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INSTRUCTIONS FOR AUTHORS

Haydarpaşa Numune Medical Journal - Haydarpasa Numune Med J (formerly: Haydarpaşa Nu-
mune Eğitim ve Araştırma Hastanesi Tıp Dergisi) is a double-blind peer-reviewed, and open-ac-
cess journal. The journal aims rapid publication of papers in all fields of the medical sciences on a 
regular basis. Haydarpaşa Numune Med J publishes original papers of experimental and clinical 
research, reviews, case reports, and articles on the current issues of medicine.

Four issues are released every year in March, June, September, and December. The language of 
publication is English. Only manuscripts prepared in English are accepted for publication in our 
journal. Free full-text articles are available at www.hnhtipdergisi.com.

EDITORIAL POLICY

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

Submission is a representation that neither the manuscript nor its data have been previously 
published (except abstracts and press reports published in connection with scientific meetings) 
or are currently under consideration for publication.

Materials copied from other sources must be accompanied by a written statement from both 
author and publisher giving permission to Haydarpaşa Numune Med J for reproduction. It is 
the author's responsibility to ensure that permissions are obtained. The differences between the 
papers should be explained in detail.

Ethics committee approval of research protocols in accordance with international agreements 
(World Medical Association Declaration of Helsinki “Ethical Principles for Medical Research In-
volving Human Subjects,” amended in October 2013, www.wma.net) is required for experimen-
tal, clinical, and drug studies, and for some case reports. If required, ethics committee reports or 
an equivalent official document will be requested from the authors. For manuscripts concerning 
experimental research on humans, a statement should be included indicating that the written, 
informed consent of patients and volunteers was obtained following a detailed explanation of 
the procedures that they might undergo. For studies carried out on animals, the measures taken 
to prevent pain and suffering of the animals should be stated clearly. Information on patient con-
sent, the name of the ethics committee, and the ethics committee approval number should also 
be stated in the Materials and Methods section of the manuscript. It is the authors’ responsibility 
to carefully protect the patients’ anonymity. If there is a chance that a patient may be identified 
from a photograph or other image, or any accompanying text, releases signed by the patient or 
their legal representative should be enclosed. Identifying images should also be anonymized.

All submissions are screened with similarity detection software (iThenticate by Turnitin).

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

AUTHORSHIP CRITERIA

Haydarpaşa Numune Med J follows the authorship criteria developed by the International Com-
mittee of Medical Journal Editors. All persons designated as authors should qualify for author-
ship, and all those who qualify should be listed. Each author should have participated sufficiently 
in the work to take public responsibility for appropriate portions of the content. One or more 
authors should take responsibility for the integrity of the work as a whole, from inception to 
published article.

Authorship credit should be based only on; (1) substantial contributions to conception and 
design, or acquisition of data, or analysis and interpretation of data, (2) drafting the article or 
revising it critically for important intellectual content, and (3) final approval of the version to 
be published. Conditions 1, 2, and 3 must all be met. Acquisition of funding, the collection of 
data, or general supervision of the research group, by themselves, do not justify authorship. All 
others who contributed to the work who are not listed as authors should be named in the ac-
knowledgments, and their contribution should be described. Authorship of multicenter trials is 
attributed to a group. All members of the group who are named as authors should fully meet the 
above criteria for authorship. Group members who do not meet these criteria should be listed, 
with their permission, in the acknowledgments. Financial and material support should also be 
acknowledged.

All statements and opinions expressed in the manuscripts published in Haydarpaşa Numune 
Med J reflect the views of the author(s). All liability for the advertisements rests with the appro-
priate organization(s). The Editor-in-Chief, and Kare Media do not accept any responsibility for 
claims made in articles or advertisements.

ARTIFICIAL INTELLIGENCE (AI)-ASSISTED TECHNOLOGY

At submission, the journal should require authors to disclose whether they used artificial intelli-
gence (AI)-assisted technologies (such as Large Language Models [LLMs], chatbots, or image cre-
ators) in the production of submitted work. Authors who use such technology should describe, 
in both the cover letter and the submitted work, how they used it. Chatbots (such as ChatGPT) 
should not be listed as authors because they cannot be responsible for the accuracy, integrity, and 
originality of the work, and these responsibilities are required for authorship. Therefore, humans are 
responsible for any submitted material that included the use of AI-assisted technologies. Authors 

should carefully review and edit the result because AI can generate authoritative-sounding output 
that can be incorrect, incomplete, or biased. Authors should not list AI and AIassisted technologies 
as an author or co-author, nor cite AI as an author. Authors should be able to assert that there is no 
plagiarism in their paper, including in text and images produced by the AI. Humans must ensure 
there is appropriate attribution of all quoted material, including full citations.

COPYRIGHT STATEMENT

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

FEES

There is no fee for our standard article submission and publication process. Articles are reviewed 
and accepted articles are scheduled for publication.

POLICY OF SCREENING FOR PLAGIARISM

The manuscripts are scanned by the Publisher’s Office using the iThenticate program for deter-
mination of plagiarism and non-ethical situations.

OPEN ACCESS

Haydarpaşa Numune Medical Journal is an open access journal which means that all content 
is freely available without charge to the user or his/her institution. Users are allowed to read, 
download, copy, distribute, print, search, or link to the full texts of the articles, or use them for 
any other lawful purpose, without asking prior permission from the publisher or the author. This 
is in accordance with the BOAI definition of open access.

COMMONS USER LICENSES

Creative Commons Attribution-NonCommercial (CC BY-NC) For non-commercial purposes, lets 
others distribute and copy the article, and to include in a collective work, as long as they credit 
the author(s) and provided they do not alter or modify the article.

REVIEW PROCESS

The journal aims at rapid publication of the submitted manuscripts. Haydarpaşa Numune Med J 
promotes expert refereeing by peers as a tried and true method for the maintenance of standards 
of excellency in the scientific community. All papers are double blind peer-reviewed to determine 
the originality, validity and importance of content and conclusions. Manuscripts will be reviewed 
by two external reviewers for content, originality, importance to the field, appropriateness of sta-
tistical analysis, and derivation of conclusions. In the case of discrepancies between peer reviewers, 
the manuscript would be sent to a third reviewer. All reviewers remain anonymous. Final decision 
regarding the acceptance of the submitted articles belong to editor-in-chief.

All reviews will be completed within one month of submission to the journal. Authors will be sent 
reviewers comments that are judged to be useful to them. In principle, the instructions, objections 
and requests made by the reviewers should be strictly followed. With revised form of manuscript, 
the authors should state clearly and precisely every step taken in accordance with the reviewers' 
requests. The description should be listed on a numbered basis, in the order of reviewers' com-
ments. Altered paragraphs in the new version of the manuscript should be specified using page 
and paragraph numbers. Paragraph on top of a page is considered no 1, even if it does not begin 
on that page.

All manuscript submissions are encouraged to be submitted electronically to www.hnhtipdergisi.
com. Along with revised form, the accepted paper in its final form also should be sent to www.
hnhtipdergisi.com.

SUBMISSION OF THE MANUSCRIPTS

Authors are required to submit the following:

•	 Copyright Transfer Form,
•	 Author Contributions Form, and
•	 ICMJE Potential Conflict of Interest Disclosure Form (should be
completed by all contributing authors) at the time of the initial submission.

All correspondence will be sent to the first-named author unless otherwise specified. Corre-
sponding author is expected to provide an e-mail address for all further correspondence. Papers 
should be accompanied by a cover letter indicating that the paper is intended for publication 
and specifying for which section of the Journal it is being submitted (i.e., original article, review 
article, or case report etc). Authors will be notified of the receipt of their paper and the number 
assigned to it. The number should be included in all further correspondence.
Authors should note, however, that manuscripts may be returned after initial review by the edi-
torial office if the paper is deemed unlikely to be reviewed favorably by virtue of size restrictions 
and/or general interest for the readership. This rapid rejection process enables the author to 
promptly submit for publication elsewhere.

Preparation of the Manuscript
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order of their first mention in the text. All text material, including references, footnotes, and 
table and figure legends, should be typed using double-spacing in an 11 point font with left 
alignment and without hyphenated line breaks. The fonts Times New Roman or Arial should be 
used in the text, for symbols, and all other special characters. Please use the editing features of 
your word processing program to type bold or italic letters, mathematical symbols, Greek letters, 
subscript and superscript characters. Please take care not to confuse the letters O and I with the 
numerals 0 and 1. To set a left indent for a paragraph, click the TAB button once. Only the Inter-
national System of Units (SI) should be used for units of measurement. Please review the final 
version of the manuscript very carefully, especially for formatting and editing errors. Please note 
that American English spelling and terminology should be used in the manuscripts.

All pages of the manuscript should be consecutively numbered starting from the title page 
(page 1, title page; page 2, Turkish abstract (Turkish authors only); page 3, English abstract, etc.). 
Page numbers should be indicated on the upper right-hand corner of each page. The final elec-
tronic version of the manuscript should be in “.doc”, “docx” or “.rtf” format.

Title page: A separate title page should be submitted with all manuscripts and this page should 
include:

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

2.	 Name, affiliation(s), ORCID ID, and highest academic degree(s) of the author(s),
3.	 Details of any grant or other sources of support,
4.	 Name, address, telephone (including mobile phone number) and fax numbers, and email 

address of the corresponding author,
5.	 Acknowledgment of the individuals who contributed to the preparation of the manu-

script but who do not fulfill authorship criteria.

Abstract: An abstract should be submitted with all manuscripts with the exception of Letters 
to the Editor. The abstract of an Original Article should be structured with subheadings (Objec-
tive, Methods, Results, and Conclusion). All acronyms and abbreviations used in the manuscript 
should be defined at first use, both in the abstract and in the main text. The abbreviation should 
be provided in parentheses following the definition. 

Please refer to Table 1 below for word count specifications.

Keywords: Each submission must be accompanied by a minimum of three to a maximum of six 
keywords at the end of the abstract to be used for subject indexing. The keywords should be list-
ed in full without abbreviations. The keywords should be selected from the National Library of 
Medicine, Medical Subject Headings database (https://www.nlm.nih.gov/mesh/MBrowser.html).

Introduction: State the specific purpose and available data relevant to the study.

Methods: All methods used to select participants and conduct the study should be described 
in detail. Known methods should be cited. Novel or modified methods used should be de-
scribed in detail. Doses, concentrations, routes, and duration of administration of drugs and 
chemical agents should be indicated. A concise report of all statistical methods used for sum-
marizing available data and for testing the proposed hypothesis should be provided under a 
subtitle, including the p value criteria determined for statistically significant difference. Statis-
tical evaluation conducted should be explained in detail. Standard statistical methods should 
be used as much as possible. If rarely employed or novel statistical methods were used, then 
the relevant references should be cited. When necessary, more detailed explanations about 
unusual, complex, or new statistical methods can be provided in separate files for readers as 
online supplementary data. When a trademarked drug, product, hardware, or software pro-
gram is mentioned within the main text, product information, include the name of the prod-
uct, the manufacturer of the product, and the city and the country of the company headquar-
ters (including the state if in USA), should be provided in parentheses in the following format: 
“Discovery St PET/CT scanner (General Electric, Milwaukee, WI, USA). The recommendations in 
the statistics section of the “Uniform Requirements for Manuscripts Submitted to Biomedical 
Journals: Writing and Editing for Biomedical Publication” (http://www.ICMJE.org) should be 
taken into consideration.

Results: The study results should be presented in logical sequence and in detail. The findings 
should be supported by figures and tables. Information given in figures and tables should not 
be repeated in the text unless absolutely required.

Discussion: Data relevant to the study subject matter should be examined, evaluated, and sub-
stantiated with references from domestic and international sources. General information irrele-
vant or superfluous to the report should not be included.

Acknowledgement: The names of individuals who contributed to the study but who fail to 
meet the criteria of authorship should be mentioned in this section. The written consent of all 
individuals mentioned should be obtained.

Manuscript Types

Haydarpaşa Numune Med J publishes the types of articles briefly described below.

Research Articles: This is the most important type of article, since it provides new information 
based on original research. The main text of original articles should be structured with an In-
troduction, Methods, Results, Discussion, Conclusion, and References subheadings. Please see 
Table 1 for limitations for Research Articles.

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

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

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

Review Articles: Reviews prepared by authors who have extensive knowledge of a particular 

field and whose scientific background has been translated into a large volume of publications 
with a high citation potential are welcomed. Submissions from such authors may also be invited 
by the journal. Reviews should describe, discuss, and evaluate the current level of knowledge 
of a topic in clinical practice and should guide future studies. The main text should include an 
Introduction, Clinical and Research Consequences, and Conclusion sections. Please refer to Table 
1 for the limitations for Review Articles.

Case Reports: There is limited space for case reports in the journal and reports on rare cases or 
conditions that constitute challenges in diagnosis and treatment, those offering new therapies 
or revealing knowledge not included in the literature, and interesting and educative case re-
ports are accepted for publication. The text should include an Introduction, Case Presentation, 
and Discussion subheadings. Interesting and unusual images are an advantage in the evaluation 
process. Please see Table 1 for the limitations for Case Reports. 

Tables

Tables should be included in the main document, presented after the reference list, and they 
should be numbered consecutively in the order they are referred to within the main text. A de-
scriptive title must be placed above each table. Abbreviations used in the table should be de-
fined below the table by footnotes (even if they are defined within the main text). Tables should 
be created using the word processing software  “insert table” command and they should be 
arranged clearly to provide easy reading. Data presented in tables should not be a repetition of 
the data presented within the main text but should support the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted as separate files (in TIFF or JPEG for-
mat) through the submission system. The files should not be embedded in a Word document 
or the main document. When there are figure subunits, the subunits should not be merged 
to form a single image. Each subunit should be submitted separately through the submission 
system. Images should not be labeled (a, b, c, etc.) to indicate figure subunits. Thick and thin 
arrows, arrowheads, stars, asterisks, and similar marks may be used on the images to support 
the figure legends. Like the rest of the submission, the figures should also be blind. Any infor-
mation within the images that may identify an individual or institution should be anonymized. 
The minimum resolution of each submitted figure should be 300 DPI. To prevent delays in 
the evaluation process, all submitted figures should be clear in resolution and large in size 
(minimum dimensions: 100 × 100 mm). Figure legends should be listed at the end of the main 
document. 

References

References are numbered and listed by their order of appearance in text; the text citation is fol-
lowed by the appropriate reference number in parentheses. References should be restricted to 
closely pertinent material. Accuracy of citation is the author's responsibility. References should 
conform exactly to the original spelling, accents, punctuation, etc. All references should be cited 
inside the text.

The reference styles for different types of publications are presented in the following examples.

Journal Article: 

Marshall RD, Stein DJ, Liebowitz MR, Yehuda R.; A pharmacotherapy algorithm in the treatment 
of PTSD. Psychiatric Annuals 1996;26:217–26.

Book Section: 

Author. Title. In: Editor, `editor`.^`editors`. Book Title. Edition ed. Place Published: Publisher; Year. 
p. Pages.

Philips SJ, Whisnant JP. Hypertension and Stroke. In: Laragh JH, Brenner BM (editors). Hyper-
tension pathophisiology, diagnosis, and management. 2nd ed. New York: Raven Press, 1995: 
465–78.

Books with a Single Author: 

Author. Title. Edition ed. Place Published: Publisher; Year.

Sweetman SC. Martindale the Complete Drug Reference. 34th ed. London: Pharmaceutical Press; 
2005.

Conference Proceedings: 

Author. Title. In: Editor, `editor`.^`editors`. Conference Name; Year of Conference Date; Confer-
ence Location: Publisher; Year of Conference|. p. Pages.

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

Scientific or Technical Report: 

Author. Title. Type. Place Published: Institution; Year Date. Report No.: Report Number.

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

Table 1. Limitations for each manuscript type

Type of manuscript	 Word limit	 Abstract word limit	 Reference limit	 Table limit	 Figure limit

Original Article	 3500	 350	 40	 6	 6
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Electroencephalography (EEG) is a crucial laborato-
ry tool in diagnosing epilepsy, classifying patients 

with a confirmed epilepsy diagnosis, selecting appropri-
ate treatment, determining prognosis, and monitoring 
disease progression [1]. The gold standard laboratory 
method for diagnosing epilepsy is long-term video EEG 
monitoring, which is particularly recommended when 
antiseizure medications fail, and seizures persist [2]. 
However, this method is neither practical nor cost-effec-
tive for every patient presenting with epileptic seizures 
in an outpatient setting. Therefore, routine (standard) 
EEG is preferred. Routine EEG is the simplest and most 

affordable EEG test, typically lasting 20–30 min. Its pri-
mary purpose in epilepsy diagnosis is to detect interictal 
epileptic discharges (IEDs). Standard activation methods 
which enhance the likelihood of capturing IEDs or even 
seizures are often employed. The most commonly used 
activation methods include photic stimulation, hyper-
ventilation, and sleep deprivation (staying awake until 
late the previous night) [3].

Sleep and sleep deprivation are frequently utilized acti-
vation techniques in epilepsy assessments. Sleep EEG ex-
aminations in epilepsy patients aim to observe seizures, 
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determine seizure type, identify the epileptic focus, and 
analyze when epileptic activity intensifies during sleep 
[4]. Studies have consistently demonstrated an increase in 
detecting epileptic discharges during sleep. It has been 
reported that both sleep deprivation and sleep itself can 
trigger seizures in epilepsy patients, with the majority 
occurring during sleep, particularly in the Non-Rapid Eye 
Movement phase [5-8]. This study aims to assess the in-
creased detection rate of pathological activity in patients 
with normal routine EEGs by analyzing their sleep EEG re-
cordings.

Materials and Methods
This study retrospectively initially analyzed sleep EEG re-
cordings of 251 patients aged 18–70 years who underwent 
EEG at the EEG Laboratory of Haydarpaşa Numune Train-
ing and Research Hospital between January 01, 2022, and 
January 01, 2023. The inclusion criteria required both sleep 
EEG and prior normal routine EEG recordings in the data-
base. The patients included either had a confirmed epilep-
sy diagnosis or were suspected of having epilepsy. Patients 
were excluded if their previous routine EEG recordings 
were unavailable in the hospital database, if the sleep EEG 
recording was technically inadequate or incomplete, or if 
essential clinical data were missing. In addition, patients 
who did not or could not provide informed consent were 
excluded.

EEG recordings were performed using silver cup elec-
trodes affixed to the scalp with conductive paste, follow-
ing the 10–20 electrode placement system. Data acqui-
sition was conducted with Nicolet EEG, Nicolet Ver. 5.11 
equipment (Natus Neurology Incorporated, Middleton, 
WI, USA) using a 0.5 Hz high-pass, 70 Hz low-pass, and 
50 Hz notch filter. Routine EEG recordings lasted 30 min, 
while sleep EEG recordings lasted 60 min. Activation pro-
cedures included repeated eye opening and closing, hy-
perventilation, and intermittent photic stimulation at fre-
quencies ranging from 5 Hz to 30 Hz, first with eyes open 
and then closed for 5 s. Patients were required to undergo 
24 h of sleep deprivation before sleep EEG recordings. All 
EEG recordings were independently reviewed by two ex-
perienced neurologists specialized in clinical neurophys-
iology, and discrepant interpretations were resolved by 
consensus.

The patients’ gender, epilepsy diagnosis status, and use of 
antiseizure medication were recorded. Pathological EEG 
findings were categorized into four groups: organization 
disorder, slow-wave paroxysm, focal epileptiform dis-
charge, and generalized epileptiform discharge.

Ethical approval for the study was granted by the ethics 
committee on September 25, 2023, with the decision num-
ber HNEAH-KAEK 2023/175, in accordance with the ethical 
standards of the Declaration of Helsinki.

Statistical Analysis

For data analysis, the Statistical Package for the Social Sci-
ences version 25 was used. Descriptive statistics were per-
formed, and categorical variables were expressed as per-
centages.

Results
A total of 251 sleep EEG recordings were reviewed. Of these, 
90 patients were excluded due to the unavailability of pre-
vious routine EEG recordings in the hospital database. An 
additional 23 patients were excluded because of incom-
plete clinical data, technically inadequate EEG recordings, 
or lack of informed consent. 

The final study cohort consisted of 138 patients, includ-
ing 70 female patients (50.8%). The mean age of the 
study population was 38.41±16.97 years. Among these, 
26 (18.8%) exhibited pathological findings. Of the 26 
patients with pathological sleep EEGs (13 females-50%, 
mean age: 34.42±16.05), 23 (88.5%) had a confirmed 
epilepsy diagnosis, and 21 (80.8%) were using antisei-
zure medication. The distribution of pathological EEG 
findings was as follows: organization disorder in 5 cas-
es (19.2%), nonspecific slow-wave paroxysms in 7 cases 
(26.9%), focal epileptiform discharges in 6 cases (23.1%), 
and generalized epileptiform discharges in 8 cases 
(30.8%), as shown in Figure 1. Demographic and clinical 
characteristics of the study population are presented in 
Table 1.

Table 1. Demographic and clinical characteristics of the study 
population

Mean±Standard deviation or 
number (%) or ratio

Total cohort (n=138)

Age (years) 38.41±16.97

Sex=Female:Male ratio 70:68

Pathological sleep electroenceph-
alography (n=26)

Age (years) 34.42±16.05

Sex=Female:Male ratio 13:13

Confirmed epilepsy diagnosis 23 (88.5)

Antiseizure medication use 21 (80.8)
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Discussion
EEG records cerebral bioelectrical activity through elec-
trodes placed on the scalp and is the most significant lab-
oratory tool for epilepsy diagnosis, seizure classification, 
and patient monitoring [1-4]. The detection rate of interictal 
pathology using EEG ranges between 19% and 84% [9]. A 
clinical study conducted in a neonatal population reported 
that only 48 (27%) of 177 clinically suspected seizure epi-
sodes had a corresponding electrographic seizure [10].

Routine EEG has an initial sensitivity of approximately 50%, 
which increases to 82–92% with repeated studies [11,12]. 
Extended EEG recordings can further enhance sensitivity. 
One study found that only 36% of patients exhibited IEDs 
within the first 20 min of long-term EEG monitoring, where-
as 89% exhibited IEDs within the first 24 h [13]. Another 
study comparing repeated 30-min EEGs with extended 2-h 
EEGs found similar diagnostic accuracy in patients with 
previously normal routine EEGs [14]. In the present study, 
neither repeated routine EEG nor prolonged awake EEG 
was requested for patients with normal routine EEGs.

Sleep recordings play a crucial role in epilepsy diagnosis, 
particularly for patients with suspected epilepsy. EEG re-
cordings after sleep deprivation or during sleep are fre-
quently employed. Various activation methods are used to 
enhance the detection of epileptic pathology [15]. Numer-
ous studies have demonstrated that sleep EEG recordings 
significantly improve diagnostic accuracy by triggering ep-
ileptiform discharges when routine awake EEG results are 
normal or inconclusive [4,5,6,7,16,17]. In this study, retrospec-
tive evaluation of sleep EEGs recorded within previously 
specified timeframe revealed that clinicians often opted for 
sleep EEG as a secondary diagnostic tool following normal 
routine EEG results.

A study by Meritam et al. [18] in 2018 reported abnormal 
findings in the sleep EEG recordings of 35 out of 156 pa-
tients (22%) with normal routine EEGs. Another study found 
IEDs in 41.1% of routine EEGs and 56.2% of all-night sleep 
EEGs [17]. Pratt et al. [19] examined 14 epilepsy patients with 
normal EEGs and identified pathology in 41% of patients 
after performing a second EEG recording following 24–26 
h of sleep deprivation. Similarly, Bechinger et al. [20] found 
an activation rate of 37%, Scollo-Lavizzari et al. [21] reported 
47%, Roby et al. [22] found 33%, Schwarz and Zangemeis-
ter [23] reported 38%, Arne-Bes et al. [24] found 41%, and 
Degen et al. [25] observed 57%. Rodin et al. [9] summarized 
a literature review indicating an activation incidence of ap-
proximately 45% following sleep deprivation. In this study, 
18% of patients with normal routine EEGs exhibited patho-
logical findings in their sleep EEGs. Among those with 
pathological findings, 88.5% had epilepsy, and 80.8% were 
on antiseizure medication.

The discrepancy between our findings and those reported 
in the literature regarding the detection of pathological 
sleep EEG findings may be attributed to the inclusion of not 
only epilepsy-diagnosed patients but also those suspect-
ed of having epilepsy, the relatively short duration of sleep 
EEG recordings compared to certain studies, and possibly 
insufficient selectivity during the sleep EEG request pro-
cess. Previous work has also emphasized that the clinical 
utility of EEG depends strongly on appropriate patient se-
lection and indication, which may partly explain differenc-
es in diagnostic yield across cohorts and settings [26].

In the literature, EEG recordings during sleep, wakefulness, 
and combined wakefulness and sleep have been compara-
tively evaluated. Some studies have classified patients un-
dergoing sleep EEG based on epilepsy type and analyzed 
IEDs according to these classifications [5,6,7,18,27-30]. 

Figure 1. Pie of pie chart: Distribution of Sleep electroencephalography (EEG) recordings and distribution of pathological EEG results.
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Limitation

Limitations of the study include its single-center design 
and retrospective nature. Increasing the sample size and 
conducting subgroup analyses based on factors such as 
seizure type and antiseizure medication use could yield 
more robust and high-quality results.

Conclusion
The findings of this study suggest that in patients suspected 
of epilepsy based on clinical history, performing an EEG after 
24 h of sleep deprivation, incorporating both wakefulness 
and sleep recordings, may be a more practical and time-ef-
ficient approach for detecting pathology and guiding treat-
ment compared to routine EEG. By incorporating sleep EEG 
into routine diagnostic algorithms, clinicians can increase 
diagnostic accuracy, enhance early intervention strategies, 
and improve individualized treatment approaches, especial-
ly in patients who experience nocturnal seizures, those with 
a high clinical suspicion of epilepsy, drug-resistant epilepsy 
patients, and those in whom routine EEG is inconclusive.
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Tobacco use continues to be the primary cause of prevent-
able morbidity and mortality globally [1]. This study aims 

to examine the factors affecting smoking cessation success 
and evaluate the effectiveness of different treatment proto-
cols. The factors influencing smoking cessation success were 
evaluated under three main categories: descriptive charac-
teristics, psychological characteristics, and pharmacological 
treatments applied. This study aims to explore the underly-

ing causes of tobacco addiction, identify factors that facili-
tate or hinder smoking cessation, and evaluate the effective-
ness of various treatment approaches.

Materials and Methods

This descriptive, cross-sectional study was conducted be-
tween March 15 and June 15, 2019, following ethics com-
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mittee approval. The study was approved by the Ethics 
Committee of Haydarpasa Numune Training and Research 
Hospital (approval date: March 18, 2019; decision number: 
HNEAH-KAEK 2019/29 [HNEAH KAEK 2019/KK/29]). The 
study was carried out in accordance with the ethical prin-
ciples of the Declaration of Helsinki. A total of 210 patients 
who visited a smoking cessation outpatient clinic were en-
rolled, with 181 completing a 3-month follow-up. Exclusion 
criteria included psychiatric disorders, smoking duration 
under 2 years, and age under 18 or over 70.

Data were collected through face-to-face interviews using 
a structured demographic form, the Hospital Anxiety and 
Depression Scale (HADS), the Generalized Self-Efficacy Scale 
(GSES), and the Fagerström Test for Nicotine Dependence 
(FTND). Demographic variables included age, gender, ed-
ucation, marital and employment status, medical history, 
smoking habits, and cessation motivation. GSES assessed 
self-efficacy across three subdomains: initiation, persistence, 
and maintenance. FTND measured nicotine dependence, 
whereas HADS screened for anxiety and depression risk. Par-
ticipants provided informed consent before assessment.

Smoking cessation success – defined as total abstinence 
during the 3-month period – was verified through clinic 
visits or follow-up phone interviews. 

Statistical Analysis

All data were analyzed using IBM Statistical Package for 
the Social Sciences Statistics version 22. Descriptive statis-
tics were presented as means and standard deviations for 
continuous variables and as frequencies and percentages 
for categorical variables. The Chi-square test was used to 
compare categorical variables between groups. The Kolm-
ogorov–Smirnov test was applied to assess the normality 
of distribution for continuous variables. Independent sam-
ples t-test or Mann–Whitney U test was used for comparing 
continuous variables depending on the distribution. Bina-
ry logistic regression analysis was conducted to determine 
the predictors of smoking cessation success. P<0.05 was 
considered statistically significant.

Results
The findings were examined in three sections: Descriptive 
characteristics in the first section, psychological factors in 
the second section, and the smoking cessation treatment 
applied in the final section.

Evaluation of the Impact of Descriptive 
Characteristics on Smoking Cessation Success

When evaluating the smoking cessation status of all cases, 
among the 181 participants included in the study, 96 quit 

smoking, and 85 did not quit. The smoking cessation suc-
cess rate in our study was 53%. The mean age of all cases 
was 40.21±12.55 years. The mean age of those who quit 
smoking was 40.81±12.34 years, whereas the mean age of 
those who did not quit is 39.53±12.81 years, with no sta-
tistically significant difference between the two groups 
(p=0.494).

The smoking cessation rate among individuals with a 
university or college education was significantly higher 
compared to those with only a primary school education 
(p=0.035). Smoking cessation success was found to be 
significantly higher in individuals without chronic diseas-
es compared to those with chronic diseases, regardless of 
medication use (p=0.005).

The smoking cessation success rate among individuals 
without chronic diseases who use only dietary supple-
ments was found to be significantly higher compared to 
those with chronic diseases who use medication (p1=0.004) 
and those with chronic diseases who do not use any med-
ication (p2<0.001). The smoking cessation rate of individu-
als with both chronic diseases and regular medication use 
was found to be statistically significantly higher compared 
to those with chronic diseases but no medication use 
(p=0.022).

The detailed distribution and statistical analysis of demo-
graphic characteristics, presence of chronic diseases, regu-
lar medication or supplement use, and smoking cessation 
status are presented in Table 1.

The most common reason for visiting the smoking ces-
sation clinic was personal choice (71.3%), followed by 
health-related concerns (15.5%) and doctor’s recommen-
dation (13.3%). Although no statistically significant differ-
ence was found, it was observed that the smoking cessa-
tion success rate was higher at 75% for those who visited 
the clinic upon a doctor’s recommendation, compared to 
those who applied due to personal (50.4%) or health rea-
sons (46.4%) (p=0.064).

Of the 18 individuals who visited the smoking cessation 
clinic upon a physician’s recommendation, 7 (38.89%) had 
a chronic disease. In the subgroup analysis of participants 
with chronic conditions, no statistically significant differ-
ence was observed in smoking cessation success based on 
the reason for application (p=0.548). Nevertheless, among 
this group, those who were referred by a physician exhib-
ited the highest quit rate (53.8%), followed by individuals 
who applied due to health concerns (41%) and those who 
applied by personal choice (35%).

Regarding the presence of an active smoker in the house-
hold, 43.6% of participants reported such exposure. The quit 
rate among those with an active smoker at home was 55.7%, 
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compared to 51% in those without. However, this difference 
was not statistically significant (p=0.528) (Table 2).

Smoking cessation rates differed significantly according to 
follow-up attendance; the cessation rate was 58.5% among 
follow-up attendees and 37.0% among non-attendees 
(p=0.018) (Table 3).

As shown in Table 4, the mean age at smoking initiation was 
18.49±4.98 years (range: 6–37), with no significant differ-
ence between those who quit and those who did not. Simi-
larly, the mean duration of smoking was 20.31±12.25 years 
(range: 2–55), and the mean number of cigarettes smoked 
per day was 22.18±9.34 (range: 2–60). None of these vari-

ables showed a significant association with smoking cessa-
tion outcomes.

As shown in Table 4, the most frequently cited motivations 
for smoking cessation were fear of future illness (55.2%) 
and existing disease (31.5%). The highest quit rates were 
observed among participants who cited physician rec-
ommendation (66.7%) and the desire to set an example 
(66.7%). However, these differences did not reach statisti-
cal significance (p=0.272 and p=0.331, respectively). Oth-
er reasons – including environmental concerns, economic 
factors, social pressure, and media influence – showed no 
significant association with cessation success (all p>0.05).

The information regarding the age of smoking initiation, 
smoking duration, daily cigarette consumption, and reasons 
for wanting to quit, along with their statistical analyses based 
on smoking cessation status, is displayed in Tables 4 and 5.

Evaluation of the Impact of Psychological Factors 
on Smoking Cessation Success

The mean anxiety and depression scores were 7.49±4.12 
and 6.57±4.12, respectively. When HADS scores were com-
pared according to smoking cessation status, no statistical-
ly significant differences were observed between individ-

Table 1. Distribution and statistical analysis of demographic 
characteristics, presence of chronic diseases, regular medication or 
supplement use, and smoking cessation status

Smoking cessation status
pQuit  

n (%)
Did not quit 

n (%)

Gender

Female 43 (50) 43 (50) 0.436

Male 53 (55.8) 42 (44.2)

Marital status

Married 62 (55.4) 50 (44.6) 0.426

Single 34 (49.3) 35 (50.7)

Educational level

Primary/High School 54 (47.4) 60 (52.6) 0.035

College/University 42 (63.6) 24 (36.4)

Employment status

Employed 62 (54.4) 52 (45.6) 0.636

Unemployed 34 (50.7) 33 (49.3)

Presence of chronic disease

Yes 31 (40.8) 45 (59.2) 0.005

No 65 (61.9) 40 (38.1)

Regular medication use (excluding supplements)

Yes 41 (53.9) 35 (46.1) 0.835

No 55 (52.4) 50 (47.6)

Those with chronic 
diseases who do not 
use medication

1 (8.3) 11 (91.7) 0.001

Those with chronic 
diseases who use 
medication

30 (46.9) 34 (53.1)

Those who do not 
have a disease but take 
supplements

11 (91.7) 1 (8.3)

Chi-square test

Table 2. Evaluation of the reasons for visiting the smoking cessation 
clinic and the presence of active smokers in the family

Smoking cessation status
p

Quit
n (%)

Did not quit
n (%)

Reason

Doctor recommendation 18 (75) 6 (25) 0.064

Personal choice 65 (50.4) 64 (49.6)

Health reasons 13 (46.4) 15 (53.6)

Active smoker in the family

Yes 44 (55.7) 35 (44.3) 0.528

No 52 (51) 50 (49)

Chi-square test

Table 3. Comparison of smoking cessation status according to 
follow-up attendance

Smoking cessation status
pQuit

n (%)
Did not quit

n (%)

Follow-up attendees 79 (58.5) 56 (41.5) 0.018

Non-attendees 17 (37) 29 (63)

Chi-square test
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uals who quit and those who did not in terms of overall, 
anxiety, or depression scores. Using the clinical cutoff of 
≥11 to define cases, the proportions of participants with 
anxiety or depression did not differ significantly between 
the groups (p>0.05). The evaluation of HADS scores and 
smoking cessation status is shown in Tables 6 and 7.

The mean score on the FTND among participants was 
6.09±2.43 (range: 0–10). Analysis of smoking cessation out-
comes based on dependence levels revealed the highest 
quit rate in the moderate dependence group (69.6%), fol-
lowed by the very low (58.3%), low (55.1%), and high (51.0%) 
dependence groups. The lowest cessation rate was observed 

in the very high dependence group (46.7%). However, these 
differences were not statistically significant (p=0.444).

The mean FTND score of the cases was 6.09±2.43 (range: 
0–10). As shown in Table 8, although quit rates varied 
across different levels of nicotine dependence, these differ-
ences were not statistically significant (p>0.05).

The total score of the GSES and its three factors – willing-
ness to initiate behavior, willingness to expend effort in 
completing the behavior, and persistence in the face of 
adversity – were evaluated separately. The minimum, max-
imum, mean, and standard deviation values of the total 
scale and subdimension scores, along with the statistical 
evaluation, are presented in Table 9.

Table 5. Evaluation of the reasons for wanting to quit smoking

Smoking cessation status
pOverall

n (%)
Quit
n (%)

Did not quit
n (%)

Due to a disease 57 (31.5) 29 (50.9) 28 (49.1) 0.693

Due to a thought of 
future illness

100 (55.2) 55 (55) 45 (45) 0.557

Because it harms the 
environment

59 (32.6) 35 (59.3) 24 (40.7) 0.239

Due to economic 
reasons

44 (24.3) 20 (45.5) 24 (54.5) 0.247

Media exposure 3 (1.7) 1 (33.3) 2 (66.7) 0.490

To set an example for 
others

18 (9.9) 12 (66.7) 6 (33.3) +0.331

Because of the  
unpleasant smell

42 (23.2) 23 (54.8) 19 (45.2) 0.798

Due to the doctor’s 
recommendation

21 (11.6) 14 (66.7) 7 (33.3) +0.272

Due to social pressure 12 (6.6) 5 (41.7) 7 (58.3) +0.605

Other reasons 11 (6.1) 5 (45.5) 6 (54.5) +0.835

Chi-square test, +Continuity (Yates) correction

Table 4. Evaluation of the age of smoking initiation, smoking 
duration, and the number of cigarettes smoked daily

Smoking cessation status

pQuit Did not quit

Q1-Q3  
(median)

Q1-Q3  
(median)

Age at smoking 
 initiation

16–20 (18) 15–20 (18) 0.911

Duration of smoking 
(years)

10–28 (20) 10–30 (17) 0.448

Daily cigarette  
consumption

20–25 (20) 20–30 (20) 0.167

Mann–Whitney U test

Table 6. Mean and standard deviation values of HADS scores by 
smoking cessation status

Smoking cessation status

Quit
Mean±SD

Did not quit
Mean±SD

Overall 18.47±4.97 18.50±5.01

Anxiety 7.21±4.30 7.81±3.89

Depression 6.49±4.34 6.74±3.81

SD: Standard deviation, HADS: Hospital anxiety and depression scale

Table 7. Comparison of anxiety and depression levels (≥11) 
according to smoking cessation status

Score
Smoking cessation status

pQuit (n=96)
n (%)

Did not quit (n=85)
n (%)

Anxiety ≥11 21 (21.9) 23 (27.1) 0.524

Depression ≥11 17 (17.7) 12 (14.1) 0.650

Chi-square test

Table 8. Evaluation of smoking cessation status according to FTND 
scores

Smoking cessation status
pQuit 

n (%)
Did not quit

n (%)

Very low 7 (58.3) 5 (41.7) 0.444

Low 20 (55.1) 17 (45.9)

Moderate 16 (69.6) 7 (30.4)

High 25 (51.0) 24 (49.0)

Very high 28 (46.7) 32 (53.3)

Chi-square test. FTND: Fagerström test for nicotine dependence



132 Bayraktar Türker et al., Factors Affecting Success in Quitting Smoking / doi: 10.14744/hnhj.2026.75232

When evaluating the two most common reasons for smok-
ing cessation in terms of the total GSES score, the mean to-
tal GSES score of individuals who wanted to quit smoking 
due to an existing illness was significantly lower than that 
of those whose reason for quitting was not illness (p=0.049) 
(Table 10).

There was a weak negative correlation between the GSES 
total score and HADS-Anxiety (r=−0.195, p=0.009) and a 
weak-to-moderate negative correlation with HADS-De-
pression (r=−0.279, p<0.001). No correlation was ob-
served between the GSES total score and FTND (r=0.006, 
p=0.934). According to conventional effect-size bench-
marks (Cohen: r≈0.10=small, 0.30=medium, 0.50=large), 
the associations with anxiety and depression are of small 
magnitude (Table 11).

Evaluation of the Effect of Pharmacological and 
Non-Pharmacological Treatment Methods on 
Smoking Cessation Success

The smoking cessation rate among individuals receiving 
pharmacological treatment was found statistically sig-
nificantly higher than that of those receiving non-phar-

macological treatment (p<0.001) (Table 12). The smoking 
cessation rate among individuals receiving cognitive be-
havioral therapy (CBT) was statistically significantly lower 
than those receiving varenicline, bupropion, and nico-
tine replacement therapy (NRT) (p<0.001). The statistical 
significance was found as follows: p1<0.001, p2<0.001, 
p3=0.026. The smoking cessation rate of individuals us-
ing bupropion was found statistically significantly lower 
than those using varenicline and NRT (p1=0.017, p2=0.020, 
p<0.05).

Logistic regression analysis was performed to identify 
independent predictors of smoking cessation success 
and to control for potential confounding factors among 
the studied variables. A series of univariate logistic re-
gression analyses was conducted to identify individual 
factors associated with smoking cessation (Table 12). 
Pharmacological treatment was the strongest predictor 
of quitting; in addition, higher education level and at-
tending follow-up visits were associated with smoking 
cessation. In contrast, having a chronic disease and ap-

Table 9. Evaluation of the total GSES score and its three factor 
scores based on smoking cessation status

Quit Did not quit
p

Mean±SD Mean±SD

Total GSES 53.49±9.37 52.98±7.96 0.694

Willingness to initiate behavior 28.56±5.82 27.81±5.19 0.363

Willingness to expend effort in 
completing the behavior

15.69±3.02 16±2.79 0.473

Persistence in the face of 
adversity

9.24±2.09 9.16±2.12 0.812

Student’s t-test. GSES: General self-efficacy scale, SD: Standard deviation

Table 10. Evaluation of individuals who want to quit smoking due 
to illness and/or concern about future illness according to GSES

Total GSES
p

Mean±SD

Desire to quit smoking due to illness

No 54.11±8.48 0.049

Yes 51.37±9.01

Desire to quit smoking due to the thought of future illness

No 54.34±7.97 0.128

Yes 52.36±9.23

Student’s t-test. GSES: General self-efficacy scale, SD: Standard deviation

Table 11. Evaluation of the relationship between GSES, HADS, and 
FTND scores

Total GSES

r p

HADS anxiety −0.195 0.009

HADS depression −0.279 <0.001

FTND 0.006 0.934

Pearson correlation analysis. HADS: Hospital anxiety and depression scale, FTND: 
Fagerström test for nicotine dependence, GSES: General self-efficacy scale

Table 12. Evaluation of smoking cessation status based on the 
treatment method used

Smoking cessation 
status

p
Quit
n (%)

Not quit
n (%)

Treatment used

Varenicline 41 (78.8) 11 (21.2) 1<0.001

NRT 41 (77.4) 12 (22.6)

Bupropion 6 (42.9) 8 (57.1)

Cognitive behavioral therapy 8 (12.9) 54 (87.1)

Treatment type

Pharmacological 88 (73.9) 31 (26.1) 2<0.001

Non-pharmacological 8 (12.9) 54 (87.1)

1Chi-square test, 2Continuity (Yates) correction. NRT: Nicotine replacement therapy
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plying to the program voluntarily or for health-related 
reasons (compared to a doctor’s recommendation) were 
associated with lower odds of quitting. A marginal as-
sociation was observed for daily cigarette consumption. 
No statistically significant relationships were found for 
age, age at smoking initiation, duration of smoking, 
gender, marital status, employment status, presence of 
smokers in the family, anxiety, depression, Fagerström 
score, or Total GSES score (Table 13).

In the multivariate logistic regression analysis (Table 14), 
after controlling for potential confounding variables, phar-
macological treatment (odds ratio [OR]=23.783, 95% confi-
dence interval [CI]: 8.873–63.744, p<0.001) and higher ed-
ucational level (OR=2.868, 95% CI: 1.106–7.439, p=0.0303) 
remained independently associated with smoking ces-
sation success. Furthermore, quitting for health reasons 
was also found to be a significant predictor of success 
(OR=0.174, 95% CI: 0.037–0.814, p=0.0263). Other vari-
ables, including age, gender, marital status, presence of 
chronic disease, and psychological scale scores, were not 
significantly associated with smoking cessation in the ad-
justed model.

Discussion
Various background factors may influence the success of 
smoking cessation. For instance, younger individuals often 
perceive smoking as a means of socialization, whereas old-
er individuals may believe that quitting will not lead to sig-
nificant health improvements. While men are more likely 
to have social relationships with other smokers [2], women 
are affected by hormonal cycles such as menstruation and 
menopause [3]. Therefore, when evaluating demographic 
characteristics, we believe that a more individualized and 
detailed analysis is warranted.

