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Letters to the Editor: These are com-
ments, criticism and contributions in
response to a paper published in the
NCI. The author(s) of a criticized article
has the right to reply. The article that
is the subject of the comments should
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weeks following publication of the sub-
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PREPARATION OF MANUSCRIPT
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2.5 cm-wide margins should be left
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numbered consecutively in the order of
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The fonts Times New Roman or Arial
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once. Only the International System
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acronyms should be written in paren-
theses following the full name or an
explanation of the usage should be
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in the text. Please review the final ver-
sion of the manuscript very carefully,
especially for formatting and editing
errors.
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consecutively numbered starting from
the first page (page 1, Turkish abstract
(Turkish authors only); page 2, English
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indicated on the upper right-hand cor-
ner of each page. Final version of the
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format. Manuscripts submitted in “.pdf”
format will not be accepted.

Accepted manuscripts are copy-edited for
grammatr, punctuation, format, and clarity.
Artificial intelligence technology is partially
used in the English language correction of
articles. A PDF proof of the manuscript is
sent to the corresponding author and their
publication approval is requested within 2
days of receipt of the proof.

Manuscript Sections: All research articles
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Title page, (2) Abstract with keywords,
(3) Introduction, (4) Methods, (5) Re-
sults, (6) Discussion, (7) Acknowledge-
ments, (8) Conflict of interest, (9) Fund-
ing resources, (10) References, (11)
Legends of the figures, (12) Tables, (13)
Figures. In case of need, presentation of
Methods, Results, and Discussion sec-
tions under subheadings is preferred.
Case reports should be presented fol-
lowing abstract section, under headings
of introduction, case presentation, and
discussion. In review articles, appropri-
ate headings can be used in accordance
with the development of the manuscript.
Sections of the manuscript in order of
their appearance in the text with rele-
vant explanations are listed below.

Title Page: A separate title page should
be submitted with all manuscripts and
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of no more than 50 characters,

e Name, affiliation(s), ORCID ID, and
highest academic degree(s) of the
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of support,
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corresponding author,
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of the manuscript but who do not
fulfill authorship criteria.

e Authors should disclose whether
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assisted technologies (such as Large
Language Models [LLMs], chatbots,
or image creators) in the production
of submitted work. Authors should
assert that there is no plagiarism
in their paper, including in text and
images produced by the Al -if any-
and must ensure there is appropri-



ate attribution of all quoted material,
including full citations. Authors who
used Al technology to conduct the
study should describe its use in the
methods section in sufficient detail.

Abstract: The abstract should be written
on a separate page. It should contain at
most 250 words, and be structured as
follows: (1) Objective, (2) Methods, (3)
Results, and (4) Conclusion. Under these
headings, briefly describe the subject of
the article, methods used for the study,
basic findings, and author’s conclusion.
No subtitles may be used in the abstract
of a case report. A minimal number of
abbreviations and/or acronyms should
be used. Abstracts should not contain
any references. A maximum of 5 key-
words should be included at the end
of the abstract. The Medical Subject
Headings (MeSH) prepared by the US
National Library of Medicine (NLM) may
be used as a reference for keywords.

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

Methods: All methods used to select par-
ticipants and conduct the study should
be described in detail. Known methods
should be cited. Novel or modified meth-
ods used should be described in detail.
Doses, concentrations, routes, and du-
ration of administration of drugs and
chemical agents should be indicated. A
concise report of all statistical methods
used for summarizing available data
and for testing the proposed hypothesis
should be provided under a subtitle, in-
cluding the p value criteria determined
for statistically significant difference.
Statistical evaluation conducted should
be explained in detail. Standard statisti-
cal methods should be used as much as
possible. If rarely employed or novel sta-
tistical methods were used, then the rel-
evant references should be cited. When
necessary, more detailed explanations
about unusual, complex or new statisti-
cal methods can be provided in separate
files for readers as online supplementary
data. The commercial name and version
number of any statistical software pack-
age program used should be provided.
For statistical evaluation, the recommen-
dations in the statistics section of the
“Uniform Requirements for Manuscripts
Submitted to Biomedical Journals: Writ-
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ing and Editing for Biomedical Publica-
tion” (http://www.ICMJE.org) should be
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Authors who used AI technology to con-
duct the study should describe its use in
this section in sufficient detail to enable
replication to the approach, including
the tool used, version, and prompts
where applicable.

Results: The study results should be pre-
sented in logical sequence and in detail.
The findings should be supported by fig-
ures and tables. Information given in fig-
ures and tables should not be repeated
in the text unless absolutely required.

Discussion: Data relevant to the study
subject matter should be examined,
evaluated, and substantiated with refer-
ences from domestic and international
sources. General information irrelevant
or superfluous to the report should not
be included.

