neurological status, intra-abdominal
involvement, presence of free air, injury location, firearm
type, or blood transfusion (Table 3). This suggests the poten-
tial presence of non-standard risk factors in female patients.
Further multicenter studies with larger cohorts are needed
to better evaluate the effect of sex on mortality (Table I).

In many studies, the small intestine has been reported as the
most frequently injured organ in abdominal gunshot trauma.
Adesanya and Feliciano reported small bowel injuries in
52.4% and 60% of their patients, respectively.l'*'”] However,
other studies have found colon injuries to be more common.
[ In our study, colon injuries were more frequent than small
bowel injuries, although the latter were also common. Among
the patients who underwent surgery, 45 had colon injuries
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Figure 1. A 17-year-old male patient admitted with a firearm injury involving multiple injury sites in the abdominal region. Foreign body
densities are visible in the liver parenchyma, sigmoid colon, and cecal lumen (black arrows). The patient was managed non-operatively
and discharged after treatment.

and 39 had small bowel injuries. Given the broad spectrum
of organ involvement, gunshot wounds to the abdomen are
often associated with multiple injuries. The thoracic region is
the most commonly affected extra-abdominal site.l'® In our
series, 15 patients had lung injuries and six had diaphragm
injuries (Table 3).

Mortality was significantly higher in patients who underwent
damage control surgery compared to those who underwent
definitive procedures (p<0.001). This likely reflects the fact
that damage control surgery is typically performed in criti-
cally ill, hemodynamically unstable patients with multiple in-
juries. Rotondo emphasized that while damage control sur-
gery can be life-saving in patients with severe physiological
derangements and multiple injuries, it is also associated with
high mortality rates.['”]

When dividing the abdomen into four quadrants—right up-
per, right lower, left upper, and left lower—the literature
commonly identifies the right upper quadrant as the most
frequently injured area.’® Our findings were consistent with
this pattern. However, no significant correlation was found
between injury location and mortality (p=0.154) (Table 4).

Other variables influencing treatment decisions and progno-
sis included intra-abdominal organ injury, presence of free
intraperitoneal air, and the need for blood product transfu-
sion. Intra-abdominal injury was present in 98.8% of surgi-
cally treated patients compared to 57.9% in the conservative
group. Similarly, free air was observed in 96.3% of the surgical
group. Mortality was significantly higher among patients who
received blood transfusions (p<0.001). Consistent with pre-
vious reports, these findings indicate that injury severity and
associated organ damage are key prognostic factors. Leppani-
emi reported that multiple organ injuries and massive hemor-
rhage are major determinants of mortality.2"]

A notable case in our series involved a patient with a left
lower quadrant entry wound and an exit wound near the
umbilicus who developed signs of acute abdomen and under-
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went surgery. Despite the absence of a clear intra-abdominal
trajectory, the patient was found to have a sigmoid colon per-
foration. This case highlights the unpredictable clinical pre-
sentations of gunshot injuries and the importance of clinical
judgment in determining the appropriate treatment modality

(Fig. 1).

In our study, all patients managed conservatively were hemo-
dynamically stable, and none experienced mortality. These
findings support the view that SNOM is a safe and effective
approach in appropriately selected patients. The 2010 Guide-
lines for Selective Nonoperative Management of Penetrating
Abdominal Trauma also state that SNOM is a safe strategy
in hemodynamically stable patients and helps reduce unnec-
essary laparotomies.!'l Leppiniemi further reported that the
success rate of SNOM exceeds 90% in stable patients. More-
over, hospital and ICU stays were significantly shorter in the
conservatively treated group, underscoring the benefits of

SNOM in terms of patient comfort and resource utilization.
[21,22]

This study has several limitations. Its retrospective and single-
center design and limited sample size restrict the generaliz-
ability of the findings. Additionally, the relatively small num-
ber of female patients necessitates caution when interpreting
sex-related results.

CONCLUSION

This study demonstrates that treatment approaches and clini-
cal outcomes in patients with abdominal trauma caused by
gunshot injuries are influenced by multiple factors. Our find-
ings indicate that SNOM is a safe and effective treatment op-
tion in hemodynamically stable patients.

The management of abdominal gunshot trauma requires a
multidisciplinary approach to ensure appropriate patient
selection and treatment planning. Hemodynamically stable
patients should be primarily considered for SNOM, whereas
those requiring surgical intervention should be closely moni-
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tored in an intensive care setting.
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Abdominal ategli silah yaralanmalarinin yonetimi: Cerrahi miidahale mi yoksa konservatif
takip mi? Tek merkez deneyimi

AMAC: Bu calisma, travma cerrahisi alaninda en karmasik ve tartismali konulardan biri olan, abdominal bolgeyi penetran olarak etkileyen atesli silah
yaralanmalarinda uygulanan tedavi yontemleri ve klinik sonuglari geriye doniik olarak degerlendirmeyi amaglamaktadir.

GEREC VE YONTEM: 2015-2025 yillari arasinda atesli silah yaralanmasi nedeniyle penetran abdominal travma tanisi konulan ve tedavi edilen
toplam 101 hasta galismaya dahil edildi. Hastalarin yas, cinsiyet, acil servise bagvuru anindaki vital bulgulari (kan basinci, nabiz, solunum sayisi, viicut
sicakligr), biling durumu (Glasgow Koma Skalasi), hemodinamik durumu (stabil/instabil, sivi ve/veya inotrop destegi ihtiyacr), intra-abdominal (ka-
raciger, dalak, ince bagirsak, kolon vb.) ve ekstra-abdominal (toraks, ekstremite, kafa vb.) organ yaralanmalari, laboratuvar bulgulari (hemoglobin,
|6kosit sayisi, kreatinin, pH seviyesi), uygulanan tedavi yontemleri (cerrahi miidahale veya konservatif takip), cerrahi teknikler;, kan ve kan Griini
transfiizyonlari ile hastanede kalis sireleri geriye donuk olarak analiz edilmistir. Hastalar cerrahi tedavi uygulanan grup ve konservatif yonetilen grup
olmak tizere ikiye ayrilmis, tedavi kararlarini etkileyen faktorler ve mortaliteye etki eden degiskenler istatistiksel olarak degerlendirilmistir.
BULGULAR: Hastalarin 9%83.2'si erkek olup, ortalama yas 28.3+10.5 yil olarak bulunmustur. Hastalarin %81.2'sine cerrahi tedavi uygulanirken,
%18.8'ine konservatif tedavi verilmistir. Konservatif tedavi uygulanan grupta mortalite gézlenmezken, cerrahi tedavi gérenlerde mortalite orani
%15.9 olarak kaydedilmistir. Kadin hastalarda mortalite orani (%29.4) erkeklere (%9.5) gore anlamli derecede yiiksek bulunmustur (p=0.026).
Hemodinamik instabilite, intra-abdominal organ yaralanmasi, karin icinde serbest hava varligi ve kan iiriinii transflizyonu ihtiyaci hem cerrahi tedavi
kararini hem de mortaliteyi artiran faktorler arasinda yer almistir. Ayrica, hasar kontrol cerrahisi ve ¢oklu organ yaralanmalari da mortalite ile ilis-
kilendirilmistir.

SONUC: Atesli silah yaralanmasina bagli abdominal travmanin yonetimi, uygun hasta secimi ve tedavi stratejisi icin multidisipliner bir yaklasim
gerektirmektedir. Hemodinamik olarak stabil hastalarda segici non-operatif yonetim (SNOY) glivenli ve etkili bir segenektir. Cerrahi mudahale,
ozellikle hasar kontrol cerrahisi gerektiren vakalarda mortalite ile iliskilidir. Kadin hastalarda gézlenen yliksek mortalite orani, bu hasta grubunun
daha yakindan izlenmesi ve ek risk faktorlerinin arastiriimasi gerekliligini ortaya koymaktadir. Elde edilen bulgular meveut literatiirle uyumludur ve
klinik uygulamalara rehberlik etmektedir.

Anahtar sézclikler: Abdominal travma; atesli silah yaralanmasi; cerrahi miidahale; hemodinamik instabilite; hasar kontrol cerrahisi; mortalite; SNOY.
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Pediatric burns in low-income countries: An example
from Somalia
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ABSTRACT

BACKGROUND: Epidemiological data are needed to develop pediatric burn prevention strategies and guide interventions in low-
and middle-income countries.

METHODS: In this observational retrospective study, the characteristics of 140 consecutive pediatric patients who were hospitalized
and treated for burns at the Burns Unit of a hospital in Mogadishu, Somalia, between November 2022 and April 2024 were analyzed.

RESULTS: The patients included 50% males and 50% females, with a mean age of 4.96+4.07 years. The most common burn etiolo-
gies were hot water (75.7%), open flame (15.7%), and hot oil (8.6%). Burns involving two or more anatomical regions were observed
in 44.2% of the cases. The mean total body surface area (TBSA) affected was 16.2+10.42% (min: 4%, max: 90%). Superficial second-
degree burns were present in 50.7% of the patients, and deep second-degree burns in 28.6%. No statistically significant relationship
was found between gender and burn degree, burn percentage, or burn etiology (p>0.05). Analysis by age group revealed a statistically
significant but weak association (24%) between the 0-4 years age group and burn degree. This was attributed to a higher proportion of
more severe burns in children aged 0-4 years compared to those aged 5 years and older. The most common complication was anemia
(37.1%), and no mortality was observed. The average hospital stay was 24.1+£27.8 days (range: 2-179 days).

CONCLUSION: This study presents the first epidemiological data on in-patient pediatric burn cases in Somalia, a country classified
as low-income. The risk of mortality can be eliminated if effective burn management is provided in pediatric burn cases, even in low-
resource countries. These findings support the expectation of survival in major pediatric burns. Nurses and all healthcare professionals
share responsibility for the protection and promotion of health. Therefore, training on burn injury prevention strategies should be
targeted and implemented in areas where the incidence is high.

Keywords: Burn; burn care; pediatric burn.

INTRODUCTION 6.1 per 100,000 population per year.' Epidemiological data

highlight the burden of childhood burns in low- and middle-

Burns are a significant health problem in low- and middle- income countries. One study from 2000 reported that 16,000
income countries, where 95% of burn-related deaths occur. ) )

. . . children aged 5 years and younger died from burns.? In an-
In addition to high mortality rates, burns cause body defor-

mities, lifelong disability, and social stigmatization and rejec-
tion among survivors. In the Guidelines for Burn Prevention
and Care published in 2008, the World Health Organization
(WHO) reported the burn-related mortality rate in Africa as

other single-center study focusing on pediatric burn mortality,
the rate was reported to be 7.1%.1 Globally, 11,292 burn-
related deaths were recorded in 2019, with the majority oc-

curring in the 1-4 years age group.l!
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Table |I. Demographic characteristics and burn-related factors of the patients (n=140)

Variable MeantSD (Min-Max) n (%)
Age (years) 4.96+4.07 (1-17)
Age Distribution
0-4 years 88 (62.9)
5-9 years 32 (22.9)
10-14 years 13 (9.3)
215 years 7 (5.0)
Gender
Female 70 (50.0)
Male 70 (50.0)
Family Type
Nuclear 5(3.6)
Extended 135 (96.4)
Family Income Level
Low 23 (16.4)
Medium 115 (82.1)
High 2 (1.5)
Average Number of Children per Family 6.68+2.3 (2-15)
Place of Burn Incident
Home 139 (99.3)
School I (0.7)
Cause of Burn
Hot water 106 (75.7)
Open flame 22 (15.7)
Hot oil 12 (8.6)
Point of Initial Medical Contact
Home 20 (14.3)
Emergency Department 108 (77.1)
Outside Center 12 (8.6)
Burn Severity
<5% (minor) 2 (1.4)
5%-10% (moderate) 28 (20.0)
>10% (major) 110 (78.6)
Patients Undergoing Surgery
Yes 79 (56.4)
No 61 (43.6)
Anatomic Burn Locations
Head 7 (5.0)
Trunk (front) 16 (11.4)
Upper extremity 22 (15.7)
Lower extremity 23 (16.4)
Perineum 1 (0.7)
Trunk (front) + upper extremity 17 (12.1)
Head + upper extremity 2 (1.4)
Lower extremity + perineum 26 (18.6)
Back + upper extremity 3 (2.1)
Head + trunk (front) 4 (2.9)
Trunk (front + back) 3 (2.1)
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Head + upper + lower extremities
Trunk (front) + upper + lower extremities
Whole body
Burn Percentage
Burn Degree
First Degree
Second Degree (Superficial)
Second Degree (Deep)
Third Degree
Bacterial Culture Results
No growt
E. col
Proteus spp.
Klebsiella spp.
Other
Local Wound Infection
Yes
No
Sepsis
Yes
No
Burn-related complications
None
Anemia
Sepsis + Anemia

Length of Hospital Stay (days)

4(29)

2 (1.4)

1(0.7)
16.2%:10.42% (4-90)

4(29)
71 (50.7)
40 (28.6)
25 (17.8)

119 (85.0)
4(28)
7 (5.0)
3(210)
2 (1.4)

25 (17.9)
115 (82.1)

34 (24.3)
106 (75.7)

54 (38.6)

52 (37.1)

34 (24.3)
24.1427.8 (2-179)

The prevalence of poverty and unsafe living conditions in
rural areas of low-income countries significantly affects the
epidemiological profile and risk factors associated with child-
hood burns. Risk factors such as low socioeconomic status,
extended family structures, lack of supervision, the presence
of flammable materials, and low maternal education levels
are significant contributors to burn injuries.>®! The literature
has primarily focused on three types of burns: scalds from
hot liquids, burns from contact with hot surfaces, and burns
from open flames.[”? A study investigating the causes of burns
in patients under |8 years of age reported that scald burns,
commonly resulting from falling into or spilling hot liquids, oc-
curred more frequently than other types of burns.l”l Despite
the availability of studies on childhood burns in high-income
countries, epidemiological data for low- and middle-income
countries remain insufficient, underscoring the need for com-
prehensive data to support the development of prevention
strategies.®

Research findings can provide an evidence-based foundation
for the prevention and management of pediatric burns. How-
ever, the scarcity of data in low- and middle-income countries
hinders the creation of effective action plans. The demograph-
ic and prognostic features of pediatric burn patients in East

Ulus Travma Acil Cerrahi Derg, September 2025, Vol. 31, No. 9

Africa are not well defined, largely due to the rural nature of
life in the region.”] In the absence of a national surveillance
system, epidemiological data are often derived from hospital-
based studies. Therefore, the development of effective pre-
vention strategies for pediatric burns is contingent upon the
availability of robust epidemiological data.?!

The aim of this study was to investigate the epidemiology of
pediatric burns in Somalia, which is classified as a low-income
country, and to determine the characteristics of burn injuries
at the time of hospital admission.

MATERIALS AND METHODS

This observational retrospective study included 140 con-
secutive patients diagnosed with pediatric burn injuries who
were admitted for treatment to the Burns Unit of the Turk-
ish Training and Research Hospital in Mogadishu, Somalia,
between November 2022 and April 2024. Ethical approval
for the study was obtained from the Local Ethics Commit-
tee prior to commencement (Approval number: 962; Date:
30.03.2024). Inclusion criteria were defined as consecutive
patients aged <I8 years, diagnosed with burn injuries, and
admitted to the Burns Unit. Exclusion criteria included burn
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injuries occurring outside the study period and patients seen
in the Emergency Department who either died or were not
treated at the specified hospital. Data collected and analyzed
included demographic information, family structure, number
of children, family economic status, place of admission, cause
of burns at the time of admission, location of burns, burn
degree as diagnosed by debridement after admission, and any
subsequent complications.

Statistical Analysis

Data obtained in the study were analyzed statistically using
SPSS for Windows, Version 25.0 (IBM Corporation, Armonk,
NY, USA). The conformity of the data to a normal distribu-
tion was assessed using the Shapiro-Wilk W-test. Continuous
variables were expressed as mean * standard deviation, and
categorical variables as number and percentage. The Chi-
square test was used to analyze categorical data. A signifi-
cance level 0.05 was applied for all analyses.

RESULTS

A total of 140 pediatric patients hospitalized and treated for
burn injuries were evaluated. The cohort included 70 males
(50%) and 70 females (50%), with a mean age of 4.96+4.07
years. A significant majority of the families (96.4%) were clas-
sified as extended families, with an average of 6.68+2.3 chil-
dren per family. Only 1.5% of families identified themselves as
high-income. Burn injuries occurred at home in 99.3% of the
cases, with 41.0% specifically taking place in the kitchen. The
most common burn etiologies were hot water (75.7%), open
flames (15.7%), and hot oil (8.6%).

Burns were most frequently located on the lower extremi-
ties and perineum (18.6%), followed by the lower extremities
alone (16.4%) and upper extremities (15.7%). Burns involv-
ing multiple anatomical regions were observed in 44.2% of
cases. The mean total body surface area (TBSA) affected was
16.2+£10.42% (range: 4%-90%). The most common severity

Akyuz et al,, Paediatric burns in Somalia

was second-degree superficial burns (50.7%), followed by
second-degree deep burns (28.6%) and third-degree burns
(17.8%).

Microbiological cultures showed no bacterial growth in 85%
of patients. Sepsis was diagnosed in 24.3% of cases, all of
whom also had anemia, while 17.9% had local wound infec-
tions. No burn-related complications developed in 38.6% of
the patients, with anemia being the most frequently observed
complication (37.1%). The mean length of hospital stay was
24.1+27.8 days (range: 2-179 days). The demographic data
and burn-related factors are presented in Table |.

No statistically significant relationship was found between
gender and burn degree, burn percentage, or cause of burn
(p>0.05). In the analyses conducted by age group, a statis-
tically significant but weak association (24%) was identified
between the 0-4 years age group and burn degree. This was
attributed to a higher frequency of more advanced burn de-
grees in the 0-4 years group compared to children aged 25
years. Second-degree superficial and second-degree deep
burns were more frequently observed in the 0-4 years group,
with the leading causes being hot water (Fig. 1), open flames
(Fig. 2), and hot oil (Fig. 3), respectively (Table 2.