Studies on the impact of education level on smoking ces-
sation success yield conflicting results. While some suggest 
no significant effect [4,5], others show a positive associa-
tion between higher education and increased cessation 
rates [6]. This may be due to greater awareness of smoking’s 
harms and treatment effectiveness among more educat-
ed individuals. In our logistic regression analysis, higher 
educational level remained an independent predictor of 
smoking cessation success after adjusting for potential 
confounders. This finding supports the notion that educa-
tional attainment enhances individuals’ health literacy and 

Table 14. Multivariate logistic regression results

Variable OR 95% CI p

Follow-up attendees 1.295 0.514–3.260 0.5832

Age 1.004 0.908–1.112 0.9311

Gender 0.801 0.304–2.110 0.6531

Marital status 1.556 0.603–4.018 0.3608

Educational level 2.868 1.106–7.439 0.0303

Employment status 0.742 0.294–1.872 0.5275

Presence of chronic disease 0.452 0.186–1.102 0.0807

Active smoker in the family 1.838 0.772–4.377 0.1690

Reason (personal choice)* 0.368 0.098–1.382 0.1387

Reason (health reasons)* 0.174 0.037–0.814 0.0263

Age at smoking ınitiation 0.965 0.848–1.097 0.5820

Duration of smoking (years) 1.006 0.911–1.111 0.9063

Daily cigarette consumption 0.976 0.918–1.036 0.4204

HADS-anxiety score 0.555 0.188–1.641 0.2873

HADS-depression score 2.614 0.706–9.677 0.1503

Fagerström score 0.960 0.755–1.220 0.7371

Total GSES score 1.026 0.976–1.078 0.3136

Pharmacological treatment 23.783 8.873–63.744 <0.001

OR: Odds ratio, CI: Confidence interval, (*) Reference category: Doctor’s recom-
mendation. GSES: General self-efficacy scale, HADS: Hospital anxiety and depres-
sion scale

Table 13. Univariate logistic regression results

Variable OR 95% CI p

Follow-up attendees 2.407 1.207–4.796 0.0126

Age 1.008 0.985–1.032 0.4915

Gender 0.831 0.463–1.491 0.5344

Marital status 1.276 0.700–2.329 0.4262

Educational level 1.977 1.062–3.678 0.0315

Employment status 1.157 0.632–2.118 0.6358

Presence of chronic disease 0.424 0.232–0.775 0.0053

Active smoker in the family 1.209 0.670–2.180 0.5286

Reason (personal choice)* 0.339 0.126–0.908 0.0314

Reason (health reasons)* 0.289 0.088–0.945 0.0401

Age at smoking ınitiation 1.001 0.944–1.062 0.9615

Duration of smoking (years) 1.007 0.983–1.031 0.5886

Daily cigarette consumption 0.973 0.942–1.005 0.0968

HADS-anxiety score 0.755 0.382–1.491 0.4178

HADS-depression score 1.309 0.586–2.927 0.5118

Fagerström score 0.916 0.810–1.035 0.1587

Total GSES score 1.007 0.974–1.041 0.6921

Pharmacological treatment 19.161 8.207–44.735 <0.001

OR: Odds ratio, CI: Confidence interval, (*) Reference category: Doctor’s recom-
mendation, GSES: General self-efficacy scale, HADS: Hospital anxiety and depres-
sion scale
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engagement with cessation programs, ultimately facilitat-
ing better outcomes.

Although it is thought that individuals with chronic diseas-
es are more successful in the smoking cessation process 
due to their motivation to regain lost health, many stud-
ies, including ours, demonstrate the opposite. Studies have 
shown that smoking cessation rates are lower in patients 
diagnosed with chronic obstructive pulmonary disease 
compared to those without the diagnosis [7] and that in-
dividuals with lung cancer make fewer attempts to quit 
smoking [8].

In our study, although the referral rate by physicians among 
individuals with chronic diseases was low (16.7%), smoking 
cessation success was higher in those referred by physi-
cians (53.8%) compared to those who applied on their own 
(35%) or due to health concerns (41%). Among all partici-
pants, those referred by a physician achieved the highest 
quit rate of 75% (p=0.064). This finding aligns with existing 
literature suggesting that brief but effective counseling by 
healthcare professionals can significantly improve cessa-
tion outcomes.[9] These results underscore the importance 
of systematic and structured physician referrals as an ef-
fective and sustainable strategy in tobacco control, espe-
cially in motivating behavior change among patients with 
chronic diseases.

In addition, participants who attended at least one fol-
low-up control visit demonstrated significantly higher 
cessation success compared to those who did not. Regular 
follow-up visits likely enhance motivation, reinforce be-
havioral change, and provide opportunities for physicians 
to adjust treatment and address withdrawal symptoms 
promptly. These findings emphasize the critical role of 
continued follow-up and active monitoring within primary 
care settings to sustain smoking abstinence.

In our study, individuals with chronic diseases demonstrat-
ed lower self-efficacy perceptions. Smoking is one of the 
major factors contributing to the development of chronic 
diseases and may also lead to a decrease in self-efficacy 
perception. A low self-efficacy perception leads individu-
als to become more easily overwhelmed by hopelessness, 
decreasing their motivation and resilience to overcome 
challenges [10]. In summary, chronic diseases, smoking, and 
low self-efficacy perception reinforce each other, creating a 
vicious cycle of cause and effect. Approaches aimed at in-
creasing individuals’ self-efficacy perception can break this 
cycle and strengthen smoking cessation success.

On the other hand, another important reason for the low 
smoking cessation success in individuals with chronic dis-
eases may be their lack of adequate attention to their health 
condition. Indeed, in our study, the highest smoking cessa-

tion success was observed in individuals who, even without 
a chronic disease diagnosis, aimed to improve their health 
using supplements such as vitamins, ginseng, and zinc, and 
gave utmost importance to their health. Conversely, the low-
est smoking cessation success was found in individuals with 
chronic diseases who did not even comply with the medical 
treatments they needed, supporting this idea.

The presence of smokers within a family can negatively af-
fect not only the behavioral patterns but also the physical 
health of other members. For example, a study conducted 
on participants with smoking spouses demonstrated that 
an increase in the spouse’s daily cigarette consumption was 
significantly associated with a decline in the participants’ 
pulmonary function test results [11]. This situation, which 
serves as a negative role model especially for children and 
adolescents, may also increase access to cigarettes, there-
by making smoking more appealing [12]. Conversely, indi-
viduals who directly observe the harmful consequences 
of smoking, such as coughing or cancer, are more likely to 
avoid smoking. However, existing studies predominantly 
focus on the adverse health effects of smoking.

Self-efficacy belief represents an individual’s belief in their 
ability to intervene in their personal life, environmental 
events, and emotional state [13]. People with high self-ef-
ficacy believe they can control potential threats, whereas 
those with low self-efficacy believe they are unable to man-
age such threats and experience high levels of anxiety [13]. 
According to the social cognitive relapse model, a person’s 
ability to resist smoking while coping with withdrawal symp-
toms is directly related to their level of self-confidence [14].

In line with this view, some studies have shown that in-
dividuals diagnosed with depression use the positive re-
inforcing effects of smoking to manage their negative 
moods, resulting in significantly higher levels of smoking 
behavior compared to others, making them more likely to 
be unsuccessful in quitting smoking [15-17].

In accordance with these views, our study found that indi-
viduals with low self-efficacy beliefs exhibited higher levels 
of depression and anxiety, and the amount of cigarettes 
smoked per day was significantly higher compared to oth-
ers. These findings suggest that self-efficacy, depression, 
and smoking behavior are intertwined and influence each 
other. This supports the Bayesian network model, which 
suggests that psychological factors are interrelated and 
that a generalized study may not provide accurate results 
regarding smoking cessation success [18].

In the “maintenance” stage of the transtheoretical model of 
behavior change, individuals demonstrate high self-confi-
dence in sustaining smoking abstinence, having success-
fully completed the action stage [19]. Increased self-confi-
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dence can reduce the anxiety and hopelessness individuals 
may have regarding their inability to quit smoking, boost-
ing their motivation and self-efficacy, which positively in-
fluences their ability to sustain smoking cessation. Howev-
er, excessively high self-confidence and self-efficacy may 
lead individuals to view nicotine dependence as a problem 
that can be easily overcome, which could reduce the seri-
ousness with which they treat the issue, delay their smok-
ing cessation efforts, or cause them to transition between 
stages of change. The maintenance stage is one where 
transitions between lapses, relapses, and other stages of 
change can occur, and relapse is one of the major challeng-
es in tobacco control [20].

Contrary to most previous studies, our findings did not 
reveal a significant association between FTND scores and 
smoking cessation success. This may be attributed to the 
limited sample size, potential limitations of the FTND scale 
in capturing the multifaceted aspects of nicotine depen-
dence, and the homogeneity of the study population, lead-
ing to reduced variability in FTND scores. Given the positive 
correlations reported in numerous studies, further research 
involving more diverse populations is warranted.

Smoking cessation treatment is a specialized interven-
tion that includes pharmacological therapy as well as 
CBT [21]. Consistent with our findings, numerous studies 
have demonstrated that pharmacological interventions 
significantly enhance smoking cessation success and are 
more effective than CBT alone [22]. Among these pharma-
cological treatments, varenicline has been shown to yield 
higher cessation success rates compared to bupropion or 
NRT [23,24]. According to the Turkish Medicines and Medi-
cal Devices Agency (TMMDA), varenicline is currently au-
thorized for use in Türkiye under the trade name Dupons, 
manufactured by Abdi İbrahim Pharmaceuticals Inc. It is 
listed among the actively marketed medicinal products 
(TMMDA, 2025) [25].

No statistically significant difference in smoking cessation 
success was observed between varenicline and NRT in our 
study, contrary to existing literature. This may be due to a 
limited sample size and unmeasured treatment adherence. 
Further research with larger samples and adherence as-
sessment is needed.

Cytisine, similar to varenicline, acts as a competitive antag-
onist of the α4β2 nicotinic acetylcholine receptor, there-
by reducing nicotine binding to the receptor [26]. It is the 
most recently introduced smoking cessation treatment in 
our country. Access to novel therapies, such as cytisine, for 
smoking cessation will be facilitated through further re-
search.

Limitation

The limitations of this study include a small sample size, a 
lack of treatment adherence assessment, and limited gen-
eralizability due to the homogeneous nature of the partic-
ipants. In addition, psychological assessments may have 
been affected by individual variability.

Conclusion
Education positively influences the decision to quit smok-
ing; therefore, all individuals, regardless of varying smok-
ing patterns or challenges, should be encouraged to quit.

The presence of chronic illness reduces self-efficacy beliefs, 
which in turn decreases the motivation to quit smoking and 
negatively impacts the process. Individuals with high HADS 
scores often have low self-efficacy beliefs, so when ap-
proaching them, doctors should focus on a motivating ap-
proach rather than discussing the negative effects of smok-
ing. FTND and HADS can aid treatment selection, but further 
research is needed to better predict cessation success.

Pharmacological therapies are critical to effective cessation 
and should be confidently used when not contraindicated. 
Enhancing healthcare providers’ knowledge of these treat-
ments and expanding access through more cessation clinics 
is essential. Ongoing scientific research is vital to better under-
stand smoking addiction and improve intervention strategies.
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Abstract

Introduction: Bendopnea is defined as the onset of dyspnea within 30 s of bending forward and is linked to increased right atrial and 
post-capillary wedge pressures. Diuretics reduce intravascular volume by inhibiting sodium reabsorption, thereby lowering cardiac 
filling pressures. This study aimed to evaluate the effects of non-hydrochlorothiazide (HCTZ) diuretics on symptoms and diastolic 
parameters in obese patients with bendopnea. 
Methods: This retrospective, single-center study included 120 obese patients presenting with bendopnea to the cardiology outpatient 
clinic. Group 1 comprised patients who either received no medication or were prescribed only HCTZ. Group 2 included those treated 
with non-HCTZ diuretics (spironolactone, spironolactone + HCTZ, or indapamide). After 1 month, symptom status and clinical 
parameters were reassessed. 
Results: The mean age was 57±9.1 years, with 90% female participants. At 1-month follow-up, bendopnea frequency was significantly 
lower in Group 2 compared to Group 1 (16.1% vs. 96.6%; p<0.001). Improvements were also observed in systolic mean blood pressure, 
NT-proBNP levels, and E/e′ values in patients in Group 2. 
Discussion and Conclusion: Non-HCTZ diuretics significantly alleviated bendopnea symptoms and improved diastolic parameters in 
obese patients. These findings suggest that non-HCTZ diuretics may offer symptomatic and hemodynamic benefits in this population.
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Bendopnea was first identified in patients with heart 
failure with reduced ejection fraction (HFrEF) and has 

been recognized as a symptom associated with the hemo-
dynamic impairment of heart failure (HF). It is defined as 
the onset of dyspnea within 30 s of bending forward [1]. 
Its pathophysiology has been attributed to increased right 
atrial pressure and post-capillary wedge pressure (PCWP) 
during bending. As patients bend forward, the elevated 
PCWP leads to pulmonary congestion, resulting in dyspnea 
[1]. A published study has demonstrated that HF patients 
with bendopnea have higher mortality rates compared 
to those without bendopnea [2]. Subsequent studies have 
shown that bendopnea can occur not only in HFrEF but 
also in patients with normal ejection fraction (EF) [3,4]. In a 
study investigating the prevalence of bendopnea in indi-
viduals without HF, female sex, obesity, and hypertension 
(HT) were found to be associated with bendopnea [4]. In 
a study including patients with an preserved EF, adverse 
outcomes were more frequently observed in those with 
bendopnea [3]. There are no studies in the literature re-
garding treating patients with bendopnea. Diuretics exert 
their effect by inhibiting sodium reabsorption at various 
sites within the nephron, thereby reducing intravascular 
volume. It has been demonstrated that the intravascu-
lar volume loss induced by diuretics leads to a reduction 
in cardiac filling pressures [5]. A study has shown that left 
ventricular hypertrophy (LVH) resulting from increased int-
racardiac pressure in hypertensive patients is reduced with 
diuretic therapy. However, similar effects have also been 
observed with other antihypertensive agents [6]. A recent 
study found that hydrochlorothiazide (HCTZ) reduced LVH 
significantly more in patients receiving HCTZ-like diuretics 
and HCTZ-potassium-sparing diuretic combinations com-
pared to those receiving HCTZ alone [7]. For these reasons, 
we aimed to investigate the effects of non-HCTZ diuretics 
on symptomatic, diastolic parameters in obese patients 
with Bendopnea.

Materials and Methods
This retrospective, single-center study included patients 
over the age of 18 who presented with bendopnea com-
plaints to the cardiology outpatient clinic of our hospital 
between March 01, 2020, and September 01, 2022. Among 
these patients, the following were excluded: Those with 
exertional dyspnea, left ventricular EF <50%, current use 
of diuretics other than HCTZ, moderate to severe valvular 
heart disease, a history of coronary artery disease, primary 
pulmonary parenchymal or obstructive disease, pregnan-
cy, a history of malignancy, end-stage renal or liver disease, 
atrial fibrillation, a known diagnosis of HF, those whose 
data could not be accessed from the hospital records, and 

those who did not attend the follow-up visit 1 month lat-
er. The remaining 120 patients were designated as the fi-
nal study group. The research protocols, aligned with the 
Declaration of Helsinki, received approval from the local 
ethics board, and all participating patients gave their con-
sent. Our study was approved by the Ethics Committee of 
Tokat Gaziosmanpaşa University on January 19, 2023, with 
approval number 23-KAEK-011.

For the bendopnea test, the patient was instructed to sit 
and rest in a chair for 5 min. Then, they bent forward as 
if tying their shoelaces or putting on socks. The test was 
initiated, and if dyspnea occurred within 30 s, the patient 
was asked to report the symptom onset time in seconds 
to the physician. The test was stopped at 30 s. If dyspnea 
developed within this period, the test was considered pos-
itive. Conversely, if no dyspnea occurred within 30 s, the 
test was considered negative. Demographic data, blood 
parameters, baseline echocardiographic (transthorac-
ic echocardiography [TTE]) findings, systolic ambulatory 
blood pressure (ABP) averages, body mass index (BMI), and 
waist circumference measurements were recorded for pa-
tients with a positive bendopnea test. Blood sampling was 
performed following an overnight fast. Laboratory assess-
ments included measurements of hemoglobin, hematocrit, 
creatinine, albumin, total protein, glomerular filtration rate, 
potassium, ferritin, and N-terminus pro brain natriuretic 
peptide (NT-proBNP). Complete blood counts were ana-
lyzed using a Coulter Counter LH Series device (Beckman 
Coulter Inc., Hialeah, Florida, USA). Biochemical parameters 
were determined using a molecular analyzer (Roche Diag-
nostics, Mannheim, Germany).

TTE examinations were conducted using a Vivid S70N ul-
trasound platform (GE HealthCare Technologies, Chicago, 
Illinois, USA). All studies were digitally stored and later 
evaluated with dedicated offline analysis software. The in-
vestigator who performed the imaging was blinded to the 
treatment assignment.

The TTE protocol consisted of standard two-dimensional 
imaging in addition to spectral, color, and tissue Doppler 
modalities. Left ventricular systolic performance was as-
sessed by calculating the EF through the modified biplane 
Simpson method. To assess diastolic function, transmitral 
inflow parameters – including the E and A waves and the 
E/A ratio – were obtained.

Pulsed-wave tissue Doppler velocities were additionally 
measured at end-expiration from the apical four-chamber 
view at both the septal and lateral portions of the mitral 
annulus. Early (e′) and late (a′) diastolic velocities were de-
termined, and the E/e′ ratio was derived as a non-invasive 
estimate of left ventricular filling pressure.
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HT was considered present when systolic blood pressure 
was ≥140 mmHg and/or diastolic blood pressure was ≥90 
mmHg on a minimum of two separate measurements, or 
when the patient was receiving antihypertensive therapy. 
Diabetes mellitus (DM) was identified either by a fasting 
plasma glucose concentration exceeding 126 mg/dL, by a 
random glucose measurement above 200 mg/dL, or by the 
current use of any glucose-lowering medication.

Patients with bendopnea who were either not prescribed 
any medication or were initiated on HCTZ diuretics were 
classified as Group 1, while those prescribed non-HCTZ 
diuretics (spironolactone, spironolactone + HCTZ, or in-
dapamide) were classified as Group 2. These groups were 
compared based on baseline demographic data, BMI, 
systolic mean values from ABP monitoring, waist circum-
ference, E/e′ ratio, NT-proBNP levels, and various blood 
parameters. After 1 month, the same patient groups were 
reassessed for bendopnea symptoms, NT-proBNP levels, 
E/e′ ratio, and systolic mean values from ABP monitoring, 
and the results were compared again.

Statistical Analysis

Statistical analyses were performed using the Statistical 
Package for the Social Sciences software (version 21.0, 
SPSS Inc., Chicago, Illinois, USA) on the Windows platform. 
Continuous variables were reported as mean±standard 
deviation or as median with interquartile range (25th–75th 
percentiles), whereas categorical parameters were summa-
rized as counts and percentages. The assumption of nor-
mal distribution was evaluated by the Kolmogorov-Smirn-
ov test. Comparisons between categorical variables were 
carried out using either the Chi-square test or Fisher’s exact 
test, while the Student’s t-test or Mann–Whitney U test was 
applied for continuous data, depending on distribution 
characteristics. A two-tailed p<0.05 was considered statis-
tically significant.

Results
The mean age of the 120 patients included in our study was 
57±9.1 years, and 90% were female. Demographic and clin-
ical data of the patients are listed in Table 1, and Group 1 
and Group 2 patients were compared. Patients in Group 2 
were significantly older than patients in Group 1 (p:0.016). 
Group 2 patients had significantly more women (p<0.001) 
and more patients with diabetes (p<0.001) than Group 1 
patients. Patients in Group 2 had significantly higher waist 
circumference and BMI compared to Group 1 (p<0.001).

The evaluation of the two groups in terms of laboratory 
and other test parameters is given in Table 2. Creatinine, 
hemoglobin, hematocrit, and total protein levels were 

significantly higher in Group 1 than in Group 2 (p<0.05). 

NT-Pro BNP levels, E/e’, and systolic ABP were significantly 

higher in Group 2 compared to Group 1 (p<0.05).

Table 1. Initial admission demographic and clinical data

 Variables* Group 1
n=58

Group 2
n=62 p

Age, years 55.28±10.06 59.30±7.66 0.016

Females 46 (79.3) 62 (100.0)  <0.001

 DM 12 (20.7) 34 (54.8) <0.001

Hypertension 28 (48.3) 34 (54.8) 0.472

LVEF, % 60.0 (60.0–62.0) 60.0 (60.0–62.0) 0.283

Tobacco use 8 (13.8) 2 (3.2) 0.037

Waist circum-
ference, cm

102.0 (98.5–108.5) 111.5 (106.0–117.0) <0.001

BMI, kg/m2 32.4 (29.4–37.8) 43.2 (38.4–48.6) <0.001

Bendopnea 58 (100.0) 62 (100.0)

HT medication 
use

26 (44.8) 30 (50.0) 0.353

DM: Diabetes mellitus, LVEF: Left ventricular ejection fraction, BMI: Body mass in-
dex, HT: Hypertension. P<0.05 shows statistical significance. *Data are shown as 
number (percentage), mean±standard deviation or median (25th–75th percentiles)

Table 2. Initial admission blood and other test data

Variables* Group 1
n=58

Group 2
n=62 p

Creatinin, mg/
dL

0.7 (0.6–0.9) 0.6 (0.5–0.8) 0.015

Ferritin, ng/
mL

48.0 (17.0–89.0) 38.5 (17.0–59.0) 0.304

Hemoglobin, 
g/dL

14.0 (13.2–14.5) 12.7 (11.4–13.7) <0.001

Hematocrit, % 41.50 (39.60–44.00) 39.00 (37.00–41.00) 0.001

Total protein, 
g/L

75.0 (72.0–77.0) 71.0 (66.0–76.0) 0.008

Albumin, g/L 43.0 (41.0–46.0) 42.0 (40.0–45.0) 0.216

GFR, mL/
min/1.73 m2

102.0 (96.0–108.0) 102.0 (75.0–110.0) 0.462

Potassium, 
mEq/L

4.5 (4.2–4.7) 4.7 (4.5–4.8) 0.051

NT- proBNP 
levels, pg/mL

12.1 (10.0–20.0) 17.2 (11.8–30.5) 0.003

E/e’ 8.0 (6.0–9.1) 10.0 (8.0–12.0) 0.001

Systolic ABP, 
mmHg

132.0  
(124.0–141.0)

140.0 
 (134.0–155.0)

0.001

ABP: Ambulatory blood pressure, GFR: Glomerular filtration rate, NT-proBNP: 
N-terminus pro brain natriuretic peptide. P<0.05 shows statistical significance. 
*Data are shown as number (percentage), mean±standard deviation or median 
(25th–75th percentiles)
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The control parameters for both groups at the 1-month fol-
low-up are presented in Table 3. At the 1-month follow-up, 
bendopnea was significantly less frequent in Group 2 com-
pared to Group 1 (10 [16.1%] vs. 56 [96.6%]; p<0.001). No 
significant differences were found between the two groups 
for other parameters assessed after 1 month.

Discussion
In our study, we aimed to understand whether the use of 
non-HCTZ diuretics in patients with bendopnea provides 
benefit in terms of symptomatic and other clinical param-
eters in this patient group. Our study is the first study to 
investigate this issue in the literature.

In our study, significantly less bendopnea was found in the 
group using non-HCTZ diuretics (Group 2) compared to 
the other group (Group 2) at the outpatient clinic control 1 
month later (10 [16.1%]–56 [96.6%]; p<0.001). All patients 
were obese in our study. When the patient groups with ben-
dopnea in the literature were analyzed, it was found that 
obesity and overweight rates were high in patients with 
bendopnea, in parallel with our study [2,3]. Waist circumfer-
ence and BMI of the patients in Group 2 were significantly 
higher than the other group. This showed that non-HCTZ 
diuretics are preferred more in patients with high BMI in clin-
ical practice. Again in our study, it was observed that non-
HCTZ diuretics were given to older patients, more women, 
and more patients with DM. In addition, it was observed that 
non-HCTZ diuretics were preferred in patients with higher 
NT-proBNP values, patients with higher E/e’ values, and pa-
tients with higher mean systolic ABP. Considering these re-
sults, it was found that significantly more non-HCTZ diuret-
ics were used in clinically higher-risk patient groups.

In a meta-analysis investigating which diuretic group was 
more effective in reducing LVH, 38 randomized trials in-
cluding HCTZ and non-HCTZ diuretics were evaluated. At 
the end of this study, it was found that non-HCTZ diuretics 
reduced LVH significantly more. As a result, this result was 

thought to be due to the fact that HCTZ causes a lower sys-
tolic blood pressure drop than non-HCTZ diuretics and has 
a shorter half-life [8,9]. In addition, according to some data 
in the literature, non-HCTZ diuretics have been suggested 
to reduce cardiovascular mortality more than thiazide. The 
reasons for this are thought to be that indapamide reduces 
free oxygen radicals and has an inhibitory effect on platelet 
aggregation [9], chlorthalidone reduces platelet aggregation 
and vascular permeability [10]; and potassium-sparing di-
uretics/HCTZ combination reduces sodium and retains po-
tassium more effectively [11,12]. In the study by Thibodeau et 
al. [1], it was found that patients with bendopnea had higher 
intracardiac pressures. There is data in the literature indicat-
ing that diuretics reduce intracardiac pressures by decreas-
ing afterload [5]. In our study, we found that the group of 
patients with bendopnea who received non-HCTZ diuretics 
showed a significant symptomatic improvement compared 
to the group that received HCTZ or no diuretics. This result is 
observed as consistent with the findings of the studies men-
tioned above. In addition, although the non-thiazide diuret-
ic group initially had significantly higher parameters such as 
E/e′ and NT-proBNP compared to the other group, the lack 
of any difference between the two groups at the 1-month 
follow-up suggests that non-thiazide diuretics may provide 
both echocardiographic, biochemical, and symptomatic 
benefits in patients with bendopnea.

Limitation

The main limitation of our study is its retrospective design 
and the small sample size. Due to the unavailability of sin-
gle-agent HCTZ in our country, patients receiving HCTZ 
also used this molecule in combination with ACE inhibitors 
and ARBs, which may have influenced the results. Further-
more, due to the unavailability of certain diuretics such as 
chlorthalidone, amiloride, and triamterene, these were not 
used in any of the patients. Therefore, the results of this 
study may not be applicable to all drug groups. Additional-
ly, since the patients in our study were primarily obese and 
female, the applicability of these results to non-obese pa-
tients and males is uncertain, and further studies are need-
ed to confirm these findings. In our study, diastolic func-
tion was assessed using only the E/e’ ratio in TTE and blood 
NT-proBNP levels. The absence of other diastolic TTE pa-
rameters, in particular, constitutes a significant limitation. 
Similarly, in our study, the choice of diuretics prescribed to 
patients was left to the discretion of the physicians, which 
may have introduced bias.

Conclusion
Non-HCTZ diuretics significantly reduced bendopnea in 
obese patients presenting with bendopnea complaints. In 

Table 3. Second admission

Variables* Group 1
n=58

Group 2
n=62 p

 Bendopnia 56 (96.6) 10 (16.1) <0.001

NT-proBNP 
levels

13.0 (10.6–21.0) 16.0 (12.0–38.0) 0.055

E/e’ 8.0 (6.0–9.0) 8.0 (7.0–10.0) 0.115

Systolic ambu-
latory BP

131.5 (124.0–141.0) 134.0 (123.0–163.0) 0.148

BP: Blood pressure, NT-proBNP: N-terminus pro brain natriuretic peptide. P<0.05 
shows statistical significance. *Data are shown as number (percentage), mean±-
standard deviation or median (25th–75th percentiles)
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addition, positive effects were observed on systolic mean 
blood pressure, NT-proBNP levels, and diastolic parameters 
such as E/e′. We believe that starting non-HCTZ diuretics in 
obese patients with bendopnea symptoms would be ben-
eficial in clinical practice.
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Comparative Cardiovascular Safety Profile of Semaglutide, 
Liraglutide, and Tirzepatide: A Pharmacovigilance Analysis 
Based on The FDA Adverse Event Reporting System Reports
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Abstract

Introduction: Glucagon-like peptide-1 receptor (GLP-1) agonists and the dual glucose-dependent insulinotropic polypeptide/GLP-1 
agonist tirzepatide are increasingly prescribed for type 2 diabetes and obesity, with clinical trials suggesting favorable cardiovascular 
(CV) profiles. However, post-marketing comparative data on CV adverse events (CVAEs) across these agents remain limited. 
Methods: We extracted FDA adverse event reporting system (FAERS) reports between 2020 and 2025 where semaglutide, liraglutide, 
or tirzepatide appeared as the sole suspect drug. Reports with at least one CVAE – defined across four domains (arrhythmia, ischemic, 
hemodynamic, thromboembolic) were identified. We calculated CVAE proportions, summarized CVAE spectra, and compared serious 
outcomes (hospitalization, life-threatening events, death) between agents using χ2 tests and risk ratios. 
Results: Among 26,930 monotherapy reports, 1,765 (6.6%) included ≥1 CVAE. CVAE proportions were highest for liraglutide (12.8%), 
followed by semaglutide (9.5%) and tirzepatide (5.3%) (p<0.0001). Common CVAEs included palpitations, heart rate increases, blood 
pressure fluctuations, and syncope. Major ischemic or thrombotic events were rare across all drugs. Serious outcomes occurred in 36.0% 
of CVAE reports for liraglutide, 29.7% for semaglutide, and 31.3% for tirzepatide (p=0.38). Tirzepatide reports had a higher proportion of 
life-threatening events (9.0%) than liraglutide (4.8%) or semaglutide (4.4%) (p=0.0013). 
Discussion and Conclusion: Semaglutide, liraglutide, and tirzepatide show comparable CV safety profiles in FAERS data, with most 
CVAEs reflecting known pharmacologic effects rather than severe toxicity. To our knowledge, this is the first FAERS-based study to 
directly compare these agents’ CVAE patterns, offering complementary insight to existing clinical trial evidence.
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Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) and 
the dual glucose-dependent insulinotropic polypeptide 

(GIP)/GLP-1 agonist tirzepatide are structurally modified an-
alogues of endogenous GLP-1 that provide sustained acti-
vation of the GLP-1 receptor and, in the case of tirzepatide, 
combined agonism at GLP-1 and GIP receptors [1]. Their broad 
tissue distribution in the pancreas, gastrointestinal tract, car-

diovascular (CV) system, and central nervous system under-
pins pleiotropic effects ranging from glucose-lowering and 
weight reduction to potential organ protection [2,3].

CV outcome trials (CVOTs) have shown that several GLP-1 RAs 
reduce major adverse cardiovascular events (MACEs) in high-
risk populations, while tirzepatide has demonstrated CV safe-
ty and may confer benefit in selected cohorts [4,5]. At the same 
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time, GLP-1–based therapies are known to increase resting 
heart rate modestly and influence blood pressure through ef-
fects on weight, natriuresis, and autonomic balance [6,7].

Spontaneous reporting systems such as the FDA adverse 
event reporting system (FAERS) are a key component of 
post-marketing pharmacovigilance. FAERS aggregates ad-
verse event (AE) reports submitted by healthcare profes-
sionals, manufacturers, and patients, and has been widely 
used to characterize safety signals [8]. Using CV outcomes 
from randomized trials as a benchmark, post-marketing 
data can help to identify rare or unexpected CV harms and 
to compare reporting patterns between agents in routine 
care. Building on recent FAERS-based work that evaluat-
ed neurological AEs with GLP-1 RAs using a standardized 
pharmacovigilance framework, we aimed to characterize 
and compare the CV AE (CVAE) profiles of semaglutide, li-
raglutide, and tirzepatide. Specifically, this study (i) quanti-
fied the proportion of monotherapy reports for each agent 
that contained at least one CVAE, (ii) described the distri-
bution of key CV AEs across drugs, and (iii) compared the 
frequency of serious outcomes among CVAE reports.

Materials and Methods

Ethics Statement

This study used publicly available, de-identified data from 
the FAERS database; therefore, institutional ethics approval 
and informed consent were not required. The analysis was 
conducted in accordance with present recommendations 
for the reporting of pharmacovigilance disproportionality 
analyses based on individual case safety reports.

Data Source

FAERS is a spontaneous reporting system maintained by the 
U.S. Food and Drug Administration to monitor the safety of 
marketed drugs and biologics. Its standard structure includes 
demographic information, drug exposures, adverse reactions, 
patient outcomes, reporter type, therapy timelines, and indi-
cations. CVAEs are coded using the Medical Dictionary for Reg-
ulatory Activities, in which CVAEs are organized hierarchically 
into higher-level terms and system organ classes [9]. For the 
present analysis, we used a curated line listing derived from 
FAERS, containing individual reports in which semaglutide, 
liraglutide, or tirzepatide appeared as a suspect agent. Each 
row represented one unique report and included information 
on suspect product active ingredients for CVAEs.

Data Extraction and Case Selection

Data extraction followed a pre-defined protocol analogous in 
structure to that used in recent GLP-1 RA pharmacovigilance 

studies, with adaptations for the CV focus of this work [10]. We 
first identified all reports in which semaglutide, liraglutide, or 
tirzepatide was listed in the file as a suspect product. To re-
duce confounding from multiple suspect drugs, we then re-
stricted the dataset to monotherapy reports by requiring that 
the “Suspect Product Active Ingredients” field contain exactly 
one active ingredient: Semaglutide, liraglutide, or tirzepatide. 
Reports with more than one suspect active ingredient (e.g., 
combinations with another GLP-1 RA, insulin, or a sodium-glu-
cose transport 2 inhibitor) were excluded.

Definition of CV AEs

A report was classified as CVAE-positive if at least one AE 
corresponded to a CV concept within the following do-
mains: (1) Arrhythmia and rate-related events: palpitations, 
heart rate increased, tachycardia, bradycardia, atrial fibrilla-
tion, non-specific arrhythmia, ventricular tachycardia, car-
diac arrest, cardiac or heart failure. (2) Ischemic and vascular 
events: myocardial infarction, acute myocardial infarction, 
angina, ischemic heart disease, stroke, cerebrovascular ac-
cident, transient ischemic attack. (3) Hemodynamic distur-
bances: Hypertension, blood pressure increased, hypoten-
sion, blood pressure decreased, orthostatic hypotension, 
syncope, circulatory collapse, shock. (4) Thromboembolic 
events: Pulmonary embolism, deep vein thrombosis, arteri-
al thrombosis, and embolism. This four-domain framework 
was chosen to capture both frequent functional CV distur-
bances and clinically serious ischemic or thromboembolic 
outcomes in a reproducible pharmacovigilance structure.

For descriptive analyses, we later tabulated selected AEs of 
particular clinical interest (e.g., palpitations, heart rate in-
creased, hypertension, hypotension, syncope, chest pain, 
atrial fibrillation, myocardial infarction, pulmonary embo-
lism, and deep vein thrombosis) among CVAE-positive re-
ports for each drug.

Seriousness and Clinical Outcomes

Seriousness outcomes were identified as Hospitalization, 
Life-threatening, Death, Disability, Congenital anomaly, and 
other serious outcomes. Within the subset of CVAE-positive 
reports, we created indicator variables denoting hospital-
ization (presence of “Hospitalized”), life-threatening events 
(presence of “Life Threatening”), and death (presence of 
“Died”). These outcomes were evaluated only among 
CVAE-positive reports and compared between drugs.

Statistical Analysis

We performed a descriptive pharmacovigilance analysis 
focused on within-cohort comparisons of CVAE reporting 
between semaglutide, liraglutide, and tirzepatide. For each 
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drug, the primary metric was the proportion of mono-
therapy reports with ≥1 CVAE, calculated as the number 
of CVAE-positive reports divided by the total number of 
monotherapy reports for that agent. Approximate 95% 
confidence intervals (CIs) for proportions were derived 
using the normal approximation to the binomial distribu-
tion. To assess whether CVAE proportions differed across 
the three drugs, we constructed a 3×2 contingency table 
(drug×CVAE status) and applied a χ2 test. Pairwise compar-
isons were then conducted using 2×2 χ2 tests, and risk ra-
tios (RRs) with 95% CIs were calculated to quantify relative 
differences in CVAE reporting between liraglutide versus 
tirzepatide, semaglutide versus tirzepatide, and liraglutide 
versus semaglutide. Within the CVAE-positive subset, we 
compared the proportions of reports with hospitalization, 
life-threatening events, and death between drugs using χ2 
tests.

Results

Overall CVAE Reporting in Monotherapy Reports

A flowchart of the study is given in Figure 1. Among 26,930 
monotherapy FAERS reports that named semaglutide, li-
raglutide, or tirzepatide as the sole suspect active ingredi-
ent, 1,765 reports (6.6%) contained at least one CVAE. The 
distribution of total monotherapy reports, CVAE-positive 
reports, and resulting proportions is summarised in Table 
1. Liraglutide accounted for 978 monotherapy reports, of 
which 125 were CVAE-positive, yielding a CVAE propor-
tion of 12.8% (95% CI 10.7–14.9). Semaglutide contrib-
uted 6,232 monotherapy reports and 595 CVAE-positive 

reports, for a proportion of 9.5% (95% CI 8.8–10.3). Tirze-
patide accounted for the largest number of monotherapy 
reports (19,720), with 1,045 CVAE-positive reports and a 
CVAE proportion of 5.3% (95% CI 5.0–5.6). The global χ2 
test comparing CVAE proportions across the three drugs 
was significant (χ2=203.8, p<0.0001), indicating that the 
likelihood of a report containing a CVAE differed by agent. 
Pairwise comparisons showed that CVAEs were reported 
approximately 2.4-fold more often for liraglutide than for 
tirzepatide (RR 2.41, 95% CI 2.03–2.87) and approximate-
ly 1.8-fold more often for semaglutide than for tirzepati-
de (RR 1.80, 95% CI 1.64–1.98). Liraglutide also showed a 
higher CVAE proportion than semaglutide (RR 1.34, 95% 
CI 1.12–1.60).

Spectrum of CVAE

Across all three agents, the qualitative CVAE pattern was 
similar and dominated by rhythm- and hemodynam-
ic-related AEs. As summarized in Table 2, palpitations, 
heart rate increased, blood pressure changes, syncope, 
and chest pain were among the most frequently report-
ed CV AEs in the CVAE-positive subset. Palpitations were 
reported in 21 liraglutide, 53 semaglutide, and 124 tirze-
patide CVAE reports. Heart rate increased appeared in 
4, 43, and 90 reports for liraglutide, semaglutide, and 
tirzepatide, respectively. Hypertension AEs were more 
frequent in semaglutide CVAE reports (n=64) than in li-
raglutide (n=10) or tirzepatide (n=44), whereas hypoten-
sion and syncope occurred more often with tirzepatide 
(hypotension 77, syncope 95) than with semaglutide (20 
and 25) or liraglutide (8 and 9). Chest pain was present 
in 10, 43, and 72 CVAE reports for liraglutide, semaglu-
tide, and tirzepatide, respectively. Events reflecting 
major ischemic disease and venous thromboembolism 
were comparatively infrequent. Myocardial infarction or 
acute myocardial infarction was reported in 6 liraglutide, 

Table 1. Distribution of monotherapy reports and cardiovascular 
adverse events (CVAEs) by drug

Drug Total mono-
therapy 
reports

Reports 
with ≥1 

CVAE (n)

CVAE pro-
portion (%)

95%  
CI (%)

Liraglutide 978 125 12.8 10.7–14.9

Semaglutide 6,232 595 9.5 8.8–10.3

Tirzepatide 19,720 1,045 5.3 5.0–5.6

Total 26,930 1,765 6.6 –

Global χ² for difference in CVAE proportions across drugs=203.8, p<0.0001. Rel-
ative to tirzepatide, RR (95% CI) for CVAE reporting: liraglutide 2.41 (2.03–2.87); 
semaglutide 1.80 (1.64–1.98). Liraglutide vs semaglutide: RR 1.34 (1.12–1.60).
CVAE: Cardiovascular adverse event; CI: Confidence interval; RR, relative risk.

Figure 1. Flowchart of case selection and analytic strategy for 
cardiovascular adverse events (CVAEs) associated with GLP-1–
based therapies in FAERS.
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22 semaglutide, and 37 tirzepatide CVAE reports, while 
cerebrovascular accident or ischemic stroke AEs oc-
curred in 7, 18, and 29 reports, respectively. Pulmonary 
embolism and deep vein thrombosis were also uncom-
mon in absolute numbers.

Serious Outcomes among CVAE-Positive Reports

Within CVAE-positive reports, we examined the frequen-
cy of hospitalization, life-threatening outcomes, and 
death, stratified by agent (Table 3). Hospitalization was 
recorded in 36.0% of liraglutide CVAE reports (45/125), 
29.7% of semaglutide CVAE reports (177/595), and 31.3% 
of tirzepatide CVAE reports (327/1,045). The χ2 test for 
hospitalization proportions did not identify a statistical-
ly significant difference between drugs (approximately 
χ2=1.93, p=0.38). Life-threatening outcomes were not-
ed in 6 liraglutide (4.8%), 26 semaglutide (4.4%), and 94 
tirzepatide (9.0%) CVAE reports (χ2≈13.35, p=0.0013). 
Deaths occurred in 3 liraglutide (2.4%), 17 semaglutide 
(2.9%), and 29 tirzepatide (2.8%) CVAE reports (χ2=0.08, 
p=0.96).

Discussion
The predominance of palpitations, tachycardia, blood pres-
sure changes, and syncope in the FAERS reports is consis-
tent with known pharmacologic effects of GLP-1 receptor 
agonism. GLP-1-based therapies can modestly increase 
resting heart rate and alter autonomic balance, a chro-
notropic effect that provides a plausible mechanism for 
palpitations or a sensation of rapid heartbeat reported by 
patients [11]. Indeed, clinical studies have documented that 
drugs, such as liraglutide can raise heart rate by a few beats 
per minute relative to placebo [12]. In addition, GLP-1 recep-
tor agonists promote weight loss and have natriuretic and 
vasodilatory effects, which generally lead to modest reduc-
tions in blood pressure on average [13,14]. Evidence from 
large-scale CV outcome trials provides reassuring context: 
GLP-1 receptor agonists have demonstrated CV benefits or 
neutrality in high-risk patients. Trials such as LEADER (lira-
glutide) and SUSTAIN-6 or SELECT (semaglutide) showed 
significant reductions in MACE and CV mortality compared 
to placebo [15].

In our study, the observed differences in CVAE reporting rates 
between agents should be interpreted with caution. Liraglu-
tide and semaglutide have been used for many years, often 
in older patients with long-standing diabetes and co-morbid 
CV disease, who might be more prone to (or more closely 
monitored for) CV symptoms. Tirzepatide, being newer, has 
rapidly gained use, particularly in patients with obesity (in-
cluding those without severe CV history); in such individuals, 
the baseline risk of CV events may be lower, and the sheer 
volume of reports for this popular drug (dominated by other 
adverse effects, such as gastrointestinal events) may dilute 
the proportion that is CV-related. Therefore, clinicians should 
not interpret the lower FAERS CVAE proportion for tirzepati-
de as definitive evidence of superior cardiac safety. All three 
agents appear comparably safe from a CV standpoint, so 
therapeutic decisions should prioritize factors such as gly-
cemic control, weight loss efficacy, patient comorbidities, 
accessibility, and tolerance of other side effects.

Table 2. Selected cardiovascular adverse events (CVAEs) among 
Liraglutide, Semaglutide and Tirzepatide

CVAE Liraglutide (n) Semaglutide (n) Tirzepatide (n)

Palpitations 21 53 124

Heart rate 
increased

4 43 90

Hypertension 10 64 44

Hypotension 8 20 77

Blood pressure 
increased

11 39 63

Blood pressure 
decreased

3 30 54

Syncope 9 25 95

Chest pain 10 43 72

Atrial fibrilla-
tion

8 32 36

Myocardial 
infarction

6 22 37

Cerebrovas-
cular accident 
/ ischaemic 
stroke

7 18 29

Pulmonary 
embolism

2 16 49

Deep vein 
thrombosis

2 9 29

CVAE: Cardiovascular adverse event

Table 3. Serious outcomes among CVAE-positive reports

Outcome Liraglutide 
(n=125)

Semaglutide 
(n=595)

Tirzepatide 
(n=1.045)

Hospitalized 
(n, %)

45 (36.0%) 177 (29.7%) 327 (31.3%)

Life-threaten-
ing (n, %)

6 (4.8%) 26 (4.4%) 94 (9.0%)

Died (n, %) 3 (2.4%) 17 (2.9%) 29 (2.8%)

Global χ² for hospitalization across drugs≈1.93, p≈0.38 (no significant difference). 
Global χ² for life-threatening events≈13.35, p≈0.0013 (higher proportion for 
tirzepatide). Global χ² for death≈0.08, p≈0.96 (no significant difference).
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Limitation

This study has some important limitations to keep in mind. 
FAERS is a voluntary reporting system, so not every AE gets 
reported – especially the milder ones. What’s more, the 
number of reports does not tell us how many people actu-
ally took each drug, so we cannot calculate the true risk of 
side effects. The patients using these medications may also 
differ: Those on liraglutide or semaglutide might have had 
more severe disease or heart conditions, while tirzepatide 
users are often newer and healthier. Although we focused 
on monotherapy cases to reduce this variation, some dif-
ferences likely remain. We only compared the drugs to 
each other, not to all other medications, so our results show 
how they relate within the GLP-1 class – not their absolute 
risk. Also, no formal adjustment for multiple comparisons 
was applied, and therefore, p-values should be interpreted 
as exploratory.

Conclusion
In this pharmacovigilance study utilizing the FAERS data-
base, we found that semaglutide, liraglutide, and tirzepati-
de exhibit largely comparable CV safety profiles, with most 
reported AEs involving mild hemodynamic or rhythm-re-
lated symptoms such as palpitations, transient changes 
in heart rate or blood pressure, and occasional syncope. 
Notably, serious ischemic or arrhythmogenic events were 
uncommon across all agents. To our knowledge, this is the 
first study to conduct a direct, head-to-head comparative 
analysis of CV AEs among these three incretin-based ther-
apies using spontaneous report data. While randomized 
trials have established the CV efficacy of these agents, our 
findings contribute real-world post-marketing safety data 
that enhance present understanding of their tolerability in 
clinical practice.
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Diabetes mellitus is a chronic metabolic disease with 
substantial morbidity that requires lifelong manage-

ment. It encompasses Type 1 diabetes (autoimmune β-cell 
destruction), Type 2 diabetes (insulin resistance with rela-
tive insulin deficiency), and gestational diabetes (hyper-
glycemia first recognized in pregnancy, which confers later 
Type 2 diabetes [T2D] risk).

