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About the Journal  
Southern Clinics of Istanbul Eurasia - SCIE (formerly Kartal Eğitim 
ve Araştırma Hastanesi Tıp Dergisi - The Medical Journal of Kartal 
Training and Research Hospital) is published four issue in English 
by the Kartal Dr. Lütfi Kırdar City Hospital, and is a peer reviewed 
general medical journal for all physicians, doctors, medical 
researchers, and health workers. The journal reports the advances 
and progress in current medical sciences and technology. The 
journal covers basic and clinical studies in medicine. Articles of 
clinical interest and implications will be given preference.

Contributions may be in the form of clinical and basic research 
articles, case reports, personal clinical and technical notes, and 
letters to the Editor. The Journal also publishes brief reports on 
original studies or evaluations, book reviews, and proceedings 
of scientific meetings. The Editor-in-Chief may request from the 
authors additional data, information, or complementary material 
concerning the manuscripts, and the authors must comply with 
such requests. 

Manuscripts should be prepared in accordance with the Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals 
regularly updated by the International Committee of Medical 
Journal Editors, available at http:// www.icmje.org.

Ethics 
The editorial and publication processes of the journal are shaped 
in accordance with the guidelines of the International Council 
of Medical Journal Editors (ICMJE), the World Association of 
Medical Editors (WAME), the Council of Science Editors (CSE), 
the Committee on Publication Ethics (COPE), the European 
Association of Science Editors (EASE), and National Information 
Standards Organization (NISO). 
All manuscripts presenting data obtained from research involving 
human subjects must include a statement that the written informed 
consent of the participants was obtained and that the study 
was approved by an institutional review board or an equivalent 
body. This institutional approval should be submitted with the 
manuscript. Authors of case reports must submit the written 
informed consent of the subject(s) of the report or of the patient’s 
legal representatives for the publication of the manuscript.
All studies should be carried out in accordance with the World 
Medical Association Declaration of Helsinki, covering the latest 
revision date. Patient confidentiality must be protected according 
to the universally accepted guidelines and rules. Manuscripts 
reporting the results of experimental studies on animals must 
include a statement that the study protocol was approved by 
the animal ethics committee of the institution and that the study 
was conducted in accordance with the internationally accepted 
guidelines, including the Universal Declaration of Animal Rights, 
European Convention for the Protection of Vertebrate Animals 
Used for Experimental and Other Scientific Purposes, Principles 
of Laboratory Animal Science, and the Handbook for the Care 
and Utilization of Laboratory Animals. The authors are strongly 
requested to send the approval of the ethics committee together 
with the manuscript. In addition, manuscripts on human and animal 
studies should describe procedures indicating the steps taken to 
eliminate pain and suffering.

Submission and peer reviewing

The official language of the Journal is English. Following an initial 
evaluation and elimination for sufficient priority, manuscripts 
are subject to blind peer review by at least two reviewers. The 
Editor, who judges and analyzes the entire review process, 
reaches a final decision to accept or reject a manuscript, or 
to recommend a revision. The Editor has the right to reject a 
revised manuscript.

Copyright - Authors’ approval - Conflict of interest

The authors should disclose all issues concerning financial 
relationship, conflict of interest, and competing interest 
that may potentially influence the results of the research or 
scientific judgement. All financial contributions or sponsorship, 
financial relations, and areas of conflict of interest should be 
clearly explained in a separate letter to the editor at the time of 
submission, with full assurance that any related document will be 
submitted to the Journal when requested.

Manuscripts should be sent with the Copyright-Authors’ Approval-
Conflict of Interest Letter signed by the author(s). A copy of this 
letter can be found at web site. Manuscripts will not be accepted 
for evaluation until the receipt of this document by the Journal.

The Editorial Office inspects all submitted manuscripts concerning 
plagiarism and duplication. If an ethical problem is detected, the 
editorial office will act according to the COPE guidelines.

Submitting a manuscript

SCIE accepts only on-line submission via the official web site (please 
click, http://www.scie.online/en/?s=online_submission) and 
refuses printed manuscript submissions by mail. All submissions 
are made by the on-line submission system called Journal Agent, 
by clicking the icon “Online manuscript submission” at the above 
mentioned web site homepage. The system includes directions at 
each step but for further information you may visit the web site.

Important notice

Before the corresponding author submits the manuscript, all 
authors must obtain ORCİD ID number and provide it to the 
corresponding author.

Manuscript preparation
The author(s) must declare that they were involved in at least 3 
of the 5 stages of the study stated in the “acknowledgement of 
authorship and transfer of copyright agreement” as “designing 
the study”, “collecting the data”, “analyzing the data”, “writing the 
manuscript” and “confirming the accuracy of the data and the 
analyses”. Those who do not fulfill this prerequisite should not be 
stated as an author.
The number of authors should not exceed 6 for clinical, basic and 
experimental studies, 4 for case reports and technical notes, and 
3 for letters to the editor and reviews. In multi-center or multi-
discipline studies, each author’s contribution regarding the 5 
stages mentioned above should be stated clearly. For this kind 
of multi-center or multi-discipline studies with excessive number 
of authors, the editor has the right to request that the number of 
authors be reduced.
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Manuscripts should be designed in the following order: title page, 
abstract, main text, references, and tables, with each typeset on a 
separate page.

Title page: This page should only include the title of the 
manuscript, which should be carefully chosen to better reflect the 
contents of the study. Author names should not appear in the title 
and subsequent pages.

Abstract: It should not exceed 300 words. Abstracts should 
be structured in four paragraphs using the following subtitles: 
Objectives, Methods, Results, and Conclusion. Abstracts of case 
reports should be unstructured.

Main text: The body consists of Introduction, Patients/Materials 
and methods, Results, and Discussion. Use “Patients and methods” 
for clinical studies, and “Materials and methods” for animal and 
laboratory studies.

The Introduction section clearly states the purpose of the 
manuscript and includes a brief summary of the most relevant 
literature.

The Patients/Materials and Methods section describes the study 
population and the study design, with adequate information on 
the techniques, materials, and methods used. A clear description 
of the statistical methods should also be given.

The Results section should provide a detailed report on the 
findings of the study. Data should be concisely presented, 
preferably in tables or illustrations, which should not exceed the 
page layout of the Journal.

The Discussion section should mainly rely on the conclusions 
derived from the results of the study, with relevant citations from 
the most recent research.

Letter to the Editor: Letters to the editor should not exceed 350 
words.

References: References should be numbered in the order in 
which they are mentioned in the text. Only published articles or 
articles in press can be used in references. Unpublished data or 
personal communications should not be used. The style should 
conform to the standards described in detail in “Citing Medicine-
The NLM Style Guide for Authors, Editors, and Publishers” (http://
www.nlm.nih.gov/citingmedicine), which is recommended in the 
most recent update of “Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals”. A brief presentation of these 
standards can also be found at http://www.nlm.nih.gov/bsd/
uniform_requirements.html. Journal titles should be abbreviated 
according to the Index Medicus. The Journal’s title is abbreviated 
as “South Clin Ist Euras”.

The style and punctuation should follow the formats outlined 
below:

Standard journal article:

Napolitano LM, Corwin HL. Efficacy of red blood cell transfusion in 
the critically ill. Crit Care Clin 2004;20:255-68.

All authors if six or fewer should be listed; otherwise, the first six 
and “et al.” should be written.

Epub ahead of print Articles: 

Rupprecht H, Heppner HJ, Wohlfart K, Türkoglu A. The geriatric 
polytrauma: Risk profile and prognostic factors. Ulus Travma Acil 

Cerrahi Derg 2017 Jan 05. doi: 10.5505/tjtes.2016.77177. [Epub 
ahead of print].

Personal author(s):

Enzingerz FM, Weiss SW. Soft tissue tumors. St. Louis: Mosby; 1995. 
p. 27-50. 

Editor(s), compiler(s) as author: 

Günal İ, Barton NJ, Çallı İ, editors. Current management of scaphoid 
fractures. Twenty questions answered. London: The Royal Society 
of Medicine Press; 2002.

Chapter in a book:

Henick DK, Kennedy DW. Fungal sinusitis. In: Stankiewicz JA, 
editor. Advanced endoscopic sinus surgery. St Louis: Mosby; 1995. 
p. 69-80.

Conference paper:

Kouzelis A, Matzaroglou C, Kravvas A, Mylonas S, Megas P, Gliatis 
J. Anterior cruciate ligament reconstruction: patellar tendon 
autogaft versus four strand hamstring tendon. In: Proceedings 
of the 9th Turkish Sports Traumatology, Arthroscopy and Knee 
Surgery Congress; 2008 Oct 14-18; İstanbul, Türkiye. p. 223. 
Unpublished conference papers should not be used in the 
reference list. 

Direct use of references is strongly recommended and the 
authors may be asked to provide the first and last pages of certain 
references. Publication of the manuscript will be suspended until 
this request is fulfilled by the author(s).

Figures and tables

All illustrations (photographs, graphics, and drawings) 
accompanying the manuscript should be referred to as “figure”. 
All figures should be numbered consecutively and mentioned in 
the text. Figure legends should be added at the end of the text as 
a separate section. Each figure should be prepared as a separate 
digital file in “jpeg” format, with a minimum of 9×13 cm and at 300 
dpi or better resolution.

All illustrations should be original. Illustrations published 
elsewhere should be submitted with the written permission of the 
original copyright holder.

For recognizable photographs of human subjects, written 
permission signed by the patient or his/her legal representative 
should be submitted; otherwise, patient names or eyes must be 
blocked out to prevent identification. Microscopic photographs 
should include information on staining and magnification.

Upon the author’s request, color prints will be considered for 
publication; however, the authors are responsible for the extra 
cost of printing color illustrations. Each table should be prepared 
on a separate page, either at the end of the text file or as a separate 
supplementary file, with table heading on top of the table. Table 
heading should be added to the main text file on a separate page 
when a table is submitted as a supplementary file.
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References according to the journal’s instructions, punctuation 
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Language and grammar

Uniformly American English

Write the full term for each abbreviation at its first use in 
the title, abstract, keywords and text separately unless it is a 
standard unit of measure. Numerals from 1 to 10 spelt out

Numerals at the beginning of the sentence spelt out

Check the manuscript for spelling, grammar and punctuation 
errors

If a brand name is cited, supply the manufacturer’s name and 
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Tables and figures
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Effects of Transauricular Vagus Nerve 
Stimulation on Cardiac and Pulmonary 
Injury in a Rat Hepatic Ischemia–
Reperfusion Model

 Cumaali Demirtas,1  Mahmut Salih Genç,2  Pelin Erguven,3  Kubra Sevgin,3 
 Mustafa Gokce,4  Eray Metin Güler,5  Hakan Beyaztaş,5 
 Ahmet Furkan Mazlum,2  Bülent Güleç2

Abstract
Objective: Liver ischemia–reperfusion (I/R) injury, commonly occurring in trauma, organ trans-
plantation, major hepatic surgery, and shock, not only impairs hepatic function but also induces 
dysfunction in distant organs such as the kidneys, lungs, and heart, leading to increased mor-
bidity and mortality. This study investigated whether non-invasive transauricular vagus nerve 
stimulation (tVNS) could mitigate cardiac and pulmonary injury in a rat hepatic I/R model.

Methods: Twenty-one male Sprague–Dawley rats were randomly assigned to three groups 
(n=7 each): Control (laparotomy only), I/R (1 h hepatic ischemia + 3 h reperfusion), and I/
R+tVNS (1 h ischemia + 3 h reperfusion with concurrent tVNS). At the end of reperfusion, 
cardiac and pulmonary tissues were harvested for biochemical analysis.

Results: tVNS reduced oxidative stress and inflammatory responses in both organs. In cardiac 
tissue, the I/R+tVNS group demonstrated significantly higher total antioxidant status (TAS) and 
lower total oxidant status (TOS), oxidative stress index (OSI), interleukin-1β (IL-1β), and hy-
poxia-inducible factor-1α (HIF-1α) compared with the I/R group. In pulmonary tissue, OSI and 
IL-1β levels were significantly decreased by tVNS, while HIF-1α showed a downward trend 
without statistical significance.

Conclusions: Non-invasive tVNS effectively alleviated oxidative stress and enhanced antiox-
idant capacity in the heart and lungs following hepatic I/R. These results suggest that tVNS 
confers cardiopulmonary protection against hepatic I/R injury, likely through modulation of in-
flammatory cytokine responses and reinforcement of antioxidant defences.

Keywords: Ischemia–reperfusion injury; vagus nerve stimulation; oxidative stress; inflamma-
tion; heart; lung; rat.
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Introduction

Liver ischemia–reperfusion (I/R) injury 
is a common pathophysiological con-

dition encountered in trauma, liver trans-
plantation, major hepatic resections, and 
haemorrhagic shock, all of which carry 
high morbidity and mortality risks. Inter-
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ruption or reduction of hepatic blood flow results in hy-
poxia and nutrient deprivation, leading to hepatocellular 
damage. Restoration of circulation (reperfusion) para-
doxically exacerbates the injury by inducing an excessive 
inflammatory response and a burst of reactive oxygen 
species (ROS). [1] As a result, hepatic I/R not only impairs 
liver function but can also trigger secondary injury in 
distant organs such as the kidney, lung, and heart, con-
tributing to multi-organ dysfunction.[2,3] Both ischemia 
itself and the reperfusion-induced oxidative burst play 
central roles in this pathogenesis.

Vagus nerve stimulation (VNS) is an established therapy 
for refractory epilepsy, severe depression, and certain 
headache disorders. In recent years, increasing evidence 
has shown that VNS provides benefits in cardiovascular 
and inflammatory diseases, including heart failure, obe-
sity, and sepsis.[4,5] These effects are mediated through 
the vagus nerve’s ability to regulate immune responses, 
a mechanism known as the “inflammatory reflex” or 
cholinergic anti-inflammatory pathway. Activation of 
vagal afferents initiates central reflexes that suppress 
pro-inflammatory cytokine release via efferent signalling 
to immune cells. Consequently, VNS has been shown to 
significantly reduce pro-inflammatory cytokines such as 
interleukin-1β (IL-1β), interleukin-6 (IL-6), and tumour 
necrosis factor-α (TNF-α), restoring immune balance in 
both preclinical and clinical studies.[5,6] This neuroim-
mune modulation has demonstrated protective effects 
in various I/R models, improving outcomes in affected 
organs.[7–9]

Previous studies have reported that VNS can attenuate 
I/R injury in several organs. In hepatic I/R, invasive 
VNS delivered through surgically implanted electrodes 
on the cervical or abdominal vagus nerve was shown 
to protect the liver and reduce remote organ injury.[10,11] 
However, invasive methods may lead to complications 
such as cardiac arrhythmias, asystole, hematoma, infec-
tion, vocal cord paralysis, and respiratory distress.[12–14] 
These risks have accelerated the search for non-invasive 
alternatives.

One such approach is transcutaneous auricular vagus 
nerve stimulation (tVNS), which targets the auricular 
branch of the vagus nerve accessible at the ear. This 
branch projects to the nucleus tractus solitarius in the 
brainstem, enabling modulation of autonomic activity. 
tVNS increases parasympathetic tone while suppressing 
sympathetic output, exerting effects through sympa-

tho-inhibitory mechanisms. Owing to its non-invasive 
nature, tVNS has gained considerable attention as a po-
tential therapy for neurological, cardiovascular, and in-
flammatory disorders. Early clinical studies suggest that 
tVNS is safe, well tolerated, and effective in modulating 
autonomic and immune functions.[5,15–17]

Despite these promising findings, most research on vagal 
stimulation in I/R has involved invasive techniques or 
has focused primarily on the ischemic organ itself. There 
is limited evidence on whether non-invasive vagal stim-
ulation can mitigate secondary organ injury induced by 
hepatic I/R. In particular, its impact on cardiac and pul-
monary injury remains unexplored.

We hypothesized that augmenting vagal activity via 
tVNS during hepatic reperfusion would reduce systemic 
inflammation and oxidative stress, thereby protecting 
the heart and lungs. To test this, we established a rat 
model of partial hepatic I/R and evaluated the effects 
of concurrent tVNS on biochemical markers of oxidative 
stress, inflammation, and cellular hypoxia in cardiac and 
pulmonary tissues. The aim of this study was to assess 
tVNS as a novel, non-invasive approach for limiting he-
patic I/R-associated remote organ injury.

To date, most research on vagal stimulation in I/R in-
jury has involved invasive stimulation methods or has 
focused on protection of the primary ischemic organ. 
There is a paucity of data on whether non-invasive vagus 
nerve stimulation can mitigate I/R-induced remote or-
gan injury. In particular, the effect of tVNS on secondary 
cardiac and pulmonary damage resulting from hepatic 
I/R has not been previously examined. We hypothesized 
that augmenting vagal activity via tVNS during hepatic 
reperfusion would dampen systemic inflammation and 
oxidative stress, thereby protecting the heart and lungs 
from I/R-induced injury. In this study, we established a 
rat model of partial hepatic ischemia–reperfusion and in-
vestigated the impact of concurrent tVNS on biochemical 
markers of oxidative stress, inflammation, and cellular 
hypoxia in the heart and lungs. Our aim was to evaluate 
tVNS as a novel, non-invasive strategy to reduce hepatic 
I/R-mediated secondary organ damage.

Materials and Methods

Animal Model and Ethical Approval
Experiments were conducted on adult male Sprague–
Dawley rats (200–230 g). Animals were housed under 
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standard laboratory conditions (12-h light/dark cycle, 
ambient temperature 20–22 °C) with free access to chow 
and water. All animals were acclimatized prior to the 
study. Experimental procedures complied with the Euro-
pean Parliament Directive 2010/63/EU on the Protection 
of Animals Used for Scientific Purposes (22 September 
2010). The protocol was approved by the Local Ethics 
Committee for Animal Experiments of the University of 
Health Sciences (Approval date: 16.10.2024; No. 06/02).

Experimental Groups and Surgical Procedure
Following a 12-h overnight fast, rats were anesthetized 
via intraperitoneal injection of ketamine hydrochloride 
(80 mg/kg) and xylazine (10 mg/kg). Under general 
anaesthesia, a midline laparotomy was performed to in-
duce partial hepatic ischemia. Rats were randomly allo-
cated into three groups (n=7 each):

• Control group: Sham laparotomy only, without he-
patic ischemia–reperfusion (I/R) or vagus nerve stimu-
lation. Heart and lung tissues were harvested after the 
equivalent operative duration.

• I/R group: Partial hepatic ischemia was induced by 
occlusion of the portal triad (hepatic artery, portal vein, 
bile duct) supplying the left lateral and median lobes 
(~70% of liver mass) using a non-traumatic microvascu-
lar clamp. The right and caudate lobes were left perfused 
to prevent mesenteric congestion. Ischemia lasted 1 h, 
followed by 3 h of reperfusion. At the end of reperfusion, 
heart and lung tissues were collected, and rats were eu-
thanized by cardiac puncture exsanguination.

• I/R + tVNS group: The ischemia protocol was identi-
cal to the I/R group. During the entire 3-h reperfusion 
period, transauricular vagus nerve stimulation (tVNS) 
was applied. At the end of reperfusion, tissues were har-
vested and animals were sacrificed.

All procedures were performed under aseptic condi-
tions. Depth of anaesthesia was continuously monitored, 
and supplemental doses were administered if required. 
Body temperature was maintained using a warming pad. 
At study termination, humane euthanasia was achieved 
with deep anaesthesia followed by cardiac puncture.

Figure 1. Experimental design. The control group underwent only laparotomy, without ischemia and reperfusion (I/R). The I/R group underwent 
laparotomy followed by 1 hour of ischemia and 3 hours of reperfusion. In both the control and I/R groups, Vagostim device electrodes were placed 
on the ears of the animals, but no vagal stimulation was applied. In the I/R+tVNS group, laparotomy and 1 hour of ischemia were performed. 
Following ischemia, vagal stimulation was applied using the Vagostim device simultaneously with 3 hours of reperfusion.
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Transauricular Vagus Nerve Stimulation Protocol
tVNS was applied using the Vagustim® device (Tervigua, 
Istanbul, Türkiye), a CE-certified stimulator for small 
animals. Clip electrodes were positioned on the tragus 
region of both ears, targeting the auricular branch of the 
vagus nerve. Stimulation parameters were: 30-s ON / 
30-s OFF cycles for 3 h, 1 mA current, 500 µs pulse width, 
20 Hz frequency, and 5 V output. These parameters were 
selected based on previous rodent tVNS studies to en-
sure effective vagal activation without tissue damage. 
No stimulation was delivered to the Control or I/R 
groups (Fig. 1).

Tissue Collection and Biochemical Analyses
After reperfusion, cardiac and pulmonary tissues were 
immediately excised and placed on ice. Samples from 
the left ventricular myocardium (heart) and right lung 
were rinsed in cold phosphate-buffered saline (PBS) to 
remove blood. Each sample (~100 mg) was homogenized 
(1:10 w/v) in ice-cold PBS using a bead-based homog-
enizer and centrifuged at 10,000 × g for 30 min at +4 
°C. Supernatants were collected for biochemical assays. 
Protein concentrations were determined by the Bradford 
method, and all measurements were normalized to total 
protein.

• Total Antioxidant Status (TAS) and Total Oxidant 
Status (TOS): assessed spectrophotometrically by au-
tomated methods.[18,19] The Oxidative Stress Index (OSI) 
was calculated as the ratio of TOS to TAS (μmol H₂O₂ 

equivalent/L for TOS; μmol Trolox equivalent/L for 
TAS).

• Interleukin-1β (IL-1β) and Hypoxia-Inducible Fac-
tor-1α (HIF-1α): quantified using commercial ELISA kits 
(BTLab, China; Elabscience, USA). Absorbance was read 
using a microplate reader (Synergy-HTX, Biotek, USA).

Statistical Analysis
Data were analysed with SPSS v22 (IBM, Armonk, NY, 
USA). Results are expressed as mean ± standard de-
viation (SD). Data distribution was evaluated by the 
Shapiro–Wilk test. Since several parameters showed 
non-normal distribution, non-parametric methods were 
applied.

• Overall group comparisons: Kruskal–Wallis test

• Pairwise comparisons: Mann–Whitney U test (Control 
vs I/R; I/R vs I/R+tVNS)

A Bonferroni correction was applied to adjust for mul-
tiple testing. A two-tailed p<0.05 was considered statis-
tically significant. Graphs were generated to illustrate 
group differences, with error bars representing SD.

Results

Oxidative Stress and Antioxidant Status
In both cardiac and pulmonary tissues, Total Oxidant 
Status (TOS) levels were significantly elevated in the I/R 

Figure 2. Cardiac oxidative stress values. (a) TOS levels were significantly higher in the I/R group compared to the control group and were 
significantly reduced in the I/R+tVNS group compared to the I/R group. (b) In cardiac tissue samples, TAS levels were significantly decreased in 
the I/R group compared to the control group, while TAS levels in the I/R+tVNS group were significantly increased compared to the I/R group. (c) 
OSI levels in the I/R group were significantly higher than in the control group, whereas OSI levels in the I/R+tVNS group were significantly lower 
compared to the I/R group. TAS: Total Antioxidant Status; TOS: Total Oxidant Status; OSI: Oxidative Stress Index. Note: Control group (n=7); I/R 
group (n=7); I/R+tVNS group (n=7). (**=p<0.01 vs. control group; ##=p<0.01 vs. I/R group).

(b) (c)(a)
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group compared with controls (p<0.01), confirming a 
pronounced oxidative burden induced by hepatic I/R. In 
the I/R+tVNS group, cardiac TOS levels were markedly 
reduced compared with the I/R group (p<0.01), indicat-
ing that vagal stimulation effectively limited oxidant ac-
cumulation (Fig. 2; Fig. 3). Although a similar downward 
trend was observed in pulmonary tissues, the reduction 
did not reach statistical significance (Fig. 2A, Fig. 3A).

Total Antioxidant Status (TAS) levels were significantly 
decreased in both cardiac and pulmonary tissues of the 
I/R group relative to controls (p<0.01), reflecting com-
promised antioxidant defences during hepatic I/R. 
Treatment with tVNS restored TAS levels, with signifi-
cant increases observed in the heart (p<0.01) and lungs 
(p<0.05) compared with the I/R group (Fig. 2B; Fig. 3B).

As a result of these opposing changes, the Oxidative 
Stress Index (OSI; TOS/TAS ratio) was significantly ele-
vated in cardiac and pulmonary tissues of the I/R group 
compared with controls (p<0.01). Administration of 
tVNS led to a pronounced reduction in OSI, with statis-
tical significance achieved in both the heart (p<0.01) and 
lungs (p<0.05) relative to the I/R group (Fig. 2C; Fig. 3C). 
Collectively, these findings demonstrate that tVNS not 
only suppressed oxidant generation but also enhanced 
antioxidant defence, thereby rebalancing redox home-
ostasis.

Inflammatory Cytokine Response
Interleukin-1β (IL-1β) levels were markedly elevated in 
both cardiac and pulmonary tissues of the I/R group 
compared with controls (p<0.01), indicating a strong 
pro-inflammatory response triggered by hepatic I/R. 
In contrast, the I/R+tVNS group exhibited significantly 
lower IL-1β levels, with reductions observed in cardiac 
(p<0.05) and pulmonary (p<0.01) tissues relative to the 
I/R group (Fig. 4; Fig. 5). This suppression of IL-1β sug-
gests that tVNS effectively attenuates systemic inflam-
mation associated with reperfusion injury.

Hypoxia-Related Marker
Hypoxia-Inducible Factor-1α (HIF-1α) expression was 
significantly elevated in both cardiac and pulmonary tis-
sues of the I/R group compared with controls (p<0.001), 
reflecting the hypoxic and inflammatory stress caused by 
I/R. In the I/R+tVNS group, HIF-1α levels in the heart 
were significantly reduced compared with the I/R group 
(p<0.001), suggesting that tVNS ameliorated myocardial 
hypoxic stress. Although pulmonary HIF-1α levels also 
showed a decreasing trend, the difference was not sta-
tistically significant (Fig. 4; Fig. 5). This organ-specific 
effect indicates that the cardioprotective impact of tVNS 
on hypoxia may be more pronounced than its effect on 
pulmonary tissues within the early reperfusion period.

Figure 3. Pulmonary oxidative stress values. (a) TOS levels were significantly higher in the I/R group compared to the control group. Although TOS 
levels in the I/R+tVNS group were lower than in the I/R group, the difference was not statistically significant. (b) In lung tissue samples, TAS levels 
were significantly decreased in the I/R group compared to the control group, while TAS levels in the I/R+tVNS group were significantly increased.
(c) OSI levels in the I/R group were significantly higher than in the control group, whereas OSI levels in the I/R+tVNS group were significantly lower 
than in the I/R group. TAS: Total Antioxidant Status; TOS: Total Oxidant Status; OSI: Oxidative Stress Index. Note: Control group (n=7); I/R group 
(n=7); I/R+tVNS group (n=7). (**=p<0.01 vs. control group; #=p<0.05 vs. I/R group).

(b) (c)(a)
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Discussion

The findings of this study demonstrate that transauric-
ular vagus nerve stimulation significantly modulated 
oxidative stress, inflammation, and hypoxia-related re-
sponses in cardiac and pulmonary tissues during hepatic 
ischemia–reperfusion. Hepatic ischemia–reperfusion is 
known to cause not only direct hepatic injury but also 
severe dysfunction in distant organs. In our study, the 
application of transauricular vagus nerve stimulation 
reduced total oxidant status, enhanced total antioxidant 
status, and consequently lowered the oxidative stress in-

dex in both heart and lung tissues. This observation is in 
agreement with previous reports indicating that vagus 
nerve stimulation can restore redox balance toward an-
tioxidation in ischemia–reperfusion injury models.[20]

From a mechanistic perspective, vagus nerve stimula-
tion has been shown to activate endogenous antioxidant 
pathways. Zhang and colleagues reported that invasive 
vagus nerve stimulation activated the Nrf2/HO-1 cyto-
protective pathway in a hepatic ischemia–reperfusion 
model, thereby reducing hepatic injury.[1] Deng and col-
leagues observed increased Nrf2 and HO-1 expression in 
the kidney and suppression of oxidative stress following 

Figure 5. Pulmonary inflammatory cytokine levels and HIF-1α values. (a) IL-1β levels in the I/R group were significantly higher than in the control 
group, while IL-1β levels in the I/R+tVNS group were significantly lower compared to the I/R group. (b) HIF-1α levels were significantly higher in the 
I/R group compared to the control group; however, HIF-1α levels in the I/R+tVNS group did not differ significantly from the I/R group. Note: Control 
group (n=7); I/R group (n=7); I/R+tVNS group (n=7). (**=p<0.01 vs. control group; ##=p<0.01 vs. I/R group).

(b)(a)

Figure 4. Cardiac inflammatory cytokine levels and HIF-1α values. (a) IL-1β levels in cardiac tissue samples of the I/R group were significantly 
higher than those of the control group. IL-1β levels in the I/R+tVNS group were significantly reduced compared to the I/R group. (b) HIF-1α levels 
were significantly increased in the I/R group compared to the control group, while HIF-1α levels in the I/R+tVNS group were significantly decreased 
compared to the I/R group. Note: Control group (n=7); I/R group (n=7); I/R+tVNS group (n=7). (**=p<0.01 vs. control group; #=p<0.05, ##=p<0.01 
vs. I/R group)

(b)(a)
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vagus nerve stimulation during hepatic ischemia–reper-
fusion.[10] Similarly, Xin and colleagues demonstrated an 
upregulation of SIRT1 in skeletal muscle, which corre-
lated with reduced oxidative damage and apoptosis.[21] 
In our study, transauricular vagus nerve stimulation ap-
peared to enhance antioxidant defence systems in both 
the heart and lungs, possibly through activation of glu-
tathione and superoxide dismutase pathways. A recent 
study further supports this mechanism, showing that 
vagus nerve stimulation during reperfusion enhanced 
myocardial expression of glutathione peroxidase (GPX4) 
and SLC7A11, both of which are critical for the preven-
tion of lipid peroxidation and ferroptotic cell death.[1] 
The increase in total antioxidant status and the decrease 
in oxidative stress index observed in our study are con-
sistent with these reports.

Inflammation plays a central role in ischemia–reperfu-
sion injury. Pro-inflammatory cytokines, particularly 
interleukin-1 beta, promote leukocyte infiltration and 
amplify inflammatory cascades.[22] In our study, hepatic 
ischemia–reperfusion markedly increased interleukin-1 
beta levels in both cardiac and pulmonary tissues, 
whereas transauricular vagus nerve stimulation signifi-
cantly reduced this elevation. These results indicate ac-
tivation of the cholinergic anti-inflammatory pathway 
by vagal stimulation. Previous experimental and clin-
ical studies have also demonstrated that vagus nerve 
stimulation decreases circulating interleukin-1 beta and 
tumor necrosis factor alpha.[1,5,6,20-23] Caravaca and col-
leagues showed that vagus nerve stimulation not only 
suppressed pro-inflammatory cytokines but also pro-
moted the resolution of inflammation by enhancing spe-
cialized lipid mediators.[24] Our results are in line with 
these observations, suggesting that transauricular vagus 
nerve stimulation mitigates the inflammatory burden in 
distant organs.

Hypoxia-inducible factor-1 alpha is a key transcription 
factor in cellular adaptation to hypoxia, but its persis-
tent activation during ischemia–reperfusion contributes 
to pathological changes. In our study, hepatic ischemia–
reperfusion significantly increased hypoxia-inducible 
factor-1 alpha expression in both the heart and lungs. 
Interestingly, transauricular vagus nerve stimulation 
significantly reduced hypoxia-inducible factor-1 alpha 
levels in the heart but did not show a statistically sig-
nificant effect in the lungs. This discrepancy may reflect 
organ-specific pathophysiological responses. The heart 
is highly sensitive to oxidative stress and energy de-

pletion during reperfusion; therefore, vagal stimulation 
may improve myocardial oxygen utilization and micro-
circulation, thereby limiting hypoxia-inducible factor-1 
alpha stabilization.[25,26] In contrast, lung injury following 
hepatic ischemia–reperfusion is predominantly medi-
ated by leukocyte sequestration, neutrophil elastase, and 
toxic mediator release in the pulmonary vasculature.[27] 
Although transauricular vagus nerve stimulation attenu-
ated interleukin-1 beta levels in the lung, it may not have 
been sufficient to prevent transient pulmonary hypoxia 
during the early reperfusion phase. Moreover, the three-
-hour reperfusion window used in this study may not 
have been long enough to detect a measurable decrease 
in pulmonary hypoxia-inducible factor-1 alpha protein. 
Longer reperfusion periods or different stimulation pro-
tocols might be required to reveal a significant effect.

The clinical implications of our findings are noteworthy. 
Invasive vagus nerve stimulation is associated with com-
plications such as arrhythmias, infection, hematoma, and 
vocal cord paralysis.[12–14] In contrast, transauricular va-
gus nerve stimulation is non-invasive, safe, and easy to 
apply. Recent clinical studies have reported favourable 
effects of transauricular vagus nerve stimulation on both 
autonomic nervous system activity and immune param-
eters.[15–17] Therefore, this approach may serve as an ad-
junctive protective therapy in clinical settings with high 
risk of multi-organ injury, including liver surgery, trans-
plantation, or hypovolemic shock.

This study has several limitations. First, the small sample 
size may have reduced statistical power. Second, only one 
stimulation protocol was applied; alternative frequen-
cies, intensities, and durations may yield different out-
comes, particularly in the lungs. Third, the biochemical 
analyses were limited to total oxidant status, total antiox-
idant status, interleukin-1 beta, and hypoxia-inducible 
factor-1 alpha; the addition of other biomarkers such 
as malondialdehyde, superoxide dismutase, catalase, 
and anti-inflammatory cytokines would provide a more 
comprehensive picture. Fourth, histological evaluation 
was not performed with blinded scoring and lacked im-
munohistochemical confirmation. Finally, experiments 
were carried out in healthy rats, whereas human patients 
often have comorbidities such as hepatic steatosis, dia-
betes, or cardiovascular disease, which could influence 
the response to vagus nerve stimulation.

Future studies should investigate different stimulation 
protocols, broader biomarker panels, histological and 
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immunohistochemical validation, as well as functional 
outcomes such as cardiac contractility and pulmonary 
gas exchange. Moreover, studies in clinically relevant 
models that include comorbid conditions are essential 
for translation. Such efforts will help clarify the potential 
of transauricular vagus nerve stimulation as a clinically 
applicable strategy for multi-organ protection during is-
chemia–reperfusion injury.

Conclusion

This study shows that tVNS protects the heart and lungs 
in hepatic I/R by reducing oxidative stress, preserving an-
tioxidant capacity, lowering IL-1β, and modulating HIF-
1α, especially in the myocardium. These findings support 
non-invasive neuromodulation as a potential strategy for 
multi-organ protection, warranting further research to 
optimize protocols and confirm clinical efficacy.
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Abstract
Objective: To evaluate the learning curve of vaginal natural orifice transluminal endoscopic 
surgery (vNOTES) hysterectomy during early adoption and to assess changes in operative 
performance and perioperative safety over consecutive cases. Study Design is retrospective 
observational learning curve analysis. Setting is tertiary referral center for minimally invasive 
gynecologic surgery. Forty consecutive patients who underwent vNOTES hysterectomy for 
benign gynecologic indications. vNOTES hysterectomy performed by a single surgeon during 
the initial implementation period.

Methods: Operative performance was assessed using total operative time, and learning dy-
namics were evaluated with cumulative summation (CUSUM) analysis.

Results: Mean operative time decreased progressively across sequential quartiles, from 
89.3±7.5 minutes in the first 10 cases to 46.2±3.1 minutes in the final 10 cases. CUSUM 
analysis demonstrated a clear inflection point at approximately the 18th case, indicating tran-
sition from early technical adaptation to stabilized operative performance. Minor perioperative 
complications and conversions occurred only during the early learning phase, with no major 
complications observed throughout the series.

Conclusions: vNOTES hysterectomy suggests a consistent learning curve pattern during early 
adoption. Operative efficiency improves progressively, with technical proficiency achieved af-
ter a limited number of cases and without compromise in perioperative safety. These findings 
support structured implementation and objective learning curve assessment during the intro-
duction of vNOTES into minimally invasive gynecologic practice.

Keywords: vNOTES hysterectomy; vaginal natural orifice transluminal endoscopic surgery; 
learning curve; cumulative summation (CUSUM); minimally invasive gynecologic surgery; op-
erative efficiency.
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Introduction

Vaginal natural orifice transluminal endoscopic 
surgery (vNOTES) has emerged as an innovative ex-

tension of minimally invasive gynecologic surgery, com-
bining transvaginal access with endoscopic visualization 
to perform complex pelvic procedures without abdom-
inal incisions.[1] By avoiding abdominal wall trauma, 
vNOTES has been associated with favorable postopera-
tive recovery profiles in early clinical reports, including 
reduced pain and rapid mobilization.[2]

Despite these potential advantages, the adoption of 
vNOTES has remained gradual. Unlike conventional la-
paroscopy, vNOTES requires surgeons to operate within 
a transvaginal endoscopic field characterized by reversed 
visual orientation, limited instrument triangulation, and 
distinct ergonomic constraints. These technical charac-
teristics necessitate a period of adaptation, making the 
learning process a critical determinant of both operative 
performance and patient safety during early implemen-
tation.[3]

Learning curve analysis provides an objective framework 
to evaluate the progression of surgical proficiency over 
time and to distinguish temporary technical challenges 
from intrinsic limitations of a procedure. Operative time 
has been widely used as a surrogate marker of technical 
maturation in minimally invasive gynecologic surgery, 
reflecting cumulative improvements in efficiency, coor-
dination, and procedural confidence.[4] Among available 
analytical methods, cumulative summation (CUSUM) 
analysis allows sensitive detection of performance trends 
and identification of inflection points indicating attain-
ment of technical proficiency.[5]

Although several studies have demonstrated the feasibil-
ity of vNOTES hysterectomy, structured evaluations of its 
learning curve remain limited. Existing reports often fo-
cus on short-term outcomes or small case series, provid-
ing insufficient insight into how operative performance 
and safety evolve during early experience.[6] A clear un-
derstanding of the learning dynamics associated with 
vNOTES is essential to inform training strategies, patient 
selection, and safe dissemination of the technique.

The present study aimed to evaluate the learning curve 
of vNOTES hysterectomy during its early adoption 
phase in a single-surgeon cohort. By analyzing sequen-
tial cases using CUSUM methodology and examining 

trends in operative efficiency and perioperative safety, 
we sought to define the trajectory of technical matura-
tion and identify the case number at which procedural 
proficiency was achieved.

Materials and Methods

This retrospective observational study was designed to 
evaluate the learning curve associated with vaginal nat-
ural orifice transluminal endoscopic surgery (vNOTES) 
hysterectomy during the early adoption phase of the 
technique. The primary objective was to assess the pro-
gression of operative performance and perioperative 
safety over consecutive cases, rather than to compare 
vNOTES with alternative surgical approaches.

The study was conducted at a tertiary referral center 
with established experience in advanced minimally in-
vasive gynecologic surgery. Introduction of vNOTES at 
our institution followed a structured implementation 
process, including standardized instrumentation, prede-
fined surgical steps, and consistent perioperative man-
agement protocols. This controlled setting was intended 
to minimize institutional variability and allow learning 
related changes to be interpreted primarily as surgeon 
dependent effects.[7,8]

To ensure internal consistency, all procedures were per-
formed by a single surgeon with extensive prior expe-
rience in conventional laparoscopic hysterectomy. This 
design choice was made deliberately to reduce interop-
erator variability and to allow sequential changes in op-
erative metrics to reflect true technical adaptation rather 
than differences in baseline surgical skill.[9]

Ethical approval was obtained from the Clinical Re-
search Ethics Committee of Health Sciences University, 
Gazi Yaşargil Hospital, Diyarbakir, Türkiye (Approval 
No: 643; Date: 19/09/2025). All procedures were con-
ducted in accordance with the Declaration of Helsinki. 
Given the retrospective nature of the study and the use 
of anonymized patient data, the requirement for written 
informed consent was waived by the ethics committee.

All consecutive patients who underwent vNOTES hys-
terectomy for benign gynecologic indications during the 
study period were screened for eligibility. Cases were 
included in strict chronological order based on the date 
of surgery to preserve the temporal structure required 
for learning curve analysis.[10] Eligible patients were re-
quired to be 18 years of age or older, to have undergone 
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hysterectomy exclusively via the vNOTES approach for 
benign gynecologic disease, and to have complete demo-
graphic, intraoperative, and postoperative data available 
for analysis. Patients were excluded if there was sus-
pected or histologically confirmed gynecologic malig-
nancy, if concomitant major pelvic reconstructive or anti-
incontinence procedures were performed, if surgery was 
undertaken on an emergency basis, or if perioperative 
records were incomplete. Importantly, cases requiring 
conversion to an alternative surgical approach were not 
excluded and were retained in their original chronologi-
cal sequence. This approach was adopted to preserve the 
integrity of the learning curve analysis, as exclusion of 
technically challenging cases may artificially attenuate 
early performance trends and lead to underestimation of 
the true learning process.[11,12]

The study design intentionally focused on a single surgi-
cal technique performed by a single surgeon. While this 
approach limits generalizability, it is widely accepted as 
an appropriate and methodologically sound strategy for 
learning curve analysis, particularly during early adop-
tion of novel minimally invasive techniques.[13]

By eliminating variability related to surgeon experience, 
instrument preference, and operative style, this design 
allows more precise characterization of technical matu-
ration over time. Importantly, the purpose of this study 
was not to define universal proficiency thresholds, but 
rather to describe the trajectory of performance improve-
ment under controlled conditions, providing a reference 
framework for future training and multi-surgeon studies.

Eligible cases were arranged in strict chronological or-
der and analyzed sequentially. No case stratification or 
preselection based on uterine size, body mass index, or 
prior surgical history was performed. This approach was 
chosen to reflect real-world clinical practice during early 
technique adoption and to avoid selection bias toward 
technically favorable cases.[14] CUSUM was calculated 
using the mean operative time of the entire cohort as the 
reference value. For each consecutive case, the difference 
between the individual operative time and the overall 
mean operative time was cumulatively summed to con-
struct the CUSUM curve. This method allowed objective 
identification of performance trends and detection of the 
inflection point corresponding to technical stabilization.

For descriptive analysis, cases were additionally grouped 
into sequential phases representing early, intermediate, 
and late experience. These groupings were used solely 

for interpretive purposes and did not replace the primary 
continuous learning curve analysis based on cumulative 
summation methodology. Group comparisons across se-
quential learning phases were performed using one-way 
analysis of variance (ANOVA) for normally distributed 
variables and the Kruskal-Wallis test for non-normally 
distributed variables. A two-sided p value <0.05 was 
considered statistically significant.

Several measures were implemented to reduce potential 
sources of bias inherent to retrospective learning curve 
studies. Selection bias was minimized by including all 
consecutive eligible cases without exclusion based on 
perceived technical difficulty. Performance bias was lim-
ited through use of a standardized surgical technique 
and consistent perioperative management throughout 
the study period. Detection bias was reduced by pre-
defined outcome measures and uniform data extraction 
from electronic medical records. Despite these precau-
tions, residual confounding related to unmeasured pa-
tient or anatomical factors cannot be fully excluded and 
is acknowledged as an inherent limitation of retrospec-
tive observational designs.[15]

Surgical technique
All vNOTES hysterectomy procedures were performed 
using a standardized transvaginal endoscopic approach. 
Patients were placed in the dorsal lithotomy position un-
der general anesthesia, and a uterine manipulator was 
inserted to facilitate uterine mobilization and delineation 
of anatomical landmarks. After preparation and draping, 
a circumferential colpotomy was performed to access the 
peritoneal cavity through the vaginal route. A dedicated 
vNOTES access platform was then inserted transvagi-
nally, and pneumoperitoneum was established under di-
rect visualization. A high-definition endoscopic camera 
and conventional laparoscopic instruments were used 
throughout the procedure.[16]

Following entry into the peritoneal cavity, systematic in-
spection of the pelvic anatomy was performed to con-
firm orientation and identify critical structures. Particu-
lar attention was paid to early recognition of the ureters 
and pelvic sidewall anatomy, as the reversed visual axis 
inherent to the transvaginal approach requires deliber-
ate spatial reorientation during initial cases. Dissection 
proceeded in a stepwise fashion, beginning with identifi-
cation and sealing of the uterine vascular pedicles under 
endoscopic guidance. Energy devices were used accord-
ing to surgeon preference to ensure secure hemostasis 
while minimizing lateral thermal spread.[17]
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Mobilization of the uterus was achieved through se-
quential dissection of the vesicovaginal and rectovaginal 
planes. The anterior dissection was performed carefully 
to avoid bladder injury, especially during early cases 
when depth perception and instrument angulation were 
still being refined. Posterior dissection followed the nat-
ural anatomical planes toward the pouch of Douglas, 
allowing gradual release of uterine attachments and 
progressive descent of the specimen. Throughout the 
procedure, instrument movements were deliberately 
controlled to reduce external clashing and to maintain 
ergonomic efficiency within the confined transvaginal 
working space.[18]

Once complete mobilization was achieved, the uterus 
was extracted transvaginally. In cases where uterine 
size limited direct removal, in bag morcellation was per-
formed under endoscopic visualization to ensure tissue 
containment and maintain oncologic safety principles, 
despite the benign indication of surgery. Specimen ex-
traction technique was adapted progressively with in-
creasing experience, contributing to improved proce-
dural flow during later cases.[19]

Vaginal cuff closure was performed transvaginally fol-
lowing specimen removal. Closure technique consisted 
of either interrupted or continuous suturing, depending 
on intraoperative conditions and surgeon preference. 
Care was taken to ensure full thickness approximation 
of the vaginal cuff with adequate tissue incorporation 
to promote secure healing. As experience accumulated, 
cuff closure became increasingly efficient, reflecting im-
proved familiarity with transvaginal suturing under en-
doscopic conditions.[20]

Throughout the learning period, the overall surgical 
strategy remained unchanged, and no protocol driven 
modifications were introduced. Minor intraoperative ad-
justments, such as optimization of pneumoperitoneum 
pressure and refinement of instrument positioning, were 
made organically as part of the learning process. These 
adaptations were considered inherent to technical matu-
ration rather than deviations from the standardized tech-
nique and were not protocolized.[21]

Results

A total of 40 consecutive patients who underwent 
vNOTES hysterectomy for benign gynecologic indica-
tions were included in the analysis. All cases were per-
formed in chronological order during the early adoption 

period of the technique. Baseline demographic and clin-
ical characteristics were homogeneous across the cohort. 
No statistically significant differences were observed 
across sequential cases with respect to baseline demo-
graphic or clinical variables (p>0.05). Mean age, body 
mass index, parity, uterine weight, history of prior pelvic 
surgery, and surgical indications did not demonstrate 
clinically meaningful variation over time, indicating a 
stable case mix throughout the learning period (Table 
1). No preselection or case filtering based on anticipated 
technical difficulty was applied.

Progressive improvement in operative performance was 
observed across sequential cases. Mean total operative 
time decreased steadily as experience accumulated, de-
clining from 86.4 minutes in the earliest cases to 46.5 min-
utes in the final phase of the series. This reduction was 
gradual rather than abrupt, reflecting continuous techni-
cal adaptation rather than a single stepwise change.