DISCUSSION

According to the World Bank income classifications, coun-
tries are categorized based on Gross National Income per
capita, an indicator related to a country’s level of develop-
ment. As of the World Bank’s 2022 update, Somalia was clas-
sified as a low-income country.’! The WHO’s 2022 Africa
Health Statistics Atlas reported that no health-related epi-
demiological data were available for the region.!'” Given this
situation, available epidemiological data are limited to local
and single-center studies. A systematic review published in
2016, which provided an overview of global burn epidemiol-
ogy, noted that reporting conclusive results in low-income

Table 2. Burn characteristics by age groups
0-4 Years >5 Years P
n (%) n (%)
Cause of Burn
Hot water 70 (66.0) 36 (34.0) p<0.05
Open flame 12 (54.5) 10 (45.5)
Hot oil 6 (50.0) 6 (50.0)
Burn Degree
First Degree 2 (50.0) 2 (50.0)
Second Degree (Superficial) 49 (69.0) 22 (31.0)
Second Degree (Deep) 26 (65.0) 14 (35.0)
Third Degree Il (44.0) 14 (56.0)
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N ¥ 3 i
Figure 2. Burn injuries resulting from open flames.

countries was difficult due to the lack of data and publica-
tions. The review emphasized the urgent need for epidemio-
logical studies on burns, especially in low-income settings.['!

The current study represents the first investigation into epi-
demiological data on pediatric burn cases requiring hospi-
talization in Somalia, which is categorized as a low-income
country. Previous research in similar settings reported that
the mean age of pediatric burn patients was 4.0£3.6 years,
with over half being male, and that hot water was the lead-
ing cause of burn injuries (68.5%)."7 A study conducted in
South Africa found a mean age of 25 months, 58% of the
sample were male, and the most frequently encountered type
of burn injury in this pediatric group was scalding, at a rate
of 84%.I' Our findings were consistent with these studies.

The results of the current study were found to be in line
with the literature from other low-income countries. Addi-
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Figure 3. Burn injuries caused by hot oil.

tionally, the family structure of pediatric burn patients was
typically extended, with most families having a medium to
low economic status and an average of six or more children.
Considering that most burn cases occurred at home, particu-
larly in the kitchen, crowded family environments, economic
challenges, and especially floor-level stoves used for cooking
(Fig. 4) can be considered key predisposing factors for scald
burns in children.

These risk factors are clearly preventable. Great care must

Figure 4. Floor-level cooking stoves.
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be taken when using hot water or preparing food. Given the
high treatment and care costs associated with burn injuries,
the World Health Organization has reported that preventa-
tive measures are cost-effective. Nurses and all healthcare
professionals are responsible for promoting and preserving
health. Therefore, targeted family education on burn injury
prevention strategies should be developed and implemented
in regions with high incidence.

The anatomic localizations of pediatric burns in the current
study were most frequently observed in the lower extremi-
ties and perineal region. In a previous study conducted in
Africa examining the general characteristics of burns, the
most common anatomic sites were in the upper part of the
body. These were often the result of curiosity-driven behav-
iors, such as touching, pulling, or grasping objects, especially
among toddlers who had just begun to walk.I'¥! Differences in
the anatomic localization of burns between countries and re-
gions are likely due to factors such as social living conditions,
the education level of the family, and whether children have
access to flames or hot liquids.

According to the American Burn Association guidelines, burn
severity is classified based on the total body surface area af-
fected (%). Pediatric burns involving 210% TBSA are consid-
ered major; 5-10% as moderate, and <5% as minor.®! In the
current study, half of the cases involved burns covering more
than 10% TBSA and were classified as superficial and deep
second-degree burns, most commonly affecting children aged
0-4 years. It was also observed that many of the patients lived
in rural areas and often presented late to the hospital, which
may be a contributing factor to increased burn severity. Pa-
tients are often admitted to the Burns Unit after first be-
ing evaluated in the Emergency Department. Preventing the
causes of severe burns, such as preparing food and hot liquids
in areas inaccessible to children, and placing hot substances
above floor level, is essential when planning parental educa-
tion on burn prevention and first-aid interventions.

Decreases in hemoglobin levels due to intraoperative or re-
peated surgical debridement shortly after burn injury can lead
to anemia as a result of both the burns themselves and their
treatment.I' While acute blood loss is one of the primary
causes of anemia, other contributing factors include reduced
hemoglobin concentration during the resolution of the acute
phase and the demands of surgical wound healing.'" In the
pediatric group included in this study, burn-related anemia
can be explained by the high TBSA involvement, which is con-
sistent with the literature, and by the fact that more than half
of the patients underwent surgical intervention. Following
major burns, there is an increase in catecholamines, acute-
phase reactants, and inflammatory cytokines. These create
a catalytic effect on whole-body catabolism, inefficient glu-
cose utilization, and a dysregulated host immune response.
U1 Burns patients are at significant risk of infection and sepsis
due to these physiological changes. Burn depth, TBSA%, and
the use of invasive or urinary catheters have been reported
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as risk factors for the development of infection-related com-
plications. The literature emphasizes a strong correlation be-
tween infections and cases involving >20% TBSA. Infection
and sepsis are the leading causes of morbidity and mortality
in both pediatric and adult burns patients. Despite advances
in burn care, sepsis-related mortality rates remain high.®'¢

The current study was conducted in the Burns Unit of a train-
ing and research hospital where multidisciplinary care is pro-
vided. Although septic conditions were observed in the pedi-
atric cases during follow-up, a systematic treatment and care
approach was implemented. This included regular debridement
at intervals, dressing follow-up, and the use of antimicrobials,
which helped keep sepsis under control and prevented mor-
tality in all patients. The most important factor contributing
to recovery without mortality in pediatric burn cases has been
associated with the systematic approach to infection control,
particularly the presence of specialist healthcare professionals
in hospitals with dedicated pediatric burn units. In the litera-
ture, the most significant predictor of mortality in pediatric
burn cases has been linked to limited access to intensive care
services.['”] Pediatric burn care ranges from simple to complex
and advanced management.'® In low-income countries, the
lack of anesthesiologists, nurses, and surgeons specialized in
pediatric burns, as well as the lack of access to pediatric-spe-
cific products, has been associated with the inability to provide
comprehensive, multidisciplinary care.['%2021

In the Burns Unit where this research was conducted, pe-
diatric burn care is provided across the full spectrum, from
basic to complex cases. With this comprehensive approach,
no sepsis-related mortality was observed in the pediatric pa-
tients included in this study, and the results are consistent
with findings reported in the literature.['®!92021]

Some research in the literature has reported prolonged hos-
pital stays in burn patients. The length of hospital stay has
been associated with survival after burn injury and the imple-
mentation of key aspects of burn care, including wound clo-
sure, infection control, and reduction of the hypermetabolic
response.??

An important finding of this study was that the risk of mortal-
ity can be significantly reduced if effective burn management
is provided for pediatric burn cases in low-income countries.
Effective burn injury management involves systematic care in
a Burns Unit, where comprehensive treatment is provided.
This includes intermittent debridement and dressing changes,
infection control through antibiotics, anemia management,
nutritional support, and access to intensive care. This find-
ing supports the expectation of survival for pediatric patients
with major burns. Moreover, burns are largely preventable
through family education, home safety precautions, and ap-
propriate first-aid interventions. The risk of morbidity and
mortality can be further reduced through timely access to
healthcare services during the acute phase and management
by a professional healthcare team.?4
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CONCLUSION

This study is the first to examine the epidemiological charac-
teristics of pediatric burn cases in Somalia. The findings show
that the majority of cases occurred in the 0-4 years age group,
scald burns were the most common cause, and the lower
extremities and perineal region were the most frequently af-
fected body areas. The results also indicate that proper burn
management can significantly reduce mortality risks for pe-
diatric patients in low-income countries. It is recommended
that families be educated on burn prevention strategies and
that access to healthcare services be improved.
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Diisiik gelirli iilkelerde pediatrik yaniklar: Somali'den bir 6rnek

AMAC: Dusuik-orta gelirli Glkelerde pediatrik yanik 6nleme stratejileri gelistirmek ve harekete gegmek icin epidemiyolojik verilere ihtiyag vardir.
GEREC VE YONTEM: Bu gozlemsel retrospektif calismada, Kasim 2022 ile Nisan 2024 arasinda Somali, Mogadisu'daki bir hastanenin Yanik
Unitesi'nde pediatrik yanik tanisiyla hastaneye yatirilan ve tedavi edilen 140 ardisik hastanin 6zellikleri analiz edildi.

BULGULAR: En sik gorilen yanik etyolojileri sicak su (%75.7), alev (%15.7) ve sicak yag (%8.6) olarak degerlendirildi. Yaniklarin %44.2'sinin iki veya
daha fazla anatomik lokasyonda meydana geldigi analiz edildi. Hastalarin %50'si erkekti ve ortalama yas 4.96+4.07 idi. Tum pediatrik hastalardaki
ortalama yanik yiizdesi %16.2£10.42 (min %4-maks %90) iken; yanik dereceleri siklikla %50.7'sinde ikinci derece ylizeysel ve %28.6'sinda ikinci de-
rece derindi. Cinsiyet ile yanik derecesi, yanik ylizdesi ve yanik olusum nedenleri arasinda istatistiksel olarak anlamli bir iliski bulunmamustir (p>0.05).
Ancak 0-4 yas grubu 5 ve Uzeri yas grubu ile karsilastirildiginda 0-4 yas grubu ile yanik dereceleri arasinda istatistiksel olarak distik %24 anlamli iligki
bulunmaktadir. Bu durum 0-4 yas grubundaki ¢ocuklarin yanik derecelerinin 5 ve lzeri yas grubundakilere gére daha ileri diizeyde olabilecegi ile
iligkilidir. En sik gorilen komplikasyon (%37.1) anemiydi ve mortalite gérilmedi. Ortalama hastanede kalis stresi 24.1+27.8 (2-179) idi.

SONUCGC: Arastirmamiz, diistik gelirli (ilke kategorisinde yer alan Somali bolgesindeki pediatrik yanik vakalarina iligkin ilk epidemiyolojik veridir.
Diistik gelirli tilkelerde pediatrik yanik vakalarinda etkili yanik yonetimi saglanirsa 6liim riski ortadan kaldirilabilir. Bu sonug, major pediatrik yanik-
larda hayatta kalma beklentisini desteklemektedir. Hemsireler ve tim saglik profesyonelleri sagligin korunmasi ve gelistiriimesinden sorumludur. Bu
nedenle, yanik yaralanmasi dnleme stratejileri konusunda egitim, insidansin yliksek oldugu bélgelere hedeflenmeli ve uygulanmalidir.

Anahtar sozclikler: Pediatrik yanik; yanik; yanik tedavisi.
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Prognostic value of lactate-enhanced quick sequential
organ failure assessment (QSOFA) versus standard gSOFA
in predicting mortality among sepsis patients in the
emergency department: A retrospective cohort study

Veysi Siber, © Ahmet Burak Erdem

Department of Emergency Medicine, Ankara Etlik City Hospital, Ankara-Ttirkiye

ABSTRACT

BACKGROUND: The quick Sequential Organ Failure Assessment (qSOFA) score is widely used for bedside risk stratification in
sepsis patients. However, its limited sensitivity may hinder early identification. The lactate-enhanced qSOFA (LqSOFA), which incor-
porates serum lactate levels into the qSOFA score, may improve prognostic accuracy. This study aimed to evaluate the diagnostic
performance of LqSOFA in predicting early (24-hour) and late (30-day) mortality, as well as intensive care unit (ICU) admission, among
patients with sepsis.

METHODS: This retrospective descriptive study included patients aged 218 years who were diagnosed with sepsis based on Sepsis-3
criteria and admitted to the emergency department (ED) of a tertiary-care teaching hospital between July |, 2024 and December 31,
2024. Patients were identified through ICD-10 (International Classification of Diseases, |0th Revision) codes, and diagnoses were clini-
cally confirmed. qSOFA and LqSOFA scores were calculated using initial vital signs and venous lactate levels. The primary outcomes
were 24-hour and 30-day mortality; ICU admission was assessed as a secondary outcome. Statistical analyses were conducted using
SPSS v27 and Jamovi v2.5.7. The diagnostic performance of the scores was evaluated using receiver operating characteristic (ROC)
curve analysis. Area under the curve (AUC), sensitivity, specificity, and predictive values were calculated, and AUC comparisons were
performed using the Delong test (p<0.05 considered significant).

RESULTS: A total of 236 patients were included (median age: 75 years; 53% male). The 24-hour and 30-day mortality rates were
20.3% and 36.4%, respectively. LgSOFA demonstrated significantly higher diagnostic accuracy than qSOFA for predicting 24-hour
mortality (AUC: 0.709 vs. 0.673; p<0.05). Although LqSOFA also showed a higher AUC for 30-day mortality, the difference was not
statistically significant. Nevertheless, LGSOFA exhibited superior specificity and positive predictive value. For ICU admission, LqSOFA
demonstrated greater sensitivity than qSOFA (79% vs. 57%).

CONCLUSION: LgSOFA outperforms qSOFA in predicting mortality and ICU admission among sepsis patients in the emergency
department. Given its simplicity, objectivity, and ease of implementation, LqQSOFA may serve as a practical tool to support clinical
decision-making in emergency settings.

Keywords: Sepsis; emergency service; hospital; lactic acid; gSOFA score; intensive care units; mortality.

Cite this article as: Siber V, Erdem AB. Prognostic value of lactate-enhanced quick sequential organ failure assessment (QSOFA) versus standard
qSOFA in predicting mortality among sepsis patients in the emergency department: A retrospective cohort study. Ulus Travma Acil Cerrahi Derg
2025;31:891-899.

Address for correspondence: Veysi Siber

Department of Emergency Medicine, Ankara Etlik City Hospital, Ankara, Tiirkiye

E-mail: veysiber.ss@gmail.com

Ulus Travma Acil Cerrahi Derg 2025;31(9):891-899 DOI: 10.14744/tjtes.2025.55728

Submitted: 30.06.2025 Revised: 10.07.2025 Accepted: 14.08.2025 Published: 05.09.2025 @ 01S)
OPEN ACCESS This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). BY _No

Ulus Travma Acil Cerrahi Derg, September 2025, Vol. 31, No. 9 891


https://orcid.org/0000-0003-2856-8303
https://orcid.org/0000-0002-3618-6252

Siber et al,, Lactate-enhanced quick sequential organ failure assessment (qQSOFA) for sepsis prognosis in the emergency department (ED)

INTRODUCTION

Sepsis is a systemic condition characterized by life-threatening
organ dysfunction resulting from a dysregulated host response
to infection. It is recognized as one of the leading causes of
mortality encountered in emergency departments.l'l In cases
where early diagnosis is not established, the risk of progres-
sive multiorgan failure and death increases significantly. There-
fore, the need for rapid and accurate diagnostic tools, risk
stratification methods, and timely initiation of appropriate
treatment in the early phase of the disease remains critical
and continues to grow.™

The quick Sequential Organ Failure Assessment (qSOFA)
score, defined by the “Third International Consensus Defini-
tions for Sepsis and Septic Shock (Sepsis-3),” is a simple bed-
side scoring system based on three parameters: systolic blood
pressure, respiratory rate, and mental status. gSOFA has been
widely adopted due to its noninvasive nature and reliance on
easily measurable clinical variables.®! However, several studies
have demonstrated that gSOFA may be insufficient for the
early identification of sepsis due to its low sensitivity, and that
its performance in predicting mortality is limited.[**]

In recent years, numerous studies have demonstrated that
serum lactate levels are an independent predictor of poor
prognosis. Lactate is considered an early indicator of cellular
hypoperfusion and, in this context, provides valuable guidance
for clinical decision-making. Moreover, elevated lactate levels
have been found to be strongly associated with mortality, even
in patients who are normotensive and not tachypneic.[*7]

In light of this evidence, the Lactate-enhanced qSOFA (LqSO-
FA) score was developed by incorporating serum lactate levels
into the conventional qSOFA scoring system. The literature
suggests that LqSOFA outperforms qSOFA in predicting both
in-hospital and 28-day mortality. In a study conducted by Liu et
al.,’®! the LqSOFA score was compared with other rapid scor-
ing systems such as qSOFA, Systemic Inflammatory Response
Syndrome (SIRS), Modified Early Warning Score (MEWVS), and
Mortality in Emergency Department Sepsis score (MEDS); Lg-
SOFA demonstrated the highest overall accuracy. Similarly, in a
multicenter prospective cohort study conducted in Southeast
Asia, Wright et al.”! reported that the LqSOFA score signifi-
cantly outperformed qSOFA in predicting 28-day mortality.

LgSOFA has garnered attention as a practical and predictive
tool, particularly in emergency department settings within
low- and middle-income countries, where access to labora-
tory and imaging resources may be limited. However, the va-
lidity, clinical performance, and predictive value of the LqSOFA
score in the Turkish patient population have not yet been
adequately investigated. This gap underscores the need for
further studies evaluating the applicability of LgSOFA across
different geographical regions and patient cohorts.

This study aims to retrospectively evaluate the performance
of the LqSOFA score at the time of emergency department
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admission in predicting 24-hour and 30-day mortality among
adult patients diagnosed with sepsis. The findings are expected
to support the use of LqSOFA as a simple, rapid, and effec-
tive risk stratification tool in resource-limited clinical settings.
Furthermore, by examining the association between LqSOFA
scores and key clinical outcomes such as hospital admission,
intensive care unit (ICU) requirement, and patient prognosis,
the study is anticipated to make a meaningful contribution to
the literature regarding the practical utility of the LqSOFA
score.