Beyond glycemia, alterations in trace elements and redox 
balance are increasingly implicated in diabetes pathophys-

iology. Zinc (Zn) contributes to insulin processing, storage, 
and signaling [1-4], whereas copper (Cu), a redox-active 
metal, supports key enzymatic reactions and, when dys-
regulated, may amplify reactive oxygen [5-10].

Recent syntheses indicate that Zn exerts clinically relevant 
effects on glycemic control in T2D. Meta-analyses and sys-
tematic reviews consistently report reductions in fasting 
blood sugar, hemoglobin A1C (HbA1c), and insulin resis-
tance with Zn supplementation [11-14]. In individuals with 
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prediabetes, Zn appears to improve fasting glucose and glu-
cose tolerance and may delay progression to overt T2D [15].

In contrast, the role of Cu in dysglycemia remains complex 
and inconsistent. A recent systematic review reported het-
erogeneous associations between Cu intake or status and 
T2D outcomes, which suggests that both deficiency and 
excess may be harmful and reflects the dual antioxidant 
and pro-oxidant actions of Cu [16]. Broader trace-element 
reviews indicate that higher Cu exposure can intensify oxi-
dative stress, a recognized driver of diabetic complications 
[17]. Circulating Cu concentrations also appear higher in 
gestational diabetes, particularly in late pregnancy and in 
Asian populations [18].

Oxidative stress remains central to diabetes pathophysi-
ology. Pooled analyses show increased lipid and DNA ox-
idation markers and reduced antioxidant defenses in T2D 
[19,20]. Comparable redox disturbances are reported in ges-
tational diabetes and are linked to adverse perinatal out-
comes, with partial mitigation through glycemic control 
and antioxidant support [21,22].

Dynamic changes in trace elements and redox markers 
during a standardized glycemic challenge remain incom-
pletely defined. Using the oral glucose tolerance test 
(OGTT) as a controlled physiological stressor, we obtained 
serial measurements of serum Zn, Cu, and oxidative stress 
biomarkers in newly diagnosed diabetes and normogly-
cemic controls, quantified their relations with glucose ex-
cursions, and evaluated shifts in correlation networks. This 
time-resolved design focuses on early disease, extends 
prior cross-sectional work, and aims to refine mechanistic 
understanding while informing the potential clinical utility 
of trace-element assessment in dysglycemia.

Materials and Methods
This study was conducted at the Bezmialem Vakif Univer-
sity Health Application and Research Center and was ap-
proved by the Bezmialem Vakif University Research Ethics 
Committee (Approval No: 11195). All procedures involving 
human participants were conducted in accordance with 
the ethical standards of the institutional research com-
mittee and with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards.

Participants

Adults aged 18–65 years who were referred for routine met-
abolic evaluation were screened. Exclusion criteria were liver 
kidney or endocrine disorders, prior gastrointestinal surgery 
or malabsorption, chronic infection, autoimmune disease, 
malignancy, psychiatric disease, pregnancy, lactation, alco-
hol abuse, active smoking, anemia, thrombocytosis, leuko-

cytosis and inflammatory disease. Use of drugs that affect 
glucose metabolism trace element balance or oxidative 
stress including antioxidant supplements, antihyperten-
sives, lipid lowering agents and immunomodulators led to 
exclusion. Body mass index and body composition were not 
collected, and this is acknowledged in the limitations.

OGTT Protocol

Participants fasted for at least 12 h. Fasting plasma glucose 
was measured at baseline. Individuals with fasting plasma 
glucose above 126 mg/dL did not undergo the glucose 
challenge in line with the World Health Organization guid-
ance. Eligible participants received a standard OGTT solu-
tion that contained 75 g of anhydrous glucose dissolved in 
300 mL of water. Blood samples were obtained at baseline 
(before OGTT), T0 at 1 h (60 min), T1, and at 2 h (120 min), 
T2 after intake. During the procedure, participants were 
instructed to refrain from smoking, food intake other than 
water, and strenuous physical activity. A total of 195 par-
ticipants were enrolled with 57 newly diagnosed diabetes 
cases defined as 2 h glucose of at least 200 mg/dL and 138 
normoglycemic controls.

Sample Collection

Blood was collected into trace element tubes to minimize 
exogenous Zn and Cu. Samples were processed on a clean 
bench with powder-free gloves and without metallic in-
struments in the workspace. Serum was separated within 1 
h of collection by centrifugation. Aliquots were transferred 
with metal-free pipette tips into metal-free polypropylene 
vials. All aliquots were stored at −86°C. Only one freeze-
thaw cycle was permitted. 

Biochemical Assays

Total oxidant status (TOS), paraoxonase activity, and aryles-
terase activity were measured using commercial kits from 
Rel Assay Diagnostics Gaziantep Turkey. Serum Zn and Cu 
were quantified using colorimetric methods from the same 
manufacturer. Additional measurements included glucose 
insulin cortisol 25 hydroxy vitamin D iron total cholesterol 
high density lipoprotein cholesterol and low density lipo-
protein (LDL) cholesterol on an Architect c16000 analyzer 
Abbott Diagnostics Abbott Park Illinois United States. Ho-
meostatic model assessment of insulin resistance values 
were calculated as (Fasting insulin [µU/mL] × Fasting glu-
cose [mg/dL])/405.

Statistical Analysis

Analyses were performed with IBM Statistical Package for 
the Social Sciences Statistics for Windows version 22. Dis-
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tributions were inspected with histograms and Q-Q plots. 
Normality was assessed with the Shapiro-Wilk test. Skewed 
variables were analyzed after log transformation and are 
reported as transformed or back-transformed values as ap-
propriate. Homogeneity of variance was checked with the 
Levene test, and non-parametric alternatives were used 
when assumptions were not met.

Between-group contrasts at each time point used Welch 
t-tests. Within-group changes across time points used 
paired t-tests. Primary comparisons were organized into 
predefined families for each biomarker and family wise er-
ror rate was controlled with Bonferroni adjustment within 
each endpoint family. Two-sided alpha was set at 0.05.

Outliers were screened with the interquartile range rule. 
Sensitivity analyses with winsorization were used to eval-
uate robustness in the presence of large standard devia-
tions. Missing data were not imputed, and analyses used 
available cases.

A priori calculations targeted a medium effect size with 
Cohen d of 0.5, with alpha of 0.05 and a power of 0.80, 
which yielded a minimum of 64 participants per group. The 
diabetes group included 57 participants, and the control 
group included 138 participants. The shortfall in the diabe-
tes group and its potential impact on borderline effects are 
acknowledged in the limitations.

Results
The study included a total of 195 participants (138 con-
trols and 57 patients with diabetes), with a mean age of 
32.87±10.07 years. Biochemical parameters were assessed 
at three time points: before OGTT (T0), 60 min (T1), and 120 
min (T2) following the OGTT. Baseline characteristics and T0 
laboratory measurements are presented in Table 1.

At T0, fasting glucose levels were similar between the groups 
(p=0.729). At T1, Zn was 84.14 µg/dL in patients and 77.95 
µg/dL in controls with (p=0.010). At T0, the groups were 
similar with p=0.720, and at T2 groups were similar with P 
= 0.602. Cu declined after the glucose load in both groups, 
and between-group differences were not significant at T1 
or T2. TOS values were lower at T1 and T2 than at T0 in both 
groups in a descriptive manner, and between-group differ-
ences were not significant at T0, T1, or T2. Group compari-
sons at T1 and T2 for all analytes are summarized in Table 2.

Catalase paraoxonase and arylesterase showed no signifi-
cant between-group differences at T0, T1, or T2. Cortisol did 
not differ between groups at any time point, and at T0, lipid 
parameters, iron, and vitamin D were comparable between 
groups.

Temporal changes in serum Zn, Cu, and TOS levels are il-
lustrated in Figure 1, showing modest dynamic responses 
over the OGTT period.

Table 1. Biochemical parameters at T0 (before OGTT) in control and patient groups

Parameter Control mean (SD) (n=138) Patient mean (SD) (n=57) p

Age 32.23 (10.27) 33.44 (9.74) 0.445

HOMA-IR 1.86 (0.92) 2.18 (2.31) 0.155

Cholesterol (mg/dL) 201.12 (47.23) 194.99 (42.69) 0.375

HDL (mg/dL) 56.05 (14.65) 55.20 (16.64) 0.736

LDL (mg/dL) 122.55 (33.51) 118.66 (36.61) 0.489

Fe (µg/dL) 64.49 (55.74) 58.59 (28.39) 0.324

Vitamin D (ng/mL) 20.65 (16.48) 19.97 (14.66) 0.777

Glucose (mg/dL) 88.54 (11.06) 89.14 (10.93) 0.729

Cortisol (µg/dL) 19.91 (6.94) 19.89 (7.11) 0.981

Insulin (μU/mL) 9.79 (9.93) 8.39 (3.89) 0.154

Cu (µg/dL) 171.16 (58.94) 168.91 (63.02) 0.816

Zn (µg/dL) 83.15 (16.33) 82.29 (14.67) 0.720

TOS 34.72 (92.29) 42.65 (95.87) 0.594

ARES (U/L) 150.12 (36.85) 146.95 (36.00) 0.578

Catalase (U/L) 16.58 (14.97) 18.46 (17.66) 0.479

PON (U/L) 0.70 (0.05) 1.10 (13.66) 0.323

HOMA-IR: Homeostatic model assessment of ınsulin resistance; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; Fe: Iron; TOS: Total oxidative status; ARES: 
Arylesterase, PON: Paraoxonase; Cu: Copper; Zn: Zinc; OGTT: Oral glucose tolerance test.
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Figure 2 presents Pearson correlation heatmaps of bio-
chemical parameters in the Control and Patient groups 
at each time point (T0, T1, T2). At T0, stronger positive cor-
relations among lipid parameters and oxidative stress 
markers were observed in the Control group. In contrast, 
the Patient group displayed weaker and more variable 
correlations, particularly involving catalase and antioxi-
dant response elements. In controls, Zn and Cu showed a 
consistent inverse pattern within and across time points. 
Zn was temporally stable with r values around 0.65–0.76 
across T0 T1 and T2. Cu showed even higher temporal sta-
bility with r values around 0.81–0.89. The Zn to Cu cou-
pling was negative with coefficients typically between 

−0.38 and −0.71. TOS showed only weak links with the 
other variables. In patients, Zn displayed lower temporal 
stability with r values around 0.10–0.38 while Cu stabili-
ty remained high with r values around 0.85–0.89. The in-
verse Zn to Cu pattern persisted and was modest within 
the same time window and stronger across different time 
points, generally between −0.33 and −0.57. Associations 
of Zn with glycemic markers after the glucose load were 
small and inconsistent.

Notably, Zn showed a transient positive correlation with 
insulin and glucose in the Patient group at T1, suggesting 
a possible acute metabolic interaction in response to glu-
cose intake. These patterns diminished at T2.

Table 2. Biochemical parameters at T1 (60 min) and T2 (120 min) after OGTT

Parameter
T1 T2

Control mean (SD) Patient mean (SD) p Control mean (SD) Patient mean (SD) p

Glucose (mg/dL) 139.96 (40.95) 259.98 (18.01) <0.001 105.37 (25.27) 220.91 (14.54) <0.001

Cortisol (µg/dL) 16.32 (6.46) 16.52 (6.94) 0.850 14.48 (6.19) 14.31 (6.15) 0.862

Insulin (μU/mL) 60.27 (41.25) 65.13 (45.09) 0.497 44.19 (38.27) 53.41 (35.20) 0.105

Cu (µg/dL) 148.61 (53.13) 149.86 (58.47) 0.889 148.02 (53.25) 152.00 (58.09) 0.655

Zn (µg/dL) 77.95 (14.10) 84.14 (15.42) 0.010 84.54 (14.94) 83.34 (14.51) 0.602

TOS* 24.40 (10.51) 23.86 (7.90) 0.693 22.51 (11.83) 23.79 (12.27) 0.502

ARES (U/L) 148.71 (39.15) 149.26 (42.40) 0.932 150.40 (40.39) 145.77 (43.85) 0.492

Catalase (U/L) 20.60 (16.21) 18.76 (9.00) 0.308 19.93 (17.35) 17.53 (10.11) 0.224

PON (U/L) 0.72 (0.08) 0.69 (0.18) 0.192 0.72 (0.08) 0.71 (0.09) 0.259

*TOS is expressed as µmoL H2O2 equivalent per liter. TOS: Total oxidative status; ARES: Arylesterase; PON: Paraoxonase; Cu: Copper; Zn: Zinc; OGTT: Oral glucose tolerance 
test.

Figure 1. Temporal trends of zinc, copper, and total oxidative status levels in patient and control 
groups.
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Overall, the correlation maps suggest more stable and 
coordinated metabolic regulation in healthy individuals, 
whereas diabetic patients exhibit disrupted trace element 
and oxidative stress interactions during OGTT. Sensitivity 
analyses using winsorization did not materially change the 
direction or significance of the primary results.

Discussion
This study explored the interplay between glucose metab-
olism, oxidative stress, and trace elements (Zn and Cu) in 
individuals undergoing an OGTT. The findings reveal sig-
nificant alterations in glucose levels post-OGTT among pa-
tients with diabetes, yet only modest and transient changes 
in trace element concentrations and oxidative stress mark-
ers, indicating a potentially attenuated oxidative response 
to glucose intake in this population.

Previous research has highlighted the contribution of oxidative 
stress to metabolic dysfunction. Bielawska et al.[23] reported a 
decrease in oxidized LDL levels post-OGTT in individuals with 
increased body mass, possibly due to enhanced lipoprotein 
clearance or redistribution. In this cohort, TOS values were low-
er during the test in a descriptive manner, and between-group 
differences were not significant at any time point.

Age and physiological context may influence oxidative 
responses. Katsa et al. [24] demonstrated that glucose ex-
cursions in children with excess body weight elevated an-
tioxidant enzyme activities, such as superoxide dismutase 

and glutathione peroxidase 3, potentially reflecting a com-
pensatory antioxidant response. In contrast, the lack of 
significant TOS change observed in our adult cohort may 
indicate reduced antioxidant adaptability or a delayed oxi-
dative response. Meta analytic syntheses indicate that lipid 
and DNA oxidation markers are elevated and antioxidant 
defenses are reduced in T2D and similar redox disturbanc-
es are seen in gestational diabetes with partial mitigation 
by glycemic control and antioxidant support [19-22]. Against 
that background, our descriptive decrease in TOS during 
the test without between-group differences suggests that 
TOS alone may be insufficient to capture short-term redox 
dynamics in adults. The omission of superoxide dismutase 
and glutathione peroxidase limits comparability with the 
broader literature and may understate acute antioxidant 
responses. Future work that combines standardized en-
zymatic panels with serial sampling could reconcile acute 
challenge data with chronic redox alterations reported in 
pooled analyses.

Zn plays a multifaceted role in glucose metabolism through 
its effects on insulin signaling, β-cell function, and redox 
regulation [25-27]. Consistent with previous reports linking 
Zn deficiency to impaired glucose tolerance in gestational 
diabetes mellitus and polycystic ovary syndrome [28-30], at 
T1 Zn was higher in patients than in controls with (p=0.010) 
while groups were similar at T0 and at T2. This transient rise 
may reflect Zn mobilization or utilization during acute 
glucose handling, aligning with its insulin-mimetic prop-

Figure 2. Correlation heatmaps of biochemical parameters in patient and control groups at T0 
(before oral glucose tolerance test [OGTT]), T1 (60 min after OGTT), and T2 (120 min after OGTT) 
(The color scale encodes r from −1 to +1).
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erties. However, T0 Zn levels were similar between groups, 
and overall fluctuations were modest. Our OGTT finding 
of higher Zn in patients at 60 min should be interpreted 
alongside recent evidence that chronic Zn supplementa-
tion improves fasting glucose HbA1c and insulin resistance 
in T2D and may benefit individuals with prediabetes [11-15]. 
Those syntheses address sustained intake and longer time 
scales whereas our design probes acute physiology. The 
transient difference we observe is consistent with short 
term mobilization or redistribution and does not imply 
baseline deficiency or treatment benefit. Whether dynamic 
Zn responses during a glucose challenge predict longitu-
dinal glycemic trajectories remains an open question that 
requires prospective validation.

Cu has also been implicated in diabetes pathophysiology, 
though findings remain inconsistent. While several studies 
reported elevated Cu levels in individuals with T2DM [31-33]. 
Our results showed no significant differences in serum Cu 
between groups and a comparable decline after glucose 
intake. These discrepancies may stem from differences in 
population characteristics, disease duration, or unmea-
sured confounders such as medication use or inflammatory 
status. Our null between group contrasts and the uniform 
post-load decline in Cu align with the heterogeneity sum-
marized in a recent systematic review which indicates that 
both low and high Cu exposure may be detrimental and 
reflects the dual antioxidant and pro oxidant actions of Cu 
[16]. Broader trace element reviews link higher Cu exposure 
to heightened oxidative stress, which is implicated in com-
plications of diabetes [17]. Elevated circulating Cu reported 
in gestational diabetes likely reflects a different physiologi-
cal context including pregnancy related changes and pop-
ulation specific factors [18]. Differences in diet inflammation 
and the partitioning of Cu between ceruloplasmin-bound 
and non-ceruloplasmin pools were not measured in our 
study and may contribute to variation across cohorts.

Given Cu’s role in redox cycling and its association with ox-
idative damage, its dysregulation has been proposed as a 
therapeutic target. Studies have linked elevated Cu levels 
with impaired fasting glucose, gestational diabetes, and in-
creased diabetes-related complications [34-36]. Accordingly, 
Cu chelation therapy has been hypothesized as a strategy 
to mitigate disease progression [37-39].

While our findings do not demonstrate a disturbance in bas-
al Cu homeostasis, the dynamic response to the glucose load 
warrants further investigation. This study is observational 
and cannot establish causality. The diabetes subgroup was 
slightly smaller than the a priori target, therefore borderline 
effects should be interpreted with caution. Despite prespec-
ified families and Bonferroni adjustment, residual type I error 

remains possible given the number of tests. We did not mea-
sure superoxide dismutase or glutathione peroxidase, which 
limits interpretability of the redox profile. Body mass index 
and body composition were not collected, which constrains 
adjustment for adiposity-related confounding.

The study has notable strengths. We evaluated glucose, trace 
elements, and oxidative stress markers at multiple OGTT time 
points in newly diagnosed diabetes and normoglycemic con-
trols. The design adds by tracking serial Zn, Cu and oxidative 
stress markers under a standardized glycemic challenge and by 
comparing correlation network structure between groups.

Limitation

The slightly smaller than planned diabetes subgroup may 
have limited statistical power for detecting borderline as-
sociations, although the analyses were conducted using 
prespecified statistical procedures and multiplicity control. 
The absence of BMI data, together with the lack of addi-
tional antioxidant enzyme measurements such as super-
oxide dismutase and glutathione peroxidase, constrained 
adjustment for adiposity-related confounding and limited 
a more comprehensive characterization of the acute redox 
response during OGTT.

Conclusion
In this cohort, glucose dysregulation was clear in diabetes, 
whereas trace element and oxidative stress responses to 
the glucose challenge were relatively stable. Zn was high-
er in patients than in controls at T1 and otherwise similar 
across groups and time points, which may reflect short-
term mobilization or redistribution. Cu declined after the 
glucose load in both groups without between-group dif-
ferences. Measurement of Zn or Cu during the OGTT is not 
ready for clinical use. Prospective studies with standard-
ized assays and clinical end points are needed to define 
the translational value of dynamic trace element responses 
and to test whether modulation of Zn or Cu homeostasis 
can improve glycemic control.
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Pregnancy loss, also known as spontaneous abortion or 
miscarriage, is defined as the termination of an intra-

uterine pregnancy before the 20th week of gestation and 
occurs in approximately 15–20% of clinically recognized 
pregnancies [1,2]. The majority of these losses – nearly 80% 
– take place during the first trimester of pregnancy [3,4]. Ac-
cepted treatment options for early pregnancy loss include 
expectant management, medical therapy, and surgical 
evacuation. Although these approaches differ significantly 
in terms of the process, each has been shown to be effec-
tive and generally well tolerated by patients. Present evi-

dence does not support the superiority of any one method 
in terms of long-term reproductive outcomes. Therefore, 
patients should be thoroughly counseled on the potential 
risks and benefits of each option to support individualized, 
preference-based decision-making.

Expectant management is a conservative approach in-
volving the spontaneous expulsion of pregnancy tissue 
without medical or surgical intervention. Medical therapy 
involves pharmacological uterine evacuation using prosta-
glandin analogs, most commonly misoprostol. Typically, a 

HAYDARPAŞA NUMUNE MEDICAL JOURNAL

hnhtipdergisi.com

DOI: 10.14744/hnhj.2026.03930
Haydarpasa Numune Med J 2026;66(2):156–162

ORIGINAL ARTICLE

Assessing the Effectiveness and Safety of Surgical and 
Medical Management in First-Trimester Pregnancy Loss

 Pınar Koç Tiske,  Hasan Süt,  Halenur Öner Soy,  Özhan Özdemir
Department of Obstetrics and Gynecology, Gülhane Training and Research Hospital, University of Health Sciences, Ankara, Türkiye

Abstract

Introduction: To compare the short- and long-term outcomes of medical (misoprostol) and surgical (vacuum aspiration) management 
in patients with first-trimester pregnancy loss. 
Methods: This retrospective cohort study included patients diagnosed and treated for spontaneous abortion under 14 gestational weeks 
between January 2019 and January 2025 at a tertiary center. Patients were divided into two groups according to treatment modality: 
Medical (misoprostol) or surgical (vacuum aspiration). Demographic characteristics, treatment success rates, hospitalization duration, 
hemoglobin/hematocrit changes, complication rates, and subsequent fertility outcomes were compared. 
Results: A total of 368 patients were included, with 114 receiving medical treatment and 254 undergoing surgical management. The 
overall success rate was significantly higher in the surgical group (99.2%) compared with the medical group (50%) (p<0.001). The 
surgical group had a shorter hospital stay (p=0.014), lower hemoglobin drop (p<0.001), and fewer complications (p=0.01). The most 
common complications in the medical group were retained products of conception and pelvic infection. Treatment success was 
consistently higher with surgical management across both missed and incomplete abortion subtypes (p<0.001). 
Discussion and Conclusion: Surgical management with vacuum aspiration appears more effective and safer than medical management 
with misoprostol for first-trimester pregnancy losses. These findings may support individualized decision-making based on gestational 
age, clinical stability, and resource availability. Limitations include the retrospective design and lack of standardized misoprostol protocols.
Keywords: Fertility outcome; first-trimester pregnancy loss; misoprostol; pregnancy loss; treatment outcome; vacuum aspiration.

Correspondence: Pınar Koç Tiske, M.D. Department of Obstetrics and Gynecology, Gülhane Training and Research Hospital,  
University of Health Sciences, Ankara, Turkey
Phone: +90 530 574 54 42  E-mail: drpinartiske@gmail.com
Submitted Date: 24.09.2025   Revised Date: 14.11.2025   Accepted Date: 16.02.2026
Haydarpaşa Numune Medical Journal
OPEN ACCESS  This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

https://orcid.org/0000-0002-6439-610X
https://orcid.org/0000-0003-0982-3356
https://orcid.org/0009-0005-6413-0677
https://orcid.org/0000-0002-0930-775X


157Koç Tiske et al., Surgical vs medical management in first-trimester pregnancy loss / doi: 10.14744/hnhj.2026.03930

single dose of 800 µg misoprostol is administered vaginal-
ly, with additional doses considered in cases of incomplete 
expulsion. Surgical management entails active evacuation 
of the uterus, usually through vacuum aspiration or dilata-
tion and curettage (D&C), both of which can be performed 
with or without anesthesia. While surgical evacuation has 
long been considered the gold standard for first-trimes-
ter miscarriage management due to its high success rate, 
it is also associated with increased risks of complications, 
such as hemorrhage, uterine perforation, and pelvic infec-
tion [5,6]. In contrast, medical management is less invasive, 
more cost-effective, does not require anesthesia, and may 
reduce endometrial trauma; however, it carries a higher 
likelihood of treatment failure and longer hospital stay in 
some cases [7,8].

Therefore, this study aims to compare the clinical outcomes 
of medical management using misoprostol and surgical 
management through vacuum aspiration in patients with 
first-trimester spontaneous abortions up to 14 weeks of 
gestation. Particular attention is given to patient-centered 
and clinically relevant parameters, including treatment 
success rates, complication incidence, duration of hospi-
talization, need for additional interventions, patient satis-
faction, and subsequent fertility outcomes. By comprehen-
sively evaluating these factors, the study seeks to inform 
clinical decision-making and identify the most appropriate 
and effective treatment approach for optimizing the man-
agement of early pregnancy loss.

Materials and Methods
The present retrospective observational cohort study was 
conducted at the Gülhane Training and Research Hospital. 
A retrospective review and analysis of the medical records 
and clinical findings of patients diagnosed with first-trimes-
ter pregnancy loss (gestational age ≤14 weeks) between 1 
January 2019 and 31 January 2025 was conducted. Ethical 
approval for the study was obtained from the tertiary cen-
ter Gülhane Training and Research Hospital (approval date 
April 10, 2025, number: 2025/75) and the study adhered to 
the principles outlined in the Declaration of Helsinki.

Patients were included in the study if they had a diagnosis 
of first-trimester spontaneous abortion, received treatment 
with either medical (misoprostol) or surgical (vacuum aspi-
ration) methods, and had complete and accessible medical 
records detailing demographic characteristics, treatment 
processes, and follow-up information. Patients diagnosed 
with ectopic pregnancy, molar pregnancy, or septic abor-
tion, those managed expectantly, those requiring addition-
al interventions following initial treatment, and those with 
incomplete or missing medical data were excluded.

Pregnancy loss terminology was based on standard defi-
nitions: Anembryonic pregnancy was defined as a nonvi-
able gestation characterized by an empty gestational sac 
without a yolk sac or embryo, possibly following embryon-
ic resorption. Fetal demise was used to describe pregnan-
cies of 10 weeks or greater in which a fetus was visualized 
but lacked cardiac activity. The term “missed abortion” was 
replaced by “asymptomatic pregnancy loss,” describing 
nonviable pregnancies in the absence of symptoms. “In-
complete miscarriage” indicated the presence of retained 
products of conception in the uterus after pregnancy loss.

Medical management was carried out in accordance with 
institutional protocols using misoprostol, either alone or as 
part of a combination regimen when available.

According to the 2017 International Federation of Gynecol-
ogy and Obstetrics (FIGO) guidelines on misoprostol-only 
regimens for reproductive health, the recommended dos-
age and route vary depending on indication and gestation-
al age.

For incomplete pregnancy loss, 600 µg orally, 400 µg sub-
lingually, or 400–800 µg vaginally may be administered as 
a single dose. For missed pregnancy loss, 800 µg intravagi-
nally or 600 µg sublingually may be administered every 3 h 
until expulsion occurs [9].

In our study, since only first-trimester pregnancy losses 
(<14 weeks) were included, the treatment protocol was 
planned in accordance with these FIGO 2017 recommen-
dations, considering both the indication and gestational 
age.

All administrations were performed under clinical supervi-
sion in the hospital setting. Surgical treatment consisted of 
vacuum aspiration. Treatment success was defined as com-
plete evacuation of pregnancy tissue without the need for 
further intervention. Complications evaluated included 
infection, hemorrhage, uterine perforation, and retained 
products requiring additional procedures. Gestational age 
was determined by ultrasound measurement of crown–
rump length at initial presentation.

Binary logistic regression analysis was performed to iden-
tify independent predictors of treatment success. Variables 
with p<0.10 in univariate analysis (age, gestational age, 
type of pregnancy loss, hemoglobin change, and treatment 
modality) were entered into the model. Adjusted odds ra-
tios (OR) with 95% confidence intervals (CI) were reported.

Statistical Analysis

Data, including maternal demographics, obstetric histo-
ry, clinical findings, treatment modalities, and outcomes, 
were extracted from patient records and analyzed. Statis-
tical analysis was conducted using the Statistical Package 
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for the Social Sciences version 25.0 (IBM Corp., Chicago, IL, 
USA). Normality of continuous variables was assessed with 
the Shapiro–Wilk test and histograms. Normally distribut-
ed variables were presented as mean±standard deviation, 
and non-normally distributed data as median (minimum–
maximum). Categorical data were summarized as frequen-
cies and percentages. Comparisons between groups were 
performed using the chi-square or Fisher’s exact test for 
categorical variables and Student’s t-test or Mann-Whitney 
U-test for continuous variables, depending on the distribu-
tion. Binary logistic regression was used to assess causality. 
A p<0.05 was considered statistically significant.

This study was conducted and reported in accordance with 
the Strengthening the Reporting of Observational Studies 
in Epidemiology guidelines.

Results
A total of 368 patients diagnosed with first-trimester preg-
nancy loss were included in the study. As illustrated in the 
flowchart (Fig. 1), patients were divided into two groups ac-
cording to the treatment modality: Medical management 
with misoprostol (n=114) and surgical management with 
vacuum aspiration or D&C (n=254). Baseline demograph-
ic characteristics, clinical findings, treatment outcomes, 
and follow-up data were systematically analyzed. Primary 

outcomes included treatment success, hospitalization du-
ration, and complication rates, while secondary outcomes 
involved time to subsequent conception and need for ad-
ditional intervention. The comparative analysis of these pa-
rameters is presented below.

Table 1 summarizes the baseline demographic and clinical 
characteristics of patients included in the study. A total of 
368 patients with first-trimester pregnancy loss were includ-
ed, of whom 114 received medical management, and 254 
underwent surgical treatment. The median age of patients 
was comparable between the groups (30 [18–43] years in 
the medical group vs. 31 [18–47] years in the surgical group, 
p=0.12). There were no significant differences between the 
two groups in terms of gravida, parity, number of abortions, 
or number of living children (p>0.05 for all).

The median gestational age was significantly higher in 
the medical management group compared to the surgical 
group (11 weeks vs. 9 weeks, p<0.001). Anemia was ob-
served in 9.6% of patients in the medical group and 6.3% 
in the surgical group (p=0.28). Prior uterine surgical inter-
ventions were reported in 19.3% of the medical group and 
27.6% of the surgical group, without a statistically signifi-
cant difference (p=0.11).

Missed miscarriage was more frequently observed in the 
medical management group (83.3%) compared to the 
surgical group (74.8%), while incomplete miscarriage 
was more common in the surgical group (25.2%) than in 
the medical group (16.7%), though this difference did not 
reach statistical significance (p=0.072). Comorbidities were 
present in 26.3% and 25.3% of patients in the medical and 
surgical groups, respectively (p=0.75).

The outcomes of medical and surgical management in 
first-trimester pregnancy loss are summarized in Table 
2. The pre-procedure hematocrit (Hct) level was signifi-
cantly lower in the medical group (median 37 [24.9–44]) 
compared to the surgical group (median 37.7 [28.6–49.4], 
p=0.014). Post-procedure Hct levels were also significant-
ly lower in the medical group (34.3 [16.3–42.2] vs. 36.2 
[25.4–44.1], p<0.0001). The reduction in Hct was greater in 
the medical group (2.5 [0–13] vs. 1.1 [0–9.7], p<0.001), and 
the rate of ≥10% decrease in Hct was significantly higher 
(36.8% vs. 18.9%, p<0.001) (Table 2).

The median duration of inpatient stay was longer in the 
medical group (2 days [2–17]) compared to the surgical 
group (1 day [1–8], p=0.014). The success rate was mark-
edly lower in the medical group (50%) than in the surgical 
group (99.2%, p<0.001). Complication rates were also high-
er in the medical group (8.8%) than in the surgical group 
(2.4%, p=0.01) (Table 2). In this study, conception delay was 
defined as the absence of pregnancy within 12 months of Figure 1. Patient flow diagram for study cohort.
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unprotected intercourse in women who wished to con-
ceive. It was recorded in 8.9% (n=4) of the patients man-
aged medically and 10.6% (n=9) of those who underwent 
surgical treatment, with no statistically significant differ-
ence between groups (p=0.76) (Table 2).

The success rates of the treatment methods varied sig-
nificantly depending on the type of miscarriage. Among 
patients with missed miscarriage, surgical management 
achieved a significantly higher success rate (98.9%) com-
pared to medical treatment (49.5%) (p<0.001). Similarly, 
in cases of incomplete miscarriage, all patients undergo-
ing surgical evacuation experienced successful outcomes 
(100%), whereas the success rate for medical management 
was markedly lower at 47.4% (p<0.001). These findings 
suggest that surgical intervention is substantially more ef-

fective than medical treatment in ensuring complete uter-
ine evacuation across different miscarriage types.

Multivariate logistic regression identified treatment mo-
dality (surgical vs. medical) as the only significant predictor 
of treatment success (adjusted OR=12.5, 95% CI: 5.3–29.4, 
p<0.001). None of the other variables – including age, gra-
vidity, parity, gestational age, or baseline hemoglobin – 
showed a significant association with treatment outcome.

Although major complications were rare in both groups, 
the medical management group exhibited a relatively 
higher risk profile. Pelvic infection was observed in 2.6% of 
patients in the medical group versus 0.4% in the surgical 
group. Uterine bleeding occurred in 1.8% and 0.4%, respec-
tively. One patient in the medical group (0.9%) required a 
blood transfusion, whereas none in the surgical group did. 

Table 2. Combined clinical and reproductive outcomes and treatment success rates

Outcome Medical management (n=114) Surgical management (n=254) p

Pre-op Hct level (median, range) 37 (24.9–44) 37.7 (28.6–49.4) 0.014

Post-op Hct level (median, range) 34.3 (16.3–42.2) 36.2 (25.4–44.1) <0.001

Reduction in Hct (median, range) 2.5 (0–13) 1.1 (0–9.7) <0.001

≥10% Reduction in Hct, n (%) 42 (36.8) 48 (18.9) <0.001

Duration of inpatient stay (median days, range) 2 (2–17) 1 (1–8) 0.014

Treatment success rate, n (%) 57 (50) 252 (99.2) <0.001

Overall complications, n (%) 10 (8.8) 6 (2.4) 0.01

Conception delay >12 months, n (%) 4 (8.9) 9 (10.6) 0.76

Data are presented as median (range) for continuous variables and as number (percentage) for categorical variables. p-values were calculated using the Mann–Whitney 
U test for continuous variables and the Chi-square test for categorical variables. A p-value <0.05 was considered statistically significant. Hct: hematocrit

Table 1. Demographic characteristics of patients with first-trimester pregnancy loss

Medical management (n=114) Surgical management (n=254) p

Age (years) 30 ( 18-43) 31 (18-47) 0.12

Gravida 2 ( 1-11) 2 (1-11) 0.45

Parity 1 (0-5) 1 (0-6) 0.26

Abortion 0 (0-10) 0 (0-10) 0.98

Living 1 (0-5) 1 (0-6) 0.27

Gestational age (weeks) 11 (5-14) 9 (5-14) <0.001

Anemia n (%) 11 (9.6%) 16 (6.3%) 0.28

Prior Uterine Surgical Interventions n (%) 22 (19.3%) 70 (27.6%) 0.11

Type  of miscarriage n (%)

Missed 95 (83.3%) 190 (74.8%) 0.072

Incomplete 19 (16.7%) 64 (25.2%)

Comorbidity n (%) 30 (26.3%) 93 (25.3%) 0.75

*Data are presented as median (range) for continuous variables and number (percentage) for categorical variables. P-values were calculated using the Mann–Whitney U 
test (continuous variables) and Chi-square test (categorical variables).
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A single case of chorioamnionitis (0.9%) was also reported 
in the medical group. Notably, retained products of con-
ception were significantly more frequent in the medical 
group (5.3%) compared to the surgical group (0.8%).

Discussion
Miscarriage is a frequent complication of early pregnancy, 
affecting many women of reproductive age [9,10]. In low- 
and middle-income countries, where maternal and neona-
tal mortality rates remain high, it can cause severe morbid-
ities, such as hemorrhage, infection, and even death [11]. 
Thus, evaluating treatment methods that are both effective 
and accessible is essential. Among surgical approaches, 
vacuum aspiration is the most widely used and is recom-
mended in the World Health Organization’s safe abortion 
guidelines [12]. Misoprostol, a synthetic prostaglandin E1 
analogue, is also widely used for cervical ripening and labor 
induction, acting on uterine smooth muscle to promote 
contractions and cervical remodeling [13]. Studies compar-
ing surgical and medical management of early pregnan-
cy loss indicate that both methods are generally effective 
and safe, but their advantages and limitations depend on 
patient characteristics and healthcare resources. In this 
study, we compared medical and surgical management of 
first-trimester pregnancy loss with respect to success rates, 
complication profiles, and follow-up requirements.

In a large retrospective cohort of 30,146 women in Los 
Angeles, the success rate of medical abortion at or be-
fore 9 weeks was 99.6%, compared to 99.8% with surgical 
abortion [14]. Other studies report similar results. In Nepal, 
among 160 women, complete abortion occurred in 93.15% 
of those managed with manual vacuum aspiration versus 
85.14% with medical treatment [15]. A 2022 study of 342 
women found medical success rates of 94.3% for pregnan-
cies ≤6 weeks and 97% for 6–8 weeks [16]. A Cochrane net-
work meta-analysis of 39 randomized controlled trials con-
firmed vacuum aspiration was more effective than medical 
management for missed abortion (relative risk [RR]: 1.51; 
95% CI: 1.14–2.01) [17]. Similarly, Ireland et al.[18] showed 
that combining mifepristone with misoprostol was highly 
effective in first-trimester termination. In our cohort, surgi-
cal management achieved a 99.2% success rate, while the 
medical group had a markedly lower rate of 50% (p<0.001). 
The lack of mifepristone use may explain the reduced ef-
fectiveness, as misoprostol alone is associated with lower 
success and greater need for additional interventions.

Although both medical and surgical methods are consid-
ered safe and effective, unplanned surgical aspiration due to 
persistent pregnancy, pain, or prolonged bleeding was more 
frequent in the medical group (2.1% vs. 0.6%). The medical 

group also showed lower success and higher complication 
rates (8.8% vs. 2.4%, p=0.01), and longer hospitalization (2 
vs. 1 day, p=0.014). A review by El-Refaey and Templeton 
confirmed that mifepristone–misoprostol regimens are ef-
fective but often cause prolonged bleeding, pain, nausea, 
and gastrointestinal side effects, whereas surgical methods 
carry risks, such as uterine perforation or cervical laceration 
[19]. Our findings support these observations, showing in-
complete abortion and retained products were significantly 
more frequent with medical treatment (5.26% vs. 0.8%). Sim-
ilar reports note longer bleeding, more follow-up, and higher 
revision rates in medical cases [15,20]. A prospective study of 
838 women also found higher surgical revision in the med-
ical group (7.4% vs. 3.0%, p<0.001) [20]. Meta-analysis evi-
dence supports that surgery reduces the need for additional 
intervention (RR: 0.19; 95% CI: 0.10–0.37) and shortens hos-
pital stay [17]. In our cohort, pelvic infection was also more 
common in the medical group (2.63% vs. 0.4%). These com-
plications, together with longer monitoring needs, highlight 
that although non-invasive, medical management may re-
quire more frequent follow-up and additional interventions, 
affecting patient satisfaction and healthcare resources.

Our findings, although differing from the high success rates 
reported in large cohorts, highlight that medical treatment 
may not always match the efficacy of surgical methods. 
Outcomes appear influenced by patient selection and the 
availability of pharmacological agents. While the overall 
safety profile aligns with previous literature, the lower suc-
cess and higher complication rates with misoprostol alone 
suggest it may not be appropriate for all populations.

In our study, the median gestational age was significantly 
higher in the medical group (11 weeks vs. 9 weeks). This 
factor may have contributed to the greater blood loss and 
Hct reduction observed in that group, as advanced gesta-
tional age is associated with larger uterine volume and pla-
cental surface area. Similar observations have been report-
ed in previous studies linking gestational age to increased 
bleeding during medical management.

The present research provides real-world evidence from a 
relatively large, single-center cohort, systematically evalu-
ating treatment success, complication rates, and hospital 
stay durations. Such evidence is particularly valuable in 
low- and middle-income settings, where treatment access 
and follow-up may vary. By directly comparing outcomes 
in both missed and incomplete miscarriages, these find-
ings clarify the practical advantages and limitations of each 
approach, offering guidance for individualized treatment 
and healthcare resource allocation.

Regarding fertility outcomes, conception delay was similar 
between groups (8.9% medical vs. 10.6% surgical, p=0.76). 
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These results are consistent with previous research show-
ing no significant differences in fertility after early pregnan-
cy loss. For instance, a cohort of 203 women found compa-
rable pregnancy rates between groups at 6 months (68.0% 
vs. 65.1%) [21], while a trial following 604 women for up to 
9 years showed no differences in natural conception rates 
(97.7%), time to pregnancy, or live birth rates [22].

Nevertheless, the potential risk of intrauterine adhesions 
(IUAs) after surgical procedures should not be overlooked. 
Blind techniques, such as dilation and curettage or vacuum 
aspiration, may increase the risk of endometrial trauma, 
whereas misoprostol could offer a fertility-preserving alter-
native [23]. In one study, IUAs were absent in the misopros-
tol group but occurred in 7.7% of women who underwent 
D&C.[24]. Although our study did not detect significant dif-
ferences in fertility outcomes, the theoretical advantage 
of preserving endometrial integrity supports considering 
long-term reproductive goals when selecting treatment.

Limitation

Several limitations should be acknowledged. Its retrospec-
tive design may have introduced selection bias, and reli-
ance on medical records could have resulted in incomplete 
data. Being conducted in a single tertiary center also limits 
generalizability. Treatment allocation was not randomized 
but based on clinical judgment or patient preference, which 
may have influenced outcomes. In the medical group, the 
exclusive use of misoprostol might have contributed to 
lower success rates. Furthermore, fertility outcomes were 
partly based on patient self-reports, potentially underes-
timating subtle reproductive issues. Despite these limita-
tions, the study’s relatively large sample size over an ex-
tended period, along with subgroup analyses, strengthens 
its clinical relevance. Evaluating both short- and long-term 
outcomes provides a more comprehensive understanding 
of treatment effectiveness.

Conclusion
Overall, the findings indicate that vacuum aspiration as a 
surgical approach for managing first-trimester pregnancy 
loss is associated with significantly higher success rates, 
lower complication rates, and a shorter duration of fol-
low-up compared to medical management. These findings 
underscore the clinical advantages of surgical treatment, 
particularly in terms of patient safety and healthcare effi-
ciency. In resource-constrained settings, where medication 
availability or compliance may be limited, surgical man-
agement should be considered the preferred method due 
to its reliability, cost-effectiveness, and rapid resolution of 
symptoms.
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Bladder cancer ranks as the seventh most frequently 
diagnosed cancer in men worldwide and tenth when 

both sexes are considered together [1]. It stands out as 
the most common cancer of the urinary tract. Several risk 
factors have been identified for bladder cancer, including 
age, gender, race, and exposure to certain carcinogens. 
Among these carcinogens, the most common exposure is 
cigarette smoke [2,3]. The incidence of bladder cancer rises 
particularly after the age of 65. Moreover, it occurs about 4 

times more frequently in men than in women. In the white 
race, the incidence is approximately twice as high as in the 
black race [4]. About 90% of bladder cancers arise from the 
urothelial epithelium [5]. Approximately 75% of patients 
present with disease limited to the mucosa (stage pTa, 
carcinoma in situ [CIS]) or submucosa (stage pT1); this rate 
is even higher in younger patients (under the age of 40). 
Compared to muscle-invasive tumors (pT2-4), patients with 
pTa, pT1, and CIS tumors have a higher long-term survival 
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Abstract
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rate and a lower risk of cancer-specific mortality [6]. Bladder 
tumors show wide variation in their course, and appropri-
ate diagnosis, staging, and grading require pathological 
evaluation. Pathological grading forms the basis of staging. 
The mainstay of pathological diagnosis is the transurethral 
resection of the bladder tumor (TUR-BT). Although tumor 
stage, grade, size, and multifocality are well-established 
determinants of disease behavior in bladder cancer, the 
potential clinical significance of intravesical tumor location 
remains controversial. It has not been clearly defined in pa-
tients undergoing primary TUR-BT.

Previous studies have suggested that tumors arising from 
specific regions of the bladder may be associated with dis-
tinct pathological characteristics; however, the available 
evidence is limited and inconsistent [7,8].

In this study, we aimed to retrospectively investigate wheth-
er the location of the tumor within the bladder in patients 
who underwent primary TUR-BT and were diagnosed with 
urothelial carcinoma is associated with certain parameters, 
such as grade, prognosis, recurrence, and multifocality.

Accordingly, this study was designed as a hypothesis-gen-
erating analysis to explore the association between intra-
vesical tumor location and clinicopathological characteris-
tics in a real-world TUR-BT population. 