Acknowledgement: The names of indi-
viduals who contributed to the study
but who fail to meet the criteria of au-
thorship should be mentioned in this
section. The written consent of all indi-
viduals mentioned should be obtained.

Conflict of Interest: All potential conflicts
of interest should be declared under this
heading. All affiliations with pharma-
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procurers relevant to the subject matter
of the study should be explicitly indi-
cated. If no conflict of interest exists,
this should be stated as “none declared.”
Declarations related to conflicts of inter-
est should be placed at the bottom of
a separate page after the acknowledge-
ments and before the references. A Con-
flict of Interest Form will be sent to the
authors of accepted papers.

Funding sources: The full name of any
sponsoring foundation or institution
should be provided.

References: All references, tables, and
figures should be referred to within the
main text, and they should be numbered
consecutively in the order they are re-
ferred to within the main text. While
citing publications, preference should

be given to the latest, most up-to-date
publications. If an ahead-of-print publi-
cation is cited, the DOI number should
be provided along with the journal ab-
breviation and the expression “[Epub
ahead of print.]”. Authors are responsi-
ble for the accuracy of references. Jour-
nal titles should be abbreviated in accor-
dance with the journal abbreviations in
the Index Medicus/ MEDLINE/PubMed.
When there are 6 or fewer authors, all
authors should be listed. If there are 7 or
more authors, the first 6 authors should
be listed followed by “et al.” In the main
text of the manuscript. Reference num-
bers should be written in square brack-
ets, in compliance with Vancouver style
(see. https://www.ncbi.nlm.nih.gov/
books/NBK7256/). The reference styles
for different types of publications are
presented in the following examples:

1. Journal: Balci NC, Sirvanci M,
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2. Articles in press: Roten L, Derval
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Scherr D, et al. Ajmaline attenuates
electrocardiogram  characteristics
of inferolateral early repolarization.
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pub ahead of print], doi:10.1016/j.
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3. Book: Brown AM. Physiology of the
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Figure Legends: Explanatory notes for

each figure should be submitted on a

separate page in order of their appear-

ance in the text immediately after the
references section under the heading

“figure legends.” All abbreviations and

symbols used in the figure should be

defined in alphabetical order.



Figures: The manuscript will not be
evaluated until all figures cited in the
text are submitted. The number of fig-
ures provided should be in accordance
with the content and data presented in
the text, and table data should not be
repeated in figures. All figures should be
sent in individual electronic file format
ready for publication with maximum di-
mensions of 125 cm x 180 cm. Illustra-
tions in color should be in CMYK format
and have a minimum resolution of 300
DPI suitable for publication. Figures de-
picted in gray scale should have a min-
imum resolution of 600 DPI, and the
minimum resolution required for black
and white illustrations is 1200 DPI. All
figures should be in TIFF format. Figures
must not disclose or imply the identity of
a specific individual without the written
consent of the individual in question.

Tables: Each table should be typed or
printed with double-spacing on a sep-
arate sheet of paper. Tables should be
numbered consecutively in the order
of their first citation in the text. The
number and title of the table should
be placed just above the table. Do not
use vertical lines between columns.
Horizontal lines should be used only
above and below the headings of the
columns, and at the bottom of the
table. If required, explanatory notes
regarding table data should be writ-
ten in footnotes. All abbreviations and
acronyms used in the table should also
be explained in alphabetical order in
footnotes.
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NCI follows the ethics flowcharts de-
veloped by the Committee on Publi-
cation Ethics (COPE) for dealing with
cases of possible scientific misconduct
and breaches of publication ethics. For
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publicationethics.org.

All submitted manuscripts are screened
with plagiarism software (iThenticate) to
detect instances of overlapping and sim-
ilar text during the evaluation process.

All manuscripts presenting data ob-
tained from research involving human
subjects must include a statement
that the written informed consent of
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the study was approved by an insti-
tutional review board or an equiva-
lent body. This institutional approval
should be submitted with the manu-
script. Authors of case reports must
submit the written informed consent
of the subject(s) of the report or of
the patient’'s legal representative.
Manuscripts with human and animal
studies should describe the steps
taken to eliminate pain and suffering.