MATERIALS AND METHODS
Study Design and Ethical Approval

This study was designed as a single-center, retrospec-
tive, descriptive, and analytical observational investigation.
Ethical approval was obtained from the Clinical Research
Ethics Committee of Etlik City Hospital (Approval No:
AESH-BADEK1-2025-0177). The study was conducted in
accordance with the principles of the Declaration of Hel-
sinki. Due to its retrospective nature, the requirement for
informed consent was waived.

Participants

This study included adult patients aged 18 years and older
who presented to the Emergency Medicine Department of
Etlik City Hospital and were diagnosed with sepsis between
July 1, 2024 and December 31, 2024. Eligible cases were ret-
rospectively identified through the hospital's electronic medi-
cal record system.

Inclusion Criteria

* Presentation to the emergency department with suspected
infection and a subsequent diagnosis of sepsis

* An increase in the baseline SOFA score by 22 points

* Documented respiratory rate, systolic blood pressure
(SBP), Glasgow Coma Scale (GCS) score, and serum lactate
levels at the time of admission

Exclusion Criteria

* Presentation due to non-sepsis-related causes such as trau-
ma or convulsions

* Patients admitted to the hospital in cardiac arrest

* Inability to reliably assess mental status due to factors such
as psychotropic drug use, alcohol intoxication, altered con-
sciousness, or pre-existing neurological disorders

* Immunosuppression (e.g., history of chemotherapy, hema-
tologic malignancy, Human Immunodeficiency Virus [HIV] in-
fection, or long-term immunosuppressive therapy)

* Other critical non-infectious conditions that could elicit a
severe systemic response and potentially influence qSOFA
scores and lactate levels such as myocardial infarction, pulmo-
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nary embolism, aortic dissection, or gastrointestinal bleeding

* Missing clinical or laboratory data
* Age under |8 years

* Pregnancy.

These criteria were established to ensure methodological ho-
mogeneity and to enable an isolated evaluation of the impact
of lactate levels and qSOFA scores on sepsis prognosis.

Definition of Sepsis, qSOFA, and LqSOFA Scores

According to the Sepsis-3 guidelines, sepsis is defined as life-
threatening organ dysfunction caused by a dysregulated host
response to infection. Organ dysfunction is identified by an
increase of 22 points in the SOFA score. The qSOFA score
ranges from 0 to 3, assigning | point each for a systolic blood
pressure <100 mmHg, respiratory rate 222 breaths/min, and
altered mental status. A score 22 indicates a high risk of poor
outcomes in patients with suspected sepsis.5'%

The qSOFA score was calculated based on triage notes re-
corded at emergency department admission. Patients were
excluded from the study if this information was unavailable
or incomplete. The LqSOFA score is a modified version of
qSOFA, which incorporates serum lactate as an additional
fourth parameter. One point was added if the initial serum
lactate level was 22 mmol/L. Lactate levels were measured
using venous blood gas samples.

Data Collection Process

The following variables were collected for each patient: age,
sex, vital signs [respiratory rate, GCS, SBP, diastolic blood
pressure (DBP), and body temperature], laboratory param-
eters, and clinical outcomes in the emergency department.
Laboratory variables included serum levels of lactate, pH,
base excess, procalcitonin, C-reactive protein (CRP), and al-
bumin, along with complete blood count components such as
white blood cell (WBC) count, hemoglobin (HGB), platelet
(PLT) count, and immature granulocyte count (IGC).

All laboratory values were obtained from blood samples col-
lected within the first hour of emergency department admis-
sion to assess the early course of pathophysiological changes.
Previous studies have demonstrated a significant correlation
between venous and arterial lactate levels, indicating that ve-
nous lactate is also sufficient for predicting mortality.!'"'2 Ac-
cordingly, venous lactate values were used in this study.

The diagnosis of sepsis was initially identified through the
hospital’s information management system using the Inter-
national Classification of Diseases, 10th Revision (ICD-10)
codes A4l.1, A41.2, A4l .4, A41.5, A41.8, and A41.9. These
cases were then retrospectively reviewed in detail, including
their clinical and laboratory data. The diagnosis of sepsis was
further confirmed based on clinical findings documented in
hospital records and emergency department admission notes.
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This two-step verification process was employed to reduce
false-positive identifications due to coding errors and to en-
hance the diagnostic reliability of the study population.

The calculation of gSOFA and LqSOFA scores in this study
was performed by an independent researcher who was blind-
ed to patient mortality outcomes. This approach minimized
assessor bias and ensured the objectivity of the scoring pro-
cess.

The qSOFA and LqSOFA scores were calculated for each pa-
tient. Patient groups were compared using descriptive, clini-
cal, and laboratory data. The primary outcome was mortality
within 24 hours and within 30 days. Secondary outcome mea-
sures included emergency department disposition (discharge,
ward admission, or intensive care unit admission).

All data were recorded in accordance with the study’s exclu-
sion criteria, and no data imputation was performed. For pa-
tients with a suspected diagnosis of sepsis, consultation with
the Infectious Diseases Department was obtained to confirm
the diagnosis. Patients whose diagnosis could not be defini-
tively confirmed were excluded from the study.

Statistical Analysis

All statistical analyses were performed using SPSS version
27.0 (IBM Corp., Armonk, NY, USA) and Jamovi version 2.5.7.
Descriptive statistics for categorical variables were presented
as frequencies and percentages, while continuous variables
were summarized using median and interquartile range (IQR,
25th—75th percentile). The distribution of continuous vari-
ables was assessed using histograms and the Kolmogorov—
Smirnov test.

The chi-square test was used to compare categorical vari-
ables. For continuous variables with normal distribution,
comparisons were made using the Student's t-test or Welch's
t-test, depending on the equality of variances. For non-nor-
mally distributed variables, the Mann—Whitney U test was ap-
plied. Homogeneity of variances was assessed using Levene’s
test.

To assess the diagnostic performance of gSOFA and LqSOFA
scores in predicting mortality, Receiver Operating Character-
istic (ROC) curve analysis was performed. The cut-off values,
sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), positive likelihood ratio (+LR), and
negative likelihood ratio (—LR) were calculated. The Delong
test was used to compare the AUCs of different scoring sys-
tems. A p-value <0.05 was considered statistically significant
for all analyses.

RESULTS

A total of 493 patients were initially identified based on ICD-
10 codes through the hospital information management sys-
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Table I. Distribution of patients’ demographic character-
istics, vital signs, laboratory values, and clinical

features

Sex
Male
Female
Age

Vital Parameters

Systolic Blood Pressure (mmHg)

Diastolic Blood Pressure (mmHg)

Heart Rate (beats/min)
Oxygen Saturation (%)
Respiratory Rate (breaths/min)
Body Temperature (°C)
Laboratory Parameters
WBC (x10%/L)
Hemoglobin (g/dL)
Platelet (% 10%/L)
IGC (x103/pL)
pH
Base excess
Lactate (mmol/L)
Lactate 22 mmol/L
Procalcitonin (ng/mL)
CRP (mg/L)
Albumin (g/dL)
Altered Mental Status
Vasopressor Requirement
qSOFA
0

|
2
3
4

Emergency Department Outcome

Discharge
Ward Admission
ICU Admission

ICU Transfer After Ward Admission

24-hour Mortality
30-day Mortality

125 (53.0%)
111 (47.0%)
75 (64-84)

95 (80-117)
59 (50-70)
100 (86-118)
94 (91-96)

21 (20-23)
36.8 (36.5-37.8)

13.9 (8.5-19.8)
1.1 (9.1-12.7)
219 (133-328)

0.16 (0.08-0.48)

7.38 (7.30-7.40)

7.4 (-2.5 to 12.6)
1.77 (2.38-3.84)

150 (63.6%)
3.1 (0.5-21.3)
178 (98-271)

30.4 (25.8-33.3)

133 (56.4%)
139 (58.9%)

35 (14.8%
91 (38.6%
74 (31.4%
36 (15.3%

< 22

20 (8.5%)
55 (23.3%
70 (29.7%
62 (26.3%
29 (12.3%

< 22

13 (5.5%)
34 (14.4%)
189 (80.1%)
9 (3.8%)
48 (20.3%)
86 (36.4%)

WBC: White Blood Cell Count; IGC: Immature Granulocyte Count; CRP:
C-Reactive Protein; ICU: Intensive Care Unit. Values are expressed as n

(%) or median (IQR), as appropriate.
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Total number of patients initially identified (based on
ICD-10 codes) - n = 493

> Patients excluded due to missing data
>n=237

Patients evaluated for eligibility
->n=256

—) Intracranial hemorrhage > n=5

—_ Hematologic malignancy > n=4

—_— Epileptic seizure>n=3

S Associated trauma > n=4

_ Presentation with cardiacarrest > n=4

Total number of patients included in the study
“>n=236

Figure 1. Patient flow diagram.

tem. Of these, 237 patients were excluded due to missing
data. Among the remaining 256 patients, five were excluded
due to intracranial hemorrhage, four due to hematologic ma-
lignancy, three due to epileptic seizures, four due to concomi-
tant trauma, and four due to presentation with cardiac arrest.
Consequently, a total of 236 patients were included in the
final analysis (Fig. I).

The median age of the 236 patients included in the study
was 75 years, with a balanced gender distribution (53% male).
Evaluation of vital signs at admission revealed a median sys-
tolic blood pressure of 95 mmHg and diastolic blood pressure
of 59 mmHg, with borderline tachycardia (median heart rate:
100 bpm). The most prominent laboratory abnormality was
that 63.6% of patients had a serum lactate level 22 mmol/L.
Altered mental status was observed in 56.4% of patients at
admission, and vasopressor requirement was documented in
58.9%. Approximately 50% of patients presented with a gSO-
FA score 22, while 68.3% had an LqSOFA score 22. Clinical
outcomes showed a 24-hour mortality rate of 20.3% and a
30-day mortality rate of 36.4% (Table I).

Table 2 demonstrates statistically significant differences in
several clinical and laboratory variables associated with both
24-hour and 30-day mortality. Regarding 24-hour mortal-
ity, patients who died had significantly lower pH levels and
higher lactate levels (both p<0.001). Hemoglobin levels were
also significantly higher in the group with fatal outcomes
(p=0.025). Additionally, altered mental status (AMS) was sig-
nificantly more prevalent among patients who died within 24
hours (p<0.001).

Among these variables, AMS, pH, and lactate levels were
also significantly associated with 30-day mortality (p<0.001,
p=0.012, and p<0.001, respectively). Furthermore, a signifi-
cantly lower serum albumin level and a higher need for vaso-
pressor support were observed in patients who died within
30 days (both p<0.001).
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Table 2. Association of patients’ demographic characteristics, vital signs, laboratory values, and clinical features with 24-hour and
30-day mortality
24-hour mortality 30-day mortality
Yes (n=48) No (n=188) p value Yes (n=86) No (n=150) p value
Sex
Male 22 (45.8%) 103 (54.8%) 0.2671 44 (51.2%) 81 (54.0%) 0.674'
Female 26 (54.2%) 85 (45.2%) 42 (48.8%) 69 (46.0%)
Age 74 (66-82) 75 (64-84) 0.8752 74 (64-84) 75 (65-83) 0.9272
Vital Parameters
SBP (mmHg) 89 (71-114) 98 (80-118) 0.1322 90 (75-110) 100 (83-119) 0.1322
DBP (mmHg) 56 (47-66) 60 (50-70) 0.262° 55 (47-68) 60 (50-70) 0.138°
HR (beats/min) 108 (89-120) 99 (85-116) 0.200° 107 (88-121) 98 (85-112) 0.1633
Oxygen (%) 93 (89-95) 94 (92-96) 0.1322 94 (90-96) 94 (91-96) 0.7212
RR (breaths/min) 20 (20-23) 21 (20-23) 0.6242 21 (20-24) 20 (19-23) 0.154?
BT (°C) 36.6 (36.5-37.3) 36.8 (36.5-37.8)  0.5022 36.6 (36.5-37.1) 36.8 (36.5-37.9) 0.1022
Laboratory Parame-ters
WBC (x10°/L) 13.2 (7.3-23.0) 142 (8.7-19.7)  0.870% 11.7 (7.2-19.8) 14.9 (9.1-19.8)  0.1422
Hemoglobin (g/dL) 11.3 (9.8-13.0) 10.9 (9.0-12.7)  0.0253 10.9 (8:4-12.4) 112 (9.3-12.8)  0.3733
Platelet (x10°/L) 179 (114-332) 233 (138-327)  0.537° 184 (105-337) 237 (154-323)  0.671*
IGC (x103/pL) 0.16 (0.06-0.57)  0.16 (0.09-0.47) 0.824* 0.14 (0.05-0.57) 0.18 (0.09-0.45) 0.3212
pH 7.30 (7.20-7.39)  7.40 (7.30-7.41) <0.001*> 7.32(7.24-7.40) 7.40 (7.30-7.41) 0.0122
Base excess 2.1 (-98to 14.1) 7.5(-03to 12.3) 0.059* 7.4 (-49to 134) 7.4 (-0.7to 12.2) 0.288*
Lactate (mmol/L) 4.56 (2.45-7.33)  2.23(1.73-3.08) <0.0012  2.95 (2.04-5.23) 2.23 (1.68-3.13) <0.0012
Procalcitonin (ng/mL) 4.3 (0.9-34.2) 2.8 (0.5-19.0) 0.2462 2.9 (0.9-21.6) 3.5 (0.4-21.0) 0.567>
CRP (mg/L) 163 (83-265) 179 (101-285)  0.681°3 181 (97-261) 177 (99-291) 0.977°
Albumin (g/dL) 30.1 (23.8-32.8) 30.4 (26.3-33.6) 0.164° 28.1 (24.3-31.9) 31.2 (27.3-34.6) <0.0013
AMS 39 (81.3%) 94 (50.0%) <0.001"' 64 (74.4%) 69 (46.0%) <0.001'
Vasopressor Re-quirement 34 (70.8%) 105 (55.9%) 0.060' 65 (75.6%) 74 (49.3%) <0.001'

Emergency Depart-ment Outcome

Discharge 0 13 (6.9%) 0 13 (8.7%)
Ward Admission 1 (2.1%) 33 (17.6%) 5 (5.8%) 29 (19.3%)
ICU Admission 47 (97.9%) 143 (76.1%) 81 (94.2%) 108 (72.0%)
ICU Transfer After Ward Admission I (2.1%) 8 (4.3%) 5(2.7%) 8 (4.3%)

SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; HR: Heart Rate; RR: Respiratory Rate; BT: Body Temperature; WBC: White Blood Cell Count,
IGC: Immature Granulocyte Count; CRP: C-Reactive Protein; AMS: Altered Mental Status; ICU: Intensive Care Unit. 'Chi-square test; 2Student’s t-test; *Mann-
Whitney U test; “Welch's t-test. Values are expressed as n (%) or median (IQR), as appropriate.

As shown in Figure 2, both LqSOFA and qSOFA scores dem-
onstrated diagnostic value in predicting 24-hour and 30-day
mortality. For 24-hour mortality, the LqSOFA score with a
cut-off value of 23 yielded an area under the curve (AUC) of
0.709 (95% confidence interval [CI]: 0.629-0.789), which was
higher than that of the qSOFA score (AUC: 0.673). The sen-
sitivity and specificity of LqGSOFA were 62% and 68%, respec-
tively, with a positive predictive value of 33% and a negative
predictive value of 88%. These findings indicate that while Lg-
SOFA has higher specificity and comparable NPV compared
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to qSOFA in predicting early mortality, it has relatively lower
sensitivity (Table 3).

For 30-day mortality prediction, the LqSOFA score with a
cutoff value of 23 yielded an AUC of 0.676 (95% Cl: 0.607—
0.746), while the qSOFA score with a cutoff of 22 demon-
strated an AUC of 0.669. Although the AUC values were
relatively similar for both scores, the LqSOFA score exhibited
higher specificity and positive predictive value compared to
qSOFA (Table 3).

895



Siber et al,, Lactate-enhanced quick sequential organ failure assessment (qQSOFA) for sepsis prognosis in the emergency department (ED)

Table 3. Cut-off values of Lactate-enhanced quick Sequential Organ Failure Assessment (LgSOFA) and quick Sequential Organ
Failure Assessment (QSOFA) scores for predicting 24-hour and 30-day mortality in patients with sepsis

Cut-off AUC SEN SPE PPV NPV +LR -LR p value
(95% CI) @95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl) (95% Cl)
24-hour mortality
LqSOFA 3 0.709 62 (47-76) 68 (60-74) 33 (27-40) 88 (83-91) 1.93 0.56 <0.001
(0.629-0.789) (1.43-2.61) (0.38-0.82)
qSOFA 2 0.673 (0.587-0.759) 69 (54-81) 59 (52-66) 30 (25-36) 88 (83-92) 1.68 0.53 <0.001

(1.30-2.17) (0.34-0.82)
30-day mortality

LqSOFA 3 0.676 55 (44-65) 71 (63-78) 52 (44-59) 73 (68-78)  1.86 064 <000l
(0.607-0.746) (1.36-2.55) (0.50-0.82)

qSOFA 2 0.669 65 (54-75) 64 (56-72) 51 (44-57) 76 (70-81) 18I 0.55 <0.001
(0.598-0.740) (1.39-236) (0.40-0.75)

AUC: Area under the curve; SEN: Sensitivity; SPE: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; +LR: Positive likelihood ratio;
-LR: Negative likelihood ratio.