Cumulative summation (CUSUM) analysis of total oper-
ative time demonstrated a clear inflection point after ap-
proximately the 18th case (Fig. 1). Prior to this point, the 
CUSUM curve showed an upward trajectory, indicating 
operative times above the cohort mean. Following the 
inflection point, the curve plateaued and subsequently 
declined, consistent with attainment of technical profi-
ciency and stabilization of operative efficiency. The in-
flection point identified by CUSUM analysis and the cor-
responding learning phases are summarized in Table 2.

Figure 1. Cumulative summation (CUSUM) analysis of total operative 
time during the learning process of vNOTES hysterectomy. The vertical 
dashed line indicates the inflection point at approximately the 18th 
case, corresponding to the transition from early technical adaptation to 
stabilized operative performance.



Southern Clinics of Istanbul Eurasia - Volume 37, Issue 3, October 2026220

Erkmen et al., vNOTES Learning Curve of Hysterectomy

When cases were stratified into sequential quartiles of 10 
cases each for descriptive purposes, a significant down-
ward trend in operative time was observed across learn-
ing phases (Table 3). Improvements were evident not 
only in total operative time but also in procedural flow, 
with smoother transitions between operative steps and 
reduced variability in later cases.

Perioperative safety outcomes evolved in parallel with 
improvements in operative efficiency. Minor intraoper-
ative or postoperative complications were observed ex-
clusively during the earliest phase of experience. These 

events were self-limited and did not result in prolonged 
hospitalization or additional surgical intervention. No 
major complications occurred throughout the series.

Conversion to an alternative surgical approach was rare 
and occurred only during early cases. No conversions 
were required after the second quartile, coinciding with 
the plateau phase identified by CUSUM analysis. Esti-
mated blood loss showed a decreasing trend over time, 
consistent with improved hemostatic control and refined 
dissection technique in later cases.

Technical challenges related to spatial orientation and 
instrument handling were more frequently encountered 
during the initial learning phase. These difficulties di-
minished progressively with experience and were min-
imal in the final quartile. Notably, no procedure-related 
complications or conversions were observed after techni-
cal proficiency had been achieved (Table 4).

Summary of learning-related trends
Overall, vNOTES hysterectomy demonstrated a  consis-
tent and observable learning trajectory,characterized by 
progressive reduction in operative time, stabilization of 
performance after approximately 18 cases, and concur-
rent improvement in perioperative safety. Once technical 
proficiency was achieved, operative outcomes remained 
consistent with minimal variability across subsequent 
cases.

Table 1. Baseline demographic and clinical characteristics of 
patients undergoing vNOTES hysterectomy

Variable	 Overall cohort (n=40)

Age, years	 49.1±6.8

Body mass index, kg/m²	 27.4±4.1

Parity	 3 (0–6)

Prior pelvic surgery, n (%)	 14 (35.0%)

Uterine weight, g	 182.6±74.3

Surgical indication, n (%)	

	 Uterine fibroids	 22 (55.0%)

	 Adenomyosis	 9 (22.5%)

	 Abnormal uterine bleeding	 6 (15.0%)

	 Other benign indications	 3 (7.5%)

Values are presented as mean ± standard deviation, median (range), or n 
(%), unless otherwise specified. Baseline characteristics were assessed 
descriptively to evaluate cohort homogeneity. No preselection based on 
anticipated technical difficulty was applied.

Table 2. Learning curve analysis of vNOTES hysterectomy using cumulative summation (CUSUM)

Learning phase	 Case range	 Mean operative time, min	 Technical events	 Conversions

Early phase	 1-18	 78.3±13.4	 Frequent minor technical difficulties	 1

Proficiency phase	 ≥19	 52.1±8.9	 Occasional, self-limited	 0

Values are presented as mean ± standard deviation, CUSUM analysis of total operative time identified an inflection point at approximately the 18th case, indicating 
transition from early technical adaptation to stabilized operative performance.

Table 3. Operative performance metrics across sequential learning phases of vNOTES hysterectomy

Variable	 Quartile 1	 Quartile 2	 Quartile 3	 Quartile 4	 p for trend
		  (Cases 1-10)	 (Cases 11-20)	 (Cases 21-30)	 (Cases 31-40)

Total operative time, min	 86.4±12.1	 71.2±10.4	 58.9±8.6	 46.5±7.3	 <0.001

Estimated blood loss, mL	 68.5±24.2	 51.3±18.7	 39.6±15.4	 31.2±12.6	 <0.001

Conversion to alternative approach, n (%)	 1 (10.0%)	 0	 0	 0	 -

Values are presented as mean ± standard deviation or n (%), unless otherwise specified.Trends across sequential learning phases were evaluated using trend analysis 
in conjunction with cumulative summation methodology. A two-sided p<0.05 was considered statistically significant.
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Discussion

The present study provides a structured evaluation of 
the learning curve associated with vNOTES hysterec-
tomy during its early adoption phase. By analyzing con-
secutive cases performed by a single surgeon and apply-
ing CUSUM methodology, we were able to characterize 
the trajectory of technical maturation in terms of oper-
ative efficiency and perioperative safety. The findings 
demonstrate that vNOTES hysterectomy is associated 
with a measurable and relatively rapid learning process, 
with stabilization of operative performance after approx-
imately 18 cases.

One of the most relevant observations of this study is 
the gradual and continuous reduction in operative time 
rather than an abrupt improvement. This pattern sug-
gests that learning in vNOTES is cumulative and reflects 
progressive adaptation to the transvaginal endoscopic 
environment, rather than acquisition of a single isolated 
technical skill. Similar learning dynamics have been de-
scribed for other advanced minimally invasive gyneco-
logic procedures, including single port laparoscopy and 
complex laparoscopic hysterectomy, where proficiency 
emerges through incremental refinement of spatial ori-
entation, instrument handling, and procedural flow.[22]

CUSUM analysis proved particularly valuable in identi-
fying the transition point between early technical adap-
tation and performance stabilization. Unlike arbitrary 
case grouping, CUSUM allows objective detection of 
inflection points in performance trends and has been in-
creasingly adopted in surgical learning curve research.
[23] In the present study, the inflection point identified 
around the 18th case corresponds with a marked reduc-
tion in operative time variability and the absence of fur-
ther conversions or complications. This convergence of 
efficiency and safety supports the validity of operative 
time as a surrogate marker of technical proficiency in 
vNOTES hysterectomy.

Perioperative safety outcomes evolved in parallel with 
improvements in operative efficiency. Minor complica-
tions and conversions were confined to the earliest cases 
and diminished as experience accumulated. Importantly, 
no major complications were observed throughout the se-
ries. This finding suggests that early technical challenges 
encountered during vNOTES adoption are primarily re-
lated to adaptation to the surgical approach rather than 
intrinsic procedural risk. Similar observations have been 
reported in early experiences with other novel minimally 
invasive techniques, where complication rates decline as 
familiarity with ergonomics and anatomical orientation 
improves.[24]

An innovative aspect of this study lies in its emphasis on 
qualitative technical maturation in addition to quantita-
tive performance metrics. Early cases were characterized 
by challenges related to spatial orientation, instrument 
collision, and maintenance of stable visualization. These 
issues are inherent to the transvaginal endoscopic ap-
proach and reflect the need for cognitive re-mapping of 
pelvic anatomy rather than deficiencies in fundamental 
surgical skill. The progressive resolution of these chal-
lenges underscores the importance of experiential learn-
ing and reinforces the notion that vNOTES proficiency is 
largely driven by adaptation rather than technical com-
plexity alone.[25]

Patient selection also plays a critical role during the 
learning phase. In this series, vNOTES hysterectomy was 
applied to benign indications without preselection based 
on anticipated technical difficulty. While this approach 
enhances the real-world relevance of the findings, it 
also highlights the importance of cautious case selection 
when vNOTES is introduced into clinical practice. Grad-
ual expansion of indications as experience increases may 
facilitate safer dissemination of the technique, a strategy 
that has been recommended for other minimally inva-
sive surgical innovations.[26]

Table 4. Perioperative complications and technical challenges observed during the learning process

	 Early phase (Cases 1-18)	 Late phase (Cases ≥19)

Minor postoperative complications, n (%)	 3 (16.7%)	 0

Major complications	 0	 0

Technical challenges related to visualization or ergonomics	 Common	 Rare

Procedure-related reintervention	 0	 0

Minor complications were self-limited and did not require invasive intervention. Complication data were analyzed descriptively due to low event rates.
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The single-surgeon design represents both a strength 
and a limitation of this study. Restricting the analysis 
to one surgeon minimizes variability and allows clearer 
attribution of performance changes to learning effects. 
However, this design limits generalizability, as learning 
curves may differ according to baseline laparoscopic 
experience, institutional support, and case complexity. 
Future multicenter and multi-surgeon studies are war-
ranted to determine whether the proficiency threshold 
observed in this study is reproducible across different 
practice settings.[27]

Additional limitations include the retrospective design 
and the relatively modest sample size, which preclude 
definitive conclusions regarding rare complications and 
long term outcomes. Patient-reported measures, such as 
postoperative quality of life and sexual function, were 
not assessed and represent important areas for future 
research. Despite these limitations, the present study 
provides a detailed and methodologically robust char-
acterization of early vNOTES learning dynamics. Addi-
tionally, factors such as uterine weight and body mass 
index may independently influence operative time and 
surgical complexity, potentially affecting interpretation 
of learning-related performance trends.

In summary, this study demonstrates that vNOTES hys-
terectomy is associated with a clear and reproducible 
learning curve, with technical proficiency achieved after 
a limited number of cases. Improvements in operative ef-
ficiency are accompanied by enhanced procedural safety, 
suggesting that early technical challenges are transient 
and manageable. These findings support the structured 
and cautious adoption of vNOTES hysterectomy in mini-
mally invasive gynecologic practice and provide a frame-
work for future training and implementation strategies.

The principal strength of this study lies in its structured 
evaluation of the learning curve for vNOTES hysterec-
tomy using consecutive cases and objective CUSUM 
analysis. Restriction to a single surgeon and a standard-
ized surgical technique minimized variability and al-
lowed performance changes to be attributed primarily to 
technical maturation. Inclusion of all consecutive cases, 
without exclusion based on anticipated difficulty, further 
enhanced the internal validity of the learning curve as-
sessment.

Several limitations should be acknowledged. The ret-
rospective design limits control over unmeasured con-
founding factors, and the single surgeon, single center 

setting may restrict generalizability of the findings. The 
sample size reflects early experience and may be insuf-
ficient to capture rare complications. In addition, long-
term outcomes and patient reported measures were not 
evaluated. These limitations highlight the need for future 
multicenter studies to validate the observed proficiency 
threshold and to assess broader clinical outcomes.

Conclusion

This study suggests a consistent learning curve for 
vNOTES hysterectomy during early adoption. Operative 
efficiency improved progressively, with performance sta-
bilization observed after approximately 18 cases. Early 
technical challenges diminished with experience without 
compromising perioperative safety. These findings sup-
port structured implementation and careful case selec-
tion during initial adoption.
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Association Between Vitamin D Status 
and Lower Respiratory Tract Infection in 
Children Under Five Years of Age
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Abstract
Objective: This study aimed to evaluate serum 25-hydroxyvitamin D [25(OH)D] levels in chil-
dren aged 0–5 years presenting with lower respiratory tract infection (LRTI) and to investigate 
the association between vitamin D deficiency and infection severity.

Methods: In this prospective controlled study, a total of 100 children aged 0–5 years were 
enrolled. The study group consisted of patients diagnosed with LRTI, while the control group 
included healthy children. Serum 25(OH)D, calcium, phosphorus, alkaline phosphatase (ALP), 
C-reactive protein (CRP), and complete blood count parameters were measured in all partici-
pants. Vitamin D status was classified as severe deficiency, deficiency, insufficiency, or normal. 
Statistical significance was set at p<0.05.

Results: Children diagnosed with LRTI had significantly lower serum 25(OH)D levels com-
pared to the control group (p<0.001). CRP and leukocyte levels were significantly higher in the 
study group (p<0.001). A significant association was observed between vitamin D deficiency 
and frequent infections as well as hospitalization rates. Inflammatory markers were higher in 
the severe vitamin D deficiency group. Additionally, serum 25(OH)D levels decreased with 
increasing age (p<0.001).

Conclusions: Low serum 25(OH)D levels appear to be associated with increased frequency 
and severity of lower respiratory tract infections in early childhood. Early detection of vitamin 
D deficiency and maintenance of appropriate supplementation strategies may represent an 
important preventive approach to reducing infection burden.

Keywords: Vitamin D deficiency; lower respiratory tract infections; 25-Hydroxyvitamin D.
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Introduction

Respiratory tract infections represent 
one of the most frequent infectious 

conditions encountered in pediatric pop-
ulations. Among these, lower respiratory 
tract infections (LRTIs) continue to con-
stitute a major contributor to global mor-
bidity and mortality, particularly during 

infancy and early childhood.[1] Data from 
the World Health Organization (WHO) 
indicate that lower respiratory tract in-
fections account for over 700,000 deaths 
each year among children younger who 
are  than five years, corresponding to 
nearly 2,000 deaths per day, including 
approximately 190,000 neonatal fatalities. 
Notably, most of these deaths are regarded 
as preventable.[2]
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Vitamin D exerts dual biological functions. First, it 
acts locally within tissues through paracrine and au-
tocrine mechanisms, modulating immune responses in 
a cytokine-like manner. Second, it functions systemically. 
acting in the systemic circulation with hormonal effects 
are biologically active metabolite of vitamin D is 1,25-di-
hydroxyvitamin D₃ [1,25(OH)₂D₃]  is primarily synthe-
sized by monocytes and macrophages and regulates 
host immune responses to microbial pathogens hrough 
binding to the vitamin D receptor (VDR).[3] Within the 
inflammatory microenvironment, sufficient synthesis of 
1,25(OH)₂D₃  promotes interactions with T and B lym-
phocytes, thereby contributing to the regulation of adap-
tive immunity.

1,25(OH)₂D₃ is recognized as a potent immunomodu-
lator. Recent human studies have shown that the vita-
min D–cytokine pathway is essential for antimicrobial 
peptide production through the monocyte–macrophage 
system.[3] Early evidence of vitamin D’s immunological 
significance emerged from reports suggesting that de-
creased serum 25(OH)D concentrations were associated 
with increased susceptibility to Mycobacterium tuber-
culosis infection and experienced more severe disease 
courses.[4]

The 1,25(OH)₂D₃–VDR complex is  regulate the tran-
scription of antimicrobial genes. Consequently, the rela-
tionship is serum 25(OH)D levels and susceptibility to 
various infectious diseases has been extensively investi-
gated. Several studies have reported that upper respira-
tory tract infections occur more frequently during peri-
ods of when serum 25(OH)D levels are low, independent 
of seasonal variation.[5]

When serum 25(OH)D values fall under 20 ng/mL (50 
nmol/L) have been associated with impaired activa-
tion of monocyte and macrophage-mediated immune 
responses. Recent evidence has shown that reduced or 
insufficient vitamin D levels in children are associated 
with a greater likelihood of hospitalization and a higher 
occurrence of LRTIs.[5]

Vitamin D deficiency appears to be linked with a height-
ened incidence of invasive pneumococcal infections, 
meningococcal disease, and Group A streptococcal infec-
tions, particularly during winter months. Accordingly, 
pharmacological vitamin D supplementation has been 
proposed as a potential adjunctive strategy in the man-
agement of certain infectious diseases.[6] Indeed, multi-
ple studies have demonstrated that individuals with low 

vitamin D levels experience respiratory tract infections 
more frequently.[7]

However, data evaluating the association between vi-
tamin D status and LRTIs in children under five years 
of age remain limited and inconsistent. Therefore, this 
study aimed to explore whether serum 25(OH)D sta-
tus correlates with levels and LRTI in children aged 0–5 
years.

Materials and Methods

Study Design and Participants
This investigation utilized a prospective case–control 
framework and was performed within the Department 
of Pediatrics, including the Pediatric Outpatient Clinic 
and Pediatric Emergency Unit of our hospital. Children 
aged 0–5 years who attended the clinic within the study 
timeframe were considered for enrollment. Participant 
recruitment and sample collection were performed be-
tween January and June, encompassing both winter and 
late spring seasons.

Ethical approval was granted by the Institutional Re-
view Board of Dr. Lütfi Kırdar City Hospital (Date: 
18/01/2011, No: B104İSM4340029/1009/2), and in-
formed consent was secured in writing from the parents 
or legal guardians before inclusion in the study.

Participants were divided into two groups: the lower 
respiratory tract infection (LRTI) group  and the healthy 
(control) group.

LRTI Group
Children aged 0–5 years diagnosed with LRTI based on 
clinical evaluation and/or respiratory system examina-
tion findings were included in the study group. Patients 
were managed either as outpatients or hospitalized de-
pending on disease severity. Children with concomitant 
acute or chronic systemic diseases other than LRTI were 
excluded.

Control Group(CG)
Healthy children aged 0–5 years, matched for age, were 
enrolled as the control group with no evidence of acute 
infectious disease or chronic medical conditions at the 
time of evaluation.

Data Collection
Demographic characteristics, clinical findings, and lab-
oratory parameters were recorded for all participants. 
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Medical history included regular or irregular vitamin 
D supplementation, history of recurrent infections, and 
previous hospitalizations.

Laboratory Measurements
Peripheral venous blood samples were obtained from all 
participants.Levels of calcium (Ca), phosphorus (P), and 
alkaline phosphatase (ALP) in serum samples were an-
alyzed using a Roche DP Modular System (Roche Diag-
nostics, Mannheim, Germany) by a photometric method.

Circulating 25-hydroxyvitamin D [25(OH)D] concentra-
tions were assessed by means of a LIAISON® analyzer 
(DiaSorin, Italy) via a competitive chemiluminescent im-
munoassay.

CRP quantification was carried out in serum samples 
derived from plain collection tubes. Measurements were 
conducted using a Dimension RXL automated system 
(Siemens Healthcare Diagnostics, Newark, DE, USA) 
based on the PETIA methodology and Dade Behring 
RCRP assay reagents.

Complete blood count parameters, including leukocyte 
count and differential, were measured from EDTA-anti-
coagulated blood samples using impedance and optical 
scatter techniques.

Serum 25(OH)D concentrations were categorized ac-
cording to internationally accepted pediatric reference 
thresholds as detailed below: Based on serum 25(OH)
D measurements, vitamin D levels were classified into 
four categories: values below 10 ng/mL were defined as 
severe deficiency; 10–19 ng/mL as deficiency; 20–29 ng/
mL as insufficiency; and levels ≥30 ng/mL as sufficient. . 
These cut-off values were defined in accordance with es-
tablished clinical practice guidelines and widely adopted 
pediatric criteria.

Statistical Analysis
Statistical analyses were performed using NCSS (Num-
ber Cruncher Statistical System) 2007 Statistical Software 
(Utah, USA).

Descriptive statistics were expressed as mean ± standard 
deviation (SD). Independent samples t-test was used for 
comparisons between two groups. One-way analysis of 
variance (ANOVA) with Tukey post hoc test was applied 
for subgroup analyses. Categorical variables were ana-
lyzed using the chi-square test, and odds ratios (ORs) 
with 95% confidence intervals (CIs) were calculated 
where appropriate.

A p-value <0.05 was considered statistically significant.

A post-hoc power analysis based on the primary out-
come variable (serum 25(OH)D levels) demonstrated 
that the study had a statistical power exceeding 80% at 
an alpha level of 0.05, indicating adequate sample size to 
detect clinically meaningful differences between groups.

Results

The proportion of female participants was 34% in the 
LRTI group and 46% in the control group. No statistically 
meaningful differences were identified between groups 
regarding age or sex characteristics (p>0.05).

The mean age was 34.0±30.0 months in the study group 
and 29.7±26.8 months in the CG (p=0.453).

The LRTI group exhibited significantly reduced mean 
serum calcium levels compared with the control group. 
(9.8±0.6 mg/dL vs. 10.4±0.6 mg/dL, p<0.001). Similarly, 
mean serum 25(OH)D levels were markedly lower in 
the study group (18.4±11.2 ng/mL) than control group 
(27.8±13.2 ng/mL), demonstrating a highly significant 
difference (p<0.001).

A statistically significant decrease in serum phosphorus 
values was observed among participants in the LRTI 
group (p=0.018), whereas no significant difference was 
observed in alkaline phosphatase (ALP) levels between 
groups (p=0.508). Leukocyte counts and CRP levels were 
significantly higher in the study group compared with 
controls (both p<0.001) (Table 1). Independent samples 
t-test was applied for continuous variables, and p<0.05 
was considered statistically significant.

The overall prevalence of vitamin D deficiency was 94% 
(n=47) in the study group and 78% (n=39) in the control 
group. Severe deficiency and deficiency categories were 
significantly more frequent in the LRTI group (p=0.013 
and p=0.048, respectively). Total vitamin D deficiency 
was significantly associated with LRTI (OR: 5.91; 95% CI: 
1.25–28.24; p=0.044) A multivariate logistic regression 
model adjusting for age and sex was performed. (Table 
2).

A history of recurrent infections was reported in 92% 
(n=46) of the study group and 30% (n=15) of controls, 
representing a highly significant difference (p<0.001). 
The risk of recurrent infections was 26.8-fold higher in 
the LRTI group (OR: 26.8; 95% CI: 8.2–88.0).
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A history of hospitalization was absent in the control 
group but present in 64% (n=32) of the study group 
(p<0.001). The odds of hospitalization were markedly 
increased in the LRTI group (OR: 177.43; 95% CI: 10.32–
349.3). Due to zero hospitalization events in the control 
group, the OR estimate may be inflated and should be 
interpreted cautiously.

When both groups were analyzed collectively, an inverse 
relationship between vitamin D levels and age was ob-
served. The mean age was highest in the severe vitamin 
D deficiency group (48.0±30.7 months) and lowest in the 
normal vitamin D group (19.0±23.3 months), with a sta-
tistically significant difference among groups (p<0.001) 
(Table 3).

The distribution of recurrent infections differed signif-
icantly across vitamin D deficiency groups (p<0.001).
Furthermore, CRP levels were significantly higher in 

the severe and moderate vitamin D deficiency groups 
compared with the insufficiency and groups of normal 
(p<0.05) (Table 4).

Discussion

This study, designed as a prospective case–control anal-
ysis. A significant decrease in serum 25(OH)D levels was 
observed among children with LRTI compared with 
healthy controls. The prevalence of severe and overall 
was substantially higher in the LRTI cohort. Notably, low 
vitamin D levels correlated with increased likelihood of 
LRTI, recurrent infectious episodes, and hospitalization, 
suggesting that suboptimal vitamin D status may be 
linked to both vulnerability and severity of illness. 

Vitamin D plays a central role in both innate and adap-
tive immunity. The active metabolite 1,25(OH)₂D₃ regu-
lates antimicrobial gene transcription through interac-

Table 2. Distribution of vitamin D levels and comparison between study and control groups

Vitamin D Level	 Study Group n (%)	 Control Group n (%)	 OR	 95% CI	 p value

Severe vitamin D deficiency	 13 (26%)	 5 (10%)	 9.53	 1.85–49.22	 0.013

Vitamin D deficiency	 16 (32%)	 11 (22%)	 5.33	 1.20–23.66	 0.048

Vitamin D insufficiency	 18 (36%)	 23 (46%)	 2.87	 0.70–11.85	 0.240

Total vitamin D deficiency	 47 (94%)	 39 (78%)	 5.91	 1.25–28.24	 0.044

OR: Odds Ratio; CI: Confidence Interval. Chi-square test was applied. Statistical significance was set at p<0.05.

Table 3. Distribution of vitamin D levels by age and frequency when both groups were analyzed together

	 Severe Vitamin D	 Vitamin D	 Vitamin D (Insufficiency)	 Normal	 p
	 Deficiency	 Deficiency	 Deficiency

Age   (months)	 48.0±30.7	 43.3±28.3	 21.6±22.9	 19.0±23.3	 p<0.001

Cases	   18%  	 27%	   41%	  14%	

Table 1. Comparison of biochemical and ınfection parameters between the study and control groups

Parameter	 Study Group (Mean±SD)	 Control Group (Mean±SD)	 t	 p value

Calcium (mg/dL)	 9.8±0.6	 10.4±0.6	 -5.12	 <0.001

Vitamin D (ng/mL)	 18.4±11.2	 27.8±13.2	 -3.85	 <0.001

Phosphorus (mg/dL)	 5.1±0.9	 5.5±0.7	 -2.41	 0.018

ALP (IU/L)	 217.3±61.3	 207.9±79.2	 -0.66	 0.508

Leukocyte (mm³)	 9.84±0.62	 4.06±0.24	 8.32	 <0.001

CRP (mg/L)	 10.9±0.3	 1.24±0.43	 -8.85	 <0.001

Independent samples t-test was applied. Statistical significance was set at p<0.05.
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tion with the VDR, leading to increased antimicrobial 
peptide production within the monocyte–macrophage 
system.[8] Experimental and clinical data have demon-
strated that insufficient 25(OH)D concentrations in 
serum are connected with impaired immune activation 
and increased vulnerability to infectious diseases, in-
cluding Mycobacterium tuberculosis.[9] Serum levels 20 
ng/mL have been linked to suboptimal monocyte and 
macrophage responses,[10] which may explain the higher 
infection burden observed in vitamin D–deficient chil-
dren in our cohort.

The current data corroborate existing literature demon-
strating epidemiological and clinical studies demonstrat-
ing an correlation between vitamin D-deficiency and 
respiratory tract infections. Several investigations have 
reported increased frequency of upper and lower respi-
ratory tract infections in individuals with low 25(OH)D 
concentrations.[10-12] Furthermore, vitamin D deficiency 
has been linked to invasive pneumococcal and meningo-
coccal infections, particularly during winter months.[11] 
The significantly higher CRP levels observed in children 
with severe and moderate vitamin D deficiency in our 
study further support the hypothesis that inadequate 
vitamin D status may be associated with heightened in-
flammatory responses. An evident association emerged 
between deficient vitamin D status and hospitalization in 
our cohort aligns with reports suggesting that  reduced 
serum 25(OH)D concentrations may be associated with 

a higher incidence of LRTI. disease severity.[11] However, 
the markedly elevated odds ratio for hospitalization 
should be interpreted cautiously, as no hospitalization 
occurred in the control group, which may have amplified 
the calculated risk estimate.

A negative correlation was observed between age and 
circulating 25(OH)D levels. was also identified. Older 
children demonstrated lower vitamin D levels, poten-
tially reflecting reduced supplementation after infancy 
and decreased sunlight exposure. Similar observations 
have been reported in previous pediatric studies,[12] high-
lighting the importance of sustained vitamin D monitor-
ing beyond the first year of life.[13]

The study design entails certain limitations; notably, the 
small cohort size reduced the statistical power to per-
form multivariate logistic regression analyses addressing 
confounding factors The study did not include a stan-
dardized measurement of seasonal fluctuations or indi-
vidual ultraviolet exposure. Third, causality cannot be 
established due to the observational design. Neverthe-
less, the prospective structure, clearly defined vitamin D 
categories, standardized laboratory measurements, and 
consistent associations across multiple clinical outcomes 
strengthen the validity of our findings.[14]

In conclusion, Vitamin D deficiency emerged as a fre-
quent finding in this cohort among children with LRTI 
and was significantly associated with increased infection 

Table 4. Distribution of diagnosis, vitamin D supplementation, and ınfection characteristics by vitamin D level

		  Severe Vitamin D	 Vitamin D Deficiency	 Vitamin D	 Normal
		  Deficiency	 (Insufficiency)	 Deficiency

Diagnosis	

	 Pneumonia	 12	 66.7%	 12	 44.4%	 14	 34.1%	 2	 14.3%	

	 Bronchiolitis	 1	 5.6%	 4	 14.8%	 4	 9.8%	 1	 7.1%	 p=0.064

	 Control group	 5	 27.8%	 11	 40.7%	 23	 56.1%	 11	 78.6%	

Vitamin D 

Supplementation	

	 Regular	 4	 22.2%	 4	 14.8%	 15	 36.6%	 11	 78.6%	

	 Irregular	 7	 38.9%	 19	 70.4%	 24	 58.5%	 3	 21.4%	 p<0.001

	 None	 7	 38.9%	 4	 14.8%	 2	 4.9%	 0	 0.0%	

Recurrent Infection 

	 Yes	 17	 94.4%	 21	 77.8%	 21	 51.2%	 2	 14.3%	

	 No	 1	 5.6%	 6	 22.2%	 20	 48.8%	 12	 85.7%	 p<0.001

Hospitalization 

	 Yes	 7	 38.9%	 8	 29.6%	 14	 34.1%	 3	 21.4%	

	 No	 11	 61.1%	 19	 70.4%	 27	 65.9%	 11	 78.6%	 p=0.737
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frequency and hospitalization. These findings support 
an increasing number of investigations suggesting that 
maintaining adequate vitamin D status play a role in 
reducing susceptibility to respiratory infections in early 
childhood. Larger, multicenter studies with multivariate 
modeling are warranted to further clarify the indepen-
dent contribution of vitamin D to LRTI risk.
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Mammographic Subcutaneous Fat Thickness 
Reflects Systemic Adiposity Rather 
Than Tumor Biology in Invasive Ductal 
Carcinoma: A Retrospective Analysis

 Burcu Gümüştekin,1  Emre Teke2

Abstract
Objective: Mammographic subcutaneous fat thickness (SFT) has been proposed as a spa-
tially specific surrogate of locoregional adiposity in breast cancer research. This study aimed to 
evaluate the relationship between mammographically measured SFT and molecular subtypes, 
Ki-67 proliferation index, hormone receptor expression, and key clinicopathological parame-
ters in patients with invasive ductal carcinoma (IDC).

Methods: This retrospective, cross-sectional, single-center study included 180 female patients 
who underwent surgical treatment for IDC between October 2023 and January 2026. SFT was 
measured from standard mammographic images. Molecular subtype classification followed 
the St. Gallen 2013 Consensus criteria. Statistical analyses included Spearman correlation, 
Kruskal–Wallis and Mann–Whitney U tests, multivariable linear regression, and receiver oper-
ating characteristic (ROC) curve analysis.

Results: SFT showed no statistically significant correlation with Ki-67 (ρ=0.127, p=0.089), 
tumor size, age, estrogen receptor (ER) percentage, or progesterone receptor (PR) percent-
age. SFT did not differ significantly across molecular subtypes, BI-RADS density categories, 
histological grade, or lymph node status. In multivariable linear regression, body mass index 
(BMI) was the sole independent predictor of SFT (β=0.331, p<0.001; R²=0.110). BMI differed 
significantly across molecular subtypes (p=0.024), with the triple-negative (TN) subtype asso-
ciated with significantly higher BMI than both Luminal A (p=0.021) and Luminal B (p=0.004). 
A statistically significant linear trend was identified between increasing BI-RADS density cate-
gory and tumor biological aggressiveness (linear-by-linear association, p=0.046). The area un-
der the ROC curve (AUC) for SFT in predicting Ki-67≥20% was 0.590 (95% CI: 0.458–0.721, 
p=0.192), and for BMI was 0.417 (95% CI: 0.287–0.547, p=0.227); neither reached statistical 
significance.

Conclusions: In IDC, mammographic SFT reflects systemic adiposity rather than tumor biol-
ogy and lacks clinically meaningful discriminatory power as an independent imaging biomarker. 
The association between the triple-negative subtype and higher BMI supports the role of sys-
temic adiposity in subtype-specific tumor biology.

Keywords: Breast cancer; invasive ductal carcinoma; Ki-67; subcutaneous fat thickness; body 
mass index.
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Introduction

Breast cancer is the most frequently diagnosed cancer 
in women worldwide, with an estimated 2.3 mil-

lion new cases reported in 2022, representing 11.6% of 
all newly diagnosed malignancies.[1] Over the past two 
decades, the clinical management of breast cancer has 
shifted markedly toward a biology-driven approach. 
Molecular subtype classification, based on the expres-
sion of estrogen receptor (ER), progesterone receptor 
(PR), human epidermal growth factor receptor 2 (HER2), 
and Ki-67 proliferation index, now underpins treatment 
selection, prognostic stratification, and follow-up plan-
ning.[2,3] This immunohistochemical framework iden-
tifies four major subtypes — Luminal A, Luminal B, 
HER2-enriched, and triple-negative (TN) — each with 
distinct biological behavior and clinical outcomes.[3]

Mammography remains the cornerstone of breast cancer 
screening and early detection. In addition to its diagnos-
tic role, mammographic imaging provides information 
on breast tissue composition. Breast density, classified 
according to the American College of Radiology (ACR) 
Breast Imaging Reporting and Data System (BI-RADS), is 
an established independent risk factor for breast cancer 
development.[4,5]

Systemic adiposity, most commonly quantified by body 
mass index (BMI), has been linked to breast cancer risk 
and prognosis through multiple biological pathways, 
including aromatase-mediated estrogen synthesis, 
adipokine dysregulation, chronic low-grade inflamma-
tion, and insulin signaling. However, BMI reflects global 
adiposity and does not directly account for the regional 
distribution of adipose tissue within the breast. Mammo-
graphic subcutaneous fat thickness (SFT), measurable 
from standard two-view mammography without addi-
tional cost or imaging, has been proposed as a potential 
imaging-derived adiposity parameter that may reflect 
locoregional fat distribution.[6–9]

An important conceptual distinction should be drawn 
between subcutaneous adipose tissue — the super-
ficial fat layer of the breast wall that SFT measures — 
and peritumoral adipose tissue, the cancer-associated 
adipocyte compartment immediately surrounding the 
tumor. These compartments differ in anatomical loca-
tion, metabolic activity, and biological proximity to the 
tumor. Adipocytes within the tumor microenvironment 
undergo cancer-associated reprogramming, including al-

tered leptin and adiponectin secretion, pro-inflammatory 
cytokine release, and stromal remodeling.[10] Whether a 
measurement taken at the breast surface can reflect these 
processes is an open question that motivated the present 
study.

Despite interest in adiposity as a modulator of tumor bi-
ology, data on the association between mammographic 
SFT and molecular subtype, hormone receptor expres-
sion, and Ki-67 remain limited.[11,12] Most published stud-
ies have focused on BMI or global mammographic den-
sity. The present study was designed to examine, in an 
exploratory fashion, whether mammographically mea-
sured SFT is associated with molecular subtypes, Ki-67, 
hormone receptor expression, and clinicopathological 
parameters in a cohort of 180 patients with pathologi-
cally confirmed IDC, and whether it provides informa-
tion beyond what is captured by BMI alone.

Materials and Methods

Study Design and Ethics
This was a retrospective, cross-sectional, single-center 
observational study conducted at a tertiary referral hos-
pital. The retrospective design was selected given the 
availability of complete archival mammographic and 
pathological data; its limitations, including potential 
selection bias and the inability to establish causal rela-
tionships, are discussed below. The study protocol was 
approved by the Non-Interventional Clinical Research 
Ethics Committee of our institution (Approval Number: 
432/2026, Date: 06.02.2026) and was conducted in accor-
dance with the principles of the Declaration of Helsinki 
and Good Clinical Practice guidelines. Individual patient 
informed consent was waived given the retrospective 
archival nature of the data.

Study Population
Female patients aged 40 years or older who underwent 
surgical treatment for histopathologically confirmed IDC 
between October 2023 and January 2026 were evaluated 
for inclusion. Male patients were excluded owing to 
anatomical and imaging differences that preclude valid 
SFT measurement.

Inclusion criteria: (i) histopathologically confirmed IDC; 
(ii) female sex, aged ≥40 years at the time of diagnosis; 
(iii) availability of diagnostic mammographic images 
suitable for BI-RADS density classification and SFT mea-
surement; (iv) complete pathology report including ER, 
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PR, HER2, Ki-67, and histological grade; (v) documented 
ultrasonographic tumor size and BMI recorded in the 
medical chart.

Exclusion criteria: (i) prior ipsilateral or contralateral 
breast cancer; (ii) evaluation after neoadjuvant chemo-
therapy; (iii) insufficient image quality for reliable SFT 
measurement; (iv) incomplete immunohistochemistry 
precluding molecular subtype classification; (v) incon-
sistent or missing data in medical records.

Data Collection and Measurement Parameters
All data were collected from the hospital information 
system (HIS), picture archiving and communication sys-
tem (PACS), and pathology information system by a sin-
gle investigator using a standardized protocol. BMI was 
categorized according to WHO criteria as normal weight 
(18.5–24.9 kg/m²), overweight (25.0–29.9 kg/m²), and 
obese (≥30.0 kg/m²).

SFT Measurement
SFT was measured from CC and MLO mammographic 
views at three standardized anatomical points: (i) 2 cm 
lateral to the nipple–areola complex; (ii) 45° superior to 
this point; and (iii) 45° inferior to this point. The mean 
of these three measurements was recorded as the SFT 
value.[6] All measurements were performed by a sin-
gle investigator blinded to pathological results, using 
measurement tools integrated in the institutional PACS 
workstation.

Several measurement limitations merit acknowledgment. 
Mammographic compression variability between exam-
inations may influence absolute SFT values, as compres-
sion force affects the apparent thickness of superficial 
soft tissues; standardized protocols were employed, but 
inter-examination variability cannot be fully excluded in 
a retrospective dataset. SFT values derived from mam-
mography also represent a two-dimensional projection 
of a three-dimensional tissue layer. Additionally, the sin-
gle-investigator design precludes formal inter-observer 
reproducibility assessment, which is an acknowledged 
limitation of mammographic fat measurement. These 
factors should be considered when interpreting the abso-
lute SFT values reported here and when comparing them 
with values derived using ultrasound or other modali-
ties.

Molecular Subtype Classification
Mammographic density was classified as Type A through 
D according to the fifth edition of the ACR BI-RADS lex-

icon.[13] Histological grade was assigned using the mod-
ified Scarff–Bloom–Richardson (Nottingham) grading 
system as described by Elston and Ellis, with scores of 
3–5, 6–7, and 8–9 corresponding to Grades 1, 2, and 3, 
respectively. ER and PR status and expression levels, 
HER2 status, Ki-67 proliferation index (%), and lymph 
node involvement (N0–N3) were recorded from pathol-
ogy reports.

Molecular subtype assignment was performed accord-
ing to the St. Gallen 2013 Consensus criteria: Luminal A 
(ER/PR-positive, HER2-negative, Ki-67<20%); Luminal 
B/HER2-negative (ER/PR-positive, HER2-negative, Ki-
67 ≥20% or PR-negative); HER2-enriched (ER-negative, 
PR-negative, HER2-positive); and TN (ER-negative, PR-
negative, HER2-negative).

TN cases (n=20) were included in descriptive and sub-
group analyses. Given the limited subgroup size, find-
ings pertaining to TN patients should be interpreted 
with caution.

Statistical Analysis
Statistical analyses were performed using IBM SPSS 
Statistics version 26.0 (IBM Corp., Armonk, NY, USA). 
Normality was assessed using the Shapiro–Wilk test. 
Normally distributed data are presented as mean ± stan-
dard deviation (SD); non-normally distributed data as 
median (interquartile range [IQR]). Relationships be-
tween SFT and continuous variables were assessed us-
ing Spearman rank correlation. Group comparisons were 
performed using the Kruskal–Wallis test (three or more 
groups) and the Mann–Whitney U test (two groups); 
post-hoc pairwise comparisons with Bonferroni correc-
tion were applied where indicated. Categorical associa-
tions were examined using Pearson chi-square or Fisher 
exact tests. Linear trend analysis was performed using 
the linear-by-linear association test with Monte Carlo 
simulation. Multivariable linear regression was used 
to identify independent predictors of SFT. ROC curve 
analysis was performed to assess discriminatory perfor-
mance for predicting high Ki-67 (≥20%). The significance 
threshold was set at p<0.05.

ROC analysis was included as a post-hoc exploratory 
analysis to quantify the discriminatory capacity of SFT 
and BMI for Ki-67 classification. It was not pre-specified 
in the study protocol, and the resulting AUC values are 
reported descriptively; they should not be interpreted as 
defining a diagnostic threshold.
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Results

Patient Characteristics
The study included 180 female patients with IDC. Mean 
age was 54.2±10.6 years. Median BMI was 29.0 kg/m² 
(IQR 25.9–32.0), median SFT was 4.1 mm (IQR 3.1–5.1), 
median tumor size was 2.2 cm (IQR 1.6–2.9), and median 
Ki-67 was 10% (IQR 3–18). Among ER-positive cases 
(n=141), median ER expression was 90% (IQR 82–97); 
among PR-positive cases (n=137), median PR expression 
was 80% (IQR 54–100). Full demographic, imaging, and 
pathological characteristics are presented in Table 1.

Correlation Analysis
Spearman rank correlation analysis revealed no statis-
tically significant association between SFT and Ki-67 
(ρ=0.127, p=0.089), tumor size (ρ=0.003, p=0.963), age 

(ρ=− 0.076, p=0.312), ER expression (ρ=− 0.080, p=0.349), 
or PR expression (ρ=− 0.167, p=0.051). A moderate and 
statistically significant positive correlation was observed 
between SFT and BMI (ρ=0.427, p<0.001).

Group Comparisons for SFT
Kruskal–Wallis analysis demonstrated no significant 
difference in SFT across molecular subtypes (H=1.934, 
p=0.586), BI-RADS density categories (H=3.220, p=0.359), 
or histological grade groups (H=3.723, p=0.155). Simi-
larly, no significant difference in SFT was found between 
node-positive and node-negative patients (Mann–Whit-
ney U=3093, p=0.285).

BMI and Molecular Subtypes
BMI did not correlate significantly with Ki-67 (ρ=− 0.036, 
p=0.631), tumor size (ρ=− 0.047, p=0.535), age (ρ=0.030, 
p=0.690), lymph node status (p=0.879), or histological 
grade (p=0.827). However, BMI differed significantly 
across molecular subtypes (H=9.440, p=0.024). Post-
hoc pairwise comparisons with Bonferroni correction 
revealed that TN patients had significantly higher BMI 
than both Luminal A (p=0.021) and Luminal B (p=0.004) 
patients; no other subtype pairs reached significance. SFT 
differed significantly across BMI categories (H=26.580, 
p<0.001), with obese patients having higher SFT than 
both normal-weight (p<0.001) and overweight patients 
(p<0.001); the difference between normal-weight and 
overweight groups did not reach significance (p=0.061).

BI-RADS Density and Molecular Subtypes
The overall association between BI-RADS density cat-
egories and molecular subtypes was not statistically 
significant by Pearson chi-square test (χ²=11.97, df=9, 
p=0.215) or Fisher–Freeman–Halton exact test (p=0.305). 
Linear-by-linear association analysis, however, identi-
fied a statistically significant ordinal trend between in-
creasing mammographic density and a shift toward more 
aggressive molecular subtypes (p=0.046), confirmed by 
Monte Carlo one-sided probability estimation (p=0.027). 
Subtype distribution across BI-RADS categories is pre-
sented in Table 2.

Multivariable Linear Regression
A multivariable linear regression model with SFT as 
the dependent variable and age, BMI, tumor size, and 
Ki-67 as independent variables was statistically signif-
icant overall (F=5.420, p<0.001, R²=0.110). BMI was the 
sole statistically significant independent predictor of SFT 
(standardized β=0.331, p<0.001). Age, tumor size, and 
Ki-67 did not independently predict SFT (all p>0.05). Full 
results are presented in Table 3.

Table 1. Patient demographics and clinicopathological characteristics 
(n=180)

Variable	 Value / n	 % / Format

Age (years)	 54.2±10.6	 Mean ± SD

BMI (kg/m²)	 29.0 (25.9–32.0)	 Median (IQR)

SFT (mm)	 4.1 (3.1–5.1)	 Median (IQR)

Tumor size (cm)	 2.2 (1.6–2.9)	 Median (IQR)

Ki-67 (%)	 10 (3–18)	 Median (IQR)

ER expression % (n=141)	 90 (82–97)	 Median (IQR)

PR expression % (n=137)	 80 (54–100)	 Median (IQR)

BI-RADS Density Category		

	 Type A (almost entirely fatty)	 8	 4.4%

	 Type B (scattered fibroglandular)	 67	 37.2%

	 Type C (heterogeneously dense)	 91	 50.6%

	 Type D (extremely dense)	 14	 7.8%

Histological Grade		

	 Grade 1	 46	 25.6%

	 Grade 2	 106	 58.9%

	 Grade 3	 28	 15.6%

Lymph Node Status		

	 N0 (node-negative)	 55	 30.6%

	 N1	 101	 56.1%

	 N2	 19	 10.6%

	 N3	 5	 2.8%

Molecular Subtype		

	 Luminal A	 68	 37.8%

	 Luminal B	 42	 23.3%

	 HER2-enriched	 50	 27.8%

	 Triple-negative	 20	 11.1%

BMI: body mass index; SFT: subcutaneous fat thickness; ER: estrogen receptor; 
PR: progesterone receptor; SD: standard deviation; IQR: interquartile range.
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ROC Curve Analysis
ROC curve analysis was performed to evaluate dis-
criminatory performance of SFT and BMI for high Ki-67 
(≥20%). The AUC for SFT was 0.590 (95% confidence in-
terval [CI]: 0.458–0.721, p=0.192). BMI yielded an AUC 
of 0.417 (95% CI: 0.287–0.547, p=0.227). Neither reached 
statistical significance (Table 4; Fig. 1).

Discussion

In this retrospective cohort of 180 patients with 
histopathologically confirmed IDC, mammographic SFT 
showed no statistically significant association with any 
of the tumor-related parameters examined, including 
molecular subtype, Ki-67 proliferation index, hormone 
receptor expression, histological grade, or lymph node 

Table 2. BI-RADS density categories and molecular subtype distribution

Subtype	 BI-RADS A (n=8)	 BI-RADS B (n=67)	 BI-RADS C (n=91)	 BI-RADS D (n=14)	 Total

Luminal A	 4 (50.0%)	 26 (38.8%)	 33 (36.3%)	 5 (35.7%)	 68

Luminal B	 2 (25.0%)	 16 (23.9%)	 22 (24.2%)	 2 (14.3%)	 42

HER2-enriched	 1 (12.5%)	 16 (23.9%)	 28 (30.8%)	 5 (35.7%)	 50

Triple-negative	 1 (12.5%)	 9 (13.4%)	 8 (8.8%)	 2 (14.3%)	 20

Table 3. Association of SFT and BMI with clinicopathological variables

Analysis	 Test Statistic	 Value	 p-value

SFT – Continuous Variable Correlations (Spearman)			 

SFT ↔ BMI	 ρ	 0.427	 <0.001*

SFT ↔ Ki-67 (%)	 ρ	 0.127	 0.089

SFT ↔ Tumor size	 ρ	 0.003	 0.963

SFT ↔ Age	 ρ	 −0.076	 0.312

SFT ↔ ER (%)	 ρ	 −0.080	 0.349

SFT ↔ PR (%)	 ρ	 −0.167	 0.051

SFT – Categorical Group Comparisons			 

SFT ~ Molecular subtypes	 Kruskal–Wallis H	 1.934	 0.586

SFT ~ BI-RADS density	 Kruskal–Wallis H	 3.220	 0.359

SFT ~ Histological grade	 Kruskal–Wallis H	 3.723	 0.155

SFT ~ Lymph node metastasis	 Mann–Whitney U	 3093	 0.285

BMI – Categorical Group Comparisons			 

BMI ~ Molecular subtypes	 Kruskal–Wallis H	 9.440	 0.024*

   Post-hoc: TN vs. Luminal A	 Bonferroni	 —	 0.021*

   Post-hoc: TN vs. Luminal B	 Bonferroni	 —	 0.004*

BMI ~ Lymph node status	 Mann–Whitney U	 3388.5	 0.879

BMI ~ Histological grade	 Kruskal–Wallis H	 0.380	 0.827

Multivariable Linear Regression (Dependent: SFT)			 

Overall model – F statistic	 F test	 5.420	 <0.001*

R² (variance explained)	 —	 0.110	 —

BMI (standardized β)	 Standardized β	 0.331	 <0.001*

Age	 Standardized β	 n.s.	 >0.05

Tumor size	 Standardized β	 n.s.	 >0.05

Ki-67 (%)	 Standardized β	 n.s.	 >0.05

ρ: Spearman correlation coefficient; β: standardized regression coefficient; TN: triple-negative; n.s.: not significant; *p < 0.05.
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status. In multivariable linear regression, BMI was the 
sole independent predictor of SFT (β=0.331, R²=0.110), 
with the overall model explaining approximately 11% of 
the variance in SFT. These findings suggest that, within 
this cohort, mammographic SFT may primarily reflect 
systemic adiposity rather than locoregional adipose–tu-
mor interactions.