AUTHORSHIP

All individuals listed as “author” in the
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equate contribution to the study, meet
the criteria of authorship, and take re-
sponsibility for their part of the manu-
script. For the sake of the outcomes and
the integrity of the study, at least one
author should be responsible for each
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tial contribution to conception, design of
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the study in various ways but who fail to
meet the criteria of authorship may be
included in the acknowledgements with
their written consent. Please refer to
the ICMIE website for more information
about authorship. Increasing the num-
ber of authors unnecessarily is not ethi-
cal conduct and to prevent any attempt
to seek undue academic prestige or
other unethical advantages, the editor
may request a declaration from the au-
thors of their individual contributions to
the article and publish this information,
if deemed appropriate. The sequence
of authors’ names should be based on
a consensus reached by all the partici-
pating authors. Due to different specifi-

cations for the sequencing of authors,
the order provided will be used unless
otherwise stated. Authors may explain
the rationale for a different sequence in
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and the submitted work, how they
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nology to conduct the study should
describe its use in the methods sec-
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the tool used, version, and prompts
where applicable. Chatbots (such as
ChatGPT) and Al assisted technolo-
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cannot be responsible for the accu-
racy, integrity, and originality of the
work, and these responsibilities are
required for authorship. Therefore,
humans are responsible for any sub-
mitted material that included the use
of Al-assisted technologies. Authors
should carefully review and edit the
result because Al can generate au-
thoritative-sounding output that can
be incorrect, incomplete, or biased.
Authors should be able to assert that
there is no plagiarism in their paper,
including in text and images produced
by the AI. Humans must ensure there
is appropriate attribution of all quoted
material, including full citations.

SUBMISSION OF THE MANUSCRIPT
All manuscripts should be submitted
to the NCI via the online submission
system. All authors’ ORCID numbers
need to be submitted when creating
an account for correspondence. To
obtain an ORCID number, please visit:
https://orcid.org/ For questions or re-
quests related to the submission and
evaluation process of manuscripts,
the editorial office may be contacted
by e-mail at bilgi@kuzeyklinikleri.com.



In compliance with the journal’s pub-
lication rules, the current status of the
manuscript will not be discussed on the
phone prior to acceptance for publica-
tion. First-time users of the online sub-
mission system will need to register. A
user name and a code specific to the
user will be sent by e-mail. For further
details please consult the online manu-
script submission page.

REVIEW OF MANUSCRIPTS

In order for an article to be published
in the journal it should not be pub-
lished elsewhere, and must be deemed
suitable for publication by the editorial
board selected by the NCI Executive
Committee. All responsibility for the
manuscript belongs to the author(s).
The evaluation process of the submit-
ted manuscript will not begin until a
document with the signed approval of
all authors has been received. During
typesetting and other preparation of
the manuscript for publication, a Copy-
right Transfer Form will be sent to the
primary author(s) (“guarantors”) who
will assume responsibility for the man-
uscript. All submitted manuscripts are
first evaluated by the editorial board.
At this stage, manuscripts not deemed
suitable for publication in NCI, including
those not complying with the require-
ments or without adequate scientific
content, will be returned to the authors.
Manuscripts found suitable for publica-
tion will be sent to reviewers for more
detailed evaluation. Acceptability of
manuscripts is dependent on originality,
scientific content, and the subject of the
study, in accordance with the publica-
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tion protocol of the journal. All research
articles deemed suitable for publication
are subjected to a detailed statistical
evaluation. The authors are informed of
the editors’ decision on the acceptabil-
ity of the manuscript via e-mail, usually
within 6 weeks of its submission. The
editors do not discuss their decision on
the phone. All objections and requests
should be communicated to the editors
in a written format. If deemed neces-
sary, the editorial board has the right to
make modifications to the text without
altering the main concept of the manu-
script. An offprint of the manuscript will
not be sent to the author(s).
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viewers to treat the manuscripts in con-
fidence. Reviewers who seek assistance
from a trainee or colleague in the perfor-
mance of a review should acknowledge
these individuals’ contributions in the
written comments submitted to the ed-
itor. Reviewers must maintain the confi-
dentiality of the manuscript, which may
prohibit the uploading of the manuscript
to software or other AI technologies
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Predictive values of NEWS and MTS in patients
presenting with dyspnea: A comparative cohort study

Kurtulus Aciksari
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ABSTRACT

OBJECTIVE: Dyspnea is a frequent yet potentially life-threatening complaint in emergency departments. This study aimed
to compare the predictive accuracy of the National Early Warning Score and the Manchester Triage System for key clinical
outcomes among dyspneic ED patients.

METHODS: We retrospectively analyzed 726 adult dyspneic patients presenting to a tertiary ED. Demographics, initial vital
signs, MTS triage category, and calculated NEWS values were recorded at admission. Outcomes included hospital ward ad-
mission, intensive care unit admission, in-hospital mortality, 48-hour reattendance, and length of stay. Statistical analyses
comprised chi-square, Kruskal-Wallis, and logistic regression models.

RESULTS: The mean age was 61.1 years, and 52.9% were female. Of the patients, 13.8% were admitted to wards, 3.2%
to ICUs, and 2.3% died; 4.1% reattended within 48 hours. NEWS risk stratification strongly aligned with MTS categories
(p<0.001). Higher NEWS scores were associated with older age, higher respiratory and pulse rates, lower blood pressure,
and reduced oxygen saturation. NEWS independently predicted hospital admission (OR=4.47, p<0.001) and ICU admis-
sion (OR=1.94, p=0.001), whereas MTS predicted ICU admission (inverse association, OR=0.34, p<0.001) and mortality
(OR=0.30, p<0.001).