Table 4. Cut-off values of Lactate-enhanced quick Sequential Organ Failure Assessment (LqgSOFA) and quick Sequential Organ
Failure Assessment (QSOFA) scores for predicting Intensive Care Unit (ICU) admission in patients with sepsis

Cut-off AUC SEN SPE PPV NPV +LR -LR p value
(95% CI) (95%Cl) (95%Cl) (95% Cl) (95% CI) (95% CI) (95% CI)
LqSOFA 2 0.824 79 (72-84) 74 (60-86) 93 (88-95) 47 (39-55) 3.09 0.28 <0.001
(0.758-0.891 (1.89-5.06)  (0.20-0.39)
qSOFA 2 0.820 57 (49-64) 94 (82-99) 97 (92-99) 35 (31-39) 8.87 0.46 <0.001
(0.756-0.885) (2.95-26.7)  (0.38-0.55)

AUC: Area under the curve; SEN: Sensitivity; SPE: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; +LR: Positive likelihood ratio;
-LR: Negative likelihood ratio.
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Figure 2. ROC Curves of gSOFA and LqSOFA Scores in Predicting 24-Hour and 30-Day Mortality.
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Figure 3. ROC Curves of LgSOFA and qSOFA Scores for Predict-
ing ICU Admission.

Figure 2 demonstrates that the LqSOFA score exhibits higher
diagnostic accuracy than qSOFA in predicting both 24-hour
and 30-day mortality. For 24-hour mortality, the LqSOFA
curve lies above that of gSOFA, with an AUC difference of
0.006 (95% Cl: 0.004—-0.026), which was statistically significant
according to the Delong test (p<0.05). This suggests that
LqSOFA may offer superior performance in predicting early
mortality. For 30-day mortality, although the LqSOFA score
again demonstrated a higher AUC compared to qSOFA, the
difference was 0.007 and did not reach statistical significance
(95% CI: -0.023 to 0.633, Delong test, p>0.05).

Both LqSOFA and qSOFA scores demonstrated diagnostic
value in predicting ICU admission (Fig. 3). As shown in Table
4, the diagnostic performance of the two scores was compa-
rable: the AUC for the LqSOFA score (cut-off 22) was 0.824
(95% CI: 0.758-0.891), which was similar to that of the qSO-
FA score (AUC: 0.820, 95% CI: 0.756-0.885). Both scores
showed strong discriminative ability (p<0.001). The sensitiv-
ity and specificity of LqQSOFA were 79% (95% Cl: 72-84) and
74% (95% Cl: 60-86), respectively. While qSOFA exhibited
higher specificity (94%), it had considerably lower sensitivity
(57%). These findings suggest that LqSOFA, with its higher
sensitivity and balanced specificity, allows for more effective
identification of high-risk patients, whereas gQSOFA—despite
its high specificity—may fail to detect a subset of critically ill
patients due to its lower sensitivity.

In Figure 3, the diagnostic accuracy of qSOFA and LqSOFA
scores for predicting ICU admission was compared using
ROC curves. Although the LqSOFA curve lies slightly above
that of gSOFA, the AUC difference between the two scoring
systems was 0.004 (95% CI: -0.028 to 0.036), which was not
statistically significant (DeLong test, p=0.803).

Ulus Travma Acil Cerrahi Derg, September 2025, Vol. 31, No. 9

DISCUSSION

This study aimed to evaluate the predictive performance of
the LqSOFA score, which incorporates serum lactate levels
into the conventional qSOFA score, for both early and late
mortality among adult patients diagnosed with sepsis in the
emergency department. Our findings indicate that the Lg-
SOFA score demonstrated higher diagnostic accuracy than
the qSOFA score in predicting both 24-hour and 30-day mor-
tality. Additionally, LqSOFA exhibited greater sensitivity than
qSOFA in predicting ICU admission.

Sepsis represents a heterogeneous clinical spectrum charac-
terized by systemic inflammatory response, hypoperfusion,
organ dysfunction, and increased risk of death. Therefore,
there is a critical need for tools that can enable both early
diagnosis and risk stratification.l'*] In this context, the gSOFA
score is widely used due to its simplicity and bedside appli-
cability. However, multiple studies have reported that it may
be insufficient for early recognition of sepsis and prediction
of mortality.['>'*]

Lactate is recognized as an early biochemical marker of tis-
sue hypoperfusion in patients with sepsis or critical illness
and has been identified in the literature as an independent
predictor of mortality.l*'®!”l Moreover, elevated lactate lev-
els may indicate poor prognosis even in patients who appear
clinically stable, including those who are normotensive, non-
tachypneic, or afebrile.l'¥! In this context, the LqSOFA score
has emerged as a tool that may better reflect early patho-
physiological deterioration in sepsis.

In our study, the AUC of the LqSOFA score for predicting
24-hour mortality was found to be 0.709, which was signifi-
cantly higher than that of the qSOFA score. This finding sup-
ports the results of the study by Liu et al.,”® in which LgSOFA
was compared with other scoring systems. Liu and colleagues
demonstrated that LqSOFA yielded a higher AUC than SIRS,
MEWS, and MEDS in predicting in-hospital mortality and
identified it as the scoring system with the highest overall
accuracy. Similarly, in a prospective cohort study conducted
in Southeast Asia, Wright et al.” found that LqSOFA signifi-
cantly outperformed qSOFA in predicting 28-day mortality
(AUROC: 0.78 vs. 0.68). In parallel, Bou Chebl et al.[! showed
that lactate is an independent predictor of mortality in pa-
tients diagnosed with sepsis in the emergency department.

Hemoglobin levels are a critical biomarker in sepsis, as they
reflect oxygen-carrying capacity and tissue perfusion. Accord-
ingly, low hemoglobin levels in septic patients have been as-
sociated with increased mortality.l') However, in our study,
hemoglobin levels were found to be significantly higher in the
24-hour mortality group. In a study by Sheng et al.,* a non-
linear association between hemoglobin levels and in-hospital
mortality was observed in sepsis patients, with both low and
high hemoglobin values linked to poor outcomes. Elevated
hemoglobin levels may increase blood viscosity and impair
microcirculation. Therefore, maintaining hemoglobin levels
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within an optimal range may be important in the manage-
ment of sepsis.

In our study, patients who died within both 24 hours and
30 days exhibited significantly lower pH levels, higher lactate
concentrations, and a greater frequency of AMS. These find-
ings support the strong association between hypoperfusion,
metabolic dysfunction—core components of sepsis patho-
physiology—and mortality.?'! Additionally, hypoalbuminemia
was significantly associated with 30-day mortality, suggesting
that low albumin levels may serve as an additional indepen-
dent biomarker for late-phase sepsis prognosis. In line with
this, a study by Seo et al.?? identified a nomogram incor-
porating hypoalbuminemia, tachypnea, and low base excess
as a reliable predictor of 28-day mortality among septic pa-
tients in the emergency department. Similarly, the significant
association between vasopressor requirement and 30-day
mortality in our cohort reinforces the prognostic value of
hemodynamic instability. In septic patients, vasopressor use is
commonly linked to septic shock, which is a major contribu-
tor to increased mortality.*!

In predicting ICU admission, the LqSOFA score demonstrat-
ed higher sensitivity compared to qSOFA (79% vs. 57%), al-
beit with lower specificity. This suggests that LqQSOFA may be
a safer triage tool in emergency department settings, as it is
less likely to miss high-risk patients. Conversely, the higher
specificity of gSOFA (94%) may offer an advantage in reduc-
ing false-positive identifications. Therefore, it is important to
consider not only the diagnostic accuracy of scoring systems
but also the intended clinical purpose when applying them in
decision-making processes.

The literature has emphasized the applicability of the LqSO-
FA score particularly in low- and middle-income countries,
where emergency departments often operate with limited
resources. In such settings, the use of simple, time-efficient,
and objectively measurable scoring systems is of critical im-
portance.l242°]

In our study, only venous lactate measurements were used,
which supports the feasibility and sustainability of this scoring
system in emergency departments where arterial sampling
may be challenging in practice. Several studies have reported

a strong correlation between venous and arterial lactate lev-
els.[122¢]

CONCLUSION

In conclusion, our study demonstrated that the LqSOFA
score provides superior performance compared to qSOFA
in predicting both mortality and the need for ICU admission.
Given its simplicity, rapid applicability, and utility in guiding
clinical decision-making, we believe that the LqSOFA score
should be more widely adopted in emergency department
settings. Future multicenter, prospective studies with larger
sample sizes are warranted to further evaluate and validate
the diagnostic accuracy of this scoring system.
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Acil serviste sepsis hastalarinda mortaliteyi tahmin etme konusunda laktatla gelistirilmig
qSOFA'nin standart qSOFA'ya kars:1 prognostik degeri: Retrospektif bir kohort ¢aligmasi

AMAC: Quick Sequential Organ Failure Assessment (gSOFA) skoru, sepsis hastalarinda yatak basi risk siniflandirmasi igin yaygin olarak kullanil-
maktadir. Ancak sinirli duyarliligi, erken tani konmasini zorlastirabilir. Serum laktat diizeylerinin gSOFA skoruna entegre edilmesiyle olusturulan
Lactate-enhanced gSOFA (LqSOFA) skoru, prognostik dogrulugu artirabilir. Bu ¢alismanin amaci, LgSOFA skorunun erken (24 saat) ve geg (30 gtin)
mortalite ile yogun bakim tinitesi (YBU) yatisini 65ngérmedeki tanisal performansini degerlendirmektir.

GEREC VE YONTEM: Bu retrospektif tanimlayici galisma, | Temmuz 2024 — 31 Aralik 2024 tarihleri arasinda ticiincii basamak bir egitim ve aras-
tirma hastanesinin acil servisine basvuran ve Sepsis-3 kriterlerine gore sepsis tanisi alan 218 yas hastalari kapsamaktadir. Hastalar ICD-10 kodlari
ile belirlenmis, tanilar klinik olarak dogrulanmistir. gSOFA ve LqSOFA skorlari, bagvuru anindaki vital bulgular ve vendz laktat diizeylerine gore
hesaplanmistir. Birincil sonuglar 24 saat ve 30 giinliik mortalite; ikincil sonug ise YBU yatigidir. istatistiksel analizler SPSS v27 ve Jamovi v2.5.7 ile
yapilmistir. Tanisal performans degerlendirmesi icin ROC egrisi analizi uygulanmis; AUC, duyarlilik, 6zgilliik ve kestirim degerleri hesaplanmistir.
AUC karsilagtirmalari DelLong testi ile yapilmig; p<0.05 anlamli kabul edilmistir.

BULGULAR: Toplam 236 hasta dahil edilmistir (medyan yas: 75 yil; %53 erkek). Yirmi dort saatlik ve 30 giinliik mortalite oranlari sirasiyla %20.3 ve
%36.4 olarak bulunmustur. LgSOFA, 24 saatlik mortaliteyi 5ngérmede qSOFA’ya gore anlamli derecede daha ylksek tanisal dogruluk gostermistir
(AUC: 0.709 ve 0.673; p<0.05). LgSOFA’nin 30 giinlik mortalite icin AUC degeri daha yiiksek olmasina ragmen, fark istatistiksel olarak anlamli
degildir. Bununla birlikte, LqSOFA daha yiiksek 6zglilliik ve pozitif kestirim degeri sergilemistir. YBU yatisini 5Sngdrmede, LgSOFA skoru gSOFA'ya
gore daha yiiksek duyarliliga sahiptir (%79 ve %57).

SONUGC: LgSOFA skoru, mortalite ve YBU yatisini dngérmede qSOFA skoruna gére daha iyi tanisal performans sunmaktadir. Basitligi, nesnelligi ve
hizli uygulanabilirligi sayesinde, LqSOFA acil servislerde klinik karar verme siirecini destekleyen pratik bir arag olarak kullanilabilir.

Anahtar sozclikler: Hastane acil servisi; laktik asit; sepsis; mortalite; gSOFA skoru, yogun bakim (niteleri.
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ABSTRACT

BACKGROUND: Predicting return-to-work (RTW) outcomes following upper extremity trauma is crucial for optimizing patient
care, guiding rehabilitation, and reducing the socioeconomic burden. Although several disability scoring systems have been proposed
to assess injury severity, their ability to estimate RTWV status and duration remains underexplored. This study aimed to evaluate the
predictive value of the Modified Hand Injury Severity Score (MHISS), Upper Extremity Disability Rate (UEDR), and Total Body Dis-
ability Rate (TBDR) for RTW outcomes in patients with hand, wrist, and forearm injuries.

METHODS: A retrospective cross-sectional study was conducted on 69 patients who presented to the Forensic Medicine Depart-
ment of Ondokuz Mayis University between 2020 and 2024. Eligible participants were adults with documented hand, wrist, or fore-
arm injuries and complete treatment records, including MHISS scoring. Demographic data, injury characteristics, and disability rates
(UEDR, TBDR) were collected. Statistical analyses included Spearman correlation, receiver operating characteristic (ROC) analysis,
and logistic regression to assess associations between scoring systems and RTW status and duration.

RESULTS: The median MHISS score was 20.0, with corresponding UEDR and TBDR values of 3.0% and 2.0%, respectively. Occu-
pational injuries, observed in 37.7% of cases, were associated with significantly higher disability scores (p<0.05). ROC analysis dem-
onstrated strong predictive ability for MHISS (area under the curve [AUC]: 0.886), UEDR (AUC: 0.903), and TBDR (AUC: 0.897) in
identifying RTWV status. While MHISS effectively predicted RTWV status, it did not correlate with RTW duration (p=0.082). In contrast,
UEDR and TBDR showed weak but statistically significant correlations with RTW duration (r=0.295 and r=0.296, respectively). Mul-
tivariate logistic regression did not identify any independent predictors of RTW.

CONCLUSION: Disability scoring systems such as MHISS, UEDR, and TBDR are useful tools for predicting whether patients will
return to work following hand and forearm injuries. However, their ability to estimate the duration of work absence is limited. Future
research should integrate psychosocial, occupational, and rehabilitation-related variables to develop more comprehensive models for
RTW prognosis.

Keywords: Hand injuries; return to work; disability evaluation; occupational injuries.

INTRODUCTION proportion of workers' compensation claims and applications

to traffic compensation systems are related to acute ortho-
Hand injuries are frequently encountered in regions where

small- and medium-sized industrial enterprises and agricul-
ture-based activities are prevalent. Owing to the functional
significance of the hand, such injuries are associated with high factors associated with a low likelihoods of return to work

morbidity and prolonged loss of workforce.l'l A substantial  at an early stage.”

pedic trauma. To mitigate the individual, social, and economic

impacts of such trauma, it is crucial to identify prognostic
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While some studies have identified injury severity as the most
significant factor influencing the ability to return to work,?
4 others suggest that sociodemographic factors such as oc-
cupation, age, gender, and educational level also play a critical
role.>¥! Notably, Urso Baiarda et al.,"! building upon the Hand
Injury Severity Score (HISS) developed by Campbell and Kay
to assess the extent and potential outcomes of hand injuries,
introduced the Modified Hand Injury Severity Score. They
proposed that MHISS severity, independent of other factors,
significantly affects the duration of return to work.}

Determining the patient’s recovery period, the time required
to return to work, and the presence of any permanent dis-
ability is crucial after an injury. In Tiirkiye, disability rates for
patients are assessed according to the Regulation on Disability
Assessment for Adults.®! In a previous study, Capkin et al.”
found that the MHISS was statistically significantly correlated
with the upper extremity disability rate, total body disabil-
ity rate, and return-to-work duration, as determined by this
regulation. MHISS has also been used in numerous studies to
predict long-term functionality in the affected region, return-
to-work timelines, the likelihood of prolonged work absence,
and triage decisions.['*"?!

The aim of this study was to examine whether scoring sys-
tems used to assess disability can serve as predictive factors
for return to work and the time required to return to work.

MATERIALS AND METHODS
Study Design

This retrospective cross-sectional study included 69 patients
who presented to the Forensic Medicine Department of On-
dokuz Mayis University Health Practice and Research Center
between January |, 2020 and January |, 2024, for disability
assessment following hand, wrist, and forearm injuries. Ethical
approval was obtained from the Ethics Committee of On-
dokuz Mayis University (2025000001-1), and the study was
conducted in accordance with the Declaration of Helsinki.

Patient Selection

Patients aged 18 years or older with documented hand, wrist,
or forearm injuries during emergency department visits, eval-
uated by plastic surgery or orthopedic specialists with ex-
pertise in hand surgery, with fully calculated MHISS scores,
and with complete treatment, surgical, and physical therapy
rehabilitation records were included in the study.

Patients with incomplete treatment, surgical, or rehabilitation
records; those under |8 years of age; or those with additional
trauma outside the upper extremity were excluded from the
study.

Data Collection

Recorded data included patients' age, gender, injury etiology,
the device causing the injury, occupational category, injury di-
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rection, and whether the dominant hand was affected. MHISS,
UEDR, and TBDR scores were calculated and documented by
a forensic medicine specialist.

Scoring Systems

The Modified Hand Injury Severity Score, derived from the
Hand Injury Severity Score, is used to evaluate hand, wrist,
and forearm injuries. MHISS assesses injury severity across
four components: skin, skeleton, motor function, and nerves.
Each component is scored based on absolute scores, the
functional importance of the affected region, and additional
factors such as wound contamination, compound fractures,
crush injuries, or amputations. The total score is obtained
by summing the component scores and classifying them into
MHISS severity levels. In Tiirkiye, patients’ disability rates are
determined according to the Regulation on Disability Assess-
ment for Adults, which primarily evaluates disability based
on the active range of motion (ROM) of the injured hand,
the amputation level, and the location of motor and sensory
loss.

Statistical Analysis

Data analysis was performed using IBM SPSS version 21.0
(SPSS Inc., Chicago, IL, USA). Categorical variables were
summarized as frequencies, counts (n), and percentages (%).
Non-normally distributed continuous variables were pre-
sented as medians (min-max). Spearman correlation analysis
was applied to non-normally distributed data. Receiver op-
erating characteristic analysis was conducted to evaluate the
predictive ability of the scoring systems for return-to-work
status, and cutoff values were determined using the Youden
index. Results were expressed with 95% confidence intervals.
Multivariate logistic regression analysis was performed to de-
termine independent predictors of return-to-work status. A
p-value of <0.05 was considered statistically significant for all
analyses.