Materials and Methods
Ethics committee approval for our study was obtained on 
January 18, 2022, with file number 2022/5, from the Bezmi-
alem Vakif University Non-Interventional Research Ethics 
Committee. The study was conducted in accordance with 
the principles of the Declaration of Helsinki. Data from a to-
tal of 452 patients who underwent TUR-BT and were diag-
nosed with “urothelial carcinoma” between January 2016 
and August 2021 in the Urology Department of Bezmialem 
Vakif University Faculty of Medicine Hospital were retro-
spectively analyzed. Patients with histopathologically con-
firmed urothelial carcinoma and available follow-up data 
after primary TUR-BT were included in the study. The study 
included 61 female and 391 male patients. Post-operative 
follow-up was performed according to the contemporary 
European Association of Urology guideline recommenda-
tions valid at the time of patient management. Patients 
with non-muscle-invasive bladder cancer underwent cys-
toscopic surveillance at regular intervals, including an ini-
tial cystoscopy at 3 months after TUR-BT, followed by pe-
riodic cystoscopies based on individual risk stratification. 
Patients diagnosed with muscle-invasive bladder cancer 
were referred for further oncological evaluation and mul-
tidisciplinary management according to institutional prac-
tice. Due to the retrospective design of the study, detailed 

data regarding intravesical therapy regimens and adjuvant 
treatments were not consistently available and were there-
fore not included in the analysis. Patients with incomplete 
pathological records, missing tumor localization data, 
non-urothelial histology, or inadequate follow-up were 
excluded. The parameters recorded included patient age, 
gender, tumor location, pathological stage of the primary 
tumor, development of progression or recurrence, and total 
tumor size. Recurrence was defined as the appearance of a 
new tumor on control cystoscopies after complete resec-
tion. Progression was defined as an increase in pathological 
stage compared with the primary tumor. For patients with 
an indication for re-TUR in the 1st month, pathology results 
showing a tumor were not considered recurrence. Given 
that the study population included both non-muscle-inva-
sive and muscle-invasive tumors, recurrence and progres-
sion were evaluated based on pathological findings rather 
than treatment outcomes.

For bladder mapping, eight different groups were created 
based on the intravesical location of the tumor: Right later-
al wall (including right ureteric orifice), left lateral wall (in-
cluding left ureteric orifice), posterior wall, dome, bladder 
neck, trigone, bladder base, and cases in which the bladder 
was completely filled with tumor. Possible differences in 
pathological stage, progression, and recurrence accord-
ing to tumor location were evaluated using Pearson’s Chi-
square and Fisher’s exact tests. In addition, whether tumor 
size and gender were significantly associated with patho-
logical grade, progression, recurrence, and tumor location 
was investigated.

Statistical Analysis

All statistical analyses were performed using IBM Statistical 
Package for the Social Sciences Statistics for Windows, Ver-
sion 22.0 (IBM Corp., Armonk, NY, USA). P<0.05 was consid-
ered statistically significant.

Due to limitations in available clinicopathological variables, 
multivariate regression analyses could not be reliably per-
formed.

Results
The mean age at primary diagnosis of the patients includ-
ed in the study was 64.48±12.42 years. The mean follow-up 
period was 34.49±29.49 months. Low-grade tumors were 
detected in 148 cases and high-grade tumors in 304 cas-
es. Among the high-grade tumors, 142 were pTa, 134 were 
pT1, and 28 were pT2. While 284 patients had a single tu-
mor, 168 had multiple tumors within the bladder. During 
follow-up, recurrence was observed in 187 patients, and 
progression was observed in 48 of these. In the primary 
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pathology of the patients who experienced progression, 
12 had low-grade tumors, and 36 had high-grade tumors. 
Right and left lateral wall involvement rates were 52.8% 
and 41.8%, respectively, making these the most common 
locations. The percentages of cases involving the trigone 
and bladder base were 5.3% and 4.6%, respectively, which 
were the least common locations. Tumors were observed 
in the dome in 41 patients and in the bladder neck in 26 
patients. Tumors of the posterior wall were found in 64 
patients, and in 11 patients, the bladder was filled with tu-
mors. Tumors involving more than one bladder region were 
recorded separately for each involved anatomical location. 
Therefore, individual patients with multifocal disease could 
be represented in more than one localization category. Ac-
cordingly, the total number of tumors analyzed according 
to intravesical location exceeded the total number of pa-
tients included in the study, reflecting a tumor-based rath-
er than patient-based localization analysis. Figure 1 shows 
the distribution of tumor locations within the bladder.

Table 1 presents the relationship between the location of the 
tumor within the bladder and the stage of the primary tumor.

In our study, of the 41 tumors involving the dome, 34 were 
high-grade tumors. The frequency of high-grade tumors in 
the dome was significantly increased (p=0.025). Further-
more, of the 41 dome tumors, 8 were high-grade pT2. The 
frequency of high-grade pT2 tumors was significantly high-
er in tumors located in the dome (p<0.001). Among the 11 
cases where the bladder was filled with tumor, 3 had high-
grade pT2 tumors, which were also significantly higher 
(p=0.025). No statistically significant association between 
tumor grade and intravesical location was observed in oth-
er bladder regions.

When evaluating the relationship between tumor location 
and recurrence or progression, it was observed that re-
currence in tumors of the posterior wall was significantly 
increased (p=0.02), while no other statistically significant 
associations were detected. Table 2 examines the relation-
ship between tumor location, recurrence, and progression.

Regarding gender, although the number of female patients 
was lower than that of male patients, a significant associ-
ation was observed between female gender and tumors 
filling the bladder (p=0.009). Of the 452 patients, 11 had 
bladders filled with tumors. Of these, 5 were female.

The mean tumor size was calculated as 29.08±21.22 mm. 
In tumors larger than 3 cm, the frequency of recurrence 
was significantly higher (p<0.001); similarly, the frequency 
of progression was also significantly increased (p=0.019). 
Multivariate regression analyses were planned; however, 

Figure 1. Distribution of tumor locations within the bladder.

Table 1. Relationship between tumor location and grade

Low-
grade 

pTa

High-
grade 

pTa

High-
grade 

pT1

High-
grade 

pT2

Total

Right lateral wall 83 78 66 12 239

Left lateral wall 56 62 62 9 189

Dome 7 11 15 8 41

Posterior wall 21 17 21 5 64

Bladder neck 8 8 9 1 26

Base 6 8 9 1 24

Trigone 7 5 9 0 21

Bladder filled 
with a tumor

3 3 2 3 11
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due to missing data on several established prognostic vari-
ables, including intravesical therapy status, CIS, lymphovas-
cular invasion, and variant histology, a reliable multivariate 
model could not be constructed.

Discussion
Although limited data are available in the literature on 
whether the location of urothelial carcinoma of the bladder 
affects the prognosis and other parameters of the disease, 
it has been investigated by some researchers. Studies have 
aimed to predict prognosis according to the location of the 
tumor within the bladder in patients who underwent radical 
cystectomy. In the study by Weiner et al., [7] tumors of the 
trigone and bladder neck were associated with increased 
lymph node involvement, whereas tumors in the dome were 
detected at a higher stage. Another study reported that tu-
mors involving the bladder neck may have a higher risk of 
recurrence after intravesical immunotherapy [8].

Stephenson et al. [9] evaluated the initial tumor locations 
of newly diagnosed bladder cancer patients, similar to our 
study. They found that tumors located in the bladder neck 
were associated with a worse prognosis. In addition, tu-
mors located in the dome were observed to be of higher 
grade, whereas those located in the lateral wall and ureter-
ic orifices were of lower grade. In a study by Takashi et al., 
[10] high-grade non-muscle-invasive bladder cancers were 
evaluated, and location was shown to have no effect on 
survival.

In the studies by Weiner et al. [7] and Stephenson et al., [9] 
tumors located in the bladder neck were found to have a 
poor prognosis, whereas in our study, no statistically signif-
icant difference was observed in terms of recurrence and 
prognosis in bladder neck tumors. In contrast, the finding 
of higher-grade tumors and a significantly higher frequen-
cy of muscle-invasive tumors in the dome suggested the 

hypothesis that tumors in the dome might be more diffi-
cult to visualize during cystoscopy and, therefore, may be 
overlooked, being diagnosed at more advanced stages 
after repeated cystoscopies. Similarly, in the study by Ste-
phenson et al., [9] dome tumors were detected at higher 
T stages compared to lateral wall tumors, supporting the 
possibility that tumors in this location may produce later 
symptoms than those in the lateral wall.

In our study, the risk of recurrence in the posterior wall was 
observed to be significantly higher, raising the possibility 
that residual tumor tissue may remain due to the greater 
difficulty of posterior wall resections during TUR-BT. Since 
there is limited literature available on this topic, further 
studies are needed for a more accurate interpretation.

In addition, we found that bladders filled with tumors were 
significantly more common in female patients. Although 
bladder cancer is more common in men, the probability of 
detecting higher T-stage bladder cancer at initial diagnosis 
is higher in women [11]. In a study, the time (in days) from 
first hematuria to the diagnosis of bladder cancer was cal-
culated in male and female patients with hematuria caused 
by bladder cancer and was found to be significantly longer 
in women (85.4 vs. 73.6 days; p<0.001). This is thought to be 
because hematuria in women is often initially evaluated as 
a urinary tract infection, and imaging of the bladder is not 
performed [12]. The high rate of bladders filled with tumors 
observed in female patients in our study is similar to these 
findings in the literature.

In another large-volume study, the relationship between 
the original intravesical location of bladder cancer and the 
presence of metastasis was investigated. Parallel to our 
study, the most common involvement was of the lateral 
wall, followed by the posterior wall. The highest metastasis 
rate was observed in patients with bladder neck involve-
ment [13]. In the study by Jancke et al., [14] a significant as-
sociation was found between tumor recurrence and pTa/
pT1 bladder cancers involving the ureteric orifices. In our 
bladder mapping, the ureteric orifices were included in 
the right and left lateral wall regions, and the trigone was 
mapped separately. In our study, no statistically significant 
increase in recurrence was observed in lateral wall involve-
ment, including the orifices.

In the study by Dutta et al., [15] the effect of tumor location 
on survival in bladder adenocarcinoma cases was investi-
gated, and poorer outcomes were found in cases involving 
the trigone, ureteric orifices, and bladder neck. We inves-
tigated the effect of tumor location only in patients with 
transitional cell carcinoma of the bladder.

There are also studies in the literature on urinary tract tu-
mors other than bladder cancer that highlight the rela-

Table 2. Relationship between tumor location, recurrence, and 
progression

Recurrence p Progression p

Right lateral wall 98 0.867 21 0.180

Left lateral wall 81 0.587 26 0.066

Dome 20 0.312 7 0.180

Posterior wall 35 0.020 9 0.335

Bladder neck 13 0.357 4 0.506

Base 13 0.191 4 0.306

Trigone 9 0.887 1 0.714

Bladder filled 
with a tumor

6 0.374 3 0.101
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tionship between tumor location and prognosis [16,17]. In 
a study evaluating 149 patients, it was reported that the 
distal ureteral location of upper urinary tract transition-
al cell carcinoma was associated with a better prognosis 
compared to proximal location, regardless of stage [16]. 
The fact that tumor location may be important not only 
for bladder cancer but also for ureter and other urinary 
system tumors makes our study even more meaningful 
and highlights the need for more comprehensive studies 
on the subject.
In the study by Wedel et al., [18] tumors involving the lat-
eral walls were found to be significantly associated with 
lymph node positivity, whereas posterior wall involvement 
had the least association with lymph node positivity. In our 
study, the effects of tumor location on T stage, progression, 
and recurrence were evaluated; however, its effect on me-
tastasis, lymph node involvement, and survival was not 
evaluated. We accept this as a limitation of our study.

Limitation

Due to its retrospective design, detailed information re-
garding intravesical and adjuvant treatments was not con-
sistently available, preventing inclusion of these variables 
in multivariate analyses. Furthermore, lymph node involve-
ment, metastatic disease, and survival outcomes were not 
assessed. Despite these limitations, our cohort represents 
one of the larger single-center series evaluating bladder 
tumor location, and the findings may contribute to a better 
understanding of the relationship between intravesical tu-
mor location and tumor characteristics.

Conclusion
In our study, it was found that transitional cell carcinoma of 
the bladder frequently involved the lateral walls; tumors in-
volving the dome were of higher grade and more frequent-
ly muscle-invasive. In addition, tumors involving the poste-
rior wall were associated with a higher risk of recurrence. In 
female patients, muscle invasion and bladders complete-
ly filled with tumors were found to be significantly more 
common. Although tumor location alone should not be 
considered a definitive prognostic factor, awareness of lo-
cation-specific characteristics may contribute to improved 
clinical assessment and follow-up strategies.
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Abstract

Introduction: Kawasaki disease (KD) is the leading cause of acquired heart disease in children, and timely diagnosis is crucial to prevent 
cardiac complications. We aimed to evaluate the clinical and demographic characteristics of patients diagnosed with KD, reveal 
differences between complete and incomplete cases, and determine risk factors associated with cardiac involvement. 
Methods: This retrospective study included 30 patients who were diagnosed with KD. Patients were classified as having complete 
KD (cKD) or incomplete KD (iKD) based on standard diagnostic criteria. Statistical analyses, including logistic regression and receiver 
operating characteristic (ROC) analysis, were performed to explore the predictors of cardiac involvement. 
Results: The study included 30 patients (73.3% male, n=22). 70% of the patients had cKD. Cardiac involvement was found in 40% of 
patients, with mitral regurgitation and coronary artery dilatation being the most common. Patients with cKD had a longer duration of 
fever (p=0.047), higher C-reactive protein (p=0.018) and alanine aminotransferase levels (p=0.044), lower hemoglobin levels (p=0.029), 
and more frequent cardiac involvement (p=0.049) than those with iKD. The duration of fever was significantly higher in those with 
cardiac involvement (p=0.035). ROC analysis identified fever duration as a significant predictor of cardiac involvement (area under the 
curve=0.727, p=0.038), with an optimal cutoff of 3.5 days yielding 91.7% sensitivity and 72.2% specificity. 
Discussion and Conclusion: Fever duration, particularly over 3.5 days, is strongly associated with cardiac complications in KD. These 
findings highlight the need for early recognition and timely treatment to improve cardiovascular outcomes.
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Kawasaki disease (KD) is an acute, systemic vasculitis, 
especially in children under 5 years of age, whose eti-

ology has not yet been fully elucidated [1]. KD, considered 
the most common cause of acquired heart disease in child-
hood, is a significant source of morbidity due to the risk of 
serious cardiac complications [2,3]. The fact that the disease 
often presents with nonspecific symptoms in the early pe-
riod of the disease causes the diagnosis to not be made on 
time; this increases the risk of permanent cardiac sequelae, 
especially coronary artery aneurysms [4-6].

The diagnosis of KD is largely based on clinical findings, ow-
ing to the lack of a specific biomarker. However, the pres-
ence of incomplete cases that do not fully meet the diag-
nostic criteria and the similarity of the clinical picture of KD 
with common respiratory tract infections make differential 
diagnosis very difficult [7-9]. Therefore, delays in diagnosis 
and treatment may adversely affect both the acute course 
of the disease and long-term cardiac prognosis.

In this environment of clinical uncertainty, multisystem in-
flammatory syndrome (MIS-C), which was identified during 
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the COVID-19 pandemic and overlaps with certain clinical 
features with KD, has also come to the fore as a condition 
to be considered in the differential diagnosis [10-12]. Al-
though MIS-C shares some similar symptoms with KD, it is 
differentiated by different immunopathogenesis and age 
distribution; however, clinical similarities may lead to diag-
nostic confusion, especially in the early stages of the dis-
ease. Therefore, increasing clinical awareness for the timely 
recognition of KD and early initiation of treatment has be-
come one of the main factors determining the prognosis of 
the disease [13].

In this study, we aimed to evaluate the clinical and de-
mographic characteristics of our patients diagnosed with 
KD, to reveal the differences between complete KD (cKD) 
and incomplete cases (iKD), and to determine the possible 
risk factors associated with the development of cardiac in-
volvement. We assume that cKD cases exhibit a more pro-
nounced inflammatory response and a higher likelihood of 
cardiac involvement compared to iKD.

Materials and Methods

Patients and Data Collection

This retrospective study was conducted by reviewing the 
medical records of 30 patients with KD at a tertiary care 
center between 2010 and 2020. The diagnosis of KD was 
based on clinical criteria that included fever lasting more 
than 5 days, skin rash, oral mucosal changes, bilateral 
non-purulent conjunctivitis, extremity signs, and acute 
non-suppurative cervical lymphadenopathy [14]. Patients 
who met at least five of the six criteria were classified as 
having cKD, and those who met four or fewer criteria were 
classified as having iKD [15]. All pediatric patients diag-
nosed with KD were screened consecutively. Patients with 
complete clinical, laboratory, and echocardiographic data 
were included in this study. Patients with missing data, pa-
tients transferred to another center before follow-up was 
completed, and patients who refused treatment were ex-
cluded from the study.

Clinical data, including gender, age at diagnosis, dura-
tion of diagnosis, season of diagnosis, fever, conjuncti-
vitis, oral mucosal changes, cervical lymphadenopathy, 
rash, sterile pyuria, aseptic meningitis, and gallbladder 
hydrops, were obtained retrospectively from hospital 
records. In addition, KD treatment, echocardiography 
findings, abdominal ultrasonography (USG) results 
(normal/hepatomegaly/splenomegaly/hepatospleno-
megaly), and laboratory values at admission (white 
blood cell [WBC] count [4–10×109/L], hemoglobin level 
[11.5–15.5 g/dL], platelet [PLT] count [150–450×109/L], 

C-reactive protein [CRP] [<5 mg/L], erythrocyte sedi-
mentation rate [ESR] [<20 mm/h], alanine aminotrans-
ferase [ALT] [<40 U/L], aspartate aminotransferase [AST] 
[<40 U/L], and sodium [Na] levels [135–145 mmol/L]) 
were recorded.

Echocardiographic Assessment

Transthoracic echocardiography was performed in all 
patients at the time of diagnosis, before the initiation of 
IVIG therapy, using a pediatric echocardiography system 
equipped with an appropriate phased-array transducer. 
All examinations were performed and interpreted by the 
same experienced pediatric cardiologist. Echocardio-
graphic abnormalities were evaluated according to the 
American Heart Association guidelines [16]. Dilatation 
was defined as an internal diameter ≥3 mm in children 
younger than 5 years or ≥4 mm in children aged 5 years 
and older, or a segmental diameter ≥1.5 times that of 
an adjacent segment; aneurysm was defined as an inter-
nal diameter ≥4 mm or ≥1.5 times that of an adjacent 
segment. Diffuse enlargement of the left main coronary 
artery without a discrete aneurysmal segment was clas-
sified as ectasia. Mitral regurgitation was defined as the 
detection of a systolic regurgitant jet from the left ven-
tricle into the left atrium on color Doppler imaging, pri-
marily in the apical four-chamber view, and pericardial 
effusion was defined as the visualization of an echo-free 
space between the visceral and parietal pericardial lay-
ers during diastole on transthoracic echocardiography.

Ethics Committee Approval

This study was conducted in compliance with the Helsinki 
Declaration as well as local laws and regulations. Due to 
the retrospective nature of the study, obtaining written 
informed consent from the patients was not required. This 
study was approved by the ethics committee (date/no.: 
March 15, 2021–HNHEAH-KAEK 2021/93) and obtained 
from the Institutional Review Board of the Haydarpasa 
Numune Training and Research Hospital.

Statistical Analysis

Statistical analysis was performed using Statistical Pack-
age for Social Sciences (SPSS) for Windows, version 26.0 
(SPSS Inc., Chicago, IL). Categorical variables are present-
ed as numbers with their corresponding percentages and 
were evaluated using the chi-square test. The normality of 
data was assessed using the Kolmogorov–Smirnov test. Ac-
cordingly, Student’s t-test was used for normally distribut-
ed variables, and the Mann–Whitney U test was used for 
non-normally distributed variables. Continuous variables 
were expressed as mean±standard deviation for normally 



171Küçük and Nuhoğlu. Kawasaki Disease Evaluation / doi: 10.14744/hnhj.2026.28158

distributed data and as median (minimum–maximum) for 
non-normally distributed data.

Logistic regression analyses were performed to identify 
independent risk factors predicting cardiac and coro-

Table 1. Comparison of patients with complete and incomplete Kawasaki Disease

Patients with cKD (n=21) Patients with iKD (n=9) p

Age (years) (median [min-max]) 5 (1–11) 5 (1–8) 0.819

Time to diagnosis (days) (median [min-max]) 5 (3–12) 5 (3–12) 0.746

Male gender (n, %) 16 (76.2) 6 (66.7) 0.666

Season of diagnosis (n, %)

Spring 7 (33.3) 3 (33.3) 1.0

Summer 6 (28.6) 2 (22.2) 1.0

Autumn 4 (19) 2 (22.2) 1.0

Winter 4 (19) 2 (22.2) 1.0

Clinical findings (n, %)

Duration of fever (days) (median [min-max]) 5 (3–10) 3 (2–10) 0.047

Fever (n, %) 21 (100) 9 (100) *

Mucosal changes (n, %) 21 (100) 9 (100) *

Rash (n, %) 20 (95.2) 8 (88.9) 0.517

Cervical lymphadenopathy (n, %) 18 (85.7) 7 (77.8) 0.622

Bilateral non-purulent conjunctivitis (n, %) 19 (90.5) 3 (33.3) 0.003

Sterile pyuria (n, %) 4 (19) 1 (11.1) 1.0

Aseptic meningitis (n, %) 4 (19) 1 (11.1) 1.0

Gallbladder hydrops (n, %) 3 (14.3) 1 (11.1) 1.0

Echocardiography (n, %) 11 (52.4) 1 (11.1) 0.049

Mitral regurgitation (n, %) 5 (23.8) 0 (0) 0.286

Left coronary artery dilatation (n, %) 3 (14.3) 0 (0) 0.534

Coronary artery aneurysm (n, %) 2 (9.5) 0 (0) 1.0

Pericardial effusion (n, %) 1 (4.8) 1 (11.1) 0.517

Left coronary artery ectasia (n, %) 1 (4.8) 0 (0) 1.0

Laboratory findings at admission

White blood cell count (×10⁹/L) (mean±SD) 13.1±4.3 12.8±5.5 0.834

Hemoglobin (g/dL) (median [min-max]) 11 (9–13) 12 (11–13) 0.029

Platelet count (×10⁹/L) (mean±SD) 315.5±144.1 429.4±216.9 0.100

CRP (mg/L) (median [min-max]) 130 (11–600) 40 (10–130) 0.018

ESR (mm/h) (mean±SD) 75.9±18.9 58.4±36.3 0.093

ALT (IU/L) (median [min-max]) 21 (7–360) 15 (9–194) 0.044

AST (IU/L) (median [min-max]) 32 (12–182) 26 (17–113) 0.147

Sodium (mmol/L) (median [min-max]) 136 (130–140) 136 (130–138) 0.783

Abdominal ultrasonography (n, %)

Hepatomegaly (n, %) 2 (9.5) 0 (0) 1.0

Splenomegaly (n, %) 1 (4.8) 0 (0) 1.0

Hepatosplenomegaly (n, %) 1 (4.8) 0 (0) 1.0

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; cKD: complete Kawasaki disease; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; iKD: 
Incomplete Kawasaki disease; SD: Standard deviation. * Statistical comparison was not applicable because all patients in both groups presented with this finding.
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nary artery involvement. First, a univariate binary logistic 
regression analysis was performed for all possible vari-
ables. Although none of the variables reached statistical 
significance in the univariate logistic regression analysis, 
clinically relevant variables that have been consistent-
ly associated with cardiac involvement in the literature 
were included in the multivariate model. This approach 
was adopted to avoid excluding potentially important 
predictors due to limited statistical power and to adjust 
for possible confounding effects. Odds ratios and 95% 

confidence intervals (CI) were calculated for each vari-
able.

Receiver operating characteristic (ROC) analysis was 
performed to determine the diagnostic value of labo-
ratory parameters in predicting cardiac involvement. 
The ROC curve was constructed for each parameter, 
and the area under the curve (AUC) was calculated. The 
level used to determine statistical significance was set 
at p<0.05.

Table 2. Comparison of patients with and without cardiac involvement, and with and without coronary artery involvement

Cardiac involvement Coronary artery involvement

Yes (n=12) No (n=18) p Yes (n=6) No (n=24) p

Age (years) (median [min-max]) 4 (1–10) 5.5 (1–12) 0.881 3 (1–8) 5.5 (1–11) 0.333

Time to diagnosis (days) (median [min-max]) 6.5 (3–12) 5 (3–12) 0.100 5.5 (3–7) 5 (3–12) 0.915

Male gender (n, %) 10 (83.3) 12 (66.7) 0.419 5 (83.3) 17 (70.8) 1.0

Type (n, %)

cKD 11 (91.7) 10 (55.6) 0.049 6 (100) 15 (62.5) 0.141

iKD 1 (8.3) 8 (44.4) 0.049 0 (0) 9 (37.5) 0.141

Clinical findings (n, %)

Duration of fever (days) (median [min-max]) 6 (3–10) 4 (2–10) 0.035 5 (3–7) 5 (2–10) 0.916

Fever (n, %) 12 (100) 18 (100) * 6 (100) 24 (100) *

Mucosal changes (n, %) 12 (100) 18 (100) * 6 (100) 24 (100) *

Rash (n, %) 11 (91.7) 17 (94.4) 1.0 6 (100) 22 (91.7) 1.0

Cervical lymphadenopathy (n, %) 9 (75) 16 (88.9) 0.364 5 (83.3) 20 (83.3) 1.0

Bilateral non-purulent conjunctivitis (n, %) 10 (83.3) 12 (66.7) 0.419 5 (83.3) 17 (70.8) 1.0

Sterile pyuria (n, %) 1 (8.3) 4 (22.2) 0.622 0 (0) 5 (20.8) 0.553

Aseptic meningitis (n, %) 4 (33.3) 1 (5.6) 0.128 2 (33.3) 3 (12.5) 0.254

Gallbladder hydrops (n, %) 1 (8.3) 3 (16.7) 0.632 0 (0) 4 (16.7) 0.557

Laboratory findings

White blood cell count (×10⁹/L) (mean±SD) 14.3±4.2 12.2±4.8 0.226 13.2±3.8 13±4.9 0.939

Hemoglobin (g/dL) (median [min-max]) 11 (9–12) 11 (9–13) 0.226 11 (10–12) 11 (9–13) 0.247

Platelet count (×109/L) (mean±SD) 405±235 312±108 0.155 381±188 341±172 0.626

CRP (mg/L) (median [min-max]) 135 (11–410) 91 (10–600) 0.298 115 (11–190) 100 (10–600) 0.876

ESR (mm/h) (mean±SD) 74.3±21.4 68.2±29 0.539 80.1±22.3 68.2±26.7 0.327

ALT (IU/L) (median [min-max]) 26.5 (11–360) 16 (7–180) 0.068 27 (12–360) 18 (7–194) 0.275

AST (IU/L) (median [min-max]) 38.5 (18–165) 27.5 (12–182) 0.408 46.5 (24–165) 27.5 (12–182) 0.275

Sodium (mmol/L) (median [min-max]) 137 (130–140) 136 (130–139) 0.505 138 (133–140) 136 (130–139) 0.074

Abdominal ultrasonography (n, %)

Hepatomegaly (n, %) 1 (8.3) 2 (11.1) 1.0 1 (16.7) 2 (8.3) 0.501

Splenomegaly (n, %) 1 (8.3) 1 (5.6) 1.0 0 (0) 2 (8.3) 1.0

Hepatosplenomegaly (n, %) 1 (8.3) 0 (0) 0.400 0 (0) 1 (4.2) 1.0

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; cKD: Complete Kawasaki disease; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; iKD: 
Incomplete Kawasaki disease. * Statistical comparison was not applicable because all patients in both groups presented with this finding.
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Results

Baseline Characteristics, Clinical and Laboratory 
Findings of the Cohort

The median age at disease onset among the 30 patients 
diagnosed with KD was 5 (1–11) years, the median time to 

diagnosis was 5 (3–12) days, and 73.3% (n=22) were male. 
The most commonly diagnosed season was spring (n=10, 
33.3%). Of the patients, 70% (n=21) had cKD and 30% 
(n=9) had iKD. The median duration of fever was 5 (2–10) 
days. Clinical findings included fever (n=30, 100%), mu-
cosal changes (n=30, 100%), rash (n=28, 93.3%), cervical 
lymphadenopathy (n=25, 83.3%), bilateral non-purulent 

Table 3. Risk factors for cardiac involvement

Cardiac involvement

Univariate analysis Multivariate analysis

OR 95% CI p OR 95% CI p

Age 0.979 0.769–1.247 0.863 1.068 0.797–1.432 0.660

Time to diagnosis 1.218 0.850–1.745 0.282 0.407 0.106–1.567 0.191

Male gender 2.500 0.410–15.230 0.320 2.912 0.382–22.180 0.302

Duration of fever 1.535 0.970–2.431 0.067 3.890 0.788–19.196 0.095

White blood cell count 1.000 1.000–1.000 0.224

Hemoglobin 0.627 0.305–1.287 0.203

Platelet count 1.000 1.000–1.000 0.175

CRP 1.002 0.996–1.008 0.471 0.999 0.992–1.007 0.886

ESR 1.009 0.981–1.039 0.525

ALT 1.006 0.995–1.017 0.271

AST 1.008 0.990–1.026 0.372

Sodium 1.044 0.802–1.358 0.751

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CI: Confidence interval; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; OR: Odds ratio.

Table 4. Risk factors for coronary artery involvement

Coronary artery involvement

Univariate analysis Multivariate analysis

OR 95% CI p OR 95% CI p

Age 0.837 0.602–1.163 0.288 0.852 0.584–1.241 0.404

Time to diagnosis 0.860 0.523–1.417 0.555 0.811 0.483–1.361 0.428

Male gender 2.059 0.202–20.959 0.542 4.034 0.283–57.441 0.303

Duration of fever 0.977 0.609–1.569 0.924

White blood cell count 1.000 1.000–1.000 0.936

Hemoglobin 0.650 0.278–1.524 0.322

Platelet count 1.000 1.000–1.000 0.616

CRP 0.998 0.990–1.006 0.679 1.002 0.992–1.012 0.697

ESR 1.018 0.983–1.053 0.321

ALT 1.006 0.996–1.017 0.236

AST 1.007 0.989–1.027 0.443

Sodium 1.459 0.900–2.367 0.126 1.667 0.917–3.032 0.094

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CI: Confidence interval; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; OR: Odds ratio.



174 Küçük and Nuhoğlu. Kawasaki Disease Evaluation / doi: 10.14744/hnhj.2026.28158

conjunctivitis (n=22, 73.3%), sterile pyuria (n=5, 16.7%), 
aseptic meningitis (n=5, 16.7%), and gallbladder hydrops 
(n=4, 13.3%). Echocardiography findings included mitral 
regurgitation (n=5, 16.7%), left coronary artery dilatation 
(n=3, 10%), coronary artery aneurysm (n=2, 6.7%), peri-
cardial effusion (n=2, 6.7%), and left coronary artery ecta-
sia (n=1, 3.3%). The mean WBC was 13±4.6×109/L, medi-
an hemoglobin was 11 (9–13) g/dL, mean PLT count was 

349.7±173.5×109/L, median CRP was 100 (10–600) mg/L, 
mean ESR was 70.6±26 mm/h, median ALT was 19 (7–360) 
IU/L, median AST was 28.5 (12–182) IU/L, and median sodi-
um was 136 (130–140) mmol/L at the time of diagnosis. Ab-
dominal USG revealed hepatomegaly (n=3, 10%), spleno-
megaly (n=2, 6.7%), and hepatosplenomegaly (n=1, 3.3%). 
Second-dose IVIG treatment was administered to 6.6% of 
the patients (n=2).

Comparison of Patients with Complete and iKD

The duration of fever (5 [3–10] days vs. 3 [2–10 days], 
p=0.047), bilateral non-purulent conjunctivitis (n=19, 
90.5% vs. n=3, 33.3%; p=0.003), and cardiac involvement 
(n=11, 52.4% vs. n=1, 11.1%; p=0.049) were significantly 
higher in cKD patients compared to iKD patients. CRP lev-
els (130 [11–600] mg/L vs. 40 [10–130] mg/L; p=0.018) and 
ALT levels (21 [7–360] IU/L vs. 15 [9–194] IU/L; p=0.044) 
were significantly higher in cKD patients compared to iKD 
patients, whereas hemoglobin levels (11 [9–13] g/dL vs. 12 
[11–13] g/dL; p=0.029) were significantly lower in cKD pa-
tients. No statistically significant differences were observed 
in other demographic, clinical, or laboratory characteristics 
between the two groups (Table 1).

Risk Factors for Cardiac and Coronary Artery 
Involvement

The duration of fever (6 [3–10] days vs. 4 [2–10 days], 
p=0.035) was significantly higher in those with cardiac 
involvement compared to those without cardiac involve-
ment (Table 2). No statistically significant risk factors were 
found among all variables evaluated for cardiac and coro-
nary artery involvement (p>0.05) (Tables 3 and 4).

Figure 1. Receiver operating characteristic curve of fever duration 
for predicting cardiac involvement in patients with Kawasaki dis-
ease (area under the curve=0.727; optimal cut-off=3.5 days).

Table 5. Receiver operating characteristic (ROC) analysis for cardiac involvement

Variables AUC S.E. p OR (95% CI) Cut-off Sensitivity Specificity

Age 0.484 0.115 0.882 0.258–0.709

Time to diagnosis 0.676 0.106 0.108 0.468–0.884

Duration of fever 0.727 0.100 0.038 0.532–0.922 3.5 91.7% 72.2%

WBC 0.595 0.106 0.385 0.386–0.803

Hemoglobin 0.373 0.103 0.244 0.171–0.574

PLT 0.597 0.117 0.374 0.368–0.827

CRP 0.613 0.114 0.300 0.389–0.838

ESR 0.604 0.106 0.341 0.397–0.811

ALT 0.699 0.099 0.069 0.505–0.893

AST 0.590 0.111 0.409 0.373–0.807

Sodium 0.572 0.115 0.512 0.347–0.797

AUC: Area under the curve; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CI: Confidence interval; CRP: C-reactive protein; ESR: Erythrocyte sedimen-
tation rate; OR: Odds ratio; PLT: Platelet count; SE: Standard error; WBC: White blood cell count.
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ROC Analysis for Cardiac Involvement

In the ROC analysis, only the duration of fever reached sta-
tistical significance as a predictor of cardiac involvement 
(AUC=0.727; 95% CI: 0.532–0.922; p=0.038). The optimal 
cutoff value was 3.5 days, which yielded a sensitivity of 
91.7% and a specificity of 72.2% (Fig. 1). None of the other 
clinical or laboratory variables demonstrated a significant 
discriminatory ability (p>0.05) (Table 5).

Discussion
In this study, the demographic, clinical, and laboratory 
characteristics of 30 pediatric patients diagnosed with KD 
were evaluated, and factors associated with cardiac in-
volvement were analyzed. cKD patients compared to iKD 
patients had a longer duration of fever, higher CRP and ALT 
levels, and lower hemoglobin levels. Cardiac involvement, 
particularly mitral regurgitation and coronary artery abnor-
malities, was more frequently observed in cKD cases. The 
duration of fever was significantly longer in patients with 
cardiac involvement. The duration of fever longer than 3.5 
days was found to be a determining cut-off value for cardi-
ac involvement. These findings indicate that fever duration 
represents not only a disease severity marker but also a 
practical diagnostic and prognostic parameter for the ear-
ly identification of patients at an increased risk of cardiac 
complications.

KD occurs in all age groups, but most cases are detect-
ed in children under 5 years of age [17,18]. While rare in 
infants under 6 months due to maternal antibodies [19], 
cases have been reported in this group [20,21]. The disease 
is more prevalent in winter and spring due to infectious 
agents and environmental factors [22]. Males are more 
affected due to genetic or immunologic predisposition, 
with a male-to-female ratio of 1.5:1–1.7:1 [18], though 
this difference is not significant in adult cases [23]. In our 
cohort, over half of the patients were under five, about 
three-quarters were male, and most diagnoses occurred 
in spring, aligning with the literature on age, gender, and 
seasonal patterns.

In the acute phase, mucocutaneous findings with pro-
longed fever were predominant. Oral mucosal changes 
and conjunctivitis are seen in most cases, while cervical 
lymphadenopathy occurs less frequently [24,25]. Although 
fever and mucocutaneous findings were predominant in 
our cohort, conjunctivitis was the least frequent. This may 
be related to the presentation stage, subtle ocular findings 
in young age groups, and different interpretations, but may 
also reflect the limited sample size. Some of the patients 
may develop gastrointestinal symptoms, hepatobiliary in-
volvement, aseptic meningitis, irritability, and pulmonary 

complications [26-28]. Our study also found that rare find-
ings, such as aseptic meningitis and gallbladder hydrops, 
were consistent with the literature.

No diagnostic laboratory tests are specific for KD. In the acute 
phase, elevated CRP and ESR, thrombocytosis, leukocytosis, 
normochromic normocytic anemia, and hyponatremia are 
the most common [29]. Hypoalbuminemia, elevated trans-
aminases, sterile pyuria, and eosinophilia are supporting 
findings [30,31]. Hepatomegaly and splenomegaly are rare 
but are reported more frequently in incomplete cases or cas-
es with macrophage activation syndrome [32]. In our study, 
rates of elevated CRP (100%) and ESR (100%), anemia (60%), 
leukocytosis (53.3%), hyponatremia (26.7%), elevated trans-
aminases (ALT: 26.7%; AST: 23.3%), sterile pyuria (16.7%), and 
organomegaly (hepatomegaly: 10%; splenomegaly: 6.7%; 
hepatosplenomegaly: 3.3%) matched the literature. Throm-
bocytosis (26.7%) was lower than the reported rates, possi-
bly due to evaluation in the acute stage.

cKD is observed more frequently and is relatively easy to 
diagnose. In contrast, iKD reaches 48% in some series, due 
to diagnostic difficulties and increased clinical awareness 
[17,18]. More than half of our study patients had cKD, con-
sistent with the literature. Fever duration, conjunctivitis, 
cardiac involvement rates, and CRP and ALT levels were sig-
nificantly higher in cKD patients compared to iKD patients, 
aligning with previous studies [33,34]. However, hemoglo-
bin levels were significantly lower in the cKD group com-
pared to the iKD group, contradicting the literature [35]. This 
finding in our cohort may be related to a more abrupt and 
intense systemic inflammatory response in patients with 
cKD, potentially contributing to the earlier development of 
inflammation-related anemia. The detection of higher CRP 
and ALT levels in the cKD group also supported the pres-
ence of an increased inflammatory burden.

Children without early IVIG treatment face a high risk for 
serious cardiac complications. Coronary artery aneurysms, 
myocarditis, pericarditis, and endocarditis are the main car-
diac complications; mitral and aortic regurgitation cause sig-
nificant morbidity [36]. Risk factors for cardiac involvement 
include male gender, age below 1 year, prolonged fever du-
ration, high CRP and ESR levels, hyponatremia, and IVIG re-
fractoriness [37]. In our study, cardiac involvement occurred 
in approximately half of the cases, with mitral regurgitation 
being the most common. This differs from the literature and 
may be due to echocardiography in the acute period reveal-
ing valvular lesions earlier, whereas coronary artery pathol-
ogies become evident in the subacute or late periods. The 
significant relationship between fever duration and cardiac 
involvement is consistent with the literature, and it has been 
observed that the risk of complications increases markedly 



176 Küçük and Nuhoğlu. Kawasaki Disease Evaluation / doi: 10.14744/hnhj.2026.28158

in children with a fever duration of ≥3.5 days. Therefore, fe-
ver duration can be considered a clinical parameter that may 
contribute to early risk classification in children with KD and 
may guide the timing of cardiac evaluation.

In the initial treatment, an anti-inflammatory dose of acetyl-
salicylic acid (ASA) is administered with IVIG unless there are 
contraindications. After a fever-free period of 48–72 h, ASA 
was reduced to an anti-aggregate dose [38]. In refractory cas-
es with refractory fever, second-dose IVIG treatment and sys-
temic glucocorticoids, cyclosporine, tumor necrosis factor 
alpha inhibitors, or ulinastatin may be added as additional 
options [39,40]. In the literature, the need for a second dose 
of IVIG was reported in approximately 15% of cases [38]. In 
our study, this rate was 6.66%, which is lower than the rates 
reported in the literature. This difference may be explained 
by the relatively early diagnosis, rapid initiation of treatment, 
and milder clinical features of our patient group.

Limitation

The main limitation of our study was its retrospective and 
single-center design, which limited the generalizability of the 
results. In addition, the relatively small sample size limits the 
statistical power of the study and increases the risk of type II 
error, which should be taken into account when interpreting 
the results. However, the comparative analysis of complete 
and incomplete cases stands out as a strength contributing to 
the literature. Despite the limitations of this study, the findings 
contribute to the literature from a clinical perspective.

Conclusion
Our study provides clinically relevant diagnostic and prognos-
tic insights by revealing the clinical features of KD and the risk 
factors associated with cardiac involvement. In particular, the 
relationship between fever duration and cardiac complica-
tions highlights the critical role of early recognition and timely 
treatment initiation in preventing adverse cardiac outcomes. 
The low requirement for a second dose of IVIG with early di-
agnosis and rapid initiation of treatment further supports the 
beneficial effects of early diagnosis and prompt therapeutic 
intervention, likely reflecting increased clinical awareness. 
Nevertheless, confirmation of these findings in larger, multi-
center prospective studies is warranted to strengthen the evi-
dence base for the optimal management of KD.
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Abstract

Introduction: Immunocompromised individuals, especially people living with human immunodeficiency virus (HIV), are vulnerable to 
severe complications from latent Toxoplasma gondii reactivation. This study investigated T. gondii seropositivity in people living with HIV 
and its association with demographic and clinical factors to identify high-risk groups. 
Methods: Between January 1, 2020, and June 1, 2025, 1189 people living with HIV from the infectious diseases outpatient clinic 
were included. Demographic data, CD4+ T lymphocyte counts, HIV ribonucleic acid levels, and T. gondii immunoglobulin G (IgG)/
immunoglobulin M results were retrospectively collected, and seropositivity rates and their associated factors were statistically analyzed. 
Results: Of the 1189 people living with HIV included in the study, 88.7% were male (n=1055) and 11.3% were female (n=134), with a 
mean age of 38.2±9.6 years. Serological evaluation revealed that T. gondii IgG antibodies were positive in 31.4% of the patients (n=374). 
Among the study population, 118 patients (9.9%) had a CD4+ T lymphocyte count below 100 cells/mm3 at the time of admission. Of 
these patients, 48 (40.7%) were seropositive for T. gondii IgG. In contrast, among the 1071 patients with a CD4+ T cell count ≥100 cells/
mm3, 326 (30.4%) were IgG positive. T. gondii seropositivity was significantly higher in patients with CD4+ T lymphocyte counts <100 
cells/mm3, and this difference was statistically significant (p=0.030). Seropositivity rates increased significantly with age (p<0.001), 
lowest in 18–25 (16.5%) and highest in ≥50 years (64.88%). 
Discussion and Conclusion: Our study highlights the combined impact of age-related cumulative exposure and environmental factors 
on the epidemiology of T. gondii infection among people living with HIV. Higher seronegativity in younger patients indicates reduced 
exposure, potentially increasing the risk of primary infection in the immunosuppressed. Thus, T. gondii serological screening remains 
essential, especially in those with low CD4+ counts.
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Toxoplasmosis is a zoonotic disease caused by Toxoplasma 
gondii, an intracellular protozoan parasite. It is estimated 

that approximately 30% of the global human population is 
infected with T. gondii, with seroprevalence rates reaching 
up to 54.7% in low-income countries, whereas dropping 
to around 26% in high-income countries. The infection is 
particularly more prevalent in developing countries, where 
it poses significant public health concerns [1]. In immuno-
competent people, toxoplasmosis is usually self-limiting and 
asymptomatic. However, in immunocompromised patients, 
it can become a life-threatening condition with potentially 
fatal outcomes. People living with human immunodeficien-
cy virus (HIV) are at especially high risk for T. gondii infection 
due to their suppressed immune systems.

In the literature, the seroprevalence of T. gondii among peo-
ple living with HIV has been reported to range between 35% 
and 60%, with a significantly increased risk of infection as-
sociated with low CD4+ T cell counts (<200 cells/mm3) [2-4]. 
One study found that people with CD4+ T cell counts below 
100 cells/mm3 had a 28-fold increased risk of developing ce-
rebral toxoplasmosis [5]. The immune response to T. gondii is 
highly complex and variable due to the genetic heterogene-
ity of the host. Despite a robust cellular immune response, 
the parasite forms tissue cysts containing the bradyzoite 
form, which establishes latent infection. This latent form can 
reactivate and cause clinical disease when the immune sys-
tem is suppressed [6]. During the chronic phase, ongoing im-
mune activation may lead to activation-induced cell death 
of CD4+ T lymphocytes, which play a key role in the defense 
against toxoplasmosis. Similarly, CD8+ T lymphocytes, which 
exhibit cytotoxic activity against T. gondii, are also affected 
by HIV infection, resulting in functional impairment of two 
critical components of cellular immunity [7]. In this context, 
although HIV infection does not directly trigger the develop-
ment of toxoplasmic encephalitis (TE), it increases suscepti-
bility by facilitating the reactivation of latent T. gondii infec-
tion. Therefore, according to HIV management guidelines 
from Europe (EACS) and the United States (DHHS/NIH-CDC-
IDSA), serological screening for T. gondii immunoglobulin G 
(IgG) antibodies is recommended for all people diagnosed 
with HIV, to predict and prevent opportunistic infections. 
For those with CD4+ T cell counts below 200/μL, prophylaxis 
with trimethoprim-sulfamethoxazole is advised to prevent 
cerebral toxoplasmosis [8].