CONCLUSION: NEWS more accurately predicted hospital and ICU admission, while MTS was more strongly associated
with mortality in dyspneic ED patients. These complementary roles suggest that combining both tools—or developing a dys-
pnea-specific hybrid model—may enhance risk stratification and improve outcomes.

Keywords: Dyspnea; early warning score; emergency service, hospital; mortality; triage.
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yspnea is a frequent complaint causing visits to the

emergency department (ED) and may be linked to
an array of illnesses that range from benign to life-threat-
ening [1]. Accurate and timely risk stratification in this
patient group is therefore of critical importance for guid-
ing early management and disposition decisions.

Various triage and eatly warning systems have been
developed to support clinical decision-making in ED.
Among these, MTS and the National Early Warning
Score (NEWS) are widely utilized. The Manchester Tri-
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age System (MTS) is primarily designed to categorize
urgency of care, whereas NEWS is intended to project
clinical severity [2]. This difference might suggest that
the two systems may not yield equivalent predictive per-
formance in patients with certain presentations, includ-
ing dyspnea [3].

In the hospital setting, triage judgments for patients
are influenced not solely by established urgency catego-
ries but also by a comprehensive evaluation of physiolog-
ical and clinical indicators, supplemented by the triage
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nurse’s clinical expertise and direct observation, without
identifying the underlying etiology [4]. Unlike NEWS,
MTS does not rely on a structured set of objective pa-
rameters; rather, it emphasizes urgency and clinical judg-
ment in determining patient priority.

Both systems aim to provide an“all-in-one” evaluation
framework by integrating different physiological and
clinical variables into a single scoring tool. However, such
a generalized approach might introduce bias when ap-
plied to specific patient groups, such as those presenting
with dyspnea. For instance, fever is not a typical finding
in most dyspneic patients unless associated with infec-
tious etiologies such as pneumonia or sepsis, and its clin-
ical weight may be limited in non-infectious conditions
or old patients [5]. Similarly, blood pressure changes may
only be of critical relevance in selected scenarios, such as
acute pulmonary edema or shock states, yet remain a vital
component of NEWS assessment. Besides, over-triage or
under-triage in dyspneic patients in EDs is encountered
in EDs, and tools to enhance triage accuracy are under
discussion in the literature [6, 7]. Most existing studies
have evaluated these tools in broad ED populations [8,
9], and comparative analyses focusing specifically on dys-
pnea are scarce. Given these potential limitations, there
is a need to investigate the comparative performance of
NEWS and MTS specifically in patients presenting
with dyspnea. The aim of this study was to evaluate the
relationship of NEWS and MTS scores with clinical
outcomes, including hospital admission, ICU admission,
mortality, and reattendance, to determine which of these
scoring systems may be more appropriate for use in this
patient population.

MATERIALS AND METHODS

Study Design and Data Collection

This study was designed as a retrospective cross-section-
al observational analysis and was conducted at the ED of
a single tertiary training and research hospital. The study
protocol was prepared in accordance with the principles
of the Declaration of Helsinki and was approved by the
institutional ethics committee (date: 09.10.2025, num-

ber: 2025/0203).

The study included all adult patients (>18 years) who
presented to the ED with an initial complaint of dyspnea
between 2 January 2025 and 8 February 2025. The re-
searchers obtained data from the institutional electronic
health record system, known as Nucleus. Patients were

Highlight key points

e NEWS strongly predicted both hospital and ICU admissions
in dyspneic patients, whereas MTS demonstrated superior
performance in forecasting mortality.

e Both scoring systems significantly predicted ICU admission
but provided complementary strengths across different clin-
ical outcomes.

e A combined or dyspnea-specific hybrid approach integrating
NEWS and MTS may enhance triage accuracy and improve
clinical decision-making.

eligible if they presented with dyspnea, had their initial
triage performed using the MTS, and had complete and
valid records of vital signs and clinical data. Patients were
excluded if they were pregnant, in cardiac arrest, or di-
rectly admitted to the ICU from the ED of another hos-
pital. Patients who were transferred from other hospitals
were completely excluded from the analysis, whereas
those transferred from our ED to an ICU in another fa-
cility (n=81, 11.2%) were considered as ICU admissions
but were excluded from the mortality analysis because
follow-up data on survival could not be obtained.