The Spearman correlation between SFT and Ki-67 was 
positive but non-significant (ρ=0.127, p=0.089). This re-
sult differs from that of Wang et al.,[6] whose series of 
1,670 patients identified an SFT threshold of 8.65 mm 
above which Ki-67 was significantly elevated (p=0.004). 

The discrepancy may reflect differences in population-
level adiposity and measurement modality. Our cohort 
had a median SFT of 4.1 mm, substantially below that 
threshold, and SFT was derived from mammography 
rather than ultrasound. A threshold effect is plausible 
— the relationship between fat accumulation and pro-
liferative activity may only become apparent above a 
level of subcutaneous fat not reached within the range 
of SFT values observed in this cohort. The positive di-
rection of the correlation is consistent with this interpre-
tation, though it falls well short of significance. Whether 
the discrepancy reflects a population-specific threshold, 
methodological differences, or both remains to be exam-
ined in larger, more adipose-diverse cohorts.

The concept of spatial mismatch is relevant to interpret-
ing these results. SFT, as measured mammographically, 
measures the thickness of the superficial subcutaneous 
fat layer at fixed anatomical reference points on the breast 
surface — a location anatomically remote from the tu-
mor and its surrounding stroma. This layer is separated 
from the glandular parenchyma and deeper adipose 
compartments by fascial planes and Cooper’s ligaments, 
structures that traverse the breast and create bound-
aries between anatomically distinct fat compartments. 
Cancer-associated adipocytes in the peritumoral com-
partment undergo metabolic reprogramming involving 
altered adipokine secretion, enhanced lipolytic activity, 
and direct lipid transfer to tumor cells — processes that 
are unlikely to be reflected by measurements taken at the 
superficial breast surface. Bocian-Jastrzębska et al.[14] re-
ported that leptin’s pro-tumorigenic effects appear most 
pronounced within the peritumoral compartment, where 
local concentrations have been reported to substantially 
exceed systemic levels. Adiponectin, conversely, appears 
to be suppressed by cancer-associated adipocytes within 
the immediate tumor microenvironment. These anatom-
ical and functional differences are consistent with the ab-
sence of a significant association between SFT and tumor 
biology in this dataset, despite its correlation with global 
adiposity.

Table 4. ROC analysis – Predicting high Ki-67 (≥20%)

Variable	 AUC	 Std. Error	 p-value	 95% CI

SFT (mm)	 0.590	 0.067	 0.192	 0.458–0.721

BMI (kg/m²)	 0.417	 0.066	 0.227	 0.287–0.547

AUC: area under the curve; CI: confidence interval; SFT: subcutaneous fat thickness; BMI: body mass index.

Figure 1. Receiver operating characteristic (ROC) curves for SFT and 
BMI as predictors of high Ki-67 (≥20%) in 180 patients with invasive 
ductal carcinoma. SFT:AUC=0.590 (95% CI 0.458–0.721; p=0.192). 
BMI:AUC=0.417 (95% CI 0.287–0.547; p=0.227). Neither reached 
statistical significance. The dashed diagonal represents chance-level 
discrimination (AUC=0.500). AUC, area under the curve; BMI, body 
mass index; CI, confidence interval; IDC, invasive ductal carcinoma; 
SFT, subcutaneous fat thickness. ROC analysis was conducted as a post-hoc, 
exploratory step and was not pre-specified in the study protocol. The analysis 
was used descriptively to quantify the absence of discriminatory capacity of SFT 
and BMI for Ki-67 status; the resulting AUC values do not define a diagnostic 
threshold. Results are consistent with the primary negative findings of the study.
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Analysis of BI-RADS density categories against molec-
ular subtype distribution showed no statistically signif-
icant categorical association (χ²=11.97, p=0.215). This is 
consistent with prior literature. Heusinger et al.,[8] in a 
series of 1,975 cases, reported no significant relationship 
between mammographic density and Ki-67 (p=0.31). 
Bai et al.,[15] in a pooled analysis of over 17,000 patients, 
identified only a non-significant trend toward altered re-
ceptor profiles in denser breasts. These findings, taken 
together, suggest that standard BI-RADS density catego-
rization has limited value for inferring tumor biological 
phenotype; the system was developed for risk stratifica-
tion rather than molecular profiling.

Despite the non-significant chi-square result, the linear-
by-linear association test identified a statistically sig-
nificant ordinal gradient between increasing BI-RADS 
density and a directional shift toward more aggressive 
molecular subtypes (p=0.046; Monte Carlo one-sided 
p=0.027). The two tests differ in what they assess: the 
chi-square test examines group differences in any direc-
tion, while the linear-by-linear test captures a directional 
gradient across ordered categories. The significance of 
only the latter suggests that any relationship between 
density and subtype distribution is incremental and di-
rectional rather than categorical. Razzaghi et al.[5] noted 
that BI-RADS categories failed to differentiate basal-like 
from Luminal A subtypes, partly due to confounding 
by menopausal status — a variable also unavailable in 
our dataset. Eriksson et al.[16] proposed that density func-
tions as a subtype-independent risk factor rather than a 
subtype classifier, a view supported at the meta-analytic 
level by Antoni et al.[17] Our ordinal trend finding is con-
sistent with this perspective and should be treated as hy-
pothesis-generating.

In our cohort, SFT was moderately correlated with BMI 
(ρ=0.427, p<0.001), yet showed no significant associa-
tion with any tumor biological variable examined. This 
pattern is consistent with SFT primarily reflecting the 
systemic fat burden rather than the biological activity of 
adipose tissue near the tumor. Soguel et al.[18] and Chu 
et al.[19] have similarly documented the structural depen-
dence of SFT on total body adiposity, and Masala et al.[20] 
observed a corresponding relationship between BMI and 
non-dense breast volume in a large postmenopausal co-
hort. The regression model’s limited explanatory power 
(R²=0.110) is also worth noting: nearly 90% of the vari-
ance in SFT was not explained by BMI, Ki-67, tumor size, 
and age combined, suggesting that other factors — in-

cluding menopausal status and individual breast com-
position — contribute substantially.[7] Future research 
aiming to connect local adiposity to tumor biology may 
need to employ modalities capable of directly measuring 
peritumoral fat, such as dedicated breast magnetic res-
onance imaging (MRI) or computed tomography (CT)-
based tissue segmentation.

BMI was significantly higher in TN cases than in Lumi-
nal A (p=0.021) and Luminal B (p=0.004) patients. This 
should be interpreted cautiously given the small TN 
subgroup (n=20), but is consistent with existing evidence 
linking elevated BMI to triple-negative breast cancer, 
particularly in premenopausal women.[21–24] Proposed 
mechanisms include chronic inflammation, insulin resis-
tance, sex hormone dysregulation, and subtype-specific 
signaling through JAK/STAT and PI3K/AKT/mTOR 
pathways, alongside adipokine dysregulation and stro-
mal remodeling, though the relative contributions of 
these pathways remain to be established.[25–28] The obser-
vation that BMI, rather than SFT, showed a significant 
association with molecular subtypes in this dataset is 
consistent with systemic adiposity — rather than locore-
gional mammographic fat distribution — being the more 
relevant dimension of adiposity in this context.

ROC analysis was consistent with the absence of mean-
ingful discriminatory performance for either parame-
ter. SFT yielded an AUC of 0.590 (95% CI: 0.458–0.721, 
p=0.192) for predicting Ki-67 ≥20%, and BMI an AUC of 
0.417 (95% CI: 0.287–0.547, p=0.227); neither reached sig-
nificance. Within this cohort, these findings suggest that 
SFT and BMI have limited discriminatory capacity for 
Ki-67 status, and do not appear to offer a practical sur-
rogate for tissue-based proliferative assessment in this 
cohort. This is consistent with guidance from the Interna-
tional Ki-67 in Breast Cancer Working Group,[30] and with 
observations by Yerushalmi et al.[31] and Bustreo et al.[32] 
regarding the limitations of non-tissue Ki-67 surrogates.

The absence of significant associations between SFT and 
tumor biology, given the anatomical considerations dis-
cussed above, remains informative. Studies reporting 
negative associations with imaging-derived parameters 
may help clarify the interpretive scope of those measure-
ments and avoid overinterpretation in research contexts. 
Within the context of this dataset, the current data do not 
support treating SFT as a surrogate measure for tumor 
biological characteristics in IDC, though its potential 
utility in epidemiological studies of systemic adiposity 
and breast cancer risk is not excluded.
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Limitations
Several limitations of this study should be acknowl-
edged. First, the retrospective, single-center design intro-
duces inherent selection bias; patients meeting inclusion 
criteria may differ systematically from those who did 
not, and unmeasured confounders cannot be excluded. 
Second, the overall sample of 180 patients may be suf-
ficient for the primary analyses, but limits the strength 
of subgroup inferences, particularly for the TN group 
(n=20); BMI findings in this subgroup should be regarded 
as exploratory. Third, menopausal status data were un-
available, which is a meaningful gap given the influence 
of menopausal status on adipose tissue distribution, aro-
matase activity, adipokine profiles, and mammographic 
density. Fourth, mammographic compression variability 
introduces uncertainty in absolute SFT values; standard-
ized protocols were used, but inter-examination variabil-
ity cannot be fully eliminated in a retrospective dataset. 
Fifth, the single-investigator design precludes formal 
inter-observer reliability analysis. Sixth, peritumoral 
adipose tissue was not directly assessed, which would 
be required to fully characterize tumor–fat interactions. 
Seventh, the cross-sectional design precludes causal in-
ference. Prospective studies with peritumoral fat mea-
surement, menopausal stratification, and multi-center 
design are needed to address these limitations.

Conclusion

In this cohort of 180 patients with IDC, mammographic 
SFT showed no significant association with any tumor 
biological parameter examined, including molecular 
subtype, Ki-67, hormone receptor expression, histologi-
cal grade, or lymph node status. BMI was the sole predic-
tor of SFT in multivariable analysis. The TN subtype was 
associated with significantly higher BMI than Luminal A 
and Luminal B subtypes, a finding consistent with prior 
literature but in need of confirmation in larger cohorts. 
A statistically significant ordinal trend between increas-
ing BI-RADS density and molecular subtype distribution 
was also observed.

Taken together, these results suggest that mammo-
graphic SFT may reflect systemic adiposity rather than 
local tumor biology in IDC. Within the limitations of this 
retrospective cohort, the present findings do not support 
its use as a surrogate imaging measure for characteriz-
ing tumor biology or Ki-67 status. Reporting the absence 
of these associations may contribute to defining the ap-
propriate scope of mammographic fat measurements in 

observational research. Future prospective studies with 
direct peritumoral fat assessment, menopausal stratifica-
tion, and multi-center validation would help clarify the 
role of local adiposity in breast tumor biology.
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The Comparison of Myocardial Dysfunction 
Using Speckle Tracking Echocardiography 
in Resistive and Non-Resistive Familial 
Mediterranean Fever Patients
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Abstract
Objective: Evidence of subclinical myocardial and pericardial involvement has been described 
in patients with Familial Mediterranean Fever (FMF), even during clinically inactive periods. 
However, the potential impact of colchicine resistance on cardiac function has not been fully 
elucidated. The present study investigated myocardial performance in FMF patients with differ-
ing responses to colchicine therapy using speckle-tracking echocardiography.

Methods: This study evaluated 74 patients diagnosed with FMF, including 57 colchicine-
responsive and 17 colchicine-resistant individuals, together with 74 age- and sex-matched 
healthy controls. Participants with established cardiovascular risk factors were excluded. 
Colchicine resistance was defined by recurrent attacks occurring at least once every three 
months despite treatment with 2 mg/day or the maximum tolerated dose of colchicine, the 
requirement for biologic therapy, and/or the presence of amyloidosis, defined as proteinuria 
≥500 mg/day on at least two occasions or biopsy-confirmed disease. Demographic, clinical, 
and laboratory variables were collected using a standardized assessment form. All subjects 
underwent speckle-tracking echocardiographic evaluation performed by experienced cardiolo-
gists who were blinded to clinical information.

Results: No significant differences were observed between colchicine-resistant and colchicine-
responsive FMF patients with respect to age, sex distribution, or disease duration (p>0.05). 
Global longitudinal strain (GLS) values were significantly reduced in colchicine-responsive 
FMF patients compared with healthy controls (p<0.05). In contrast, GLS measurements did 
not differ significantly between colchicine-resistant and colchicine-responsive patient groups 
(p>0.05).

Conclusions: Patients with FMF demonstrate subclinical myocardial dysfunction when com-
pared with healthy individuals. However, resistance to colchicine therapy does not appear 
to be associated with additional impairment in myocardial strain parameters, suggesting that 
mechanisms independent of treatment response may contribute to cardiac involvement in FMF.

Keywords: Familial mediterranean fever; colchicine resistance; myocardial dysfunction; 
speckle tracking echocardiography.
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Introduction

Familial Mediterranean Fever (FMF) is a hereditary 
autoinflammatory condition inherited in an auto-

somal recessive pattern and characterized by recurrent, 
self-limited episodes of fever and serosal inflammation. 
Clinical manifestations most frequently include abdomi-
nal pain, arthralgia, peritonitis, pleuritis, and erysipelas-
like erythema.[1] Although inflammatory attacks usually 
resolve spontaneously within a short time frame, many 
patients remain asymptomatic between episodes, ex-
cept for occasional persistence of musculoskeletal com-
plaints.[2] FMF predominantly affects populations origi-
nating from the Mediterranean basin, including Turkish, 
Armenian, Arab, and Jewish communities, and epidemi-
ological data indicate that Türkiye has one of the highest 
reported prevalence rates worldwide.[3–5]

FMF is caused by pathogenic variants in the MEFV 
gene located on chromosome 16, which encodes pyrin, 
a key regulator of innate immune signaling pathways.[6] 
Multiple disease-associated mutations have been identi-
fied, with considerable variability in clinical expression. 
Among these, the M694V mutation is particularly com-
mon in the Turkish population and has been linked to 
more severe disease phenotypes and heightened inflam-
matory activity.[7,8] While FMF has traditionally been re-
garded as a disorder confined to serosal inflammation, 
accumulating evidence suggests that persistent low-
grade inflammation may extend beyond serosal tissues 
and contribute to multisystem involvement.

Cardiac manifestations of FMF have historically re-
ceived less attention than abdominal or musculoskeletal 
features; however, growing evidence indicates that car-
diovascular involvement may occur even in the absence 
of overt symptoms. Pericarditis is the most clearly de-
scribed cardiac manifestation, although it is observed in 
only a small proportion of patients.[9] In addition, several 
studies have reported subclinical myocardial involve-
ment in FMF, potentially driven by ongoing inflamma-
tory activity during clinically quiescent periods.[10,11] Th-
ese observations highlight the need for sensitive imaging 
techniques capable of identifying early myocardial dys-
function before the development of clinically apparent 
disease.

Colchicine remains the cornerstone of FMF manage-
ment and is highly effective in reducing attack frequency 
and preventing long-term complications, including 

amyloidosis, in most patients.[12,13] Nevertheless, a sub-
set of individuals continues to experience recurrent at-
tacks despite receiving the maximum tolerated dose of 
colchicine, necessitating treatment escalation to biologic 
agents such as interleukin-1 inhibitors.[14–16] The lack of 
a universally accepted definition of colchicine resistance 
poses challenges for both clinical practice and research; 
however, persistent attacks and sustained inflammatory 
activity despite optimal therapy are generally considered 
hallmarks of resistance. These patients may therefore be 
at increased risk of inflammation-related organ involve-
ment, including potential cardiac dysfunction.

Speckle-tracking echocardiography (STE) is a non-inva-
sive imaging modality that allows detailed evaluation of 
myocardial deformation and enables detection of subtle 
functional abnormalities that may not be apparent with 
conventional echocardiographic methods.[11,17–19] Previ-
ous studies have demonstrated alterations in myocardial 
strain parameters among FMF patients; however, it re-
mains unclear whether colchicine-resistant individuals 
exhibit more pronounced myocardial involvement com-
pared with colchicine-responsive patients. Addressing 
this knowledge gap may provide insight into the role of 
persistent inflammation in early cardiac dysfunction and 
clarify the potential value of STE for risk stratification in 
FMF.

Accordingly, the present study aimed to assess subclin-
ical myocardial dysfunction in patients with FMF us-
ing speckle-tracking echocardiography and to compare 
cardiac findings among colchicine-resistant patients, 
colchicine-responsive patients, and healthy control sub-
jects.

Materials and Methods

Study Population
This study included patients diagnosed with Familial 
Mediterranean Fever (FMF) according to the internation-
ally accepted Tel-Hashomer criteria who were followed 
at the Department of Rheumatology. The study cohort 
comprised patients with colchicine-responsive disease 
as well as individuals classified as having colchicine-re-
sistant FMF. Colchicine resistance was defined as the oc-
currence of at least one FMF attack within a three-month 
period despite treatment with 2 mg/day of colchicine or 
the maximum tolerated dose.

Patients with FMF-associated amyloidosis—defined as 
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proteinuria ≥500 mg/day documented on at least two 
separate measurements or biopsy-confirmed amyloido-
sis—were also included. In addition, patients receiving 
biologic therapies due to inadequate response or intoler-
ance to colchicine were enrolled. All FMF patients except 
those demonstrating an adequate response to colchicine 
therapy were categorized as having colchicine-resistant 
disease.

An age- and sex-matched healthy control group was re-
cruited for comparison. Controls consisted of healthy rel-
atives of patients, hospital staff, or individuals evaluated 
in the cardiology outpatient clinic who demonstrated 
normal echocardiographic findings and had no clinical 
evidence of cardiovascular disease.

Exclusion criteria included known coronary artery dis-
ease, diabetes mellitus, heart failure, presence of a per-
manent pacemaker, moderate or severe valvular heart 
disease, atrial fibrillation, prior cerebrovascular events, 
acute or chronic renal failure, hepatic failure, or unwill-
ingness to participate in the study.

Sample size estimation was based on previously pub-
lished data reporting radial global strain values of 
0.59±0.24 in FMF patients and 0.83±0.51 in healthy indi-
viduals. Assuming a type I error rate of 0.05 and a power 
of 80% (β=0.20), a minimum of 34 participants per group 
was calculated to be sufficient.

Ethical approval was obtained from the local institu-
tional Ethics Committee of İzmir Katip Çelebi University 
on January 17, 2018 (No: 15), and the study was con-
ducted in accordance with the principles outlined in the 
Declaration of Helsinki.

Data Collection and Disease Severity Assessment
Demographic and clinical characteristics of participants 
were recorded using a structured case report form com-
pleted by the attending physician (Appendix 1). Col-
lected data included age, sex, age at FMF diagnosis, 
duration of treatment, clinical manifestations at disease 
onset and during follow-up, genetic mutation status, and 
treatment response.

Disease severity was assessed using the International 
Severity Scoring System for FMF (ISSF) (Appendix 2). 
Patients were categorized as having mild (≤2 points), 
moderate (3–5 points), or severe disease (≥6 points) ac-
cording to their total ISSF score.

Following completion of data collection, all patients un-

derwent cardiologic evaluation. Myocardial performance 
was assessed using speckle-tracking strain echocardiog-
raphy.

Conventional Echocardiographic Evaluation
All participants underwent a comprehensive two-di-
mensional transthoracic echocardiographic examination, 
including M-mode imaging, color Doppler, tissue Dop-
pler imaging, and strain analysis. Echocardiographic 
studies were performed using a commercially available 
ultrasound system (EPIQ 7C, Philips Medical Imaging, 
Eindhoven, The Netherlands).

Standard echocardiographic measurements were ob-
tained in accordance with the recommendations of the 
American Society of Echocardiography and the Euro-
pean Association of Cardiovascular Imaging. Image ac-
quisition and analysis were independently performed by 
two experienced echocardiographers who were blinded 
to the clinical data of the participants.

Left ventricular ejection fraction (LVEF) was calculated 
using the biplane Simpson method. Mitral inflow ve-
locities, including early (E) and late (A) diastolic filling 
waves, were measured using pulsed-wave Doppler. 
Tissue Doppler imaging was used to assess systolic (s’), 
early diastolic (e’), and late diastolic (a’) annular veloci-
ties at both the lateral and septal mitral annular sites. Tri-
cuspid regurgitation peak velocity was measured using 
continuous-wave Doppler from the apical four-chamber 
view.

Left ventricular diastolic function was evaluated using 
E velocity, mean E/e’ ratio, left atrial volume, and decel-
eration time (DT), in accordance with current guideline 
recommendations.

Speckle-Tracking Strain Analysis
Speckle-tracking echocardiographic analysis was per-
formed using dedicated software (QLAB, MVQ module; 
Philips). Digital cine loops were acquired at frame rates 
between 50 and 90 frames per second from apical four-
, three-, and two-chamber views for longitudinal strain 
analysis, as well as from parasternal short-axis views at 
basal, mid-ventricular, and apical levels for circumferen-
tial strain analysis. All measurements were synchronized 
with the peak of the R wave and averaged over three 
consecutive cardiac cycles.

For circumferential strain assessment, endocardial bor-
ders were manually traced at the basal, mid, and api-
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cal short-axis levels. Longitudinal strain measurements 
were obtained by manually placing reference points at 
the septal and lateral mitral annuli and the apical en-
docardium at end-diastole. The software automatically 
generated a region of interest, which was visually in-
spected for tracking quality. Manual adjustments were 
performed when necessary.

Segmental strain curves were automatically generated, 
and peak systolic strain values were calculated. Global 
longitudinal strain (GLS) and global circumferential 
strain (GCS) were defined as the mean of corresponding 
segmental values. A GLS value of 20% was considered 
normal in accordance with current guideline recommen-
dations.

Statistical Analysis
Statistical analyses were performed using SPSS software 
version 15.0 (SPSS Inc., Chicago, IL, USA). The normality 
of continuous variables was assessed using the Shapiro–
Wilk test. As the data did not demonstrate a normal dis-
tribution, non-parametric statistical methods were ap-
plied.

Continuous variables were expressed as median values 
with minimum–maximum ranges, while categorical 
variables were presented as frequencies and percentages. 
Comparisons between categorical

variables were conducted using the Chi-square test. Dif-

ferences among the three study groups were evaluated 
using the Kruskal–Wallis test.

When a statistically significant difference was identified 
with the Kruskal–Wallis test, pairwise comparisons were 
performed using the Mann–Whitney U test with Bonfer-
roni correction. A p-value <0.05 was considered statis-
tically significant, and for multiple comparisons, a cor-
rected p-value <0.017 was accepted as significant.

Results

The study cohort consisted of 74 individuals diagnosed 
with Familial Mediterranean Fever (FMF) and 74 age- 
and sex-comparable healthy control subjects, with no 
significant difference in sex distribution between the 
groups (p=0.508). Among the FMF patients, 57 (77%) 
were colchicine-responsive, while 17 were classified as 
colchicine-resistant. No statistically significant differ-
ences were found between the groups in terms of age or 
sex (Table 1).

There was no significant difference in disease duration 
between colchicine-resistant and colchicine-responsive 
FMF patients (resistant: 11 years [1–27 years] vs. non-re-
sistant: 6 years [0–33 years], p=0.133). However, a statis-
tically significant difference in FMF severity scores was 
observed between the resistant and non-resistant groups 
(resistant: 4 [2–6] vs. non-resistant: 2 [1–4], p<0.001).

Table 1. Comparison of groups in terms of sex and age

		  Colchicine-Responsive FMF	 Colchicine-Resistant FMF	 Healthy Controls	 p-value
		  (n=57)	 (n=17)	 (n=74)	

Female (n, %)	 34 (59.6%)	 9 (52.9%)	 39 (52.7%)	 0.713

Male (n, %)	 23 (40.4%)	 8 (47.1%)	 35 (47.3%)	

Age (years), median 

(min-max)	 35 (18–63)	 31 (20–49)	 37(22–55)	 0.186

Table 2. Laboratory results of FMF patients

		  Colchicine-Responsive FMF	 Colchicine-Resistant FMF	 All FMF Patients
		  (n=57)	 (n=17)	 (n=74)

CRP (mg/dL)	 0.14 (0.02–3.6)	 0.22 (0.02–4.00)	 0.13 (0.02–4)

ESR (mm/h)	 8 (1–37)	 11 (1–38)	 8 (1–38)

Urine Protein (mg/dL)	 103 (10–289)	 152 (75–12897)	 113.5 (10–12897)

Serum Creatinine (mg/dL)	 0.75 (0.56–1.05)	 0.72 (0.62–1.99)	 0.75 (0.56–1.99)

CRP: C-Reactive Protein, ESR: Erythrocyte Sedimentation Rate.
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Upon evaluation of the laboratory results of FMF pa-
tients, all were found to be in an attack-free period; how-
ever, acute-phase reactants were found to be significantly 
higher in colchicine-resistant FMF patients (Table 2).

Evaluation of demographic characteristics showed that 
most FMF patients did not report parental consanguin-
ity, approximately half had a family history of FMF, the 
majority were high school graduates and married, were 
non-smokers, were not employed at the time of diagno-
sis, and had not experienced disease-related unemploy-

ment (Table 3).

Evaluation of clinical symptoms revealed that the major-
ity of both colchicine-responsive and colchicine-resistant 
FMF patients reported fever, peritonitis, and arthritis. 
However, most patients did not report pleuritis, ery-
thema, prolonged arthritis, or prolonged febrile myalgia 
(Table 4).

Genetic evaluation demonstrated that M694V het-
erozygosity was the most frequent mutation among 

Table 4. Distribution of clinical symptoms between colchicine-resistant and colchicine-responsive FMF patients

Symptom	 Colchicine-Responsive FMF	 Colchicine-Resistant FMF	 All FMF Patients
		  (n=57)	 (n=17)	 (n=74)

Fever - Yes	 54 (94.8%)	 16 (94.1%)	 70 (94.6%)

Fever - No	 3 (5.3%)	 1 (5.9%)	 4 (5.4%)

Peritonitis - Yes	 53 (93.0%)	 17 (100%)	 70 (94.6%)

Peritonitis - No	 4 (7%)	 0	 4 (5.4%)

Pleuritis - Yes	 8 (14%)	 5 (29.4%)	 13 (17.55%)

Pleuritis - No	 49 (86%)	 12 (70.6%)	 61 (82.45%)

Erythema - Yes	 4 (7%)	 5 (29.4%)	 9 (12.15%)

Erythema - No	 53 (93%)	 12 (70.6%)	 65 (87.85%)

Arthritis - Yes	 31 (54.4%)	 13 (76.5%)	 44 (59.3%)

Arthritis - Never	 26 (45.6%)	 4 (23.5%)	 30 (40.7%)

Prolonged Arthritis - Yes	 2 (3.5%)	 1 (5.9%)	 3 (4.1%)

Prolonged Arthritis - No	 55 (96.5%)	 16 (94.1%)	 71 (95.9%)

Prolonged Febrile Myalgia - Yes	 3 (5.3%)	 1 (5.9%)	 4 (5.4%)

Prolonged Febrile Myalgia - No	 54 (94.7%)	 16 (94.1%)	 70 (94.6%)

Table 3. Distribution of demographic characteristics of FMF patients

		  Colchicine-Responsive FMF	 Colchicine-Resistant FMF	 All FMF Patients
		  (n=57)	 (n=17)	 (n=74)

Parental Consanguinity - No	 53 (93%)	 15 (88.2%)	 68 (91.9%)

Family History of FMF - Yes	 30 (52.6%)	 10 (58.8%)	 40 (54.1%)

Education Level - Primary School	 5 (8.8%)	 3 (17.6%)	 8 (10.8%)

Education Level - Middle School	 1 (1.8%)	 1 (5.9%)	 2 (2.7%)

Education Level - High School	 47 (82.5%)	 12 (70.6%)	 59 (79.7%)

Education Level - University	 4 (7.0%)	 1 (5.9%)	 5 (6.75%)

Marital Status - Married	 33 (57.9%)	 13 (76.5%)	 46 (62.1%)

Smoking History - Current Smoker	 17 (29.8%)	 3 (17.6%)	 20 (27.0%)

Smoking History - Never Smoked	 38 (66.7%)	 13 (76.5%)	 51 (69%)

Smoking History - Quit	 2 (3.5%)	 1 (5.9%)	 3 (4%)

Employment at Diagnosis - Unemployed	 45 (78.9%)	 12 (70.6%)	 57 (77.1%)

Unemployment Due to Disease - No	 54 (94.7%)	 14 (82.4%)	 68 (91.9%)
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Table 5. Genetic mutations in FMF patients

Genetic Mutation	 Colchicine -Responsive FMF	 Colchicine-Resistant FMF	 All FMF Patients
		  (n=57)	 (n=17)	 (n=74)

M694V/M694V	 9 (15.8%)	 12 (70.5%)	 21 (28.3%)

M694V/wt	 21 (36.8%)	 2 (11.8%)	 23 (31%)

M694V/E148Q	 4 (7%)	 0	 4 (5.4%)

E148Q/wt	 9 (15.8%)	 2 (11.8%)	 11 (16.2%)

Exon 10/E148Q	 1 (1.7%)	 0	 1 (1.35%)

Exon 10/wt	 11 (19.1%)	 1 (5.9%)	 12 (16.1%)

Other	 2 (3.4%)	 0	 2 (2.7%)

*First allele / second allele, wt: wild type.

Table 7. Comparison of echocardiographic findings between all FMF patients and healthy controls

Parameter	 FMF (n=74)	 Control (n=74)	 p-value
		  Median (Min-Max)	 Median (Min-Max)	

LA		 31 (23–41)	 31 (22–44)	 0.507

IVS	 9 (1–13)	 9 (7–13)	 0.024

PW	 8 (1–13)	 9 (7–12)	 <0.001

LVD	 43 (35–86)	 43 (20–50)	 0.751

LVS	 26 (18–32)	 26 (19–34)	 0.468

LVEDV	 87 (35–152)	 82 (47–143)	 0.181

LVESEV	 32 (10–75)	 35 (21–86)	 0.228

EF		 63 (40–77)	 60 (52–70)	 0.425

E		  95 (9–148)	 93 (57–130)	 0.240

A		  82 (8–153)	 81 (57–120)	 0.928

DT		 183 (100–303)	 161 (100–254)	 <0.001

E Lateral	 14 (8–29)	 14 (8–23)	 0.754

A Lateral	 11 (5–18)	 10 (6–17)	 0.893

E Septal	 11 (5–20)	 11 (5–16)	 0.263

A Septal	 10 (5–17)	 9 (4–23)	 0.189

GLS	 20 (8–55)	 22 (16–33)	 <0.001

GCS	 21 (10–42)	 20 (13–30)	 0.617

*p<0.05. LA: Left atrium, IVS: Interventricular septum, PW: Posterior wall, LVD: Left ventricular diastole, LVS: Left ventricular systole, LVEDV: 
Left ventricular end-diastolic volume, LVESEV: Left ventricular end-systolic volume, EF: Ejection fraction, E: Early diastolic flow,A: Atrial filling, 
DT: Deceleration time, E Lateral: Early lateral filling, A Lateral: Late lateral filling, E Septal: Early septal filling, A Septal: Late septal filling, GLS: 
Global Longitudinal Strain, GCS: Global Circumferential Strain.

Table 6. Comorbid Conditions in FMF Patients

Comorbidity	 Colchicine-Responsive FMF	 Colchicine-Resistant FMF	 All FMF Patients
		  (n=57)	 (n=17)	 (n=74)

History of Amyloidosis – Yes	 0	 6 (35.3%)	 6 (8.2%)

History of Amyloidosis - No	 57 (100%)	 11 (64.7%)	 68 (91.8%)

Coexisting Inflammatory Disease - None	 52 (91.2%)	 16 (94.1%)	 68 (91.8%)

Spondyloarthritis	 3 (5.3%)	 1 (5.9%)	 4 (5.4%)

Rheumatoid Arthritis	 1 (1.8%)	 0	 1 (1.4%)

Inflammatory Bowel Disease	 1 (1.8%)	 0	 1 (1.4%)
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colchicine-responsive patients (36.8%), whereas M694V 
homozygosity predominated in the colchicine-resistant 
group (70.5%) (Table 5).

With the exception of one colchicine-responsive 
FMF patient, all patients—both colchicine-resistant 
and colchicine-responsive—reported regular use of 
colchicine therapy. Nevertheless, 55.3% of colchicine-re-
sponsive patients and all colchicine-resistant patients re-
ported experiencing attacks despite adherence to regular 
colchicine treatment. Among the colchicine-resistant pa-
tients, 11 were receiving biologic therapy: 10 Were being 
treated with anakinra and 1 with canakinumab.

Evaluation of comorbidities in FMF patients showed that 
the majority had no history of amyloidosis, no evidence 
of renal involvement, and no accompanying inflamma-
tory diseases. The most frequently observed comorbid 
condition was spondyloarthritis (Table 6).

When all patients diagnosed with FMF (n=74) were com-
pared with healthy controls (n=74) using speckle track-
ing echocardiography, significant differences were ob-

served between the groups in terms of interventricular 
septum thickness (IVS), posterior wall thickness (PW), 
deceleration time (DT), and global longitudinal strain 
(GLS) (p<0.05, Table 7).

When colchicine-resistant and colchicine-responsive 
FMF patients were compared with healthy controls, 
significant differences were found among the groups in 
terms of interventricular septum thickness (IVS), pos-
terior wall thickness (PW), deceleration time (DT), and 
global longitudinal strain (GLS) (p<0.05). These differ-
ences were found to be statistically significant, specifi-
cally between colchicine-responsive FMF patients and 
healthy controls (p<0.05, Table 8).

Discussion

Although pericardial involvement in Familial Mediter-
ranean Fever (FMF) has been examined in multiple stud-
ies during both attack and remission periods, evidence 
specifically addressing patients with severe disease phe-
notypes or colchicine resistance remains scarce. In the 

Table 8. Comparison of echocardiographic findings between colchicine-responsive FMF patients, colchicine-resistant FMF patients, and 
healthy controls

Parameter	 Colchicine-Responsive FMF	 Colchicine-Resistant FMF	 Control
		  (n=57) Median (Min-Max)	 (n=17) Median (Min-Max)	 (n=74) Median (Min-Max)

LA		 31 (23–41)	 30 (26–35)	 31 (22–44)

IVS	 8 (1–13)*	 10 (5–12)	 9 (7–13)

PW	 8 (1–13)*	 10 (6–12)	 9 (7–12)

LVD	 43 (35–86)	 41 (38–48)	 43 (20–50)

LVS	 26 (20–32)	 24 (18–31)	 26 (19–34)

LVEDV	 87 (35–152)	 92 (36–124)	 82 (47–143)

LVESEV	 32 (16–75)	 34 (10–65)	 35 (21–86)

EF	62 (40–77)	 64 (46–73)	 60 (52–70)

E	 95 (23–148)	 98 (9–130)	 93 (57–130)

A	 83 (26–153)	 79 (8–134)	 81 (57–120)

DT	187 (100–303)*	 183 (100–296)	 161 (100–254)

E Lateral	 14 (8–29)	 13 (10–23)	 14 (8–23)

A Lateral	 11 (5–18)	 10 (7–18)	 10 (6–17)

E Septal	 11 (6–20)	 9 (5–16)	 11 (5–16)

A Septal	 10 (5–17)	 10 (5–17)	 9 (4–23)

GLS	 20 (8–55)*	 20 (15–32)	 22 (16–33)

GCS	 21 (10–29)	 20 (11–42)	 20 (13–30)

*Significant difference between colchicine-responsive FMF patients and controls, p<0.05. LA: Left atrium, IVS: Interventricular septum, PW: 
Posterior wall, LVD: Left ventricular diastole, LVS: Left ventricular systole, LVEDV: Left ventricular end-diastolic volume, LVESEV: Left ventricular 
end-systolic volume, EF: Ejection fraction, E: Early diastolic flow, A: Atrial filling, DT: Deceleration time, E Lateral: Early lateral filling, A Lateral: 
Late lateral filling, E Septal: Early septal filling, A Septal: Late septal filling, GLS: Global Longitudinal Strain, GCS: Global Circumferential Strain.
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present study, myocardial function was evaluated using 
speckle-tracking echocardiography, an imaging modal-
ity capable of identifying subtle myocardial abnormali-
ties with greater sensitivity than conventional echocar-
diographic techniques.

The results of this study revealed significant differences 
between FMF patients and healthy controls with respect 
to interventricular septum thickness, posterior wall 
thickness, deceleration time, and global longitudinal 
strain (GLS), supporting the presence of subclinical my-
ocardial involvement in FMF. In contrast, no significant 
differences were observed between colchicine-resistant 
and colchicine-responsive FMF patients. These findings 
suggest that myocardial dysfunction may be related 
to FMF itself rather than being directly influenced by 
colchicine responsiveness.

Consistent with existing literature, most colchicine-resis-
tant patients in our cohort were carriers of the M694V 
homozygous mutation, which has been associated with 
more severe clinical manifestations. Despite evaluation 
during attack-free periods, these patients demonstrated 
higher acute-phase reactant levels as well as increased 
frequencies of amyloidosis and renal involvement com-
pared with colchicine-responsive patients, indicating the 
persistence of subclinical inflammation.

Previous studies investigating cardiac involvement in 
FMF have reported inconsistent results. While some au-
thors have demonstrated myocardial dysfunction, others 
have failed to identify significant cardiac abnormalities. 
These discrepancies may be explained by variations in 
study populations, including differences in age, disease 
duration, genetic profiles, and the diagnostic sensitivity 
of the imaging methods used.

In support of our findings, Kalkan et al.[17] reported that 
strain echocardiography detected myocardial abnormal-
ities in FMF patients that were not evident with tissue 
Doppler imaging. Conversely, Tavil et al.[20] did not iden-
tify significant differences in speckle-tracking parameters 
between FMF patients and healthy controls but reported 
diastolic dysfunction using Doppler flow analysis. Sim-
ilarly, Baysal et al.[21] observed diastolic dysfunction in 
pediatric FMF patients assessed with Doppler echocar-
diography, underscoring the limited sensitivity of con-
ventional echocardiographic methods for early myocar-
dial involvement.

Terekeci et al.[22] evaluated young FMF patients during at-

tack and remission phases using tissue Doppler echocar-
diography and found no significant differences, attribut-
ing their findings to the relatively young age of the study 
population. Given that FMF is a chronic disease with 
onset typically in childhood, cumulative inflammatory 
exposure over time may contribute to myocardial alter-
ations that become more apparent in adulthood.

Autonomic dysfunction detected by Holter monitoring 
has been described primarily in pediatric FMF cohorts, 
whereas similar findings have not been consistently 
demonstrated in adults. Nevertheless, Sarı et al.[10] re-
ported evidence of possible subclinical myocardial in-
volvement in young FMF patients without conventional 
cardiovascular risk factors. In line with this observation, 
Ceylan et al.[11] demonstrated reduced GLS values in pe-
diatric FMF patients, suggesting that myocardial strain 
abnormalities may be present even at early stages of the 
disease.

Arslan et al.[23] assessed pediatric FMF patients using 
Doppler echocardiography and electrocardiography and 
reported prolonged isovolumetric contraction and relax-
ation times together with increased P-wave dispersion, 
indicating early myocardial and electrical alterations. 
The more prominent echocardiographic changes ob-
served in our adult cohort may therefore reflect the cu-
mulative effects of long-standing disease.

Chronic inflammatory disorders are known to adversely 
affect vascular and myocardial function. Subclinical sys-
tolic and diastolic dysfunction has been documented in 
patients with rheumatoid arthritis, systemic lupus ery-
thematosus, and Behçet’s disease, even in the absence of 
overt cardiovascular disease.[24,25] In these conditions, di-
astolic abnormalities often precede systolic impairment 
and the development of clinical heart failure,[25–27] with 
inflammation playing a central role through mechanisms 
such as endothelial dysfunction, atherogenesis, and my-
ocardial remodeling.

Consistent with these findings, recent studies in patients 
with spondyloarthritis have reported impaired GLS 
values compared with healthy controls, particularly in 
radiographic subtypes, whereas non-radiographic sub-
groups did not demonstrate significant myocardial in-
volvement. A similar pattern was observed in our study.

Importantly, no significant differences in cardiac pa-
rameters were identified between colchicine-resistant 
FMF patients and healthy controls. This finding may 
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be related to the limited number of colchicine-resistant 
patients, which could have reduced statistical power, as 
well as the potential anti-inflammatory effects of biologic 
therapies used in this subgroup. The observation that 
many patients continued to experience attacks despite 
regular colchicine therapy prior to biologic treatment 
further emphasizes the role of inflammation control in 
preventing myocardial involvement.

Conclusion

Assessment of myocardial function in this cohort iden-
tified distinct echocardiographic differences between 
patients with Familial Mediterranean Fever and healthy 
individuals, consistent with subclinical myocardial in-
volvement. However, colchicine resistance was not as-
sociated with additional cardiac impairment when com-
pared with colchicine-responsive disease. These findings 
suggest that myocardial dysfunction in FMF may be 
related to the underlying inflammatory disease process 
rather than treatment responsiveness alone. Awareness 
of potential cardiac involvement in FMF may therefore 
contribute to more comprehensive patient evaluation 
and management.
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Patient-Reported Satisfaction and Symptom 
Improvement Following Holmium Laser 
Enucleation of the Prostate: Results from a 
Postoperative Telephone Survey
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Abstract
Objective: To evaluate patient-reported satisfaction and symptom improvement after holmium 
laser enucleation of the prostate (HoLEP) in a real-world cohort using a structured postopera-
tive telephone survey.

Methods: This single-center observational follow-up study combined retrospective chart re-
view with a structured telephone questionnaire. All HoLEP procedures performed between 
January 2023 and January 2026 were screened (n=519). Among 462 contact-eligible patients, 
209 provided verbal consent and completed the survey in March 2026. The questionnaire 
assessed global satisfaction, perceived change in voiding symptoms, willingness to undergo 
HoLEP again, willingness to recommend the procedure, temporal changes in satisfaction, 
residual symptoms, symptom-related bother, and need for additional treatment.

Results: Favorable overall satisfaction was reported by 146 patients (69.9%), and 184 (88.0%) 
reported improvement in voiding complaints. In addition, 149 patients (71.3%) stated that they 
would choose the same operation again, and 143 (68.4%) would recommend HoLEP to oth-
ers. Favorable satisfaction increased from 22.0% in the first postoperative week to 68.9% at 
interview. Urinary incontinence was the most frequent residual complaint (78.0%). Less favor-
able satisfaction was associated with residual symptoms and additional medication require-
ment (both p<0.0001). Longer follow-up showed a weak association with better satisfaction 
(rho=0.269, p<0.0001).

Conclusions: HoLEP was associated with substantial patient-reported symptom improve-
ment and generally favorable postoperative appraisal. However, satisfaction was dynamic and 
was closely related to residual symptoms, additional treatment, and postoperative recovery 
over time.

Keywords: Benign prostatic hyperplasia; holmium laser enucleation of the prostate; patient 
satisfaction; patient-reported outcomes; telephone survey.
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Introduction

Benign prostatic hyperplasia (BPH) is a major cause of 
lower urinary tract symptoms (LUTS) in aging men 

and can substantially impair daily function and quality 
of life. When medical therapy is insufficient or complica-
tions of bladder outlet obstruction develop, surgery is of-
ten required. Holmium laser enucleation of the prostate 
(HoLEP) is an established surgical option for men with 
LUTS secondary to BPH and provides durable functional 
improvement.[1]

Because BPH surgery is intended to relieve symptoms 
and improve quality of life, HoLEP should not be judged 
only by objective perioperative or functional outcomes. 
Patient satisfaction, willingness to undergo the proce-
dure again, and other patient-reported outcomes are also 
important. Lee et al.[2] reported that postoperative dis-
satisfaction after HoLEP was mainly related to urinary 
incontinence, whereas Cho et al.[3] showed that postoper-
ative appraisal changes over time and is associated with 
perceived treatment goal achievement.

More recent questionnaire-based studies have described 
generally favorable medium-term patient-reported out-
comes after HoLEP.[4,5] This perspective is especially 
relevant when counseling patients about postoperative 
expectations. Although HoLEP does not appear to im-
pair overall sexual function at the population level, ejac-
ulatory changes remain clinically relevant for many pa-
tients.[6-8] In addition, information-seeking behavior and 
the quality of preoperative information may influence 
postoperative satisfaction and decision appraisal.[9] A re-
cent review emphasized that patient-reported outcomes 
remain incompletely and inconsistently reported in the 
HoLEP literature.[10]

The present study evaluated postoperative satisfaction 
after HoLEP in a real-world cohort using a structured tele-
phone questionnaire. In addition to global satisfaction, 
the survey assessed perceived improvement in voiding 
symptoms, willingness to undergo HoLEP again, will-
ingness to recommend the procedure, temporal changes 
in satisfaction, residual symptoms, symptom-related 
bother, and the need for additional treatment.

Materials and Methods

Study design and patient selection
This single-center observational follow-up study com-

bined retrospective chart abstraction with a structured 
postoperative telephone survey. All HoLEP procedures 
performed between January 2023 and January 2026 were 
screened from institutional operative records (n=519). 
Because telephone follow-up was integral to the study 
design, only patients with available contact information 
were considered contact-eligible (n=462). All contact-el-
igible patients were approached in March 2026 using a 
prespecified interview script and questionnaire. Of these 
patients, 209 provided verbal consent and completed the 
survey, yielding a response rate of 45.2% among contact-
eligible patients and 40.3% relative to the screened co-
hort.

Because the study was designed as a fixed-cohort survey 
of all contact-eligible patients operated on within a pre-
defined institutional period, no formal sample size calcu-
lation was performed. No post hoc exclusions based on 
age, prostate size, comorbidity burden, or perioperative 
characteristics were applied after questionnaire comple-
tion. The unit of analysis was the individual respondent, 
and the final analytic dataset contained one record per 
participating patient.