T. gondii infection is a widespread public health concern 
on a global scale. Seroprevalence rates vary significant-
ly across populations, depending on factors such as age, 
immune status, hygiene conditions, dietary habits, and 
environmental exposure. Among people living with HIV, 
these rates are reported to be even more variable. For in-
stance, while the seropositivity rate is approximately 8.2% 

in Japan, it can reach up to 31.6% in Greece. This variation 
highlights the influence of both geographical and environ-
mental factors on exposure to T. gondii infection [9,10].

In studies conducted in Turkey, the seroprevalence of T. 
gondii among people living with HIV has been reported at 
varying rates. For example, in a retrospective analysis of 114 
people living with HIV followed between 2020 and 2022 in 
Şanliurfa, T. gondii IgG antibody positivity was 57.9% [11]. In 
another study conducted in Istanbul, the reported rate was 
41.6% [12]. This variability may be attributed to differences 
in patient populations, lifestyle factors, and regional hy-
giene conditions across the study centers. Determining the 
seroprevalence of T. gondii among people living with HIV is 
important for understanding the epidemiological aspects 
of the infection as well as for guiding clinical management. 
Moreover, such data can guide clinicians in identifying pa-
tients who require close monitoring for prophylaxis, there-
by helping to prevent unnecessary medication use. In this 
context, people living with HIV who are seronegative for 
T. gondii IgG and immunoglobulin M (IgM) represent a 
population at risk, and early identification and education 
of these individuals is crucial for implementing preventive 
measures and reducing the likelihood of primary infection.

The primary objective of this study is to determine the se-
ropositivity rate of T. gondii among people living with HIV 
and thereby elucidate the seroepidemiological status at our 
center. Identifying the prevalence of latent T. gondii infection 
through serological markers will contribute to timely and ac-
curate clinical decision-making aimed at preventing severe 
complications, such as TE, which may arise with progressive 
immunosuppression in advanced stages of HIV infection.

Materials and Methods
This study was conducted in accordance with the princi-
ples of the Declaration of Helsinki and with the approval of 
the Non-Interventional Clinical Research Ethics Committee 
of Haydarpaşa Numune Training and Research Hospital, 
dated July 1, 2025 (Decision number: 2025/86).

In this study, the medical records of 1540 people living with 
HIV who presented to the Infectious Diseases and Clinical 
Microbiology Outpatient Clinic of the University of Health 
Sciences Haydarpaşa Numune Training and Research Hos-
pital between January 1, 2020, and June 1, 2025, and whose 
HIV diagnosis was confirmed by the Western Blot test, were 
reviewed. Patients under 18 years of age and 351 patients 
whose medical records were unavailable were excluded. A 
total of 1189 people living with HIV with accessible T. gondii 
serological data were included in the study. Demographic 
data (age, sex, marital status, and nationality), CD4+ T lympho-
cyte counts, HIV ribonucleic acid (RNA) levels, and T. gondii 



180 Aydın Sarıkaya et al., Toxoplasmosis in People Living with HIV / doi: 10.14744/hnhj.2026.62343

IgG and IgM serology results were retrospectively obtained 
from patient files and the hospital information management 
system. T. gondii IgG and IgM levels were measured using the 
enzyme-linked immunosorbent assay method on Roche Co-
bas e411 automated analyzers. According to the manufactur-
er, the IgG assay has a reported sensitivity and specificity of 
99% each, whereas the IgM assay has a reported sensitivity of 
95% and specificity of 96%. CD4+ T lymphocyte counts were 
determined through flow cytometry, and HIV RNA levels were 
assessed by polymerase chain reaction. Based on the data ob-
tained, T. gondii seropositivity rates were calculated, and their 
associations with clinical and demographic variables were 
evaluated through statistical analyses.

Statistical Analysis

The data of 1189 people living with HIV were analyzed using 
IBM Statistical Package for the Social Sciences Statistics for 
Windows, Version 26.0. Descriptive statistics were reported 
as number of observations (n), percentage (%), mean±-
standard deviation (SD) (x ̄±SD), and median (Q1–Q3). Com-
parisons between categorical variables were performed 
using Pearson’s Chi-square (χ2) test. Post hoc analyses for 
Pearson’s χ2 tests were performed by examining adjusted 
standardized residuals for each cell. When the overall χ2 

test was significant, pairwise comparisons of column pro-
portions were conducted, and a Bonferroni correction was 
applied to control for multiple testing. The distribution of 
continuous variables was assessed using the Kolmogorov–
Smirnov and Shapiro–Wilk tests, and Q-Q plots. For com-
parisons of continuous variables between two groups, the 
independent-samples t-test was used for variables show-
ing a normal distribution, and the Mann–Whitney U test 
was used for variables not normally distributed. P<0.05 was 
considered statistically significant.

Results
The demographic and clinical data of 1189 people living 
with HIV included in the study were evaluated. Of the pa-
tients, 1055 (88.7%) were male, and 134 (11.3%) were fe-
male. The mean age of the patients was 38.2±9.6 years, 
ranging from 18 to 80 years. As a result of serological anal-
yses, T. gondii IgG antibody was found to be positive in 
374 patients (31.4%) and negative in 815 patients (68.6%). 
No patient was found to be positive for T. gondii IgM anti-
body. The mean age of seropositive patients was 40.5±9.2 
years, whereas the mean age of seronegative patients was 
31.0±8.7 years. The difference between the groups was sta-
tistically significant (p<0.001) (Table 1).

Table 1. T. gondii seroprevalence by demographic and immunological characteristics in people living with HIV

Variable Total (%) T. gondii IgG negative (%) T. gondii IgG positive (%) p

Gender‡

Male 1055 (88.7) 733 (89.9) 322 (86.1) 0.065

Female 134 (11.3) 82 (10.1) 52 (13.9)

Age (years)* 38.2±9.6 31.0±8.7 40.5±9.2 <0.001

CD4+ T cell count‡ (cells/mm3)

<100 118 (9.9) 70 (8.6) 48 (12.8) 0.015

100–200 124 (10.4) 78 (9.6) 46 (12.3)

201–350 261 (22.0) 171 (21.0) 90 (24.1)

351–500 288 (24.2) 205 (25.2) 83 (22.2)

>500 398 (33.5) 291 (35.7) 107 (28.6)

Marital status‡

Single 875 (73.6) 633 (77.7) 242 (64.7) <0.001

Married 314 (26.4) 182 (22.3) 132 (35.3)

Nationality‡

Foreign 44 (3.7) 30 (3.7) 14 (3.7)  > 0.999

Turkish 1145 (96.3) 785 (96.3) 360 (96.3)

HIV RNA† (IU/mL) 201.964 (43.562–895.444) 196.124 (41.643–901.771) 219.290 (47.329–877.180) 0.591

T. gondii: Toxoplasma gondii, IgG: immunoglobulin G, HIV RNA: Human immunodeficiency virus ribonucleic acid, IU/mL: International units per milliliter. *Student’s t-test 
was used for normally distributed continuous variables (age). †Mann–Whitney U test was used for non-normally distributed continuous variables (HIV RNA). ‡Chi-square 
(χ2) test was used for categorical variables
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When T. gondii IgG seropositivity rates were evaluated ac-
cording to age groups, it was observed that seropositivity 
significantly increased with age. The lowest seropositivity 
rate was observed in the 18–25 age group (16.52%), where-
as the highest rate was found in individuals aged over 50 
years (64.88%). The detailed age-related distribution is pre-
sented in Table 2. Notably, a marked increase in seropositiv-
ity was observed among patients aged 50 years and older. 
Considering all age groups, the overall seropositivity rate 
was calculated as 31.45% (n=372). The association between 
age group and T. gondii IgG seropositivity was statistically 
significant (p<0.001) (Table 2). Post hoc evaluation using 
adjusted standardized residuals indicated fewer seroposi-
tive cases than expected in the 18–25 and 26–35 groups 
and more seropositive cases than expected in the 36–50 
and >50 groups; Bonferroni-corrected comparisons sup-
ported that the observed difference was driven primarily 
by the elevated seropositivity in the 36–50 and >50 groups 
compared with younger age categories.

The mean CD4+ T lymphocyte count was determined to 
be 412 cells/mm3 (IQR: 275–588), and the median HIV RNA 
level was 13,500 IU/mL (IQR: 2000–88,000). Among the 
patients included in the study, 118 (9.9%) had a CD4+ T 

lymphocyte count below 100 cells/mm3 at the time of pre-
sentation. T. gondii IgG seropositivity was detected in 48 
(40.7%) of these patients. Among the 1071 patients with 
a CD4+ T lymphocyte count ≥100 cells/mm3, 326 (30.4%) 
were IgG positive. T. gondii seropositivity was higher in pa-
tients with a CD4+ T lymphocyte count <100 cells/mm3, 
and this difference was found to be statistically significant 
(p=0.030). The distribution of T. gondii IgG seropositivity ac-
cording to CD4+ T lymphocyte counts is shown in Figure 1.

When the relationship between marital status and T. gon-
dii IgG seropositivity was evaluated, it was found that 875 
patients (73.6%) were single and 314 patients (26.4%) were 
married. Among single patients, 242 (27.7%) were seropos-
itive for T. gondii IgG, whereas 132 married patients (42.0%) 
were found to be seropositive. Marital status was observed 
to have an impact on seropositivity; the seropositivity rate 
was 42.0% among married patients and 27.7% among sin-
gle patients (p<0.001) (Table 1).

Of the 1189 people living with HIV included in the study, 
96.3% (n=1.145) were citizens of the Republic of Türkiye, 
whereas 3.7% (n=44) were foreign nationals. The T. gondii IgG 
seropositivity rate was found to be similar in both groups. 
IgG seropositivity was detected in 14 (31.8%) of the foreign 
nationals and in 360 (31.4%) of the Turkish citizens (Table 1).

Discussion
In this study, the T. gondii IgG seroprevalence among peo-
ple living with HIV was found to be 31.4%. This rate is nota-
bly lower compared to previous studies conducted in Tür-
kiye in different years. For example, in a study conducted 
by Şenoğlu et al. [13] in Istanbul in 2018, the reported sero-
prevalence was 43.5%. In a systematic review by Yenilmez 
and Çetinkaya in 2019, the seroprevalence was reported 
as 43.5% among people with a CD4+ T lymphocyte count 
<200 cells/mm3 and 40.03% among those with ≥200 cells/
mm3 [14]. In a more recent study conducted in 2024 in Is-
tanbul, which evaluated 916 people living with HIV, the se-
roprevalence was recorded as 36.5% [15]. In light of these 

Table 2. Comparison of Toxoplasma IgG positivity by age group (n=1189)

Age group (years) Positive Negative Total Percentage positive p

18–25a 40 202 242 16.52 <0.001

26–35a 96 336 431 22.27

36–50b 153 231 385 39.74

>50c 85 46 131 64.88

Total 374 815 1189 31.45

Pairwise comparisons were performed using the Chi-square test with Bonferroni correction. Superscripts denote statistically significant differences between groups in 
pairwise comparisons. IgG: immunoglobulin G

Figure 1. Toxoplasma gondii immunoglobulin G seropositivity ac-
cording to CD4+ T lymphocyte countst.
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data, the 31.4% seroprevalence observed in our study re-
mains lower compared to the rates reported in previous 
studies conducted in Türkiye.

In addition, a large-scale meta-analysis examining T. gon-
dii seroprevalence among people living with HIV across 37 
countries reported a global average seropositivity rate of 
44.2%. When the distribution by country was examined, the 
lowest seropositivity rate was reported in the Netherlands 
at 3.7%. In comparison, the rates were recorded as 10% in 
both Canada and the United States, 35% in Germany, 36% 
in Italy, 23% in France, and 23% in Brazil. Among North Afri-
can and Middle Eastern countries, seropositivity rates were 
reported as 88% in Libya, 62% in Morocco, and 40% in Iran. 
The highest seroprevalence was reported in Ethiopia at 92% 
[16]. Considering the findings of this comprehensive study, 
the 31.4% seropositivity rate identified in our center falls be-
low the global average and appears to be comparable to the 
rates reported in several European countries.

There may be several important reasons for this discrepan-
cy. The relatively low seroprevalence observed in our study 
may be partly explained by the predominance of male par-
ticipants (88.7%). A similar male predominance has been re-
ported in other studies from Türkiye, with 86% in Şenoğlu et 
al., [13] 88.5% in Ergen et al., [12] and 81.6% in Damar Çakirca 
et al.[11] It is generally recognized that women have a higher 
likelihood of contact with domestic animals, particularly cats, 
which may increase exposure to T. gondii. Therefore, the low 
proportion of female participants might have contributed to 
the overall lower seroprevalence observed in our cohort. In 
addition, the mean age of participants was 38.2 years, and 
16.5% were between 18 and 25 years old. Seropositivity 
rates were lower among younger patients, suggesting that 
T. gondii exposure increases with age and that younger gen-
erations may have a lower cumulative risk of infection. In 
parallel, the earlier diagnosis of HIV infection in recent years 
and the fact that people living with HIV tend to present to 
healthcare services with higher CD4 counts may provide a 
protective advantage against opportunistic infections.

In our study, the seropositivity rate in the 18–25 age group 
was only 16.5%, whereas it was 22.3% in the 26–35 age 
group, 39.7% in the 36–50 age group, and 64.9% in those 
older than 50 years. Notably, the predominance of T. gondii 
IgG seronegativity in younger age groups is striking. This 
finding raises the question highlighted in the title of our 
study: “Are we eliminating Toxoplasma?” It supports the hy-
pothesis that T. gondii exposure has declined over time due 
to improvements in hygiene conditions, food safety, reduced 
animal contact, and the adoption of more conscious behav-
ioral practices. However, this trend may increase the risk of 
primary infection in seronegative people who later become 

immunosuppressed. Therefore, monitoring seronegative 
patients and reconsidering prophylactic strategies in high-
risk groups are of clinical importance. Similarly, international 
studies have reported that T. gondii seropositivity in people 
living with HIV increases with age, with lower seroprevalence 
rates observed in younger patients [17,18].

In particular, the seropositivity rate of 62.8% observed in pa-
tients over 50 years of age demonstrates that exposure to 
the infection increases cumulatively over the course of life 
and that seroprevalence rises markedly with age. Similarly, 
a recent study conducted in people living with HIV (n=247, 
November 2022–November 2024) identified age as an inde-
pendent risk factor for seroprevalence, reporting the high-
est IgG seropositivity rate of 66.7% in the 61–80 age group 
and showing that the risk of infection increases significantly 
with advancing age. This study also confirmed that age sub-
stantially increases Toxoplasma seroprevalence in people 
living with HIV [19]. Moreover, the higher seropositivity rates 
observed in elderly patients can be explained by the largely 
subclinical course of infection and the persistence of detect-
able IgG antibodies for many years [20].

In our study, T. gondii seropositivity was detected in 40.7% 
of people living with HIV with CD4⁺ T lymphocyte counts 
below 100 cells/mm3. This finding highlights the risk of re-
activation of latent T. gondii infections in patients with ad-
vanced immunodeficiency. Consistent with the literature, 
low CD4⁺ cell counts (<200 cells/mm3), particularly those 
falling below 100 cells/mm3, have been emphasized as a 
critical threshold for the development of TE [2]. Accordingly, 
current HIV management guidelines published in Europe 
and the United States recommend routine screening for T. 
gondii IgG antibodies in patients at the time of HIV diag-
nosis to anticipate opportunistic infections, and initiation 
of primary prophylaxis in patients with CD4⁺ counts below 
200 cells/mm3 [8]. Our findings reinforce the clinical impor-
tance of these recommendations, demonstrating that the 
high seroprevalence observed in people living with HIV 
who have CD4⁺ counts below 100 cells/mm3 underscores 
the need for proactive monitoring and the implementation 
of appropriate prophylactic strategies in this population.

The high seropositivity observed among patients with CD4⁺ 
T lymphocyte counts below 100 cells/mm3 underscores the 
ongoing clinical relevance of latent toxoplasmosis as a po-
tential cause of reactivation. In this patient group, continued 
serological monitoring and the timely initiation of prophy-
lactic therapy are critical for improving clinical outcomes. 
Moreover, meta-analyses in the literature have demonstrat-
ed that seroprevalence is significantly higher in patients with 
profound immunosuppression. For example, in a global me-
ta-analysis conducted by Wang et al., [17] T. gondii seroprev-
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alence was 42.1% in people living with HIV compared with 
32.0% in the control group, and this difference was statisti-
cally significant (odds ratio=1.92; 95% confidence interval 
1.44–2.55) [17]. These findings suggest that reduced CD4⁺ 
T-cell counts play a crucial role in the reactivation and clin-
ical manifestation of latent T. gondii infection. Rather than 
affecting baseline seroprevalence, immune status appears 
to determine the likelihood and severity of disease. In ad-
dition, individuals with advanced immunosuppression may 
be more prone to acquiring new infections due to increased 
susceptibility to environmental exposure.

The findings of this study demonstrate a significant associa-
tion between T. gondii seroprevalence and marital status. The 
seropositivity rate was 42.0% in married patients compared 
with 27.7% in single patients, and this difference was statisti-
cally significant (p<0.001). Several seroprevalence studies in 
people living with HIV have similarly reported higher sero-
positivity rates among married patients, with age and certain 
sociodemographic factors identified as potential contribu-
tors. For instance, a study conducted among women living 
with HIV in Ethiopia found T. gondii IgG seroprevalence rates 
of 93.8% in married patients and 86.2% in single patients [21]. 
One of the primary explanations for this difference relates 
to age: The mean age of married patients is typically high-
er than that of single patients, and seropositivity naturally 
increases with cumulative exposure over time. In addition, 
environmental factors such as engagement in gardening 
activities and ownership of domestic animals, particularly 
cats, may increase the risk of infection in married people. In-
direct contact with cat feces or soil can contribute to higher 
seropositivity rates. Furthermore, families with children may 
spend more time in parks, gardens, or sandboxes, thereby 
increasing environmental exposure. Collectively, these find-
ings suggest that married patients may be at greater risk of T. 
gondii infection due to shared living conditions and height-
ened environmental exposure.

Among the 1189 people living with HIV included in the 
study, 96.3% (n=1.145) were Turkish citizens, whereas 3.7% 
(n=44) were foreign nationals. The T. gondii IgG seropositiv-
ity rate was similar in both groups. IgG seropositivity was 
detected in 14 foreign nationals (31.8%) and in 360 Turkish 
citizens (31.4%). No significant association was observed 
between nationality and T. gondii seropositivity (p=1.000). 
This finding may be explained by the small number of for-
eign nationals in our cohort and the fact that they large-
ly reside under the same geographic and socioeconomic 
conditions as the Turkish patients.

In conclusion, the markedly lower seropositivity rates ob-
served in younger age groups in our study indicate a pro-
gressive decline in T. gondii exposure in the general popula-

tion. This trend suggests that, in the future, people living with 
HIV may face an increased susceptibility to primary infection 
and its potential severe complications. Therefore, preventive 
education is of paramount importance, particularly for sero-
negative patients. People living with HIV who test negative 
for T. gondii IgG should be counseled on effective protective 
measures against the parasite. They should avoid direct con-
tact with soil or materials potentially contaminated with cat 
feces, thoroughly wash fruits and vegetables, ensure that 
drinking water is obtained from safe sources, and strictly 
avoid consuming raw or undercooked meat. In addition, pa-
tients should be advised to wash kitchen utensils and surfac-
es that come into contact with raw meat with soapy water 
and to adhere to general hygiene practices [8,22,23].

In this context, the early identification and education of T. 
gondii–seronegative people living with HIV should be con-
sidered a key preventive health strategy to reduce the risk 
of infection and potential complications.

Limitation

This study has some limitations. First, its retrospective sin-
gle-center design may limit the generalizability of the find-
ings. Second, information on potential risk factors for Toxo-
plasma gondii exposure, such as dietary habits, cat contact, 
and environmental factors, was unavailable. Finally, the ab-
sence of follow-up clinical data prevented evaluation of the 
relationship between serological status and subsequent 
toxoplasmosis. Despite these limitations, the large sample 
size provides valuable epidemiological data on T. gondii se-
roprevalence among people living with HIV in Türkiye.

Conclusion
Our study highlights the combined impact of age-related 
cumulative exposure and environmental factors on the 
epidemiology of T. gondii infection among people living 
with HIV. The predominance of seronegativity in younger 
age groups suggests a declining exposure to the parasite 
in the general population. It indicates that this infection 
may become increasingly rare in the future. However, this 
decline should not be overlooked, as it simultaneously in-
creases the risk of primary infection in immunocompro-
mised patients. Therefore, performing serological screen-
ing for T. gondii in people living with HIV with low CD4⁺ T 
lymphocyte counts is a critical preventive measure to avoid 
life-threatening complications, such as encephalitis.
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Multiple pregnancies have been reported to occur in 
approximately 2–3% of all births [1,2].

With the increasing maternal age and the widespread use 

of assisted reproductive technologies (ART), the incidence 

of multiple pregnancies has reportedly doubled in recent 
decades [1,3,4].

Congenital heart defects (CHDs) are the most commonly 
detected congenital anomalies, with an estimated preva-
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Abstract

Introduction: Congenital heart defects (CHDs) are among the most common congenital anomalies. An increased frequency of CHDs 
has been reported in twin pregnancies. This study aims to determine the frequency, types, and contributing factors of CHDs in twin 
births. 
Methods: This retrospective study included twin pregnancies in which both fetuses underwent at least one echocardiographic 
examination at the pediatric cardiology outpatient clinic. Data were collected from hospital records and included maternal age, use of 
assisted reproductive technology (ART), mode of delivery, pregnancy-related risk factors (gestational diabetes mellitus, preeclampsia, 
hypertension, and hypothyroidism), gestational age at birth, birth weight, and presence and type of CHD. Data were analyzed using 
Microsoft Excel. 
Results: The study included 498 twin infants (252 female, 50.6%) and 249 mothers. Among the cases, 116 (23.3%) were monochorionic, 
and 26.1% were conceived through in vitro fertilization, with the remainder being spontaneous pregnancies. A total of 34 infants 
(6.83%) were diagnosed with CHDs. In four pregnancies, both twins were affected, whereas in the remaining cases, only one twin was 
affected. Most CHDs consisted of septal defects and right ventricular outflow tract obstructions, whereas 12 cases had more complex 
anomalies. 
Discussion and Conclusion: In line with previous literature, this study found an increased frequency of CHDs in twin pregnancies. No 
significant difference in CHD frequency was observed between ART and spontaneous twin pregnancies. No specific risk factor was 
identified as a distinguishing feature between cases with and without CHDs.
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lence of 7–9/1000 live births [5]. It has been reported that 
the incidence of CHDs is higher in multiple pregnancies 
compared to singleton pregnancies. Among multiple preg-
nancies, the incidence of CHDs is higher in dizygotic twins 
than in singletons, and even higher in monozygotic twins 
than in dizygotic twins. The highest rates of CHDs have 
been reported in monozygotic twin pregnancies compli-
cated by twin-to-twin transfusion syndrome (TTTS) [6].

Several factors have been associated with the increased 
incidence of CHDs in multiple pregnancies, including ge-
netic predisposition, prematurity, advanced maternal age, 
and the increased use of ART [7]. For this reason, it is recom-
mended that twin pregnancies – especially monozygotic 
ones – undergo both prenatal and postnatal evaluation 
with echocardiography [7-9].

This study aims to determine the frequency and types of 
CHDs, maternal characteristics, and associated risk fac-
tors in twin pregnancies referred to the pediatric cardiol-
ogy outpatient clinic for evaluation and assessed through 
echocardiography.

Materials and Methods
This retrospective, single-center study included twin in-
fants and their mothers who presented to the pediatric 
cardiology outpatient clinic between 2018 and 2024 for 
various reasons and underwent at least one echocardio-
graphic evaluation. Cases in which one twin was lost in ute-
ro or where both twins did not undergo echocardiographic 
evaluation were excluded. Only cases in which both twins 
had echocardiographic examinations and were born after 
the 24th week of gestation were included in the study.

Maternal characteristics, including maternal age at delivery, 
gravidity, parity, and pregnancy-related risk factors (such 
as hypertension, preeclampsia, gestational diabetes mel-
litus, and hypothyroidism) were recorded. It was also not-
ed whether the pregnancy was spontaneous or achieved 
through in vitro fertilization (IVF), the chorionicity of the 
pregnancy, the mode of delivery (vaginal or cesarean), and 
whether the newborns were admitted to the neonatal in-
tensive care unit. The gestational age and birth weights of 
the infants were documented.

The gestational ages at birth were classified as <28 weeks, 
28–32 weeks, 32–37 weeks, and >37 weeks. Birth weights 
were categorized as 1000–1500 g, 1500–2500 g, and >2500 
g. If there was a weight difference >20% between the twin 
pair, the twins were classified as discordant (large and 
small); otherwise, they were considered concordant. Ac-
cording to their growth status, the infants were categorized 
as small for gestational age (SGA), appropriate for gesta-
tional age (AGA), or large for gestational age (LGA).

Statistical Analysis

All echocardiographic evaluations were retrospectively re-
viewed from hospital records. Minor findings potentially 
related to prematurity, such as small atrial septal defects 
(ASDs) that closed spontaneously within a short period, 
small muscular ventricular septal defects (VSDs), or a pat-
ent ductus arteriosus (PDA), were not included in the CHD 
group. Cases that required follow-up, intervention, or sur-
gery were classified as having a CHD. In cases with multiple 
CHDs, classification was based on the major defect.

A dataset of 498 twin patients was analyzed to determine 
associations between CHDs and other patient character-
istics. Maternal age was treated as a continuous variable, 
whereas other variables – including sex, birth week, birth 
weight, gravidity, parity, twin type, consanguinity, and 
echocardiographic findings – were categorized as categor-
ical variables.

All statistical analyses and tests were conducted using the 
Statistical Package for the Social Sciences (SPSS) version 
30 (IBM SPSS Statistics, IBM Corporation, Armonk, NY, USA) 
on a personal computer. Data storage, preprocessing, and 
charts were created using MS Excel 2016. The normality of 
variable distributions was assessed through the Kolmogor-
ov–Smirnov test, histograms, coefficient of variation, De-
trended Q-Q Plots, and analyses of skewness and kurtosis.

P<0.05 was considered statistically significant. Group com-
parisons were made using the independent sample T-test 
and Mann–Whitney U-test (due to non-Gaussian data dis-
tribution). A Chi-squared test was applied for frequency 
data analysis, and the Fisher–Freeman–Halton Exact Test 
was also used for additional comparisons.

Multivariate logistic regression analysis was performed; 
however, due to the relatively small number of CHD cases 
(n=34) in relation to the number of independent variables 
included in the model, excessively wide confidence inter-
vals were observed for several factors, which indicates low 
statistical precision and a high risk of model overfitting. To 
avoid presenting potentially unstable estimates, multivar-
iate analysis results were not included in the manuscript.

Ethical Approval

Ethical approval for this study was obtained from the Zeynep 
Kamil Maternity and Children’s Diseases Training and Re-
search Hospital Clinical Research Ethics Committee (Approv-
al number: 110; Date: August 23, 2023). This study was per-
formed in accordance with the standards of ethics outlined 
in the Declaration of Helsinki, 2013. All participants provided 
informed written consent (or written assent with parental 
consent, for minors) before participation in this study.
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Results
This study included 498 twin infants, comprising 252 females 
(50.6%) and 246 males (49.4%). The mean gestational age at 
birth was 33.3±3.1 weeks, and the mean birth weight was 
2021.15±628.71 g. Among these infants, 399 (80.1%) had a 
history of admission to the neonatal intensive care unit.

A total of 249 mothers participated in the study. The mean 
maternal age was 30.73±5.46 years (range: 18–49 years). 
Of these, 233 mothers (93.57%) delivered through cesare-
an section, whereas 16 (6.43%) had vaginal deliveries. The 
distribution of gravidity and parity among the mothers is 
presented in Figure 1.

Of the cases, 130 (26.1%) were born from pregnancies con-
ceived through IVF, whereas 368 (73.9%) were from spon-
taneous twin pregnancies. In terms of chorionicity, 116 in-
fants (23.3%) were monochorionic, and 382 (76.7%) were 
dichorionic twins. The birth characteristics of the infants 
by chorionicity are presented in Table 1. The characteristics 
of IVF-conceived and spontaneous twin pregnancies are 
shown in Table 2.

Pearson’s Chi-square test was applied to assess the relation-
ships between chorionicity and sex (p=0.882), gestational 
age at birth (p=0.069), birth weight (p=0.122), and growth 
classification (SGA/AGA/LGA) (p=0.923). No statistically sig-
nificant associations were found between chorionicity and 
any of these variables.

The relationship between maternal age and chorionicity was 
assessed by the independent samples Kruskal–Wallis and 
Mann–Whitney U tests, revealing a statistically significant 
difference (p=0.006). This result indicates that maternal age 
is a significant factor influencing chorionicity type (mono-
chorionic vs. dichorionic), suggesting that maternal age 
should be considered when evaluating chorionicity type.

Pearson’s Chi-square test revealed no statistically signifi-
cant associations between conception type (IVF vs. spon-
taneous) and the variables of sex (p=0.73), birth weight 
(p=0.625), or weight discordance (p=0.109).

However, the same test indicated a statistically significant dif-
ference in gestational age categories between IVF and sponta-
neously conceived infants (p=0.006), suggesting a meaningful 
difference in gestational age at birth between the two groups.

In addition, a significant difference was observed between 
conception type and chorionicity (p<0.001), indicating 
that the distribution of chorionicity differs significantly be-
tween IVF and spontaneous pregnancies.

Figure 1. Patient flow diagram for study cohort.

Table 1. Birth characteristics by chorionicity
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Sex (Male/female)

Female 58 50.0 194 50.79 p>0.05

Male 58 50.0 188 49.21

Gestational age

<28 weeks 4 3.45 26 6.81 p>0.05

28–32 weeks 26 22.41 66 17.28

32–37 weeks 78 67.24 236 61.78

>37 weeks 8 6.90 54 14.14

Birth weight

<1 kg 7 6.03 19 4.97 p>0.05

1.0–1.5 kg 21 18.10 46 12.04

>1.5–2.5 kg 72 62.07 232 60.73

>2.5 kg 16 13.79 85 22.25

SGA/AGA/LGA

SGA 18 15.52 55 14.4 p>0.05

AGA 93 80.17 308 80.63

LGA 5 4.31 19 4.97

Maternal age 29.41 (18–39) 31.14 (19–49) p<0.05

SGA: Small for gestational; AGA: Appropriate for gestational age; LGA: Large for 
gestational age.
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Independent samples Kruskal–Wallis and Mann–Whit-
ney U tests applied to examine the relationship between 
maternal age and conception type also revealed a sta-
tistically significant difference (p<0.001). These findings 
indicate a significant association between maternal age 
and the method of conception (IVF or spontaneous), 
suggesting that maternal age is distributed differently 
across the two groups or that certain maternal age rang-
es are more associated with either IVF or spontaneous 
conception.

A total of 34 infants (6.83%) were found to have CHDs. In 
4 twin pairs, both infants had a CHD, whereas in 26 cas-
es, only one twin was affected. The mean maternal age 
in this group was 30.52±6.05 years (range: 20–41 years). 
Among the mothers who gave birth to at least one infant 
with a CHD, 8 (26.67%) had conceived through IVF, and 22 
(73.33%) had spontaneous twin pregnancies.

The mean gestational age of twins with CHDs was 
34.47±3.16 weeks (range: 26–40 weeks), and the mean 
birth weight was 2166.82±545.78 g (range: 950–3870 g).

The specific CHDs identified by echocardiography are pre-
sented in Table 3.

In addition, 86 infants (17.27%) had findings such as small 
ASDs that closed spontaneously within a few months, small 
muscular VSDs, or a PDA – defects considered to be related 
to prematurity and developmental stage. These cases were 
not included in the CHD group.

Among the twin pairs in which both infants had CHDs, two 
were monochorionic, and the other two were dichorionic. 
Their clinical characteristics are detailed in Table 4.

The characteristics of infants with and without CHDs are 
summarized in Table 5.

Pearson’s Chi-square test showed no statistically signifi-
cant differences between infants with and without CHDs 
regarding sex (p=0.177), chorionicity (p=0.650), or concep-
tion type (IVF vs. spontaneous; p=0.723). The Fisher–Free-
man–Halton Exact Test revealed no significant differences 
in birth weight (p=0.396) or weight discordance (p=0.146) 
between the two groups.

However, the Fisher–Freeman–Halton Exact Test showed a 
statistically significant difference in gestational age groups 

Table 3. Distribution of congenital heart defects identified by 
echocardiography

Congenital heart defects n %

Atrial septal defect±Pulmonary stenosis 10 29.41

Atrial septal defect+Ventricular septal defect 3 8.82

Ventricular septal defect±Pulmonary stenosis 3 8.82

Pulmonary stenosis 2 5.88

Ventricular septal defect – Pulmonary atresia 3 8.82

Tetralogy of Fallot/Double outlet right ven-
tricle

2 5.88

Ventricular septal defect+Aortic hypoplasia/
Coarctation of the aorta 

3 8.82

Patent ductus arterosus 1 2.94

Double inlet left ventricle+Transposition of 
great arteries+Coarctation of aorta

1 2.94

Aortic valve pathology+Aortic stenosis±Atrial 
septal defect 

2 5.88

Truncus arteriosus 1 2.94

Intact ventricular septum – Pulmonary atresia 1 2.94

Double aortic arch 1 2.94

Hypoplastic left heart syndrome 1 2.94

Total 34 100

Table 2. Characteristics of in vitro fertilization conceived and 
spontaneous twin pregnancies

In vitro 
fertilization Spontaneous

p
Sex n % n %

Female 57 43.85 195 52.99 p>0.05

Male 73 56.15 173 47.01

Gestational age

<28 weeks 10 7.69 20 5.43 p<0.05

28–32 weeks 34 26.15 58 15.76

32–37 weeks 78 60.00 236 64.13

>37 weeks 8 6.15 54 14.67

Birth weight

<1 kg 9 6.92 17 4.62 p>0.05

1.0–1.5 kg 20 15.38 47 12.77

>1.5–2.5 kg 76 58.46 228 61.96

>2.5 kg 25 19.23 76 20.65

Birth weight discordance

Larger discor-
dant twin

8 6.15 38 10.33 p>0.05

Smaller  
discordant twin

8 6.15 38 10.33

Concordant 
twins

114 87.69 292 79.35

Chorionicity

Dichorionic 114 87,69 268 72,83 p<0.05

Monochorionic 16 12,31 100 27,17

Maternal age Mean Min-Max Mean Min-Max

32.43 22–49 30.14 18–43 p<0.05
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between infants with and without CHDs (p=0.024). This 
finding suggests a potential association between gesta-
tional age and the presence of CHDs, which may be of clin-
ical importance.

Of the mothers, 121 (48.59%) had no identifiable risk fac-
tors (including gestational diabetes mellitus, gestational 
hypertension, preeclampsia, hypothyroidism, or IVF con-
ception). 86 mothers (34.54%) had at least one risk factor, 
32 (12.85%) had two risk factors, and 10 (4.02%) had three 

Table 4. Characteristics of twin pairs in which both infants had congenital heart defects

Case Sex Gestation-
al age

Birth 
weight

(gr)

Birth weight 
discordance

(<%20)

Chorionic-
ity

Congenital 
heart defect

Maternal 
age Gravidity Parity Risk factor

1a F 35+0 2560 No DC Moderate 
secundum 

ASD 

28 2 1 0

1b M 2560 Moderate 
secundum 

ASD

2a F 37+3 2230 No DC Aortic arch 
hypopla-

sia+CoA+LV 
hypoplasia

34 5 4 Preeclem-
psia

2b M 2240 DOR-
V+PS+ToF

3a F 35+0 2500 No MC VSD-PA 34 4 3 0

3b F 2300 ASD-PDA

4a F 32+3 1680 No MC Large se-
cundum AS-
D+PS+PLSVC

24 2 2 0

4b F 1950 Moderate 
secundum 

ASD 

MC: Monochorionic; DC: Dichorionic; CHD: Congenital heart defect; ASD: Atrial septal defect; CoA: Coarctation of aorta; LV: Left ventricle; DORV: Double outlet right ventricle; 
PS: Pulmonary stenosis; ToF: Tetralogy of Fallot; VSD: Ventricular septal defect; PA: Pulmonary atresia; PDA: Patent ductus arteriosus; PLSVC: Persistent left superior vena cava.

Table 5. Comparison of characteristics between twins with and

Congenital heart 
disease (n=34)

No congenital 
heart defect p

Sex n % n %

Female 21 61.76 231 49.78 p>0.05

Male 13 38.24 233 50.22

Gestational age

<28 weeks 2 5.88 28 6.03 p<0.05

28–32 weeks 3 8.82 89 19.18

32–37 weeks 19 55.88 295 63.58

>37 weeks 10 29.41 52 11.21

Birth weight

<1 kg 3 8.82 23 4.96 p>0.05

1.0–1.5 kg 2 5.88 65 14.01

>1.5–2.5 kg 23 67.65 281 60.56

>2.5 kg 6 17.65 95 20.47

without congenital heart defects

Congenital heart 
disease (n=34)

No congenital 
heart defect p

n % n %

Birth weight discordance

Larger  
discordant twin

1 2.94 45 9.70 p>0.05

Smaller  
discordant twin

6 17.65 40 8.62

Concordant 
twins

27 79.41 379 81.68

Chorionicity

Dichorionic 25 73.53 357 76.94 p>0.05

Monochorionic 9 26.47 107 23.06

Mode of conception

In vitro fertilization 8 23.53 122 26.29 p>0.05

Spontaneous 26 76.47 342 73.71
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different risk factors concurrently. The distribution of ma-
ternal risk factors is presented in Table 6.

Discussion
Multiple pregnancies occur in approximately 2–3% of all 
births. In the United Kingdom, it has been reported that 
20–30% of these are monochorionic. [1,4]. Overall, congen-
ital anomalies are reported to be 1.3 times more common 
in twin infants compared to singletons [1,4].

CHDs are the most common type of congenital anomaly. 
While the incidence is reported as 7–9/1000 live births in 
the general population, this rate increases to approximate-
ly 20/1000 live births in twin pregnancies [5]. The preva-
lence is higher in monochorionic compared to dichorionic 
twins, particularly in monochorionic diamniotic pregnan-
cies. In cases complicated by TTTS, which occurs in about 
10–15% of monochorionic diamniotic twins, the incidence 
of CHDs increases by 12–13 times compared to the general 
population [5].

In a meta-analysis of 12 studies, the rate of CHDs in mono-
chorionic twins was reported as 59/1000 live births – about 
6 times higher than the general rate [3]. In TTTS cases, this 
rate rises to as much as twelvefold [3]. A study conducted 
in Taipei found that the incidence of CHDs in dichorionic 
twins was similar to that in singletons, whereas it was 5 
times higher in monochorionic twins [10]. Chorionicity has 
been reported to have a stronger influence on the develop-
ment of CHDs than zygosity [11]. The Danish registry, cover-
ing the years 1977–2001 and including a random sample 
without considering zygosity, reported a CHD rate of 5% 
in twin pregnancies compared to singletons [11]. The CHD 
rate in our study population, at 6.83%, is consistent with 
these findings.

Factors such as genetic predisposition, prematurity, ad-
vanced maternal age, and the use of ART have been dis-
cussed as potential contributors to the increased preva-
lence of CHDs. An increased incidence of CHDs has been 
reported in IVF pregnancies [12]. It has been suggested that 
periconceptional and mechanical manipulations, embryo 
freezing, the use of various culture media, and differing du-
rations in culture environments may affect the gastrulation 

phase and the development of the heart, which is the first 
organ to form. In addition, in individuals requiring fertility 
treatment, both underlying subclinical genetic abnormal-
ities and higher maternal age – as observed in our study 
and known to be associated with an increased risk of chro-
mosomal anomalies – may contribute to the pathogenesis 
of CHDs [12]. However, contrary to the literature, there was 
no significant difference in the incidence of CHDs between 
IVF and spontaneous twin pregnancies in our study. 

In this study, certain cardiac findings common in preterm in-
fants, such as a PDA and small ASDs that closed during early 
follow-up, were excluded from the CHD category to focus 
specifically on primary structural heart defects. While this 
approach ensures a more precise evaluation of significant 
congenital anomalies, it may lead to lower reported preva-
lence rates compared to studies that utilize broader diagnos-
tic criteria, including all minor prematurity-related shunts. 
Therefore, when comparing our findings with the existing 
literature, it is essential to consider these definition-based 
differences; the exclusion of these transient physiological 
shunts explains our lower CHD prevalence but provides a 
more accurate representation of true structural defects in 
twin cohorts.

In multiple pregnancies, CHDs are more frequently septal 
defects such as ASD and VSD, as well as congenital anom-
alies such as right ventricular outflow tract obstruction 
(RVOTO). The pathogenesis of RVOTO, particularly in mono-
chorionic twins with TTTS, has been explained by hemo-
dynamic changes. However, the relatively low frequency of 
pathologies such as aortic stenosis and aortic coarctation, 
which would also be expected to be influenced by hemo-
dynamic changes, necessitates a cautious interpretation of 
these associations [13]. More complex pathologies such as 
tetralogy of Fallot and transposition of the great arteries 
have been reported to occur at similar rates as in singleton 
pregnancies [3]. In a study by the Danish group, while an 
overall increase in CHDs was noted in twins, no complicat-
ed CHDs were identified. Consistent with previous studies, 
the most common types of CHDs in our study group were 
septal defects and pulmonary stenosis. However, in our 
group, 12 out of 34 cases presented with more complex 
CHDs compared to the literature. This may be attributed 
to our center being a tertiary perinatology center, where 
more complicated cases are referred.

Although monochorionic twins are genetically identical, 
the concordance of congenital anomalies – defined as the 
presence of CHD in both twins of a pair – has been reported 
at a rate of <20% [14]. In dichorionic twins, the majority of 
anomalies are discordant, and the risk of CHD in each twin 
is similar to that of singletons. In our study, a CHD was iden-

Table 6. Maternal risk factors during pregnancy

Maternal risk factors n %

Gestational diabetes mellitus 50 20.08

Gestational hypertension/Preeclempsia 41 16.47

Hypothyroidism 25 10.04

In vitro fertilization 65 26.10
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tified in only one twin in 26 pregnancies. Among these dis-
cordant cases, only 7 had a birth weight difference >20%, 
and in 6 of those, the affected twin was the smaller one. In 4 
of the 30 pregnancies with CHDs, both twins were affected. 
There were no significant differences in chorionicity, mater-
nal age, or birth weights between the twins in these cases. 
Among these four concordant cases, in two pregnancies 
(one monochorionic, one dichorionic), both twins had the 
same type of CHD, whereas in the other two, each twin had 
a different type of CHD.

When examined in terms of IVF status, maternal age, birth 
weight, and gestational age, there were no statistically 
significant differences between cases with and without 
CHDs. When maternal risk factors were analyzed in detail 
(Table 5), no significant distinguishing criterion was iden-
tified between mothers of twins with and without CHDs. 
In only one of the concordant CHD cases, the mother had 
preeclampsia. These findings suggest that the etiology of 
CHDs cannot be explained solely by hemodynamic mech-
anisms and the commonly discussed risk factors as afore-
mentioned, and multiple additional factors, such as epi-
genetic mechanisms, uterine and environmental factors, 
may be involved.

Limitation

Although our study is comprehensive due to its inclusion 
of a large cohort of twins, it has certain limitations. These 
include its retrospective design, being conducted in a sin-
gle center, and the inclusion of cases that are presented 
only to the pediatric cardiology outpatient clinic.

Another limitation is that some of the twin cases evalu-
ated in our clinic were born in other centers, leading to 
missing obstetric data such as zygosity and the presence 
or absence of TTTS. Moreover, the absence of a compari-
son group with singleton births is also considered a lim-
itation.

However, this study is valuable as it highlights an increased 
incidence of CHDs in twin pregnancies, the presence of dif-
ferent and more complex CHD types compared to other 
study populations, the predominance of discordant CHDs, 
and the absence of an increased CHD rate in IVF pregnancies.

Conclusion
In conclusion, in line with the literature, CHDs were in-
creased in both monochorionic and dichorionic twin preg-
nancies in our study. The pathophysiological mechanisms 
behind the increase in CHDs in twin pregnancies are not 
yet fully understood, though genetic factors, abnormal pla-
centation, maternal factors, environmental influences, and 
epigenetic factors are all thought to contribute.

In monochorionic pregnancies, hematological disturbanc-
es such as TTTS, delayed division of the fertilized ovum, and 
unequal distribution of cells to the two fetuses may lead to 
differing cardiac development. In dichorionic pregnancies, 
when associated with ART, factors related to the procedure 
and unequal placental development may play a role.