The following data were recorded: demographic
characteristics (age and sex), initial vital signs at presen-
tation (respiratory rate, pulse rate, body temperature,
oxygen saturation, systolic and diastolic blood pres-
sure), triage category according to MTS, and NEWS
values. The MTS category was obtained, as record-
ed by the triage nurse at the initial ED presentation.
The system stratifies patients into five urgency levels
(red=immediate, orange=very urgent, yellow=urgent,
green=standard, blue=non-urgent) based on present-
ing complaints, vital signs, and structured flowcharts. In
our study, M TS assessments were performed by experi-
enced triage nurses with at least five years of practice in
triage, all of whom had received formal MTS training
prior to the study period. The NEWS was calculated
retrospectively based on the first set of vital signs re-
corded at admission. NEWS included seven parameters
(RR, SpO,, supplemental oxygen, body temperature,
SBP, HR, and AVPU), each scored from 0 to 3 accord-
ing to deviation from normal ranges. The total NEWS
score ranged from 0 to 20 and was categorized as low
(0-4), medium (5-6), or high (>7) risk. The NEWS
physiological parameters were measured and monitored
using a bedside integrated patient monitor (GE Health-
care, model B125) with dedicated sensors for heart rate,
SpO,, non-invasive blood pressure, respiratory rate,



Aciksari K. NEWS & MTS predictive value in dyspnea 133
TABLE 1. Comparison of demographic and clinical characteristics according to the manchester triage system
Critical Very urgent Emergency Normal Non-urgent
(n=36) (n=83) (n=178)  (n=277)  (n=t52) oot P
Age 79 (3495 76 (19-95)*  75(18-99)° 63 (19-99)° 42.5(18-93) 13498 <0.001"
Gender (%) 0.412 0.982*
Female 55.6 55.4 52.8 52 52.6
Male 44.4 44.6 47.2 48 47.4
Ward admission (%) 134468 <0.001f
No 91.7 72.3 64.6 96 100
Yes 8.3 27.7% 35.4¢ 4ads 04
Mortality (%) 37.288  <0.001f
No 88.4 82.6 97.3 100 100
Yes 11.6% 17.4° 2.7%¢ 0c 0
Intensive care admission (%) 209.362 <0.001f
No 55.6% 45.8° 772 99.3¢ 100¢
Yes 11.1% 14.5° 3.9% 0d 0
Referral 33.3%® 39.8° 19.1° 0.7¢ 0
Discharge time 9.5 (1-734)* 19 (1-1210)° 14 (1-665)° 2 (0-615)° 1 (1-141) 287354 <0.001"
Reattendance (%) 16.993 0.001f
No 97.2 96.4 97.2 92.4 100
Yes 2.8® 3.6® 2.8® 7.6° 02
NEWS score 8 (5-9) 9 (5-14) 5 (0-11) 1 (0-12)c 0 (0-9)¢ 336.491 <0.001"
NEWS categorization (%) 406.042 <0.001f
Low risk 02 02 27° 73.6° 88.8¢
Moderate risk 22,23 15.7« 39.9° 14.8% 5.3
High risk 77.8° 84.32 33.1° 11.6° 5.9¢

NEWS: National Early Warning score; h: Kruskal-Wallis H test, median (min—-max); x: Pearson chi-square test; f: Fisher’s exact test, n (%); a—d: Triaged groups sharing
the same letter do not differ significantly (Bonferroni-corrected Dunn test, Bonferroni-corrected Z test).

and temperature. Clinical outcomes, including hospital
ward admission, intensive care unit (ICU) admission,
inter-hospital transfer, in-hospital mortality, reatten-
dance within 48 hours, and length of hospital stay,
were retrieved from the institutional electronic medical
record system. In addition, diagnostic categories were
determined from final discharge or referral diagnoses
and grouped as cardiology-related, chest-related, infec-
tion-related, internal medicine—related, trauma-related,
low-acuity diagnoses, diagnoses requiring ICU-level
care, and other/undefined diagnoses.

Patients who were transferred to other hospitals or
referral centers were included in all outcome analyses ex-
cept for mortality, as complete follow-up data could not
be obtained for this subgroup.

Statistical Analysis

The normality of data distribution was assessed using the
Kolmogorov-Smirnov test when group size exceeded 50
(n>50) and the Shapiro-Wilk test when group size was
less than 50 (n<50). For comparisons of non-normally
distributed variables across groups, the Kruskal-Wallis
H test was employed, and pairwise differences were fur-
ther examined using the Dunn test with Bonferroni cor-
rection. For categorical variables, the chi-square test was
applied when all expected cell counts were greater than
5, whereas the Fisher’s exact test was used when any ex-
pected cell count was less than 5. Pairwise comparisons
of proportions were performed using the Z test with
Bonferroni correction. Results of pairwise comparisons
were presented with letter annotations.
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TABLE 2. Comparison of demographic and clinical characteristics according to NEWS risk groups