Questionnaire and study variables
The study questionnaire had two components. The first 
was completed from hospital and operative records and 
included age, operation date, interview date, postoper-
ative interval in months, comorbidities, preoperative 
prostate-specific antigen (PSA), prostate volume, pre-
operative urinary retention, previous BPH surgery, enu-
cleated tissue weight, and operative time. The second 
component was administered by telephone and assessed 
overall satisfaction with HoLEP (S1), perceived change in 
voiding symptoms (S2), willingness to undergo the same 
operation again (S3), willingness to recommend HoLEP 
to a relative or acquaintance with similar symptoms (S4), 
first source of information about HoLEP (S5), satisfaction 
at predefined postoperative time points (S6), current or 
recent postoperative symptom burden (S7), symptom-
related bother on a 0-10 numerical rating scale (S8), need 
for postoperative medication or additional treatment 
(S9), educational level (S10), and occupation (S11).

Items S1-S4 were coded on 5-point ordinal scales, with 
lower scores indicating more favorable responses. For 
prespecified summary analyses, favorable overall satis-
faction was defined as S1=1-2, perceived improvement 
in voiding complaints as S2=1-3, willingness to undergo 
the same operation again as S3=1-2, and willingness to 
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recommend HoLEP as S4=1-2. For S6, the same coding 
was used at postoperative week 1, month 1, month 3, 
month 6, month 12, and interview; lower values again 
indicated greater satisfaction, whereas “U” denoted a 
structurally inapplicable time point not yet reached. The 
multiple-response symptom item (S7) was decomposed 
into separate binary symptom indicators for analysis. No 
composite questionnaire score was calculated. The prin-
cipal study domains and analytical roles are summarized 
in Table 1.

Data handling
Interview data were entered into Microsoft Excel and 
transferred to the analytical dataset for cleaning and 
analysis. Values coded as “X” or “x” were treated as 
missing. Responses outside allowable categories were 
recoded as missing. For S7, records in which “none” 
was selected together with one or more symptoms were 
considered logically inconsistent; in these cases, symp-
tom-specific responses were retained and “none” was re-
moved. When S7 indicated no current symptom and S8 
was blank, S8 was assigned a value of 0 by deterministic 
rule. For the longitudinal satisfaction item (S6), struc-

All HoLEP procedures performed between January 2023 and 
January 2026 were screened from operative records (n=519).

Patients with available telephone contact information were 
considered contact-eligible (n=462).

Patients who provided verbal consent and completed the telephone 
questionnaire in March 2026 (n=209).

Five-level ordinal items; lower scores indicate more favorable 
responses. Favorable summaries were prespecified as S1=1-2, 

S2=1-3, S3=1-2, and S4=1-2.

Ordinal satisfaction at week 1, month 1, month 3, month 6, month 
12, and interview. “U” denotes a structurally inapplicable time point 

not yet reached.

Multiple-response item decomposed into separate binary indicators 
for none, incontinence, dysuria, hematuria, sexual/ejaculatory 

change, and weak/intermittent stream.

Numerical bother score from 0 to 10. If no symptom was reported in 
S7 and S8 was blank, the score was set to 0 by deterministic rule.

1=no treatment, 2=medication, 3=additional procedure, 4=both. 
Nonstandard entries were normalized before analysis.

Continuous or categorical variables abstracted from hospital 
and operative records; comorbidities coded as separate binary 

indicators.

Defines the denominator for overall 
cohort ascertainment.

Defines the survey-eligible source 
population.

Final population used for descriptive 
and inferential analyses.

Main descriptive endpoints.

Within-patient time-course analysis.

Descriptive symptom prevalence and 
subgroup analyses.

Quantifies current symptom-related 
bother.

Postoperative management endpoint.

Descriptive profiling and covariate 
exploration.

Screened surgical population

Telephone contact 
information

Completed survey

S1-S4

S6

S7

S8

S9

Age, follow-up interval, 
comorbidities, PSA, prostate 

volume, urinary retention, 
previous BPH surgery, 

enucleated tissue weight, 
operative time

Source cohort

Contact eligibility

Analytic cohort

Primary 
satisfaction 
outcomes

Longitudinal 
satisfaction

Current symptoms

Symptom burden

Retreatment after 
surgery

Baseline 
covariates

Table 1. Principal study domains, questionnaire items, operational definitions, and analytical roles

Domain	 Variables / items	 Coding or operational definition	 Analytical role

Table 2. Baseline demographic and perioperative characteristics of 
the study cohort

Characteristic	 Value

Demographic characteristics	

	 Patients included in the completed 
	 analytic dataset	 209

	 Age, years	 63.0 (59.0-70.0)

	 Postoperative follow-up interval at
	 interview, months	 10.0 (5.0-22.0)

Preoperative and perioperative variables	

	 Prostate-specific antigen, ng/mL	 4.1 (1.7-7.0)

	 Prostate volume, mL	 80.0 (61.0-110.0)

	 Enucleated tissue weight, g	 49.3 (42.4-56.0)

	 Operative time, min	 60.0 (46.0-90.0)

Comorbidities	

	 Hypertension	 89 (42.6%)

	 Diabetes mellitus	 47 (22.5%)

	 Coronary artery disease	 23 (11.0%)

	 Cerebrovascular disease	 4 (1.9%)

Other clinical history	

	 Preoperative urinary retention	 71 (34.0%)

	 Previous benign prostatic hyperplasia surgery	 1 (0.5%)

Data are presented as median (interquartile range) or number (%). 
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tural inapplicability was distinguished from ordinary 
missingness. If the telephone interview occurred before 
the third-, sixth-, or twelfth-month time point, the corre-
sponding S6 response was coded as “U” and excluded 
from imputation and time point-specific denominators. 
Residual missing or invalid values in applicable struc-
tured variables were completed using multivariable k-
nearest neighbor imputation. Primary descriptive end-

points were recalculated before and after imputation to 
confirm that missing-data completion did not materially 
alter the main findings.

Statistical analysis
Data were analyzed with IBM SPSS Statistics for Win-
dows, version 22.0 (IBM Corp., Armonk, NY, USA). Con-
tinuous variables are presented as median and interquar-
tile range (IQR), and categorical variables as number and 

Table 3. Distribution of questionnaire responses for global outcomes, treatment preference, awareness source, retreatment, and educational 
attainment

Questionnaire item	 Response option	 n (%)

S1. Overall satisfaction with the outcome of HoLEP	 Very satisfied	 28 (13.4%)

		  Satisfied	 118 (56.5%)

		  Neutral	 45 (21.5%)

		  Dissatisfied	 14 (6.7%)

		  Very dissatisfied	 4 (1.9%)

S2. Overall change in voiding complaints after surgery	 Completely resolved	 31 (14.8%)

		  Markedly improved	 106 (50.7%)

		  Slightly improved	 47 (22.5%)

		  No change	 18 (8.6%)

		  Worsened	 7 (3.3%)

S3. Would choose the same operation again	 Definitely yes	 37 (17.7%)

		  Yes	 112 (53.6%)

		  Unsure	 42 (20.1%)

		  No	 16 (7.7%)

		  Definitely no	 2 (1.0%)

S4. Would recommend HoLEP to a relative with similar complaints	 Definitely yes	 39 (18.7%)

		  Yes	 104 (49.8%)

		  Unsure	 35 (16.7%)

		  No	 30 (14.4%)

		  Definitely no	 1 (0.5%)

S5. First source of information about HoLEP	 Physician/healthcare professional	 173 (82.8%)

		  Family/friend recommendation	 27 (12.9%)

		  Internet/social media	 6 (2.9%)

		  Another patient’s experience	 3 (1.4%)

S9. Need for additional treatment after surgery	 No	 125 (59.8%)

		  Yes - medication	 84 (40.2%)

		  Yes - additional procedure	 0 (0.0%)

		  Yes - both	 0 (0.0%)

S10. Educational attainment	 Illiterate	 50 (23.9%)

		  Literate without formal schooling	 20 (9.6%)

		  Primary school	 73 (34.9%)

		  Middle school	 27 (12.9%)

		  High school	 22 (10.5%)

		  University	 15 (7.2%)

		  Postgraduate education	 2 (1.0%)
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percentage. For the multiple-response symptom item, 
each symptom category was summarized using the full 
cohort as the denominator; therefore, percentages could 
exceed 100%.

The prespecified primary descriptive endpoints were 
favorable overall satisfaction, subjective improvement 
in voiding complaints, willingness to undergo HoLEP 
again, and willingness to recommend the procedure. As-
sociations between ordinal satisfaction scores and binary 
grouping variables were assessed with the Mann-Whit-
ney U test. Within-patient changes in longitudinal satis-
faction were assessed with the Wilcoxon signed-rank test. 
Correlations between satisfaction scores and continuous 
variables were examined using Spearman’s rank corre-
lation coefficient. Associations between categorical vari-
ables were analyzed with the chi-square test or Fisher’s 
exact test, as appropriate. All tests were two-sided, and 
p<0.05 was considered statistically significant. No ad-
justment for multiple comparisons was applied.

Ethics
This study was conducted in accordance with the Dec-
laration of Helsinki. Approval was obtained from the 
Institutional Scientific Research Ethics Committee (Jan-
uary 27, 2026; decision no: 2026/010.99/24/17). Verbal 
informed consent was obtained from all participants be-
fore the telephone interview.

Results

Among 519 screened HoLEP procedures, 462 patients 
were contact-eligible and 209 completed the survey. 
Baseline demographic and perioperative characteristics 

are presented in Table 2.

Overall satisfaction was favorable in 146 patients 
(69.9%), including 28 (13.4%) who were very satis-
fied and 118 (56.5%) who were satisfied. Improvement 
in voiding complaints was reported by 184 patients 
(88.0%): 31 (14.8%) described complete resolution, 106 
(50.7%) marked improvement, and 47 (22.5%) slight im-
provement. In addition, 149 patients (71.3%) stated that 
they would undergo the same operation again, and 143 
(68.4%) would recommend HoLEP to a relative with sim-
ilar complaints. HoLEP was first learned from a physi-
cian or other healthcare professional by 173 patients 
(82.8%). Detailed questionnaire distributions are shown 
in Table 3.

Thirty patients (14.4%) reported no residual or recently 
prominent symptom, whereas 179 (85.6%) reported at 
least one. Urinary incontinence was the most frequent 
complaint (163 patients, 78.0%), followed by retrograde 
ejaculation or sexual change (76, 36.4%), dysuria (31, 
14.8%), hematuria (12, 5.7%), and weak or intermittent 
stream (3, 1.4%). Because multiple responses were per-
mitted, percentages exceed 100%. The median bother 
score was 2.0 (IQR, 1.0-4.0) in the full cohort and 3.0 
(IQR, 2.0-4.0) among symptomatic patients (Table 4).

Satisfaction became more favorable over time. Favorable 
satisfaction increased from 46 patients (22.0%) in the first 
postoperative week to 101 (48.3%) at 1 month, 124 (62.3%) 
at 3 months, 105 (62.1%) at 6 months, and 70 (60.3%) at 

Figure 1. Temporal change in favorable satisfaction after HoLEP. 
Values indicate the proportion of patients rating satisfaction as very 
satisfied or satisfied at each postoperative time point. The n values on 
the horizontal axis denote the valid number of observations at each 
time point.

Table 4. Residual or recently prominent postoperative symptom 
profile and symptom-related bother

Variable	 Value

No residual or recently prominent symptom	 30 (14.4%)

Any residual or recently prominent symptom	 179 (85.6%)

Urinary incontinence	 163 (78.0%)

Dysuria	 31 (14.8%)

Hematuria	 12 (5.7%)

Retrograde ejaculation or sexual change	 76 (36.4%)

Weak or intermittent stream	 3 (1.4%)

Bother score (S8), full cohort	 2.0 (1.0-4.0)

Bother score (S8), symptomatic subgroup	 3.0 (2.0-4.0)

Data are presented as median (interquartile range) or number (%). Data are 
presented as number (%) or median (interquartile range). Multiple responses 
were permitted for symptom categories; therefore, percentages exceed 100%.
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12 months among patients who had reached those time 
points. At interview, 144 patients (68.9%) reported favor-
able satisfaction. The median satisfaction score improved 
from 3 in the first postoperative week to 2 from month 3 
onward and remained 2 at interview (Table 5; Fig. 1).

Overall satisfaction was significantly associated with 
residual symptoms and additional treatment. Favor-
able satisfaction was more common in symptom-free 
than symptomatic patients (96.7% vs 65.4%; chi-square 
p=0.0012). Satisfaction scores were less favorable in pa-
tients reporting any residual symptom (Mann-Whitney 
U, p<0.0001) and in those requiring additional med-
ication (median score, 3.0 vs 2.0; Mann-Whitney U, 
p<0.0001). In paired analysis, satisfaction at interview 
was significantly better than during the first postoper-
ative week (Wilcoxon signed-rank, p<0.0001). Age was 
not significantly correlated with overall satisfaction 
(Spearman rho=0.083, p=0.233), whereas longer follow-
up showed a weak but significant association with better 
satisfaction (Spearman rho=0.269, p<0.0001) (Table 6).

Discussion

In this real-world telephone survey, most patients re-
ported favorable postoperative appraisal after HoLEP, 
substantial improvement in voiding complaints, and 
willingness to undergo the same operation again or 
recommend it to others. However, satisfaction was not 
static. It improved after the early postoperative period 
and was less favorable in patients with residual symp-
toms or additional medication requirements. This over-

all pattern is consistent with prior HoLEP studies that 
linked dissatisfaction to incontinence and showed that 
patient appraisal evolves during follow-up.[2-5]

The temporal pattern of recovery is one of the most clin-
ically relevant findings of the study. Favorable satisfac-
tion increased from 22.0% in the first postoperative week 
to 68.9% at interview (Fig. 1), and the median satisfaction 
score improved from 3 to 2 over the same interval (Table 
5). This pattern suggests that early postoperative percep-
tion may underestimate the eventual patient appraisal 
of HoLEP. The early postoperative period is likely influ-
enced by transient leakage, dysuria, urgency, irritative 
symptoms, and adjustment to altered voiding function, 
whereas later assessments better reflect sustained re-
lief of obstruction. This interpretation is consistent with 
prior serial HoLEP data.[3]

Residual symptoms appeared to be central to postop-
erative dissatisfaction. Incontinence was the most fre-
quently reported current or recently prominent com-
plaint and was strongly associated with less favorable 
satisfaction. This observation is aligned with the study 
by Lee et al.,[2] in which postoperative urinary inconti-
nence was a leading driver of dissatisfaction. At the 
same time, the median bother score remained low in the 
overall cohort, suggesting that symptom prevalence and 
symptom burden should not be considered interchange-
able. Because our questionnaire used a broad patient-re-
ported symptom domain rather than a strict pad-based 
continence definition, the observed prevalence should be 
interpreted cautiously. 

Overall satisfaction score vs any residual 
symptom

Overall satisfaction score vs additional 
treatment requirement

First postoperative week vs interview 
satisfaction

Follow-up interval vs overall satisfaction 
score

Favorable overall satisfaction (S1 score 1-2) 
vs any residual symptom

Lower scores indicate greater satisfaction for the overall satisfaction item. 

Age vs overall satisfaction score

Mann-Whitney U

Mann-Whitney U

Wilcoxon signed-rank

Spearman correlation

Chi-square

Spearman correlation

Less favorable score distribution in symptomatic 
patients

No additional treatment median=2.0 vs 
medication-required median=3.0

First week median=3.0 vs interview median=2.0

rho=0.269

96.7% vs 65.4% favorable satisfaction

rho=0.083

<0.0001

<0.0001

<0.0001

<0.0001

0.0012

0.233

Table 6. Comparative and correlational analyses related to overall satisfaction

Comparison	 Statistical test	 Summary	 p value
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Additional postoperative medication was also associated 
with less favorable satisfaction. This finding does not 
necessarily indicate surgical failure, but it may reduce 
the perceived completeness of symptom relief and there-
fore influence whether patients would recommend the 
procedure to others. The sexual and ejaculatory domain 
should also be considered when interpreting global sat-
isfaction. More than one-third of respondents reported 
retrograde ejaculation or sexual change. Previous studies 
suggest that although HoLEP does not usually worsen 
overall erectile function, ejaculatory changes may still 
influence orgasmic experience and postoperative bother 
in selected patients.[6-8] Therefore, the patient experience 
after HoLEP should be interpreted as a balance between 
urinary benefit and treatment-related trade-offs rather 
than as a purely voiding outcome.

The finding that most patients first learned about HoLEP 
from a physician or other healthcare professional also 
has practical relevance. It suggests that counseling qual-
ity may substantially shape expectations before surgery. 
This interpretation is consistent with previous work 
showing that information-seeking behavior and the 
quality of preoperative information are associated with 
later satisfaction and decision appraisal.[9]

The present study has several strengths. It evaluates 
clinically meaningful patient-reported domains that are 
not fully captured by surgeon-reported perioperative 
measures, and it examines satisfaction as a trajectory 
across multiple postoperative time points rather than as 
a single static endpoint. It also provides pragmatic real-
world data from a broad postoperative cohort. However, 
the retrospective telephone-based design introduces the 
possibility of recall bias, especially for time-specific sat-
isfaction ratings. The response rate raises the possibility 
of nonresponse bias. In addition, the questionnaire was 
developed for this study and was not a validated pa-
tient-reported outcome instrument, which limits direct 
comparison with studies using standardized measures. 
Finally, some variables required prespecified cleaning 
and imputation; although primary descriptive endpoints 
were stable before and after imputation, residual mea-
surement error cannot be excluded. These issues support 
recent calls for broader and more standardized reporting 
of patient-reported outcomes in HoLEP research.[10]

Finally, the clinical value of telephone-based follow-up 
may extend beyond the assessment of satisfaction and 
patient-reported symptom improvement. Glienke et 

al.[11] recently evaluated long-term urethral and bladder 
neck strictures after HoLEP in a large patient series and 
incorporated telephone follow-up into postoperative 
outcome ascertainment. Their findings highlight that 
persistent or recurrent voiding complaints after HoLEP 
may occasionally reflect late anatomical obstruction 
and that structured telephone contact may help iden-
tify patients who require further clinical evaluation. In 
the present cohort, weak or intermittent urinary stream 
was uncommon, and no patient reported undergoing 
an additional postoperative procedure. Nevertheless, 
because objective uroflowmetry, postvoid residual mea-
surement, and cystoscopic assessment were not included 
in the present survey protocol, clinically silent or unrec-
ognized infravesical obstruction could not be excluded. 
Telephone follow-up should therefore be regarded as a 
pragmatic screening and patient-reported outcome tool 
rather than a substitute for objective urological evalua-
tion in patients with persistent or recurrent symptoms.

Conclusion

HoLEP was associated with substantial patient-reported 
improvement in voiding symptoms and generally favor-
able postoperative appraisal in this real-world cohort. 
Satisfaction improved over time and was closely related 
to residual symptoms and additional treatment require-
ments. These findings support careful perioperative 
counseling and more standardized longitudinal assess-
ment of patient-reported outcomes after HoLEP.
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Retrospectıve Analysis of Candida Auris 
Colonization and Infections in The Intensive 
Care Unit

 Sultan Şıvğın Til,  Betül Yıldız,  Görkem Tükenmez,  Elif Bombacı

Abstract
Objective: Candida auris (C. auris) is an emerging multidrug-resistant yeast associated with 
healthcare-associated outbreaks, particularly in intensive care units (ICUs), and is linked to 
high mortality. This study aimed to evaluate the incidence of C. auris colonization and infection, 
clinical outcomes, and risk factors in ICU patients at a tertiary hospital in Türkiye.

Methods: This retrospective single-center study was conducted at Kartal Dr. Lütfi Kırdar 
City Hospital (Istanbul, Türkiye) between March 1 and August 31, 2025. Weekly surveillance 
screening was performed using combined axilla and groin swabs. Clinical specimens were col-
lected in suspected infections. Identification was performed by MALDI-TOF MS. Demographic 
and clinical variables were analyzed, and logistic regression was used to identify predictors of 
30-day mortality.

Results: A total of 38 ICU patients with C. auris detection were included. The mean age 
was 68.8±15.4 years, and 55.3% were male. Colonization was detected in 60.5% of patients, 
while 39.5% had infection. The overall incidence of C. auris was 1.6%. Bloodstream infection 
was the most common infection type (31.6%). The overall 30-day mortality rate was 55.3%. 
Azole resistance was observed in 80.0% of isolates, amphotericin B resistance in 73.3%, and 
echinocandin resistance in 13.3%. In multivariable analysis, mechanical ventilation was inde-
pendently associated with 30-day mortality (OR=19.27,95% CI:1.02–363.48; p=0.04).

Conclusions: C. auris infections have become a serious threat in ICUs in recent years. The 
mortality rate is quite high in this study. Advanced age, high comorbidity scores, mechanical 
ventilation, central venous catheterization, and broad-spectrum antibiotic use were highlighted 
as risk factors for C. auris. From a cost-effectiveness perspective, early diagnosis of high-risk 
patients and targeted preventive strategies may be more appropriate than routine weekly C. 
auris screening. Early detection of C. auris, implementation of contact isolation, strengthening 
of environmental disinfection, and review of antifungal treatment strategies are critical in con-
trolling this infection.

Keywords: Candida auris; candida auris incidence; candida auris colonization.
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Introduction

Candida auris (C. auris) is a recently 
emerged multidrug-resistant yeast, 

first isolated in 2009 from the external au-
ditory canal of a patient in Japan.[1] It is 
capable of colonizing multiple anatomi-
cal sites, including the skin, axillae, nares, 
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and groin, and is primarily transmitted through direct 
contact. Importantly, C. auris can persist on inanimate 
surfaces for more than seven days, facilitating nosoco-
mial transmission and prolonged environmental con-
tamination.[2]

The growing global burden of C. auris has drawn con-
siderable attention, largely due to challenges in accurate 
microbiological identification and its wide spectrum of 
clinical manifestations. Among these, bloodstream in-
fections represent the most severe form, with mortality 
rates reported to reach up to 40%.[3,4] A major challenge in 
the management of C. auris infections is its unfavorable 
antifungal susceptibility profile. Approximately 90% of 
isolates are resistant to fluconazole, 35% to amphotericin 
B, and over 40% exhibit resistance to two or more anti-
fungal classes.[5,6] This multidrug resistance significantly 
complicates the treatment of invasive infections, particu-
larly candidemia, and contributes to high mortality rates.
[6] Overall mortality associated with C. auris ranges from 
30% to 60%, especially among critically ill patients.[7,8]

Accordingly, the Centers for Disease Control and Preven-
tion (CDC) has classified C. auris among critical priority 
pathogens, underscoring the urgent need for effective in-
fection prevention strategies and antifungal stewardship 
programs.[9] Recent outbreaks worldwide have further 
highlighted its substantial potential for healthcare-asso-
ciated transmission. However, most available epidemio-
logical data derive from outbreak investigations or pas-
sive surveillance systems, with incidence rates varying 
widely, ranging from 5–10% to as high as 40%.[10,11]

According to a 2024 report by the European Centre for 
Disease Prevention and Control (ECDC), the first case of 
C. auris in Türkiye was reported in 2020. Since then, the 
number of cases has increased rapidly, with a total of 114 
cases reported between 2013 and 2023.[12]

A comprehensive understanding of the epidemiological 
characteristics and risk factors associated with C. auris is 
essential to inform targeted preventive strategies. There-
fore, this study was designed to determine the incidence 
of C. auris colonization and infection in the intensive care 
units (ICUs) of our hospital, evaluate clinical outcomes, 
and identify associated risk factors.

Materials and Methods

Study Design and Setting
This retrospective, single-center study was conducted 
at a tertiary care teaching hospital in Istanbul, Türkiye. 

The study period spanned from March 1, 2025, to Au-
gust 31, 2025 and conducted according to Declaration of 
Helsinki. Ethical approval was obtained from the Insti-
tutional Scientific Research Ethics Committee of Kartal 
Dr. Lütfi Kırdar City Hospital (Date: 29/09/2025, No: 
2025/010.99/20/16).

Patient data were retrieved from the hospital’s electronic 
medical records system.

Infection Control Protocol and Screening Strategy
Following an increase in C. auris cases in our institution, 
an infection prevention and control protocol was im-
plemented. This protocol included weekly surveillance 
screening using swab specimens and strict contact isola-
tion precautions.

In accordance with this protocol, ICU patients underwent 
weekly screening for skin colonization using combined 
axilla and groin swabs. For patients with clinical signs or 
symptoms of infection, culture specimens were obtained 
from blood, urine, wounds, and tracheal aspirates.

Patient Population
The hospital has a total of 121 ICU beds, including 95 
tertiary-level and 26 secondary-level beds. All ICU pa-
tients with C. auris detected either as a pathogen in clini-
cal specimens (blood, urine, wound, or tracheal aspirate 
cultures) or as colonization in screening swab samples 
were included.

Repeated isolates from the same patient were excluded, 
and only the first isolate was included in the analysis.

Definitions
Colonization was defined as the isolation of C. auris from 
combined axilla and groin screening swabs in the ab-
sence of clinical signs or symptoms of infection.

Infection was defined as the isolation of C. auris from 
urine, wound, or tracheal aspirate cultures and/or from 
at least one blood culture.

Microbiological Identification and Antifungal 
Susceptibility Testing
For colonization screening, combined swab samples 
were collected from the axillary and inguinal regions us-
ing a single swab. Sampling was performed sequentially, 
first from the axilla and then from the groin, and swabs 
were transported in Stuart transport medium.

Samples were inoculated onto chromogenic Candida 
agar (bioMérieux, France). Yeast colonies were identi-
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fied to the species level using matrix-assisted laser des-
orption/ionization time-of-flight mass spectrometry 
(MALDI-TOF MS; bioMérieux, France). Plates were eval-
uated at 48 and 72 hours of incubation, and newly grown 
colonies were processed similarly.

Data Collection
The following variables were collected: Age, sex, comor-
bidities, history of nursing home residence, hospitaliza-
tion within the previous 6 months, abdominal surgery 
within the last 30 days, prior antibiotic and antifungal 
use, steroid and immunosuppressive therapy, neu-
tropenia prior to C. auris detection, co-isolation of other 
microorganisms, mechanical ventilation, central venous 
catheter use, total parenteral nutrition, continuous renal 
replacement therapy, colonization or infection status, site 
of infection, antifungal susceptibility profiles, antifungal 
treatments, ICU length of stay, total hospital length of 
stay, and 30-day mortality following C. auris detection.

Statistical Analysis
Statistical analyses were performed using IBM SPSS 
Statistics version 25.0 (IBM Corp., Armonk, NY, USA). 
Normality of continuous variables was assessed us-
ing the Shapiro–Wilk test and graphical methods (his-
tograms and Q–Q plots).

Normally distributed variables were expressed as mean 
± standard deviation (SD), while non-normally distrib-
uted variables were reported as median and interquartile 
range (IQR). Categorical variables were presented as fre-
quencies and percentages.

For group comparisons, Student’s t-test or the Mann–
Whitney U test was used for continuous variables, as 
appropriate. Categorical variables were compared using 
the chi-square test or Fisher’s exact test.

To identify independent predictors of 30-day mortality, 
logistic regression analysis was performed. Variables 
with p<0.20 in univariate analysis, along with clini-
cally relevant factors, were included in the multivari-
able model. Results were reported as odds ratios (ORs) 
with 95% confidence intervals (CIs). A two-sided p-value 
<0.05 was considered statistically significant.

Results

Demographic and Clinical Characteristics
A total of 38 patients were included in the analysis. The 
mean age was 68.8±15.4 years, and 55.3% were male. The 

most frequently observed comorbidities were diabetes 
mellitus (28.9%), solid malignancy (39.5%), and myocar-
dial infarction (15.8%). The median Charlson Comorbid-
ity Index (CCI) score was 5.5 (IQR: 3.0) (Table 1).

Treatment Characteristics and Clinical Course
Most patients (97.4%) received β-lactam antibiotics prior 
to C. auris detection. Azole exposure was present in 
21.1%, steroid use in 44.7%, and echinocandin exposure 
in 7.9% of patients. Mechanical ventilation was required 
in 86.8% of patients, central venous catheter use was ob-
served in 78.9%, and total parenteral nutrition was ad-
ministered in 42.1%.

A total of 2360 patients were admitted to all intensive care 
units during the study period. The overall incidence of 
C. auris was 1.6%. When colonized and infected patients 
were evaluated separately, the incidence of colonization 
with C. auris was found to be 0.97%, and the incidence of 
C. auris infection was 0.63%. Infection developed in 17% 
(n=4) of the 23 colonized patients.

The median ICU length of stay was 25.5 days (IQR: 20), 
while the median total hospital length of stay was 36.5 
days (IQR: 36). The overall 30-day mortality rate was 
55.3%. The 30-day mortality rate was found to be 43% 
for colonized patients and 73% for infected patients. At 
the end of the study period, 26.3% of patients remained 
hospitalized in the ICU (Table 2).

Table 1. Demographic and clinical characteristics of the study 
population

Variables	 Data (n=38)

Age, years, mean ± SD	 68.8±15.4

Sex, n (%)	

	 Male	 21 (55.3)

	 Female	 17 (44.7)

DM, n (%)	 11 (28.9)

COPD, n (%)	 4 (10.5)

CKD, n (%)	 4 (10.5)

MI, n (%)	 6 (15.8)

Solid malignancy, n (%)	 15 (39.5)

Hematological malignancy, n (%)	 2 (5.3)

Nursing home residence, n (%)	 4 (10.5)

Hospitalization within the last 6 months, n (%)	 27 (71.1)

Abdominal surgery within the last 30 days, n (%)	 6 (15.8)

CCI, median (IQR)	 5.5 (3.0)

SD: Standard deviation; IQR: Interquartile range; DM: Diabetes Mellitus; COPD: 
Chronic obstructive pulmonary disease; CKD: Chronic kidney disease; MI: 
Myocardial infarction; CCI:Charlson Comorbidity Index.
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Microbiological Findings
Growth of microorganisms other than C. auris was de-
tected in 63.2% of patients. Among all cases, 60.5% were 
classified as colonization and 39.5% as infection. Among 
infected patients, the most frequent site of isolation was 
blood culture (31.6%).

Among patients who received antifungal treatment, 
91.7% were treated with caspofungin and 8.3% with flu-
conazole. The mean duration of antifungal therapy was 
16.0±11.6 days. Resistance rates were highest against 
azoles (80.0%), followed by amphotericin B (73.3%). 
Echinocandin resistance was detected in two patients 
(13.3%) (Table 3).

Factors Associated With 30-Day Mortality
When patients with and without 30-day mortality were 
compared, the mortality group had a higher mean age 

(72.8±14.0 years vs. 63.8±16.0 years; p=0.07). The median 
CCI score was significantly higher among patients who 
died [6 (IQR: 3) vs. 4 (IQR: 5); p=0.02] (Table 4).

Regarding clinical variables, hospitalization within the 
previous 6 months (81.0% vs. 58.8%; p=0.135) and me-
chanical ventilation use (95.2% vs. 76.5%; p=0.152) were 
more frequent in the mortality group, although these dif-
ferences did not reach statistical significance. Similarly, 
C. auris infection was more common among patients 
who died (47.6% vs. 29.4%; p=0.254), but the difference 
was not statistically significant.

In microbiological evaluation, blood culture positiv-
ity was higher in the mortality group (33.3% vs. 23.5%; 
p=0.213); however, no significant association was found 
between mortality and infection type or site. Antifungal 
treatment initiation was more frequent in the mortality 
group (38.1% vs. 23.5%; p=0.337), likely reflecting in-
creased disease severity. Antifungal resistance rates were 
similarly high in both groups (azole resistance 80%, am-
photericin B resistance 70–80%, echinocandin resistance 
10–20) and did not significantly differ between groups 
(p>0.05) (Table 4).

Logistic Regression Analysis
In multivariable logistic regression analysis, mechanical 
ventilation was independently associated with 30-day 
mortality (OR=19.27, 95% CI: 1.02–363.48, p=0.04). Other 

Table 2. Medications and ICU-related clinical characteristics prior to 
detection of C.auris

Variables	 Data (n=38)

β-lactam antibiotics, n (%)	 37 (97.4)

Quinolones, n (%)	 2 (5.3)

Polymyxins, n (%)	 5 (13.2)

Azoles, n (%)	 8 (21.1)

Amphotericin B, n (%)	 1 (2.6)

Echinocandins, n (%)	 3 (7.9)

Steroid use, n (%)	 17 (44.7)

Immunosuppressive therapy, n (%)	 3 (7.9)

Neutropenia, n (%)	 2 (5.3)

MV, n (%)	 33 (86.8)

CRRT, n (%)	 3 (7.9)

CVC, n (%)	 30 (78.9)

PN, n (%)	 16 (42.1)

ICU length of stay, days, median (IQR)	 25.5 (20)

Total hospital length of stay, days, median (IQR)	 36.5 (36.0)

Overall incidence of C. auris n (%)	 38 (1.6)

	 The incidence of C. auris colonization n (%)	 23 (0.97)

	 The incidence of C. auris infection	 15 (0.63)

30-day mortality, n (%)	 21 (55.3)

	 30-day mortality of C. auris colonization	 10 (43)

	 30-day mortality  of C. auris infection	 11 (73)

Patient status at study end, n (%)	

	 Discharged	 7 (18.4)

	 Ex	 21 (55.3)

	 Still hospitalized in ICU	 10 (26.3)

MV: Mechanical ventilation; CRRT: Continuous renal replacement therapy; CVC: 
Central venous catheter;  PN: Parenteral nutrition; ICU: Intensive care unit; IQR: 
Interquartile range; Ex: Exitus.

Table 3. Microbiological findings and antifungal susceptibility results

Variables	 Data (n=38)

Microorganisms other than C.auris, n (%)	 24 (63.2)

C. auris status, n (%)	

	 Colonization	 23 (60.5)

	 Infection	 15 (39.5)

Site of isolation, n (%)	

	 Colonization screening swab	 23 (60.5)

	 Urine culture	 3 (7.9)

	 Blood culture	 12 (31.6)

Antifungal treatment, n (%)	 12 (31.6)

	 Caspofungin	 11 (91.7)

	 Fluconazole	 1 (8.3)

Duration of antifungal therapy, days, mean ± SD	 16.0±11.6

Azole resistance, n (%)*	 12 (80.0)

Amphotericin B resistance, n (%)*	 11 (73.3)

Echinocandin resistance, n (%)*	 2 (13.3)

*Resistance analysis was performed among patients enfected with C. auris. SD: 
Standard deviation.
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variables, including age, CCI score, hospitalization his-
tory, and C. auris status, were not independently associ-
ated with mortality (Table 5).

Discussion

In this retrospective study, we evaluated the clinical 

characteristics and outcomes of ICU patients with C. 
auris colonization and/or infection in a single tertiary 
care center in Istanbul, Türkiye. Consistent with global 
trends, an increasing number of C. auris cases has been 
observed in our institution. In response, routine sur-
veillance screening was implemented to facilitate early 
detection of colonized patients and timely initiation of 

Table 4. Comparison of patients with and without 30-day mortality

Variables	 Survivors (n=17)	 Non-survivors (n=21)	 p-value

Age, years, mean ± SD	 63.8±16.0	 72.8±14.0	 0.07

Sex, n (%)			   0.796

	 Male	 9 (52.9)	 12 (57.1)	

	 Female	 8 (47.1)	 9 (42.9)	

Nursing home residence, n (%)	 2 (11.8)	 2 (9.5)	 1.000

Hospitalization within the last 6 months, n (%)	 10 (58.8)	 17 (81.0)	 0.135

Abdominal surgery within the last 30 days, n (%)	 2 (11.8)	 4 (19.0)	 0.540

CCI, median (IQR)	 4 (5)	 6 (3)	 0.02

Immunosuppressive therapy, n (%)	 1 (5.9)	 2 (9.5)	 1.000

Neutropenia, n (%)	 1 (5.9)	 1 (4.8)	 1.000

MV, n (%)	 13 (76.5)	 20 (95.2)	 0.152

CRRT, n (%)	 1 (5.9)	 2 (9.5)	 1.000

Growth of microorganisms other than C. auris, n (%)	 12 (70.6)	 12 (57.1)	 0.393

C. auris status, n (%)			   0.254

	 Colonization	 12 (70.6)	 11 (52.4)	

	 Infection	 5 (29.4)	 10 (47.6)	

Site of isolation, n (%)			   0.213

	 Colonization screening swab	 12 (70.6)	 11 (52.4)	

	 Urine culture	 0 (0)	 3 (14.3)	

	 Blood culture	 4 (23.5)	 7 (33.3)	

	 Catheter culture	 1 (5.9)	 0 (0)	

Antifungal treatment administered, n (%)	 4 (23.5)	 8 (38.1)	 0.337

Azole resistance, n (%)*	 4 (80.0)	 8 (80.0)	 1.000

Amphotericin B resistance, n (%)*	 4 (80.0)	 7 (70.0)	 1.000

Echinocandin resistance, n (%)*	 1 (20.0)	 1 (10.0)	 1.000

*Resistance analysis was performed among patients with C. auris infection. SD: Standard deviation; CCI: Charlson Comorbidity Index; IQR: Interquartile range; MV: 
Mechanical ventilation; CRRT: Continuous renal replacement therapy. 

Table 5. Multivariable logistic regression analysis for predictors of 30-day mortality

Variables	 OR	 95% CI	 p-value

Age (per 1-year increase)	 1.036	 0.980–1.094	 0.211

Hospitalization within the last 6 months	 3.849	 0.540–27.440	 0.179

CCI (per 1-point increase)	 1.210	 0.886–1.653	 0.231

MV	 19.267	 1.021–363.482	 0.04

C. auris colonization (vs infection)	 0.327	 0.050–2.145	 0.244

OR: Odds ratio; CI: Confidence interval; CCI: Charlson comorbidity index; MV: Mechanical ventilation.
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infection control measures. In the present analysis, pa-
tients identified through active surveillance (colonized) 
and those diagnosed through clinical cultures (infected) 
were evaluated together.

Among the 38 patients included, 60.5% were colonized 
and 39.5% were infected. Candidemia was the most 
common type of infection, followed by urinary tract in-
fections. Compared with previous reports, the spectrum 
of infection types observed in our cohort was relatively 
narrow,[13,14] which may be related to the limited duration 
of the retrospective study period.

Mortality rates associated with C. auris candidemia have 
been reported to range from 30% to 70%,[5,14–16] with most 
studies focusing on in-hospital mortality. In our cohort, 
the overall 30-day mortality rate among both colonized 
and infected patients was 55.3%, exceeding rates re-
ported in studies from Italy and Spain (27% and 23.4%, 
respectively).[17,18] When colonized and infected patients 
were evaluated separately, the incidence of colonization 
with C. auris was found to be 0.97%, and the incidence of 
C. auris infection was 0.63% in our study.

The mean age of the cohort was 68.8 years, and 55.3% 
were male. Although not statistically significant, pa-
tients who died were older, in line with previous studies 
identifying advanced age and male sex as common risk 
factors.[17,19] The most frequent comorbidities in our co-
hort were diabetes mellitus, solid malignancy, and prior 
myocardial infarction. Diabetes mellitus has consistently 
been reported as a major risk factor,[14,19] whereas a recent 
systematic meta-analysis identified hypertension as the 
most prevalent comorbidity.[20]

A previous study evaluating predictors of candidemia 
among C. auris-colonized patients identified central 
venous catheterization, arterial catheterization, total 
parenteral nutrition, diabetes mellitus, chronic kidney 
disease, continuous renal replacement therapy, and 
mechanical ventilation as independent risk factors.[21] 
Although subgroup analyses were limited by the small 
sample size in our study, most patients had a history 
of prior hospitalization, mechanical ventilation, central 
venous catheterization, and total parenteral nutrition. 
While prior hospitalization and mechanical ventilation 
were more frequent among non-survivors, these differ-
ences did not reach statistical significance. However, in 
multivariable regression analysis, mechanical ventilation 
emerged as an independent predictor of mortality.

In our cohort, 63.2% of patients had concomitant growth 
of microorganisms other than C. auris, and 97.4% had re-
ceived β-lactam antibiotics. These findings support the 
role of broad-spectrum antibiotic exposure as a key risk 
factor for C. auris colonization and infection, consistent 
with previous studies.[17]

The high prevalence of antifungal resistance among C. 
auris isolates remains a major clinical concern. In our 
study, resistance was most commonly observed to flu-
conazole (80.0%), followed by amphotericin B (73.3%), 
while echinocandin resistance was detected in 13.3% 
of isolates. Similarly, a large retrospective meta-anal-
ysis (2009–2020) reported resistance rates of 79.6% for 
fluconazole, 34.8% for amphotericin B, and 23.3% for 
voriconazole among 544 isolates.[19] Several studies 
have reported fluconazole resistance rates approaching 
100%, suggesting that it should not be used empirically.
[13,17] Although earlier reports indicated no resistance to 
echinocandins,[13,14] emerging resistance has increasingly 
been documented, including in our cohort.[17,22] More-
over, multidrug-resistant C. auris strains are being re-
ported with increasing frequency.[19,22] Current guidelines 
recommend echinocandins as first-line therapy;[23] how-
ever, rising resistance to this class may further compro-
mise clinical outcomes. Therefore, the development of 
novel antifungal agents effective against resistant strains 
remains a critical need.[19]

Both the CDC and ECDC have issued comprehensive 
recommendations for the management of C. auris cases 
and outbreaks.[24] Additionally, the World Health Orga-
nization (WHO) launched the Global Antimicrobial Re-
sistance Surveillance System (GLASS) in 2016.[25] Given 
that outbreaks may follow exponential increases in case 
numbers,[22] strict infection prevention and control mea-
sures are essential. Contact precautions, active surveil-
lance screening, and cohorting of colonized patients play 
a central role in preventing transmission. Hand hygiene 
remains the most effective intervention. Furthermore, 
appropriate disinfection of medical equipment and early 
removal of unnecessary invasive devices, such as cen-
tral venous catheters, are key components of prevention 
strategies.

In line with these principles, weekly surveillance screen-
ing was implemented for all ICU patients in our institu-
tion due to the rising incidence of C. auris. In addition, 
targeted environmental cleaning protocols were estab-
lished. Despite the availability of single-patient ICU 
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rooms and adherence to appropriate treatment strate-
gies, mortality remained high, underscoring the impor-
tance of prioritizing prevention.

However, the incidence of C. auris we found in our study 
was 1.6%. From a cost-effectiveness perspective, screen-
ing patients with risk factors may be more appropriate 
than weekly routine screenings.

The findings of this study highlight key risk factors asso-
ciated with C. auris colonization and infection and sup-
port the implementation of targeted screening strategies 
in high-risk ICU populations. Future prospective, multi-
center studies are needed to better elucidate transmission 
dynamics, host–pathogen interactions, and the impact of 
early antifungal therapy on clinical outcomes.

The main limitations of this study include its retrospec-
tive design and relatively small sample size, which may 
have limited the statistical power of some analyses.

Conclusion

In conclusion, C. auris represents a significant clinical 
challenge due to its multidrug-resistant profile and its 
association with high mortality, particularly among criti-
cally ill patients. In our cohort, a high mortality rate and 
frequent exposure to known risk factors, such as me-
chanical ventilation and broad-spectrum antibiotic use, 
underscore the clinical impact of this pathogen in ICU 
settings.

Infection prevention and control measures remain the 
most effective strategies to limit the spread of C. auris. 
Strict adherence to hand hygiene, contact precautions, 
active surveillance for early identification of colonized 
patients, and cohorting strategies are essential compo-
nents of outbreak prevention. Instead of routine screen-
ing for C. auris, from a cost-effectiveness perspective, 
early identification of high-risk patients and implemen-
tation of targeted preventive strategies are critical to im-
proving clinical outcomes.
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Maternal Risk Factors for Term Antepartum 
Stillbirth: A 10-Year Registry-Based Case–
Control Study
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Abstract
Objective: To identify independent maternal risk factors associated with term antepartum still-
birth and to evaluate incidence patterns in a tertiary referral setting. 

Methods: This retrospective case–control study was conducted at a tertiary referral center 
in Türkiye. Singleton term pregnancies between 37+0 and 41+6 weeks of gestation were in-
cluded. Cases comprised 70 women with term antepartum stillbirth confirmed prior to labor 
onset, and 282 term live births served as controls. Maternal sociodemographic, obstetric, and 
clinical variables were analyzed using univariable logistic regression, followed by a prespeci-
fied multivariable model including maternal age, obesity, HDP, smoking during pregnancy, and 
diabetes in pregnancy. 

Results: The incidence of term antepartum stillbirth ranged from 2.1 to 2.7 per 1,000 term 
births and remained stable over time. In univariable analyses, advanced maternal age, low 
educational attainment, unemployment, smoking, obesity,HDP, and a history of stillbirth were 
associated with increased odds of term antepartum stillbirth. In the adjusted model, maternal 
age ≥35 years (aOR 3.01; 95% CI 1.64–5.52), obesity (aOR 1.74; 95% CI 1.02–2.96), HDP 
(aOR 2.48; 95% CI 1.34–4.61), and smoking during pregnancy (aOR 1.86; 95% CI 1.01–3.44) 
remained independently associated, whereas diabetes in pregnancy was not. Small for ges-
tational age (SGA) and placental abruption showed strong univariable associations but were 
excluded from multivariable models due to potential intermediary effects. 

Conclusions: Term antepartum stillbirth is uncommon but strongly associated with identifiable 
maternal risk factors, underscoring the need for individualized risk stratification in late gesta-
tion.

Keywords: Term antepartum stillbirth; maternal risk factors; advanced maternal age; hyper-
tensive disorders of pregnancy; obesity.

1Department of Obstetrics 
and Gynecology, Kartal Dr. 

Lütfi Kırdar City Hospital, 
Assisted Reproductive 

Technologies (IVF) Unit, 
Istanbul

2Department of 
Perinatology, Umraniye 
Training and Research 

Hospital, Istanbul, Türkiye
3Department of Obstetrics 

and Gynecology, Kartal Dr. 
Lütfi Kırdar City Hospital, 

Istanbul, Türkiye

Address for 
correspondence: 

Rezzan Berna Temoçin, 
Department of Obstetrics 

and Gynecology, Kartal Dr. 
Lütfi Kırdar City Hospital, 

Assisted Reproductive 
Technologies (IVF) Unit, 

Istanbul, Türkiye 
E-mail: 

r.bernabaki@hotmail.com

Received: 10.02.2026 
Accepted: 21.04.2026 
Published: 29.09.2026  

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

Copyright@Author(s)

How to cite this article: Temoçin RB, Yıldız P, Mat E, Kahyaoglu B, Yıldız G. Maternal risk factors for term 
antepartum stillbirth: a 10-year registry-based case–control study. South. Clin. Ist. Euras. 2026;37(3):265-272.