This topic continues to present many unresolved questions 
that warrant further research. We hope that future studies 
will provide deeper insights into the underlying patho-
physiological mechanisms contributing to the develop-
ment of CHDs in twin pregnancies.

Our study has several limitations. First, the retrospective 
design and the fact that the study population consisted 
of patients referred to a tertiary pediatric cardiology clinic 
may introduce selection bias. Second, the exclusion of cer-
tain prematurity-related lesions (e.g., PDA and small ASDs) 
might result in a lower prevalence rate compared to some 
studies in the literature.
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Abstract

Introduction: Perforated peptic ulcer (PPU) remains a life-threatening surgical emergency with substantial morbidity and mortality. 
Early identification of high-risk patients is essential for guiding operative strategy and optimizing perioperative care. This study 
evaluated clinical, biochemical, and operative predictors of post-operative complications and 30-day mortality and assessed the 
prognostic performance of routine biomarkers. 
Methods: A retrospective cohort study was conducted including 114 adults who underwent surgical repair for intraoperatively 
confirmed PPU between May 2022 and September 2025 at a tertiary center in Istanbul, Türkiye. Demographics, American Society 
of Anesthesiologists (ASA) class, symptom-to-surgery interval, operative details, and baseline laboratory values (lactate, C-reactive 
protein [CRP], albumin, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio) were analyzed. Primary outcomes were 30-day 
post-operative complications and all-cause 30-day mortality. Multivariable logistic regression identified independent predictors, and 
receiver operating characteristic (ROC) analysis evaluated biomarker performance. 
Results: Post-operative complications occurred in 28.1% of patients, with a 30-day mortality of 7.9%. Complications were significantly 
lower after laparoscopic repair (10.7%) than open repair (32.9%), with the open group showing more adverse baseline biomarker profiles. 
On multivariable analysis, elevated lactate (≥2.5 mmol/L; odds ratio [OR] 8.33) and higher ASA class (II–IV; OR 2.51) independently 
predicted complications, while advanced age (≥53 years; OR 1.085/year) and hypoalbuminemia (<31 g/L; OR 0.805) predicted 30-
day mortality. ROC analysis showed excellent discrimination for age (area under the curve [AUC] 0.883) and albumin (AUC 0.895) in 
predicting mortality, and both lactate and CRP strongly predicted selection of an open surgical approach. 
Discussion and Conclusion: Advanced age, elevated ASA class, and biochemical abnormalities – particularly elevated lactate and low 
serum albumin – are independent predictors of post-operative complications and mortality following PPU repair. Incorporation of these 
readily available markers into pre-operative assessment may improve risk stratification, guide operative approach selection, and optimize 
perioperative management. Prospective studies are warranted to validate thresholds and develop standardized protocols.
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Peptic ulcer disease (PUD) continues to represent an im-
portant global health concern, with a reported lifetime 

prevalence of 5–10% and an annual incidence of 1.5–3%, 
affecting nearly 4 million individuals worldwide [1-3]. Al-
though its incidence has declined with the widespread 
use of proton pump inhibitors and eradication of Helico-
bacter pylori, complications still occur in 10–20% of pa-
tients. Among these, perforated peptic ulcer (PPU) is one of 
the most severe, occurring in 2–14% of cases and carrying 
a lifetime risk of approximately 5% [2,3]. PPU is associated 
with high mortality, with short-term rates of 11–30% and 
long-term mortality up to 25%. Delays in surgical interven-
tion beyond 24 h may increase mortality to nearly 50% [2,4].

Diagnosis of PPU relies on clinical assessment support-
ed by imaging. While erect chest radiography can detect 
pneumoperitoneum, computed tomography offers greater 
sensitivity and overall diagnostic accuracy [5]. Early surgical 
intervention is critical to limit progression to generalized 
peritonitis, sepsis, and potential mortality [3,4,6]. While open 
repair has traditionally been the standard approach, lapa-
roscopic repair is increasingly preferred due to lower mor-
bidity and shorter hospital stay [2,5-7].

Given the variability in clinical presentation, accurate pre-op-
erative risk stratification is crucial. Several clinical and bio-
chemical parameters – including age, symptom-to-surgery 
interval, albumin, lactate, C-reactive protein (CRP), neutro-
phil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio 
(PLR), and white blood cell (WBC) count – have been associ-
ated with post-operative complications, need for open sur-
gery, and mortality in PPU [8-10]. Lactate, together with WBC 
and CRP, plays a key role in early diagnosis, risk stratification, 
and monitoring of sepsis, with elevated levels predicting ad-
verse outcomes [11]. Post-operative trends in CRP and NLR 
may facilitate early detection of complications, while albu-
min reflects nutritional and physiological reserve, informing 
perioperative management [12].

This study aimed to identify clinical, biochemical, and oper-
ative factors associated with post-operative complications 
and 30-day mortality following PPU repair and to evaluate 
the predictive performance of key biomarkers – lactate, 
CRP, albumin, NLR, and PLR – for risk stratification and sur-
gical decision-making.

Materials and Methods
Study Design and Population

This retrospective, single-center cohort study was carried 
out at Başakşehir Çam and Sakura City Hospital, a high-vol-
ume tertiary referral center in Istanbul, Türkiye. The study 
included all patients who underwent surgical treatment for 
PPU between May 2022 and September 2025.

Adult patients (≥18 years) with an intraoperatively con-
firmed diagnosis of acute PPU were eligible for inclusion, 
regardless of whether they were treated with an open or 
laparoscopic approach. Patients were excluded if the per-
foration was due to non-peptic causes, such as trauma or 
malignancy, or if key clinical, laboratory, or operative data 
were missing, preventing reliable statistical analysis.

Data Collection

Patient data were obtained from the hospital’s electronic 
medical records, including clinical documentation, labo-
ratory findings, and operative reports. The following vari-
ables were collected:

•	 Demographic data: Age and sex.

•	 Clinical parameters: American Society of Anesthesiol-
ogists (ASA) score and time from symptom onset to 
surgery (days).

•	 Surgical details: Operative approach (laparoscopic or 
open) and duration of surgery (minutes).

•	 Hospital course: Length of hospital stay (days).

•	 Baseline laboratory values: Lactate, CRP, serum albu-
min, NLR, and PLR.

Surgical Technique and Perioperative Care

Laparoscopic repair was performed using a standard three-
port technique, with primary closure of the perforation re-
inforced by an omental patch. Open repair was carried out 
through midline laparotomy, also using primary closure 
and an omental patch, either with the Graham or modified 
Graham technique. All patients underwent standardized 
pre-operative resuscitation and received intravenous anti-
biotics and proton pump inhibitor therapy in accordance 
with institutional protocols.

Outcomes

The primary outcome was the occurrence and type of 
post-operative complications within 30 days. These includ-
ed surgical site infection, incisional hernia, bile leak, hema-
toma, evisceration, pleural effusion, deep vein thrombosis, 
intra-abdominal abscess, fever, atelectasis, and disseminat-
ed intravascular coagulation.

Secondary outcomes included all-cause perioperative and 
30-day mortality, which were used as measures of short-
term survival and overall surgical effectiveness. Length of 
hospital stay and type of surgical approach (laparoscopic, 
open, or converted) were also evaluated to explore their 
impact on recovery and morbidity.

In 10 cases, procedures initially started laparoscopically 
were converted to open surgery due to the presence of 
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generalized peritonitis, where continuation of laparoscopy 
was considered neither safe nor effective. These patients 
were analyzed according to the intention-to-treat principle 
and were therefore included in the open surgery group.

Comparative analyses between surgical approaches were 
performed to identify factors associated with increased risk 
of complications and mortality. Receiver operating charac-
teristic (ROC) curve analysis and multivariable logistic re-
gression were used to assess the diagnostic performance 
and prognostic value of key biomarkers – lactate, CRP, al-
bumin, NLR, and PLR – in predicting the need for open sur-
gery, post-operative complications, and mortality. Optimal 
cut-off values for lactate (>2.5 mmol/L) and albumin (<31 
g/L) were determined using the Youden Index derived from 
ROC analysis.

Ethical Approval and Consent to Participate

This study was conducted in accordance with the ethical 
standards of both institutional and national research com-
mittees, as well as the principles outlined in the Declaration 
of Helsinki. Ethical approval was obtained from the Ethics 
Committee of Başakşehir Çam and Sakura City Hospital 
(Approval No: E-96317027-514.10-282238896; Date: July 
21, 2025).

Given the retrospective nature of the study, the require-
ment for informed consent was waived. All patient data 
were anonymized before analysis to ensure confidentiality.

Statistical Analysis

All statistical analyses were performed using the Statisti-
cal Package for the Social Sciences version 27.0 (IBM Corp., 
Armonk, NY, USA). The distribution of continuous variables 
was assessed using the Shapiro–Wilk test. Variables that did 
not follow a normal distribution were reported as median 
and interquartile range (IQR), while categorical variables 
were expressed as frequencies and percentages (n [%]).

For group comparisons, non-normally distributed contin-
uous variables were analyzed using the Mann–Whitney U 
test or Kruskal–Wallis H test, as appropriate. Categorical 
variables were compared using the Pearson Chi-square test 
or Fisher’s exact test. When multiple pairwise comparisons 
were performed, the Bonferroni correction was applied.

ROC curve analysis was used to evaluate diagnostic per-
formance. Forward stepwise logistic regression analysis 
was conducted to identify independent predictors of out-
comes. A p<0.05 was considered statistically significant.

Results
A total of 114 patients with PUD were included in the study. 
The median age was 45 years (IQR: 30–55), and the major-

ity were male (78.9%, n=90), while 21.1% (n=24) were fe-
male. The median time from symptom onset to surgery was 
1 day (IQR: 1–3). Median operative time was 90 min (IQR: 
70–110), and the median length of hospital stay was 5 days 
(IQR: 5–7). Post-operative complications occurred in 28.1% 
of patients (n=32), and the overall mortality rate was 7.9% 
(n=9) (Table 1).

Comparison of Patients According to Surgical 
Method

When patients were compared based on surgical approach 
(open, laparoscopic, and converted), no significant differ-
ences were observed in age, sex, duration of symptoms, 
ASA classification, operative time, or length of hospital stay 
(all p>0.05). However, complication rates differed signifi-
cantly between groups (p=0.035), occurring in 32.9% of 
patients undergoing open repair compared with 10.7% in 
the laparoscopic group.

Significant differences were also found in lactate (p<0.001), 
CRP (p=0.013), and PLR (p=0.049) levels across groups. Bon-
ferroni-adjusted pairwise comparisons showed that both 
lactate and CRP levels were significantly higher in the open 
surgery group than in the laparoscopic group. Although 
ASA scores did not differ significantly (p=0.133), the pro-
portion of patients with ASA III–IV status was nearly twice 
as high in the open group (34.2%) compared with the lap-
aroscopic group (17.9%). While not statistically significant, 
this difference is clinically relevant and suggests a poten-
tial selection bias, with laparoscopic repair more frequently 
performed in physiologically stable patients (Table 2).

Diagnostic Markers Associated with Open Surgery

ROC curve analysis identified lactate, CRP, and PLR as pre-
dictors of the need for open surgery. Among these, lactate 
demonstrated the highest diagnostic performance, fol-
lowed by CRP and PLR. The area under the curve (AUC) val-
ues were 0.760 (95% confidence interval [CI]: 0.664–0.855) 
for lactate, 0.680 (95% CI: 0.569–0.790) for CRP, and 0.652 
(95% CI: 0.533–0.772) for PLR. The corresponding ROC 
curves are presented in Figure 1.

Multivariable logistic regression analysis further showed 
that elevated lactate (≥2.5 mmol/L) (odds ratio [OR]: 8.332, 
95% CI: 2.276–30.497, p=0.001) and elevated CRP (≥11.4 
mg/L) (OR: 3.606, 95% CI: 1.367–9.517, p=0.010) were inde-
pendent predictors of open surgery (Table 3).

Factors Associated with Complications and 
Mortality

Patients who developed complications had significantly 
higher ASA scores (p=0.020) and were more likely to under-
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go open surgery (p=0.019). In multivariable analysis, both 
higher ASA class (II–IV) (OR: 2.510, 95% CI: 1.028–6.128, 
p=0.043) and open surgical approach (OR: 3.846, 95% CI: 
1.055–14.018, p=0.041) were identified as independent risk 
factors for post-operative complications (Table 4).

Figure 1. Receiver operating characteristic curve graph for the inter-
national normalized ratio/Albumin ratio according to deaths in pa-
tients diagnosed with hepatocellular carcinoma.

Table 1. Characteristics of patients diagnosed with peptic ulcer 
perforation

Variables Statistics

Number of patients 114

Age (year)

M (IQR)/(Minimum-maximum) 45 (30–55)/(19–90)

Sex, n (%)

Male 90 (78.9)

Female 24 (21.1)

Duration of symptoms (days)

M (IQR)/(Minimum-maximum) 1 (1–3)/(1–30)

American Society of Anesthesiologists score

I-II 82 (71.9)

III-IV 32 (28.1)

Surgical technique, n (%)

Open surgery 76 (66.7)

Laparoscopic surgery 28 (24.6)

Conversion to open surgery 10 (8.8)

Surgery duration (minutes)

M (IQR)/(Minimum-maximum) 90 (70–110)/(10–200)

Length of hospital stay (days)

M (IQR)/(Minimum-maximum) 5 (5–7)/(1–33)

Complication, n (%) 32 (28.1)

Type of complication n (%)

Surgical site infection 10 (8.8)

Incisional hernia 4 (3.5)

Bile leak 4 (3.5)

Hematoma 2 (1.8)

Evisceration 2 (1.8)

Pleural effusion 4 (3.5)

Deep vein thrombosis 1 (0.9)

Abscess 1 (0.9)

Fever 2 (1.8)

Atelectasis 1 (0.9)

Disseminated intravascular coagulation 1 (0.9)

Mortality, n (%) 9 (7.9)

Table 1. Continue

Variables Statistics

Lactate

M (IQR)/(Minimum-maximum) 2.2 (1.5–3.2)/(0.6–16)

Albumin

M (IQR)/(Minimum-maximum) 41 (36–45)/(21–54)

C-reactive protein

M (IQR)/(Minimum-maximum) 29.5 (4.6–114.9)/
(0.1–814.8)

Neutrophil-to-lymphocyte ratio

M (IQR)/(Minimum-maximum) 9.5 (5.7–17.7)/ 
(1.3–58.1)

Platelet-to-lymphocyte ratio

M (IQR)/(Minimum-maximum) 305.7 (178–462)/
(33.9–2080)

M: Median; IQR: Interquartile range.
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Mortality analysis revealed that patients who died were 
significantly older (p<0.001), had longer symptom du-
ration before surgery (p=0.017), higher lactate levels 
(p=0.002), lower albumin levels (p<0.001), and higher CRP 
levels (p=0.004) compared to survivors (Table 5). Multivari-
able logistic regression identified advanced age (OR: 1.085, 
95% CI: 1.016–1.159, p=0.015) and low albumin levels (OR: 

0.805, 95% CI: 0.660–0.983, p=0.033) as independent pre-
dictors of mortality (Table 4).

Performance of Biomarkers in Predicting Mortality

ROC curve analysis demonstrated strong diagnostic 
performance for age (AUC: 0.883; 95% CI: 0.813–0.952), 
albumin (AUC: 0.895; 95% CI: 0.796–0.993), and lactate 

Table 2. Distribution of patients’ characteristics according to surgical type

Variables

Open  
surgerya

Laparoscopic  
surgeryb

Conversion to open 
surgeryc

p

Bonferroni test  
(adjusted p)

n (%)/M (IQR) n (%)/M (IQR) n (%)/M (IQR) a versus  
b

a versus 
c

b versus 
c

Number of patients 76 28 10

Age (year) 47 (31–59) 40 (29–49) 44 (26–55) 0.292a

Sex 0.163b

Male 56 (73.7) 25 (89.3) 9 (90)

Female 20 (26.3) 3 (10.7) 1 (10)

Duration of symptoms (days) 1 (1–3) 1 (1–2) 1 (1-5) 0.142a

ASA score 0.133b

I-II 50 (65.8) 23 (82.1) 9 (90)

III-IV 26 (34.2) 5 (17.9) 1 (10)

Surgery duration (minutes) 85 (65–109) 90 (71–111) 94 (88–96) 0.567a

Hospital stay (days) 6 (5–8) 5 (5-6) 5 (5–6) 0.414a

Complication 25 (32.9) 3 (10.7) 4 (40) 0.035b

Mortality 9 (11.8) 0 (0) 0 (0) 0.117b

Lactate 2.6 (1.8–4.1) 1.7 (0.9–2.2) 2.1 (1.5–2.8) <0.001a <0.001 0.716 0.416

Albumin 40 (33.3–45) 42.5 (37.3–44) 44 (36.8–47) 0.221a

CRP 34.4 (11.8–143) 5.5 (2.2–41.1) 19.1 (3.2–107) 0.013a 0.010 >0.999 0.852

NLR 9.6 (5.7–17.9) 9.8 (6.2–22.8) 8.5 (5.3–15.3) 0.839a

PLR 321.9 (206–516) 194.1 (115.4–408.6) 278.9 (146.4–563.6) 0.049a 0.043 >0.999 0.836

aKruskal–Wallis test, bFisher’s exact test, M: Median; IQR: Interquartile range; p: Probability value; ASA: American Society of Anesthesiologists; CRP: C-Reactive protein; 
NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio.

Table 3. Multivariable logistic regression analysis of independent variables associated with open surgery

Variables (Step2) B SE OR (95% CI) p Model summary

Lactate (≥2.5) 2.120 0.662 8.332 (2.276–30.497) 0.001 χ2=26.593

 CRP (≥11.4) 1.283 0.495 3.606 (1.367–9.517) 0.010 R2=0.310

Constant −0.211 0.353 0.809 0.549

B: Unstandardized coefficient; SE: Standard error; OR: Odds ratio; CI: Confidence interval; CRP: C-Reactive protein; p: Probability value; Method: Forward Stepwise (Likeli-
hood Ratio); Excluded variables: PLR (p=0.528), χ2: Chi-square, R2: R-squared
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(AUC: 0.808; 95% CI: 0.627–0.989) in predicting mortal-
ity. An age cutoff of ≥53 years yielded 100% sensitivity 
and 74.3% specificity, while an albumin cutoff of <31 g/L 

provided 66.7% sensitivity and 96.2% specificity (Table 
6). The ROC curves for mortality prediction are shown in 
Figure 2.

Table 5. Comparison of complication and mortality rates according to patient characteristics

Variables n

Complication

p

Mortality

pNo (n=82) Yes (n=32) No (n=105) Yes (n=9)

n (%)/M (IQR) n (%)/M (IQR) n (%)/M (IQR) n (%)/M (IQR)

Age (year) 114 43 (29–51) 52 (34–62) 0.066c 43 (29–53) 61 (57–75) <0.001c

Sex 0.095a 0.091b

Male 90 68 (75.6) 22 (24.4) 85 (94.4) 5 (5.6)

Female 24 14 (58.3) 10 (41.7) 20 (83.3) 4 (16.7)

Duration of symptoms (day) 114 1 (1–2) 2 (1-3) 0.185 1 (1–2) 3 (2–5) 0.017c

ASA score 0.020a <0.001b

I-II 82 64 (78) 18 (22) 81 (98.8) 1 (1.2)

III-IV 32 18 (56.3) 14 (43.8) 24 (75) 8 (25)

Surgical method 0.019a 0.110b

Laparoscopic 28 25 (89.3) 3 (10.7) 28 (100) 0(0)

Open surgery 86 57 (66.3) 29 (33.7) 77 (89.5) 9 (10.5)

Surgery duration (minutes) 114 90 (70–100) 95 (71–126) 0.153c 90 (70–105) 105 (55–145) 0.412c

Lactate 114 2.2 (1.5–2.8) 2.4 (1.5–3.8) 0.391c 2.2 (1.5–2.8) 7.8 (2.3–9.7) 0.002c

Albumin 114 41 (36–45) 40 (33–45) 0.477c 41 (36–45) 29 (25–36) <0.001c

CRP 114 22.9 (3.4–73.7) 55.6 (7.6–146.8) 0.064c 25 (3.5–90) 147.7 (43.7–409.8) 0.004c

NLR 114 9 (5.6–19.5) 10 (7.3–15.2) 0.975c 10.2 (5.8–17.9) 6.7 (5.2–9.1) 0.148c

PLR 114 267.5 (169.7–430.8) 344.5 (207.8–543.6) 0.081c 305.3 (170.8–449) 325.7 (223.3–1099.1) 0.209c

Complication 0.709b

No 82 76 (92.7) 6 (7.3)

Yes 32 29 (90.6) 3 (9.4)

aPearson Chi-Square, bFisher’s exact test; cMann–Whitney U test, M: Median, IQR: Interquartile range, p: Probability value; ASA: American Society of Anesthesiologists; 
CRP: C-reactive protein; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio.

Table 4. Multivariable logistic regression analysis of independent variables associated with complications and mortality

Dependent variable: Presence of complication (1=Yes; 0=No)

Variables (Step2) B SE OR (95% CI) p Model summary

ASA score (II-IV) 0.920 0.455 2.510 (1.028–6.128) 0.043 χ2=10.392

Type of open surgery 1.347 0.660 3.846 (1.055–14.018) 0.041 R2=0.125

Constant −3.258 0.854 0.038 <0.001

Age 0.082 0.034 1.085 (1.016–1.159) 0.015 χ2=36.964

Lactate 0.382 0.203 1.466 (0.985–2.181) 0.059 R2=0.652

Albumin −0.217 0.102 0.805 (0.660–0.983) 0.033

Constant −0.608 4.115 0.545 0.883

B: Unstandardized coefficient; SE: Standard error; OR: Odds ratio; CI: Confidence interval; p: Probability value; Method: Forward stepwise (Likelihood Ratio); Excluded vari-
ables in the model predicting mortality: Symptom duration (p=0.071), ASA score (p=0.225), Sex (0.272), and CRP (p=0.208), Excluded variables in the model predicting 
complications: Age (p=0.876) and Sex (p=0.308); χ2: Chi-square, R2: R-squared
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Discussion
In this study, we examined surgical outcomes and identi-
fied pre-operative factors associated with morbidity and 
mortality in patients undergoing emergency repair for 
acute PPU. Although laparoscopic repair was associated 
with lower rates of post-operative complications, this find-
ing should be interpreted with caution. Patients selected 
for laparoscopy had significantly lower lactate and CRP 
levels, suggesting less severe systemic inflammation and 
better physiological status at presentation. Therefore, the 
apparent advantage of laparoscopy likely reflects appro-
priate patient selection rather than a clear superiority of 
the technique itself. While laparoscopic repair is safe and 
feasible in hemodynamically stable patients, open surgery 
remains indispensable in those with advanced sepsis or 
physiological instability [2,7,13].

The fundamental principles of surgical management for PPU 
have remained consistent over time, with primary closure re-

inforced by an omental patch continuing to be the standard 
approach in both open and laparoscopic procedures [3,14,15]. 
As a result, improvements in patient outcomes depend less 
on technical innovation and more on early recognition of 
physiological deterioration. In this context, reliable risk as-
sessment is essential for guiding resuscitation strategies, 
surgical timing, and post-operative care [16].

Various clinical scoring systems have been developed to 
support prognostic assessment in PPU. The Boey score, 
although simple and widely used, has shown limited pre-
dictive accuracy in more recent patient populations [17]. 
The PULP score incorporates a broader range of clinical 
and biochemical variables and offers improved mortality 
prediction; however, both systems fall short in capturing 
the dynamic physiological changes that often characterize 
emergency presentations [18,19].

In our cohort, advanced age, higher ASA class, elevat-
ed pre-operative lactate, and low serum albumin levels 
emerged as independent predictors of poor outcomes. 
These routinely available parameters provide a practical 
way to assess systemic inflammation, tissue hypoperfu-
sion, and overall physiological reserve. A lactate level ≥2.5 
mmol/L was strongly associated with both post-operative 
complications and the need for open surgery, highlighting 
its value as an early marker of sepsis and impaired per-
fusion [20,21]. Similarly, hypoalbuminemia (<31 g/L) was 
closely linked to mortality, reflecting its role as an indicator 
of both nutritional status and systemic inflammatory bur-
den [22]. The contributions of age and ASA class further em-
phasize the increased vulnerability of elderly and comorbid 
patients to septic stress.

Biochemical markers also influenced the choice of sur-
gical approach. Patients selected for laparoscopic repair 
generally had lower lactate, CRP, and PLR values, where-
as those with more pronounced inflammatory responses 
were more likely to undergo open surgery. Multivariable 
analysis confirmed that lactate ≥2.5 mmol/L and CRP ≥11.4 
mg/L independently predicted the need for open surgery 
or conversion. These findings likely reflect the severity of 
peritonitis and tissue edema, which can limit the safety and 
feasibility of minimally invasive techniques. Incorporating 
these thresholds into pre-operative assessment may sup-

Figure 2. Receiver operating characteristic curves evaluating the 
diagnostic performance of age, lactate, and albumin for mortality.

Table 6. Receiver operating characteristic analysis of age and albumin for evaluating diagnostic performance in patients with mortality

Variables AUC (95% CI) Cut-off Sensitivity (%) Specificity (%) Accuracy (%)

Age 0.883 (0.813–0.952) ≥53 100 74.3 77.2

Albumin 0.895 (0.796–0.993) <31 66.7 96.2 93.9

Lactate 0.808 (0.627–0.989) ≥4.4 66.7 91.4 89.5

AUC: Area under the curve; CI: Confidence interval.
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port more informed surgical decision-making and improve 
perioperative safety.

Our results are consistent with previous studies highlight-
ing the prognostic value of biochemical markers in gas-
trointestinal emergencies [15]. In addition, inflammatory 
indices such as PLR and NLR may further refine risk strat-
ification and contribute to more individualized and timely 
management strategies [23].

Limitation

This study has inherent limitations, including its retro-
spective, single-center design, which may introduce se-
lection bias. In addition, the relatively small number of 
mortality events limits the statistical power of subgroup 
analyses. Moreover, factors such as surgeon experience 
and variations in post-operative management may have 
influenced the outcomes. Nonetheless, the use of a 
well-defined patient cohort, comprehensive biochemical 
assessment, and multivariable analysis enhances the reli-
ability of our findings.

Despite these limitations, age, serum lactate, and serum al-
bumin proved to be consistent and objective predictors of 
adverse outcomes. ROC analysis demonstrated strong dis-
criminative ability for albumin and age in predicting mortal-
ity, supporting their potential use in simplified clinical deci-
sion-making tools. Future prospective, multicenter studies 
are needed to validate these findings and to explore their 
integration into standardized perioperative care pathways.

Conclusion
Pre-operative age, serum lactate, and albumin are strong, ob-
jective predictors of complications and 30-day mortality in PPU 
surgery. Laparoscopic repair is safe in hemodynamically stable 
patients, while open surgery remains necessary for those with 
severe physiological compromise. Incorporating these bio-
markers into pre-operative assessment can optimize surgical 
decision-making and improve perioperative outcomes.

Disclosure

Ethics Committee Approval: This study was approved by the 
Başakşehir Çam and Sakura City Hospital Ethics Committee (Date: 
21.07.2025, Decision no: E-96317027-514.10-282238896). 

Informed Consent: Given the retrospective nature of the study, 
the requirement for informed consent was waived. All patient 
data were anonymized before analysis to ensure confidentiality.

Conflict of Interest: The authors declare that there is no conflict 
of interest.

Financial Disclosure: This research received no specific grant 
from any funding agency in the public, commercial, or not-for-
profit sectors.

Use of AI for Writing Assistance:  The authors acknowledge the 
use of an artificial intelligence (AI) language model (ChatGPT, 
OpenAI, GPT-5) to assist in refining the language, improving clar-
ity, and ensuring consistency throughout the manuscript. All sci-
entific content, including study design, data collection, statistical 
analysis, interpretation of results, and clinical conclusions, was in-
dependently performed and verified by the authors. The authors 
reviewed and approved all AI-assisted text to ensure accuracy, 
integrity, and compliance with ethical standards.

Authorship Contributions: Concept – A.B.; Design – A.B., M.Y.; 
Supervision – A.B., A.L.I.; Data collection and/or processing – M.Y.; 
Analysis and/or interpretation – A.B., A.L.I.; Literature review – 
A.B., M.Y., A.L.I.; Writing – A.B.; Critical review – A.L.I.

Peer-review: Externally peer-reviewed.

References
1.	 Wadewitz E, Friedrichs J, Grilli M, Vey J, Zimmermann S, Kleeff 

J, et al. Approaches for the treatment of perforated peptic ul-
cers: a network meta-analysis of randomised controlled trials 
- study protocol. BMJ Open 2024;14:e082732. [CrossRef ]

2.	 Gavriilidis P, Schena CA, Di Saverio S, Hromalik L Jr, Eryilmaz 
M, Catena F, et al. Alternative treatments to treat perforated 
peptic ulcer: a systematic review and network meta-anal-
ysis of randomized controlled trials. World J Emerg Surg 
2025;20:31. [CrossRef ]

3.	 Stettler GR, Follette CJ, Avery MD. Surgical management of 
perforated peptic ulcers. Curr Surg Rep 2025;13:9. [CrossRef ]

4.	 Hoshi H, Endo A, Ito K, Akutsu T, Odera H, Shiraki H, et al. Anal-
ysis of the characteristics and management of perforated pep-
tic ulcer from 2011 to 2022: A multicenter and retrospective 
descriptive study. Ann Gastroenterol Surg 2025;9:464–75. 
[CrossRef]

5.	 Chung KT, Shelat VG. Perforated peptic ulcer - an update. 
World J Gastrointest Surg 2017;9:1–12. [CrossRef ]

6.	 Boyd-Carson H, Doleman B, Cromwell D, Lockwood S, Williams 
JP, Tierney GM, et al. Delay in source control in perforated pep-
tic ulcer leads to 6% increased risk of death per hour: a nation-
wide cohort study. World J Surg 2020;44:869–75. [CrossRef]

7.	 Patel PY, Akhani MK, Rathod R, Baria B. Post-operative out-
comes of laparoscopic versus open repair of perforated du-
odenal ulcer: a systematic review. Cureus 2025;17:e92021. 
[CrossRef ]

8.	 Møller MH, Adamsen S, Thomsen RW, Møller AM. Preopera-
tive prognostic factors for mortality in peptic ulcer perfora-
tion: a systematic review. Scand J Gastroenterol 2010;45:785–
805. [CrossRef ]

9.	 Basile-Filho A, Lago AF, Menegueti MG, Nicolini EA, Rodrigues 
LAB, Nunes RS, et al. The use of APACHE II, SOFA, SAPS 3, C-re-
active protein/albumin ratio, and lactate to predict mortality 
of surgical critically ill patients: A retrospective cohort study. 
Medicine (Baltimore) 2019;98:e16204. Erratum in: Medicine 
(Baltimore) 2019;98:e16675. [CrossRef ]

https://doi.org/10.1007/s40137-024-00437-5


201Bekraki et al., Predictors of Outcome in Perforated Peptic Ulcer / doi: 10.14744/hnhj.2026.12058

10.	 Møller MH, Shah K, Bendix J, Jensen AG, Zimmermann-Niel-
sen E, Adamsen S, et al. Risk factors in patients surgically 
treated for peptic ulcer perforation. Scand J Gastroenterol 
2009;44:145–52. [CrossRef ]

11.	 Mikkelsen ME, Miltiades AN, Gaieski DF, Goyal M, Fuchs BD, 
Shah CV, et al. Serum lactate is associated with mortality in 
severe sepsis independent of organ failure and shock. Crit 
Care Med 2009;37:1670–7. [CrossRef ]

12.	 Mayank S, Ekka NM, Sinha DK, Kumar B, Kumar N, Ranjan A, et 
al. Predictive accuracy of c-reactive protein as an early indica-
tor of leakage after anastomosis and primary repair in gastro-
intestinal surgery. Cureus 2024;16:e71107. [CrossRef ]

13.	 Sokhal BS, Mohamedahmed A, Zaman S, Wuheb AA, Abdal-
la HE, Husain N, et al. Laparoscopic versus open repair for 
peptic ulcer perforation: a systematic review, meta-analysis 
and trial sequential analysis of randomised controlled trials. 
Time to conclude! Ann R Coll Surg Engl 2025;107:331–45. 
[CrossRef ]

14.	 Chan KS, Ng STC, Tan CHB, Gerard G, Oo AM. A systematic re-
view and meta-analysis comparing postoperative outcomes 
of laparoscopic versus open omental patch repair of perfo-
rated peptic ulcer. J Trauma Acute Care Surg 2023;94:e1–13. 
[CrossRef ]

15.	 Sartelli M, Catena F, Abu-Zidan FM, Ansaloni L, Biffl WL, Bo-
ermeester MA, et al. Management of intra-abdominal infec-
tions: recommendations by the WSES 2016 consensus con-
ference. World J Emerg Surg 2017;12:22. [CrossRef ]

16.	 Desoky AA, Ayoub MT, Mostafa NM, Hashem EM, Mohammed 
MA. Short-term outcome following postoperative enhanced 

recovery implementation in patients with perforated peptic 
ulcer. Eur J Med Res 2025;30:234. [CrossRef ]

17.	 Gulzar JS, Paruthy SB, Arya SV. Improving outcome in perfo-
rated peptic ulcer emergency surgery by Boey scoring. Int 
Surg J 2016;3:2120–8. [CrossRef ]

18.	 Meidiansyah NS, Manawan EEU, Legiran. Comparison of the 
accuracy of boey score and PULP score in prediction of gas-
tric perforation mortality at Dr. Mohammad Hoesin general 
hospital palembang. Sriwijaya J Surg 2022;5:448–96.

19.	 Patel S, Kalra D, Kacheriwala S, Shah M, Duttaroy D. Validation 
of prognostic scoring systems for predicting 30-day mortality 
in perforated peptic ulcer disease. Turk J Surg 2019;35:252–8. 
[CrossRef ]

20.	 Toppo S, Gaurav K, Mondal R, Kumar K, Kumar K. Study on 
the preoperative and postoperative levels of serum lactate 
to estimate morbidity and mortality in cases of bowel perfo-
ration at a tertiary care hospital in Jharkhand, India. Cureus 
2025;17:e84748. [CrossRef ]

21.	 Falter F, Tisherman SA, Perrino AC, Kumar AB, Bush S, Nord-
ström L, et al. Serial lactate in clinical medicine - a narrative 
review. J Intensive Care Med 2026;41:175–85. [CrossRef ]

22.	 Thorsen K, Søreide JA, Søreide K. What is the best predictor 
of mortality in perforated peptic ulcer disease? A popula-
tion-based, multivariable regression analysis including three 
clinical scoring systems. J Gastrointest Surg 2014;18:1261–8. 
[CrossRef]

23.	 Bezzerri V, Putignani L, Mantuano E, Polini A, Navarini L, Vom-
ero M, et al. A focus on inflammatory and bacterial biomark-
ers in secondary peritonitis. Cells 2025;14:1653. [CrossRef ]



Hepatocellular carcinoma (HCC) is the most common 
primary malignant tumor of the liver, originating from 

hepatocytes. Worldwide, it ranks sixth in incidence among 
all cancers and third in mortality [1]. The main etiological 
factors include chronic infections with Hepatitis B and C 
viruses, long-term alcohol consumption, and non-alco-
holic steatohepatitis. Cirrhosis develops in most cases and 
significantly contributes to the risk of HCC [2]. Screening is 
particularly cost-effective in high-risk populations, with ul-
trasonography (USG) recommended every 6–12 months [3].

Alpha-fetoprotein (AFP) is commonly used alongside USG 
for HCC surveillance, but AFP alone is insufficient for diag-
nosis due to the influence of other diseases and conditions 
[4]. Liver biopsy is definitive but often limited due to un-
derlying cirrhosis. Therefore, diagnosis is frequently based 
on characteristic findings on dynamic contrast-enhanced 
computed tomography or magnetic resonance imaging [4]. 
Despite advances in imaging, surgery, and post-operative 
treatments, HCC remains highly lethal.
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Abstract

Introduction: This study aimed to evaluate the relationship between the international normalized ratio-to-albumin ratio (IAR) and 
alpha-fetoprotein (AFP) levels, radiological findings, and prognosis in patients with hepatocellular carcinoma (HCC). 
Methods: A retrospective analysis was conducted on 115 HCC patients admitted between 2010 and 2023. IAR was calculated as INR 
divided by albumin. Patients were categorized into high (≥0.288) and low (<0.288) IAR groups. Radiological findings, AFP levels, Child-
Pugh (CP) classification, model for end-stage liver disease score, tumor characteristics, and survival were compared between groups. 
The optimal IAR cutoff for predicting mortality was determined using receiver operating characteristic curve analysis. 
Results: A statistically significant positive correlation was observed between IAR and MELD score (p<0.001) and AFP levels (p=0.021). 
The optimal IAR cutoff was 0.267, with 80.2% sensitivity and 52.9% specificity. Patients with higher IAR had higher MELD scores, more 
tumors, worse CP classification, and higher mortality (p<0.05 for all). 
Discussion and Conclusion: IAR is significantly associated with disease severity, tumor burden, and prognosis in HCC patients. It may serve 
as a simple, inexpensive, and non-invasive biomarker to guide early diagnosis, monitoring, and prognostic assessment in clinical practice.
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Various tumor markers, including AFP, as well as molecular 
and genetic biomarkers, have been investigated for diag-
nosis and follow-up. AFP, widely used for over 60 years, has 
limitations such as normal levels in early HCC, prompting the 
search for more reliable markers. Among these, the inter-
national normalized ratio-to-albumin ratio (IAR), albumin/
globulin ratio, C-reactive protein/albumin ratio, albumin/
bilirubin ratio, des-gamma-carboxy prothrombin, AFP-L3, 
alpha-fucosidase, and glypican have shown potential.

Survival is closely related to tumor stage and liver disease 
severity. The Child-Pugh (CP) staging system and model for 
end-stage liver disease (MELD) score are commonly used to 
assess liver function and prognosis [5,6]. Recent research fo-
cuses on simple, inexpensive, non-invasive markers such as 
IAR. This study aimed to evaluate the relationship between 
IAR and radiological findings, AFP levels, and prognosis in 
HCC patients.

Materials and Methods
This study was designed as a retrospective study. Ethical 
approval was obtained from the Medical Specialization 
Education Board of the Haydarpaşa Numune Health Appli-
cation and Research Center, University of Health Sciences 
(decision number E-62977267-771-223954832, dated Sep-
tember 7, 2023) and from the Haydarpaşa Numune Hospi-
tal Clinical Research Ethics Committee (decision number 
HNEAH-KAEK 2023/171/4296, dated September 25, 2023). 
All procedures were conducted in accordance with the eth-
ical standards of the institutional research committee and 
the principles of the 1964 Declaration of Helsinki and its 
later amendments.

Patients diagnosed with HCC who were admitted to the 
hospital between January 1, 2010, and August 1, 2023, 
were retrospectively evaluated. A total of 115 patients who 
met the inclusion and exclusion criteria during the study 
period were included in the analysis. The inclusion criteria 
were defined as being 18 years of age or older and hav-
ing a confirmed diagnosis of HCC. Patients with conditions 
that could lead to hypoalbuminemia were excluded from 
the study. These conditions included protein–energy mal-
absorption, inflammatory bowel disease, chronic enteritis, 
acute severe systemic inflammation, chronic inflammatory 
diseases, any additional malignant neoplasm, and patients 
receiving treatment for burns. In addition, patients with 
renal dysfunction defined as a glomerular filtration rate 
below 60 mL/min according to the MDRD calculation, pa-
tients diagnosed with nephrotic syndrome, those receiving 
diuretic therapy due to volume overload associated with 
heart failure, and patients with uncontrolled diabetes mel-
litus were excluded. Uncontrolled diabetes mellitus was 

defined as recurrent fasting hyperglycemia >300 mg/dL 
within 3 months before or after laboratory measurements 
or glycated hemoglobin levels >11%. Patients receiving 
anticoagulant therapy or those with known bleeding disor-
ders were also excluded from the study.

The demographic characteristics of the included patients 
were recorded. Laboratory and clinical data obtained with-
in 20 days before and after the first multiphase contrast-en-
hanced cross-sectional imaging that radiologically detect-
ed HCC were retrospectively evaluated. The collected data 
included age, sex, presence of cirrhosis, platelet count, in-
ternational normalized ratio (INR), albumin, aspartate ami-
notransferase, alanine aminotransferase, creatinine, biliru-
bin, tumor size, number of tumors, AFP level, and mortality 
status.

The CP stage and MELD score were calculated for all pa-
tients. Based on the obtained data, the IAR was calculated, 
and patients were divided into two groups according to 
the IAR value: High IAR (≥0.288) and low IAR (<0.288). Ra-
diological findings, AFP levels, and prognostic parameters 
were compared between these two groups.

Outcome Variables

The primary outcome variables were the comparison of ra-
diological findings and AFP levels between patients with 
high IAR (≥0.288) and those with low IAR (<0.288). The 
secondary outcome variable was the evaluation of the re-
lationship between IAR and the prognosis of patients with 
HCC developing on the basis of chronic liver disease.

Statistical Analysis

The sample size was calculated using G*Power version 3.1.9.4 
software. Based on an effect size of 0.6, a confidence level of 
95%, and a statistical power of 80%, it was determined that 
at least 45 patients should be included in each group.

Statistical analyses were performed using IBM Statistical 
Package for the Social Sciences Statistics software (IBM 
Corp., Armonk, NY, USA). Descriptive statistics were ex-
pressed as mean, standard deviation, median, frequen-
cy, percentage, minimum, and maximum values. Pearson 
correlation analysis was used to evaluate the relationships 
between quantitative variables with normal distribution, 
while Spearman correlation analysis was used for variables 
without normal distribution. The independent samples 
t-test was used to compare normally distributed quanti-
tative variables between two groups, whereas the Mann–
Whitney U test was applied for non-normally distributed 
variables. The Chi-square test was used for comparisons of 
categorical variables. A p<0.05 was considered statistically 
significant.
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Results

The study included 115 patients diagnosed with HCC. 
Their ages ranged from 39 to 82 years, with a mean age 
of 64.03±9.66 years. Of these, 26 patients (22.6%) were fe-
male and 89 (77.4%) were male. All patients (100%) had 
underlying liver cirrhosis. The etiology of cirrhosis was 
hepatitis B virus in 52 patients (45.2%), hepatitis C virus 

in 21 patients (18.3%), and other causes in 42 patients 
(36.5%).

According to CP classification, 71 patients (61.7%) were 
Child A, 38 patients (33.0%) were Child B, and 6 patients 
(5.2%) were Child C. The median MELD score was 8 (7–
11). 70 patients (60.9%) had a single tumor, while 45 
patients (39.1%) had two or more tumors. The median 
tumor size was 55 mm (26–93). Tumor size was <5 cm in 
51 patients (44.3%) and 5 cm or greater in 64 patients 
(55.7%). The number of affected liver segments ranged 
from 1 to 4.

During the follow-up, 34 patients (29.6%) survived, 
while 81 patients (70.4%) died. AFP levels were signifi-
cantly higher in male patients (151.47 μg/L [5.85–2252]) 
compared to female patients (9.80 μg/L [3.49–198.25], 
p=0.034).

The INR/albumin ratio (IAR) was below 0.288 in 49 patients 
(42.6%) and 0.288 or above in 66 patients (57.4%). Among 
patients with an IAR below 0.288, 35 patients (71.4%) were 

Table 1. ROC curve result for the INR/albumin ratio according to 
deaths in patients diagnosed with HCC

Area under 
the curve 
(95% 
confidence 
interval)

Stan-
dard 
error

Thresh-
old 

value

Sensi-
tivity 

(%)

Spec-
ificity 

(%)

p

0.683 
(0.576–0.791)

0.055 0.267 80.2 52.9 0.002*

*Statistically significant (p<0.05). ROC: Receiver operating characteristic; INR: In-
ternational normalized ratio; HCC: Hepatocellular carcinoma.

Table 2. Comparison of age, gender, prognostic parameters, and radiological findings according to HCC patients’ INR/Albumin ratio being 
below and above 0.267

Those with an INR/albumin ratio of 
0.267 or above (n=83, %72.2)

Those with an INR/albumin ratio 
below 0.267 (n=32, %27.8) p

Age (year) 64.51±9.27a 62.78±10.65a 0.394d

Gender n,%

Female 20 (24.1) 6 (18.8) 0.539e

Male 63 (75.9) 26 (81.3)

Child-Turcotte-Pugh (CTP) classification

Child A 40 (48.2) 31 (96.9) <0.001e,*

Child B 37 (44.6) 1 (3.1)

Child C 6 (7.2) 0 (0)

MELD score 10 (8–12)b 7 (6.25–8)b <0.001e,*

Tumor number

1 45 (54.2) 25 (78.1) 0.019e,*

2 and above 38 (45.8) 7 (21.9)

Tumor size (mm) 57 (28–92)b 47.50 (23.50–96.75)b 0.433f

Tumor size

<5 cm 35 (42.2) 16 (50) 0.449e

5 cm and above 48 (57.8) 16 (50)

Number of segments affect-
ed by the tumor

1 (1–4)c 1 (1–4)c 0.884f

State of survival

Alive 17 (20.5) 17 (46.9) 0.001e,*

Death 66 (79.5) 17 (53.1)
aMean±standard deviation, bMedian (interquartile range), cMedian (minimum-maximum), dIndependent t-test, eChi-square test, fMann–Whitney U test. *Statistically 
significant (p<0.05). INR: International normalized ratio; HCC: Hepatocellular carcinoma.
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Child A, compared to 36 patients (54.5%) in the high IAR 
group; the difference was statistically significant (p<0.001). 
Furthermore, 37 patients (75.5%) in the low IAR group had 
a single tumor, whereas 29 patients (43.9%) in the high IAR 
group had a single tumor (p=0.017).