RESULTS

The median age of the patients was 40 years (range: 16-65),
with the majority being male (71%). The median MHISS score
was 40.0 (range: 2.0-1740.0), the upper extremity disability
rate was 5.0% (range: 0.0-95.0), and the total body disability
rate was 3.0% (range: 0.0-57.0). Dominant hand injuries were
reported in 59.4% of cases. Regarding injury etiology,traffic
accidents were the most common cause (55.1%), followed
by occupational accidents (37.7%). Patients with occupational
injuries had significantly higher MHISS, UEDR, and TBDR
scores compared with those whose injuries had other causes
(p<0.05). By injury type, sharp-force injuries were associated
with significantly higher MHISS, UEDR, and TBDR scores
compared with blunt or crush injuries (p<0.001) (Table 1).

Patients who successfully returned to work had a median age
of 41 years (range: 18-65), while those who did not had a
median age of 36 years (range: 18-65). Statistically significant
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Table I. Demographic and injury characteristics of patients
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Median (min-max)

Age (years)
RTW time (days)

40.0 (16.0-65.0)
90.0 (7.0-900.0)

n % MHISS UEDR TBDR

Gender

Male 49 71.0 40.0 (2.0-1740.0) 5.0 (0.0-95.0) 3.0 (0.0-57.0)

Female 20 29.0 37.0 (4.0-631.0) 5.0 (0.0-40.0) 3.0 (0.0-24.0)

pt 0.921 0.716 0.746
Etiology of injuries

Traffic accident 38 55.1 20.0 (2.0-1331.0) 1.0 (0.0-95.0) 1.0 (0.0-57.0)

Work accident 26 37.7 96.0 (10.0-1740.0)° 11.0 (0.0-77.0)° 6.5 (0.0-46.0)°

Assault 5 72 20.0 (4.0-90.0)* 0.0 (0.0-5.0)< 0.0 (0.0-3.0)

pt <0.001 <0.001 <0.001
Type of injury

Crush injury 52 754 20.0 (2.0-1740.0) 4.0 (0.0-95.0) 2.5 (0.0-57.0)

Sharp-force injury 17 24.6 102.0 (10.0-1008.0) 9.0 (0.0-45.0) 5.0 (0.0-28.0)

pt 0.002 0.016 0.013
Occupational category

Blue-collar worker 57 82.6 56.0 (2.0-1740.0) 8.0 (0.0-95.0) 5.0 (0.0-57.0)

White-collar worker 12 17.4 20.0 (6.0-262.0) 0.0 (0.0-22.0) 0.0 (0.0-13.0)

pt 0.181 0.011 0.010
Side of injury

Right 41 59.4 42.0 (3.0-1740.0) 8.0 (0.0-95.0) 5.0 (0.0-57.0)

Left 25 36.2 28.0 (2.0-631.0) 5.0 (0.0-45.0) 3.0 (0.0-25.0)

Both 3 43 40.0 (22.0-80.0) 18.0 (9.0-28.0) 10.0 (5.0-17.0)

p* 0.701 0.166 0.186
Dominant hand affected

Yes 41 59.4 42.0 (3.0-1331.0) 8.0 (0.0-95.0) 5.0 (0.0-57.0)

No 28 40.6 31.0 (2.0-1740.0) 5.0 (0.0-77.0) 3.0 (0.0-46.0)

pt 0.580 0.622 0.613

TMann-Whitney U test; $Kruskal-Wallis test. *<:No significant differences between groups with the same letter (Dunn's test). RTW: Return to work.

differences were observed in MHISS scores (20.0 vs. 196.0;
p<0.001), UEDR (3.0% vs. 24.5%; p<0.001), and TBDR (2.0%
vs. 24.5%; p<0.001). A significantly higher proportion of pa-
tients with occupational accidents (38.5%) did not return to
work compared with those injured by other causes (Table 2).

Correlation analysis revealed a weak positive correlation be-
tween return-to-work duration and both UEDR (r=0.295,
p=0.029) and TBDR (r=0.296, p=0.028). MHISS was not sig-
nificantly correlated with return-to-work duration (p=0.082)
(Table 3).

In univariate logistic regression analysis, MHISS (odds ratio
[OR]: 1.0; 95% confidence interval [CI]: 1.00-1.01; p=0.010),
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UEDR (OR: 1.12; 95% CI: 1.05-1.19; p<0.001), and TBDR
(OR: 0.40; 95% Cl: 0.22-0.81; p<0.001) were identified as
significant predictors of return to work. However, multivari-
ate logistic regression analysis did not identify any statistically
significant predictors (p>0.05) (Table 4).

The ROC analysis demonstrated high predictive accuracy for
MHISS (AUC: 0.886; 95% Cl: 0.801-0.971; p<0.001), UEDR
(AUC: 0.903; 95% Cl: 0.825-0.982; p<0.001), and TBDR
(AUC: 0.897; 95% CI: 0.814-0.979; p<0.001). The optimal
cut-off values for predicting return to work were MHISS
<82.0, UEDR <10.0, and TBDR <6.0 (Fig. |, Table 5).
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Table 2. Comparative analysis of return-to-work (RTW) and non-return-to-work (nRTW) groups
RTW, median (min-max) nRTW, median (min-max) pt
Age 41.0 (18.0-65.0) 36.0 (18.0-65.0) 0.638
MHISS 20.0 (2.0-1008.0) 196.0 (22.0-1740.0) <0.001
UEDR 3.0 (0.0-43.0) 24.5 (5.0-95.0) <0.001
TBDR 2.0 (0.0-26.0) 15.0 (3.0-57.0) <0.001
RTW, n (%) nRTW, n (%) p*
Gender
Male 39 (79.6%) 10 (20.4%) 0.969
Female 16 (80.0%) 4 (20.0%)
Etiology of injury
Traffic accident 34* (89.5%) 4° (10.5%) 0.012
Work accident 16 (61.5%) 10° (38.5%)
Assault 52 (100.0%) 0° (0.0%)
Type of injury
Crush injury 42 (80.8%) 10 (19.2%) 0.734
Sharp-force injury 13 (76.5%) 4 (23.5%)
Occupational category
Blue-collar worker 43 (75.4%) 14 (24.6%) 0.107
White-collar worker 12 (100.0%) 0 (0.0%)
Dominant hand affected
Yes 32 (78.0%) 9 (22.0%) 0912
No 23 (82.1%) 5 (17.9%)

fMann-Whitney U test; *Chi-square test of independence, RTW: Return to work; MHISS: Modified Hand Injury Severity Score; UEDR: Upper Extremity Dis-
ability Rate; TBDR: Total Body Disability Rate. *:No significant differences between groups with the same letter (Bonferroni correction).

Table 3. Correlation between scoring systems and return-
to-work duration
RTW time (days)
r p*
MHISS 0.236 0.082
UEDR 0.295 0.029
TBDR 0.296 0.028

*Spearman correlation. MHISS: Modified Hand Injury Severity Score;
UEDR: Upper Extremity Disability Rate; TBDR: Total Body Disability Rate.

DISCUSSION

Injuries or trauma affecting the upper extremities are signifi-
cant conditions that prolong the return-to-work process and
contribute to economic losses.!"1 The MHISS, developed by
Urso-Baiarda et al.,[*l is a scoring system for upper extremity

injuries that predicts both the likelihood of returning to work
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Figure 1. ROC Analysis Results for MHISS, UEDR, and TBDR in
Predicting Return-to-Work.

and the duration required for return. Their study demon-
strated that as the MHISS score and classification increased,
the probability of returning to work decreased, and this find-

ing could not be explained by factors such as dominant ex-
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Table 4. Univariate and multivariate logistic regression analysis of predictors of return to work

Multivariate Univariate

OR (95% CI) P OR (95% CI) P
Age 0.92 (0.840-1.00) 0.054 0.99 (0.95-1.03) 0613
Female gender 1.67 (0.24-11.80) 0.606 0.98 (0.27-3.57) 0.969
Sharp-force injury 2.57 (0.23-28.72) 0.445 0.77 (0.21-2.89) 0.702
MHISS 1.00 (0.99-1.00) 0.203 1.00 (1.00-1.01) 0.010
UEDR 2.18 (0.36-13.09) 0.396 1.12 (1.05-1.19) <0.001
TBDR 0.40 (0.02-7.81) 0.544 1.20 (1.09-1.34) <0.001
Dominant hand affected 0.99 (0.15-6.53) 0.993 1.29 (0.38-4.37) 0.678
Constant 0.04 (0-0) 0.182

Cox & Snell R2=0.377; Nagelkerke R2=0.593; Model accuracy=0.870. MHISS: Modified Hand Injury Severity Score; UEDR: Upper Extremity Disability Rate;

TBDR: Total Body Disability Rate.

Table 5. Receiver Operating Characteristic (ROC) analysis of the Modified Hand Injury Severity Score (MHISS), Upper Extremity
Disability Rate (UEDR), and Total Body Disability Rate (TBDR) for predicting return to work

MHISS UEDR TBDR
Cut-off <82.0 <10.0 <6.0

AUC (95% Cl) 0.886 (0.801-0.971) 0.903 (0.825-0.982) 0.897 (0.814-0.979)
Sensitivity 78.6% (49.2-95.3) 78.6% (49.2-95.3) 78.6% (49.2-95.3)
Specificity 80.0% (67.3-89.6) 78.2% (65.0-88.2) 78.2% (65.0-88.2)
PPV 50.0% (35.5-64.5) 47.8% (34.1-61.9) 47.8% (34.1-61.9)
NPV 93.6% (84.2-97.6) 93.5% (83.9-97.5) 93.5% (83.9-97.5)
Accuracy 79.7% (68.3-88.4) 78.3% (66.7-87.3) 78.3% (66.7-87.3)
p value <0.001 <0.001 <0.001

MHISS: Modified Hand Injury Severity Score; UEDR: Upper Extremity Disability Rate; TBDR: Total Body Disability Rate.

tremity involvement, household income, or compensation
claims. However, other studies in the literature have empha-
sized the influence of physical, psychosocial, demographic,
and employment-related factors on return-to-work duration.
171 The present study examined patients who sustained
hand or forearm injuries within the past five years and pre-
sented to our clinic for disability evaluation.

We observed that individuals who experienced occupa-
tional accidents had a lower likelihood of returning to work
compared to those injured from other etiologies. Previous
studies have also shown that occupational accidents are as-
sociated with longer recovery periods before return to work
than hand injuries resulting from other factors. This has been
attributed to the fact that occupational accidents predomi-
nantly occur among workers who use hand tools, requiring
advanced manual skills to resume their jobs.['®21 Our findings
are consistent with those reported in the literature.

We found no statistically significant differences between pa-
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tients who returned to work and those who did not in terms
of age, gender, type of injury, job category (white-collar vs.
blue-collar), or dominant hand involvement. Although these
findings contradict studies suggesting that age and gender are
significant factors influencing the time to return to work,?
they are consistent with the results of a systematic review by
Shi et al.,”! which examined prognostic factors for return to
work following work-related traumatic hand injuries.

Independent predictors of return to work were evaluated us-
ing logistic regression analysis, and the scoring systems ex-
amined were found to be significant in univariate analyses.
Subsequently, we assessed these scoring systems as predic-
tors of return to work using ROC analysis. MHISS, UEDR,
and TBDR were all significant predictors of return to work,
with the following thresholds and AUC values: MHISS <82.0
(AUC: 0.886), UEDR <10.0 (AUC: 0.903), and TBDR <6.0
(AUC: 0.897). These findings support Urso-Baiarda’s!*! asser-
tion that MHISS is a strong standalone marker for return to
work. However, no significant correlation was found between
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MHISS and the duration of return to work. While UEDR and
TBDR showed significant correlations with return-to-work
duration, these correlations were weak (r=0.295 for UEDR,
r=0.296 for TBDR). By contrast, the study by Capkin et al.”
reported a very strong positive correlation between MHISS,
UEDR, TBDR, and return-to-work duration. Our findings
suggest that although scoring systems are effective in pre-
dicting return-to-work status, they are not sufficient on their
own to predict the duration of return to work among pa-
tients who eventually resume employment.

The negative legal processes often encountered by patients
presenting to the forensic medicine department, particularly
in disputes with their employers, may influence both their
return-to-work duration and their ability to return to work.
Consequently, the data from patients seen in the forensic
medicine clinic may inherently differ from those of patients
presenting to other clinics, who typically experience more
favorable legal processes and receive adequate social and
medical support.

CONCLUSION

In conclusion, scoring systems such as MHISS, UEDR, and
TBDR can be used as predictive tools for evaluating return-
to-work status. However, relying solely on these systems is
insufficient for assessing the duration of return to work. To
better understand the return-to-work timeline for patients
with hand and forearm injuries, future studies should explore
the impact of psychosocial and environmental factors (e.g.,
anxiety levels, economic and social support) as well as the
optimization of rehabilitation processes. Such research could
help develop more comprehensive and effective evaluation
methods that extend beyond the current limitations of exist-
ing scoring systems.

A key limitation of this study is the inability to confirm
whether patients who did not return to work failed to do so
solely for medical reasons. Factors such as employer dynam-
ics, adherence to an effective physical rehabilitation, medical
follow-up, and sociodemographic influences were not clear-
ly delineated. In addition, it was not possible to determine
whether individuals who returned to work resumed their
previous roles under the same job descriptions or were reas-
signed to modified duties. This lack of information may affect
the interpretation of functional recovery. Moreover, the rela-
tively small sample size and the fact that all patients included
in the study were seeking disability-related reports (raising
the possibility of simulation) further constrain the findings.
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ORIJINAL CALISMA - 0Z

906

El ve 6n kol yaralanmalarinda ise doniisle iligkili sonuglarin 6ngoriilmesinde engellilik
puanlama sistemlerinin rolii

AMAGC: Ust ekstremite travmalarini takiben ise doniis sonugclarini ongorebilmek, hasta bakiminin optimize edilmesi, rehabilitasyon siirecinin yonlen-
dirilmesi ve sosyoekonomik yiikiin azaltiimasi agisindan kritik 5Sneme sahiptir. Travma siddetini degerlendirmek amaciyla gesitli engellilik puanlama
sistemleri onerilmis olsa da bu sistemlerin ise dontis durumu ve siiresini tahmin etme konusundaki yeterliligi sinirl diizeyde arastiriimistir. Bu galisma,
el, el bilegi ve 6n kol yaralanmalari bulunan hastalarda Modifiye El Yaralanmasi Siddet Skoru (MHISS), Ust Ekstremite Oziirliilik Orani (UEDR) ve
Toplam Viicut Oziirliilik Orani’nin (TBDR) ise doniis sonuglarini dngérme degerini degerlendirmeyi amaglamaktadir.

GEREC VE YONTEM: Bu retrospektif kesitsel galisma, 2020-2024 yillari arasinda Ondokuz Mayis Universitesi Adli Tip Anabilim Dali’na bagvuran
69 hasta lizerinde gerceklestirilmistir. Calismaya, el, el bilegi veya 6n kol yaralanmasi olan, tam tedavi kayitlarina ve MHISS skorlamasina sahip erigkin
bireyler dahil edilmistir. Demografik veriler, yaralanma &zellikleri ve &ziirliiliik oranlari (UEDR, TBDR) toplanmistir. Istatistiksel analizlerde Spearman
korelasyonu, ROC analizi ve lojistik regresyon kullaniimistir.

BULGULAR: Ortanca MHISS skoru 20, UEDR %3, TBDR ise %2 olarak hesaplanmistir. Olgularin %37.7’sinde gozlenen is kazalari, anlamli diizeyde
daha yiiksek engellilik skorlariyla iligkili bulunmustur (p<0.05). ROC analizi, MHISS (AUC: 0.886), UEDR (AUC: 0.903) ve TBDR’nin (AUC: 0.897)
ise donlis durumunu 6ngérmede yliksek dogrulukla galistigini géstermistir. MHISS, ise donlis durumunu basarili sekilde tahmin etmesine karsin, ise
donds sliresiyle anlamli bir korelasyon gostermemistir (p=0.082). Buna karsilik, UEDR ve TBDR ile ise dons siiresi arasinda zayif ancak anlaml
korelasyonlar bulunmustur (sirasiyla, r=0.295 ve r=0.296). Cok degiskenli lojistik regresyon analizinde bagimsiz bir prediktor saptanmamistir.
SONUGC: MHISS, UEDR ve TBDR gibi engellilik puanlama sistemleri, el ve 6n kol yaralanmalari sonrasinda hastalarin ise déniip donemeyecegini
ongoérmede faydali araglardir. Ancak, ise donds slresini tahmin etme kapasiteleri sinirlidir. Gelecekte yapilacak galismalarda, psikososyal, mesleki ve
rehabilitasyonla iligkili degiskenlerin de dahil edilmesiyle daha kapsamli 6ngérii modelleri gelistirilebilir.

Anahtar sézclikler: El yaralanmalari; engellilik degerlendirmesi; ise donus; mesleki yaralanmalar.
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Management of Thoracolumbar Injury Classification and
Severity Score (TLICS) 4 thoracolumbar fractures after
natural disasters: Comparative outcomes of conservative
and surgical treatments following the 2023 Tiirkiye
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ABSTRACT

BACKGROUND: This study examines the outcomes of conservative versus surgical treatment for Thoracolumbar Injury Classifica-
tion and Severity Score (TLICS) 4 thoracolumbar fractures in patients injured during the 2023 Tiirkiye earthquake. It aims to assess
clinical and radiographic outcomes while considering the impact of crush syndrome-related complications on treatment decisions.

METHODS: Twenty-three patients with TLICS 4 spinal injuries were evaluated and divided into surgical (n=12) and conservative
(n=11) groups. Clinical parameters, including age, gender, preoperative spinal measurements, and one-year postoperative outcomes,
were assessed. The Roland-Morris score was used to evaluate clinical outcomes. Additionally, complications such as cardiac, renal, and
respiratory issues, infections, and length of hospital stay were analyzed.