Introduction

Stillbirth remains one of the most devas-
tating adverse pregnancy outcomes in 

contemporary obstetrics, with profound 

psychological, social, and economic im-
plications for families and healthcare sys-
tems worldwide.[1,2] While global efforts 
have traditionally focused on preterm 
losses, term stillbirth represents a persis-
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tent and clinically challenging burden, accounting for a 
substantial proportion of fetal deaths in otherwise un-
complicated pregnancies.[3,4] In high-income countries, 
term stillbirth rates have plateaued at approximately 
3–4 per 1,000 births, as reflected in recent United States 
population-based audits.[5–7] Although these figures en-
compass both antepartum and intrapartum events, the 
antepartum component alone constitutes a clinically 
meaningful residual risk, underscoring the limitations 
of conventional “low-risk” classification at term. How-
ever, data specifically addressing maternal risk factors 
for term antepartum stillbirth in tertiary referral settings 
in Türkiye remain limited, despite improved access to 
specialized obstetric care.[8,9]

The etiology of stillbirth is notoriously complex, involv-
ing a synergistic interplay between maternal predisposi-
tions, environmental stressors, pregnancy-related factors 
and placental complications.[9,10] Current evidence sug-
gests that a substantial proportion of cases remain “un-
explained” even after comprehensive clinical and patho-
logic evaluation.[2,11] Nevertheless, recent epidemiological 
data emphasize that identifiable risk factors, including 
advanced maternal age, maternal obesity, and hyperten-
sive disorders of pregnancy (HDP), significantly elevate 
the likelihood of late-gestation fetal demise.[6,10,12]

Beyond purely clinical parameters, social determinants 
of health—specifically socioeconomic deprivation and 
limited educational attainment—have emerged as criti-
cal frontiers in risk assessment.[3,13] While racial dispari-
ties are extensively documented in Western literature,[6,7] 
in the Mediterranean and Middle Eastern regions, factors 
such as maternal health literacy, regional socioeconomic 
inequities, and varying access to specialized antenatal 
care play a more prominent role in risk stratification.[13,14]

Preventing term antepartum stillbirth remains challeng-
ing due to difficulties in distinguishing fetuses at in-
creased risk within an otherwise low-risk obstetric pop-
ulation.[12] While elective delivery at 39 weeks may lower 
stillbirth incidence, individualized risk stratification is 
essential to minimize avoidable neonatal morbidity.[14-16] 
In this study, maternal risk factors associated with term 
antepartum stillbirth are analyzed in a tertiary care co-
hort using multivariable logistic regression, aiming to 
delineate independent predictors and inform evidence-
based considerations for delivery timing.

Materials and Methods

Study Design and Ethical Approval
This retrospective case-control study was conducted 
at a major tertiary referral center in Istanbul, Türkiye. 
The study protocol was designed in accordance with 
the ethical principles of the Declaration of Helsinki and 
received formal approval from the local Clinical Re-
search Ethics Committee (Date: 26.05.2021, Decision No: 
2021/514/202/18).[17] Due to the retrospective nature of 
the study and the use of de-identified data, the require-
ment for individual informed consent was waived by the 
institutional ethics committee.

Study Population and Eligibility Criteria
This retrospective case–control study was conducted 
using an institutional perinatal database capturing all 
deliveries at a tertiary referral center between January 
2010 and December 2020. The database included com-
prehensive records of live births and stillbirths occurring 
within the institution. For the present analysis, the ana-
lytic cohort was restricted to singleton term pregnancies 
(37+0 to 41+6 completed weeks of gestation) to evaluate 
maternal risk factors associated with term antepartum 
stillbirth and to minimize etiologic heterogeneity related 
to prematurity. Pregnancies complicated by multiple 
gestations, major structural congenital anomalies, or 
known chromosomal abnormalities were excluded. Ad-
ditional exclusions included intrapartum fetal deaths to 
avoid confounding by acute labor-related events and all 
preterm deliveries or fetal losses occurring before 37+0 
weeks of gestation. Gestational age was determined pri-
marily by first-trimester ultrasonographic crown–rump 
length measurements; when unavailable, dating was 
assigned based on the earliest reliable ultrasonographic 
examination according to institutional protocols.[18]

Case and Control Selection
During the study period, 75 term stillbirths were identi-
fied. After prespecified eligibility assessment, five cases 
were excluded due to major structural congenital anom-
alies, confirmed chromosomal abnormalities, indetermi-
nate timing of fetal death, or critical missing data. The 
final case group therefore comprised 70 women with 
singleton term pregnancies complicated by antepartum 
stillbirth, defined as intrauterine fetal demise confirmed 
by the absence of fetal cardiac activity on ultrasonogra-
phy prior to labor onset. For control selection, 300 sin-
gleton term live births were initially identified from the 
institutional delivery registry. The same prespecified el-
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igibility criteria were applied to the control population. 
Following exclusion of deliveries with major congeni-
tal anomalies or incomplete core data, the final control 
group included 282 women who delivered healthy live-
born infants at term, yielding an approximate 1:4 case–
control ratio.

Controls were selected using a computerized registry-
based sampling approach from the institutional deliv-
ery database during the same calendar years as cases to 
ensure a comparable source population and minimize 
time-related differences in care and data capture. No in-
dividual (pairwise) matching was performed. Given the 
observed difference in maternal age between groups, age 
was prespecified as an adjustment variable and included 
in regression analyses to control for confounding and im-
prove precision.

Data Collection and Clinical Definitions
Maternal sociodemographic characteristics, obstetric his-
tory, and relevant clinical variables were extracted from 
electronic medical records and the institutional perina-
tal database. Maternal comorbidities and clinical condi-
tions were defined according to internationally accepted 
guidelines. HDP included preeclampsia, eclampsia, ges-
tational hypertension, and chronic hypertension, defined 
according to the American College of Obstetricians and 
Gynecologists criteria.[19] Diabetes in pregnancy encom-
passed pregestational diabetes mellitus and gestational 
diabetes mellitus, diagnosed in accordance with institu-
tional screening protocols.[20] Maternal body mass index 
was calculated using pre-pregnancy measurements and 
categorized as normal weight, overweight, or obese ac-
cording to standard definitions.[21] SGA was defined as 
birth weight below the 10th percentile for gestational age 
and fetal sex based on INTERGROWTH-21st standards.
[22]

Sociodemographic variables included maternal edu-
cational attainment and employment status. Obstetric 
variables comprised parity, prior cesarean delivery, pre-
vious adverse pregnancy outcomes, smoking during 
pregnancy, parental consanguinity, and conception via 
assisted reproductive technologies. Fetal characteristics 
recorded at delivery included fetal sex, birth weight, 
presentation, and major placental complications, specifi-
cally placental abruption and placenta previa.

Statistical Analysis
Statistical analyses were performed using IBM SPSS 
Statistics for Windows, version 26.0 (IBM Corp., Ar-

monk, NY, USA). Continuous variables are presented 
as mean ± standard deviation following assessment of 
distributional assumptions, and categorical variables as 
frequencies and percentages. Associations between can-
didate risk factors and term antepartum stillbirth were 
evaluated using logistic regression. Univariable models 
were first fitted to estimate crude odds ratios (ORs) and 
95% confidence intervals (CIs). A multivariable logistic 
regression model was constructed a priori based on clin-
ical relevance and biological plausibility. Maternal age, 
obesity, HDP, smoking during pregnancy, and diabetes in 
pregnancy were included as covariates to address poten-
tial confounding. Multicollinearity was assessed using 
variance inflation factors, and model fit was evaluated 
with the Hosmer–Lemeshow test. All tests were two-
sided, with p<0.05 considered statistically significant.

Results

Temporal distribution and incidence of term antepar-
tum stillbirths
Between 2010 and 2020, 70 term antepartum stillbirths 
were identified among 28,183 term births. The standard-
ized incidence remained relatively stable over the study 
period, ranging from 2.1 to 2.7 per 1,000 term births, with 
no evidence of temporal clustering or consistent longitu-
dinal trends.

Baseline maternal, pregnancy, and fetal characteristics
Baseline maternal, pregnancy-related, and fetal character-
istics for term antepartum stillbirths (n=70) and term live 
births (n=282) are summarized descriptively in Table 1.

Maternal sociodemographic and clinical factors: Uni-
variable associations
Univariable logistic regression results for maternal so-
ciodemographic and clinical factors are presented in 
Table 2. Maternal age ≥35 years was associated with 
higher odds of term antepartum stillbirth (OR 3.48; 95% 
CI 1.98–6.11; p<0.001). Low educational attainment was 
associated with increased odds (OR 2.82; 95% CI 1.63–
4.89; p<0.001), as was unemployment (OR 2.30; 95% CI 
1.29–4.10; p=0.005). Smoking during pregnancy was as-
sociated with increased odds (OR 2.29; 95% CI 1.15–4.54; 
p=0.016), and obesity (BMI ≥30 kg/m²) showed an ele-
vated odds ratio (OR 1.86; 95% CI 1.02–3.39; p=0.043). A 
history of stillbirth was also associated with increased 
odds (OR 3.54; 95% CI 1.05–11.95; p=0.047). HDP were 
associated with higher odds of term antepartum still-
birth (OR 3.05; 95% CI 1.52–6.09; p=0.001). Parental con-



Southern Clinics of Istanbul Eurasia - Volume 37, Issue 3, October 2026268

Temoçin et al., Maternal Risks in Term Antepartum Stillbirth

sanguinity (p=0.079), grand multiparity (p=0.092), no 

antenatal care (p=0.112), and diabetes in pregnancy (OR 

1.85; 95% CI 0.73–4.68; p=0.185) did not reach statistical 

significance in univariable analysis.

Pregnancy-related and fetal factors: Univariable asso-
ciations
Pregnancy-related and fetal factors are shown in Table 
3. SGA was strongly associated with term antepartum 
stillbirth (OR 6.65; 95% CI 3.23–13.71; p<0.001). Placental 

Table 1. Baseline maternal, pregnancy, and fetal characteristics of term antepartum stillbirths and term live births

Variable	 Term Stillbirth	 Term Live Birth
		   (n=70)	  (n=282)

Maternal age (years), mean ± SD	 31.12±7.07	 30.16±6.87

Maternal age categories, n (%)		

  <20 years	 4 (5.71)	 9 (3.19)

  20–34 years	 36 (51.43)	 223 (79.08)

  ≥35 years	 30 (42.86)	 50 (17.73)

Body mass index (kg/m²), mean ± SD	 28.96±4.82	 27.18±4.45

BMI categories, n (%)		

  Normal BMI	 22 (31.42)	 140 (49.65)

  Overweight	 28 (40.00)	 92 (32.62)

  Obesity	 20 (28.58)	 50 (17.73)

Parity categories, n (%)		

  Nulliparous (0)	 15 (21.43)	 73 (25.89)

  Multiparous (1–4)	 33 (47.14)	 150 (53.19)

  Grand multiparous (≥5)	 22 (31.43)	 59 (20.92)

Pregnancy history and maternal comorbidities, n (%)		

No antenatal care, n (%)	 18 (25.72)	 49 (17.38)

Smoking during pregnancy, n (%)	 15 (21.42)	 30 (10.64)

Parental consanguinity, n (%)	 8 (11.42)	 16 (5.67)

History of stillbirth, n (%)	 5 (7.14)	 6 (2.13)

Recurrent pregnancy loss, n (%)	 3 (4.28)	 3 (1.06)

Prior cesarean delivery, n (%)	 13 (18.57)	 34 (12.06)

Assisted reproduction (IVF/ICSI), n (%)	 3 (4.28)	 15 (5.32)

Hypertensive disorders of pregnancy, n (%)	 16 (22.85)	 25 (8.87)

Diabetes in pregnancy, n (%)	 7 (10.00)	 16 (5.67)

Suspected chorioamnionitis (clinical), n (%)	 2 (2.86)	 2 (0.71)

Placenta previa, n (%)	 1 (1.43)	 2 (0.71)

Placental abruption, n (%)	 7 (10.00)	 2 (0.71)

Education, n (%)		

Primary or less	 42 (60.00)	 98 (34.75)

Higher education	 5 (7.14)	 63 (22.34)

Unemployed, n (%)	 51 (72.86)	 152 (53.90)

Gestational age (weeks), mean ± SD	 38.84±1.52	 39.40±1.25

Birth weight (g), mean ± SD	 3001±659	 3208±498

Small for gestational age (SGA), n (%)	 20 (28.57)	 16 (5.67)

Male fetus, n (%)	 45 (64.29)	 146 (51.77)

Malpresentation, n (%)	 6 (8.57)	 9 (3.19)

Data are presented as mean ± standard deviation or as number (percentage), as appropriate. This table provides a descriptive overview of maternal sociodemographic 
features, obstetric history, pregnancy characteristics, and fetal characteristics in term antepartum stillbirths and term live births. No statistical comparisons or effect 
estimates are presented in this table, as its purpose is to describe baseline distributions rather than to infer associations. 
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abruption was also markedly more frequent among still-
births and was associated with substantially increased 
odds (OR 15.56; 95% CI 3.15–76.60; p<0.001).

Multivariable logistic regression analysis
Multivariable logistic regression results are presented 
in Table 4. In the prespecified adjusted model, maternal 
age ≥35 years remained independently associated with 
term antepartum stillbirth (aOR 3.01; 95% CI 1.64–5.52; 

p<0.001). Obesity was independently associated with 
increased odds (aOR 1.74; 95% CI 1.02–2.96; p=0.041), 
as were HDP (aOR 2.48; 95% CI 1.34–4.61; p=0.004) and 
smoking during pregnancy (aOR 1.86; 95% CI 1.01–3.44; 
p=0.046). Diabetes in pregnancy, retained as an a priori 
covariate, was not independently associated with term 
antepartum stillbirth in the adjusted model (aOR 1.21; 
95% CI 0.61–2.41; p=0.58).

Table 2. Maternal sociodemographic and clinical risk factors associated with term antepartum stillbirth

Variable (risk category vs reference)	 Term Stillbirth (n=70)	 Term Live Birth	 Crude OR	 95% CI	 p-value
				     (n=282)	

Maternal age ≥35 years (vs <35 years)	 30 (42.86%)	 50 (17.73%)	 3.48	 1.98–6.11	 <0.001

Low education

(vs secondary or higher education)	 42 (60.00%)	 98 (34.75%)	 2.82	 1.63–4.89	 <0.001

Unemployed 

(vs employed)	 51 (72.86%)	 152 (53.90%)	 2.30	 1.29–4.10	 0.005

Smoking during pregnancy (yes vs no)	 15 (21.42%)	 30 (10.64%)	 2.29	 1.15–4.54	 0.016

Parental consanguinity (yes vs no)	 8 (11.42%)	 16 (5.67%)	 2.14	 0.88–5.23	 0.079

Obesity 

(BMI ≥30 vs <30 kg/m²)	 20 (28.57%)	 50 (17.73%)	 1.86	 1.02–3.39	 0.043

Grand multiparity (≥5) (≥5 vs <5)	 22 (31.43%)	 59 (20.92%)	 1.69	 0.91–3.14	 0.092

No antenatal care 

(yes vs no)	 18 (25.72%)	 49 (17.38%)	 1.65	 0.89–3.05	 0.112

History of stillbirth 

(yes vs no)	 5 (7.14%)	 6 (2.13%)	 3.54	 1.05–11.95	 0.047

Hypertensive disorders of pregnancy 

(yes vs no)	 16 (22.85%)	 25 (8.87%)	 3.05	 1.52–6.09	 0.001

Diabetes in pregnancy (yes vs no)	 7 (10.00%)	 16 (5.67%)	 1.85	 0.73–4.68	 0.185

Crude odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using univariable logistic regression. Each variable was analyzed separately, comparing 
the predefined risk category with the indicated reference group. Variables were selected based on clinical relevance and prior literature on antepartum stillbirth. This 
table presents unadjusted associations and does not account for potential confounding.

Table 3. Pregnancy-related and fetal risk factors and crude associations with term antepartum stillbirth

Variable (risk category vs reference)	 Term Stillbirth (n=70)	 Term Live Birth (n=282)	 Crude OR	 95% CI	 p-value

Gestational age (weeks), mean ± SD	 38.84±1.52	 39.40±1.25	 —	 —	 0.005

Birth weight (g), mean ± SD	 3001±659	 3208±498	 —	 —	 0.016

Male fetus (vs female)	 45 (64.29%)	 146 (51.77%)	 1.68	 0.98–2.88	 0.060

Malpresentation (vs cephalic)	 6 (8.57%)	 9 (3.19%)	 2.84	 0.98–8.28	 0.089

Small for gestational age (SGA) (yes vs no)	 20 (28.57%)	 16 (5.67%)	 6.65	 3.23–13.71	 <0.001

Placental abruption (yes vs no)	 7 (10.00%)	 2 (0.71%)	 15.56	 3.15–76.60	 <0.001

Continuous variables are presented as mean ± standard deviation and were compared between groups using appropriate parametric or non-parametric tests; odds 
ratios were not estimated for these variables. Categorical variables are presented with crude odds ratios (ORs) and 95% confidence intervals (CIs), derived from 
univariable logistic regression. Mode of delivery was not included as a risk factor due to the potential for indication bias and reverse causality in case–control 
comparisons. Small for gestational age (SGA) was defined as birth weight below the 10th percentile according to the applied growth standard.
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Discussion

In this study, the incidence of term antepartum stillbirth 
remained low and relatively stable over time; however, 
it was found to be significantly associated with the accu-
mulation of maternal and pregnancy-related risk factors. 
Advanced maternal age, obesity, cigarette smoking dur-
ing pregnancy, and HDP emerged as independent mater-
nal risk factors, while SGA status and placental abrup-
tion were identified as the clinical findings most strongly 
associated with term antepartum fetal loss. When con-
sidered collectively, these findings suggest that term an-
tepartum stillbirth reflects a cumulative process in which 
increasing maternal risk burden converges with fetal 
vulnerability during the final weeks of gestation, rather 
than an isolated acute event.

The institutional incidence of term antepartum stillbirth 
was 2.38 per 1,000 term births, a rate comparable to those 
reported in high-income countries for pregnancies be-
tween 37 and 42 weeks of gestation.[7] The finding that 
term antepartum stillbirths accounted for approximately 
one-third of all stillbirths underscores that late-term ges-
tation remains a clinically vulnerable period. The rela-
tive stability of incidence over time further suggests that 
these losses are more likely attributable to cumulative 
maternal or placental-mediated pathophysiological pro-
cesses rather than acute and preventable intrapartum 
events.[4,23]

Advanced maternal age (≥35 years) remained a strong 
and independent predictor in our cohort, consistent with 
the global literature reporting a persistent excess risk 
even after adjustment for medical and obstetric condi-
tions more prevalent in older pregnancies. This associa-
tion is in line with evidence linking advanced maternal 
age to reduced vascular and placental reserve in late ges-

tation, when fetal metabolic demands peak. Our findings 
demonstrate that the risk attributable to advanced ma-
ternal age persists even under tertiary-level surveillance 
and in term pregnancies, supporting the consideration of 
this age group as a distinct risk phenotype independent 
of comorbidities.[24,25]

This finding is consistent with the extensive literature 
reporting an increased risk of stillbirth associated with 
HDP in both low- and high-income countries and in-
dicates that this association retains clinical relevance 
at term.[26] In particular, it has been previously demon-
strated that the risk of fetal loss is not fully eliminated 
despite appropriate surveillance and treatment in the 
presence of HDP, including chronic hypertension, gesta-
tional hypertension, and the preeclampsia spectrum. In 
our study, conducted at a tertiary referral center, the per-
sistence of antepartum fetal loss risk among pregnancies 
complicated by hypertensive disorders despite reaching 
term supports the need to individualize delivery timing 
in this population based on maternal risk profiles rather 
than relying solely on standard gestational age thresh-
olds.[27]

Maternal obesity was identified as an independent risk 
factor for term antepartum fetal death in our cohort. This 
finding is consistent with previous studies demonstrat-
ing that the association persists after adjustment for co-
morbidities such as hypertension and diabetes.[27,28] Th-
ese results suggest that term pregnancies complicated by 
obesity should not be considered uniformly low risk.[28]

Active cigarette smoking during pregnancy was inde-
pendently associated with term antepartum stillbirth in 
our cohort, consistent with prior epidemiological and 
meta-analytic evidence.[29] A dose–response relationship 
between tobacco exposure and stillbirth risk has been 

Table 4. Multivariable logistic regression analysis of risk factors for term antepartum stillbirth

Variable	 Adjusted OR (aOR)	 95% Confidence Interval	 p-value

Maternal age ≥35 years	 3.01	 1.64–5.52	 <0.001

Obesity (BMI ≥30 kg/m²)	 1.74	 1.02–2.96	 0.041

Hypertensive disorders of pregnancy	 2.48	 1.34–4.61	 0.004

Smoking during pregnancy	 1.86	 1.01–3.44	 0.046

Diabetes in pregnancy (a priori covariate)	 1.21	 0.61–2.41	 0.580

Adjusted odds ratios (aORs) and 95% confidence intervals (CIs) were obtained from a prespecified multivariable logistic regression model including core maternal 
clinical covariates. Maternal age ≥35 years, obesity, hypertensive disorders of pregnancy, and smoking during pregnancy were selected based on biological plausibility 
and univariable associations. Diabetes in pregnancy was retained in the model as an a priori clinically relevant covariate, regardless of statistical significance. 
Socioeconomic variables were not included in the multivariable model to avoid overadjustment and collinearity with clinical factors.
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well established, including at term.[30] These findings 
support the role of smoking as a clinically significant and 
modifiable risk factor with direct relevance for perinatal 
risk stratification and prevention.[27]

Although diabetes in pregnancy has been linked to an in-
creased risk of term stillbirth in prior studies, it was not 
identified as an independent risk factor in our cohort in 
either univariable or multivariable analyses.[27] This sug-
gests that the associated risk may be more closely related 
to glycemic control and overall metabolic burden, in-
cluding obesity and vascular comorbidities, rather than 
the diagnosis itself.[31] Accordingly, perinatal risk at term 
may be better reflected by an integrated metabolic profile 
than by diabetes status alone.[27,31]

SGA status and placental abruption were prominent 
findings associated with term antepartum stillbirth. 
Although abruption is relatively rare, it carries a high 
risk of fetal death when present.[23] In contrast, SGA is 
frequently observed in association with stillbirth but is 
generally considered a contributory condition rather 
than a direct cause.[32] Therefore, these variables were not 
included in multivariable analyses due to potential re-
verse causality and were interpreted descriptively.

A history of prior stillbirth was significantly associated 
with term antepartum fetal loss in univariable analysis. 
This finding suggests that a previous stillbirth should not 
be regarded solely as a risk marker confined to preterm 
losses, but may reflect a persistent maternal risk profile 
that remains relevant even in pregnancies reaching term 
gestation.[33] Our results indicate that a history of still-
birth constitutes a clinically meaningful risk indicator 
that warrants careful consideration in the management 
and surveillance of term pregnancies.

Lower educational attainment and unemployment were 
associated with term antepartum stillbirth in univari-
able analyses, consistent with evidence linking socioe-
conomic disadvantage to stillbirth risk through reduced 
quality of antenatal care and accumulation of maternal 
risk factors.[34,35] However, these variables were not inde-
pendent predictors in multivariable models, suggesting 
that their effects reflect underlying clinical risk profiles 
rather than direct causality. Similarly, although parental 
consanguinity, grand multiparity, and inadequate ante-
natal care were not statistically significant, their higher 
prevalence in the stillbirth group may indicate a broader 
high-risk context shaped by combined genetic and so-
ciodemographic influences rather than isolated causal 

factors.[28,36]

This study includes a clinically homogeneous cohort 
of singleton term antepartum stillbirths over an 11-year 
period at a tertiary center. The use of contemporaneous 
controls and a predefined multivariable model strength-
ens the evaluation of independent maternal risk factors. 
However, the retrospective design may allow residual 
confounding and misclassification. Limited data on HDP 
and diabetes subtypes, absence of serial fetal biometry and 
Doppler assessments, and the single-center setting may 
restrict detailed risk stratification and generalizability.

Conclusion

Although term antepartum stillbirth is a relatively rare 
event, this study demonstrates a strong association with 
identifiable maternal risk factors, including advanced 
maternal age, obesity, cigarette smoking, and HDP. Th-
ese findings underscore that the routine classification 
of term pregnancies as uniformly “low risk” is not ap-
plicable to all patients and that decisions regarding the 
timing of delivery should be informed by individualized 
maternal risk profiles. Further prospective studies are 
warranted to support the development of targeted sur-
veillance and timing strategies based on the integration 
of these risk factors.
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Evaluating Smoking-Related Systemic 
Inflammation Through Hematological 
Indices: A Cross-Sectional Study

 Müzeyyen Eryılmaz,1  Ilkay Keskinel,2  Lara Türkeli2

Abstract
Objective: Smoking is a deleterious habit with profound health consequences, often resulting 
in systemic inflammation that contributes to chronic diseases. We aimed to investigate how dif-
ferent types of exposure (active or passive smoking) affect systemic inflammatory responses, 
compared to non-smokers.

Methods: This retrospective, single-center study included 306 healthy individuals categorized 
according to smoking status, with a predominantly female population (253 females and 53 
males). Hematologic inflammatory markers, including the systemic immune inflammation in-
dex (SII), systemic inflammation response index (SIRI), neutrophil/lymphocyte ratio (NLR), and 
platelet/lymphocyte ratio (PLR) were assessed alongside C-reactive protein (CRP) levels. A 
CRP level ≥3 mg/L was considered to define systemic inflammation.

Results: Among active smokers, SIRI was the only marker that showed a statistically signif-
icant diagnostic value for identifying elevated CRP levels (AUC=0.662, 95% CI:0.522–0.802, 
p=0.021), whereas the remaining indices were not significant in any group.

The optimal cut-off value for SIRI was 1.50, with a sensitivity of 38.1% and a specificity of 
95.8%. In passive smokers and non-smokers there was no significant association was ob-
served between hematologic indices and CRP levels.

Conclusions: SIRI may be a helpful and easily accessible parameter for assessing the inflam-
matory response in active smokers. Although its discriminatory performance was modest, its 
derivation from routine complete blood count parameters may support its use as an adjunctive 
marker in clinical evaluation.

Keywords: Smoking; Systemic Immune Inflammation Index (SII); Systemic Inflammation Re-
sponse Index (SIRI); Neutrophil/Lymphocyte Ratio (NLR); Platelet/Lymphocyte Ratio (PLR); 
C-Reactive Protein (CRP)
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Introduction

Cigarette smoking continues to be a 
significant contributor to global mor-

bidity and mortality. It exerts systemic ef-
fects by introducing toxic agents, such as 

nicotine, carbon monoxide, and free rad-
icals that initiate oxidative stress and dis-
rupt immune balance.[1] These agents trig-
ger chronic inflammation, particularly in 
mucosal systems like the respiratory tract, 
increasing susceptibility to cardiovascular 
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disease, cancer, and neurodegenerative disorders.

Recent research highlights the utility of hematological 
markers for quantifying systemic inflammation. Indices 
such as the neutrophil-to-lymphocyte ratio (NLR), 
platelet-to-lymphocyte ratio (PLR), systemic immune 
inflammation index (SII), and systemic inflammation re-
sponse index (SIRI) provide accessible metrics derived 
from standard complete blood counts.[2] These have 
demonstrated clinical value in conditions ranging from 
cardiovascular disorders to malignancies.[3-5]

C-reactive protein (CRP), an acute-phase reactant, re-
flects inflammatory burden and is considered elevated at 
values ≥3 mg/L, a level commonly associated with car-
diometabolic risk.[6-8] 

This study aims to evaluate the influence of smoking 
status on hematological inflammation indices and to de-
termine how well these markers identify CRP-defined 
systemic inflammation. By doing so, it seeks to clarify 
the clinical utility of routine blood count-derived indices 
for the early detection of smoking-related inflammatory 
responses.

Materials and Methods

This retrospective cross-sectional study involved healthy 
individuals who visited the internal medicine outpatient 
clinics of a training and research hospital between Jan-
uary 1, 2023, and July 1, 2024. Participants were included 
through simple random sampling, provided they met 
predefined eligibility criteria.

Participants were eligible if they were aged between 18 
and 70 years and had no history of chronic illnesses or 
current treatments that could affect inflammatory mark-
ers. The study excluded individuals with conditions such 
as malignancies, autoimmune disorders, diabetes melli-
tus, or any acute infections. Also excluded were those 
using corticosteroids or NSAIDs, pregnant individuals, 
and those with hematological or biochemical abnormali-
ties or regular alcohol or substance use.

Subjects were grouped based on smoking status: Group I 
(active smokers), Group II (non-smokers), and Group III 
(passive smokers). The analysis compared age, gender, 
and systemic inflammatory markers-SII, SIRI, NLR, PLR, 
and CRP-across these groups.

The hematological inflammatory indices were calculated 
using the following formulas:

SII = (Neutrophil count × Platelet count) / Lymphocyte 
count
SIRI = (Neutrophil count × Monocyte count) / Lympho-
cyte count
NLR = Neutrophil count / Lymphocyte count
PLR = Platelet count / Lymphocyte count

CRP levels were dichotomized using the threshold of ≥3 
mg/L to denote systemic inflammation. Hematological 
indices were calculated using standard formulas based 
on neutrophil, lymphocyte, monocyte, and platelet 
counts derived from routine complete blood counts.

Ethical approval for the study was obtained from a local 
ethics committee on July 30, 2024. All procedures were 
performed in accordance with the principles outlined in 
the Declaration of Helsinki.

Statistical Analysis
All statistical analyses were performed using IBM SPSS 
Statistics version 26.0 (IBM Corp., Armonk, NY, USA). 
Because the study variables did not follow a normal 
distribution, non-parametric methods were used. Con-
tinuous variables, including age and hematological in-
flammatory indices (SII, SIRI, NLR, and CRP), were com-
pared among the three smoking-status groups (active 
smokers, non-smokers, and passive smokers) using the 
Kruskal-Wallis test. Categorical variables, such as sex 
distribution and the proportion of with CRP ≥ 3 mg/L, 
were evaluated using the chi-square test.

To assess the ability of hematological indices to identify 
systemic inflammation, receiver operating characteristic 
(ROC) curve analysis was conducted separately for each 
smoking group. Systemic inflammation was defined as 
CRP ≥ 3 mg/L, and the area under the curve (AUC) val-
ues with corresponding p-values were calculated for SII, 
SIRI, NLR, and PLR. A p-value <0.05 was considered sta-
tistically significant.

Results

In total, 306 participants were enrolled in the study, in-
cluding 253 females and 53 males. Group I included 93 
individuals (67 females, 26 males), Group II comprised 
149 (134 females, 15 males), and Group III included 64 
participants (52 females, 12 males). Female participants 
were predominant in all groups. A statistically signif-
icant difference in gender distribution was observed 
among the groups (p=0.002).
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Table 1 presents demographic data and hematological 
marker values. Mean age was comparable across the 
groups (Group I: 36.4±12.7; Group II: 37.1±13.2; Group 
III: 34.0±13.5; p=0.224). Mean CRP levels were slightly 
higher in passive smokers (4.11±8.10 mg/L), but this dif-
ference was not statistically significant (p=0.528).

Among the inflammatory indices, SII, SIRI, and NLR did 
not significantly differ between the groups. However, 
PLR values showed a statistically significant variation 
(p<0.001), being higher in passive and non-smokers 
compared to active smokers

As shown in Table 2, only SIRI demonstrated statistically 

significant diagnostic value in active smokers, with an 
AUC of 0.662 (95% CI: 0.522-0.802, p=0.021). ROC analy-
sis identified an optimal SIRI cut-off value of 1.50, yield-
ing a sensitivity of 38.1% and a specificity of 95.8%. Other 
indices, including SII (p=0.296), NLR (p=0.332), and 
PLR (p=0.339), failed to show significant discriminatory 
power in this group.

In non-smokers and passive smokers, none of the mark-
ers, SIRI, SII, NLR, or PLR, demonstrated significant 
diagnostic performance for identifying CRP levels ≥3 
mg/L. While SII had the highest AUC value among non-
smokers (0.582), it did not achieve statistical significance 
(p=0.117).

Table 1. Comparison of demographic characteristics and hematological inflammatory markers among the three smoking status groups

Variable	 Group I 	 Group II	 Group III	 p-value
		  (Active smokers) (n=93)	 (Non-smokers) (n=149)	 (Passive smokers) (n=64)	

Age (year)	 37.0 [25.0–44.0]	 38.0 [25.0–46.0]	 32.5 [22.8–43.0]	 0.224

Gender				    0.002

Male, n (%)	 26 (28.0)	 15 (10.1)	 12 (18.8)	

Female, n (%)	 67 (72.0)	 134 (89.9)	 52 (81.2)	

CRP (mg/L)	 1.39 [0.60–2.74]	 1.32 [0.61–2.67]	 1.60 [0.65–3.72]	 0.528

SII		 461.30 [343.00–619.90]	 484.77 [357.89–666.67]	 556.54 [379.73–704.80]	 0.124

SIRI	 0.77 [0.61–1.12]	 0.75 [0.51–0.95]	 0.75 [0.58–1.20]	 0.352

NLR	 1.74 [1.37–2.23]	 1.81 [1.46–2.41]	 1.84 [1.51–2.38]	 0.250

PLR	 104.09 [82.69–133.33]	 124.62 [95.62–156.60]	 131.06 [104.82–167.20]	 <0.001

Values are presented as median [interquartile range (IQR)] for continuous variables and n (%) for categorical variables. Group comparisons for continuous variables 
were performed using the Kruskal–Wallis test, while categorical variables were analyzed using the chi-square test. SII: Systemic Immune-Inflammation Index; SIRI: 
Systemic Inflammation Response Index; NLR: Neutrophil-to-Lymphocyte Ratio; PLR: Platelet-to-Lymphocyte Ratio; CRP: C-reactive protein.

Table 2. p-values of SII, SIRI, NLR, and PLR by ROC analysis across smoking status group

Group	 Marker	 AUC	 95% CI	 p-value	 Cut-off	 Sensitivity (%)	 Specificity (%)

Group I (Active smokers) (n=93)	 SII	 0.577	 0.434–0.720	 0.288	 –	 –	 –

	 SIRI	 0.662	 0.523–0.802	 0.021	 1.50	 38.1	 95.8

	 NLR	 0.575	 0.432–0.718	 0.305	 –	 –	 –

	 PLR	 0.431	 0.295–0.567	 0.321	 –	 –	 –

Group II (Non-smokers) (n=149)	 SII	 0.582	 0.471–0.693	 0.145	 –	 –	 –

	 SIRI	 0.566	 0.455–0.677	 0.243	 –	 –	 –

	 NLR	 0.547	 0.436–0.658	 0.403	 –	 –	 –

	 PLR	 0.455	 0.348–0.563	 0.416	 –	 –	 –

Group III (Passive smokers) (n=64)	 SII	 0.468	 0.316–0.620	 0.682	 –	 –	 –

	 SIRI	 0.511	 0.357–0.666	 0.885	 –	 –	 –

	 NLR	 0.477	 0.324–0.629	 0.765	 –	 –	 –

	 PLR	 0.438	 0.288–0.587	 0.414	 –	 –	 –

Systemic inflammation was defined as CRP ≥3 mg/L. AUC: area under the receiver operating characteristic curve; CI: confidence interval; SII: Systemic Immune-
Inflammation Index; SIRI: Systemic Inflammation Response Index; NLR: Neutrophil-to-Lymphocyte Ratio; PLR: Platelet-to-Lymphocyte Ratio; CRP: C-reactive 
protein. The optimal cut-off was reported only for SIRI in active smokers, as this was the only statistically significant ROC result.
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Discussion

This study aimed to evaluate the diagnostic potential 
of hematological inflammation markers in identifying 
systemic inflammation-defined by elevated CRP levels-
across individuals with varying degrees of smoking ex-
posure. Among the evaluated markers, only SIRI demon-
strated statistically significant discriminatory ability 
in active smokers (AUC=0.662, 95% CI: 0.522-0.802, 
p=0.021), supporting its potential value as a marker of 
smoking-related systemic inflammation.

SIRI incorporates neutrophil, monocyte, and lymphocyte 
counts and may therefore reflect the balance between ac-
tivation of innate immune responses and suppression of 
adaptive immunity. Cigarette smoke exposure promotes 
oxidative stress through the generation of reactive oxy-
gen species, leading to persistent inflammatory signaling 
and long-term immune dysregulation. Experimental ev-
idence suggests that cigarette smoke may induce trained 
immunity through metabolic and epigenetic reprogram-
ming of innate immune cells, particularly monocytes 
and macrophages, resulting in prolonged inflammatory 
responsiveness.[1] These immune alterations may con-
tribute to increased neutrophil and monocyte activity 
together with impaired lymphocyte-mediated adaptive 
responses. Because SIRI simultaneously reflects these 
hematological changes, it may provide a more compre-
hensive representation of smoking-related immune dys-
regulation than indices derived from fewer blood-cell 
components.

Our findings are consistent with previous studies 
demonstrating the prognostic and clinical relevance of 
SIRI in inflammatory and cardiovascular conditions. Cao 
et al.[3] reported an association between elevated SIRI lev-
els and mortality in patients with heart failure, whereas 
Gavriilidis and Pawlik demonstrated its prognostic sig-
nificance following hepatocellular carcinoma surgery.[2] 

Similarly, Dziedzic et al.[9] highlighted the clinical utility 
of SIRI in patients with coronary artery disease and acute 
coronary syndrome. Several of these studies indirectly 
support a relationship between elevated SIRI levels and 
enhanced systemic inflammatory activity in smoking-re-
lated conditions.

Evidence from Turkish populations further supports the 
clinical relevance of SIRI as an indicator of systemic in-
flammatory burden. Yildiz et al.[10] demonstrated associ-
ations between SIRI and different coronary artery plaque 

characteristics, suggesting a potential role in reflecting 
vascular inflammation. Likewise, Bayraktar and Coşgun 
reported that elevated SIRI levels were associated with 
greater coronary artery disease severity in a Turkish co-
hort.[11] In addition, Bedel et al.[12] demonstrated the prog-
nostic significance of SIRI in patients with heart failure. 
Although these studies were not specifically designed 
to evaluate smoking-related inflammation, they support 
the broader applicability of SIRI across diverse inflam-
matory conditions and suggest that these associations 
are also observable in regional populations.

In our cohort, SII, NLR, and PLR did not demonstrate 
significant discriminatory performance across smoking 
subgroups, in contrast to SIRI. Although PLR values dif-
fered statistically between groups (p<0.001), ROC anal-
ysis did not support meaningful clinical utility. These 
findings suggest that statistically significant differences 
in hematological indices may not necessarily translate 
into adequate diagnostic discrimination. One possible 
explanation is that smoking influences multiple blood-
-cell components, including platelet-related parameters 
and lymphocyte counts, which may alter these indices 
without producing a consistent discriminatory pattern 
across smoking subgroups.[13]

Another notable observation was the limited perfor-
mance of inflammatory indices among passive smokers 
and non-smokers. This finding may reflect the relatively 
heterogeneous and low-grade nature of systemic in-
flammation in these populations. Previous studies have 
shown that chronic low-grade inflammation can be diffi-
cult to characterize using a single biomarker because in-
flammatory and metabolic pathways vary substantially 
among individuals.[14,15] Elevated hsCRP levels have long 
been associated with increased cardiovascular risk; how-
ever, chronic inflammation is increasingly recognized as 
a biologically complex and heterogeneous process in-
volving multiple interconnected innate and adaptive im-
mune pathways rather than a single measurable inflam-
matory axis.[16–18] In addition to cardiovascular disease, 
elevated hsCRP levels have also been associated with 
metabolic disorders such as diabetes mellitus and meta-
bolic syndrome.[16] Nevertheless, CRP alone may insuffi-
ciently reflect interindividual variability in inflammatory 
responses and related clinical risk.[17,18] Contemporary ev-
idence further suggests that chronic inflammatory bur-
den is influenced by persistent inflammatory pathways 
associated with residual inflammatory risk and trained 
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immunity mechanisms that extend beyond conventional 
inflammatory biomarkers.[19–21] In this context, composite 
inflammatory indices and multi-biomarker approaches 
have increasingly been proposed as more comprehen-
sive methods for assessing systemic inflammatory bur-
den and immune dysregulation than isolated inflamma-
tory measurements alone.[14,18–21]

Taken together, our findings suggest that SIRI may serve 
as a practical adjunctive marker for identifying smoking-
related low-grade systemic inflammation in active smok-
ers. Because SIRI is derived from routinely available 
complete blood count parameters, it represents a cost-ef-
fective and widely accessible inflammatory index with 
potential applicability in clinical screening and popula-
tion-level risk assessment strategies. Chronic low-grade 
inflammation is increasingly recognized as a biologically 
complex and heterogeneous process involving multiple 
interconnected innate and adaptive immune pathways, 
trained immunity mechanisms, and persistent inflam-
matory pathways associated with residual inflammatory 
risk.[14–21] In this context, composite inflammatory indices 
integrating multiple hematological parameters may pro-
vide a more comprehensive representation of systemic 
inflammatory burden and immune dysregulation than 
isolated inflammatory biomarkers alone.[9–12,14,18–21] Nev-
ertheless, the modest discriminatory performance ob-
served in the present study indicates that SIRI should be 
interpreted as a complementary rather than standalone 
diagnostic marker.

Nonetheless, this study has several limitations. First, 
its retrospective single-center design may limit gener-
alizability. Second, the study population demonstrated 
a marked gender imbalance, with a predominance of 
female participants (253 females vs. 53 males), particu-
larly in the non-smoker group. Because hematological 
parameters and inflammatory responses may vary ac-
cording to sex, this imbalance may have introduced po-
tential statistical bias and influenced the observed asso-
ciations. In addition, the absence of long-term follow-up 
and the inability to account for potentially confounding 
variables such as dietary habits, psychosocial stress, and 
subclinical infections may have affected inflammatory 
marker levels. Future prospective multicenter studies are 
warranted to determine whether SIRI predicts longitu-
dinal clinical outcomes and whether its diagnostic per-
formance can be enhanced through integration with ad-
ditional inflammatory mediators such as IL-6 or TNF-α.

Conclusion

SIRI was the only hematological index that demonstrated 
statistically significant diagnostic value for systemic in-
flammation in active smokers, suggesting a potential role 
in evaluating smoking-related inflammatory changes. In 
contrast, SII, NLR, and PLR did not show significant dis-
criminatory performance. Because SIRI is inexpensive, 
easily calculated, and derived from routinely available 
complete blood count parameters, it may represent a 
practical adjunctive marker for assessing low-grade sys-
temic inflammation in active smokers. However, given 
its modest discriminatory performance, SIRI should be 
interpreted as a complementary rather than standalone 
diagnostic tool. Further large-scale prospective studies 
are needed to validate these findings and clarify the clin-
ical applicability of SIRI across broader populations and 
smoking-related inflammatory conditions.

Ethics Committee Approval: Ethical approval for the study 
was obtained from the Kartal Koşuyolu High Specialization 
Training and Research Hospital Clinical Research Ethics Com-
mittee (Date: 30/07/2024, No: 2024/14/888). 
Peer-review: Externally peer-reviewed.
Informed Consent: Not applicable.
Author Contribution: Concept: M.E., I.K.; Design: M.E., I.K., 
L.T.; Supervision: M.E., I.K., L.T.; Fundings: M.E., I.K., L.T.; 
Materials: M.E., I.K., L.T.; Data collection &/or processing: 
M.E., I.K.; Analysis and/or interpretation: I.K., L.T.; Literature 
search: M.E., I.K., L.T.; Writing: M.E., I.K., L.T.; Critical review: 
M.E., I.K., L.T.
Conflict of Interest: No conflict of interest was declared by 
the authors.
Funding: The authors declared that this study has received no 
financial support. 
Availability of data and materials: Patient’s data was 
obtained from hospital data system.

References

1.	 Saaoud F, Shao Y, Cornwell W, Wang H, Rogers TJ, Yang X. Ci-
garette smoke modulates inflammation and immunity via reactive 
oxygen species-regulated trained immunity and trained tolerance 
mechanisms. Antioxid Redox Signal 2023;38:1041–69. [CrossRef]

2.	 Gavriilidis P, Pawlik TM. Inflammatory indicators such as sys-
temic immune-inflammation index and systemic inflammation 
response index as predictors of outcome after hepatocellular car-
cinoma surgery. Front Surg 2023;10:1212394.

3.	 Cao H, He J, Xu H, Zhou Z, Song Y. Relationship between sys-
temic immune-inflammation index (SII) and mortality in conges-
tive heart failure patients. Front Cardiovasc Med 2024;11:1282724.

4.	 Du Y, Lin H, Ma J, Yu L. Association of systemic immune-inflam-
mation index with coronary artery disease in older adults. BMC 

https://doi.org/10.1089/ars.2022.0087


Southern Clinics of Istanbul Eurasia - Volume 37, Issue 3, October 2026278

Eryılmaz et al., Smoking and Cellular Inflammatory Markers

Geriatr 2024;24:1–9.
5.	 Shao J, Xu H, Liang H, Wu Z. Prognostic value of preoperative sys-

temic inflammation response index and systemic immune-inflam-
mation index in NSCLC patients. BMC Pulm Med 2023;23:201.

6.	 Xu L, Liang C, Zhou Y, Liu Y. Association between hsCRP and risk 
of major adverse cardiovascular events: A dose–response meta-
analysis. J Clin Hypertens 2023;25:616–24.

7.	 Müller T, Gruber J, Heigl F. hsCRP is associated with prevalence 
of diabetes, metabolic syndrome and cardiovascular disease. Car-
diovasc Diabetol 2022;21:100.

8.	 Manne S, Simonsen K, Gerke TA. Association between C-reactive 
protein levels and all-cause mortality: A national health survey. 
PLoS One 2024;19:e0284562.