Patients with an IAR ≥0.288 had a higher median MELD 
score of 10 (8–13) compared to 7 (6–9) in the low IAR group 
(p<0.001). Mortality was also significantly higher in the high 
IAR group: 53 patients (80.3%) died in the high IAR group ver-
sus 28 patients (57.1%) in the low IAR group (p=0.007) (Fig. 1).

Receiver operating characteristic (ROC) curve analysis for 
predicting mortality showed an area under the curve of 
0.683 (standard error=0.055, p=0.002). The optimal IAR cut-
off was determined to be 0.267, with a sensitivity of 80.2% 
and specificity of 52.9% (Table 1).

Using the IAR cutoff of 0.267, 40 patients (74.1%) in the 
low IAR group were Child A, compared to 32 patients 
(48.5%) in the high IAR group (p<0.001). Tumor count 
also differed significantly, with 42 patients (77.8%) in the 
low IAR group having a single tumor versus 28 patients 
(42.4%) in the high IAR group (p=0.019). The median 
MELD score in patients with IAR ≥0.267 was significantly 
higher at 10 (8–13), compared to 7 (6–9) in those with IAR 
<0.267 (p<0.001) (Table 2).

Discussion
This study examined the relationship between the IAR 
measured in 115 HCC patients and AFP levels, prognostic 
scores, and radiological data. We found a statistically sig-
nificant positive correlation between the IAR and AFP val-
ues, as well as the MELD score. Significant differences were 
also observed between the IAR and the CP classification, 
mortality status, and tumor count. Although no statistically 
significant relationship was found between the IAR and tu-
mor size or the number of affected segments, a significant 
association was observed with tumor count.

Hepatitis B and hepatitis C infections remain the prima-
ry etiological factors of HCC, while alcohol consumption, 
non-alcoholic fatty liver disease, autoimmune hepatitis, 
and hemochromatosis also contribute. In our study, hepa-
titis B was responsible for 45.2% of cases and hepatitis C for 
18.3%, consistent with regional epidemiological patterns 
and similar to the findings of Ülger et al [7].

AFP, although widely used for diagnosis and follow-up of 
HCC, can be elevated in various other conditions, includ-
ing other cancers (for example, teratoblastoma, embry-
onal carcinoma, hepatoblastoma) and chronic liver dis-
eases, and is influenced by factors such as gender, race, 
and geography [8,9]. In our study, AFP levels were higher 
in male patients than in females, consistent with previous 
reports.

The use of IAR in HCC is relatively novel, with limited studies 
available. Haruki et al [10]. first evaluated IAR in HCC patients 
in 2018 and found it could predict short- and long-term out-
comes following hepatic resection, using a cutoff of 0.288. Our 
study determined a slightly lower cutoff of 0.267. Using both 
thresholds, we observed significant correlations between IAR, 
AFP levels, and CP class, supporting previous findings. Similar 
correlations between IAR and MELD score have been reported 
in patients with hepatitis B-related decompensated cirrhosis 
[11,12]. Our findings reinforce that IAR is associated with both 
liver function and tumor burden in HCC.

Radiological assessment remains central to HCC diagnosis, 
particularly in patients with underlying cirrhosis where bi-
opsy may be limited [13]. In our study, the IAR correlated 
significantly with tumor count but not with tumor size or 
the number of affected segments, a finding that differs 
from some previous reports [9,10,14]. This discrepancy may 
be due to the smaller sample size in our study compared to 
multicenter investigations. When examining tumor counts, 
our study included 70 patients (60.9%) with a single tumor 
and 45 patients (39.1%) with multiple tumors, whereas 
other studies reported higher proportions of patients with 
a single tumor. This difference in tumor distribution may 
have influenced the variations in results.

Figure 1. Receiver operating characteristic curve graph for the in-
ternational normalized ratio/Albumin ratio according to deaths in 
patients diagnosed with hepatocellular carcinoma.
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Limitation

The main limitations of our study include its retrospective 
and single-center design, relatively small patient cohort, 
and inability to calculate precise mortality rates due to the 
lack of exact death dates. Despite these limitations, the 
study provides valuable insights into the prognostic po-
tential of IAR in HCC.

Conclusion
Our findings indicate that the IAR is significantly associated 
with AFP levels, CP classification, MELD score, tumor count, 
and patient survival status in HCC. Given these results, IAR 
may serve as a useful, inexpensive, and non-invasive prog-
nostic marker in clinical practice. The observed relationship 
between IAR and tumor count differs from previous stud-
ies, highlighting the need for further research. Multicenter 
prospective studies with larger patient populations are 
warranted to validate the diagnostic, follow-up, and prog-
nostic utility of the IAR in HCC patients.

Disclosure

Ethics Committee Approval: This study was approved by the Hay-
darpaşa Numune Training and Research Hospital Ethics Committee 
(Date: 25.09.2023, Decision no: HNEAH-KAEK 2023/171/4296). 

Informed Consent: The study was conducted retrospectively using 
patient medical records and does not require voluntary consent.

Conflict of Interest: The authors declare that there is no conflict 
of interest.

Financial Disclosure: This research received no specific grant 
from any funding agency in the public, commercial, or not-for-
profit sectors.

Use of AI for Writing Assistance: Not declared.

Authorship Contributions: Concept – M.K.D.; Design – M.K.D., 
K.K.; Supervision – K.K.; Data collection and/or processing – 
M.K.D.; Analysis and/or interpretation – M.K.D., K.K.; Literature re-
view – M.K.D.; Writing – M.K.D.; Critical review – M.K.D.

Peer-review: Externally peer-reviewed.

References
1.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, 

Jemal A, et al. Global Cancer Statistics 2020: GLOBOCAN es-
timates of incidence and mortality worldwide for 36 cancers 
in 185 countries. CA Cancer J Clin 2021;71:209–49. [CrossRef ]

2.	 Global Burden of Disease Liver Cancer Collaboration; 
Akinyemiju T, Abera S, Ahmed M, Alam N, Alemayohu MA, Al-

len C, et al. The burden of primary liver cancer and underlying 
etiologies from 1990 to 2015 at the global, regional, and na-
tional level: results from the global burden of disease study 
2015. JAMA Oncol 2017;3:1683–91.

3.	 Heimbach JK, Kulik LM, Finn RS, Sirlin CB, Abecassis MM, Rob-
erts LR, et al. AASLD guidelines for the treatment of hepato-
cellular carcinoma. Hepatology 2018;67:358–80. [CrossRef ]

4.	 Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet 
2018;391:1301–14. [CrossRef ]

5.	 Child CG III, Turcotte JG. Surgery and portal hypertension. In: 
Child CG III, ed. The liver and portal hypertension. Philadel-
phia: WB Saunders; 1964. p.50–64.

6.	 Freeman RB Jr, Wiesner RH, Harper A, McDiarmid SV, Lake 
J, Edwards E, et al. The new liver allocation system: moving 
toward evidence-based transplantation policy. Liver Transpl 
2002;8:851–8. [CrossRef ]

7.	 Ülger Y, Delik A. Prognostic value of international normalized 
ratio-to-albumin ratio and ferritin level in chronic liver pa-
tients with hepatocellular carcinoma. J Gastrointest Cancer 
2022;53:1028–33. [CrossRef ]

8.	 Lau HL, Linkins SE. Alpha-fetoprotein. Am J Obstet Gynecol 
1976;124:533–54. [CrossRef ]

9.	 Baig JA, Alam JM, Mahmood SR, Baig M, Shaheen R, Sultana 
I, et al. Hepatocellular carcinoma (HCC) and diagnostic signif-
icance of A-fetoprotein (AFP). J Ayub Med Coll Abbottabad 
2009;21:72–5.

10.	 Haruki K, Shiba H, Saito N, Horiuchi T, Shirai Y, Fujiwara Y, et al. 
Risk stratification using a novel liver functional reserve score 
of combination prothrombin time-international normalized 
ratio to albumin ratio and albumin in patients with hepato-
cellular carcinoma. Surgery 2018;164:404–10. [CrossRef ]

11.	 Zhang T, Ye B, Shen J. Prognostic value of albumin-related 
ratios in HBV-associated decompensated cirrhosis. J Clin Lab 
Anal 2022;36:e24338. [CrossRef ]

12.	 Cai M, Han Z, He X, Zhang J. Usefulness of international 
normalized ratio to albumin ratio for evaluation of mortali-
ty in hepatitis b virus-associated decompensated cirrhosis. 
Biomed Res Int 2021;2021:6664574. [CrossRef ]

13.	 European Association for the Study of the Liver. EASL Clini-
cal Practice Guidelines: Management of hepatocellular car-
cinoma. J Hepatol 2018;69:182–236. Erratum in: J Hepatol 
2019;70:817. [CrossRef ]

14.	 Deng Y, Pang Q, Miao RC, Chen W, Zhou YY, Bi JB, et al. Prog-
nostic significance of pretreatment albumin/globulin ratio in 
patients with hepatocellular carcinoma. Onco Targets Ther 
2016;9:5317–28. [CrossRef ]



Urticaria is a condition characterized by pruritic, er-
ythematous, transient wheals (urtica) lasting <24 h 

and/or angioedema involving the skin. Depending on the 
disease course, urticaria can be classified as acute or chron-
ic, and according to triggering factors as spontaneous or 
inducible. Acute urticaria is typically characterized by the 
presence of urticarial plaques and/or angioedema for <6 
weeks, whereas in chronic urticaria these symptoms persist 

for longer than 6 weeks [1]. The exact pathogenesis of the 
disease has yet to be fully clarified; however, pathophysi-
ological processes such as autoimmunity, autoallergy, in-
flammation, and coagulation are thought to play important 
roles. According to the current EAACI/GA2LEN/EuroGuiD-
erm/APAAACI guideline, non-sedating H1 antihistamines 
are recommended as initial therapy for chronic sponta-
neous urticaria (CSU), and the dose may be increased up to 
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Abstract

Introduction: Chronic spontaneous urticaria (CSU) is a disorder characterized by the triggering of mast cells and basophils and is 
thought to involve systemic inflammatory responses. Hematological parameters obtained from the complete blood count, particularly 
the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR), have been considered potential biomarkers associated 
with systemic inflammatory processes. The purpose of this study was to examine the impact of omalizumab therapy on inflammatory 
parameters, including C-reactive protein (CRP), NLR, and PLR in patients diagnosed with CSU. 
Methods: Data from 44 individuals with CSU who were followed at the Dermatology Clinic of Haydarpaşa Numune Training and 
Research Hospital between June 2022 and June 2024 and received omalizumab therapy for at least 1 year were retrospectively analyzed 
in this observational study. CRP, NLR, and PLR levels were compared before treatment, at the 6th month of therapy, and at the end of the 
1st year. In addition, the relationship between baseline urticaria activity score (UAS7) and these inflammatory parameters was assessed. 
Results: The study population had an average age of 48.57±13.43 years. Among the participants, 65.9% were women and 34.1% were 
men. Throughout the omalizumab treatment period, CRP and NLR levels demonstrated a statistically significant decrease (p<0.001). In 
addition, PLR values also decreased, with a notable reduction observed at the 6th month of therapy (p=0.029). Analysis of relationships 
between variables revealed a moderate positive association between baseline UAS7 values and both CRP and PLR levels, while a robust 
positive association was demonstrated between baseline UAS7 and NLR (r=0.864; p<0.001). 
Discussion and Conclusion: These findings may be associated not only with clinical improvement but also with reductions in certain 
systemic inflammatory markers. The strong association between baseline NLR and disease activity indicates that NLR may serve as a 
practical, accessible biomarker in CSU.
Keywords: Chronic spontaneous urticaria; C-reactive protein; lymphocytes; neutrophils; omalizumab.
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fourfold if adequate disease control cannot be achieved [1].

Omalizumab, a monoclonal antibody targeting immuno-
globulin E (IgE), is licensed for the treatment of individuals 
with urticaria who do not achieve adequate benefit from 
second-generation H1 antihistamine therapy. It has been 
demonstrated to be both effective and safe in the manage-
ment of CSU. The recommended initial dose of omalizum-
ab is 300 mg administered every 4 weeks [2,3].

Over the past few years, various inflammatory markers 
determined from complete blood count parameters have 
been increasingly used in clinical studies to evaluate sys-
temic inflammation. Higher C-reactive protein (CRP) con-
centrations and greater neutrophil-to-lymphocyte ratios 
(NLR) have been linked to several inflammatory conditions 
[4,5].

This study aimed to evaluate CRP, NLR, and platelet-to-lym-
phocyte ratio (PLR) levels before treatment, at 6 months, 
and at 1 year in patients with CSU treated with omalizum-
ab at our institution, and to investigate the effect of omali-
zumab on systemic inflammatory parameters.

Materials and Methods
This retrospective, observational study aimed to analyze 
the data of patients who were diagnosed with CSU in the 
Dermatology Clinic of Haydarpaşa Numune Training and 
Research Hospital between June 2022 and June 2024 and 
who received omalizumab therapy due to inadequate re-
sponse to maximum-dose oral antihistamine treatment.

The study was approved by the Ethics Committee of Hay-
darpaşa Numune Training and Research Hospital (Approval 
No: HNEAH-GAEK 2024/142, HNEAH-GAEK/KK/2024/142) 
and was conducted in accordance with the principles of 
the Declaration of Helsinki.

The study population included a total of 44 individuals 
aged 18–80 years with CSU, who received omalizumab 
treatment for at least 1 year. Patients with comorbid con-
ditions that could affect blood cell counts, such as infec-
tion, malignancy, hematological disorders, or recent sur-
gery, as well as those who used systemic corticosteroids 
or immunosuppressive therapy during the study period, 
were excluded. NLR and PLR were derived from the ratios 
of neutrophils and platelets to lymphocytes, respectively. 
CRP, NLR, and PLR values were obtained from laboratory re-
sults recorded before the initiation of omalizumab therapy. 
Omalizumab was administered at a dose of 300 mg every 
4 weeks, and the same parameters were reassessed at the 
6th month and at the end of the 1st year of treatment. Thus, 
pre-treatment, 6-month, and 1-year values were compared 
to evaluate the effect of omalizumab therapy on systemic 
inflammatory parameters.

Concomitant antihistamine use during omalizumab treat-
ment was recorded for all patients.

Statistical Analysis

Statistical analyses were performed using IBM Statistical 
Package for the Social Sciences Statistics version 26.0 (IBM 
Corp., Armonk, NY, USA) and Microsoft Excel 2024 (Micro-
soft Corporation, Redmond, WA, USA).

Categorical variables were presented as frequencies (n) 
and corresponding percentages (%). The distribution of 
continuous variables was visually explored through his-
togram and Q–Q plot inspections, and the assumption of 
normality was additionally investigated using the Shap-
iro–Wilk test. Continuous data demonstrating a normal 
distribution were reported as mean±standard deviation, 
whereas variables that did not conform to normality were 
summarized as median with the observed minimum and 
maximum values.

Sex-based differences in CRP, NLR, and PLR were analyzed 
with distribution-appropriate statistical tests, namely the 
independent samples t-test for data that met the assump-
tion of normality and the Mann–Whitney U-test for data 
that did not meet the assumption of normality. Temporal 
changes in CRP, NLR, and PLR (baseline, 6 months, and 1 
year) were evaluated using repeated-measures analysis of 
variance for normally distributed data, whereas the Fried-
man test was applied to variables that did not meet the 
normality assumption. When a significant time effect was 
detected, two-by-two comparisons were performed with 
Bonferroni-adjusted post hoc tests.

Relationships between data were examined using para-
metric or non-parametric correlation methods depending 
on data distribution. Pearson correlation analysis was ap-
plied to normally distributed variables, whereas Spearman 
rank correlation analysis was preferred for variables that 
did not meet the assumption of normality.

A probability value below 0.05 was accepted as evidence of 
statistical significance.

Results
A cohort of 44 patients confirmed to have CSU and fol-
lowed at our institution between June 2022 and June 2024 
who received omalizumab treatment for a minimum dura-
tion of 1 year were recruited for the study. The study includ-
ed participants with a mean age of 48.57±13.43 years, of 
whom 29 (65.9%) were female, and 15 (34.1%) were male.

Antihistamine use during omalizumab treatment was ab-
sent in 56.8% of patients (n=25), whereas 43.2% (n=19) 
continued antihistamine therapy concurrently.
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Statistically significant differences were observed in CRP 
values measured before treatment, at the 6-month and 
12-month follow-ups (p<0.001). Bonferroni-adjusted pair-
wise comparisons showed significant reductions both at 
the 6-month and 12-month follow-ups compared with 
pre-treatment values. The present findings indicate that 
omalizumab therapy may be correlated with a decrease in 
CRP levels, a marker of systemic inflammation (Table 1).

When NLR values were evaluated, the mean value de-
creased from 2.92±1.50 before treatment to 2.07±0.62 at 
the 6th month and 2.08±1.37 at the 1st year. The change 
over time was observed to be statistically significant 
(p<0.001), and pairwise comparisons demonstrated signif-
icant reductions both at the 6th month and at the 1st year 
compared with pre-treatment values (Table 1).

PLR values were 133.56±43.87 before treatment, 
112.98±31.66 at the 6th month, and 120.45±41.45 at the 1st 
year. A significant time effect was observed (p=0.029), and 
post hoc analysis indicated that this significance was pri-
marily driven by the comparison between pre-treatment 
and the 6th month (P=0.005). No meaningful differences 
were detected between pre-treatment and the 1st year or 
between the 6th month and the 1st year (Table 1). These 
findings suggest that the decrease in PLR may be more pro-
nounced during the early phase of treatment.

A moderately strong positive association that reached 
statistical significance was observed between the urticar-
ia activity score (UAS7) score assessed at treatment initi-
ation and both CRP and PLR levels (r=0.507; p<0.001 and 
r=0.473; p<0.001, respectively; [Table 2]). In contrast, a ro-
bust positive association was identified between baseline 

UAS7 and NLR values (r=0.864; p<0.001; [Table 2]). These 
findings suggest that NLR may have a greater potential to 
reflect clinical disease activity compared with CRP and PLR.

No sex-related differences were detected in CRP, NLR, or 
PLR levels at baseline, the 6-month evaluation, or the 1-year 
follow-up (all p>0.05).

Discussion
CSU is a complex inflammatory disease in which histamine 
and various proinflammatory mediators play a central role.
[1] Currently, CSU is considered not to be limited solely to 
local mast cell activation; systemic inflammatory responses 
are also believed to contribute to the pathogenesis of the 
disease.[1] Omalizumab neutralizes free IgE and downregu-
lates FcεRI receptor expression on mast cells and basophils, 
thereby suppressing inflammatory activation. The clinical 
efficacy of omalizumab in individuals with chronic urti-
caria who are resistant to antihistamine therapy has been 
demonstrated in randomized controlled trials, which have 
reported significant reductions in symptoms [2,3].

Several studies have supported the presence of systemic 
inflammation in patients with chronic urticaria. In particu-
lar, acute phase reactants, including CRP and certain cyto-
kines, have been shown to be elevated in individuals with 
chronic urticaria and may be associated with disease activi-
ty. In the study by Ucmak et al.,[4] CRP and interleukin-6 lev-
els were observed to be significantly higher in cases with 
chronic urticaria in comparison with healthy individuals, 
and these parameters were reported to correlate with the 
UAS7. Similarly, in our study, the moderate positive correla-
tion observed between baseline CRP levels and the UAS7 
score supports these findings.

More recently, inflammatory markers obtained from com-
plete blood count parameters have also been investigated 
for the evaluation of systemic inflammatory response. Ac-
cording to a study by Ozer et al., [5] in individuals with bul-
lous pemphigoid, the NLR was observed to be significantly 
higher compared with healthy individuals, and this param-

Table 2. Relationship between UAS7 score and CRP, NLR, and PLR

UAS7

r p

CRP 0.507 <0.001

NLR 0.864 <0.001

PLR 0.473 0.001

r: Spearman correlation coefficient, UAS7 score: Urticaria activity score, CRP: C-re-
active protein; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte 
ratio.

Table 1. Pairwise comparison results of the time effect for CRP, 
NLR, and PLR values

CRP p*

Pre-treatment – 6th month <0.001

Pre-treatment – 1st year <0.001

6th month – 1st year 0.099

NLR p*

Pre-treatment – 6th month <0.001

Pre-treatment – 1st year <0.001

6th month – 1st year 1.000

PLR p*

Pre-treatment – 6th month 0.005

Pre-treatment – 1st year 0.454

6th month – 1st year 0.750

*Bonferroni-adjusted p-values, CRP: C-reactive protein; NLR: Neutrophil-to-lym-
phocyte ratio; PLR: Platelet-to-lymphocyte ratio.



210 Baysak et al., Omalizumab and Systemic Inflammation in Chronic Spontaneous Urticaria / doi: 10.14744/hnhj.2026.48726

eter was suggested to be a potential indicator of systemic 
inflammatory activity in inflammatory skin diseases. In the 
study by Weissmann et al., [6] NLR and PLR values were re-
ported to be correlated with the disease severity in patients 
with chronic urticaria, suggesting that these parameters 
may be useful in evaluating disease activity. Similarly, in our 
study, the correlation observed between baseline NLR and 
PLR values and baseline UAS7 scores is consistent with these 
findings and suggests that these parameters may reflect dis-
ease activity and systemic inflammation in chronic urticaria.

Studies investigating biomarkers that may predict treat-
ment response in CSU have also increased in recent years. 
Calzari et al. [7] emphasized the importance of exploring 
clinical and laboratory markers that could predict early re-
sponse to antihistamine and omalizumab therapy among 
individuals with CSU. In the study by Tarkowski et al., [8] he-
matological markers such as NLR, PLR, and the systemic im-
mune-inflammation index were evaluated, and although 
these parameters could not be considered definitive bio-
markers for predicting treatment response in chronic urti-
caria, they were suggested to be useful in assessing their 
relationship with disease activity. Similarly, in the study 
conducted by Aktaş et al.,  several biomarkers that might 
predict the response of patients with CSU to omalizumab 
treatment were investigated; however, no definitive con-
clusions regarding their clinical applicability were reached.

Ertaş et al.  demonstrated that certain hematological param-
eters and inflammatory indices changed during the course 
of treatment in individuals with CSU receiving omalizumab.

Hematological inflammatory indices have been shown to 
reflect systemic inflammation not only in chronic urticar-
ia but also in other dermatological inflammatory diseases. 
In a systematic review and meta-analysis including indi-
viduals with psoriasis, Ye et al.  reported that NLR and PLR 
were significantly greater in cases compared with healthy 
individuals, suggesting that these parameters may serve as 
low-cost biomarkers reflecting the presence of disease.

Similarly, according to a study by Kearney et al., [12] in pa-
tients with hidradenitis suppurativa, NLR and PLR values 
were observed to be lower in patients receiving biologic 
therapy compared with those receiving other treatments, 
and a significant reduction in inflammatory indices was 
observed with adalimumab treatment. These findings sug-
gest that hematological inflammatory indices may reflect 
treatment-related changes in systemic inflammation.

Similar findings have also been reported in other chronic 
inflammatory dermatological diseases, such as atopic der-
matitis. In a study by Jiang et al.,  NLR and PLR levels were 
found to be significantly greater in individuals with atopic 
dermatitis compared with healthy individuals, and these 

parameters were reported to show a positive correlation 
with the SCORing Atopic Dermatitis index, which reflects 
disease severity.

In our study, the changes observed in NLR and PLR values 
following omalizumab therapy suggest that these param-
eters may reflect treatment-related inflammatory changes 
in patients with CSU.

Limitation

Some limitations of this study should be acknowledged. 
First, the retrospective nature of the study and its single-cen-
ter setting may restrict the generalizability of the results. Fur-
thermore, a limited number of participants and the lack of 
a control group represent additional important limitations 
of this study. Nevertheless, the evaluation of inflammatory 
parameters at pre-treatment, the 6th month, and the 1st year 
represents one of the strengths of the study, as it allows the 
assessment of changes in these parameters over time.

Conclusion
This study demonstrated that omalizumab therapy in individ-
uals with CSU was associated with a significant reduction in 
CRP and NLR levels. Furthermore, the strong correlation ob-
served between baseline NLR values and baseline UAS7 scores 
suggests that NLR may serve as a practical biomarker reflect-
ing disease activity. These findings support the notion that 
omalizumab may not only reduce clinical symptoms but also 
exert regulatory effects on systemic inflammatory processes. 
Nevertheless, large-scale prospective multicenter studies are 
required to validate the clinical usefulness of inflammatory in-
dices as reliable biomarkers in routine clinical practice.
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Abstract

Introduction: Neural tube defects (NTDs) are common congenital malformations that cause lifelong disabilities, high medical costs, 
and significant mortality. This study aimed to evaluate the effects of citric acid, a widely used food additive, on neural tube development 
in chick embryos. 
Methods: Fertilized, specific pathogen-free chicken eggs were randomly assigned to two groups (n=15 each). Group A (control) received 
no treatment, whereas Group B received 0.5 mM citric acid injected beneath the embryonic disc at Hamburger–Hamilton stage 9. After 
72 h of incubation, embryo survival was recorded, and surviving embryos were examined macroscopically and histopathologically for 
NTDs. Statistical analysis was performed using Fisher’s exact test. 
Results: All embryos in the control group survived (15/15, 100%) and showed normal neural tube development. In the citric acid group, 
only 10/15 embryos survived (66.7%), and 9/10 (90%) of these exhibited NTDs, mainly cranial and caudal closure failures. Citric acid 
significantly reduced survival (p<0.05) and increased NTD incidence (p<0.001). 
Discussion and Conclusion: Citric acid significantly reduced embryo survival and increased the incidence of NTDs in chick embryos. These 
findings suggest that citric acid may have embryotoxic and teratogenic effects, highlighting the need for further studies on the safety of 
widely used food additives during early pregnancy.
Keywords: Chick embryo, citric acid, food additives, neural tube defect, teratogenicity
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Neural tube defects (NTDs) are among the most com-
mon congenital anomalies. They lead to lifelong dis-

abilities and substantial medical care costs. Moreover, they 
represent a major public health problem that can cause 
perinatal and childhood mortality [1].

NTDs are clinical conditions that occur as a result of im-
proper development of the neural tube. They rank second 
among all congenital anomalies in terms of frequency 

and may present with different clinical entities such as 
spina bifida and anencephaly. Anencephaly is character-
ized by the complete or partial absence of the cerebral 
hemispheres and cranium, whereas spina bifida results 
from the failure of the neural tube to close properly in the 
vertebral region [2,3].

Congenital anomalies, particularly during the 1st year 
of life, are among the leading causes of infant mortality. 
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Among these anomalies, NTDs constitute the second most 
common group after congenital heart diseases [4].

A review of the literature reveals that the global incidence 
of NTDs is approximately 1–7/1000 live births, and they 
occur more frequently in females than in males. In Türkiye, 
the incidence of NTDs has been reported as 2.75/1000 live 
births [5].

The etiology of NTDs involves complex, multifactorial in-
teractions between genetic and environmental factors. De-
spite their high incidence, the underlying causes of these 
defects are not fully understood [6,7].

Experimental studies have shown that exposure to alcohol, 
carbamazepine, salicylates, insulin, clomiphene, valproic 
acid, and chemotherapeutic agents may induce NTDs. Sim-
ilarly, interaction with various teratogenic agents has also 
been found to increase the incidence of these disorders [8].

Citric acid (C6H8O7) is a tricarboxylic acid found in the me-
tabolism of aerobic organisms. It is widely used in many 
industrial fields, with approximately 70% of global produc-
tion utilized in the food industry. Besides food manufactur-
ing, citric acid is also used in the pharmaceutical, agricul-
tural, cosmetic, chemical, and other industrial sectors. In 
the food industry, it primarily serves as a preservative, an 
acidity regulator, a flavor enhancer, and a synergist of anti-
oxidant activity [9-11].

In this study, we aimed to evaluate the potential effects of 
citric acid on the development of NTDs in chicken embryos.

Materials and Methods

Study Design

This study was conducted in collaboration with the De-
partment of Histology and Embryology, Hamidiye Faculty 
of Medicine, University of Health Sciences. In this experi-
mental study, fertilized, pathogen-free chicken eggs were 
used for incubation and injection (Bornova Veterinary Con-
trol and Research Institute, İzmir, Türkiye). The eggs were 
randomly divided into two groups:

•	 Group A (Control): No treatment (n=15)

•	 Group B (Experimental): Injected with 0.5 mM (0.096 
mg/L) citric acid (n=15).

Physiological saline was used as the vehicle for citric acid 
administration in the experimental group. The control group 
received no injection or treatment. Therefore, the study de-
sign did not include a sham-injected vehicle control group.

Ethical Approval

This study was conducted in accordance with the “Regula-
tion of the Local Ethics Committee for Animal Experiments 

of the Health Sciences University of the Republic of Türki-
ye.” According to Official Gazette No. 28914, dated February 
15, 2014, chick-embryo experiments conducted before the 
last one-third of incubation are exempt from animal ethics 
approval.

Citric Acid Dose

The dose was determined based on the safe range (0.1–
1.0 mM) reported in the literature for embryo culture. 
During the preliminary phase of the study, the drug was 
tested at low (0.1 mM), medium (0.5 mM), and high (1.0 
mM) concentrations. The findings indicated that the min-
imally effective dose corresponded to the medium dose 
(0.5 mM); therefore, this dose was selected for use in the 
main experiment. Citric acid (C6H8O7·H2O, ZAG Kimya, CAS 
No: 5949-29-1, purity 99.5%, molecular weight 210.14 g/
mol) was dissolved in sterile saline to prepare the desired 
concentration.

Incubation and Injection

The average egg weight was 65±2 g. Eggs were incubated 
for 24 h at a temperature of 37.2±0.1°C and 60–70% hu-
midity. The study consisted of two groups, each contain-
ing 15 embryos. After 24 h of incubation, the embryos had 
reached stage 9 according to the Hamburger–Hamilton 
classification.[12] The eggshells were carefully opened un-
der ×4 magnification, and the embryonic discs were iden-
tified. A volume of 0.1 mL of the prepared solution was 
injected beneath the embryonic disc using a 24-gauge 
syringe. After injection, the opened eggshells were sealed 
with sterile adhesive tape and incubated for an additional 
72 h. At the end of this period, the eggs were reopened, 
and the embryos were carefully dissected from the extra-
embryonic membranes. Embryo survival was recorded as 
intact vasculature and a visible heartbeat. In the control 
group, 15 embryos survived (100%), whereas in the citric 
acid group, 10 embryos survived (66.7%). All surviving em-
bryos were examined macroscopically and histopathologi-
cally for neural tube development and closure.

Histopathological Evaluation

At the end of the incubation period, the eggs were opened, 
and the embryos were carefully transferred into 4% neutral 
buffered formalin for fixation. Following 48 h of fixation, 
the embryos were dehydrated through a graded ethanol 
series (70%, 96%, and 100%), each step lasting 15 min. The 
samples were then cleared in xylene and embedded in 
paraffin. From each paraffin block, serial sections of 5 µm 
thickness were obtained and mounted on glass slides. The 
sections were deparaffinized in xylene, rehydrated through 
a descending ethanol gradient, and subsequently stained 
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with hematoxylin and eosin. After staining, the slides were 
covered with coverslips using Entellan® (Merck) for perma-
nent mounting. Microscopic evaluation was performed us-
ing a Zeiss Axiocam light microscope. Particular attention 
was given to the morphological organization of the neural 
tube and surrounding structures. Any disruption, disconti-
nuity, or malformation observed in the neural tube organi-
zation was defined as an NTD.

Statistical Analysis

Analyses were performed using the Statistical Package for 
the Social Sciences v28.0 (IBM Corp., Armonk, NY). Fisher’s 
exact test was applied. Survival rates and NTD incidence 
were analyzed independently. P<0.05 was considered 
statistically significant. A post hoc power analysis was per-
formed using the observed difference in proportions for 
NTD incidence between the control and citric acid groups, 
with α=0.05. The analysis indicated sufficient statistical 
power to detect the observed difference in NTD incidence. 
However, because no a priori power analysis was per-
formed, this issue was acknowledged as a limitation. All 
evaluations were double-blinded.

Results
Chicken embryos treated with 0.5 mM citric acid were com-
pared with controls for survival and neural tube develop-
ment.

Macroscopic Findings

•	 Control group: All 15 embryos survived and showed 
normal neural tube development. No anomalies were 
detected (Fig. 1a)

•	 Citric acid group: Of 15 embryos, only 10 survived 
(66.7%). Among survivors, 9 (90%) showed NTDs, most-
ly as cranial and caudal closure failures (Fig. 1b-d).

Histopathological Findings

Control embryos exhibited intact neural tube morphology. 
In contrast, citric acid-treated embryos showed closure de-
fects, notochord irregularities, incomplete ectodermal in-
vagination, and impaired somite formation (Fig. 1a-d).

Statistical Findings

Table 1 summarizes survival and NTD incidence. Citric 
acid significantly reduced survival (p<0.05) and increased 
NTD incidence (p<0.001). Data are presented as the num-
ber of embryos and percentages. Survival was recorded at 
72 h, and NTD incidence was calculated among surviving 
embryos. Fisher’s exact test showed significantly lower 
survival (p<0.05) and higher NTD incidence (p<0.001) in 
the citric acid group compared with controls (Fig. 2 and 
Table 1).

Figure 1. Macroscopic and histopathological evaluation of neural tube development in chick em-
bryos. (a) Control embryo showing intact neural tube (Nt) with notochord (n) and somites (s). Scale 
bar=100 µm. (b) Cranial neural tube of a citric acid-treated embryo; the red star indicates closure 
failure. Scale bar=100 µm. (c) Citric acid group embryo; black circle corresponds to the magnified 
region in (b), red circle corresponds to the magnified region in (d). Scale bar=500 µm. (d) Caudal 
neural tube of a citric acid-treated embryo; the red star indicates closure failure. Scale bar=100 µm.

Figure 2. Outcome at 72 h: Non-survivor versus normal versus neural 
tube defect.
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Discussion
NTDs, which arise from abnormal neurulation, are congen-
ital malformations that can cause severe medical problems 
both prenatally and postnatally, often resulting in lifelong 
disability or even death. They also have significant financial 
and social implications [13].
All types of NTDs are characterized by defective midline 
closure of the neural tube. In these cases, the organization 
of neural tissue, surrounding bone, mesenchymal tissue, 
and skin is disrupted. However, embryogenesis involves 
highly complex and diverse processes [14].
Globally, the incidence of NTDs varies between 1 and 
10/1,000 live births. Despite their relatively high frequency, 
their etiology is not fully elucidated [3].
Nutritional, genetic, and environmental factors play im-
portant roles in the development of NTDs [13,14]. Environ-
mental contributors include socioeconomic status, mater-
nal folate deficiency, maternal hyperthermia, and the use 
of certain drugs such as carbamazepine, valproic acid, di-
uretics, antihistamines, and sulfonamides [14].

Among these factors, the most significant cause of NTDs 
is folic acid deficiency before conception. Early folic acid 
supplementation can reduce the recurrence of NTDs by 
up to 71%, with a recommended daily intake of 0.4 mg for 
women without a history of NTDs and 4 mg for those who 
are carriers or who have had an affected child. Conversely, 
folate antagonists such as carbamazepine can double the 
incidence of myelomeningocele [15].

Since the introduction of periconceptional folic acid sup-
plementation, the global prevalence of NTDs has markedly 
decreased. The American Academy of Pediatrics recom-
mends that women of reproductive age consume 400 µg 
of folic acid daily to minimize NTD risk. Research indicates 
that preconceptional folic acid supplementation can re-
duce the incidence of NTDs by approximately 50% [4,16,17].

Genetic factors have also been implicated in NTD etiology, 
particularly polymorphisms of the 5,10-methylenetetrahy-
drofolate reductase gene. The common C677T polymor-
phism causes substitution of valine for alanine at position 
222 of the enzyme, reducing enzyme activity and tissue fo-
late levels while increasing plasma homocysteine concen-
trations. This polymorphism occurs in homozygous (TT) or 

heterozygous (CT) forms in approximately 10% and 38% 
of the population, respectively. The homozygous TT geno-
type shows a more pronounced effect, associated with an 
increased risk of NTDs and a modestly elevated risk of car-
diovascular disease [15,18].

Several experimental studies have investigated the impact 
of environmental factors, food additives, and pharmaceu-
ticals on neural tube development in chicken embryos [19-

23]. However, despite the widespread use of food additives, 
there is limited literature exploring their potential effects 
on NTD formation. For instance, Emon et al [19]. investigat-
ed the effect of sodium benzoate on chicken embryos and 
reported that it did not induce NTD formation. In contrast, 
Ovalioglu et al [23]. found that tartrazine, a synthetic dye, 
caused neural tube closure defects in chick embryos. These 
findings underscore the importance of further studies in-
vestigating commonly used additives.

In the food industry, citric acid is a widely used additive in 
beverages, baked goods, jams, marmalades, cheeses, and 
canned foods, where it functions as an acidity regulator, 
flavor enhancer, preservative, and synergist for antioxidant 
activity [24-27].

In our study, we investigated the effects of citric acid – a com-
monly used food additive – on neural tube development in 
chick embryos. The findings suggest that citric acid exposure 
at the administered concentration may be associated with 
impaired neural tube closure in this experimental model. We 
used a single-dose protocol, which represents a limitation of 
this study. However, we believe the findings provide valu-
able insight for the literature. To the best of our knowledge, 
this is the first experimental study to suggest a possible as-
sociation between citric acid exposure and neural tube clo-
sure defects in chick embryos. Further studies are warranted 
to elucidate the mechanism underlying neural tube closure 
failure associated with citric acid exposure.

Similarly, Çelik et al [24]. reported that citric acid induced 
DNA damage at high doses, suggesting potential genotox-
icity.

Because pregnancy tests typically yield positive results 
only after the 2nd week of gestation, many women are un-
aware that they are pregnant during the critical period of 
neural tube closure. This lack of awareness makes it difficult 

Table 1. Survival and incidence of NTDs in control and citric acid groups

Group Eggs incubated Survived at 72 h Survival % NTD incidence (survivors) NTD % (survivors)

Control 15 15 100 0 0

Citric acid 15 10 66.7 9 90

NTDs: Neural tube defects
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to avoid environmental teratogens, which may lead to NTD 
development. These observations should not be directly 
extrapolated to human pregnancy; however, they support 
the need for further experimental studies evaluating the 
developmental safety of commonly used food additives.

Food additives are extensively used for purposes such as 
flavor enhancement, preservation, coloring, acidity regu-
lation, and nutritional supplementation. Given their wide-
spread and continuous exposure in daily diets, large-scale 
research is necessary to assess their potential health risks.

Limitation

This study has several limitations. First, only a single dose 
of citric acid was tested; therefore, dose–response relation-
ships could not be established. Second, the follow-up was 
limited to 72 h, preventing evaluation of later developmen-
tal stages. Third, the control group did not receive a sham 
injection, whereas the experimental group underwent 
subblastodermic injection of citric acid solution. Therefore, 
the possible influence of the injection procedure itself on 
embryonic survival or neural tube development cannot be 
completely excluded. Future studies should include a sh-
am-injected vehicle control group to distinguish the spe-
cific effects of citric acid from those potentially related to 
the injection procedure. Fourth, the sample size was rela-
tively small, with 15 embryos in each group, and no a pri-
ori power analysis was performed. Although the post hoc 
power analysis based on the observed NTD incidence indi-
cated sufficient statistical power, the absence of an a priori 
sample size calculation limited the statistical planning and 
generalizability of the study. Therefore, the present results 
should be interpreted as preliminary and should be vali-
dated in larger experimental studies designed according to 
appropriate power analysis. Finally, while the chick embryo 
is a widely used and informative teratology model, it does 
not fully replicate mammalian or human embryogenesis.

Future Directions

Future studies should investigate the effects of different 
doses of citric acid, as well as longer incubation periods, to 
determine whether the observed defects persist or prog-
ress over time. In addition, molecular and cellular analyses 
will be necessary to elucidate the mechanisms by which 
citric acid disrupts neural tube closure. Comparative stud-
ies in mammalian models may further clarify the transla-
tional relevance of these findings to human pregnancy.

Conclusion
Our findings suggest that citric acid exposure at the ad-
ministered concentration may be associated with impaired 

neural tube development and increased NTD formation in 
chick embryos. Although this study used only a single dose, 
which limits the scope of inference, it provides valuable 
preliminary evidence regarding the potential teratogenic 
effects of citric acid. To our knowledge, this is the first ex-
perimental study to suggest such an association, highlight-
ing the need for further research to clarify the mechanisms 
underlying neural tube closure disruption.

These findings should not be directly extrapolated to hu-
man pregnancy; however, they highlight the need for fur-
ther experimental research on the developmental effects 
of commonly used food additives.
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Abstract

Introduction: Hormone receptor-negative, human epidermal growth factor receptor 2-positive (HR−/HER2+) breast cancer is an 
aggressive subtype with high sensitivity to human epidermal growth factor receptor 2 (HER2)-targeted neoadjuvant therapy. Although 
pathologic complete response (pCR) is associated with improved outcomes, real-world predictors of pCR remain unclear. This study 
aimed to evaluate clinical and pathological factors associated with pCR in patients with HR−/HER2+ breast cancer. 
Methods: This retrospective real-world study included 73 patients with HR−/HER2+ breast cancer treated with neoadjuvant systemic 
therapy. Clinicopathological features, laboratory parameters, and treatment regimens were collected. HER2 and hormone receptor 
status were assessed by immunohistochemistry and fluorescence in situ hybridization when indicated. pCR was defined as the absence 
of invasive disease in the breast and axillary lymph nodes. We examined potential clinical and pathological factors associated with pCR 
in HR−/HER2+ breast cancer. 
Results: The median age was 50.9 years, and all patients were female. Dual HER2 blockade was administered in 63% of patients. Overall, 
pCR was achieved in 67.1% of cases. Comparison of baseline clinicopathological characteristics according to pCR showed that pre/peri 
menopausal patients achieved significantly higher pCR rates than postmenopausal patients (80.6% vs. 57.1%, p=0.030). In multivariate 
analysis, the presence of comorbidity (odds ratio [OR]: 7.44, p=0.012), age (OR: 0.88, p=0.003), menopausal status (OR: 5.31, p=0.011), 
and the number of neoadjuvant cycles (OR: 0.45, p=0.028) were identified as statistically significant predictors. 
Discussion and Conclusion: Neoadjuvant therapy achieved high pCR rates in this real-world HR−/HER2+ breast cancer cohort. Menopausal 
status remained a significant clinical factor associated with pCR. Moreover, age, the number of neoadjuvant cycles, and comorbidity 
were also identified as significant factors. These real-world findings require validation in larger cohorts, and further prospective studies 
incorporating molecular biomarkers are warranted.
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Breast cancer is the most common malignancy among 
women worldwide, and hormone receptor-negative, 

human epidermal growth factor receptor 2-positive (HR−/
HER2+) tumors account for approximately 10–15% of 
all cases. Before the advent of human epidermal growth 
factor receptor 2 (HER2)-targeted therapies, this subtype 
was associated with aggressive biological behavior and 
poor clinical outcomes [1-3]. Neoadjuvant systemic thera-
py (NST) is now a cornerstone of treatment for early-stage 
HR−/HER2+ breast cancer, enabling tumor downstaging, 
increased rates of breast-conserving surgery, early assess-
ment of treatment response, and treatment of microme-
tastasis. Pathologic complete response (pCR) has emerged 
as a strong surrogate marker for improved event-free and 
overall survival in this setting [4].

Among all breast cancer subtypes, HR−/HER2+ tumors 
demonstrate the highest sensitivity to anti-HER2–based 
neoadjuvant regimens. Large pooled analyses report pCR 
rates of up to 50–70% with contemporary chemotherapy 
combined with dual HER2 blockade using trastuzumab 
and pertuzumab [4,5]. Despite these favorable outcomes, 
substantial interpatient variability persists, suggesting that 
tumor- and patient-related factors modulate response to 
therapy.

Several clinical and pathological predictors of pCR – such 
as tumor size, nodal status, histologic grade, Ki-67 index, 
age, and type of neoadjuvant regimen – have been in-
vestigated, with inconsistent results across studies [6-8]. 
In particular, the predictive value of Ki-67 and baseline 
nodal involvement remains controversial. Given evolving 
treatment strategies and the widespread use of dual HER2 
blockade, contemporary real-world data are needed to 
better define reliable predictors of pCR. In addition, HER2+ 
disease is heterogeneous; approximately 15% of patients 
are hormone receptor–negative (HR−) and exhibit distinct 
biological behavior.

Reliable assessment of pCR predictors is clinically critical, 
guiding treatment de-escalation in highly responsive pa-
tients and escalation strategies, such as adjuvant T-DM1, 
for those with residual disease after NST [9]. Consequently, 
this study evaluates clinical and pathological predictors of 
pCR in HR−/HER2+ breast cancer treated with contempo-
rary neoadjuvant regimens, yielding real-world evidence to 
support personalized treatment.