RESULTS: The surgical group had significantly higher Roland-Morris scores (RM: 79.3£12.7 vs. 15.0£8.5, p<0.001). Preoperative
acute kidney injury was more common in the conservative group (36.4% vs. 8.3%, p<0.05), whereas preoperative pulmonary compli-
cations were more frequent in the surgical group (83.3% vs. 36.4%, p<0.05). No significant differences were found in gender, age, or
other complications. Radiological outcomes, including Cobb angle, sagittal index, and anterior central vertebral body height (ACVBH)
restoration, showed no significant differences between groups. Length of hospital stay was similar between groups.

CONCLUSION: Our study demonstrates that both conservative and surgical treatments are effective for managing TLICS 4 thora-
columbar fractures in disaster settings. Treatment decisions should be guided by patient-specific factors and available resources.

Keywords: Spine; fracture; Thoracolumbar Injury Classification and Severity Score (TLICS); earthquake; posterior instrumentation.

INTRODUCTION to more than 107,000 individuals.I'! This catastrophe led to

. L severe traumatic injuries, including crush syndrome, which re-
The devastating earthquake that struck Tiirkiye on February ) g Y

6, 2023 resulted in over 50,000 deaths and caused injuries  quired urgent and complex medical care. Crush syndrome is a
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systemic condition that occurs due to prolonged compression
of muscle tissue, leading to ischemia-reperfusion injury, rhab-
domyolysis, and life-threatening complications such as acute
kidney injury (AKI), electrolyte imbalances, metabolic acidosis,
and multi-organ failure.*® The management of patients with
crush syndrome is further complicated by associated comor-
bidities, including renal failure, respiratory distress, and cardio-
vascular complications, all of which can significantly influence
the treatment approach for concurrent traumatic injuries.**!

Spinal injuries, though less common than extremity injuries
among earthquake victims, carry a high risk of long-term dis-
ability and functional loss.) Among these, thoracolumbar
fractures are the most frequently observed due to the biome-
chanical vulnerability of the thoracolumbar junction, where the
rigid thoracic spine transitions into the more flexible lumbar
spine.’® The Thoracolumbar Injury Classification and Severity
Score (TLICS) system is widely used to guide the management
of vertebral fractures by assessing injury morphology, integ-
rity of the posterior ligamentous complex, and neurological
involvement.”! While conservative treatment is generally rec-
ommended for stable fractures with a TLICS score of <3 and
surgical intervention is preferred for scores of 25, the optimal
approach for TLICS 4 fractures remains debated. Some studies
suggest that conservative management may be sufficient, while
others advocate surgical stabilization to achieve better clinical
and radiographic outcomes.['%!!]

The presence of crush-related comorbidities further compli-
cates the decision-making process for managing TLICS 4 frac-
tures. Renal failure resulting from crush syndrome may limit
the feasibility of prolonged immobilization, while respiratory
complications can increase perioperative risks. Therefore,
treatment decisions must be made through a multidisciplinary
approach, considering both the immediate and long-term im-
plications for the patient.

This study aims to analyze the outcomes of conservative ver-
sus surgical management of TLICS 4 thoracolumbar fractures
in patients affected by the 2023 Tiirkiye earthquake. By evalu-
ating clinical and radiographic parameters, we aim to provide
evidence on the efficacy and risks associated with both treat-
ment approaches, particularly in patients with crush-related
complications.

MATERIALS AND METHODS

This retrospective study evaluated patients referred to our
institution with injuries sustained during the Kahramanmaras
earthquake on February 6, 2023. It was conducted in accor-
dance with the ethical principles of the Declaration of Hel-
sinki and approved by the Ethics Committee of Ankara Etlik
City Hospital, Tiirkiye (Approval Number: Ek1-2024-1221).
A total of | 1,346 earthquake victims presented to the hospi-
tal, and 790 neurosurgical and orthopedic procedures were
performed. The study included patients with earthquake-
related spinal injuries categorized as TLICS 4 or higher who
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were eligible for either conservative or surgical treatment
based on their TLICS score.

We specifically included patients with a TLICS score of 4 who
were treated either surgically or conservatively. Patients were
excluded if they were in the pediatric age group, had a prior
history of spinal surgery, did not sustain earthquake-related
injuries, or lacked concomitant extremity injuries. Those with
spinal injury levels exceeding TLICS 4 were also excluded,
as they underwent posterior instrumentation and fusion sur-
gery, which was outside the scope of this research. Among
the earthquake victims, 43 patients with spinal injuries were
identified, all with a TLICS score of 4 or higher. Of these, 20
had spinal injury levels exceeding TLICS 4 and were excluded
from the study due to the type of surgery performed.

A total of 23 patients with TLICS 4 were included in the
study and divided into two groups: the surgical group (12 pa-
tients) and the conservative group (I | patients). Clinical pa-
rameters evaluated included age, gender, preoperative Cobb
angle, anterior vertebral body compression percentage, and
sagittal index. Postoperative outcomes were assessed at the
one-year follow-up, focusing on changes in Cobb angle, sagit-
tal index, and anterior compression angles.

To assess clinical outcomes, the Roland-Morris score was
used. This highly sensitive tool evaluates acute, subacute, and
chronic back pain and is particularly effective for detecting
and assessing mild to moderate lumbar and back conditions.
The Roland-Morris score was used to assess clinical out-
comes at the one-year postoperative follow-up.

The study also examined pre-treatment complications, in-
cluding cardiac, renal, and respiratory issues. The presence
of infections, both at the surgical site and elsewhere, was
documented. Additional factors such as hospital stay duration
and time spent under debris were also analyzed. The objec-
tive was to determine whether major surgery contributed to
additional complications in patients with earthquake-related
spinal injuries.

Statistical Analysis

Statistical analyses were conducted using IBM SPSS Statistics
for Windows, Version 22.0 (IBM Corp., Armonk, NY, USA).
Normality of the dataset was assessed using the Kolmogorov-
Smirnov and Shapiro-Wilk tests, with significance values
evaluated alongside skewness and kurtosis metrics. Based on
these assessments, the variables were determined to follow
a normal distribution.

For group comparisons, the Independent Samples t-test was
applied to normally distributed continuous variables, while
the Mann-Whitney U test was used for non-normally distrib-
uted variables. The Chi-square test was employed to assess
differences between categorical variables. A 95% confidence
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level was used for all analyses, and a p-value of less than 0.05
was considered statistically significant.

RESULTS

A total of 23 patients were included in the study, divided
into two groups: the surgical group (n=12) and the conserva-
tive group (n=11). The mean age was 50.4+11.5 years in the
surgical group and 58.0+14.5 years in the conservative group.
The age difference between groups was not statistically sig-
nificant (p>0.05). Regarding gender distribution, the con-
servative group had a higher proportion of female patients
(81.8%) compared to the surgical group (66.7%). Across both
groups, 73.9% of patients were female and 26.1% were male,
with no statistically significant difference in gender distribu-
tion (p>0.05).

Acute kidney injury was significantly more common in the
conservative group (36.4%) than in the surgical group (8.3%)
(p<0.05). Conversely, pulmonary complications were signifi-
cantly more prevalent in the surgical group (83.3%) compared
to the conservative group (36.4%) (p<0.05).

The time under debris, used as a measure of exposure, was
longer in the conservative group (14.6+37.9 hours) compared
to the surgical group (7.4£20.4 hours). However, this differ-
ence was not statistically significant (p>0.05).

Cardiac complications occurred at similar rates in both
groups: 8.3% in the surgical group and 9.1% in the conserva-
tive group, with no statistically significant difference (p>0.05)
(Table 1).

Wound infection rates were similar between groups, with
33.3% of patients in the surgical group and 36.4% in the con-
servative group affected. The difference between the two
groups was not statistically significant (p>0.05). The rate of
additional infections was higher in the conservative group
(62.9%) than in the surgical group (41.7%), but this difference
was also not statistically significant (p>0.05).

A significant difference was observed in the Roland-Morris
(RM) score between the two groups, with the surgical group
scoring significantly higher (79.3+12.7) than the conservative
group (15.0£8.5) (p<0.001).

Regarding sagittal alignment, no statistically significant dif-
ferences were found in either initial or follow-up sagittal in-
dex measurements. The initial sagittal index was 10.2+5.4 in
the surgical group and 6.6+16.2 in the conservative group
(p>0.05). The follow-up sagittal index was 8.6£6.4 in the sur-
gical group and 6.6+10.2 in the conservative group (p>0.05).

Similarly, no significant differences were observed in Cobb an-
gle measurements between the two groups. The initial Cobb
angle was 18.9°£10.5 in the surgical group and 17.1°£7.0 in
the conservative group (p>0.05). Follow-up Cobb angles were
similar between the two groups, with values of 17.6°£7.5 in
the surgical group and 18.0°£6.2 in the conservative group
(p>0.05).

The percentage of anterior vertebral body height (ACVBH)
restoration was similar in both groups at both the initial as-
sessment and follow-up. The initial ACVBH restoration was
69.8%+14.5 in the surgical group and 69.3%+15.1 in the con-
servative group (p>0.05), while the follow-up values were
75.1%%15.6 in the surgical group and 74.8%*16.4 in the con-
servative group (p>0.05).

The length of hospital stay was notably longer in the con-
servative group (58.0+101.4 days) compared to the surgical
group (26.9%18.6 days), but the difference was not statisti-
cally significant (p>0.05)(Table 2).

Additional surgical procedures were performed in 50.0% of
patients in the surgical group (n=6) and 45.5% in the conser-
vative group (n=5). The remaining patients in both groups did
not require further operations (50.0% in the surgical group
vs. 54.5% in the conservative group). There was no statisti-
cally significant difference in the need for additional surgical
interventions (p>0.05).

Table I. Comparison of demographic, clinical parameters, and gender distribution between surgical and conservative groups
Surgical Conservative p Value
(n=12) (n=11)

Age 50.4x11.5 58.0+14.5 >0.05

Gender

Female 8 (66.7%) 9 (81.8%)

Male 4 (33.3%) 2 (18.2%) -
Acute Kidney Injury (%) 8.3% 39.4% <0.05
Pulmonary Complications (%) 83.3% 36.4% <0.05
Time Under Debris (hours) 7.4+20.4 14.6+37.9 >0.05
Cardiac Complications (%) 8.3% 9.1% >0.05
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Table 2. Comparison of clinical, radiological, and outcome parameters between surgical and conservative groups

Surgical Conservative p Value

(n=12) (n=11)
Wound Infection (%) 33.3% 36.4% >0.05
Additional Infection (%) 41.7% 62.9% >0.05
RM Score 79.3£12.7 15.0+8.5 <0.001
Initial Sagittal Index (%) 10.2+5.4 6.6x16.2 >0.05
Follow-up Sagittal Index (%) 8.6+6.4 6.6+10.2 >0.05
Initial Cobb Angle (°) 18.9+10.5 17.1£7.0 >0.05
Follow-up Cobb Angle (°) 17.6£7.5 18.0£6.2 >0.05
Initial ACVBH (%) 69.8%+14.5 69.3%+15.1 >0.05
Follow-up ACVBH (%) 75.1t15.6 74.8%+16.4 >0.05
Hospital Stay (days) 26.9+18.6 58.0+101.4 >0.05

*RM Score: Roland-Morris Score. *Initial ACVBH: Anterior Central Vertebral Body Height.

DISCUSSION

This study compared surgical and conservative treatments in
patients with TLICS 4 thoracolumbar fractures following the
2023 Tirkiye earthquake. The results showed that surgical
treatment was associated with significantly better functional
outcomes at one year, as measured by the Roland-Morris
score. These findings align with previous research showing
that surgical stabilization improves pain management and
facilitates earlier mobilization in TLICS 4 fracture patients.
U2 Similarly, Mohamadi et al. reported that posterior instru-
mentation leads to better pain control and faster return to
daily activities, particularly in cases with intermediate injury
severity.l'3]

In mass disasters, conservative treatment is often the initial
approach due to limited resources, logistical constraints, and
delays in surgical care.l' However, several studies have shown
that delayed surgical stabilization, when feasible, still provides
substantial biomechanical and clinical benefits.['® Our findings
support the use of early surgical intervention when patient
and environmental conditions permit, particularly in cases
where fracture morphology predisposes to progressive de-
formity or instability.

Despite the superiority in functional outcomes, radiographic
parameters such as Cobb angle, sagittal index, and anterior
vertebral height restoration did not differ significantly be-
tween the two groups. These findings suggest that conserva-
tive management, when carefully selected and closely moni-
tored, can effectively preserve spinal alignment, as supported
by Hitchon et al.l'! and Wood et al.l'l Our results indicate
that with appropriate patient selection and close follow-up,
nonoperative treatment can be a viable option in resource-
limited settings or during disaster situations.
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An important observation in this cohort was the higher prev-
alence of pulmonary complications, particularly in the surgical
group. However, these conditions were primarily pre-existing
and did not worsen postoperatively. This supports the prem-
ise that surgical treatment can be safely performed in patients
with pulmonary comorbidities when adequate perioperative
care is provided. Previous concerns about elevated risks in
this patient population have been addressed in recent litera-
ture, which emphasizes the importance of respiratory opti-
mization rather than the avoidance of surgery.['8!"]

Finally, our findings are consistent with recommendations
from international spine trauma working groups, which advo-
cate individualized treatment strategies for TLICS 4 fractures,
taking into account clinical status, logistical constraints, and
comorbidities.[2%2"

The limitations of this study include its retrospective design
and relatively small sample size, which may affect generaliz-
ability. Furthermore, long-term outcomes beyond 12 months
were not assessed, and we acknowledge that late complica-
tions or deformity progression may alter the final results. Fu-
ture prospective, multicenter studies with larger cohorts and
extended follow-up are needed to confirm these findings and
refine treatment protocols in disaster settings.

CONCLUSION

This study demonstrates that both surgical and conservative
treatments are viable options for managing TLICS 4 thoraco-
lumbar fractures in the aftermath of natural disasters. Surgi-
cal management offers superior functional outcomes and pain
relief when patient condition and available resources allow.
However, conservative treatment remains a valid alternative,
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particularly in settings with limited surgical capacity or elevat-
ed patient risk.

Treatment decisions should be guided by fracture charac-
teristics, systemic health status, and the healthcare system’s
capacity during and after disasters. Individualized approaches
that balance clinical needs with logistical realities are essential
for optimizing patient outcomes in these challenging environ-
ments.
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2023 Tiirkiye depremi sonrasinda TLICS 4 torakolomber kiriklarin yonetimi: Konservatif
ve cerrahi tedavilerin kargilagtirmali sonuglar

AMAC: Deprem gibi kitlesel afetler; yalnizca primer yaralanmalarla sinirli kalmayip, crush sendromu ve diger sistemik komplikasyonlar gibi ikincil
saglik sorunlarini da beraberinde getirerek tedavi stirecini karmasiklastirmaktadir. Bu galisma, 2023 Tirkiye depremi sonrasi yaralanan TLICS 4
torakolomber kirikli hastalarda konservatif ve cerrahi tedavi sonuglarini degerlendirmeyi amaglamaktadir. Ayrica, crush sendromu ile iliskili kompli-
kasyonlarin tedavi kararlari lizerindeki etkisi incelenmistir.

GEREC VE YONTEM: Calismada 23 TLICS 4 spinal yaralanmali hasta, cerrahi (n=12) ve konservatif (n=11) tedavi gruplarina ayrildi. Yas, cinsiyet,
ameliyat oncesi spinal 6lgtlimler ve | yillik postoperatif klinik sonuglar Roland Morris skoru ile degerlendirildi. Kardiyak, renal ve solunum komplikas-
yonlari, enfeksiyonlar ve hastanede kalis siireleri de analiz edildi.

BULGULAR: Cerrahi grup, Roland Morris skorlarinda anlamli daha iyi sonuglar gosterdi (79.3%12.7 ve 15.0£8.5, p<0.001). Akut bobrek hasari
konservatif grupta daha yaygindi (%36.4 ve %8.3, p<0.05), pulmoner komplikasyonlar ise cerrahi grupta daha sik gozlendi (%83.3 ve %36.4,
p<0.05). Yas, cinsiyet ve diger komplikasyonlarda anlamli fark yoktu. Radyolojik sonuglar (Cobb agisi, sagittal indeks, vertebral ylksekligin restoras-
yonu) gruplar arasinda farklilik gostermedi. Hastanede kalis siireleri benzerdi.

SONUC: Calismamiz, dogal afet ortamlarinda TLICS 4 torakolomber kiriklarin konservatif ve cerrahi tedavi ile etkili sekilde yonetilebilecegini
gostermektedir. Tedavi kararlari, hasta 6zellikleri ve mevcut kaynaklar dikkate alinarak bireysellestirilmelidir.

Anahtar sozclikler: Deprem; kirik; omurga; posterior enstriimantasyon; TLICS.
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ABSTRACT

BACKGROUND: This study aimed to compare the effects of hematoma block (HB) and dexmedetomidine administration on pain
control, reduction quality, and physician satisfaction during the reduction of distal radius fractures (DRFs) in the emergency depart-
ment (ED).

METHODS: A total of 60 patients presenting to the ED with DRFs were enrolled. Patients were randomly assigned to two groups:
one received HB, while the other underwent conscious sedation with dexmedetomidine. Pain levels were assessed using the Visual
Analog Scale (VAS) at three time points: before the procedure, |0 minutes after administration of the intervention, and post-reduction.
Physician satisfaction during reduction was measured using the 5-point Likert Satisfaction Scale (LSS). Post-reduction quality was evalu-
ated on control radiographs using the Sarmiento criteria.