9.	 Dziedzic A, Góralczyk K, Krela-Kaźmierczak I. Systemic inflam-
matory response index (SIRI) as a novel and promising prognostic 
marker in patients with coronary artery disease and acute coro-
nary syndrome. Int J Mol Sci 2022;23:9553. [CrossRef]

10.	 Yildiz C, Yuksel Y, Rakici IT, Katkat F, Ayça B, Turhan Çağlar FN. 
Assessment of systemic immune-inflammation index and sys-
temic inflammation-response index in different coronary artery 
plaque types. Angiology 2023;74:536–44. [CrossRef]

11.	 Bayraktar MF, Coşgun M. Can the systemic immune inflamma-
tion index (SII) and the systemic inflammation response index 
(SIRI) predict the severity of coronary artery disease? Northwest 
Med J 2024;4:157–62. [CrossRef]

12.	 Bedel C, Selvi F, Zortuk Ö, Yildiz G, Yavuz YF, Korkut M. Effect 
of systemic inflammatory response index (SIRI) and systemic im-
muno-inflammation index (SII) on mortality in heart failure pa-
tients. Rev Rom Med Lab 2024;32:149–54. [CrossRef]

13.	 Pujani M, Chauhan V, Singh K, Rastogi S, Agarwal C, Gera K. The 
effect and correlation of smoking with platelet indices, neutrophil 
lymphocyte ratio and platelet lymphocyte ratio. Hematol Trans-
fus Cell Ther 2021;43:424–9. [CrossRef]

14.	 Pietzner M, Kaul A, Henning AK, Kastenmüller G, Artati A, Lerch 
MM, et al. Comprehensive metabolic profiling of chronic low-
grade inflammation among generally healthy individuals. BMC 
Med 2017;15:210. [CrossRef]

15.	 Minihane AM, Vinoy S, Russell WR, et al. Low-grade inflamma-
tion, diet composition and health: Current research evidence and 
its translation. Br J Nutr 2015;114:999–1012. [CrossRef]

16.	 Denegri A, Boriani G. High sensitivity C-reactive protein (hsCRP) 
and its implications in cardiovascular outcomes. Curr Pharm Des 
2021;27:263–75. [CrossRef]

17.	 Libby P. The changing landscape of atherosclerosis. Nature 
2021;592:524–33. [CrossRef]

18.	 Ridker PM. From C-reactive protein to interleukin-6 to inter-
leukin-1: Moving upstream to identify novel targets for athero-
protection. Circ Res 2016;118:145–56. [CrossRef]

19.	 Ridker PM, MacFadyen JG, Everett BM, Libby P, Thuren T, Glynn 
RJ, et al. Relationship of C-reactive protein reduction to cardio-
vascular event reduction following treatment with canakinumab: 
A secondary analysis from the CANTOS randomised controlled 
trial. Lancet 2018;391:319–28. [CrossRef]

20.	 Netea MG, Domínguez-Andrés J, Barreiro LB, et al. Defining 
trained immunity and its role in health and disease. Nat Rev Im-
munol 2020;20:375–88. [CrossRef]

21.	 Furman D, Campisi J, Verdin E, Carrera-Bastos P, Targ S, Franceschi 
C, et al. Chronic inflammation in the etiology of disease across the 
life span. Nat Med 2019;25:1822–32. [CrossRef]

https://doi.org/10.3390/ijms23179553
https://doi.org/10.1177/00033197231158937
https://doi.org/10.54307/NWMJ.2024.116
https://doi.org/10.2478/rrlm-2024-0015
https://doi.org/10.1016/j.htct.2020.07.006
https://doi.org/10.1186/s12916-017-0974-6
https://doi.org/10.1017/S0007114515002093
https://doi.org/10.2174/1381612826666200717090334
https://doi.org/10.1038/s41586-021-03392-8
https://doi.org/10.1161/CIRCRESAHA.115.306656
https://doi.org/10.1016/S0140-6736(17)32814-3
https://doi.org/10.1038/s41577-020-0285-6
https://doi.org/10.1038/s41591-019-0675-0


Access this article online
Quick Response Code:

Website:
www.scie.online

DOI:
10.14744/scie.2026.34445

ORIGINAL ARTICLE

Southern Clinics of Istanbul Eurasia by Kare Media 279

Impact of Breastfeeding on Body Mass 
Index

 Nihal Cankır,1  Yakup Çağ,1  Mehmet Tolga Köle,1  Ayşe Adak,1 
 Yasemin Akın1

Abstract
Objective: The objective of this research is to assess the correlation between the length of 
breastfeeding and the Body Mass Index (BMI) of children in the 3-6 age group, as well as to 
ascertain the impact of early childhood nutrition on the incidence of obesity.

Methods: A questionnaire was administered to the parents of children aged 3-6 who pre-
sented to the outpatient clinic, inquiring about demographic characteristics and the children’s 
feeding practices between the ages of 0-2. Anthropometric measurements of the children were 
also taken.

Results: A total of 399 children took part in the investigation, with 236 being boys. Judging by 
the Body Mass Index (BMI) metrics, 27% were categorized as underweight, 54% fell within the 
normal range, 5% were identified as overweight, and 14% were classified as obese. Notably, 
8% of the participants had never experienced breastfeeding, 42% had undergone breastfeed-
ing for six months or less, 25% had a breastfeeding duration of 7-23 months, and another 25% 
had been breastfed for 24 months or more. Despite the variations in breastfeeding duration, no 
statistically significant disparities were detected in the BMI values (p>0.05). Among those who 
had never been breastfed, 22% were identified as obese. In contrast, only 9% of individuals 
breastfed for less than six months fell into the obese category, while 16% of those breastfed 
for 7-23 months and another 16% breastfed for 24 months or more were deemed obese. Inter-
estingly, a statistically significant association emerged between the duration of breastfeeding 
and the incidence of chronic illnesses (p<0.05). A noteworthy 71.4% of children with chronic 
ailments had been breastfed for six months or less, indicating a potential link between shorter 
breastfeeding periods and the presence of chronic illnesses in children.

Conclusions: In our study, no relationship was found between the duration of breastfeeding 
and BMI values. However, children with chronic illnesses were observed to have a shorter 
duration of breastfeeding.
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Introduction

The feeding style during the first two 
years of life is of utmost importance 

for future growth and development. In-

correct feeding practices during this pe-
riod can lay the foundation for chronic 
diseases, obesity, and allergic conditions 
later in life. Breast milk is the most easily 
digestible, cost-effective, readily available, 
and natural source of nourishment that 
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meets all the requirements a newborn needs. The global 
health authority, the World Health Organization (WHO), 
along with the United Nations International Children’s 
Emergency Fund (UNICEF), advocates for exclusive 
breastfeeding during the initial 6 months of a child’s life, 
followed by the continuation of breastfeeding alongside 
the introduction of complementary foods until the child 
attains the age of 2.

Obesity is defined as an excessive increase in body fat 
tissue. It is one of the most significant global health is-
sues today, representing a risk factor for various chronic 
diseases, primarily diabetes and cardiovascular condi-
tions, making it a major public health concern.[1] Studies 
have shown an increase in the prevalence of childhood 
overweight and obesity in recent years.[2–4] Early inter-
ventions can be helpful in preventing obesity and related 
health problems. Therefore, identifying preventable risks 
and modifiable protective factors has become crucial in 
efforts to prevent obesity.[5]

It is well known that breastfeeding has many benefits for 
both the mother and the baby.[6] Numerous studies have 
reported that breastfeeding can protect against child-
hood obesity.[7,8] It is suggested that hormones found in 
the content of breast milk, such as leptin, adiponectin, 
and Insulin-like growth factor-1, regulate the infant’s 
food intake and help prevent the increasing prevalence 
of obesity.[9]

In this study, our aim was to assess the relationship be-
tween the duration of breastfeeding and the BMI (Body 
Mass Index) of children aged 3-6 years and to determine 
the impact of early childhood nutrition on the prevalence 
of obesity.

Materials and Methods

Our prospective study was conducted at the Dr. Lütfi 
Kırdar City Hospital, Department of Pediatrics, between 
March 2022 and April 2023. The study was carried out in 
accordance with the principles of the Helsinki Declara-
tion and received approval from the Dr. Lütfi Kırdar City 
Hospital Ethics Committee on January 28, 2022, with de-
cision number 2022/514/218/15. 

A questionnaire consisting of 12 questions was prepared 
to gather information from the parents of children aged 
3-6 who presented to the outpatient clinic. This ques-
tionnaire covered demographic characteristics, as well 
as the children’s feeding practices between the ages of 

0-2, whether they received breast milk and for how long, 
whether they received dietary supplements, any concur-
rent chronic illnesses, and the family’s educational and 
socioeconomic status.

After obtaining parental consent, face-to-face interviews 

Table 1. Descriptive statistics of demographic characteristics of 
individuals

		  Statistics

Age, (Month)	 46.63±20.99

Gender, n (%)	  

	 Man	 236 (59.15)

	 Woman	 163 (40.85)

Height, (Cm)	 109.66±8.22

Weight, (Kg)	 18.96±4.77

BMI Categorical, n (%)	  

	 Weak	 108 (27.07)

	 Normal	 217 (54.39)

	 Overweight	 19 (4.76)

	 Obese	 55 (13.78)

BMI	 15.59±2.75

Formula Usage Time, n (%)	  

	 Any	 177 (44.36)

	 6 Months and under	  20 (5.01)

	 7-23 Months	 155 (38.85)

	 24 Months and above	 47 (11.78)

Duration of Breast Milk Intake, n (%)	  

	 Any	 32 (8.02)

	 6 Months and under	 171 (42.86)

	 7-23 Months	 98 (24.56)

	 24 Months and above	 98 (24.56)

The First 6 Months, n (%)	  

	 Only Breast Milk	 245 (61.4)

	 Just baby food	 31 (7.77)

	 Breast Milk+baby food	 123 (30.83)

Mother’s level of education, n (%)	  

	 Primary school	 110 (27.57)

	 Secondary school	 86 (21.55)

	 High school	 131 (32.83)

	 University	 72 (18.05)

Chronic disease, n (%)	  

	 No	 371 (92.98)

	 Yes	 28 (7.02)

The medication he uses constantly, n (%)	  

	 No	 392 (98.25)

	 Yes	 7 (1.75)

Total	 399 (100)

n: Number of patients, %: Percentage value, average ± standard it is given as a 
deviation. 
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were conducted. The children’s anthropometric mea-
surements, including height and weight, were taken at 
the clinic, and their BMI values were evaluated using the 
BMI percentile curves for 2-18-year-old boys and girls 
by Olcay Neyzi.[10] A BMI value below the 5th percentile 
was categorized as underweight, between the 5th per-
centile and below the 85th percentile as normal, between 
the 85th percentile and below the 95th percentile as over-
weight, and at or above the 95th percentile as obese.[11]

Statistical Analysis
The information was scrutinized employing IBM SPSS 
Statistics Standard Concurrent User Version 26 (IBM 
Corp., Armonk, New York, USA). Descriptive statistics 
were articulated in terms of unit count (n), percentages 
(%), mean ± standard deviation, and median (minimum-
maximum) values. The normality of numerical variable 
data distribution underwent assessment through the 
Shapiro-Wilk normality test. In instances where there 
were more than two categorical variables, one-way anal-
ysis of variance (ANOVA) was executed when the data 
exhibited a normal distribution, whereas the Kruskal-
Wallis H Test was utilized when the data deviated from 
normality. In cases where analysis of variance yielded 
significant results, the Dunn-Bonferroni test was em-
ployed for post-hoc multiple comparisons. The associ-
ations among categorical variables were examined us-
ing Pearson’s chi-square test and Fisher’s exact test. A 
p-value below 0.05 was deemed indicative of statistical 
significance.

Results

A total of 399 children participated in the study, with 
an average age of 46.63 months. Among them, 236 were 
boys, and 163 were girls. Their average height was 109.66 
cm, and their average weight was 18.96 kg. Among the 
children in the study, 108 were underweight, 217 had a 
normal weight, 19 were overweight, and 55 were obese. 
177 children had never used baby formula, 20 had used it 
for 6 months or less, 155 had used it for 7-23 months, and 
47 had used it for 24 months or more (Table 1).

Regarding breastfeeding, 32 children had never received 
any breast milk, 171 had received breast milk for 6 months 
or less, 98 had received breast milk for 7-23 months, and 
98 had received breast milk for 24 months or more. In 
the study, 245 children were exclusively breastfed for the 
first 6 months, 31 were exclusively fed with formula, and 
123 were fed with both breast milk and formula in their 
first 6 months. Among the children, 28 had chronic ill-
nesses, and 7 were on continuous medication.

A statistically significant difference has been observed 
between the duration of breastfeeding and the presence 
of chronic disease (p<0.05). Among those with chronic 
diseases, 71.4% (20 individuals) breastfed for 6 months 
or less, whereas among those without chronic diseases, 
50.6% (188 individuals) breastfed for 7 months or more. 
Increasing the duration of breastfeeding has reduced the 
incidence of chronic diseases (Table 2; Table 3; Table 4; 
Table 5; Table 6).

Table 2. Comparison of the duration of breast milk intake and BMI values according to age and gender

 	 Duration of Breast Milk Intake		

 		  Any	 6 Months >	 7-23 Months	 24 Months <	 Test Statistics	 p

Age	 45.28±23.27	 47.16±20.39	 45.2±21.99	 47.58±20.45	 0.441	 0.932€

		  50.5 (4-75)	 52 (3-71)	 51.5 (3-71)	 53 (3-71)		

BMI	 15.85±3.67	 15.35±2.36	 15.45±2.46	 16.08±3.25	 2.514	 0.473€

		  14.4 (12.1-26.3)	 15.1 (11.1-25.2)	 15.1 (10.7-23.5)	 15.2 (11.1-26.9)		

Gender	  	  	  		  3.566	 0.312&

	 Man	 22 (0.09)	 94 (0.4)	 57 (0.24)	 63 (0.27)		

	 Woman	 10 (0.06)	 77 (0.47)	 41 (0.25)	 35 (0.21)		

BMI Categorical	  	  	  	  	 9.497	 0.393&

	 Weak	 11 (0.1)	 43 (0.4)	 29 (0.27)	 25 (0.23)		

	 Normal	 13 (0.06)	 102 (0.47)	 50 (0.23)	 52 (0.24)		

	 Overweight	 1 (0.05)	 10 (0.53)	 3 (0.16)	 5 (0.26)		

	 Obese	 7 (0.13)	 16 (0.29)	 16 (0.29)	 16 (0.29)		

Numerical variables are given as mean±standard deviation and median (minimum-maximum). £: One-way ANOVA,€ Kruskal-Wallis test: &: Kikare analysis, ƞ: Fisher 
exact test.
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Discussion

Breast milk is the optimal source of nutrition for in-
fants, supplying all essential nutrients during the first 6 
months of life. Studies conducted in our country indicate 
a significantly high rate of breastfeeding. According to 
the results of the 2018 Turkey Demographic and Health 
Survey, 98.% of mothers initiate breastfeeding after child-
birth. On average, infants are breastfed for 16,7 months.
[12]

In our study, the percentage of infants receiving breast 
milk under six months is higher than those receiving 
breast milk at seven months and beyond. Telatar et al.[13] 

found that the postnatal breastfeeding rate was 98%, 63% 
at the fourth month, and 46% at the sixth month. In a 
study conducted in the United States, the breastfeeding 
rate was reported as 66% at the start, decreasing to 32.8% 
at the sixth month.[14] In a study involving 5003 moth-
ers in our country, the rate of exclusive breastfeeding 
dropped from 97% at birth to 81.5% in the second month 
and further decreased to 8.7% at the sixth month.[15] Sim-
ilarly, the Turkey Demographic and Health Survey data 
for 2013 and 2018 indicate a decline in the percentage of 
breastfeeding as children age.[16,17] As infants grow older, 
the decrease in breastfeeding can be attributed to the in-
troduction of complementary foods.

In our study, when examining the BMI values of chil-

Table 3. Comparison of duration of use of formula with BMI 

 	 Duration of Use of Baby Food		

 		  Any	 6 Months >	 7-23 Months	 24 Months <	 Test Statistics	 p

BMI	 15.65±2.67	 14.91±3.24	 15.78±2.85	 15.06±2.46	 6.468	 0.091€

		  15.1 (10.7-25.2)	 13.9 (11.7-26.9)	 15.1 (11.7-26.3)	 14.3 (11.1-22.6)		

BMI Categorical 

	 Weak	 47 (0.44)	 10 (0.09)	 33 (0.31)	 18 (0.17)	 13.600	 0.137&

	 Normal	 98 (0.45)	 7 (0.03)	 90 (0.41)	 22 (0.1)	

	 Overweight	 8 (0.42)	 2 (0.11)	 7 (0.37)	 2 (0.11)		

	 Obese	 24 (0.44)	 1 (0.02)	 25 (0.45)	 5 (0.09)		

Numerical variables are given as mean±standard deviation and median (minimum-maximum). £: One-way ANOVA, € Kruskal-Wallis test: &: Kikare analysis, ƞ: Fisher 
exact test.

Table 4. Comparison of BMI with nutrition for the first 6 months by age and gender

 	 The First 6 Months	

 		  Only Breast Milk	 Only Formula	 Breast Milk+Formula	 Test Statistics	 p

Age	 46.96±21.13	 44.84±23.52	 46.43±20.19	 0.473	 0.790€

		  53 (3-71)	 50 (4-75)	 51 (3-71)		

BMI	 15.6±2.72	 15.52±3.19	 15.6±2.72	 0.815	 0.665€

		  15.1 (10.7-26.9)	 14.3 (12.1-25.9)	 15.1 (11.1-26.3)		

Gender	  	  	  	

	 Man	 147 (0.62)	 21 (0.09)	 68 (0.29)	 1.781	 0.410&

	 Girl	 98 (0.6)	 10 (0.06)	 55 (0.34)		

BMI Categorical	  	  	  	

	 Weak	 67 (0.62)	 11 (0.1)	 30 (0.28)	 3.619	 0.728&

	 Normal	 133 (0.61)	 13 (0.06)	 71 (0.33)		

	 Overweight	 11 (0.58)	 1 (0.05)	 7 (0.37)		

	 Obese	 34 (0.62)	 6 (0.11)	 15 (0.27)		

Numerical variables are given as mean±standard deviation and median (minimum-maximum). £: One-way ANOVA, € Kruskal-Wallis test: &: Kikare analysis, ƞ: Fisher 
exact test.
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dren, the majority were found to be within the normal 
range, with 4% identified as overweight and 13% as 
obese. A study involving preschool children revealed 
that 4.9% were mildly overweight and 11.2% were obese.
[18] Another study among children aged 6-59 months 
showed a higher prevalence of normal BMI.[19] As ob-
served in all these studies, the majority of this age group 
falls within the normal BMI range. This can be attributed 
to the active nature of children in this age group and 
their high level of physical activity, as they are often en-
gaged in play.

In our study, it was determined that the duration of 
breastfeeding does not affect BMI values. Similarly, in 
a study by Vafa et al.,[20] it was reported that the dura-
tion of breastfeeding does not influence BMI values dur-
ing childhood. Another study, like ours, indicates that 
breastfeeding does not prevent overweight or obesity.
[21] Likewise, a study conducted in China showed that 

breastfeeding does not prevent overweight or obesity.
[22] Some studies have found that breastfeeding is protec-
tive against obesity.[23] In a study in Japan from 2001 to 
2009, eliminating other factors influencing obesity (gen-
der, physical activity, chronic illness, maternal education, 
etc.), it was found that breastfeeding protects against 
obesity.[24] In another study comparing breastfed and 
non-breastfed babies, a 15% reduction in the frequency 
of childhood overweight was observed in breastfed ba-
bies.[25] Although our study did not yield statistically 
significant results, the obesity rate in children exclu-
sively breastfed for twenty-four months and above was 
15%, while it was 22% in those exclusively formula-fed. 
As seen, studies questioning the relationship between 
breastfeeding duration and BMI have produced different 
results. This can be attributed to factors such as genetics, 
physical activity, socio-economic status, in addition to 
the dietary pattern, influencing obesity.

Table 5. Comparison of maternal education level by BMI and duration of breast milk intake

 	 Mother’s Educational Level	

 		  Primary school	 Secondary school	 High school	 University	 Test Statistics	 p

BMI	 15.9±3.01	 15.17±2.37	 15.48±2.76	 15.84±2.7	 4.166	 0.244€

		  15.1 (11.7-26.3)	 14.8 (11.1-26.9)	 15.1 (10.7-25.2)	 15.4 (11.3-25.9)		

BMI Categorical	  	  	  	  	 9.913	 0.358&

	 Weak	 30 (0.28)	 26 (0.24)	 38 (0.35)	 14 (0.13)		

	 Normal	 54 (0.25)	 51 (0.24)	 68 (0.31)	 44 (0.2)		

	 Overweight	 8 (0.42)	 2 (0.11)	 7 (0.37)	 2 (0.11)		

	 Obese	 18 (0.33)	 7 (0.13)	 18 (0.33)	 12 (0.22)		

Duration of Breast Milk Intake	  	  	  	  	 8.620	 0.473&

	 Any	 10 (0.31)	 7 (0.22)	 12 (0.38)	 3 (0.09)		

	 6 Months >	 49 (0.29)	 30 (0.18)	 56 (0.33)	 36 (0.21)		

	 7-23 Months	 29 (0.3)	 27 (0.28)	 29 (0.3)	 13 (0.13)		

	 24 Months <	 22 (0.22)	 22 (0.22)	 34 (0.35)	 20 (0.2)			 

Numerical variables are given as mean±standard deviation and median (minimum-maximum). £: One-way ANOVA , € Kruskal-Wallis test: &: Kikare analysis, ƞ: Fisher 
exact test

Table 6. Comparison of the duration of breast milk intake and the chronic disease variable

 	 Duration of Breast Milk Intake		

 		  Any	 6 Months >	 7-23 Months	 24 Months <	 Test Statistics	 p

Chronic Disease	  	  	  	  	

	 No	 32 (%8.6)	 151 (%40.7)	 94 (%25.3)	 94 (%25.3)	 10.740	 0.013&	

	 There is	 0 (0)	 20 (%71.4)	 4 (%14.3)	 4 (%14.3)			 

Numerical variables are given as mean±standard deviation and median (minimum-maximum). £: One-way ANOVA, € Kruskal-Wallis test: &: Kikare analysis, ƞ: Fisher 
exact test.



Southern Clinics of Istanbul Eurasia - Volume 37, Issue 3, October 2026284

Cankır et al., Breastfeeding and Body Mass Index

In our study, a decrease in the occurrence of chronic dis-
eases was observed with the duration of breastfeeding. 
Among the participants, 71% of those with chronic dis-
eases had received breastfeeding for six months or less. 
Many of these chronic diseases include asthma and sea-
sonal allergic rhinitis. In a study involving young adults 
aged 18-30, a significantly higher rate of allergic diseases 
was found in those who received breastfeeding for the 
first 4 months compared to those who received breast-
feeding for 6 months or more.[26] Numerous studies have 
shown that an extended duration of breastfeeding is as-
sociated with a reduction in the risk of acute illnesses, 
certain chronic diseases, and hospitalization in later peri-
ods.[27] Similarly, an increased duration of breastfeeding 
has been reported to be associated with a decrease in the 
incidence of obesity, cancer, adult coronary heart disease, 
allergic conditions, Type 1 diabetes mellitus, and inflam-
matory bowel disease.[28]

Conclusion

In conclusion, our study did not find a significant rela-
tionship between the duration of breastfeeding and BMI 
values. However, an increase in the duration of breast-
feeding was associated with a reduction in the incidence 
of chronic diseases. We believe that further studies with 
larger patient groups will shed more light on these mat-
ters.
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Abstract
Objective: Pulmonary pleomorphic carcinoma (PPC) is one of the rarest subtypes of non-
small cell lung cancer (NSCLC) and is associated with a poor prognosis. Since this tumor is 
known to be chemoresistant, anatomical resection is considered the primary treatment option, 
especially in the early stages. Due to its rarity, the number of studies on this subject in the 
literature is quite limited. In this study, we aimed to investigate the long-term postoperative 
outcomes of patients operated on for PPC and the factors affecting survival.

Methods: Patients who underwent surgery for lung cancer were retrospectively reviewed. 
Those with a postoperative histopathological diagnosis of PPE were included. Demographic 
and clinicopathological characteristics were analyzed, and factors affecting overall survival 
(OS) and disease-free survival (DFS) were investigated.

Results: A total of 25 patients who underwent surgery for PPC between 2016 and 2025 
were included in the study. After excluding surgical mortality, the mean OS was calculated as 
54.3±9.9 months, with a 5-year OS rate of 49.6%. Recurrence developed in 13 (52%) patients. 
The mean DFS was 43.1±9.9 months, and the 5-year DFS rate was 40.9%. Surgical incision 
analysis reveals the mean OS was 48.2±11.6 months and the 5-year OS rate was 43.8% in 
patients who underwent thoracotomy. These values were 77.6±12.9 months and 80% in pa-
tients who underwent VATS, respectively (p=0.048). A statistically significant relationship was 
found between stage and survival (p=0.042). Although not reaching statistical significance, the 
presence of spread-through air spaces (STAS), perineural invasion, and vascular invasion was 
associated with poorer prognosis.

Conclusions: In our study, the prognostic factors that had a statistically significant effect on 
survival in PPC were the use of minimally invasive surgery and the stage of the disease. Inva-
sion-related parameters such as STAS, perineural invasion, and vascular invasion were also 
found to negatively affect survival, although they did not reach statistical significance.
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Introduction

Pulmonary pleomorphic carcinoma 
(PPC) is an extremely rare subtype 

among all lung cancers.[1] Although PPC 

can originate from any part of the body, 
it most commonly arises from the respira-
tory system. Histopathologically, it must 
contain at least 10% giant cells or spin-
dle cells. In the 2021 classification of the 
World Health Organization (WHO), pul-
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monary pleomorphic carcinoma is classified as a subtype 
of sarcomatoid carcinoma of the lung.[2]

PPC ha been repoted to have a tendency to metastasize 
early and is associated with a poor prognosis.[3] PPC is 
most commonly seen in smoker males. The tumor dia-
mater is usually large at the time of diagnosis.[4]

PPC has been reported to have a tendency for early metas-
tasis and is associated with poor prognosis.[3] It is most 
commonly seen in male smokers, and the tumor size is 
usually large at the time of diagnosis.[4] The prognosis of 
PPC is worse than that of non-small cell lung carcinoma 
(NSCLC). Since PPC is known to be chemoresistant, the 
primary treatment in the early stages is surgical resec-
tion. In localized and early-stage disease, anatomical re-
section is considered the treatment of choice. Although 
systemic therapies may be considered in metastatic dis-
ease, these tumors have been reported to show high re-
sistance to platinum-based chemotherapy.[5] While some 
authors recommend adjuvant treatment even in early-
stage disease following surgery, it has also been empha-
sized that the role of systemic therapy in PPC requires 
further investigation.[6,7]

Since PPC is a very rare subtype of non-small cell lung 
cancer, the number of studies in the literature on this 
tumor type is limited, and most of these studies consist 
of case reports. The aim of this study was to investigate 
the surgical outcomes and the factors affecting survival 
in patients who underwent surgery for lung cancer and 
were diagnosed with pleomorphic carcinoma on final 
pathological examination during 10 year period.

Materials and Methods

Patients
Patients who underwent surgery for lung cancer in 
our clinic were retrospectively reviewed. Among these 
patients, those whose final postoperative pathology re-
port revealed pleomorphic carcinoma were included 
in the study. Patients who did not undergo surgery for 
curative treatment and those with insufficient medical 
records were excluded. This study was approved by the 
Ethics Committee our Hospital with the approval num-
ber 2026/010.99/27/13 (Date: 29.04.2026) and was con-
ducted in accordance with the principles of the Declara-
tion of Helsinki. Informed consent was obtained from all 
participants.

Data Collection
The demographic characteristics of the patients included 
in the study, the surgical treatment performed, inva-
sion parameters, maximum standardized uptake value 
(SUVmax) on positron emission tomography/computed 
tomography (PET/CT), administration of adjuvant 
therapy, stages according to the 9th TNM classification 
system, overall survival (OS), and disease-free survival 
(DFS) were evaluated. Lesions located in the inner half of 
the lung parenchyma were classified as central, whereas 
those located in the outer half were classified as periph-
eral. OS and DFS were defined as the time from surgery 
to death or recurrence, respectively.

Preoperative Period
All patients scheduled for lung cancer surgery under-
went preoperative thoracic CT and PET/CT evaluation. 
Surgical treatment was recommended for patients who 
had no evidence of mediastinal lymph node or distant 
metastasis on PET/CT but were suspected of having 
malignancy in the pulmonary lesion itself. In such cases, 
wedge resection lesion was initially performed, and 
anatomical resection was subsequently carried out if ma-
lignancy was confirmed on frozen-section examination. 
In patients with central lesions or tumors larger than 3 
cm, transbronchial needle biopsy or transthoracic aspi-
ration biopsy was performed as the primary diagnostic 
procedure. In patients with tumors measuring 3 cm or 
larger, invasive mediastinal staging was performed using 
endobronchial ultrasound (EBUS) or mediastinoscopy. 
Patients staged as N0–N1 underwent direct surgery. In 
patients with N2a disease, surgery was planned follow-
ing neoadjuvant therapy. Surgery was not planned in 
cases with multistation N2 disease. The cardiopulmonary 
functions of the patients were evaluated preoperatively 
by echocardiography and pulmonary function tests.

Surgical Approach
The type of anatomical resection—segmentectomy, 
lobectomy, bilobectomy, or pneumonectomy—was de-
termined according to tumor location and size. R0 resec-
tion was achieved in all patients included in the study. 
Video-assisted thoracoscopic surgery (VATS) was pre-
ferred for small, peripheral tumors, whereas thoraco-
tomy was performed for central and large tumors. In 
cases with chest wall invasion, en bloc chest wall resec-
tion was performed. For accurate staging, mediastinal 
lymph node dissection was performed during the same 
surgical session as the anatomical resection.
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Postoperative Follow-up
Patients who underwent anatomical resection due to 
PPC were followed up with thoracic CT every 6 months 
for the first 2 years and annually for the subsequent 3 

years. Patients with tumors larger than 4 cm or those 
with metastases in mediastinal or hilar lymph nodes 
were consulted with the medical oncology department 
for adjuvant therapy. Some of these patients either de-

Table 1. Demographics of the patients, surgical approach, invasion parameters and staging. 

Gender		  Mediastinal Staging

	 Male	 22 (88%)	      Not performed	 10 (40%)

	 Female	 3 (12%)	      Performed	 15 (60%)

Preoperative Biopsy		  STAS	

	 Malignant	 11 (44%)	      Negative	 19 (76%)

     Pleomorphic Carcinoma	 1 (4%)	      Positive 	 6 (24%)

     AdC	 3 (12%)	 Pleural invasion	

     SqCC	 1 (4%)	      PL0	 15 (60%)

     Non-diagnostic	 6 (24%)	      PL1	 2 (8%)

     Not performed	 3 (12%)	      PL 2	 4 (16%)

Definitive diagnosis		       PL 3	 4 (16%)

     Pleomorphic Carcinoma	 9 (36%)	 Vascular invasion	

     with AdC component	 11 (44%)	      No	 20 (80%)

     with  SqCC component	 5 (20%)	      Yes	 5 (20%)

Symptoms		  Perineural invasion	

     Incidental	 4 (16%)	      No	 21 (84%)

     Chronic cough	 4 (16%)	      Yes	 4 (16%)

     Chest pain	 5 (20%)	 Lymphatic Invasion	

     Hemoptisis	 1 (4%)	      No	 7 (28%)

     Fatigue 	 1 (4%)	      Yes	 6 (24%)

     Shortness of breath	 10 (40%)	      Not investigated	 12 (48%)

Surgery 		  T Status	

     Trisegmentectomy	 1 (4%)	      T1b	 1 (4%)

     RUL	 12 (48%)	      T1c	 4 (16%)

     RLL	 5 (20%)	      T2a	 6 (24%)

     LUL	 3 (12%)	      T3	 7 (28%)

     LLL	 2 (8%)	      T4	 7 (28%)

     Upper bilobectomy	 1 (4%)	 N Status	

     Left Pneumonectomy	 1 (4%)	      N0	 15 (60%)

Incision		       N1	 7 (28%)

     VATS	 6 (24%)	      N2a	 3 (12%)

     Thoracotomy 	 18 (72%)	 Stage	

     Conversion	 1 (4%)	      IA	 4 (16%)

Neoadjuvant Treatment		       IB	 4 (16%)

	 No	 12 (48%)	      2A	 1 (4%)

     Yes	 13 (52%)	      2B 	 3 (12%)

Location		       3A	 13 (52%)

     Peripheral	 18 (76%)		

     Central	 7 (28%)		

AdC: Adenocarcinoma, LLL: Left lower lobectomy, LUL: Left upper lobectomy, PL: pleural invasion, RLL: Right lower lobectomy, RML: Right 
middle lobectomy, RUL: Right upper lobectomy, , SqCC: Squamous cell carcinoma, STAS: Spread through air spaces, VATS: Video-assisted 
thoracoscopic surgery.
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clined adjuvant treatment or were unable to tolerate its 
oncological side effects. Patients with an indication for 
adjuvant therapy were followed with thoracic CT every 
3 months for the first 2 years after completion of treat-
ment and every 6 months during the subsequent 3 years. 
In cases where recurrence or metastasis was suspected 
on thoracic CT, further evaluation was performed with 
PET/CT. When necessary, repeat biopsy was performed 
to confirm recurrence or metastatic disease.

Statistical Analysis
Categorical variables were presented as frequencies and 
percentages. Continuous variables were expressed as 
mean ± standard deviation and compared using the Stu-
dent’s t-test. OS and DFS were estimated using the Ka-
plan–Meier method, with statistical differences assessed 
by the log-rank test. Survival analyses are carried out af-
ter excluding operative mortality. A p-value of less than 
0.05 was considered statistically significant. All statistical 
analyses were carried out using SPSS version 26.0 (IBM 
Corporation, Armonk, NY, USA).

Results

Between January 2016 and December 2025, a total of 
1,066 patients underwent anatomical resection for lung 
cancer at our hospital. Among these patients, 25 (2.34%) 
were diagnosed with PPC based on the postoperative 
pathological report.

The demographic characteristics of the patients, surgical 
approach, invasion parameters, and stage distrubition 
are presented in Table 1.

The mean age of the patients was 63.4±8.5 years. The 
mean tumor size was 54.3±23.6 mm. The mean SUVmax 
uptake on PET/CT was calculated as 15.3±7.7.

Three patients (12%) died within the first 3 months after 
surgery and were classified as surgical mortality. During 
the study period, mortality occurred in 14 patients (56%). 
The mean OS of the study population was 47.9±9.4 
months, and the 5-year OS rate was 43.6%. After exclud-
ing surgical mortality, the mean OS was 54.3±9.9 months, 
and the 5-year OS rate was 49.6%. Recurrence developed 
in 13 patients (52%). The sites of recurrence and metasta-
sis are presented in Table 2. The mean DFS was 43.1±9.9 
months, and the 5-year DFS rate was 40.9%.

En bloc chest wall resection was performed in 5 patients 
(20%) in addition to anatomical lung resection. Sleeve re-
section was performed in 2 patients (8%) due to tumor 
location. Two patients (8%) underwent surgical treat-
ment following neoadjuvant therapy.

The effects of STAS on clinicopathological factors and 
survival are presented in Table 3. 

The impact of perineural invasion and vascular invasion 
on OS and DFS is shown in Table 4.

In patients who underwent thoracotomy, the mean sur-
vival was 48.2±11.6 months, and the 5-year OS rate was 
43.8%. These values were 77.6±12.9 months and 80%, 
respectively, in patients who underwent VATS. One pa-
tient who required conversion was lost in the 5th post-
operative month. The difference between the groups was 
statistically significant (p=0.048) (Fig. 1). The mean DFS 
was 43.8±12.4 months in patients who underwent VATS 
and 42.1±12.4 months in patients who underwent tho-

Table 2. Recurrence sites of patients included in the study

Recurrence Site	

Bone	 5 (20%)

Locoregional	 4 (16%)

Brain	 2 (8%)

Adrenal	 2 (8%)

Total	 13 (52%)

Table 3. The effects of STAS on clinicopathological factors and survival

		  STAS (+)	 STAS (-)	 p value

Tumor size (mm)	 53.0±27.8	 54.7±23.0	 0.518

SUVMax	 14.9±9.3	 15.6±7.4	 0.504

Mean OS (months)	 40.5±17.6	 58.7±11.4	

5-year OS	 33.3%	 56.3%	 0.485

Mean DFS (months)	 25.8±14.1	 50.1±11.8	

5-year DFS	 16.7%	 52.5%	 0.352
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racotomy, with 5-year DFS rates of 53.3% and 38.2%, re-
spectively (p=0.305).

OS analysis based on stage reveals the mean OS was 
83.3±14.3 months in stage I, 72.0±16.5 months in stage II, 
and 31.1±11.7 months in stage III disease. The 5-year OS 
rates were 83.3%, 21.7%, and 12.5%, respectively. The dif-
ference between the groups was statistically significant 
(p=0.042) (Fig. 2). Stage – DFS analysis reveals the mean 
DFS was 56.6±15.9 months in stage I disease, 23.0±12.9 

months in stage II disease, and 37.6 months in stage III 
disease. The 5-year DFS rates were 62.5%, 25.0%, and 
33.3%, respectively (p=0.563).

Discussion

PPC is an extremely rare subtype of NSCLC. When the 
available literature is reviewed, it is evident that the 
number of patients included in these studies is low, and a 
significant proportion of the publications consist of case 

Table 4. The effects of perineural invasion and vascular invasion on OS and DFS. DFS: Disease-free survival, OS: Overall survival

		  Mean OS (months)	 5-year OS	 Mean DFS (months)	 5-year DFS

Perineural invasion (+)	 12.5±5.4	 25.0%	 11.0±5.8	 25.0%

Perineural invasion (-)	 59.6±10.9	 55.0%	 46.9±11.0	 44.4%

	 p value		  0.209		  0.348

Vascular invasion (+)	 53.8±23.6	 50.0%	 53.0±24.0	 25.0%

Vascular invasion (-)	 53.3±10.8	 49.4%	 38.9±10.4	 38.3%

	 p value		  0.970		  0.570

Figure 1. Survival plot of the patients based on surgical invision
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reports. Therefore, although surgical treatment is consid-
ered the primary approach in PPC management, there is 
no clearly established consensus on an optimal treatment 
modality. In addition, due to these limitations, prognostic 
factors affecting survival in these tumors have not been 
clearly defined. In our study, we evaluated 25 patients 
with pleomorphic carcinoma who underwent surgery in 
our clinic over the past 10 years.

In literature, survival in PPC has been reported to be vari-
able. In a study in which the majority of the study pop-
ulation was inoperable, the 5-year OS was reported as 
23%.[7] In another study evaluating 17 surgically treated 
patients, the 3-year and 5-year OS rates were 45.3% and 
27.2%, respectively, and the 5-year DFS was reported as 
51.0%.[3] In our study, both OS and DFS values were found 
to be consistent with the literature; however, the OS out-
comes were slightly better, which we attribute to close 
postoperative follow-up. In addition, when survival data 
from both our study and other published reports on PPC 
are considered, PPC appears to be associated with poorer 
survival compared to NSCLC.[8]

First described by Kadota et al.[9] in 2015, STAS is defined 
as tumor cell clusters or single tumor cells within air spa-
ces beyond the main tumor border. In 2021, the WHO 
recognized STAS as an invasion pattern and a prognostic 
factor for adenocarcinomas.[10] In studies on pleomorphic 
carcinoma, the negative prognostic impact of STAS has 
also been demonstrated. In a study by Sikora and Lang-
fort, STAS was reported to be a poor prognostic factor 
for both OS and DFS.[11] In a similar study, STAS was ob-
served in 40% of cases and was shown to be associated 
with both frequent recurrence and poor prognosis.[12] 
In our study, consistent with these findings, STAS was 
associated with poorer OS and DFS; however, this asso-
ciation did not reach statistical significance. In addition 
to its effect on survival outcomes, we also evaluated the 
relationship between STAS, SUVmax, and tumor size, 
and did not find STAS to be a determining factor for 
SUVmax or tumor size. Beyond STAS, perineural inva-
sion and vascular invasion have also been shown to be 
associated with poor prognosis in NSCLC.[13,14] Similarly, 
in our study, we observed that perineural invasion and 

Figure 2. Survival plot of the patients based on stage of the disease.
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vascular invasion were associated with poorer progno-
sis, although without statistical significance.

PPC has been reported to more frequently present with 
upper lobe and peripheral localization.[15] For this rea-
son, it may be suitable for minimally invasive surgical 
approaches. In meta-analyses comparing VATS and 
thoracotomy, VATS has been shown to be non-inferior 
to thoracotomy in terms of DFS and OS.[16,17] However, 
a literature review revealed no study comparing VATS 
and thoracotomy specifically in PPC. In our study, we 
found that OS was significantly better in patients who 
underwent VATS. We believe this may be due to the fact 
that VATS is more commonly applicable in smaller, pe-
ripheral, and earlier-stage tumors. Because PPC tends 
to show both peripheral growth and a high potential for 
rapid invasion, chest wall invasion is frequently encoun-
tered in these tumors. However, when diagnosed before 
chest wall invasion occurs, favorable outcomes can be 
achieved with minimally invasive surgical techniques.

One of the most important prognostic factors in lung 
cancer is the stage of the disease. This effect appears to 
be even more pronounced in PPC. The main reason for 
this is that the most effective treatment modality for this 
tumor type is surgery, as it shows resistance to oncolog-
ical therapies. In our study, tumor stage was identified 
as a statistically significant prognostic factor affecting 
survival.

Our study has several limitations. One of them is its ret-
rospective design. However, since patient records in our 
department are maintained in a meticulous manner, the 
study data were readily accessible. The second limitation 
is the small sample size. Since PPC is a very rare tumor 
type, the number of cases in our series is limited, and 
similarly, studies in the literature on this topic are also 
characterized by small sample sizes.

Conclusion

PPC is a subtype with a poorer prognosis compared 
to NSCLC in general. In our study, minimally invasive 
surgery and disease stage were found to be prognostic 
factors that had a statistically significant impact on sur-
vival in PPC. In addition, invasion parameters such as 
STAS, perineural invasion, and vascular invasion were 
also observed to affect survival, although they did not 
reach statistical significance.
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Non-Small Cell Lung Cancer

 Pınar Özdemir,1  Erman Özdemir,2  Serap Yadigar,1  Erdoğan Özdemir3

Abstract
Objective: Concurrent chemoradiotherapy (CRT) is the standard treatment for patients with 
unresectable stage III non-small cell lung cancer (NSCLC). However, data on its efficacy and 
safety in elderly populations are limited. This study aimed to evaluate survival outcomes, treat-
ment response, and toxicity profiles of CRT with three different chemotherapy regimens in 
elderly patients with stage III NSCLC.

Methods: We retrospectively analyzed 75 patients aged ≥65 years with unresectable stage 
IIIA–IIIB NSCLC who received CRT between October 2006 and October 2014. Patients were 
treated with one of the following regimens: Carboplatin plus paclitaxel (PC; n=41), cisplatin 
plus docetaxel (PD; n=21), or cisplatin plus etoposide (PE; n=13). Radiotherapy was admin-
istered concurrently in all cases (60 Gy in 30 fractions). Clinical endpoints included overall 
survival (OS), progression-free survival (PFS), treatment response (per RECIST v1.1), and 
toxicity (per NCI-CTCAE v4.03).

Results: Median OS was 31.6 months in the PE group, 20.0 months in the PC group, and 
13.7 months in the PD group (p=0.322). Median PFS was 19.8, 10.6, and 10.9 months for 
PE, PC, and PD groups, respectively (p=0.643). Disease control rates—defined as complete 
response (CR), partial response (PR), and stable disease (SD)—were 92.3% (PE), 75.6% 
(PC), and 71.4% (PD) (p=0.279). Neuropathy was most common in the PC group (20%), while 
hematologic toxicities occurred more frequently in the PD group. Chemotherapy discontinu-
ation was significantly higher in patients with Eastern Cooperative Oncology Group (ECOG) 
performance status of 2 (p=0.012).

Conclusions: In elderly patients with inoperable stage III NSCLC, all three CRT regimens 
demonstrated acceptable efficacy and safety profiles. Although not statistically significant, the 
PE regimen was associated with numerically better survival outcomes and higher disease 
control rates, suggesting it may be a favorable option for selected elderly patients.

Keywords: Elderly patients; non-small cell lung cancer; concurrent chemoradiotherapy; cis-
platin-etoposide; toxicity; survival.
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Introduction

Lung cancer remains the leading cause of cancer-re-
lated deaths worldwide, accounting for approxi-

mately 1.8 million fatalities annually.[1] Among all lung 
cancers, non-small cell lung cancer (NSCLC) comprises 
over 80 % of cases and exhibits a generally poor progno-
sis, especially when diagnosed at an advanced stage.[2] 
Stage III NSCLC is a heterogeneous entity, often consid-
ered inoperable due to local advancement, but still po-
tentially curable with aggressive multimodality therapy. 
Concurrent chemoradiotherapy (CRT) has emerged as 
the standard of care in these patients, offering superior 
survival outcomes compared to sequential treatment 
modalities.[3] However, treatment decisions in elderly 
patients pose unique challenges due to physiological 
aging, increased comorbidities, and the potential for 
heightened toxicity.

The median age at diagnosis for NSCLC in developed 
countries is around 68 years,[4] and a significant pro-
portion of patients with stage III disease fall within the 
geriatric population. As the global population continues 
to age, the incidence of NSCLC in elderly patients is ex-
pected to rise, prompting a need for more age-inclusive 
treatment paradigms. Historically, elderly patients have 
been underrepresented in clinical trials,[5] resulting in a 
paucity of data regarding the safety and efficacy of stan-
dard treatments such as concurrent CRT in this demo-
graphic. Moreover, clinicians often face the dilemma of 
balancing the benefits of aggressive treatment against the 
risks of toxicity, functional decline, and impaired quality 
of life.

Geriatrics and Oncology: A Crossroad of Precision Care
Geriatrics, as a medical subspecialty (typically 
≥ 65 years), employs a multidisciplinary approach to 
aging, encompassing physiological, psychological, and 
social dimensions.[6] The development of geriatrics as a 
formal discipline has enabled integration of tools like 
the Comprehensive Geriatric Assessment (CGA), which 
evaluates functional status, comorbidities, cognition, 
emotional conditions, nutrition, and social support to 
guide individualized care plans.[7] In oncology, geri-
atric principles are crucial, as cancer incidence increases 
with age. Geriatric oncology—a field at the intersection 
of these disciplines—aims to tailor treatment decisions 
based on physiological rather than chronological age. 
Organizations such as the International Society of Geri-
atric Oncology (SIOG) and the American Society of Clin-

ical Oncology (ASCO) now strongly recommend inte-
grating geriatric assessments into cancer care to improve 
outcomes and reduce harm.[8]

Physiological changes associated with aging—such as 
reduced organ function, altered pharmacokinetics, and 
diminished marrow reserve—alongside comorbidities 
render older adults more vulnerable to adverse effects 
from chemotherapy and radiotherapy.[9] Consequently, 
there is often a tendency to modify or withhold standard 
therapy in elderly patients, risking suboptimal cancer 
control.[10] 

Nonetheless, emerging evidence indicates that carefully 
selected older adults can derive significant benefit from 
concurrent CRT with manageable toxicity profiles. Sev-
eral retrospective analyses and population-based studies 
have demonstrated that age alone should not contraindi-
cate aggressive treatment.[11] Tools such as the CGA and 
performance scales (ECOG or Karnofsky) help stratify 
patients by functional reserve and predict tolerance. 
Elderly patients with good performance status and lim-
ited comorbidities may achieve outcomes comparable to 
their younger counterparts when receiving guideline-
concordant therapy.[12]

Advancements in radiotherapy—such as intensity-mod-
ulated radiotherapy (IMRT), image-guided radiotherapy 
(IGRT), and newer chemotherapy regimens have im-
proved treatment precision and tolerability. Supportive 
care—including nutrition, antiemetics, and granulocyte 
colony-stimulating factors—further enhances CRT feasi-
bility in older populations.[13] 

Despite progress, many questions remain regarding the 
optimal management of elderly stage III NSCLC pa-
tients. This population’s heterogeneity demands indi-
vidualized strategies accounting for physiological age. 
Robust clinical trials targeting elderly cohorts are needed 
to establish evidence-based guidelines and refine selec-
tion criteria. Moreover, real-world institutional data can 
further inform treatment outcomes and safety profiles.[14] 

In this context, our study evaluates the efficacy and 
safety of concurrent CRT in elderly patients (aged ≥ 65) 
with stage III NSCLC. By analyzing treatment responses, 
survival outcomes, and toxicity profiles, we aim to con-
tribute to geriatric oncology literature and assist clini-
cians in making informed decisions. With the growing 
burden of NSCLC in the elderly, such data are critical for 
optimizing both survival and quality of life.
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Materials and Methods

Patient Selection
A retrospective review was conducted on patients aged 
65 years or older who were diagnosed with inoperable 
stage III non-small cell lung cancer (NSCLC) and re-
ceived concurrent chemoradiotherapy at a tertiary care 
training and research hospital between October 2006 and 
October 2014. Histopathologic confirmation of NSCLC 
was mandatory for inclusion.[15] Patients with stage IIIA 
or IIIB disease, considered inoperable based on com-
puted tomography (CT) or positron emission tomogra-
phy (PET) assessments and multidisciplinary evaluation 
involving radiologists, thoracic surgeons, and both med-
ical and radiation oncologists, were included.[16] Indi-
viduals who underwent surgery following neoadjuvant 
therapy were excluded. Staging was performed accord-
ing to the seventh edition of the TNM classification sys-
tem.[17]

This retrospective study was conducted in accordance 
with the principles of the Declaration of Helsinki. The 
study protocol was approved by the institutional Sci-
entific Research Ethics Committee (decision number 
2025/010.99/17/33, dated June 25, 2025). Owing to the 
retrospective design of the study, the requirement for 
written informed consent was waived.