Low risk (n=387) Moderate risk (n=141)  High risk (n=198) Test stat. p
Age 46 (18-97)? 76 (25-99)° 77 (19-97)° 189.205 <0.001"
Gender (%) 1.237 0.539x
Female 52.2 50.4 56.1
Male 47.8 49.6 43.9
Ward admission (%) 168.043 <0.001x
No 100 74.5 67.7
Yes 02 25.5° 32.3°
Mortality (%) 18.404 <0.001f
No 99.8 95.7 94.0
Yes 0.22 4.3° 6.0°
Intensive care admission (%) 141.277 <0.001f
No 992 75.2° 67.2°
Yes 02 5.7° 7.6°
Referral 12 19.1° 25.3°
Discharge time 87 (56-127)? 79 (36-169)° 75 (34-178)° 361.018 <0.001"
Reattendance (%) 1.464 0.506f
No 96.6 95 94.9
Yes 3.4 5 5.1

NEWS: National Early Warning score; h: Kruskal-Wallis H test, median (min-max); x: Pearson chi-square test; f: Fisher’s exact test, n (%); a—c: Groups sharing the
same letter do not differ significantly (Bonferroni-corrected Dunn test, Bonferroni-corrected Z test).

Factors influencing the NEWS score were analyzed
using multinomial logistic regression. which was used to
model NEWS categories to allow category-specific effects
and avoid the restrictive proportional odds assumption.

Descriptive results were presented as mean+tstandard
deviation (SD), median (minimum-maximum) for con-
tinuous variables, and frequency (n) and percentage for
categorical variables. A significance level of p<0.05 was
considered statistically significant. All statistical analyses
were performed using IBM SPSS Statistics for Windows,
Version 26.0 (IBM Corp., Armonk, NY, USA, 2019).

RESULTS

A total of n=726 patients were included in the study.
Patients who were transferred to other centers (n=81,
11.2%) were included in all analyses except for mortal-
ity assessment. The mean age of the study population
was 61.05+22.44 years (median: 67, range: 18-99). Of
the patients, n=384 (52.9%) were female and n=342
(47.1%) were male. Regarding clinical outcomes, n=100

(13.8%) patients required hospital ward admission, and
n=23 (3.2%) required intensive care unit admission. The
mean length of stay was 38.93+107.19 hours (median:
4, range: 0—1210). Mortality occurred in n=17 (2.3%)
patients. Reattendance within 48 hours after discharge
was observed in n=30 (4.1%) patients. In terms of diag-
nostic distribution, n=122 (16.8%) patients had cardiol-
ogy-related diagnoses, n=142 (19.6%) had chest-related
diagnoses, n=128 (17.6%) had infection-related diagno-
ses, n=75 (10.3%) had internal medicine—related diag-
noses, n=8 (1.1%) presented with trauma, and n=295
(40.6%) were diagnosed with low-acuity diagnoses. Ad-
ditionally, n=19 (2.6%) had other/undefined diagnoses,
while n=109 (15.0%) presented with conditions requit-
ing ICU-level care.

Table 1 provides an overview of the demographic
and clinical characteristics across the different Man-
chester Triage System (MTS) categories. According
to the Manchester Triage System, the largest pro-

portion of patients was classified as normal (n=277,
38.2%), followed by urgent (n=178, 24.5%), non-ur-
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TABLE 3. Determination of factors influencing NEWS score categories
OR Wald SE 95% CI p
Low risk Reference category
Moderate risk
Age 1.045 10.806 0.013 (1.018-1.073) 0.001
Internal medicine admission 0.073 6.599 1.018 (0.010-0.538) 0.010
ICU admission 0.144 5.010 0.866 (0.026-0.786) 0.025
High risk
Age 1.028 3.356 0.015 (0.998-1.059) 0.067
Internal medicine admission 0.049 8.754 1.020 (0.007-0.361) 0.003
ICU admission 0.449 0.795 0.899 (0.077-2.614) 0.373

NEWS: National Early Warning score; OR: Odds ratio; SE: Standard error; CI: Confidence interval; Nagelkerke R?=0.857; x2=986.948; p<0.001; ICU: Intensive care unit.

gent (n=152, 20.9%), very urgent (n=83, 11.4%), and
critical (n=36, 5.0%). The mean NEWS score was
3.7843.47 (median: 3, range: 0—14). Based on NEWS
risk stratification, n=387 (53.3%) patients were clas-
sified as low risk, n=141 (19.4%) as medium risk, and
n=198 (27.3%) as high risk. NEWS risk stratification
was strongly aligned with Manchester Triage catego-
ries, with high NEWS risk scores corresponding to
higher urgency categories (p<0.001). Cardiology
(36.1%, 33.7%) and chest-related diagnoses (36.1%,
25.3%, 32.6%) were more common in the Critical,
Very Urgent, and Urgent groups compared with low-
er acuity categories (p<0.001). Infection (28.9%) and
internal medicine diagnoses (21.7%, 14.6%) were also
more frequent in the Very Urgent and Urgent groups
(p=0.005, p<0.001). Low acuity diagnosis predomi-
nated in the non-urgent (69.1%) and normal (54.9%)
groups (p<0.001). Diagnoses requiring intensive care
were highest in the Critical (44.4%) and Very Urgent
(57.8%) categories (p<0.001).