RESULTS: Among the patients included in the study, 28 were female, |9 were male, and 13 were children (<12 years). The mean
age was 32.97+20.48 years in the dexmedetomidine group (DG) and 35.25£18.92 years in the hematoma block group (HBG), with no
statistically significant difference between the groups (t=-0.448, p=0.65). There was no significant difference in physician satisfaction
during reduction between the two groups according to LSS results (x2=2.296, p=0.512). Pre-procedure VAS scores were comparable
between the two groups (t=-0.148, p=0.883). However, VAS scores |0 minutes after the intervention were significantly lower in the
DG compared to the HBG (p=0.009, t=-2.773). Post-reduction quality based on the Sarmiento criteria showed no significant difference
between the groups (x2=0.64, p=0.89). No adverse effects related to either method were observed in any of the patients.

CONCLUSION: Dexmedetomidine provides faster and more effective pain management than HB for DRF reduction in the ED.
Given its minimal systemic side effects, dexmedetomidine may represent a viable alternative for procedural sedation and analgesia
(PSA) in fracture reductions requiring sedation in the ED.

Keywords: Distal radius fracture; dexmedetomidine; hematoma block; emergency department.

INTRODUCTION fractures treated there. DRFs typically result from high-energy

. . trauma in young and otherwise healthy individuals, whereas in
Distal radius fractures (DRFs) are among the most common

upper extremity fractures presenting to the emergency de-
partment (ED), accounting for approximately one-sixth of all ~ low-energy trauma.l'?

elderly and osteoporotic patients, they are usually caused by

Cite this article as: Visgneci EF, Acar D, Eravsar E, Kozanhan B, Demirci OL, Giil M. Comparison of hematoma block and dexmedetomidine for
reduction of distal radius fractures in the emergency department: A prospective randomized controlled study. Ulus Travma Acil Cerrahi Derg
2025;31:913-919.

Address for correspondence: Emin Fatih Visgneci

Department of Emergency, University of Health Science, Konya City Hospital, Konya, Tiirkiye

E-mail: drfatihvisneci@hotmail.com

Ulus Travma Acil Cerrahi Derg 2025;31(9):913-919 DOI: 10.14744/tjtes.2025.80876

Submitted: 10.02.2025 Revised: 29.03.2025 Accepted: 30.07.2025 Published: 05.09.2025 @ 01S)
OPEN ACCESS This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). BY _No

Ulus Travma Acil Cerrahi Derg, September 2025, Vol. 31, No. 9 913


https://orcid.org/0000-0001-8050-4433
https://orcid.org/0009-0000-4748-4733
https://orcid.org/0000-0003-2940-604X
https://orcid.org/0000-0002-5097-9291
https://orcid.org/0000-0003-2295-3243
https://orcid.org/0000-0003-3815-1667

Visneci et al., Comparison of hematoma block and dexmedetomidine for reduction of distal radius fractures

Table I. Sarmiento Radiological Score (Modified Lidstrém Criteria)

Outcome Loss of Palmar Tilt Radial Shortening Loss of Radial Deviation
Excellent <0° <3 mm <4°

Good I-10° 3-6 mm 5-9°

Fair I1-14° 7-11 mm 10-14°

Poor >|5° 12 mm >|5°

The primary goal in the management of DRFs is proper joint
reconstruction and alignment of fracture fragments. Conse-
quently, closed reduction followed by casting plays a crucial
role in treatment.¥! The success of reduction depends heav-
ily on patient cooperation, which is directly influenced by the
level of pain experienced during the procedure. Pain not only
causes discomfort and stress but also compromises the qual-
ity of the reduction. Reduction quality in DRFs is commonly
evaluated using the Sarmiento criteria (Table 1).I"]

Effective sedation and analgesia are essential for ensuring
patient compliance. Procedural sedation and analgesia (PSA)
is defined as the administration of sedatives or dissociative
agents, with or without analgesics, to induce a state that al-
lows patients to tolerate painful procedures while maintain-
ing cardiorespiratory function. PSA is widely used in the ED
to minimize patient discomfort during the manual reduction
of displaced DRFs outside the operating room.’*" Benzodiaz-
epines, either alone or in combination with opioid analgesics,
are commonly used for PSA in the ED.I'Y Other sedatives,
including etomidate and propofol, are also incorporated into
PSA protocols.'l However, conventional PSA agents are as-
sociated with significant systemic side effects such as apnea,
hypotension, and respiratory depression, which may prolong
post-procedure observation in the ED.['Z

Hematoma block (HB) involves the direct injection of lido-
caine into the fracture hematoma. Due to concerns about
PSA-related complications, HB is often preferred for analgesia
before DRF reduction. The most immediate adverse effect of
HB is an allergic reaction to the local anesthetic, while de-
layed complications may include compartment syndrome and
local infection.['® Despite its advantages, HB is an invasive
technique, and the inherently painful and stressful nature of
DREFs, particularly in pediatric patients, often shifts physician
preference toward PSA. Furthermore, unlike PSA, HB does
not induce muscle relaxation, which can make reduction more
challenging.['2'4

Dexmedetomidine is a selective a;-adrenergic agonist with
analgesic, sedative, and anxiolytic properties. Its analgesic
effects make it useful for procedural and minor surgical in-
terventions. The primary side effects of dexmedetomidine
include bradycardia, hypotension, and hypertension.l'>'¢l Al-
though not yet routinely used in the ED, dexmedetomidine is
increasingly employed for sedation in intensive care patients,
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non-invasive mechanical ventilation, endoscopic procedures,
endoscopic retrograde cholangiopancreatography (ERCP), and
various minor surgical interventions.['”-!"]

This study aimed to compare dexmedetomidine with hema-
toma block in terms of reduction success, patient compliance,
and physician satisfaction during DRF reduction in the ED.

MATERIALS AND METHODS

Study Design and Participants

This prospective randomized controlled study was con-
ducted between June 2024 and December 2024 in a tertiary-
level ED. A total of 60 patients presenting with DRFs were
randomly assigned to two groups. The study was conducted
in accordance with the ethical principles of the Declaration
of Helsinki. Ethical approval was obtained from the Clinical
Research Ethics Committee of Selguk University (Approval
Date: 04.04.2024, Document No: KAD-FR-42, Decision No:
2024/33).

I. Hematoma Block Group (HBG):

Thirty patients diagnosed with DRF based on direct radio-
graphs were randomly assigned to this group. The HB was
performed by an emergency physician. Patients were not con-
tinuously monitored but had intravenous access maintained
in case of potential allergic reactions to the local anesthetic.
After disinfecting the dorsal wrist with povidone-iodine, 10
mL of 1% lidocaine solution was prepared for injection. Be-
fore administration of the anesthetic into the fracture site
from the dorsal aspect of the wrist, an attempt was made to
aspirate the hematoma into the syringe. Lidocaine was then
injected into the fracture site (Fig. | and 2). Pain was assessed
using the Visual Analog Scale (VAS) at three time points: pre-
procedure (Pre-Method VAS), 10 minutes post-procedure
(Post-Method-10 minute VAS), and post-reduction (Post-
Reduction VAS). Reduction was performed, and physician
satisfaction was evaluated using the Likert Satisfaction Scale
(LSS). Reduction quality was assessed on post-reduction ra-
diographs according to the Sarmiento Criteria.

2. Dexmedetomidine Group (DG):

Thirty patients were randomly assigned to receive dexme-
detomidine for PSA. Patients were continuously monitored
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Figure 1. Fracture site from the dorsal aspect of the wrist.

throughout the procedure, and intravenous access was main-
tained. Dexmedetomidine (Precedex) was administered at a
dose of 0.5-1 pg/kg via intravenous infusion over 10 minutes.
In the literature, the Post-Method-10 minute VAS score is
typically measured 10 minutes after the infusion of dexme-
detomidine, based on studies evaluating its analgesic activity
using the VAS.22Il The same pain assessment protocol was
applied in the HBG. Reduction was performed by the or-
thopedic team, and physician satisfaction was documented.
Reduction quality was evaluated using the Sarmiento criteria.

In both groups, the post-reduction VAS score was obtained
10 minutes after the reduction procedure, at the same time
point for all patients.

Evaluation Criteria:

|. Demographic characteristics

2. Pain levels (VAS: 0=no pain, 10=worst pain)
* Pre-Method VAS

* Post-Method VAS (10 minutes)

* Post-Reduction VAS

Table 2.

Figure 2. Injection of lidocaine into the fracture site.

3. Reduction quality (Sarmiento classification) (Table 1)

4. Physician satisfaction (Likert Satisfaction Scale) (Table 2).

Statistical Analysis

Categorical variables were expressed as frequencies and per-
centages, while continuous variables were summarized as
means and standard deviations. Differences between groups
were analyzed using the t-test, chi-square test, and Mann-
Whitney U test, with statistical significance set at p<0.05.
The normality of continuous variables was assessed using the
Shapiro-Wilk test. Depending on whether statistical assump-
tions were met, within-subjects tests were used to compare
continuous variables between the two groups. All analyses
were performed using IBM SPSS Statistics, Version 20.0, with
a significance threshold of 0.05.

RESULTS

A total of 60 patients were included in the study: 28 (46.6%)
females, 19 (31.6%) males, and 13 (21.6%) pediatric patients
(<12 years). Although the proportion of female patients was
higher overall, there was no significant difference in gender
distribution between the two groups when pediatric patients
were excluded (x2=0.102, p=0.942). Similarly, no significant

Comparison of hemorrhage, edema, vasocongestion, inflammation, and Johnsen scores between rat groups

Very Satisfied

Satisfied

Neutral Dissatisfied Very Dissatis-fied

How would you evaluate the
patient's compliance with reduction?

How would you evaluate your own
comfort during reduction?
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Table 3. Comparison between groups by age, gender, Sarmiento criteria, Visual Analog Scale (VAS), and Likert Satisfaction Scale
(LSS)
Total Hematoma Dexmedetomidine P Value X2 Value t Value
Patients Block Group Group R e i
(n=20) (n=20)
Age (years) 39.95+3.003 41.25£2.92 0.758 0.310
Gender
Male/Female 16/24 9/l 7113 0.342 0.902
Sarmiento
Criteria 0.868 0.722
Excellent 17 9 8
Good 12 6 6
Moderate 6 2 4
Poor 5 3 2
VAS
Pre-Method VAS 8.65+0.23 8.60+0.24 0.883 -0.148
Post-Method VAS (10 min) 3.5+0.30 2.40+0.25 0.009 -2.773
Post-Reduction VAS 1.7£0.17 1.95+0.19 0.356 0.938
LSS
(Physician Satisfaction) 0.512 2.296
Very Satisfied 10 12
Satisfied I 10
Neutral 8
Dissatisfied 0

Very Dissatis-fied

Differences between groups were evaluated using the (***) t-test and (**) chi-square test. *p<0.05 was considered statistically significant.

difference was found between the groups regarding pediatric
patient distribution (x2=0.10, p=0.75).

The mean age was 32.97+20.48 years in the dexmedetomi-
dine group and 35.25+18.92 years in the hematoma block
group, with no significant difference between the groups (t=-
0.448, p=0.65).

Each patient underwent three VAS evaluations. Comparisons
revealed that in the Pre-Method VAS there was no signifi-
cant difference between the groups (t=-0.148, p=0.883). In
the Post-Method VAS (10 minutes), pain scores were signifi-
cantly lower in the DG compared with the HBG (t=-2.773,
p=0.009). In the Post-Reduction VAS, no significant difference
was observed between the groups (t=0.935, p=0.356), al-
though the DG demonstrated a more pronounced reduction
in pain 10 minutes after intervention.

Table 3 presents a comparative analysis of age, gender,
Sarmiento criteria, VAS scores, and Likert Satisfaction Scale
scores between the groups.

Within-subject tests indicated significant changes in VAS
scores over time (F=646.585, p<0.001), with these changes
being statistically significant in both groups. According to
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pairwise comparisons:

* In the Dexmedetomidine Group, Pre-Method VAS was 8.6,
Post-Method VAS was 2.4, and Post-Reduction VAS was 1.95.

* In the Hematoma Block Group, Pre-Method VAS was 8.65,
Post-Method VAS was 3.5, and Post-Reduction VAS was 1.7.

The reduction in pain was more pronounced in the DG (Fig.
3).

Wvas_pre_method
10 W vas_post_method_10min
Mvas_post_reduction

dexmedetomidine hematom

group

Figure 3. Box plots of Visual Analog Scale (VAS) scores.
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Figure 4. Pre-reduction radiograph of a 52-year-old female patient
with a Type V distal radius fracture (DRF).

Figure 5. Post-reduction radiograph of a 52-year-old female pa-
tient with a Type V distal radius fracture (DRF).

Figure 6. Post-surgical radiograph of a 52-year-old female patient
with a Type V distal radius fracture (DRF).

Ulus Travma Acil Cerrahi Derg, September 2025, Vol. 31, No. 9

Physician satisfaction was assessed using the Likert Satisfac-
tion Scale:

* HBG: 10 orthopedic surgeons rated the reduction as “very
satisfied,” || as “satisfied,” 7 as “neutral,” and 2 as “dissatis-
fied”

* DG: 12 orthopedic surgeons rated the reduction as “very
satisfied,” 10 as “satisfied,” and 8 as “neutral.”

There was no statistically significant difference in physician
satisfaction between the two groups (x2=2.296, p=0.512).

Reduction quality was evaluated using the Sarmiento criteria.

* HBG: |3 cases were classified as “excellent,” 10 as “good,” 4
as “fair,” and 3 as “poor”’

* DG: 12 cases were classified as “excellent,” 10 as “good,” 6
as “fair” and 2 as “poor”’

No significant difference was observed between the two
groups regarding reduction quality (x2=0.64, p=0.89).

No adverse effects related to either method were observed
in any patient. Of the 60 patients included in the study, 12 re-
quired surgical intervention, with a mean age of 33.75+21.56
years.

DISCUSSION

The lifetime risk of distal radius fractures is 18% in women
and 2% in men, primarily due to the higher prevalence of os-
teoporosis in females.®! In our study, 46.6% of patients were
female, consistent with findings in the literature. Previous
studies comparing PSA (typically with benzodiazepines and
opioids) with HB in terms of reduction quality (according to
the Sarmiento criteria) have shown that PSA results in bet-
ter reduction quality than HB.?22! However, in our study, no
significant difference was observed between the DG and the
HBG in terms of reduction quality. This discrepancy may be
attributed to the consistency of the orthopedic team per-
forming all reductions in our study.

The decision to treat DRFs non-surgically depends on fac-
tors such as patient age, comorbidities, and osteoporosis.[**
Among the |2 patients who required surgery, the mean age
was higher than that of the overall study population, which
aligns with previous reports (Figures 4, 5, and 6 depict pre-
reduction, post-reduction, and post-surgical radiographs of a
52-year-old female patient with a Type V DRF).

A previous study comparing HB and PSA with benzodiaze-
pine-opioid combinations found that HB had a superior safety
profile.!

In our study, all patients had intravenous (IV) access secured
prior to the procedure, and patients in the DG were continu-
ously monitored throughout the intervention and reduction
process. Additionally, bedside post-reduction radiographs
were obtained for DG patients. No early complications re-
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lated to either method were observed. Previous studies have
suggested that a major advantage of HB over PSA is a shorter
ED observation time and hospital stay.?! However, in our
study, the time elapsed after intervention (before reduction),
the duration of reduction and casting, radiographic evalua-
tions, and post-procedural monitoring provided sufficient ob-
servation time for both the DG and HBG groups. Thus, no
significant difference was observed in ED observation time or
length of hospital stay between the two groups.

There was also no statistically significant difference between
the groups in the distribution of responses on the LSS, which
was used to assess procedural ease and physician satisfaction
during reduction. Similar findings have been reported in stud-
ies comparing PSA with agents other than dexmedetomidine
against HB.?"] Pain sensitivity is typically higher in pediatric
patients than in adults, making PSA the preferred option for
fracture reduction in children. The use of dexmedetomidine
in pediatric PSA has increased significantly in recent years.!']
Thus, dexmedetomidine may represent a promising alterna-
tive for pediatric procedural sedation in the ED, particularly
for minor surgical procedures and fracture reductions.

One study comparing HB and PSA (with benzodiazepines and
opioids) for pain control in DRFs found HB to be more effec-
tive.l”®! However, another study reported no significant differ-
ence between the two methods.['?!

In our study, baseline VAS scores were similar between the
two groups (t=-0.148, p=0.883).

However, 10 minutes post-intervention, VAS scores were sig-
nificantly lower in the DG compared to the HBG (t=-2.773,
p=0.009). Recent studies support our findings, showing that
HB provides moderate analgesia at the wrist level but is inef-
fective for pain experienced in the fingers.?”) Another study
reported that HB was ineffective for post-operative pain
control in pediatric supracondylar humerus fractures and
recommended the use of non-opioid PSA agents instead.*
Furthermore, multiple studies have demonstrated that dex-
medetomidine provides faster and more effective analgesia
than traditional PSA agents such as benzodiazepines and opi-
oids.B'3

To date, no study has directly compared the analgesic effects
of dexmedetomidine and HB. Our study is the first to assess
their analgesic efficacy in DRF reduction, demonstrating that
dexmedetomidine provides stronger and faster pain relief
than HB. This finding is of particular importance for guiding
future research.

CONCLUSION

Procedural sedation and analgesia play a crucial role in frac-
ture reduction and minor surgical procedures in the ED. Our
findings indicate that dexmedetomidine is superior to HB for
pain control, suggesting its potential future integration into
standard PSA protocols for DRF reduction and other ortho-
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pedic procedures.
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ORIJINAL CALISMA - 6Z

Acil serviste distal radius kiriklarinin rediiksiyonunda hematom blogu ile
deksmedetomidin kullaniminin kargilastirilmasi: Prospektif randomize kontrollii bir
calisma

AMAC: Distal radius kiriklarinin (DRKs) rediiksiyonu dncesinde yapilan hematom blogu (HB) ile deksmedetomidin uygulamasinin agri kontroliine,
rediiksiyon kalitesine ve doktor memnuniyetine olan etkilerini karsilastirmayr amagladik.