Clinical and demographic data, including age, sex, histo-
logic subtype, performance status (ECOG), chemother-
apy protocol, and toxicity profiles, were extracted from 
institutional records.

Treatment Protocol
All patients received concurrent chemoradiotherapy. 
Chemotherapy regimens were as follows:

• Cisplatin–Etoposide (PE): Cisplatin at 50 mg/m² on 
days 1, 8, 29, and 36; etoposide at 50 mg/m² on days 1–5 
and 29–33.

• Cisplatin–Docetaxel (PD): Weekly administration of 
cisplatin 20 mg/m² and docetaxel 20 mg/m².

• Carboplatin–Paclitaxel (PC): Weekly administration of 
carboplatin (AUC 2) and paclitaxel 45 mg/m².

Radiotherapy was delivered using three-dimensional 
conformal radiation therapy (3D-CRT) with 6 MV pho-
ton beams. A total dose of 60 Gy was administered in 2 
Gy fractions per day, five days a week, over six weeks. 

Radiotherapy was initiated concurrently with chemo-
therapy on day 1. Target volumes were delineated based 
on CT or PET imaging. The clinical target volume (CTV) 
was defined as the gross tumor volume (GTV; the visible 
tumor on imaging) plus a 1 cm margin; the planning tar-
get volume (PTV) included an additional margin of 0.5–1 
cm to the CTV.

Toxicity Assessment
Toxicities were evaluated and graded according to the 
National Cancer Institute Common Terminology Criteria 
for Adverse Events (CTCAE), version 4.03.[18] Due to the 
retrospective nature of the study, only grade 2 or higher 
adverse events were considered.

Follow-up and Response Evaluation
Patients were monitored every three months during the 
first two years of post-treatment and at six-month inter-
vals thereafter. Follow-up assessments included physical 
examination, laboratory analyses, and thoracic CT imag-
ing. Additional imaging was performed if recurrence was 
suspected. Tumor response was evaluated based on the 
Response Evaluation Criteria in Solid Tumors (RECIST), 
version 1.1.[19]

Statistical Analysis
Overall survival (OS) was defined as the duration from 
initial diagnosis to death or last follow-up. Progression-
free survival (PFS) was calculated from the date of diag-
nosis to either documented disease progression or death 
from any cause. OS and PFS were estimated using the 
Kaplan–Meier method and compared using the log-rank 
test. Multivariate Cox proportional hazards regression 
was used to determine independent prognostic factors. 
Differences in toxicity profiles between treatment groups 
were analyzed using the Chi-square test. Statistical 
analyses were performed using SPSS version 22.0 (SPSS 
Inc., Chicago, IL, USA). A p-value of less than 0.05 was 
considered statistically significant.

Results

A total of 75 elderly patients (≥65 years) with an inopera-
ble stage III NSCLC were included in the study. The me-
dian age was 69.95 years (range, 65–82), and the majority 
were male (84%). Patients were treated with one of three 
chemoradiotherapy regimens: PC (n=41), PD (n=21), or 
PE (n=13). Demographic and clinical characteristics are 
summarized in Table 1. The distribution of tumor stages 
and histologic subtypes is shown in Table 2.
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Survival Outcomes
Median overall survival (OS) was longest in the PE 
group (31.6 months), followed by the PC group (20.0 
months) and the PD group (13.7 months). However, the 
differences were not statistically significant (p=0.322). 
Progression-free survival (PFS) showed a similar trend, 
with medians of 19.8 months (PE), 10.6 months (PC), and 

10.9 months (PD), again without statistical significance 
(p=0.643). The survival data are presented in Table 3 and 
Kaplan–Meier curves are shown in Figure 1 (OS) and 
Figure 2 (PFS).

Treatment Response and Toxicity
Disease control rates (CR+PR+SD) were highest in the PE 
group (92.3%), followed by PC (75.6%) and PD (71.4%) 
(p=0.279). Grade 3–4 neuropathy was observed most fre-
quently in the PC group (20%). Treatment discontinua-
tion and hospitalization were significantly higher among 
patients with ECOG performance status of 2 compared 
to those with ECOG 0–1 (p=0.012 and p=0.030, respec-
tively). Detailed response and toxicity profiles are sum-
marized in Table 4.

Table 1. Patient characteristics

Chemotherapy Regimen	 Number of Patients	 Median Age (years)	 Age ≥70 (%)	 ECOG 0–1 (%)	 ECOG 2 (%)

Carboplatin–Paclitaxel (PC)	 41	 70	 56.1	 61.0	 39.0

Cisplatin–Docetaxel (PD)	 21	 70	 52.4	 81.0	 19.0

Cisplatin–Etoposide (PE)	 13	 67	 30.8	 92.3	 7.7

ECOG: Eastern Cooperative Oncology Group.

Table 3. Survival outcomes

Chemotherapy Regimen	 Median OS (months)	 95% CI for OS	 Median PFS (months)	 95% CI for PFS

Carboplatin–Paclitaxel (PC)	 20.0	 7.53–32.54	 10.6	 6.03–15.30

Cisplatin–Docetaxel (PD)	 13.7	 11.54–15.93	 10.9	 5.67–16.13

Cisplatin–Etoposide (PE)	 31.6	 13.41–49.86	 19.8	 14.50–25.10

OS: Overall Survival; PFS: Progression-Free Survival.

Table 2. Tumor stage and histology

Variable	 Total (n=75)

Stage IIIA	 39

Stage IIIB	 36

Adenocarcinoma	 16

Squamous cell carcinoma	 45

Other histologies	 14

Figure 1. Kaplan–Meier curve for overall survival. Figure 2. Kaplan–Meier curve for progression-free survival.
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Discussion

In this retrospective study, we evaluated and compared 
three concurrent chemoradiotherapy (CRT) regimens 
in elderly patients (≥65 years) with inoperable stage III 
non-small cell lung cancer (NSCLC). Among the treat-
ment arms, the cisplatin–etoposide (PE) regimen demon-
strated the most favorable outcomes, with a median 
overall survival (OS) of 31.6 months and progression-
free survival (PFS) of 19.8 months. In contrast, the car-
boplatin–paclitaxel (PC) and cisplatin–docetaxel (PD) 
groups yielded OS of 20.0 and 13.7 months, and PFS of 
10.6 and 10.9 months, respectively. These findings high-
light a potential survival benefit associated with the PE 
regimen, although the balance between efficacy and tol-
erability must be carefully considered in elderly popu-
lations.

Elderly patients are underrepresented in clinical trials, 
and treatment decisions in this group are complicated 
by comorbidities, decreased organ function, and limited 
performance status. Previous studies such as those by 
Schild et al.[20] and Belani et al.[21] reported median OS 
ranging from 17 to 18 months in older patients under-
going CRT, which are lower than those observed in our 
PE group. In a multinational phase III trial, Ahn et al.[22] 

demonstrated improved outcomes with concurrent CRT 
followed by consolidation chemotherapy, reporting OS 
and PFS of 25.1 and 13.1 months, respectively. Machtay 
et al.[23] underscored the importance of locoregional con-
trol in predicting survival outcomes.

The Atagi study specifically assessed thoracic radiother-
apy with or without low-dose carboplatin in elderly pa-
tients and found it to be both feasible and clinically ben-
eficial, reinforcing the value of customized regimens in 
geriatric oncology.[24]

Furthermore, recent data from the LOGIK1902 study by 
Harada et al.,[12] which investigated weekly carboplatin 
with concurrent radiotherapy in patients aged ≥75 years, 

reported a median OS of 25.5 months and PFS of 14.6 
months, with only 2.8% experiencing grade 4 hemato-
logic toxicity. Despite the advanced age of the popula-
tion, these outcomes are comparable to those observed 
in our cisplatin–etoposide arm, suggesting that a weekly 
carboplatin-based regimen may offer a safer yet effective 
alternative in select elderly patients.

In parallel, the RELEVANCE study by Wheatley-Price 
et al.[25] evaluated real-world outcomes of unresectable 
stage III NSCLC patients treated with CRT followed by 
consolidation immune checkpoint inhibitors. Results 
showed a significant survival benefit, with median OS 
of 44.6 months and 3-year OS of 56% in the CRT + im-
munotherapy group, compared to 21.3 months and 32%, 
respectively, in the CRT-only group. However, in our co-
hort, consolidation with immune checkpoint inhibitors 
was not administered because these agents are not yet 
reimbursed under the national health insurance system 
in Turkey. This systemic limitation likely contributed to 
the comparatively lower survival outcomes in our study 
and highlights a key disparity in access to contemporary 
standards of care.

Although the PE arm demonstrated promising survival 
outcomes, these results should be interpreted with cau-
tion due to common concerns about increased toxic-
ity from intensive platinum-based regimens in elderly 
patients. However, in our study, no life-threatening or 
grade 4 toxicities were observed, and most adverse ef-
fects remained within manageable limits.

Limitations
This study’s retrospective, single-center design and lim-
ited sample size reduce the generalizability of the results. 
Furthermore, the lack of randomization and potential in-
dication bias in treatment selection represent additional 
methodological limitations.

Conclusion

Our results demonstrate that concurrent CRT, partic-

Table 4. Treatment response and toxicity

Chemotherapy Regimen	 Disease Control Rate (CR+PR+SD)	 Severe Neuropathy (%)	 Treatment Discontinuation (ECOG 2)

Carboplatin–Paclitaxel (PC)	 75.6%	 20	 Higher

Cisplatin–Docetaxel (PD)	 71.4%	 Not reported	 Higher

Cisplatin–Etoposide (PE)	 92.3%	 Not reported	 Lower

CR: Complete Response; PR: Partial Response; SD: Stable Disease.
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ularly the PE regimen, is both feasible and effective in 
elderly stage III NSCLC patients. Nonetheless, toxicity, 
frailty, and limited access to immunotherapy remain key 
concerns. Improved geriatric assessment and broader ac-
cess to modern therapies are needed to optimize care in 
this population.

Key Messages 
1. In elderly patients with inoperable stage III non-small 
cell lung cancer, three different concurrent chemoradio-
therapy regimens provided similar outcomes in terms of 
overall and progression-free survival.

2. All treatment arms were tolerated at acceptable levels. 
Differences in adverse event profiles were observed, but 
no regimen was associated with significantly higher tox-
icity leading to treatment discontinuation.

3. This study indicates that selected elderly patients may 
benefit from concurrent chemoradiotherapy, and regi-
men choice should be guided by patient comorbidities 
and performance status rather than age alone.
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The Effect of Pelvic Incidence–Lumbar 
Lordosis Mismatch on Quality of Life and 
Disability in Patients with Chronic Low Back 
Pain

 Merve Çalkın Korkmaz,1,  Adil Oncel,2  Ömer Faruk Bucak,3  Sena Tolu4

Abstract
Objective: Pelvic incidence–lumbar lordosis (PI–LL) mismatch is considered a marker of 
sagittal imbalance, but its clinical significance in chronic low back pain remains uncertain.
This study aimed to investigate the relationship between spinopelvic alignment and clinical 
outcomes in patients with chronic low back pain (CLBP).

Methods: In this cross-sectional observational study, 101 patients aged 18 years and older 
with CLBP (>12 weeks) were included. Spinopelvic parameters, including pelvic incidence (PI) 
and lumbar lordosis (LL), were measured using standardized standing radiographs. Patients 
were divided into two groups based on the PI-LL mismatch: PI-LL<10° (normal alignment) and 
PI-LL ≥10° (mismatch). Visual Analog Scale (VAS), Short Form-36 (SF-36), and Oswestry 
Disability Index (ODI) scores were compared between the groups.

Results: There were statistically significant differences in PI, LL, and PI-LL between the 
groups (p=0.026, p<0.001, and p<0.001, respectively). No significant differences were found in 
ODI, VAS (rest and activity), or SF-36 subdomains, except for general health (p=0.045). Multi-
variate logistic regression identified general health as a significant predictor of PI-LL mismatch 
(OR=0.973, p=0.045). BMI showed a statistically significant association (p=0.036).

Conclusions: Spinopelvic mismatch may be associated with higher BMI and lower general 
health perception, but not with pain or disability scores. 

Keywords: Low back pain; chronic pain; disability; quality of life.
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Introduction

Chronic low back pain (LBP) is a wide-
spread health problem affecting a sig-

nificant portion of the global population 
and resulting in substantial clinical, so-
cial, and economic repercussions. It is the 
primary cause of activity restriction and 

absenteeism. It puts significant economic 
impacts on individuals, families, commu-
nities, industries, and governments.[1] The 
risk factors for low back pain are multi-
faceted, encompassing physical elements, 
behaviors, psychological influences, and 
sociodemographic attributes.[2,3] Abnormal 
spinopelvic parameters have been asso-

https://orcid.org/0000-0002-7338-6114 
https://orcid.org/0000-0002-9792-217X 
https://orcid.org/0000-0003-3995-8120 
https://orcid.org/0000-0002-1111-3110 


Southern Clinics of Istanbul Eurasia - Volume 37, Issue 3, October 2026302

Çalkın Korkmaz et al., Spinopelvic Mismatch Chronic Low Back Pain

ciated with degenerative and isthmic spondylolisthesis, 
hip osteoarthritis, and related spinal disorders. In patients 
with deformities, pelvic and spinal parameters deviate 
from the normative range.[4] The spine, pelvis, hip, and 
knee function collaboratively to ensure sagittal equilib-
rium. When the body attains this equilibrium, it utilizes 
less energy.[5,6] The connection between the pelvis and the 
spine is referred to as spinopelvic balance. Sagittal bal-
ance has three critical parameters: Pelvic incidence (PI), 
pelvic tilt (PT), and sacral slope (SS). PI is a morphologi-
cal parameter that remains invariant regardless of pelvic 
position and posture, and does not alter post-develop-
ment. The orientation of the pelvis is determined by two 
positional parameters: PT and SS. The correlation among 
pelvic incidence, sacral slope, and sagittal curvature, par-
ticularly lumbar lordosis, is thoroughly documented in 
the general population.[6-8] 

Maintaining a steady pelvic incidence angle is achiev-
able if the sacral and pelvic inclination angles adjust 
compensatorily based on the pelvic position.[9] A low 
pelvic incidence angle correlates with less lumbar lor-
dosis, whereas a high pelvic incidence angle is associ-
ated with an increase in lumbar lordosis. This concept 
is referred to as “spino-pelvic harmony.” Boulay et al.[13] 
presented an equation for forecasting lumbar lordosis in 
relation to pelvic incidence. Exceeding the confidence 
limits surpasses the adaptability potential of the spine 
and pelvis, potentially resulting in pathological pos-
tures and loading patterns. Consequently, the prevail-
ing agreement recognizes pelvic incidence as a deter-
minant of the lumbar lordosis necessary for achieving 
a balanced sagittal posture.[10-14] Numerous risk factors 
and etiologies of persistent low back pain have been dis-
cussed; yet, no correlation with spino-pelvic parameters 
have been identified to date. Therefore, this study aimed 
to evaluate the relationship between spinopelvic align-
ment and clinical outcomes in patients with chronic low 
back pain.

Materials and Methods

This study was based on a cross-sectional observational 
study of 101 patients aged 18 years and older with chronic 
low back pain (>12 weeks) who had anteroposterior and 
lateral standing radiographs of the lumbar spine. Pelvic 
incidence and lumbar lordosis measurements were made 
with the available lumbar radiography. The PI was mea-
sured as the angle between a line drawn perpendicular 

to the sacral endplate at its midpoint and a line drawn 
from the midpoint of the sacral endplate to the midpoint 
of the femoral head axis. The LL was the sagittal Cobb 
angle measured between the superior endplate of L1 and 
the superior endplate of S1. A physical medicine and re-
habilitation specialist made the radiographic measure-
ments, and another specialist repeated them. The concor-
dance (mathematical difference (PI minus LL or PI-LL) 
between pelvic incidence and lumbar lordosis) was eval-
uated. Spinopelvic alignment was measured in terms 
of agreement (mathematical difference) between pelvic 
incidence and lumbar lordosis (PI - LL). PI-LL<10o was 
normal, and PI-LL ≥10o was evaluated as a mismatch. 
Patients were classified into 2 groups. We evaluated the 
Visual Analog Scale (VAS), Short Form-36 (SF-36), and 
Oswestry Low Back Pain Disability Questionnaire in 
the patients included in the study. All scores were juxta-
posed between the two groups. We did not include pa-
tients with a history of lumbar surgery or low back pain 
from trauma, inflammatory arthritis, tumors, differences 
in leg length, scoliosis, neuromuscular diseases, cogni-
tive issues, infections, cauda equina syndrome, or com-
pression fractures of a vertebra.

Results

The study examined the relationship between spinopelvic 
alignment and various clinical, radiological, and quality 
of life parameters (Table 1). Table 2 shows statistically 
significant differences in spinopelvic alignment angles, 
lumbar lordosis, and pelvic incidence between the two 
groups (PI-LL<10 and PI-LL≥10) (p=0.026, p<0.001, and 
p<0.001, respectively). Nevertheless, there was no no-
table difference in the Oswestry Disability Index, activ-
ity pain score, or resting pain score (p>0.05 for all). The 
subscales in Table 3 that did not exhibit statistically sig-
nificant differences between groups were physical func-
tioning, emotional and physical role difficulties, vitality, 
mental health, social functioning and pain scores (all 
p>0.05). The overall health score was significantly dif-
ferent between the groups (p=0.045). Table 4 shows the 
results of a statistical analysis that looked for factors re-
lated to spinopelvic alignment. 

General health score and BMI were significantly associ-
ated with PI–LL mismatch, whereas education level was 
not statistically significant (p=0.094). Overall, the model 
was statistically significant (χ2=12.055, p=0.007) and had 
a modest explanatory power (Nagelkerke R2=0.15).
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Table 1. The effect of descriptive characteristics on spinopelvic alignment

Variable	 PI–LL<10 (n=37)	 PI–LL ≥10 (n=64)	 Test Value	 p-value

Sex, n (%)			   χ²=0.124	 0.724

	 Male	 7 (18.9%)	 14 (21.9%)		

	 Female	 30 (81.1%)	 50 (78.1%)		

Age (years)			   t=-0.055	 0.956

	 Mean ± SD	 54.51±9.09	 54.63±10.1		

	 Median (min–max)	 55 (40–72)	 53.5 (40–77)		

BMI (kg/m²)			   t=-2.130	 0.036

	 Mean±SD	 28.78±5.09	 30.96±4.89		

	 Median (min–max)	 28.7 (16.9–41.6)	 31.5 (19.6–45.6)		

Pain Duration (mo)			   t=0.183	 0.855

	 Mean ± SD	 87.41±90.32	 83.78±98.73		

	 Median (min–max)	 54 (1–360)	 60 (1–460)		

Bold indicates statistically significant results (p<0.05). Independent samples t-test (t) and Chi-square test (χ2) were used. Summary statistics are presented as mean 
± SD and median (min-max) for continuous variables, and n (%) for categorical variables.

Table 2. Comparison of spinopelvic parameters and pain scores according to spinopelvic alignment

Parameter	 PI–LL<10 (n=37)	 PI–LL ≥10 (n=64)	 Test Value	 p-value

Pelvic Incidence	 57.61±8.90	 62.23±10.45	 t=-2.256	 0.026

Median (min–max)	 56.8 (41.5–74.1)	 62.4 (40.7–91)		

Lumbar Lordosis	 51.00±8.39	 39.76±11.47	 t=5.204	 <0.001

Median (min–max)	 50.6 (33.2–65.9)	 40.7 (6.5–68.5)		

PI–LL Mismatch	 6.61±2.83	 22.47±12.18	 t=-7.782	 <0.001

Median (min–max)	 7.8 (1.1–9.9)	 20.7 (10.0–54.5)		

VAS (Rest)	 5.16±2.19	 4.78±2.26	 t=0.826	 0.411

Median (min–max)	 5 (0–9)	 5 (0–9)		

VAS (Activity)	 7.73±2.31	 7.84±2.28	 t=-0.241	 0.810

Median (min–max)	 8 (1–10)	 8 (0–10)		

Oswestry Disability Index	 38.18±16.24	 38.66±16.83	 t=-0.140	 0.889

Median (min–max)	 37.8 (6–77.7)	 37.8 (6.7–71.1)		

Bold indicates statistically significant results (p<0.05). Independent samples t-test was used. Results are presented as mean ± SD and median (min-max).

Table 3. SF-36 quality of life dimensions by spinopelvic alignment

SF-36 Domain	 PI–LL<10 (n=37)	 PI–LL ≥10 (n=64)	 Test Value	 p-value

Physical Functioning	 47.97±22.77	 47.19±25.85	 t=0.154	 0.878

Role Physical	 41.08±38.26	 29.69±41.76	 t=0.879	 0.382

Role Emotional	 32.42±38.08	 34.37±43.23	 t=-0.228	 0.820

Vitality	 36.22±24.19	 41.30±20.39	 t=-1.126	 0.263

Mental Health	 53.14±16.52	 56.81±15.86	 t=-1.106	 0.272

Social Functioning	 50.00±24.83	 51.64±26.42	 t=-0.307	 0.759

Pain	 31.76±20.94	 31.41±17.54	 t=0.090	 0.928

General Health	 50.23±17.72	 42.57±23.20	 t=-2.067	 0.045

No substantial differences were noted across groups (p>0.05), with the exception of general health (p<0.05). Independent samples t-test was used. Results are 
presented as mean ± SD and median (min-max).
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Discussion

This study looked at how spinopelvic alignment relates 
to the health outcomes of individuals with chronic low 
back pain by examining the link between pelvic inci-
dence (PI) and lumbar lordosis (LL). Our findings show 
that although BMI and general health scores differed 
significantly between patients with normal spinopelvic 
alignment (PI-LL<10° ) and those with mismatch (PI-LL 
≥10° ), other demographic and clinical factors, such as 
age, gender, pain duration, and functional outcomes, 
were not statistically significantly distinct amongst 
the groups. The lower BMI found in the normal align-
ment group corresponds with previous studies indi-
cating a relationship between increased body weight 
and spinopelvic misalignment. By generating postural 
compensations and increased mechanical strain on the 
lumbar spine, obesity could exacerbate the misalign-
ment between PI and LL. Our study indicated that BMI 
influences spinopelvic alignment by itself, implying that 
treatment for these patients may need to include weight 
management. Though the PI and LL values differed 
greatly between the two groups, the Oswestry Disability 
Index and the VAS scores for both resting and activity-re-
lated pain revealed no notable differences. Emphasizing 
the difficult character of chronic low back pain, this sup-
ports other studies indicating that the alignment of the 
spine on X-rays does not always correspond straight to 
the suffering or impairment a person experiences. Previ-
ous studies have also reported that there is not always a 
direct correlation between radiological findings and clin-
ical symptoms. Studies conducted in patients with lum-
bar spinal stenosis have shown that neuropathic pain and 
impaired quality of life are more closely associated with 
BMI and pain-related parameters than with radiologi-
cal findings.[15] Similarly, in our study, PI–LL mismatch 
was not found to be associated with pain and disabil-
ity scores, but was found to be associated with BMI and 

perceived general health. Compensatory biomechanical 
mechanisms and the multifactorial nature of chronic low 
back pain may partially explain the lack of association 
between radiological mismatch and clinical outcomes. 
Regarding SF-36 quality of life, only the general health 
domain was significantly lower in the misaligned group; 
the other subdomains showed no significant change, 
suggesting a possible relationship between sagittal im-
balance and perceived health status. Its standardized 
radiographic assessment and evaluation by two inde-
pendent observers strengthen the reliability of the study. 
Still, some limits have to be acknowledged. First, the 
cross-sectional nature of the study precludes causal con-
clusions. Second, although the sample size was reason-
able, larger studies could produce clear findings. Exclud-
ing patients with prior spinal surgery or abnormalities 
could also limit generalizability to more general chronic 
low back pain groups. Our study finally shows a link be-
tween spinopelvic alignment, BMI, and general health 
status in chronic low back pain patients. Radiological 
differences did not significantly affect pain and disability 
outcomes, therefore reinforcing the case for a complete 
management strategy. Long-term studies are required to 
investigate the causes and to determine whether treat-
ments aimed at BMI can enhance spinopelvic alignment 
and health results.

Limitations
Firstly, the study’s sample size of 101 patients was ade-
quate; however, bigger multicenter studies may provide 
greater generalizability. Second, we excluded patients 
having a history of vertebral fractures, neuromuscular 
problems, inflammatory diseases, scoliosis, or spinal 
surgery. This enhancement of internal validity may limit 
the generalizability of our findings to the broader pop-
ulation of individuals with chronic low back pain who 
frequently present these comorbidities. Third, radio-
graphic evaluations were performed exclusively in an 
upright position, without the application of dynamic 

Table 4. Multivariate logistic regression analysis for factors affecting spinopelvic alignment

Variable	 β	 SE	 Wald	 p-value	 Exp(β)	 95% CI (Lower–Upper)

BMI	 0.097	 0.046	 4.384	 0.036	 1.102	 1.006 – 1.206

Education Level	 -0.287	 0.172	 2.806	 0.094	 0.750	 0.536 – 1.050

General Health	 -0.027	 0.012	 5.550	 0.045	 0.973	 0.951–0.995

Constant	 -2.863	 1.606	 3.177	 0.075	 0.057	 –

χ2=12.055, df=3, p=0.007. Cox-Snell R2=0.11, Nagelkerke R2=0.15. Statistically significant values are bolded (p<0.05). Dependent variable in the logistic regression 
model was PI–LL mismatch (PI–LL ≥10°).
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or functional imaging techniques. Consequently, it was 
infeasible to assess potential compensating mechanisms 
during mobility.

Conclusion

In conclusion, our study looked at how spinopelvic align-
ment affected clinical and functional outcomes in people 
with chronic low back pain. Our findings revealed that 
while other variables like pain and disability scores did 
not reveal significant variations between the alignment 
groups, body mass index and general health were closely 
connected to spinopelvic alignment. These results imply 
that although radiographic measurements provide con-
siderable knowledge of spinal alignment, they might 
not fully explain patients’ pain and functional status. 
In the treatment of patients with spinopelvic mismatch, 
addressing modifiable factors including BMI may be im-
portant. Long-term studies to clarify cause-and-effect re-
lationships and the development of particular treatments 
that enhance alignment as well as patient outcomes 
should be the emphasis of future studies.
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Digital Rectal Examination-Based Estimation 
of Prostate Volume Using Posterior Surface 
Area: A Prospective Methodological and 
Reproducibility Study

 Ahmet Halil Sevinç,  Burcu Hanci,  Fatih Tarhan

Abstract
Objective: To develop a novel, standardized, and objective method for estimating prostate 
volume using digital rectal examination (DRE) and to establish a treatment-oriented grading 
system.

Methods: A total of 330 men aged ≥45 years scheduled for prostate needle biopsy were 
prospectively analyzed (Group 1). During DRE, the width, length, and height of the poste-
rior prostate surface were measured using the examiner’s pre-measured index finger. Re-
producibility was assessed in 63 patients examined independently by two urologists (Group 
2). Posterior surface area and volume were calculated using ellipse and ellipsoid formulas. 
Prostate volume measured by transrectal ultrasonography (TRUS) served as the reference 
standard. Linear regression analyses were performed to generate prediction equations.

Results: Posterior surface area predicted TRUS-measured prostate volume more strongly than 
palpable posterior prostate volume, explaining 91% of the variance (R²=0.909, p<0.0001). No 
significant interobserver difference was observed (p=0.061), while strong correlation (r=0.733, 
p<0.0001) and high reliability were demonstrated (ICC=0.821). The proposed grading system 
showed strong agreement with TRUS-based grading (κ=0.884; 95% CI, 0.846–0.922).

Conclusions: Posterior prostate surface area measured by DRE is a reliable and reproducible 
approach for estimating prostate volume categories. Further validation of this method using 
advanced imaging techniques such as magnetic resonance imaging is recommended.

Keywords: Prostate volume; digital rectal examination; ultrasonography; prostate grading; 
posterior prostate surface area.
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Introduction

Following the medical history, a phys-
ical examination and clinical assess-

ment are essential in order to continue 
evaluating the patient, determine any 

necessary additional tests and define 
treatments. A digital rectal examination 
(DRE) can be used to assess the size, con-
sistency, tenderness and temperature of 
the prostate.

Prostate size is an important factor in de-
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termining which surgical techniques are most appro-
priate for patients. Several methods have been used to 
estimate prostate volume (PV), including DRE, ultra-
sonography (US)—either transrectal or suprapubic—
computed tomography (CT), and magnetic resonance 
imaging (MRI). Compared with DRE, transrectal ul-
trasonography provides a more accurate estimation of 
prostate weight.[1] However, MRI is the most accurate 
method for determining PV among these modalities.[2,3]

Although DRE is not very successful at determining 
prostate volume, it is the cheapest and easiest method 
to perform, and the most frequently used. However, de-
spite being an established method, it is not standardized. 
Measurement of prostate volume (PV) with DRE remains 
based on subjective, empirical information. During a 
DRE examination, the prostate is typically categorised 
into grades 1–4 based on its height above the rectum.
[4] However, there is no universally accepted terminol-
ogy for defining prostate size. Therefore, measurement 
results can vary between physicians. Previous studies 
have used ball, fruit, circle and finger sizing scales,[5-8] as 
well as three-dimensional relief models[5,6,8,9] and poste-
rior surface area,[6,10] to determine prostate volume (PV). 
The general consensus is that the accuracy of prostate 
volume estimation by DRE improves with experience.[11] 

Beyond prostate size, DRE plays a crucial role in differ-
entiating various clinical conditions by evaluating gland 
consistency, surface characteristics, tenderness, and local 
temperature changes. Characteristic physical findings 
may be observed in inflammatory conditions such as 
chronic prostatitis, chronic pelvic pain syndrome, and 
prostatic abscess, as well as in benign prostatic hyperpla-
sia and prostate cancer. These findings may also provide 
guidance for the clinical staging of prostate cancer. Fur-
thermore, muscle tenderness and trigger points can be 
assessed in patients with chronic pelvic pain. During a 
brief neurological examination of the lower urinary tract, 
anal tone, voluntary anal contraction, the anal reflex, and 
the bulbocavernosus reflex can be evaluated using DRE. 
However, the lack of standardization in DRE may lead to 
terminological and measurement-related inconsistencies 
in the interpretation of examination findings. Even in the 
era of advanced imaging technologies, we believe that an 
objective and standardized method capable of produc-
ing reproducible results in prostate assessment by DRE 
is still needed.

Therefore, the aim of this study was to develop a novel 

standardized method for evaluating prostate gland vol-
ume using DRE and to establish a treatment-oriented 
prostate volume grading system.

Materials and Methods

A total of 337 male patients aged ≥45 years who were 
referred to the biopsy unit for transrectal ultrasound–
guided prostate needle biopsy due to suspected prostate 
cancer between 1 June 2021 and 1 June 2023 were prospec-
tively enrolled (Group 1). To assess the reproducibility of 
the method, an additional 63 patients underwent digital 
rectal examination (DRE) independently performed by 
two different urologists (Group 2).

Seven patients were excluded because of active urinary 
tract infection, severe anal pain, anatomical obstruction, 
anal stricture, anal fistula, acute thrombosed hemor-
rhoids, other conditions precluding DRE, or high-riding 
prostates that could not be adequately palpated. Conse-
quently, data from a total of 330 patients were analyzed.

Approval was obtained from the institutional clinical 
ethics committee prior to study initiation. Written in-
formed consent was obtained from all participants, and 
the study was conducted in accordance with the princi-
ples of the Declaration of Helsinki.

All digital rectal examinations (DREs) in Group 1 were 
performed by a senior urologist with 30 years of clinical 
experience. Transrectal ultrasonography (TRUS) mea-
surements of prostate volume (PV) were conducted by 
another senior urologist.

In Group 2, DREs were independently performed by a 
junior urologist with 2 years of experience and a senior 
urologist with 30 years of experience. Both examiners 
were blinded to each other’s measurements.

Prior to the study, the width, length (from the fingertip to 
the distal, middle, and proximal interphalangeal joints), 
and height of the researchers’ dominant index fingers 
were measured using a ruler, as illustrated in Fig. 1. Sub-
sequently, prostate size was assessed by digital examina-
tion using four different prostate models fabricated from 
modeling clay (Fig. 1; Fig. 2).

Prior to biopsy, with the patients’ bladders emptied, the 
width, length, and height of the right and left prostate 
lobes were measured using a finger guide during digital 
rectal examination (DRE), with the patient in the bent-
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over position. Subsequently, prostate width, length, and 
height were measured by another urologist using a tran-
srectal ultrasonography probe (Mindray DP-9900 PLUS 
and Mindray 65EC10HA, Shenzhen Mindray Bio-Medi-
cal Electronics Co., Ltd., Shenzhen, China) while the pa-
tient was positioned in the lateral decubitus position.

The prostate measurements obtained by digital rectal 
examination (DRE), together with information on gland 
consistency, temperature, tenderness, and the presence 
of any additional pathologies, are presented in Table 1.

Grading of PV was performed in accordance with the 
recommendations of the European Association of Urol-
ogy (EAU) guidelines for the medical and surgical treat-
ment of benign prostatic hyperplasia, including alpha-
blocker monotherapy, combination medical therapy, and 
surgical treatments such as resection and enucleation.[12]

Statistical Analysis
Statistical analyses were performed using IBM SPSS 
Statistics for Windows, version 22.0 (IBM Corp., Ar-
monk, NY, USA). Prostate volume (PV) measured by 
transrectal ultrasonography and palpable posterior 
prostate volume calculated from digital rectal examina-
tion measurements were determined using the ellipsoid 
formula (π/6 × width × length × height).[3] In addition, 
posterior prostate surface area was calculated using the 
ellipse area formula (π × width/2 × length/2).[5]

Table 1. Patients’ digital rectal examination record 
table	

Dimension	 Right (cm)	 Left (cm)	 Total (cm)

Height

Width (right–left)

Length (antero-posterior)

Remarks

(b) (c)(a)

Figure 1. Three-dimensional measurements of the index finger used for digital rectal examination: (a) width, (b) length, and (c) height.

(b) (c)(a)

Figure 2. Determination of prostate dimensions by digital rectal examination using an in vitro prostate model: (a) width, (b) length, and (c) height.
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The normality of variable distributions was assessed us-
ing the D’Agostino–Pearson test. Comparisons between 
patient groups were performed using the unpaired t test.

Correlation analysis (Pearson’s correlation coefficient) 
was performed between the measurements obtained by 
digital rectal examination and those obtained by tran-
srectal ultrasonography. Among the parameters derived 
from digital measurements (width, height, length, pos-
terior surface area, and palpable posterior prostate vol-
ume), those that showed significant correlation with tran-
srectal ultrasonography findings were used to generate 
prediction formulas by linear regression analysis (Fig. 3).

Comparisons between the measurements obtained by 
the two investigators were performed using the paired t 
test. In addition, Pearson’s correlation analysis was con-
ducted to evaluate the association between the findings 
of the two investigators. Agreement between the two ob-
servers was further assessed using the intraclass correla-

tion coefficient (ICC). Agreement between prostate vol-
ume grading based on TRUS measurements and grading 
estimated from posterior surface area was evaluated us-
ing Cohen’s weighted kappa test. For all analyses, a p 
value <0.05 was considered statistically significant.

Results

The demographic and clinical characteristics of patients 
in Group 1 and Group 2 are presented in Table 2. No sta-
tistically significant differences were observed between 
the groups for any of the evaluated parameters (p>0.05).

The results of the simple linear regression analyses 
performed to evaluate the ability of posterior prostate 
surface area and posterior prostate surface volume to 
predict prostate volume measured by transrectal ultra-
sonography (TRUS) are presented in Table 3. The calcu-
lated posterior prostate surface area explained 91% of 
the total variance in TRUS-measured prostate volume 
(Equation 1), whereas the calculated posterior prostate 
surface volume explained approximately 72% (Equation 
2). As shown in Table 3, the analyses yielded statistically 
significant models for both parameters. A statistically 
significant positive association was observed between 
the calculated surface area and volume and TRUS-mea-
sured prostate volume, confirming the predictive value 
of these calculations for estimating prostate volume.

The correlation and agreement results for the calculated 
surface area and volume parameters between the inves-
tigators are presented in Table 4. No statistically signifi-
cant difference was observed between the mean values of 
either parameter (p>0.05). A strong positive correlation 
was identified between the measurements obtained by 
the two investigators (p<0.05). In addition, a high level of 
reliability was demonstrated by the intraclass correlation 
coefficient (p<0.05). (Table 4). 

Table 2. Demographic and clinical characteristics of the patient groups 

		  Group 1 (n:330)	 Group 2 (n: 63)	 p*

Age (years)	 63.57±0.48	 63.84±1.11	 0.820

BMI (kg/m²)	 27.48±0.23	 26.89±0.57	 0.315

Total PSA (ng/mL)	 47.11±8.17	 92.73±37.74	 0.067

Prostate volume by TRUS (mL)	 52.59±1.43	 58.00±3.51	 0.134

Posterior prostate surface area (cm²)	 10.71±0.39	 11.07±0.51	 0.501

Palpable posterior prostate volume (cm³)	 9.38±0.49	 10.19±1.09	 0.271

Unpaired t test BMI: Body mass index, PSA: Prostate-specific antigen, TRUS: Transrectal ultrasonography

Figure 3. Linear regression analysis between posterior prostate surface 
area and prostate volume measured by transrectal ultrasonography.
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As shown in Table 3, posterior prostate surface area 
demonstrated superior performance in predicting 
prostate volume compared with palpable posterior 
prostate volume; therefore, surface area was selected 
for prostate size grading. Estimated prostate volume 
was calculated by substituting the posterior prostate 
surface area obtained using the ellipse formula into the 
regression equation. For clinical applicability, estimated 
prostate volume values and the corresponding grading 
based on posterior prostate surface area are presented in 
Table 5.

To standardize and simplify the calculation process, an 
open-access, spreadsheet calculator was prepared. By 
entering the prostate width and length measured dur-
ing DRE in centimeters, the calculator automatically 
computes the posterior prostate surface area, estimated 
prostate volume, and the corresponding DRE-based 
grade. The calculator is available online as the Appendix.

The results of the correlation analysis between prostate 
volume grading based on posterior prostate surface area 
and grading based on TRUS-measured prostate volume 
are presented in Table 6. A strong level of agreement was 

Table 5. Grading of estimated prostate volume based on calculated posterior prostate surface area	

Grade	 Posterior prostate surface area (cm2)	 Estimated prostate volume (cm3)

X*		 -	 -

1		  ≤1.6	 ≤20

2		  1.7–5.8	 21–35

3		  5.9–18.6	 36–80

4		  ≥18.7	 ≥81

*Not evaluated.

Table 6. Agreement between posterior prostate surface area grading and TRUS prostate volume grading

Area PV (cm3)	 Grade 1	 Grade 2	 Grade 3	 Grade 4	  n (%)

Grade 1	 18	 16	 0	 0	 34 (10.3%)

Grade 2	 0	 46	 0	 0	 46 (13.9%)

Grade 3	 0	 0	 197	 0	 197 (59.7%)

Grade 4	 0	 0	 13	 40	 53 (16.1%)

 n (%)	 18 (5.5%)	 62 (18.8%)	 210 (63.6%)	 40 (12.1%)	 330

TRUS: Transrectal ultrasonography, PV: Prostate volume.

Table 3. Results of regression analyses between posterior prostate surface area, posterior prostate surface volume, and prostate volume 
measured by transrectal ultrasonography

Variables	 Equation	 β	 t	 p	 F	 R2 

Estimated PV 1	 y=14.718+(3.536 x area)	 0.953	 57.143	 <0.0001	 3265	 0.909

Estimated PV 2	 y=28.730+(2.541x volume) 	 0.857	 30.128	 <0.0001	 821.2	 0.721

PV: Prostate volume.

Table 4. Results of correlation and agreement analyses between investigators

		  Investigator 1	 Investigator 2	 P*	 r; R2	 P**	 ICC 	 P*** 

Area (cm2)	 11.07±0.51	 11.96±0.68	 0.061	 0.733; 0.537	 <0.0001	 0.821	 0.0001

Volume (cm3)	 10.19±1.09	 11.06±1.35	 0.093	 0.935; 0.874	 <0.0001	 0.954	 0.0001

Values are presented as mean ± standard error of the mean (SEM). *Paired t test; **Pearson’s correlation test; ***intraclass correlation coefficient (ICC).
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observed between the two methods (Cohen’s weighted 
kappa=0.884±0.02; 95% CI: 0.846–0.922). (Table 6).

Discussion

In the present study, posterior prostate surface area 
demonstrated superior performance compared with pal-
pable posterior prostate volume in predicting prostate 
volume measured by transrectal ultrasonography. The 
reproducibility of this method was also found to be high. 
Furthermore, prostate volume grading based on esti-
mated prostate volume derived from posterior surface 
area showed a strong correlation with prostate volume 
grading based on TRUS measurements.

In this study, acknowledging that findings obtained from 
digital rectal examination cannot directly determine the 
total prostate volume, we adopted a treatment-oriented 
grading approach based on estimated prostate volume 
calculated using a regression equation rather than at-
tempting to directly measure prostate volume.

The use of finger length as a reference during digital rec-
tal examination was previously described by Koulikov et 
al.[13] However, in their study, finger length was not used 
to estimate prostate size but rather to measure the dis-
tance between the prostate gland and the anal verge. The 
calculation of posterior prostate surface area using the 
ellipse formula based on sagittal and transverse dimen-
sions obtained by DRE has previously been reported by 
Roehrborn et al.[10] and Stone et al.[14] Roehrborn et al.[10] 
demonstrated that posterior prostate surface area corre-
lates with prostate volume measured by transrectal ul-
trasonography. Similarly, Stone et al.[14] reported a strong 
correlation between posterior prostate surface area and 
TRUS-measured prostate volume.

Although digital rectal examination remains an indis-
pensable component of prostate assessment, its use has 
been reported to be declining. In a survey conducted 
among healthcare professionals, DRE was not per-
formed in up to 20% of routine clinical practice, and 
approximately 60% of respondents reported not feeling 
sufficiently competent in performing DRE.[4] Due to in-
adequate training, lack of standardization, and the sub-
jective nature of the technique, DRE is often considered 
unreliable in clinical practice, which discourages physi-
cians from routinely performing the examination. Three 
main limiting factors for estimating prostate volume by 
DRE have been proposed in the literature: limited exam-

iner experience, prostate volumes <30 mL or >50 mL,[15,16] 
and the lack of standardization of the method.[4] Further-
more, direct assessment of the entire prostate gland by 
DRE is anatomically not possible, as only the posterior 
surface adjacent to the rectum can be evaluated.

In the literature, only a limited number of studies have 
quantitatively evaluated posterior prostate surface area 
based on findings obtained from digital rectal examina-
tion. Roehrborn et al.[6] reported that among several meth-
ods used to estimate prostate volume—including writing 
scales, rings, spheres, platforms, and three-dimensional 
models—the strongest correlation with TRUS-measured 
volume was observed with the three-dimensional model 
approach. In a study by Yanoshak et al.,[9] training with 
three-dimensional models was shown to improve the 
accuracy of prostate volume estimation by DRE. In an-
other study, Reis et al.[7] reported that each fingertip area 
during DRE corresponded to approximately 10 cm³ of 
prostate volume and that prostate volume estimation 
using this method showed a significant correlation with 
transabdominal ultrasonography measurements.

Yang et al.[8] evaluated factors affecting prostate volume 
using both digital rectal examination and ultrasono-
graphic measurements. In their study, experienced urolo-
gists estimated prostate volume using three-dimensional 
relief models composed of ball-scale or rubber models. 
Prostate volume estimates obtained by DRE were re-
ported to show a significant correlation with prostate 
volume measured by transrectal ultrasonography.

The methods previously proposed for prostate volume 
assessment by digital rectal examination are neither 
sufficiently objective nor reproducible and are difficult 
to standardize. The novel grading system proposed 
in the present study transforms palpation-based vol-
ume and posterior surface area estimation into a more 
objective and reproducible approach by relating these 
measurements to the examiner’s finger dimensions and 
introduces a treatment-oriented grading strategy. By 
supporting the examination with measurable anatom-
ical references, the proposed method reduces observer 
dependency and provides a high level of agreement re-
gardless of the examiner’s level of experience.

This study has several limitations. First, although mag-
netic resonance imaging provides more accurate assess-
ment of prostate volume, transrectal ultrasonography 
rather than MRI was used as the reference standard, 
which represents an important limitation of our study. 
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Second, the examination system proposed in this study 
was not compared with other previously described 
methods, such as ball, fruit, ring, platform, or three-di-
mensional relief model–based approaches, which consti-
tutes another limitation.

Conclusion

The examination method proposed in this study appears 
to be a standardized, reliable, and reproducible approach 
for estimating prostate volume categories. Further stud-
ies using advanced imaging techniques, such as magnetic 
resonance imaging, are required to validate the proposed 
method and grading system.
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Cordocentesis for Rapid Cytogenetic 
Diagnosis: A Retrospective Cohort Study 
of 160 Cases Cytogenetic Diagnosis by 
Cordocentesis: Retrospective Analysis

 Ceren Sağlam Purut,1  Sevim Tuncer Can,2  Raziye Torun,3  Barış Sever,4

 Yunus Emre Purut,5  Yaşar Bekir Kutbay,6  Özgür Kırbıyık,6  Mehmet Özer,7 
 Alkım Gülşah Şahingöz Yıldırım8

Abstract
Objective: It is aimed to evaluate the concordance between quantitative fluorescent poly-
merase chain reaction (QF-PCR) and conventional cytogenetic analysis in pregnancies un-
dergoing cordocentesis, and to assess indications, diagnostic yield, turnaround time, and the 
association between maternal age and chromosomal abnormalities.

Methods: This retrospective cohort study included 160 pregnancies that underwent cordocen-
tesis between August 2019 and July 2022 in the Department of Perinatology of a tertiary refer-
ral center. Maternal age, indication for procedure, gestational age, QF-PCR results, conven-
tional karyotype findings, and laboratory reporting times were analyzed. Procedure indications 
were categorized according to ultrasonographic findings, screening test results, and previous 
prenatal invasive genetic test results.