Table 2 provides an overview of the demographic
and clinical characteristics across the different NEWS
risk groups. Analysis showed that mortality, ICU ad-
mission, hospital transfer, and hospital ward admissions
were significantly higher in the medium- and high-risk
NEWS groups compared with the low-risk group (all
p<0.001). Discharge times were longer in medium- and
high-risk categories (p<0.001), while gender distribu-
tion and reattendance rates did not differ significantly
between groups (p=0.539 and p=0.506, respective-
ly). Cardiology (23.4% and 28.3%), chest (27.7% and
34.3%), infection (29.3%), and internal medicine—relat-

ed diagnoses (17.7%) were significantly more frequent
in the medium- and high-risk groups compared with
the low-risk group (p<0.001). Conversely, low-acuity
diagnosis predominated in the low-risk group (63.3%)
and declined sharply with increasing risk (p<0.001).

In patients with cardiology-related diagnoses, ICU
admission was significantly higher (p<0.001). Among
those with chest-related diagnoses, rates of hospital ad-
mission (p<0.001), ICU admission (p=0.001), and reat-
tendance (p=0.002) were elevated. In the infection-relat-
ed group, hospital admission was also significantly more
frequent (p=0.003). For internal medicine—related diag-
noses, both hospital admission (p<0.001) and mortali-
ty (p<0.001) were higher, whereas ICU admission and
reattendance did not differ significantly.

Table 3 presents the multinomial logistic regression
analysis evaluating factors associated with NEWS risk
group membership, with the low-risk group used as the
reference category. The overall model was statistically
significant (%°=986.948, p<0.001) and demonstrat-
ed strong explanatory power (Nagelkerke R*=0.857).
In this model, age was independently associated with
higher NEWS risk categorization, particularly for the
moderate-risk group compared with the low-risk group
(OR=1.045,95% CI 1.018-1.073, p=0.001),

DISCUSSION

Our study population mainly consisted of older adults,
evenly distributed between women and men, reflecting
the typical demographic profile of dyspneic patients in
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the emergency department [10]. Dyspnea constitutes a
small proportion of overall emergency department pre-
sentations. However, in contrast to other common com-
plaints such as abdominal pain or minor injuries, dys-
pneic presentations are disproportionately associated
with higher morbidity and mortality [11]. This imbal-
ance highlights dyspnea as a high-risk sentinel symptom
in the acute setting. Consequently, rather than extrapo-
lating from general ED populations, it becomes clinically
more relevant to specifically examine how risk stratifica-
tion tools such as the NEWS and the MTS perform in
this subgroup of patients.

This study provides a targeted comparison of the two
methods concerning dyspnea. In our study, MTS and
NEWS predicted mortality similarly. Patients triaged
to the critical and very urgent categories had the highest
mortality rates, reflecting the system’s ability to capture
overall severity at presentation, even without detailed
physiological scoring. This is consistent with Brazilian
data showing that patients classified as “red” (critical)
by MTS had significantly higher in-hospital mortality
[12]. NEWS has also been validated as a mortality pre-
dictor in ED cohorts [13-15]. Souza et al. [16] eval-
uated the reliability of the MTS and emphasized that
priority assignment in triage involves not only rational,
flowchart-based decisions but also intuition and clin-
ical experience. Overall, prior prospective, large retro-
spective, and meta-analytic studies (13, 17, 18] support
that NEWS aligns well with triage acuity and reliably
predicts mortality which appears to be consistent with
our findings. However, because transferred patients
were excluded from the mortality analysis which are
likely more severely ill, our mortality estimates may be
conservative, limiting the depth of mortality-related
comparisons. Also in a large single-center study con-
ducted in Portugal, the MTS was found to be strong-
ly associated with hospital admission, with admission
rates increasing in parallel with higher MTS categories
(19]. In another study, the MTS was compared with
the Emergency Severity Index (ESI), and both indices
were reported to be predictive of hospital admission
[20]. In our study, both systems predicted ICU admis-
sion. Evidence from a multicenter European evaluation
confirms that NEWS >7 is associated with markedly
increased ICU risk [14]. However, in a recent large ret-
rospective study including over 27,000 ED patients, the
MTS outperformed NEWS in predicting ICU admis-
sion and hospitalization, whereas NEWS was slightly
superior for mortality [21].