Materials and Methods

Study Design and Patients

This real-world retrospective study included 73 patients 
aged 18 years and older who were diagnosed with HR−/

HER2+ breast cancer and received neoadjuvant treatment 
at two specialized oncology centers between 2014 and 
2024. Demographic and clinical characteristics were ex-
tracted from patients’ medical records.

HER2 and hormone receptor status were assessed on pre-
treatment core-needle biopsy specimens using immuno-
histochemical (IHC) analysis. Patients with HER2 IHC scores 
of 0 or 1+ were classified as HER2-negative. Tumors with an 
equivocal HER2 score (2+) underwent fluorescence in situ 
hybridization to evaluate HER2 gene amplification, and cas-
es with confirmed amplification were considered HER2+. 
Tumors with a HER2 IHC score of 3+ were also regarded as 
HER2+. Estrogen receptor and progesterone receptor neg-
ativity were defined as nuclear staining in <1% of tumor 
cells.

Clinicopathologic variables collected included demo-
graphic data, Eastern Cooperative Oncology Group per-
formance status, comorbidities, menopausal status, tumor 
characteristics (size, grade, histological subtype, lymph 
node involvement, and Ki-67 index), smoking status, lab-
oratory parameters, treatment-related cardiotoxicity, num-
ber of neoadjuvant treatment cycles, and pCR. Neoadju-
vant treatment regimens were recorded for all patients, all 
of whom received trastuzumab.

This study was approved by the Bezmialem Vakif Universi-
ty Hospital ethics committee (Approval No: 2025/454; De-
cember 27, 2025) and conducted in compliance with the 
Declaration of Helsinki.

Statistical Analysis

Statistical analyses were performed using the Statistical 
Package for the Social Sciences (SPSS) software, version 
24.0 (SPSS Inc., Chicago, IL, USA). Categorical variables 
were summarized as frequencies and percentages, where-
as continuous and ordinal variables were presented as 
mean±standard deviation, median, and range. The Kolm-
ogorov–Smirnov test was applied to assess the normality 
of data distribution. Continuous variables were compared 
using Student’s t-test or Mann–Whitney U test, depending 
on normality. Comparisons of categorical variables were 
conducted using Pearson’s χ2 test and Fisher’s exact test. 
Analysis of variance was used to compare continuous vari-
ables across more than two independent groups to assess 
whether statistically significant differences existed be-
tween group means. Patient characteristics were evaluated 
using descriptive analyses. Logistic regression analysis was 
used for univariate analyses to identify factors associated 
with the outcomes of interest. P<0.05 was considered sta-
tistically significant. Variables with p<0.2 in univariate anal-
ysis were included in multivariate analysis.
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Results
A total of 73 patients with HR−/HER2+ breast cancer 
who received neoadjuvant therapy were included in 
our study. The mean age was 50.92±11.78 and all the 
patients were female. The baseline characteristics of the 
73 patients are shown in Table 1. Regarding neoadju-
vant treatment regimens, 27 patients (37.0%) received 
anthracycline-based chemotherapy with doxorubicin 
plus cyclophosphamide (AC) followed by a taxane plus 
trastuzumab, 38 patients (52.1%) received AC followed 
by a taxane combined with trastuzumab and pertu-
zumab, and 8 patients (11.0%) were treated with car-
boplatin, docetaxel, trastuzumab, and pertuzumab. The 
proportion of patients who received dual HER2 block-
ade was 63% (n=46). All patients enrolled in the study 

received between 4 and 8 cycles of neoadjuvant ther-
apy. The majority of patients, 62 (84.9%), completed 8 
cycles of treatment. Mastectomy was performed in 32 
patients (43.8%), while 41 patients (56.2%) underwent 
breast-conserving surgery. Treatment-related cardiotox-
icity was observed in only 3 patients. pCR was achieved 
in 49 patients (67.1%), whereas 24 patients (32.9%) did 
not achieve pCR.
Univariate analysis of baseline clinicopathological charac-
teristics was compared between patients who achieved a 
pCR and those who did not (non-pCR), as summarized in 
Table 2. Moreover, univariate analysis of pathological and 
laboratory parameters according to pCR status is presented 
in Table 3. In univariate analysis, pCR rates were numerical-
ly higher in patients receiving dual HER2 blockade, but no 
statistically significant association was observed (p=0.574). 

Table 1. Baseline clinicopathological characteristics

Variable n (%) or mean±SD Variable n (%) or mean±SD

Total patients 73 Clinical nodal status (%)

Age (years, mean±SD) 50.92±11.78 cN0 13 (17.8)

Sex Female:73 (100) cN1 54 (74.0)

Body mass index (kg/m2, mean±SD) 28.30±5.96 cN2 4 (5.5)

ECOG performance status (%) cN3 3 (2.7)

0–1 64 (87.7) Tumor grade (%)

≥2 9 (12.3) Grade 2 12 (16.4)

At least ≥1 comorbidity (%) Grade 3 41 (56.2)

Yes 27 (37) Not available 20 (27.4)

No 46 (63) HER2 status (%)

Smoking (%) IHC 2+/FISH+ 7 (9.6)

Yes 19 (26) IHC 3+ 66 (90.4)

No 54 (74) Neoadjuvant treatment regimen (%)

Menopausal status AC → taxane+trastuzumab 27 (37)

Pre/perimenopausal 31 (42.4) AC → taxane+trastuzumab+pertuzumab 38 (52)

Postmenopausal 42 (57.6) Carboplatin+docetaxel+trastuzum-
ab+pertuzumab

8 (11)

Time from diagnosis to treatment  
initiation (days, mean±SD)

28.93±29.07 Dual HER2 blockade 46 (63)

Clinical tumor size (mm, mean±SD) 36.62±20.15 Surgical procedure (%)

Clinical T stage (%) Mastectomy 32 (43.8)

cT1 10 (13.7) Breast-conserving surgery 41 (56.1)

cT2 47 (64.4) Treatment-related cardiotoxicity 3 (4.1)

cT3 11 (15.1) Pathologic complete response (%)

cT4 5 (6.8) Yes 49 (67.1)

No 24 (32.9)

ECOG: Eastern Cooperative Oncology Group; HER2: Human epidermal growth factor receptor 2; IHC: İmmunohistochemistry; FISH: Fluorescent in situ hybridization; pCR: 
Pathological complete response; AC: Adriamycin and doxorubicin plus cyclophosphamide.
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Table 2. Comparison of baseline clinicopathological characteristics according to pathological complete response

  Characteristics
pCR (+) (n, 
%) (n=49) 

(67.1%)

pCR (-) (n, 
%) (n=24) 

(32.9%)
p   Characteristics

pCR (+) (n, 
%) (n=49) 

(67.1%)

pCR (-) (n, 
%) (n=24) 

(32.9%)
p

At least ≥1 comorbidity cT2 29 (59.2) 18 (75)

Yes 15 (30.6) 12 (50) p=0.089 cT3 8 (16.3) 3 (12.5)  

No 34 (69.4) 12 (50)  cT4 3 (6.2) 2 (8.3)  

ECOG performance status HER2 status

0–1 44 (89.8) 20 (83.3) p=0.332 IHC 2+/FISH+ 5 (10.2) 2 (8.3) p=0.582

≥2 5 (10.2) 4 (16.7)  IHC 3+ 44 (89.8) 22 (91.7)  

Smoking Neoadjuvant treatment regimen

Yes 14 (28.6) 5 (20.8) p=0.341 AC→taxane+trastu-
zumab

18 (36.7) 9 (37.5) p=0.514

No 35 (71.4) 19 (79.2) AC→taxane+trastuzum-
ab+pertuzumab

27 (55.1) 11 (45.8)

Menopausal status Carboplat-
in+docetaxel+trastu-
zumab+pertuzumab

4 (8.2) 4 (16.7)  

Pre/Perimenopausal 25 (51) 6 (25) p=0.030 Dual HER2 blockade

Postmenopausal 24 (49) 18 (75) Yes 31 (63.3) 15 (62.5) p=0.574

cNod status No 18 (36.7) 9 (37.5)  

Positive 10 (20.4) 3 (12.5) p=0.315 Surgical procedure

Negative 39 (79.6) 21 (87.5) Mastectomy 19 (38.8) 13 (54.2) p=0.160

Tumor grade Breast-conserving 
surgery

30 (61.2) 11 (45.8)

Grade 2 5 (10.2) 7 (29.2) p=0.211 Body mass index (kg/m2)

Grade 3 24 (48.9) 17 (70.8)  <30 kg/m2 29 (59.2) 16 (66.7) p=0.361

Clinical T stage ≥30 kg/m2 20 (40.8) 8 (33.3)

cT1 9 (18.3) 1 (4.2) p=0.352

HER2: Human epidermal growth factor receptor 2; IHC: Immunohistochemistry; FISH: Fluorescent in situ hybridization; pCR: Pathological complete response; AC: Adria-
mycin and doxorubicin plus cyclophosphamide.

Table 3. Association of continuous variables with pCR

Characteristics (mean±SD or median (IQR)) pCR (+) pCR (−) p

Age (years) 51.94±12.19 48.83±10.84 0.792

BMI (kg/m2) 29.06±5.84 28.67±6.32 0.292

Clinical tumor size (mm) 34.82±18.54 40.29±23.09 0.279

Ki-67 44.26±21.6 42.13±16.02 0.671

Hemoglobin (g/dL) 11.5±1.22 11.4±1.24 0.749

Platelet (/mm3) 265000 (68000) 264000 (92000) 0.326

Neutrophil (/mm3) 4100 (2350) 3750 (2170) 0.332

Lymphocyte (/mm3) 1950 (1100) 1610 (612) 0.080

NLR 2.07 (1.39) 2.44 (2.14) 0.619

Albumin (g/L) 4.22±0.32 4.42±0.76 0.128

Number of neoadjuvant cycles 7.78±0.74 7.38±1.24 0.093

BMI: Body mass index; NLR: Neutrophil lymphocyte ratio; PCR: Pathologic complete response.
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Regarding surgical approach, breast-conserving surgery 
was more frequently performed in the pCR-positive group; 
however, the difference was not statistically significant 
(p=0.160). However, menopausal status was significantly 
associated with pCR achievement in the univariate analy-
sis. Pre/perimenopausal patients (n=25/31) demonstrated 
a higher pCR rate compared with postmenopausal patients 
(n=24/42) (80.6% vs. 57.1%, p=0.030).
Variables with potential significance in the univariate 
analysis (p<0.20), including menopausal status, were 
included in the multivariate model. In multivariate lo-
gistic regression analysis, the presence of comorbid-
ity (odds ratio [OR]: 7.44, 95% confidence interval [CI]: 
1.55–35.82, p=0.012), age (OR: 0.88, 95% CI: 0.81–0.96, 
p=0.003), menopausal status (OR: 5.31, 95% CI: 1.47–
19.15, p=0.011), and the number of neoadjuvant cycles 
(OR: 0.45, 95% CI: 0.22–0.92, p=0.028) were identified as 
statistically significant predictors. Multivariate analysis is 
shown in Table 4.

Discussion
HR−/HER2+ breast cancer represents a distinct biological 
subgroup within HER2+ disease and is frequently treat-
ed with neoadjuvant therapy. Response to neoadjuvant 
treatment, particularly the achievement of pCR, is an 
important prognostic indicator in this population. Un-
derstanding the magnitude of benefit from neoadjuvant 
therapy – especially in real-world settings – and identify-
ing potential baseline predictors of treatment response 
are therefore clinically relevant. Hormone receptor nega-
tivity is a well-established predictive factor for pCR, with 
several studies consistently showing higher pCR rates in 
HR− tumors compared with hormone receptor-positive 
disease, particularly with HER2-targeted regimens incor-
porating trastuzumab with or without pertuzumab [5]. 
Given the aggressive biology of this subgroup, identifying 
additional predictors of response remains important. Al-
though recent real-world analyses have begun to explore 
this, evidence is still limited and largely retrospective 
[10,11]. In addition, identifying reliable predictors of pCR 
has critical clinical implications. Achievement of pCR is 

strongly linked to improved event-free and overall surviv-
al in HER2+ breast cancer and serves as a key endpoint for 
guiding post-operative treatment decisions [4]. Patients 
with residual disease after neoadjuvant therapy may ben-
efit from treatment escalation strategies, such as adjuvant 
T-DM1 [9], whereas those achieving pCR could be candi-
dates for future treatment de-escalation approaches.

In this real-world analysis of patients with HR−/HER2+ 
breast cancer, we observed a high pCR rate of 67.1%, 
which is in line with results from large clinical trials and 
pooled analyses of contemporary anti-HER2–based neo-
adjuvant therapies [4,5]. When baseline clinical and patho-
logical characteristics were evaluated, menopausal status 
emerged as the statistically significant factor associated 
with pCR, whereas other established clinicopathological 
parameters did not show a statistically significant associa-
tion. However, when parameters that were potentially sig-
nificant in the univariate analysis were evaluated together 
in the multivariate model, menopausal status retained its 
statistical significance, and three additional factors also 
reached statistical significance. Among these, each 1-year 
increase in age was associated with a 12% reduction in 
the likelihood of achieving pCR. Pre/perimenopausal sta-
tus was associated with a 5.3-fold higher likelihood of pCR 
compared with postmenopausal status. Increasing age 
was associated with a lower likelihood of PCR, while pre/
perimenopausal status was linked to higher response rates. 
However, the role of age remains controversial, as tumor 
biology is generally considered the primary determinant 
of treatment response. Therefore, the observed association 
may partly reflect underlying biological differences rather 
than a direct causal effect. In addition, comorbidity burden 
and the number of neoadjuvant cycles were also associ-
ated with pCR, underscoring the multifactorial nature of 
treatment response. These findings should be interpreted 
with caution and validated in larger prospective cohorts.

Despite the recognized predictive role of hormone receptor sta-
tus itself, data specifically addressing predictive factors within 
the HR−/HER2+ subgroup remain limited. Most available studies 
have evaluated heterogeneous HER2+ populations and have 
treated hormone receptor status primarily as a binary variable, 
rather than performing subgroup-specific analyses focused 
exclusively on HR− patients [12,13]. Consequently, the determi-
nants of neoadjuvant response in this biologically distinct sub-
group are not yet fully characterized. This further highlights the 
importance of our study, which is based on real-world data and 
focuses on baseline characteristics.

The observed pCR rate in our cohort aligns with data from 
pivotal studies such as NeoSphere and TRYPHAENA, as 
well as the Food and Drug Administration pooled analysis, 

Table 4. Multivariate analysis for pCR response

Characteristics OR ( 95% CI) p

Age (years) 0.87 (0.80–0.95) 0.003

Pre/perimenopause status 5.31 (1.47–19.15) 0.011

Number of neoadjuvant cycles 0.45 (0.22–0.91) 0.028

At least ≥1 comorbidity 7.44 (1.54–35.81) 0.012

PCR: Pathologic complete response; OR: Odds ratio, CI: Confidence interval.
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which reported pCR rates ranging from 50% to 70% in HR−/
HER2+ disease treated with chemotherapy plus dual HER2 
blockade [4,5]. These findings confirm the high chemosen-
sitivity and HER2-dependence of this subtype and support 
the effectiveness of current real-world treatment strategies 
outside of controlled clinical trial settings.

Our study highlights the association between menopaus-
al status and pCR, showing higher rates in premenopaus-
al and perimenopausal patients than in postmenopausal 
ones (80.6% vs. 57.1%, p=0.030). We also found that the 
menopausal status (OR: 5.31, p=0.011) was identified as 
a statistically significant predictor of pCR in the multivar-
iate analysis. However, the role of menopausal status has 
been inconsistently observed; some studies suggest that 
younger age and premenopausal status may increase che-
mosensitivity, possibly due to higher tumor proliferation or 
differences in immune function [6,7], while others find no 
independent predictive value. These real-world data sug-
gest that menopausal status may influence neoadjuvant 
response in HR−/HER2+ breast cancer, though underlying 
mechanisms remain unclear.

In contrast to several previous reports, we did not find a sig-
nificant relationship between baseline Ki-67 index and pCR 
in our cohort. Although Ki-67 is widely studied as a marker of 
tumor proliferation and chemosensitivity, its predictive val-
ue in HER2+ breast cancer appears to be controversial,[6,8] 
possibly due to methodological variability in scoring, cutoff 
thresholds, and interobserver reproducibility. Our findings 
indicate that baseline Ki-67 alone has limited value as a re-
liable predictor of pCR in routine practice, especially with 
contemporary HER2-targeted neoadjuvant regimens. Sim-
ilarly, traditional clinicopathological parameters such as 
tumor size, nodal status, and histological grade were not 
significantly associated with pCR, contrasting with Luz et al 
[14]. Although grade 3 tumors were more frequent among 
patients achieving pCR, this difference was not statistically 
significant. These results align with accumulating evidence 
that conventional anatomical staging parameters may have 
diminished predictive value in the era of effective HER2-di-
rected therapies [7,8]. Importantly, baseline nodal involve-
ment did not impair pCR rates, supporting that patients with 
node-positive disease can still benefit considerably from 
modern neoadjuvant treatment. Therefore, although pCR 
rates are relatively high in this HR−HER2+ subgroup, our 
findings provide an insight that the variability in response – 
why some patients achieve higher pCR while others do not – 
may be investigated beyond traditional clinicopathological 
features using various novel biomarkers [15,16].

In our study, regarding treatment regimens, no statistically 
significant association was detected between the type of 

neoadjuvant chemotherapy and pCR. Although pCR rates 
were numerically higher in patients receiving dual HER2 
blockade, this difference did not reach statistical signif-
icance, possibly due to the limited sample size. However, 
the favorable pCR rates noted with trastuzumab and per-
tuzumab align with randomized trial data supporting dual 
HER2 blockade as the standard of care in high-risk ear-
ly-stage HER2+ breast cancer [4,5]. In addition, routinely 
available laboratory and inflammatory markers – including 
neutrophil-to-lymphocyte ratio, lymphocyte count, and se-
rum albumin – were not significantly associated with pCR 
in our data. Although immune-related biomarkers are in-
creasingly considered as potential predictors of response 
in HER2+ disease, particularly through antibody-mediated 
mechanisms, our findings indicate that these routinely an-
alyzed laboratory parameters have limited predictive value 
when assessed in a real-world setting.

Limitation

Several limitations of this study should be noted. The retro-
spective design and relatively small sample size may limit 
the ability to detect modest associations. In addition, miss-
ing pathological data for certain variables and heterogene-
ity in neoadjuvant treatment regimens could have affected 
the results. Finally, molecular biomarkers beyond common-
ly used clinicopathological factors – such as tumor-infiltrat-
ing lymphocytes or genomic alterations – were not evalu-
ated and may offer additional predictive value.

Conclusion
This real-life study demonstrates high pCR rates in patients 
with HR−/HER2+ breast cancer treated with recent neoadju-
vant therapy. Menopausal status remained a significant clini-
cal factor associated with pCR. In addition, given the observed 
associations with age, number of neoadjuvant cycles, and 
comorbidity, we believe that these findings should be sup-
ported with larger-scale studies. Moreover, these findings em-
phasize the variability of treatment response in HR−/HER2+ 
breast cancer and highlight the need for prospective studies 
incorporating molecular and immune biomarkers to improve 
pCR prediction and guide personalized treatment strategies.
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Abstract

A 32-year-old male presented with a penile hematoma after using a penile chastity cage for sexual gratification. Physical examination 
revealed distal penile edema and diffuse hematoma without urethral hemorrhage or incontinence. Doppler ultrasonography 
showed no cavernosal or fascial defect but demonstrated a subcutaneous hematoma. Management included ice application, Coban 
compression bandage, analgesic–anti-inflammatory treatment, and oral antibiotic prophylaxis. The bandage was changed daily; 
symptoms improved by 48 h, it was removed at 1 week, and complete resolution occurred by week 3. At 6 months, sexual function 
was normal. This case highlights potential risks of such devices and the successful conservative management of a penile hematoma.
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According to the Diagnostic and Statistical Manual of 
Mental Disorders, Fifth Edition, paraphilias include 

unusual sexual desires/behaviors that cause significant 
distress or functional impairment [1-4].Sadomasochism 
is defined as the pursuit of sexual gratification based on 
physical/psychological pain. Devices such as chastity cages 
may be used in these practices (Fig. 1). Prolonged or im-
proper use can lead to anatomical trauma and functional 
impairment. This case presents the clinical management of 
a penile hematoma developing after the use of a chastity 
cage.

Case Report
A 32-year-old male presented with a penile hematoma 
and pain. His history revealed that he had used a chastity 
cage during bondage, discipline, sadism, and masochism 
practices and kept the device on for 48 h. After removal, 
he noticed bruising and presented within 6 h due to se-
vere pain. Physical examination revealed edema and dif-
fuse hematoma, especially in the distal penis (Fig. 2). There 
was no urethral hemorrhage or incontinence. Doppler 
ultrasonography showed no cavernosal or fascial defect 
but revealed a diffuse subcutaneous hematoma. Coagula-
tion parameters were normal. Management included ice 
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application, Coban compression bandage (self-adhesive 

elastic bandage), analgesic–anti-inflammatory treatment, 

and oral antibiotics. The bandage was changed daily; 

symptoms regressed at 48 h, the bandage was removed 

at 1 week, and complete resolution occurred by the 3rd 

week. At 6-month follow-up, no sexual dysfunction was 

detected. Written informed consent was obtained from 

the patient for publication of this case report and accom-

panying images.

Discussion
Penile hematoma due to chastity cage use can often be 
managed successfully with conservative treatment [2]. 
However, prolonged or careless use may result in com-
plications such as infection, abscess, tissue necrosis, and 
later cavernous fibrosis with erectile dysfunction [3]. Early 
diagnosis and appropriate conservative management are 
critical. Psychosocial evaluation and counseling of indi-
viduals may help prevent recurrence of similar complica-
tions [1,4].

Conclusion
The use of chastity cages as part of sadomasochistic prac-
tices carries a significant risk of penile trauma, ranging from 
minor hematomas to potentially severe complications 
such as infection, necrosis, and erectile dysfunction. This 
case demonstrates that with timely diagnosis and appro-
priate conservative management, including compression 
bandage, anti-inflammatory medication, and prophylactic 
antibiotics, complete recovery can be achieved without 
long-term sequelae. Clinicians should remain vigilant re-
garding such injuries, conduct a thorough psychosocial as-
sessment, and provide patient education to minimize the 
risk of recurrence and to ensure both physical and sexual 
health in the long term.

Disclosure

Ethics Committee Approval: This is a single case report, and 
therefore ethics committee approval was not required in accor-
dance with institutional policies.

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

Conflict of Interest: The authors declare that there is no conflict 
of interest.

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

Use of AI for Writing Assistance: During the preparation of this 
manuscript, artificial intelligence-based tools were used only for 
language editing, formatting assistance, and preparation of the 
title page. No artificial intelligence tool was used for study design, 
data collection, clinical decision-making, data analysis, image in-
terpretation, or generation of scientific conclusions. The authors 
reviewed and approved the final manuscript and take full respon-
sibility for its content.

Authorship Contributions: Concept − G.Y.; Design − E.M.Y.; Su-
pervision − B.N.; Fundings − B.N.; Materials − Ç.N.; Data collection 
and/or processing − E.M.Y.; Analysis and/or interpretation − B.Ç.; 
Literature review − B.Ç.; Writing − E.M.Y.; Critical review − G.Y.

Peer-review: Externally peer-reviewed.

Figure 1. Chastity cage.

Figure 2. Penile hematoma.
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Tracheal bronchus (TB), first described by Sandifort in 
1785, is a rare anomaly occurring in approximately 1% 

of the global population. It may coexist with other cardio-
vascular anomalies, or it may occur independently without 
any associated anomalies. The clinical features of TB usu-
ally depend on its size and any associated pathologies. It 
may be detected incidentally without any symptoms or 
non-specific symptoms such as cough, dyspnea, and chest 
pain [1,2] may be present.

The diagnosis of TB is often made in childhood; however, pa-
tients can rarely be diagnosed during adulthood. In adults, 
TB is generally asymptomatic, especially in the absence of 
coexisting anomalies; however, it may lead to bronchiecta-
sis, chronic obstructive pulmonary disease, and recurrent 
pneumonias in some cases. Two primary diagnostic tools 

for TB are multi-detector chest computed tomography (CT) 
and fiberoptic bronchoscopy (FOB). While asymptomatic 
cases typically do not require treatment, special attention 
is needed in cases undergoing surgery, as endotracheal 
tubes could potentially obstruct the airway [3,4].

Pneumocystis jirovecii, previously classified as a protozoan, 
is now recognized as an opportunistic fungus based on 
ribosomal RNA analysis. It typically causes pneumonia in 
immunocompromised adults. P. jirovecii pneumonia (PJP) 
is usually characterized by bilateral multifocal alveolar in-
filtrates [5].

This case report presents a rare incidentally detected TB in 
a patient diagnosed with PJP, diagnosed during further in-
vestigation for bilateral lung infiltrations, and reviewed in 
the context of the current literature.
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CASE REPORT

Incidental Detection of a Tracheal Bronchus in a Patient with 
Pneumocystis jirovecii Pneumonia
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Abstract

A tracheal bronchus (TB) is a bronchial anomaly originating from the tracheal wall just above the main carina, before the bifurcation 
into the right and left main bronchi. Advancements in computed tomography and bronchoscopy technologies have led to a significant 
increase in the number of diagnosed cases. TB can be asymptomatic and detected incidentally but it may also be associated with 
certain cardiovascular and bronchopulmonary anomalies. Pneumocystis jirovecii, previously classified as a protozoan, is now classified 
as an opportunistic fungus. Like other opportunistic fungi, it typically causes infection in immunocompromised patients, and it is 
generally not expected to be pathogenic in immunocompetent individuals. In this case report, we describe the patient who was 
evaluated due to bilateral infiltrates in the lungs, where TB was detected during further evaluation. Following advanced diagnostic tests, 
the patient was diagnosed with P. jirovecii pneumonia, and the case is discussed in the context of the current literature.
Keywords: Broncopulmonary anomalies; Pneumocystis jirovecii; Pneumonia, Tracheal bronchus.
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Case Report
A 75-year-old male patient, planned for oncological treat-
ment due to a newly diagnosed diffuse infiltrative high-
grade glial tumor in the brain, was evaluated for fever. 
Chest CT showed widespread infiltrations in both lungs, 
leading to further investigation for infectious pathologies 
and malignancies. He was referred to the chest diseases 
outpatient clinic for FOB and sample collection. The patient 
had a smoking history of 20 pack-years and medical histo-
ry of benign prostatic hyperplasia, newly diagnosed glial 
tumor, and goiter. There were no significant findings in the 
family history, along with no history of tuberculosis expo-

sure. Physical examination revealed bilateral crackles in all 
lung zones. The patient’s temperature was 37.3°C, pulse 
rate was 70 beats/min, blood pressure was 118/65 mmHg, 
and SpO2 was 97% on room air. Laboratory results are pre-
sented in Table 1.

A posterior-anterior chest X-ray showed multifocal 
non-homogeneous density increases in all lung zones 
(Fig. 1), while the chest CT revealed widespread ground-
glass opacities (GGOs) in both lung parenchyma (Fig. 2). 
In addition, the trachea was observed to bifurcate into 
three branches at the level of the main carina (Fig. 3). The 
echocardiogram showed no findings suggestive of vascu-
lar anomalies. An abdominal ultrasound, performed for 

Figure 1. Bilateral pulmonary reticular infiltrates, most prominent 
in the mid-left zone and in the hilar area.

Table 1. Laboratory values of the case

Parameter Result NV Parameter Result NV

WBC (103 μL) 46.20 4.00–10.00 Creatinine (mg/dL) 1.03 0.7–1.2

Neutrophil count (103 μL) 20.45 2.00–7.00 ALT (U/L) 17 0–40

Neutrophil (%) 44.30 40.00–80.00 AST (U/L) 38 0–41

Lymphocyte count (103 μL) 24.3 0.80–4.00 LDH (U/L) 205 135–225

Lymphocyte (%) 52.6 10.00–50.00 Sedimentation mm/saat 22 0–15

Hemoglobin (g/dL) 13.9 13–17 CRP (µg/L) 250.57 0–5

Hemotocrit (%) 44 40.00–54.00 Procalcitonin (mg/dL) 1.06 <0.5

Galactomannan Antigen 1.348 (+) 0.5–15 RT-PCR for Pneumocystis jirovecii Positive No data

Anti-HIV 0.229 <1.0 CMV PCR (Iu/mL) 85 20–190000

ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, CMV: Cytomegalovirus, CRP: C-Reaktif Protein, dL; Deciliter, EBV: Epstein–Bar virus, g: Gram, mL: Milliliter, mm: 
Milimeter, NV: Normal value, Ig: Immunoglobulin, WBC: Leukocyte, L: Liter LDH: Lactatedehydragenase, PCR: Polymerase chain reaction, RT: Reverse transcriptase, U: Unit

Figure 2. Widespread ground-glass densities and consolidated ar-
eas in all zones of both lungs.
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unrelated reasons, revealed that the right kidney had a 

lobulated contour and was larger than the left, and also 

demonstrated findings consistent with a duplex collect-

ing system. FOB revealed a trachea bifurcating into three 

branches at the level of the main carina, with an accessory 
bronchus arising from the right main bronchus. No anom-
alies or endobronchial lesions were detected in the other 
segments and bronchi (Fig. 4).

The bronchial wash fluid tested positive for galactoman-
nan antigen. In addition, polymerase chain reaction (PCR) 
analysis confirmed the presence of P. jirovecii (Table 1). In-
formed consent was obtained from the patient.

Discussion
TB is a rare anomaly, mostly diagnosed incidentally during 
chest CT scans performed for unrelated reasons. This report 
presents a rare case of TB detected incidentally in a patient 
diagnosed with PJP, with both radiological and broncho-
scopic evidence of TB.

TB is classified into three types based on its size and location: 

•	 Type I: Larger in diameter, nearly equal to the tracheal 
diameter above the main carina

•	 Type II: Arises proximally from the main carina and has 
a narrower diameter

•	 Type III: Originates from the region of the main carina 
itself (Fig. 5). 

A review of the literature indicates that most cases are locat-
ed on the right side, with an average distance from the main 

Figure 3. A tracheal bronchus originating from the right side of the trachea, just above the main 
carina, without separation of the right and left main bronchi.

Figure 4. Bronchoscopic view of the tracheal bronchus.

Figure 5. Classification of tracheal bronchi.
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carina ranging from 0 to 2 cm, and an average diameter of 
1.7–12 mm. Type II is the most frequently observed anatom-
ical variant [6,7]. Consistent with the literature, our case pre-
sented a Type II TB located on the right side, with a distance 
of 4 mm from the main carina and a diameter of 9 mm. TB 
can be detected incidentally, but it may also be associated 
with various cardiovascular and bronchopulmonary anom-
alies. Reported associations include rib abnormalities, pec-
tus excavatum, congenital esophageal obstruction, tracheal 
stenosis, congenital cystic malformations, vertebral anoma-
lies, pulmonary valve abnormalities, and pulmonary artery 
stenosis or dilation [8]. Down syndrome and Klippel–Feil syn-
drome have also been reported to have a higher prevalence 
of TB. In our case, apart from the duplex kidney appearance 
and dual collecting system detected on abdominal ultra-
sound, no other anomalies were found.

Although it is often diagnosed incidentally and remains 
asymptomatic in most cases, the presence of TB becomes 
significant in patients undergoing thoracic surgery. During 
the placement of an endotracheal tube or a double-lumen 
tube, obstruction of the TB may lead to intraoperative com-
plications. Especially when one-lung ventilation is needed, 
the location and angle of the TB to the main carina should 
be carefully considered during double-lumen tube place-
ment. Therefore, it is important to inform the necessary 
departments preoperatively. In selected cases, FOB can be 
used to guide tube placement [9]. Patients at risk for PJP 
include those who are HIV positive, immunocompromised 
(due to cancer, organ transplants, or immunomodulatory 
treatments), or have autoimmune and inflammatory dis-
eases. PJP in immunocompetent individuals is extremely 
rare. The exact source of PJP in immunocompetent individ-
uals remains unclear, with theories suggesting either a new 
infection or the reactivation of a latent childhood infection. 
Bilateral, diffuse GGOs are the predominant radiological 
finding in PJP. Therefore, the differential diagnosis should 
include atypical bacterial, viral, and certain fungal pneumo-
nias, interstitial lung diseases, drug-induced pneumonitis, 
radiation injury, pulmonary edema, and other conditions 
causing diffuse alveolar damage. PCR analysis of respirato-
ry samples is a useful diagnostic tool for P. jirovecii, as cul-
tures are not typically available [10-13]. In our patient, who 
had a new diagnosis of a glial tumor, was HIV negative, and 
had not received chemotherapy or immunosuppressive 
treatment, PCR testing of bronchial wash fluid was positive, 
confirming the diagnosis of PJP. Although galactomannan 
antigen detection in bronchial wash fluid is not a primary 
diagnostic test for PJP, some studies have reported that its 
positivity in PJP has a sensitivity of 86–94% for confirming 
the diagnosis.

Conclusion
In conclusion, PJP should be considered in cases of wide-
spread infiltrates in the lungs in immunocompetent in-
dividuals. Even though TB is incidentally detected in this 
case, clinicians should inform anesthesiologists during pre-
operative preparation to avoid complications and difficul-
ties during intubation, ensuring special attention is paid to 
airway management.
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Abstract

Cramp-fasciculation syndrome is a rare form of peripheral nerve hyperexcitability (PNH). We report the case of a 79-year-old man 
who presented with widespread, visible, and persistent muscle twitching involving both upper and lower limbs, more prominently 
affecting the entire body, accompanied by a burning sensation in the feet for approximately 1 month. He also reported difficulty 
initiating sleep and frequent constipation. Clinical and electrophysiological evaluations demonstrated fasciculations and cramps. 
Further investigations identified positive contactin-associated protein-like 2 antibodies, a subtype of voltage-gated potassium channel 
antibodies, as the underlying etiology. Although fasciculations are commonly seen in motor neuron diseases and radiculopathies, 
they may also appear, though less frequently, as part of a PNH syndrome. Clinically, this condition represents a spectrum disorder, and 
autoimmune mechanisms are often implicated in its pathogenesis.
Keywords: Autoimmune; cramp; fasciculation.
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Peripheral nerve hyperexcitability (PNH) syndromes con-
stitute a group of rare disorders characterized by ab-

normal spontaneous electrical activity in muscles detect-
ed through electrophysiological studies, accompanied by 
muscle twitching of variable frequency and severity, as well 
as muscle stiffness. These syndromes may present as pri-
mary entities such as Isaac’s syndrome, Morvan syndrome, 
or Cramp-fasciculation syndrome (CFS) but can also occur 
secondarily in association with central nervous system 
disorders or myopathies. CFS is among the rarest forms of 
PNH, clinically characterized by widespread fasciculations 
and involuntary movements resembling myokymia. Diag-

nosis is typically established by needle electromyography, 
an electrophysiological technique used to assess neuro-
muscular function. In this report, we describe a rare case of 
contactin-associated protein-like 2 (CASPR2) antibody-as-
sociated CFS, emphasizing its clinical and electrophysio-
logical features.

Case Report
A 79-year-old man presented to the emergency depart-
ment with a 10-day history of widespread muscle twitch-
ing, most prominent in the face and limbs, accompanied by 
burning pain in the feet, insomnia, and constipation. The 
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twitching was continuous, clearly visible, and intense in 
the facial muscles and extremities. Although there were no 
features of restless legs syndrome, the symptoms caused 
nocturnal restlessness and significant sleep disturbance. 
The patient also experienced intermittent daytime muscle 
cramps.

He had a 15-year history of diabetes mellitus and had un-
intentionally lost approximately 15 kg over the previous 6 
months. Additional complaints included neuropathic pain, 
insomnia, and recurrent constipation. Neurological exam-
ination revealed glove-and-stocking sensory loss and de-
creased vibration sense in both lower limbs. Deep tendon 
reflexes were normal in the upper limbs but reduced in the 
lower limbs. Fasciculations were observed in large muscle 
groups – most prominently in the bilateral vastus medialis 
and right deltoid muscles – which were irregular, arrhyth-
mic, and persisted even during sleep.

Features of autonomic dysfunction included orthostatic 
hypotension, urinary frequency, incontinence, dribbling, 
and incomplete bladder emptying, despite normal pros-
tate function. Abdominal causes were excluded in the 
emergency setting. Routine laboratory studies, including 
serum creatine kinase, were within normal limits. Cranio-
spinal magnetic resonance imaging and cerebrospinal flu-
id analyses were unremarkable, with a negative immuno-
globulin G index and thyroid antibodies.

Nerve conduction studies demonstrated reduced sensory 
nerve action potentials in the ulnar and median nerves, 
with prolonged distal latencies and slowed conduction 
velocities. Tibial and peroneal motor amplitudes were 
normal, while sural amplitudes were borderline low (Fig. 1 
and Table 1). Needle electromyography (Table 2) of limb, 
paraspinal, and facial muscles revealed frequent fascicula-
tions without sharp waves or fibrillation potentials, exclud-
ing acute or chronic denervation. No myokymic or neuro-

Figure 1. Nerve conduction and needle EMG examination of the patient.

Table 1. Motor and sensory nerve conduction studies of the patient

Motor NCS Sensory NCS

Median nerve-R Median nerve-R

Distal latency (ms) 4.52 Distal latency (ms) 4.32

Amplitude (mV) Amplitude (uV) 7.10

-Wrist 5.22 NCV (m/s) 30.1

-Elbow 5.73

NCV (m/s) 49.5

Ulnar nerve-R Ulnar nerve-R

Distal latency (ms) 3.68 Distal latency (ms) 2.40

Amplitude (mV) Amplitude (uV) 9.80

-Wrist 9.43 NCV (m/s) 50.0

-Elbow 7.88

NCV (m/s) 57.8

Tibial nerve-R Sural nerve-R

Distal latency (ms) 6.65 Distal latency (ms) 2.90

Amplitude (mV) Amplitude (uV) 5.80

-Ankle 5.04 NCV (m/s) 38.6

-Popliteal 5.46

NCV (m/s) 42.5

Peroneal nerve-R

Distal latency(ms) 3.75

Amplitude(mV)

-Ankle 6.64

-Head of fibula 6.09

NCV (m/s) 48.5

NCS: Nerve conduction study, NCV: Nerve conduction velocity, ms: Millisecond, 
mv: Millivolt, m/s: Meter/second.
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myotonic discharges were observed. Some distal muscles 
showed mildly increased motor unit potential amplitudes 
with reduced recruitment. Based on these findings, the 
patient was followed for sensory axonal polyneuropathy, 
while motor neuron disease and radiculopathy were ex-
cluded.

During repetitive nerve stimulation (1–5 Hz) of the tibi-
al nerve, after-discharges followed the initial compound 
muscle action potential (Fig. 2). RR-interval variability and 
sympathetic skin response studies also confirmed auto-
nomic involvement.

Paraneoplastic evaluation revealed negative tumor mark-
ers and unremarkable systemic imaging. Upper and lower 
gastrointestinal endoscopies showed only atrophic gastri-
tis. Whole-body positron emission tomography imaging 
demonstrated hypermetabolic mediastinal lymph nodes; 
however, the findings were inconclusive for differentiating 
between granulomatous and lymphoproliferative process-
es, prompting a pathology recommendation. PPD testing, 
sputum acid–fast bacilli, and serum angiotensin-convert-
ing enzyme levels were negative. Thoracic surgery consul-
tation recommended mediastinoscopy, which the patient 
declined.

Figure 2. Repetitive nerve stimulation test and after-discharges following M waves in the patient.

Table 2. Needle electromyography (EMG) study of the patient

Muscle/side Fibs Pos. 
Wave

Fasc. Normal 
MUP

Poly Low 
Amp.

High 
Amp.

Dur. Recruit Int. Patt

Deltoid R 0 0 +2 0 N 0 0 N Full Full

Extn.Dig.Com R 0 0 +2 0 N 0 +1 N Full Full

1st Dorsal Int R 0 0 +2 0 N 0 +1 N Full Full

Triceps R 0 0 +2 0 N 0 0 N Full Full

Hypoglossus R 0 0 +3 0 N 0 0 N Full Full

Masseter R 0 0 +3 0 N 0 0 N Full Full

Tib. Ant B 0 0 +3 0 +1 0 +1 N Reduced Reduced

Gastroc. Med B 0 0 +2 0 N 0 +1 N Reduced Reduced

Vastus Med B 0 0 +2 0 N 0 +1 N Full Full

Rectus Fem. B 0 0 +3 0 N 0 +1 N Full Full

Paraspinal, lumbar B 0 0 +3 0 N 0 +1 N Full Full

Rectus abdominis B 0 0 +3 0 N 0 +1 N Full Full

Fibs: Fibrillation potential; Pos.Wave: Positive wave; Fasc: Fasciculation potential; Poly: Polyphasic motor unit potentials; Amp.: Amplitude; Dur: Duration; Int. Patt.: Inter-
ference pattern; Extn.Dig.Com: Extensor digitorum communis; 1st Dorsal Int: First dorsal interosseous; Tib.Ant.: Tibialis anterior; Gastroc. Med: Gastrocnemius medialis; 
Vastus Med: Vastus medialis; Rectus Fem: Rectus femoris.
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Although the paraneoplastic antibody panel was negative, 
autoimmune screening revealed positivity for CASPR2 an-
tibodies. A diagnosis of CASPR2 antibody-associated CFS 
was made. Treatment with pregabalin resulted in a marked 
improvement in fasciculations and cramps. Given the po-
tential risk of malignancy and the need for long-term dis-
ease monitoring, the patient was scheduled for regular fol-
low-up.

Discussion
CFS is a diagnosis of exclusion, primarily established on 
clinical grounds. Its hallmark feature – fasciculation – ne-
cessitates a broad differential diagnosis. Previous studies 
have demonstrated that fasciculations may also occur in 
healthy individuals, often precipitated by stress, trauma, 
dehydration, medications, fatigue, alcohol consumption, 
or tobacco use [1-3]. However, they are more frequently 
observed in disorders of the anterior horn cells such as 
amyotrophic lateral sclerosis, muscular dystrophy, and spi-
nal muscular atrophy, as well as in polyneuropathies, mul-
tifocal motor neuropathy, radiculopathies, plexopathies, 
and hereditary conditions including Huntington’s disease, 
Fabry disease, and GM2 gangliosidosis. Fasciculations may 
also accompany paraneoplastic, infectious, and metabolic 
conditions and less commonly appear within the spectrum 
of PNH syndromes such as Isaacs, Morvan, and CFSs [1,4,5].

Electroclinical evaluation is essential, particularly to exclude 
acute or chronic denervation. In our patient, alternative 
etiologies were systematically ruled out. Imaging findings 
were normal, and needle electromyography demonstrated 
no denervation potentials, thereby excluding muscle, mo-
tor neuron, and central nervous system pathologies [6,7].

A study from 1991 highlighted the diagnostic utility of re-
petitive nerve stimulation, which demonstrated after-dis-
charges following the initial motor response – indicating 
neuronal hyperexcitability – during tibial nerve stimulation 
at 0.5–5 Hz, recorded from the abductor hallucis muscle 
[8,9]. Similarly, in our case, supramaximal repetitive stimu-
lations elicited after-discharges consistent with previous-
ly reported findings. Several studies have suggested that 
neuropathic pain, peripheral neuropathy, and autonom-
ic dysfunction may form part of the PNH spectrum, most 
commonly attributed to autoimmune mechanisms in-
volving antibodies to voltage-gated potassium channels 
(VGKCs), particularly CASPR2 [10].

VGKC-complex antibodies are also implicated in Isaacs and 
Morvan syndromes, which are characterized by neuromyo-
tonia and limbic encephalitis, respectively. In our patient, 
however, electromyography revealed neither myokymic 
nor neuromyotonic discharges, and there were no clinical 

manifestations suggestive of Morvan syndrome, such as 
hallucinations, confusion, encephalopathy, or seizures.

Among the VGKC-complex antibodies, CASPR2 – a paranodal 
potassium channel-associated protein – has been identified 
as the principal antigenic target in CFS. CASPR2 antibodies are 
believed to disrupt peripheral nerve electrical stability, result-
ing in hyperexcitability [11]. Although antineuronal antibodies 
are detected in only about one-third of patients with CFS, test-
ing for VGKC antibodies remains clinically recommended [12].

CFS is generally considered a benign condition; howev-
er, it has been associated with malignancies such as lung 
carcinoma and thymoma [13]. Earlier reports noted that 
carbamazepine effectively relieved fasciculations [14], and 
subsequent studies have demonstrated symptomatic im-
provement with gabapentin at doses of 300–600 mg daily, 
divided into two or three doses [15].

Conclusion
CFS is an exceedingly rare disorder that may present with 
non-specific and variable clinical manifestations. Central 
nervous system disorders, myopathies, and motor neuron 
diseases should be carefully considered in the differential 
diagnosis. Once the diagnosis is established through de-
tailed neurological examination and electrophysiological 
evaluation, further investigations are warranted to identify 
potential underlying autoimmune, infectious, or neoplas-
tic etiologies. Long-term follow-up is crucial for monitoring 
disease progression and detecting possible systemic asso-
ciations.
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