Results: The most common indication was major ultrasonographic abnormalities (53.1%). QF-
PCR demonstrated 100% concordance with cytogenetic analysis for trisomy 21 and trisomy 
18. However, among cases reported as normal by QF-PCR, structural chromosomal abnor-
malities (4.5%) and rare numerical anomalies, including mosaic trisomy 8 and trisomy 9, were 
detected on conventional karyotyping. The highest rate of abnormal karyotype was observed 
in the major ultrasonographic findings group (12.9%). Mean turnaround time for conventional 
cytogenetic results was 11.7±3.5 days. Advanced maternal age was strongly associated with 
trisomy 21 and trisomy 18.

Conclusions: QF-PCR provides a rapid and reliable preliminary assessment for common 
aneuploidies in cordocentesis cases; however, conventional cytogenetic analysis remains es-
sential for definitive diagnosis due to its ability to detect structural and rare chromosomal ab-
normalities. In late-gestation referrals, the relatively short reporting time of fetal blood culture 
supports cordocentesis as a valuable diagnostic option when timely clinical decision-making 
is required.

Keywords: Cordocentesis; cytogenetic; rapid karyotyping; QF-PCR; major fetal anomaly.
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Introduction

Che prenatal diagnosis of chromosomal abnormalities 
is of critical importance for pregnancy management 

and genetic counseling. Although non-invasive prena-
tal testing (NIPT) has become increasingly widespread 
in recent years, invasive prenatal diagnostic procedures 
continue to play a pivotal role, particularly in the pres-
ence of structural anomalies detected on ultrasonogra-
phy, high-risk screening results, or suspected genetic ab-
normalities.[1,2]

In the first and second trimesters, chorionic villus sam-
pling (CVS) and amniocentesis constitute the principal 
invasive diagnostic techniques. However, in selected 
cases—especially during later gestational weeks, typi-
cally after 20 weeks of gestation—fetal blood sampling 
(cordocentesis) may be preferred to allow rapid kary-
otypic, and hematologic evaluation.[3]

Cordocentesis is an invasive diagnostic procedure that 
is preferentially performed in selected cases during ad-
vanced gestational weeks, as it enables rapid and reliable 
fetal karyotype analysis.[3] Following cordocentesis, the 
initial result is typically obtained through quantitative 
fluorescent polymerase chain reaction (QF-PCR), which 
is primarily used for rapid aneuploidy screening. Defini-
tive diagnosis, however, is most commonly established 
by conventional cell culture and cytogenetic karyotyp-
ing.[4,5] Although QF-PCR allows for the prompt detec-
tion of common aneuploidies such as trisomies 21, 18, 
and 13, it has inherent limitations in identifying struc-
tural chromosomal abnormalities, mosaic karyotypes, 
and rare numerical aberrations.[6]

Data in the literature regarding the indications for cor-
docentesis, the concordance between QF-PCR and cul-
ture results, and turnaround times remain limited. Fur-
thermore, the relationship between maternal age and 
different types of chromosomal abnormalities—partic-
ularly within selected patient populations undergoing 
cordocentesis—has not been sufficiently investigated. 
The aim of this study was to retrospectively evaluate the 
indications for cordocentesis, the concordance between 
QF-PCR and cell culture results, the distribution of re-
sults according to indication, turnaround times, and the 
association between maternal age and chromosomal ab-
normalities in pregnancies undergoing cordocentesis.

Materials and Methods

Study Design and Patient Selection
This retrospective study was conducted in our depart-
ment and data from pregnant women who underwent 
cordocentesis August 2019 and July 2022 were collected 
retrospectively. The study was conducted in accordance 
with the principles of the Declaration of Helsinki. 

A total of 165 cases with available post-procedural QF-
PCR and conventional culture results were initially 
identified. Five cases were excluded from the analysis: 
one case in which cordocentesis was performed for sin-
gle-gene mutation analysis due to a history of spinal 
muscular atrophy in a previous child, and four cases in 
which cordocentesis and intrauterine fetal blood trans-
fusion were performed for fetal anemia secondary to Rh 
alloimmunization. After these exclusions, 160 cases were 
included in the final analysis.

Data Collection
Maternal age, indication for cordocentesis, gestational 
age at the time of the procedure, QF-PCR results, con-
ventional cell culture results, and laboratory turnaround 
times were obtained from the hospital database system.

Cases were categorized according to the indication for 
cordocentesis as follows:

• Major ultrasonographic finding: presence of major 
structural fetal malformations detected on ultrasonogra-
phy.

• Minor ultrasonographic finding: absence of major mal-
formations but presence of soft markers or minor ultra-
sound findings.

• High risk in combined serum screening: increased risk 
identified in first- or second-trimester prenatal serum 
screening tests (double, triple, or quadruple screening 
tests).

• High risk in NIPT: increased risk result on cell-free fetal 
DNA testing (non-invasive prenatal testing).

• Early-onset fetal growth restriction (FGR).

• Non-diagnostic previous invasive prenatal test: cases 
in which earlier chorionic villus sampling (CVS) or am-
niocentesis performed at earlier gestational weeks failed 
to yield a definitive diagnosis and confirmation by fetal 
blood sampling was required.
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All included cases represented late referrals, and cordo-
centesis was performed after 20 weeks of gestation.

In this retrospective analysis, only conventional kary-
otype results were evaluated. Advanced genetic inves-
tigations, including chromosomal microarray analysis, 
single-gene mutation testing, and exome sequencing, 
were not included in the scope of the study.

Statistical Analysis
Statistical analyses were performed using IBM SPSS 
Statistics version 26 (IBM Corp., Armonk, NY, USA). Pri-
marily descriptive statistical methods were applied. As 
most continuous variables did not demonstrate normal 
distribution, they were summarized using mean ± stan-
dard deviation and median (minimum–maximum) val-
ues. Categorical variables were presented as frequencies 
and percentages. Comparisons of continuous variables 
between groups were conducted using the Compare 
Means procedure, and associations between categorical 
variables were evaluated using cross-tabulations and the 
chi-square test.

Results

A total of 160 pregnant women were included in the 
study. The mean maternal age was 29.77±6.87 years, with 
a median of 29.5 years (range, 17–50). The mean gesta-
tional age at the time of cordocentesis was 22.91±2.65 
weeks, with a median of 22 weeks (range, 20–32).

When cordocentesis indications were evaluated, the 
most common indication was major ultrasonographic 

abnormalities, accounting for 53.12% of cases (n=85). 
This was followed by minor ultrasonographic findings 
(23.12%; n=37) and high risk in combined serum screen-
ing tests (18.75%; n=30). Less frequent indications in-
cluded a non-diagnostic previous invasive prenatal test 
(2.5%; n=4), high risk on NIPT (1.25%; n=2), and early-
onset fetal growth restriction (1.25%; n=2).

According to QF-PCR results, 133 cases (83.12%) were 
reported as normal karyotype. Maternal contamination 
was detected in 14 cases (8.75%), trisomy 21 in 7 cases 
(4.37%), and trisomy 18 in 3 cases (1.87%). In two cases 
(1.25%), definitive results could not be obtained for the 
sex chromosomes, and in one case (0.62%), a defini-
tive result for chromosome 13 could not be established. 
Therefore, cytogenetic analysis was required for these 
three cases (1.87%) to reach a final diagnosis.

Evaluation of conventional cell culture results demon-
strated that among the 133 cases reported as normal 
by QF-PCR, one case (0.75%) had mosaic trisomy 8 and 
one case (0.75%) had trisomy 9. Structural chromoso-
mal abnormalities were identified in six cases of nor-
mal QF-PCR results (4.5%) [46,XX,13p+; chromosome 
22p+; 46,XX,t(5;16)(q11.2;q13); 47,XY,+mar; 46,XX,t(X;3)
(p11.4;q27); 46,XX,t(3;10)(q23;q26)]. In three cases (2.25%), 
no result could be obtained due to culture failure. Addi-
tionally, in two cases (1.5%) that were interpreted as nor-
mal by QF-PCR, no numerical chromosomal abnormality 
was detected on culture; however, structural evaluation 
could not be performed due to insufficient banding qual-
ity. Overall, 127 cases (95.5%) were reported as normal 
karyotype on cytogenetic analysis (Table 1).

Table 1. Comparison of QF-PCR and cytogenetic (cell culture) results

		  Sitogenetic Results

		  Abnormal Karyotype

QF-PCR	 Normal	 MC*	 Trisomy 21	 Trisomy 18	 Other numeric	 Structural	 Non- 	 Total
		  karyotype				    chromosomal	 chromosomal	 diagnostic
						      anomaly		  anomaly

Normal karyotype	 120	 0	 0	 0	 2	 6**	 5	 133

MC*	 4	 10	 0	 0	 0	 0	 0	 14

Trisomy 21	 0	 0	 7	 0	 0	 0	 0	 7

Trisomy 18	 0	 0	 0	 3	 0	 0	 0	 3

Non- diagnostic	 3	 0	 0	 0	 0	 0	 0	 3

Total	 127	 10	 7	 3	 2	 6	 5	 160

*MC, maternal contamination; ** 46,..,t(X;3)(p11.4;q27); 47,XY,+mar; 46,..,t(5;16)(q11.2;q13); chromosome 22p+; (46,..,13p+); (46,..t(3;10)(q23;q26).
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Among the 14 cases in which maternal contamination 
was detected by QF-PCR, four cases (28.6%) were re-
ported as normal karyotype on cytogenetic analysis, 
whereas the remaining ten cases (71.4%) were again re-
ported as maternal contamination (Table 1).

All seven cases reported as trisomy 21 and all three cases 
reported as trisomy 18 by QF-PCR were confirmed by 
cytogenetic analysis, demonstrating 100% concordance. 
The three cases for which cytogenetic confirmation was 
recommended due to inconclusive QF-PCR findings 
were ultimately reported as normal karyotype on culture 
analysis (Table 1).

The highest rate of abnormal karyotype on conventional 
cytogenetic analysis was observed in the group with 
major ultrasonographic findings (12.9%; n=11). In com-
parison, the rate of abnormal karyotype was 5.4% (n=2) 
in the minor ultrasonographic findings group and 6.7% 
(n=2) in the high-risk combined screening group. In the 
high-risk NIPT group, abnormal karyotype was detected 
in 100% of cases (n=2) (Table 2). The average turnaround 
time for conventional cytogenetic results was 11.71±3.5 
days (range, 5–22 days).

When analyzed according to gestational age at the time 
of the procedure, the highest mean gestational age was 
observed in the early-onset FGR group, with a mean of 
26.5±4.95 weeks (range, 23–30 weeks). This was followed 
by the major ultrasonographic findings group, with a 
mean gestational age of 23.41±3.04 weeks. The lowest 

mean gestational age at the time of cordocentesis was 
observed in the high-risk NIPT group (21±0 weeks). 

According to cytogenetic results, comparison of mater-
nal age across karyotype groups demonstrated that the 
highest mean maternal age was observed in the trisomy 
18 group (41.33±3.79 years; range, 37–44), followed by 
the trisomy 21 group (36.57±4.23 years; range, 30–43). In 
the normal karyotype group, the mean maternal age was 
29.61±6.73 years (range, 17–50). The youngest maternal 
ages were observed in the trisomy 9 case (19 years) and 
the mosaic trisomy 8 case (22 years).

Discussion

In the present study, we analyzed the concordance be-
tween QF-PCR and conventional cytogenetic (cell cul-
ture) results in pregnancies undergoing cordocentesis, 
as well as procedure indications, distribution of chromo-
somal abnormalities according to indication, laboratory 
turnaround times, gestational age at the time of the pro-
cedure, and the association between maternal age and 
chromosomal abnormalities.

The complete concordance observed between QF-PCR 
and cytogenetic results for trisomy 21 and trisomy 18 
further confirms that QF-PCR is a reliable and rapid 
preliminary diagnostic tool for common aneuploidies.
[7,8] However, the detection of structural chromosomal 
abnormalities and rare numerical aberrations (mosaic 

Table 2. Distribution of conventional cytogenetic (cell culture) results according to ındication groups

		  Sitogenetic Results

		  Abnormal Karyotype

 Indication Groups	 Normal	 MC*	 Trisomy 21	 Trisomy 18	 Other numeric	 Structural	 Non- 	 Total
		  karyotype				    chromosomal	 chromosomal	 diagnostic
						      anomaly		  anomaly

Major ultrasonographic finding	 66	 6	 2	 3	 2	 4**	 2	 85

Minor ultrasonographic finding	 30	 2	 1	 0	 0	 1***	 3	 37

High risk in combined	 26	 2	 2	 0	 0	 0	 0	 30

serum screening test

Non-diagnostic previous	 3	 0	 0	 0	 0	 1****	 0	 4

prenatal invasive test

High risk in NIPT	 0	 0	 2	 0	 0	 0	 0	 2

Early-onset FGR	 2	 0	 0	 0	 0	 0	 0	 2

Total	 127	 10	 7	 3	 2	 6	 5	 160

*MC, maternal contamination; ** 46,..,t(X;3)(p11.4;q27); 47,XY,+mar; 46,..,t(5;16)(q11.2;q13); chromosome 22p+; *** (46,..,13p+); **** (46,..t(3;10)(q23;q26)
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trisomy 8 and trisomy 9) in cases reported as normal 
by QF-PCR underscores the inherent limitations of this 
method. As QF-PCR targets specific chromosomes and 
short tandem repeat (STR) regions, it does not provide 
definitive diagnosis for structural rearrangements such 
as marker chromosomes, inversions, or translocations, 
nor for most mosaic or rare aneuploidies. These findings 
support the indispensable role of conventional cytoge-
netic analysis, particularly in cases with major structural 
anomalies detected on ultrasonography.[4,5,9]

In our cohort, the most common indication for cordocen-
tesis was major ultrasonographic abnormalities, and the 
highest rate of abnormal karyotype was observed in this 
group. This finding reinforces the well-established asso-
ciation between structural fetal anomalies and underly-
ing chromosomal pathology. In a study evaluating 620 
karyotype analyses, chromosomal abnormalities were 
detected in 5.8% of fetuses with anomalies and in 13.3% 
of those with multiple fetal anomalies, that is similar to 
our study.[10] Although the rates of abnormal karyotype 
were lower in the minor ultrasonographic findings and 
high-risk combined screening groups, they remained 
higher than in the other indication groups. Notably, 
the high rate of abnormal karyotype among the limited 
number of cases with high-risk NIPT results highlights 
the importance of confirming non-invasive screening re-
sults with invasive diagnostic testing. The abnormality 
rate observed in our study is consistent with the detec-
tion rates reported in large high-risk NIPT series for the 
most common trisomies (trisomy 21, 18, and 13).[11]

Evaluation of the association between maternal age and 
cytogenetic results demonstrated significantly higher 
mean maternal age in the trisomy 18 and trisomy 21 
groups, supporting the well-documented effect of ad-
vanced maternal age on chromosomal nondisjunction. 
Large cohort studies and amniocentesis series have 
clearly shown a marked increase in the risk of trisomy 
21 and trisomy 18 in women aged 35 years and older.
[12,13] In contrast, the younger maternal ages observed in 
cases of mosaic trisomy 8 and trisomy 9 suggest that rare 
numerical abnormalities may not be as strongly associ-
ated with maternal age as classic aneuploidies. Previ-
ous studies have reported that mosaic aneuploidies and 
structural rearrangements are more frequently observed 
in younger women, whereas common trisomies become 
increasingly prevalent with advancing maternal age.[14,15]

The mean turnaround time for conventional cell cul-

ture was approximately 12 days, and this duration did 
not vary substantially according to indication, suggest-
ing standardized and predictable laboratory processing. 
Compared with the literature, this turnaround time ap-
pears shorter than that reported for amniotic fluid–based 
cytogenetic analyses. In one study, the mean interval 
between diagnostic amniocentesis and definitive results 
was 23 days, while another series reported a mean in-
cubation period of 17.9 days for amniocentesis samples.
[16,17] This shorter reporting time represents a significant 
clinical advantage, particularly in cases presenting after 
20 weeks of gestation, when rapid diagnosis and timely 
decision-making are crucial, and may confer an advan-
tage over amniocentesis performed at similar gestational 
ages.

The differences in gestational age at the time of cordo-
centesis among indication groups likely reflect the tim-
ing of clinical suspicion and referral patterns inherent to 
each condition. Major structural anomalies are typically 
detected during routine mid-trimester anomaly screen-
ing, so referral for prenatal genetic testing generally oc-
curs after the gestational age at which the anomaly scan 
is performed.[18,19] Although referral for invasive prena-
tal genetic testing due to a high-risk NIPT result after 
20 weeks of gestation may be considered relatively late 
compared with referrals in earlier trimesters, this group 
nevertheless constituted the lowest gestational age cate-
gory within the cordocentesis cohort. This finding may 
be explained by delayed performance of NIPT or late 
presentation following receipt of high-risk results. To-
gether, these findings illustrate how the timing of cordo-
centesis is largely determined by the natural history and 
screening pathways of the underlying indication.

The retrospective design of the study and the limited 
number of cases in certain subgroups constitute impor-
tant limitations that may restrict statistical power. Nev-
ertheless, classification according to indication and the 
combined evaluation of QF-PCR and cytogenetic results 
represent notable strengths of the study.

Conclusion

Major ultrasonographic abnormalities which are de-
tected during mid-trimester sonography scan constitute 
the indication group with the highest likelihood of de-
tecting an abnormal karyotype. Particularly in pregnan-
cies presenting during the second half of gestation, the 
relatively shorter time required to obtain karyotype re-
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sults from fetal blood culture renders cordocentesis an 
important diagnostic option when timely decision-mak-
ing is critical.

Although QF-PCR represents a rapid and reliable first-
line diagnostic method in cordocentesis cases, particu-
larly for common aneuploidies such as trisomy 21 and 
trisomy 18; structural chromosomal abnormalities and 
rare numerical aberrations may still be detected in cases 
reported as normal by QF-PCR. For this reason, conven-
tional cytogenetic evaluation remains essential for defin-
itive diagnosis.
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Vitamin D Prophylaxis and Changes in 
Kidney Stone Number and Size in Children: 
A Prospective Ultrasound-Based Study
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Abstract
Objective: Vitamin D prophylaxis (400 IU/day) is recommended for all children, at least during 
the first year of life. This prophylaxis is usually ceased in children with nephrolithiasis despite 
limited evidence. This study aimed to determine whether the cessation of vitamin D prophy-
laxis affects the number and size of stones in young children with nephrolithiasis.

Methods: This prospective study evaluated children aged<3 years who were referred to a 
pediatric nephrology center for nephrolithiasis. Renal ultrasonography was performed by a 
single experienced pediatric radiologist. Twenty-eight children (17 males, 60.7%) with persis-
tent nephrolithiasis were enrolled. Vitamin D prophylaxis was ceased during the first 3 months 
(P1) and subsequently administered for 3 months (P2). The number and size of stones were 
assessed using ultrasonography at the end of both periods.

Results: The mean age at the initial ultrasonography was 13.7±10.7 (range, 2.7−39.4) months. 
Serum creatinine, calcium levels were normal in all patients, and none had vitamin D hypervi-
taminosis. Metabolic abnormalities were detected in 12 patients (42.9%), most commonly hy-
percalciuria (n=8), hypocitraturia (n=7). Stone number and size decreased significantly during 
both P1 and P2. None of the 12 children who were stone-free at the end of P1 developed new 
stones after vitamin D prophylaxis was reintroduced during P2. Reduction in stone number 
was more frequent in younger children (p=0.01), whereas no other clinical or laboratory param-
eters were associated with stone improvement.

Conclusions: Routine cessation of vitamin D prophylaxis may not be necessary in children 
with nephrolithiasis when close ultrasonographic monitoring is performed.
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Introduction

Nephrolithiasis, commonly known as 
kidney stone disease, is character-

ized by the formation of calculi within 
the renal collecting system or urinary 

tract.[1,2] In recent years, nephrolithiasis 
has been increasingly recognized among 
infants and children, posing a significant 
clinical concern.[3-5] In addition to lifestyle 
and dietary changes, more frequent use of 
imaging modalities in children with spe-
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cific or nonspecific symptoms is more effective in this 
regard.[6,7] Although genetic and anatomical causes are 
the primary determinants, metabolic factors are also fre-
quently observed in children, with hypercalciuria being 
the most common metabolic abnormality.[1,8,9] Therefore, 
the pathophysiology that may cause hypercalciuria has 
been investigated for ages, and elevated levels of cal-
citriol have been identified as detrimental to the risk of 
nephrolithiasis, likely due to a direct increase in urinary 
calcium excretion.[10-12] This raises longstanding concerns 
regarding the safety of vitamin D supplementation in 
children with idiopathic hypercalciuria or nephrolithia-
sis. However, the relationship between serum 25-hydrox-
yvitamin D (25OHD) concentration, vitamin D supple-
mentation, and the occurrence of stone events remains to 
be elucidated.[10] 

Vitamin D plays a well-established role in regulating 
skeletal health and mineral homeostasis.[13] Epidemio-
logical studies have consistently linked low vitamin D 
levels to an increased risk of numerous common condi-
tions, such as musculoskeletal, metabolic, cardiovascu-
lar, cancer-related, autoimmune, and infectious diseases.
[14-16] The prevalence of low vitamin D status in childhood 
is high, with considerable global variability.[17-19] Addi-
tionally, maternal vitamin D deficiency is an important 
cause of vitamin D deficiency in early infancy.[20] There-
fore, vitamin D prophylaxis (400 IU per day) is recom-
mended for all infants at least during the first year of life, 
preferably up to the age of 18 years, to prevent rickets re-
lated to vitamin D deficiency. Moreover, vitamin D pro-
phylaxis plays a crucial role in preventing rickets and is 
associated with a reduced risk of respiratory tract infec-
tions.[21-23] This prophylaxis is usually ceased in children 
with nephrolithiasis despite limited evidence.

This study aimed to determine whether the cessation of 
vitamin D prophylaxis affects the number or size of stones 
in children under the age of 3 years with nephrolithiasis.

Materials and Methods

Children aged <3 years with nephrolithiasis who were 
referred from a pediatric outpatient clinic to the pedi-
atric nephrology division were evaluated. Children with 
a history of vitamin D hypervitaminosis and/or hyper-
calcemia were excluded. Hypercalcemia was defined as 
a serum total calcium level above the age-specific upper 
reference limit on at least one measurement.[24] Serum 
25OHD concentrations were defined as vitamin D defi-

ciency <12 ng/mL (30 nmol/L), insufficiency 12-20 ng/
mL (30–50 nmol/L), and hypervitaminosis ≥100 ng/mL 
(250 nmol/L).[25] All were confirmed by an initial ultra-
sound (U1) at our center by a single, experienced pedi-
atric radiologist. Twenty-eight patients (17 males, 60.7%) 
with nephrolithiasis were included in the study. Data on 
clinical characteristics and urinary excretion results were 
obtained from the medical records. Serum creatinine lev-
els were normal in all the patients. Vitamin D prophy-
laxis was ceased in all patients prior to admission to our 
department. The study was conducted between Septem-
ber and March in Turkey, a period associated with lim-
ited sunlight exposure and reduced cutaneous vitamin 
D synthesis.

All children underwent the same fixed and sequential 
follow-up. Intervention period 1 (P1) was defined as a 
three-month vitamin D–free observation period, during 
which vitamin D prophylaxis was completely ceased in 
all patients. Throughout P1, families were instructed to 
avoid all potential sources of vitamin D, including vi-
tamin D-supplemented foods, formulas and multivita-
min preparations. Compliance was reinforced through 
weekly telephone follow-up with the same caregiver. 
At the end of P1, a second renal ultrasonography (U2) 
was conducted. Intervention period 2 (P2) was defined 
as a subsequent three-month period during which all 
patients received oral vitamin D prophylaxis at a dose 
of 400 IU/day. This dose corresponds to the standard 
recommended prophylactic dose for infants and, young 
children. During P2, the consumption of vitamin D-sup-
plemented foods and multivitamin preparations was 
not restricted. At the end of this period, a third renal ul-
trasonography (U3) was conducted. During both study 
periods, increased water intake and a salt-free diet were 
recommended for all patients throughout the follow-up 
period. Potassium citrate was prescribed to 12 patients 
based on clinical and laboratory findings and was main-
tained throughout both periods. A flowchart of the study 
design and within-subject follow-up is shown in Figure 
1.

Ultrasound measurements were performed using both 
an 8 Mhz curved probe and a 14 Mhz flat probe on the 
same device (Toshiba Aplio 500, Toshiba Medical Sys-
tems, Tokyo, Japan) by the same pediatric radiologist 
who was blinded to the study period and previous ultra-
sound findings. Patients were evaluated in terms of the 
structure of the kidney parenchyma, corticomedullary 
separation, pelvicalyxial system anatomy and variations, 
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collector system dilatation, pelvic anteroposterior diam-
eter, bladder wall, and lumen content. The presence of 
posterior acoustic shadowing on ultrasound and twinkle 
artifacts on Doppler ultrasound was investigated. In pa-
tients with nephrolithiasis, dilatation and calculus were 
investigated during ureteral tracing. The size and num-
ber of stones detected in at least two planes and their 
locations were documented. The number of stones was 
calculated as the total number of stones in each kidney. 
The size of the stones was defined as the maximal stone 
diameter on ultrasound; in children with bilateral stones, 

the mean of the maximal diameters from the right and 
left kidneys was used for analysis. Renal calyceal mi-
crolithiasis was defined as hyperechogenic spots less 
than 3 mm in diameter in the renal calyces.[26] Stone size 
and number were compared between U1, U2, and U3. 

The study was approved by the Ethics Committee of 
Istanbul University, Istanbul Faculty of Medicine (No: 
2016/724, Date: 13/06/2016). Written informed consent 
was obtained from the parents or legal guardians of all 
participants, and all studies were conducted in accor-
dance with the principles of the Declaration of Helsinki.

Figure 1. Flow chart of study design and within-subject follow-up.
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Statistical analysis

Statistical evaluation was performed using GraphPad 
Prism® V10 software (GraphPad Software Inc., San 
Diego, California, USA). Data are presented as mean ± 
SD or median with the range, as appropriate. Normal-
ity was assessed using the Kolmogorov-Smirnov test. 
Between-group comparisons were performed using the 
Mann-Whitney U test. Longitudinal changes in stone 
number and maximum stone diameter between U1 and 
U2 and between U2 and U3 were assessed using the Wil-
coxon matched-pairs signed-rank test. Categorical vari-
ables were compared using the chi-square or Fisher’s 
exact tests. Statistical significance was set at P<0.05.  

Results

The mean age at the initial confirmatory ultrasonogra-
phy (U1) was 13.7±10.7 months (range; 2.7–39.4), at the 
time of U1. Sixty-two percent of the patients were un-
der 1 year of age. The age distribution of the patients 
was as follows: <6 months (n=3), 6–18 months (n=18), 
and >18 months (n=7). The main presenting symptoms 
were irritability (n=10), vomiting and urinary tract infec-
tion (n=5), diaper or urine discoloration (n=4), and poor 
weight gain (n=2), while eight patients were asymp-
tomatic. A family history of urinary stone disease was 
present in 46.4% (n=13) of patients. More than half of 
the patients (n=8, 61.5%) had multiple stones at the time 
of diagnosis, and the stones were bilaterally located in 
seven patients. The mean number of stones was 2.4±1.7 
(range: 1–8), and the mean size of stones was 4.0±2.4 mm 

(range: 1–11). Renal calyceal microlithiasis was detected 
in 42.9% (n=12) of the patients. 

Anatomical abnormalities were identified in four pa-
tients (14.3%), including vesicoureteral reflux (n=1), ec-
topic kidney (n=1), and non-obstructive ureteropelvic 
junction dilatation (n=2). Oral potassium citrate therapy 
was administered to 42.9% (n=12) of the patients. Uri-
nary tract infection was not observed in any patient dur-
ing follow-up. Serum urea, creatinine (Cr), calcium (Ca), 
phosphorus (P), and alkaline phosphatase (ALP) levels 
were normal in all the patients. Metabolic abnormalities 
were found in 12 patients (42.9%) (hypercalciuria, n=8; 
hypocitraturia, n=7; hyperoxaluria, n=3; cystinuria, n=2). 
Three children had multiple metabolic risk factors. Vita-
min D deficiency was observed in three patients (10.7%) 
and insufficiency in ten (35.7%). 

At the end of P1, 12 patients had no remaining stones. 
The number of stones decreased in 57.1% (n=16) of the 
children, increased in 10.7% (n=3), and did not change in 
32.2% (n=9) of the children. Kidney stone size decreased 
in 60.7% (n=17) of patients, increased in 14.3% (n=4), and 
remained unchanged in 25% (n=7). Changes in stone 
number and size, serum Ca and 25OHD levels, and spot 
urine Ca/Cr ratio at the end of P1 and P2 are presented 
in Table 1. Serum 25OHD levels were unchanged, while 
serum Ca levels and urine Ca/Cr ratios were signifi-
cantly increased in P2 compared to P1 (p=0.05, p=0.02, 
p=0.02, respectively). 

Eight patients had hypercalciuria at baseline, 75% (n=6) 
of whom had a positive family history of nephrolithia-

Table 1. Comparison of the period with and without vitamin D prophylaxis

		  P1†	 P2‡	 p

Number of the stone n (%)	 Stone Free 12 (42.9) 	 Stone Free 16 (57.1)*

		  Decrease 16 (57.1)	 Decrease 6 (21.4)	 0.03

		  Increase 3 (10.7)	 Increase 0 (0)

		  No change 9 (32.2)	 No change 22 (78.6)	

Size of the stone n (%)	 Decrease 17 (60.7)	 Decrease 12 (42.9)	 0.001

		  Increase 4 (14.3)	 Increase 0 (0)

		  No change 7 (25)	 No change 16 (57.1)	

Serum Ca (mg/dL) median (IQR)	 10.0 (9.9–10.7)	 10.7 (10.5–11.2)	 0.02

25OHD (ng/mL)§ median ((IQR)	 23.6 (21–40)	 31.4 (28–48)	 0.05

Spot urine Ca/Cr median (IQR)	 0.2 (0.2–0.3)	 0.3 (0.2–0.5)	 0.02

* Patients who were stone-free at the end of P1 did not develop new stones during P2. † The end of the period without vitamin D prophylaxis (P1). ‡ The end of the 
period with vitamin D prophylaxis (P2). § 25OHD nmol/L = 2.5× ng/mL.
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sis and 50% (n=4) of whom were receiving oral potas-
sium citrate therapy. The baseline mean serum Ca level 
was 10.4±0.4 mg/dL and the mean 25OHD level was 
28.4±17.4 ng/mL. Hypocitraturia was observed in three 
patients. Changes in the stone number and size in the 
hypercalciuric subgroup during periods with (P2) and 
without (P1) vitamin D prophylaxis are presented de-
scriptively in Table 2. In this subgroup, the mean urine 
Ca/Cr ratio after vitamin D prophylaxis was 0.4±0.3, 
showing no statistically significant difference compared 
with the baseline (0.9±0.6, p=0.087).

At U3, 16 of 28 children (57.1%) were stone-free. None 

Table 2. Comparison of periods with and without vitamin D 
prophylaxis in patients with hypercalciuria (n=8)

		  P1†	 P2‡

Number of Stone, n   

Decrease 	 4	 5

Increase 	 0	 1

No change 	 4	 2

Size of Stone, n   

Decrease 	 2	 6

Increase 	 4	 1

No change 	 2	 1

†The end of the period without vitamin D prophylaxis (P1). ‡The end of the 
period with vitamin D prophylaxis (P2).

(b)

(c) (d)

(a)

Figure 1. Changes in stone size (a,c) and number (b, d) during patients follow-up. (a) U1 represents the initial ultrasound, U2 represents the second 
ultrasound conducted without vitamin D supplementation for three months, and U3 represents the third ultrasound performed after administering 
400 IU/day vitamin D prophylaxis to all patients over a three-month period.  (b) The total number of stones was counted in both kidneys. The size 
of the stones was defined as the maximal stone diameter on ultrasound; in children with bilateral stones, the mean of the maximal diameters from 
the right and left kidneys was used for analysis. (c) Figures a and b display the data as mean±SD. Figures c and d show the individual data points.
(d) The P values in Figure A and B show comparisons between each ultrasound (U1 vs. U2 and U2 vs. U3), calculated using the paired Wilcoxon 
signed-rank test. 
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of the 12 children who were stone-free at U2 developed 
new stones during P2. Stone number decreased signif-
icantly from U1 to U2 and from U2 to U3 (p=0.02 and 
p=0.03, respectively). Stone size decreased during both 
intervals (p=0.01 and p=0.001, respectively). Figure 2 il-
lustrates the changes in the number and size of stones 
throughout the follow-up period.

When we compared patients with and without a decrease 
in the number of stones during the study, a decrease in 
the number of stones was more frequent in younger chil-
dren (p=0.01), whereas other clinical and laboratory pa-
rameters did not differ between the two groups (p>0.05) 
(Table 3). The clinical and laboratory parameters were 
similar between the patients with and without decreased 
stone size during the study period (p>0.05) (Table 3).

Discussion

This prospective sequential ultrasound-based study eval-
uated the short-term effects of vitamin D prophylaxis on 
stone dynamics in young children with nephrolithiasis, 
all of whom resided in the same country and were fol-
lowed up during the same seasonal period. The short-
term ultrasonographic course of nephrolithiasis in young 

children managed with a fixed vitamin D prophylaxis 
protocol. Another strength was the use of standardized 
ultrasonographic assessments by a blinded pediatric ra-
diologist throughout the follow-up period. Of the 57 chil-
dren referred to our clinic with a previous diagnosis of 
nephrolithiasis based on ultrasonographic findings, only 
28 had confirmed stones when re-evaluated by an expe-
rienced pediatric radiologist. This finding highlights the 
operator-dependent nature of ultrasonography,[27,28] par-
ticularly in young children, and supports the reliability 
of ultrasound assessments in our study.

Hypercalciuria was the most common metabolic ab-
normality in our cohort, detected in 28.6% of patients, 
consistent with previous studies .[3,8,29-31] Genetic variants 
affecting calcium and phosphate metabolism, including 
CaSR pathway variants, VDR, CYP24A1 and SLC34A1, 
have been associated with hypercalciuria and early-on-
set nephrolithiasis.[32-38] It is recommended that vitamin 
D replacement be administered cautiously and with bio-
chemical monitoring in susceptible individuals, as vita-
min D supplementation may increase hypercalciuria or 
stone burden.[10] Beyond hypercalciuria, hypercalcemia, 
parathyroid hormone abnormalities, and a strong family 

Table 3. Comparison of the patients’ clinical and laboratory characteristics with and without decrease the number and size of stones during the 
study 

		  Number of Stone		  Size of Stone

		  Without decreased	 With decreased	 p	 Without decreased	 With decreased	 p
		  n=9	 n=19		  n=5	 n=23	

Age 

	 mean±SD months  	 23.5±6.3	 7.2±1.4	 0.01m	 13.3±0.5	 7.6±4.2	 0.15m

Sex 

	 male/female n	 6/3	 11/8	 0.66 X²	 4/1	 13/10	 0.62X²

Family history of nephrolitiasis 

	 Yes/No n	 5/4	 8/11	 0.51X²	 3/2	 10/13	 0.50X²

Using of potassium citrate 

	 Yes/No n	 4/5	 8/11	 0.91X²	 3/2	 9/14	 0.39X²

Hypercalsiuria 

	 Yes/No n	 1/8	 7/12	 0.16X²	 2/3	 6/17	 0.61X²

Serum Ca(mg/dL) 	 10.2	 10.5	 0.31m	 10.4	 10.5	 0.82m

	 median (IQR)	 (9.9–10.5)	 (10–10.7)		  (10.2–10.6)	 (9.9–10.7)	

25OHD (ng/mL)§  	 22.9	 34	 0.33m	 45	 31.2	 0.14m

	 median (IQR)	 (21–45)	 (29–40)		  (35.3–55.4)	 (22.9–39.5)	

Spot urine Ca/Cr 	 0.2	 0.3	 0.09m	 0.3	 0.2

	 median (IQR)	 (0.2–0.2)	 (0.2–0.4)		  (0.2–0.3)	 (0.2–0.4)	 1.00m

§ 25OHD nmol/L = 2.5× ng/mL. m Mann-whitney u test / X² Ki-kare test (Fischer test).
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history, including hypercalcemia in relatives, may help 
guide clinical suspicion for these genetic conditions. 
In our study, although the genetic etiology was not as-
sessed, none of the patients demonstrated abnormalities 
in serum Ca, P, ALP, or parathormone (PTH) levels. Mi-
lart et al.[11] reported that low-dose vitamin D supple-
mentation in children with idiopathic hypercalciuria 
increased serum 25OHD levels without increasing cal-
ciuria or accelerating stone formation. Similarly, in our 
hypercalciuric subgroup, the urinary Ca/Cr ratio did not 
increase significantly after vitamin D prophylaxis was 
reintroduced, and no consistent ultrasonographic wors-
ening was observed. 

The relationship between vitamin D status, urinary cal-
cium excretion, and nephrolithiasis remains complex.
[10,39,40] Several studies have proposed a relationship be-
tween serum 25OHD levels and urinary calcium excre-
tion,[41-45] whereas others have reported no association 
with the stone formation or recurrence.[46,47] Malihi et 
al.[48] showed that prolonged vitamin D supplementation 
may increase the risk of hypercalcemia and hypercalci-
uria, although this was not accompanied by an increased 
risk of kidney stones. Consistent with these findings, 
our study demonstrated stable serum 25OHD levels, 
whereas serum Ca and urinary Ca/Cr ratios increased 
significantly during P2 (p=0.05 and p=0.02, respectively). 
Notably, no significant differences in serum Ca or uri-
nary Ca/Cr ratios were observed between patients with 
and without decreased stone size and number.

In terms of stone size and number over time, our study 
demonstrated a statistically significant decline in both 
stone size and stone number over time, and these changes 
occurred irrespective of vitamin D supplementation. Our 
findings are consistent with the existing literature, sug-
gesting that maintaining adequate vitamin D status does 
not necessarily worsen stone burden, particularly in pe-
diatric populations, where vitamin D remains essential 
for bone health, growth, and immune development.[11,39] 
The observed improvement may largely reflect the nat-
ural history of small, nonobstructive stones in infants 
and toddlers. High urine output, shorter urinary tracts, 
increased hydration after diagnosis, salt restriction, and 
parental awareness may have all contributed to spon-
taneous stone passage. Renal maturation and improve-
ment in metabolic homeostasis during early childhood 
may also reduce stone persistence and growth.[49,50] Ad-
ditionally, the continued use of oral potassium citrate in 
12 patients may have contributed to this observed effect.

This study has several limitations. The sample size was 
small, and the follow-up duration may not have fully 
captured the long-term recurrence patterns. In addi-
tion, genetic testing was not performed, which limits 
the evaluation of the underlying hereditary causes of 
nephrolithiasis and hypercalciuria in this young cohort. 
Although ultrasonography is operator-dependent and 
may underestimate very small stones compared with 
computed tomography, it remains the first-line imaging 
modality in children, and the use of an experienced pe-
diatric radiologist likely reduced misclassification in our 
study. Generalizability is limited by the single-center de-
sign, small sample size, short follow-up, and inclusion of 
only young children receiving standard-dose vitamin D 
prophylaxis.Future studies should focus on larger mul-
ticenter cohorts with longer follow-up periods and stan-
dardized metabolic assessments. 

Conclusion

In conclusion, this prospective study demonstrated a 
statistically significant decline in stone size and number 
over time during sequential periods of vitamin D discon-
tinuation and prophylaxis. These findings suggest that 
discontinuation of vitamin D prophylaxis may not be 
necessary in children with nephrolithiasis. A more indi-
vidualized and evidence-based approach that balances 
the risk of kidney stones with the critical role of vitamin 
D in skeletal health, growth, and development in early 
childhood is recommended. 
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Two-Stage Reconstruction of a Scalp Defect 
with Exposed Bone Using a Biodegradable 
Temporizing Dermal Matrix

 Azmi Can Ofluoğlu,  Mustafa Merih Yaraşır,  Çağla Çiçek,  Gaye Filinte

Abstract
Scalp tissue defects may arise secondary to trauma or tumor resection. Dermal and epidermal 
matrices provide an important reconstructive alternative for complex scalp defects with ex-
posed bone by promoting vascularization and granulation tissue formation. Depending on the 
size of the defect, biodegradable temporizing matrices may be applied either as a two-stage 
procedure in combination with skin grafting or as a single-stage treatment. A 9-year-old male 
patient presented with a scalp tissue defect measuring 6 × 8 cm with exposed bone following 
a motor vehicle accident. After debridement of devitalized tissue at the wound margins, a 
biodegradable temporizing matrix was applied simultaneously. Weekly follow-up evaluations 
demonstrated progressive color changes within the matrix. At the end of five weeks, sufficient 
granulation tissue formation was observed beneath the matrix. The outer layer of the matrix 
was removed, and a split-thickness skin graft was applied to the wound bed. Biodegradable 
temporizing matrix application facilitates staged reconstruction of scalp defects, particularly in 
pediatric patients, without the need for complex surgical procedures. It supports reconstructive 
planning by enabling sequential use of reconstruction steps and represents a safe and effec-
tive adjunct in scalp reconstruction.

Keywords: Biodegradable temporizing matrix; scalp defect; reconstruction.
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Introduction

Scalp defects are difficult-to-man-
age reconstructive defects due to the 

anatomical characteristics of the scalp 
and its limited tissue elasticity, and they 
commonly occur following trauma, tumor 
resection, or pressure injuries.[1] In scalp 
defects larger than 3 cm, primary closure 
is often not feasible, particularly in areas 
with exposed bone, and inadequate cov-
erage significantly increases the risk of 

osteomyelitis and chronic wound forma-
tion.[2] In recent years, biodegradable tem-
porizing matrices have gained increasing 
popularity by enhancing vascularization 
and granulation, thereby expanding re-
constructive options for such defects.[3]

The biodegradable temporizing matrix 
(BTM; NovoSorb®, PolyNovo Ltd., Port 
Melbourne, Australia) is a fully synthetic 
polyurethane dermal substitute that func-
tions as an inert scaffold, promoting an-
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giogenesis and granulation tissue formation over wound 
beds unsuitable for immediate skin grafting, such as 
those with exposed tendon or bone.[4]

Once sufficient granulation tissue development is 
achieved, as determined clinically, the outer sealing 
membrane may be removed. Depending on defect size, 
BTM can be used either as a two-stage reconstruction in 
combination with split-thickness skin grafting or as a 
standalone treatment. In this study, we present a success-
ful reconstruction of a post-traumatic scalp defect using 
a biodegradable temporizing matrix. BTM offers a safe 
and effective solution for scalp reconstruction without 
donor-site morbidity associated with flap surgery.

Case Presentation

A 9-year-old male patient was admitted to our clinic fol-
lowing an in-vehicle traffic accident. Physical examina-
tion revealed a scalp defect measuring approximately 6 
× 8 cm with exposed bone and associated periosteal loss 
(Fig. 1). Foreign bodies within the right frontoparietal 
defect were irrigated and removed, followed by thor-
ough debridement of devitalized tissue. Bacterial tissue 
cultures obtained from the wound bed before BTM ap-
plication showed no bacterial growth, and there were no 
clinical signs of active infection. The biodegradable tem-
porizing matrix was trimmed and shaped according to 
the defect size and applied in accordance with the man-
ufacturer’s instructions, ensuring that the appropriate 
surface contacted the wound bed.

The silicone sealing membrane was left externally and 
secured to the surrounding healthy skin using skin sta-
ples, ensuring full contact of the matrix with the wound 
base. Weekly wound assessments were performed (Fig. 
2). No signs of hematoma or infection beneath the ma-
trix were observed. At the end of the fifth week, char-
acteristic color changes were noted, and removal of the 
outer membrane revealed complete coverage of the ex-
posed bone with well-vascularized granulation tissue. A 
split-thickness skin graft harvested from the right thigh 
was applied to the wound bed. Postoperative follow-up 
demonstrated complete graft take without any evidence 
of graft loss (Fig. 3).

Discussion

Reconstruction of scalp defects is guided by the stepwise 
application of the reconstructive ladder.[5] The choice of 

Figure 1. Scalp defect measuring approximately 6 × 8 cm with exposed 
bone and associated periosteal loss.

Figure 2. Silicone sealing membrane was left externally and secured to 
the surrounding healthy skin using skin staples. 
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reconstructive method depends on defect size, depth, 
the presence of periosteal or bone exposure, surrounding 
tissue laxity, and patient-related factors. Small scalp de-
fects may be managed with primary closure, secondary 
intention healing, or local flaps; however, larger and 
more complex defects may require skin grafting, tissue 
expansion, regional or free flap reconstruction, or staged 
reconstruction using dermal substitutes.

In extensive defects with exposed bone, flap surgery may 
be disadvantageous due to prolonged operative time and 
donor-site morbidity.[1,6] These concerns are particularly 
relevant in pediatric patients, where donor-site morbid-
ity during growth may result in physical deformities and 
functional limitations later in life.

Biodegradable temporizing matrix offers an alternative 
treatment option in high-risk or complex cases due to 
its low infection rates, ease of application, and capacity 
for staged reconstruction.[3] Complex avulsion injuries 
caused by dog bites or mechanical trauma may involve 
extensive tissue loss that is difficult to reconstruct even 

with free flaps. In such cases, BTM provides effective 
wound coverage without donor-site morbidity. Patel et 
al.[2] reported successful BTM use in a 3-year-old patient 
with near-total scalp avulsion involving 80% of the scalp 
and exposed bone, followed by split-thickness skin graft-
ing.

Similarly, Calderbank et al.[4] presented a case series of 
13 lesions in 12 patients with post-oncological scalp de-
fects successfully reconstructed using BTM. The number 
of reports supporting successful use of biodegradable 
dermal matrices continues to increase. Additionally, sev-
eral studies indicate that BTM facilitates dermal matrix 
formation and may reduce the risk of excessive scar for-
mation.[7]

In the present case, BTM use resulted in effective recon-
struction within a short time frame. The patient was 
followed on an outpatient basis between stages, with 
moist dressings applied to the external surface; no ma-
trix replacement was required. In cases of hematoma or 
infection beneath the biodegradable layer, removal of 
the matrix may be necessary. While hematomas may be 
managed by temporary removal and reapplication after 
hemostasis, infected matrices infiltrated with purulent 
material should be removed, followed by debridement 
and reapplication after antibiotic irrigation.[8]

In hair-bearing scalp regions, the use of BTM and skin 
grafts may result in alopecia, potentially leading to aes-
thetic dissatisfaction, particularly in pediatric patients. 
Secondary reconstruction using tissue expanders or hair 
transplantation may be considered.[9] Tissue expansion 
is planned for the present patient. By promoting robust 
granulation tissue formation and allowing outpatient 
follow-up, BTM has emerged as an effective and reliable 
treatment option for scalp defects with exposed bone.[2,3,5]

This case demonstrates that biodegradable temporizing 
matrix may be an effective and reliable option for staged 
reconstruction of pediatric scalp defects with exposed 
bone after adequate debridement and infection control. 
By supporting the formation of a vascularized neoder-
mis, BTM provided a suitable wound bed for subsequent 
split-thickness skin grafting. In selected cases where lo-
cal or free flap options are limited by patient age, defect 
characteristics, donor-site morbidity, or technical com-
plexity, two-stage reconstruction with BTM may be con-
sidered a valuable alternative within the reconstructive 
algorithm.

Figure 3. Postoperative follow-up demonstrated complete graft take 
without any evidence of graft loss.
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