GEREC VE YONTEM: Calismamiza acil servise (AS) basvuran DRK’li 60 hasta dahil edildi. Hastalar rastgele iki gruba ayrildi. ik gruba HB, ikinci
gruba ise deksmedetomidin ile bilingli sedasyon uygulandi. Her iki grupta agri diizeyleri; Gorsel Analog Skala (VAS) ile, ydntem oncesi, yontemden
|0 dakika sonra ve rediiksiyon sonrasi olmak lizere her bir hasta icin 3 kez degerlendirildi. Rediiksiyonu yapan doktorlarin redliksiyon sirasindaki
konfor ve memnuniyetleri 5'li Likert Memnuniyet Olcegi (LMO) kullanilarak 6lgiildii. Rediiksiyon sonrasi kontrol direk grafi ile Sarmiento kriterlerine
gore rediiksiyon kalitesi degerlendirildi.

BULGULAR: DRK ile AS’ye basvuran hastalarin 28’i kadin, 19’u erkek, 13’i ¢ocuk (<12 yil) idi. Hastalarin yas ortalamasi; deksmedetomidin grubun-
da (DG) 32.97+20.48, hematom blogu grubunda (HBG) 35.25%18.92 idi. iki grup arasinda yas ortalamasi agisindan anlamli fark yoktu (t=-0.448,
p=0.65). Rediiksiyon sirasindaki hasta uyumuna iliskin doktor memnuniyetinin degerlendirildigi LMO sonuglarinda iki grup arasinda anlamli fark
bulunmadi (x>=2.296, p=0.512). Yontem Sncesi VAS degerleri agisindan da iki grup arasinda anlamli fark yoktu (t=-0.148, p=0.883). Yontem son-
rasi 10. dakikadaki VAS degerleri ise DG'de, HBG'ye gore anlamli derecede dusiiktu (t=-2.773, p=0.009). Bununla birlikte, Sarmiento kriterlerine
gore degerlendirilen rediiksiyon kalitesinde iki grup arasinda anlamli fark yoktu (x2=0.64, p=0.89). Her iki gruptaki hastalarin higbirinde uygulanan
yonteme bagli yan etki goriilmedi.

SONUC: Deksmedetomidin AS'de DRK redtuksiyonu éncesinde hizli ve etkili agri yonetimi ve hasta memnuniyeti agisindan HB'ye Ustun, etkili bir
yontemdir. Sistemik yan etkilerinin az olmasi nedeniyle de, prosediirel sedasyon ve analjezi (PSA) gerektiren kirik rediiksiyonlarinda AS'de rutin
olarak kullanilabilecek alternatif bir PSA yontemi olabilir.

Anahtar sozciikler: Acil servis; distal radius kirigi; deksmedetomidin; hematom blogu.
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ABSTRACT

BACKGROUND: Benign and benign-aggressive bone tumors, though non-metastatic, may require surgical intervention due to pain,
fracture risk, or functional impairment. In many cases, bone grafting may be required in benign or benign-aggressive bone tumors.
Although autografts remain the gold standard, they present disadvantages, especially in pediatric patients. Synthetic alternatives such
as bioactive glass (BG) have emerged as viable options. This study aims to evaluate the clinical and radiological outcomes of BG in the
treatment of benign bone tumors.

METHODS: This retrospective single-center study evaluated 64 patients (71 procedures) treated with curettage and BG grafting for
benign bone tumors between 2004 and 2023. Functional outcomes were assessed using the Musculoskeletal Tumor Society (MSTS)
score, and radiological healing was evaluated using the Neer classification.

RESULTS: The mean follow-up was 25.0+12.6 months. Significant improvement was observed in MSTS scores (from 17.614.8 to
28.1+2.0; p<0.05). Neer classification indicated high union rates. Complications included tumor recurrence in four patients (five pro-
cedures), fractures in nine patients, and superficial infections in four patients. No deep infections or any other material-related adverse
effects were reported.

CONCLUSION: Bioactive glass is a safe and effective bone substitute for managing benign bone defects, especially in pediatric popu-
lations where autograft options are limited. Its osteoconductive durability, infection resistance, and compatibility with bone remodeling
make it a strong alternative to traditional grafting techniques.

Keywords: Bioactive glass; benign bone tumors; pediatric bone tumors.

INTRODUCTION Treatment options for these tumors include corticosteroid
injections, curettage with or without bone grafting and fixa-

Benign and benign-aggressive bone tumors are non-invasive, tion, percutaneous sclerotherapy, and wide excision with or

non-metastatic lesions that can affect individuals at any age. ~ Without reconstruction.

While some cases may resolve spontaneously with conser- Curettage is among the most selected surgical options with

vative treatment, some cases require surgical intervention. low complication rates. However, post-curettage bone defects
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Table I. Demographics of patients
N %

Gender

Male 45 70.3

Female 19 29.7
Side

Left 32 45.1

Right 39 54.9

MeanSD (Min-Max)
19.1+13.3 (3.4-65.2)
25.0+12.6 (12-72)

Age (years)

Follow-up (months)

often require filling. Even though autografts are the gold stan-
dard option due to their osteoinductive and osteoconductive
features, they pose several drawbacks: prolonged operative
time, donor-site morbidity, the need for a second surgical site,
and limited harvest volume—particularly problematic in pedi-
atric patients and large defects. [l As a result, the orthopedic
community has explored alternative bone substitutes, includ-
ing allografts, xenografts, and synthetic materials.

Most non-autogenous bone substitutes have no osteoinduc-
tive effect and may result in non-union or delayed union. Bio-
active glass (BG), however, is a synthetic graft that possesses
osteoinductive, osteoconductive, and antimicrobial proper-
ties, making it a promising solution for bone defects across
age groups.*4

The purpose of this study is to evaluate the clinical and radio-
logical outcomes, as well as potential complications, associ-
ated with the use of BG in bone defects following curettage of
benign and benign-aggressive bone tumors.

MATERIALS AND METHODS

This retrospective single-center study included patient re-
cords between 2004 and 2023. Institutional Review Board
(IRB) approval was obtained (IRB file date and number:
06/25//2025 - E-10840098-202.3.02-3962). This study was
conducted in accordance with the Declaration of Helsinki.
Informed consent was obtained from all patients or their le-
gal guardians.

A total of 77 patients underwent curettage and BG grafting
for benign bone tumors. Ten patients were lost to follow-up,
and three patients were excluded due to intraoperative suspi-
cion of malignancy confirmed by frozen section. Only patients
who received BG as the sole grafting material were included.
The final cohort comprised 64 patients who underwent 7|
surgical procedures. Descriptive statistics are presented in
Table I.

All surgeries were performed by the same two orthopedic
surgeons (AS and LE). The surgical approach typically involved
creating a cortical window to access the lesion. Curettage
was performed using a high-speed burr, followed by chemical
cauterization with 5% phenol. After thorough irrigation, the
cavity was filled with BG granules. The cortical window was
replaced, and fixation was performed using plates or intra-
medullary nails when cortical support was insufficient. Case
examples for the tibia, femur; and humerus are shown in Fig-
ures I, 2, and 3.

All patients underwent preoperative magnetic resonance im-
aging (MRI) and biopsy. Follow-up assessments occurred at 6
weeks, 3 months, | year, and up to 3 years postoperatively.
Functional outcomes were evaluated using the Musculoskel-
etal Tumor Society (MSTS) score (range 0-30), and radio-
logical healing was assessed with the Neer cyst classification.
Standard biplanar radiographs were obtained at each visit.

The MSTS scoring system evaluates patients functionally and
ranges from 0 to 30 points, with 0 indicating total functional
loss and 30 indicating no functional impairment.’! The Neer
radiographic classification system evaluates bone healing in
four categories: healing, healing with defect, persistent cyst,
and recurrent cyst (Table 2).[5

Statistical Analysis

All statistical analyses were performed using IBM SPSS Sta-
tistics for Windows, Version 22.0 (IBM Corp., NY, USA).
Descriptive statistics were used to summarize patient demo-
graphics, lesion characteristics, and clinical outcomes. Con-
tinuous variables were presented as means with standard
deviations and ranges. To evaluate the change in functional
outcomes, a paired-sample t-test was used to compare pre-
operative and postoperative Musculoskeletal Tumor Society
scores. A p-value of less than 0.05 was considered statistically
significant.

Table 2. Neer cyst classification

Category Description Details

A Healed Cyst filled with new bone with small radiolucent area (<I| cm)

B Healed with Defect Radiolucent area (<50% diameter) with sufficient cortical thickness

C Persistent Cyst Radiolucent area (>50% diameter) with thin cortical rim

D Recurrent Cyst Cyst reappears in the obliterated area or increased residual radiolucent area
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Table 3. Characteristics of the lesions
N %

Location
Humerus 18 25.35
Radius-Ulna 4 5.63
Hand 3 4.22
Femur 21 29.57
Tibia 6 8.45
Foot-Ankle 11.26
Other I 15.49

Type of Lesion
Unicameral Bone Cyst 22 30.98
Aneurysmal Bone Cyst 13 18.3
Chondroblastoma 5 7.04
Enchondroma 6 8.45
Non-Ossifying Fibroma (NOF) 8 11.26
Fibrous Dysplasia 7 9.85
Langerhans Cell Histiocytosis 4 5.63
Intraosseous Lipoma 3 4.22
Desmoplastic Fibroma | 1.41
Osteoblastoma | 1.41
Spindle Cell Tumor | 1.41

RESULTS

The study included 64 patients (45 males, 19 females). The
mean age was 19.1£13.3 years (range: 3.4-65.2). The mean
follow-up period was 25.0+12.6 months (range: 12-72
months). A total of 71 surgeries were conducted at the final
follow up; one patient had three surgeries for recurrence of
unicameral bone cysts; three patients had two surgeries for
recurrence of bone cysts; and two patients had two surgeries
for different types of tumors and different locations.

The femur and humerus were the most commonly affected
bones. The most frequent lesion types were unicameral bone
cysts and aneurysmal bone cysts, followed by non-ossifying
fibromas (Table 3).

Functional outcomes were evaluated with MSTS and showed
significant improvement at the final follow-up. Preoperative
and postoperative MSTS scores were 17.6+4.8 vs. 28.1112.0,
respectively (p<0.05) (Table 4). Radiographic evaluation using
the Neer classification indicated high union rates, with most
cases classified as healed or healed with defect (Table 4).

The main undesirable complication was recurrence of the
tumor, which required reoperation. Five operations in four
patients were performed for recurrence. All four patients had
fair results, and no recurrence was seen after reoperation
during the follow-up period. The most common complication
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Table 4. Outcomes and complications of curettage and
bioactive glass (BG) treatment
Outcomes MeantSD P!
MSTS
Preoperative 17.6+4.8 <0.05
Postoperative 28.11+2.0
N %
Neer Cyst Classification
| 38 535
2 20 28.17
3 9 12.67
4 4 5.63
MeantSD Min-Max
Osseointegration seen on 4.3+0.8 3-6
X-ray (months)
Complications Present Absent
Recurrence 5 66
Postoperative Fracture 9 62
Surgical Site Infection 4 67

P' Paired-sample t-test.

was fracture, which occurred in nine patients (Table 4). Surgi-
cal site infection was seen in four patients and treated with
oral antibiotics. No deep infections or graft-related adverse
effects were reported.

DISCUSSION

This study demonstrates that BG is an effective alternative
to autografts and other allograft options in the management
of benign bone tumors. Its osteoconductive, osteoinductive,
and antimicrobial properties contribute to favorable clinical
and radiological outcomes, especially in cases of benign and
benign-aggressive bone tumors.

For over ten decades, many surgeons have searched for an
appropriate bone substitute material.”) The main aim has
been to find an alternative material to autogenous bone that
mimics the same features of osteoinduction and osteocon-
duction, since the harvesting of autogenous bone has many
disadvantages. Hench et al.l'” introduced BG in 1967, propos-
ing that glass containing calcium and phosphorus could be
biocompatible in bone defects.

Bioactive glass has a slow resorption rate.l'l Autogenous
bone grafts, in contrast, diminish more rapidly than BG, and
their osteoconductive features may disappear in the short
term. Lindfors et al.l'"7 compared BG and autograft and dem-
onstrated a significant difference at 12 and 24 months in terms
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of cavity volume. The granules of BG disappear gradually by
surface reaction and osteoclastic activity, generally within |-4
years depending on the cavity size.l'J There is also evidence
of the osteoinductive capacity of BG when used alone.!*!3]
In conclusion, the long-term osteoconductive effect of BG
may influence and improve its osteoinductive capacity during
that period.

In our study, BG showed no resorption during the median
25-month follow-up period in any patient. This suggests that
BG granules consistently support bone defects from the time
of surgery through at least the second year.

In addition to its bone-healing properties, BG offers resis-
tance to infection, which is particularly beneficial in contami-
nated bone defects or compromised surgical fields. The an-
timicrobial feature of BG is a unique property among bone
grafting materials and can also be used in contaminated bone
defects.>*!¢'8 Studies have demonstrated that BG is a well-
tolerated graft option with a lower risk of infections, and no
material-related adverse effects have been observed during
or after clinical use.['*!92]

Deep infection requiring surgical intervention or debridement
was seen in none of the patients in our study cohort. Even
though benign bone tumors are considered sterile lesions,
the absence of postoperative deep infection in this study may
be attributed to the antimicrobial feature of BG.

Another advantage of BG is that it can be used with good
results even in children, without disturbing the remodeling
capacity of the bone.!'] Most benign bone cysts and tumors
are treated in childhood. Younger children may not be suit-
able for autograft options due to the limited harvesting capac-
ity of autografts.

In our study, participants were mostly below the age of 18,
with the minimum age being 3.4 years. Results demonstrate
that even in children, BG has high union rates with no or
minimal complications. Therefore, BG should be considered
an alternative to autograft, especially at early ages.

The advantage of dissolution over long periods may become
a disadvantage in some cases. BG is not suitable for clinical
application if the applied region must be operated on within a
short period after the primary operation, especially if drilling
is needed.

Bioactive glass resembles other types of glass in terms of me-
chanical strength. It is fragile, rigid, and mechanically weak.
Due to BG’s mechanically weak structure, in cases with insuf-
ficient cortical support, osteosynthesis may be required at
the end of the procedure.

Most of our cases underwent only curettage and grafting
with BG. A limited number of cases had insufficient cortical
support, which required osteosynthesis. Only four patients
experienced tumor recurrence, which did not require any im-
plantation before or after the recurrence. It should be noted
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that if there is a high risk of recurrence and/or a need for
implantation after the primary surgery may arise, BG should
be considered a second choice.

Our study has several limitations. The retrospective design
of the study introduces selection bias and limits control over
the cohort. Even though all patients had benign bone le-
sions, the types of lesions and their locations varied and may
have affected the results with different recurrence rates and
complications. Another main limitation of our study is the
heterogeneity of age, which potentially influenced the union
rate and union period. Lastly, the median two-year follow-up
period may not demonstrate long-term complications, espe-
cially recurrence of the lesion.

CONCLUSION

In conclusion, BG has many advantages over autograft and
other non-autogenous graft options. Our study demonstrat-
ed fair results with high union rates and MSTS scores post-
operatively, along with low recurrence rates. Especially in the
younger population, BG is a safe and reliable bone grafting
option that should be considered in benign bone defects.
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ORIJINAL CALISMA - 0Z

Iyi huylu kemik tiimérlerinin tedavisinde biyoaktif camin klinik ve radyolojik sonuglart: 64
vakanin retrospektif caligmasi

AMAG: lyi huylu ve agresif iyi huylu kemik timérleri, metastatik olmasalar da agri, kirik riski veya fonksiyonel bozukluk nedeniyle cerrahi miidahale
gerektirebilir. Bu olgularda cerrahi tedavi sirasinda kemik grefti kullanilabilir. Otogreftler altin standart olarak kabul edilse de, 6zellikle pediatrik has-
talarda dezavantajli olabilir. Biyoaktif cam (BG), bu gibi durumlarda uygulanabilir bir alternatif olarak 6ne gikmaktadir. Bu galismada, iyi huylu kemik
tiimorlerinin tedavisinde BG'nin klinik ve radyolojik sonuglari degerlendirildi.

GEREC VE YONTEM: Bu retrospektif, tek merkezli calismada 2004-2023 yillari arasinda iyi huylu kemik tiimérleri igin kiiretaj ve BG grefti ile tedavi
edilen 64 hasta (7| cerrahi islem) incelendi. Fonksiyonel sonuglar Musculoskeletal Tumor Society Score (MSTS) ile, radyolojik iyilesme ise Neer
siniflandirmasi ile degerlendirildi.

BULGULAR: Ortalama takip stiresi 25.0%12.6 aydi. MSTS skorlarinda anlamli iyilesme saptandi (17.6£4.8'den 28.1£2.0’a; p<0.05). Neer sinif-
landirmasina gore yiiksek kaynama oranlari elde edildi. Komplikasyonlar arasinda 4 hastada (5 cerrahi islemde) timor niiksu, 9 hastada kirik ve 4
hastada yiizeyel enfeksiyon gézlendi. Derin enfeksiyon veya materyale bagli baska olumsuz bir sonug bildirilmedi.

SONUC: BG, ozellikle otogreft seceneklerinin sinirli oldugu pediatrik popiilasyonda, iyi huylu kemik defektlerinin tedavisinde glivenli ve etkili bir
greft alternatifidir. Osteokonduiktif &zellikleri, enfeksiyon direnci ve kemik remodelingi ile uyumlulugu sayesinde geleneksel greftleme tekniklerine
gliclii bir segenek olusturmaktadir.

Anahtar sozclikler: Biyoaktif cam; gocuk kemik timérleri; iyi huylu kemik timaori.
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