The two systems thus offer different perspectives on
risk stratification and may be most effective when applied
in combination. The MTS is a triage system, which is pri-
marily designed to prioritize the urgency of presentation
rather than predict the need for hospitalization. A previous
study reported no clear association between case-mix se-
verity and triage classification, suggesting that triage prior-
itization does not always align with actual admission needs
(8], and in the case of dyspnea, there may be patients with
significant symptoms who do not ultimately require hos-
pitalization but are nonetheless prioritized by nurses. On
the other hand, NEWS integrates physiological parame-
ters such as respiratory rate, heart rate, blood pressure, and
oxygen saturation, which capture acute deterioration and
thereby guide inpatient admission decisions. Our findings
are therefore in line with the broader literature, although
it should be noted that our cohort consisted exclusively of
patients presenting with dyspnea, whereas most previous
studies evaluated heterogeneous ED populations.

In the multinomial model, age was independently
associated with being classified as moderate risk com-
pared with the low-risk reference group. This finding
suggests that, beyond the physiology-driven structure of
the NEWS, increasing age and possibly frailty [22] may
contribute to risk differentiation, particularly around the
transition from low to intermediate acuity. Analyses of
NEWS categories should rely on baseline patient char-
acteristics available at presentation and concurrent phys-
iological indicators.

Only the MTS was associated with reattendance,
whereas the NEWS showed no meaningful predictive
value for this outcome. As revisits are largely influenced
by extrinsic factors such as outpatient access, follow-up
quality, and social determinants rather than acute phys-
iological compromises [23]. The development of predic-
tive models to identify patients at high risk of revisiting
is needed for further conclusions.

Limitations

This study has several limitations that should be acknowl-
edged. First, the retrospective and single-center design re-
stricts causal inference and limits the generalizability of
the findings to other settings with different patient popu-
lations, staffing patterns, and triage protocols. The study
period covered only a short winter interval, which may
have introduced seasonal bias, as respiratory infections
and dyspneic presentations are more prevalent during
this time of the year. Furthermore, the overall number of
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mortality events was relatively small, which reduces sta-
tistical power for detecting associations with death and
may lead to unstable regression estimates. Also imbalanc-
es in MTS subgroup frequencies and small sample sizes
in several categories could have compromised statistical
reliability, model stability, and interpretability.

Second, although patients transferred from our emer-
gency department to other hospitals were included in the
ICU admission analysis, they were excluded from mortali-
ty evaluation because outcome data were unavailable. This
approach may have underestimated true mortality rates
and introduced selection bias. Similarly, 48-hour reatten-
dance was captured only within the same institution; pre-
sentations to other hospitals could not be accounted for.

Third, both scoring systems have intrinsic limita-
tions. The Manchester Triage System relies on nurse as-
sessment and may be influenced by subjective judgment
and inter-observer variability, which was not measured
in this study. The NEWS was calculated retrospectively
from the first set of vital signs at admission, without con-
sidering subsequent changes during the ED stay or the
timing of interventions (such as oxygen therapy), which
may have affected its predictive accuracy.

Finally, outcome measures such as hospital and ICU
admission may be subject to institutional policies, bed
availability, and physician discretion, and may not fully
reflect the patient’s clinical need.

Conclusion

Together, these findings indicate that NEWS and MTS
provide complementary prognostic information in dys-
pneic patients. Applying either system in isolation may
be insufficient, and a dyspnea-specific adaptation that
integrates features from both approaches could improve
accuracy and reduce over- or under-triage.
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ABSTRACT

OBJECTIVE: Investigate radiologic and radiometabolic features affecting the diagnostic success of transthoracic biopsy
(TTB) procedures guided by Thoracic Ultrasonography (TUS).

METHODS: The electronic medical records of all patients who underwent TUS-guided TTB procedures (TUS-TBB) were ret-
rospectively reviewed. Patients with a final diagnosis of primary lung cancer (LC), established via TUS-TBB or other diagnostic
modalities, were included in the study. The cohort was stratified into two groups: those in whom the TUS-TBB procedure was
diagnostic and those in whom it was non-diagnostic. Clinical, demographic, radiological [Chest Computed Tomography (CT)],
and radiometabolic (PET-CT) characteristics were compared between the two groups.

RESULTS: A total of 107 patients with a final diagnosis of lung cancer were included in the study. Of these, 91 (85%) were
male, with a mean age of 67.8+11.4 years. The mean maximum diameter of the mass lesion on chest CT was 68.2+31 mil-
limeters (mm), and the mean maximum standardized uptake value (SUV__ ) on PET-CT was 14.1+6.9. A necrotic component/
ametabolic area within the lesion on PET-CT was present in 43 (40.2%) patients and absent in 64 (59.8%). The most fre-
quent histopathological subtype was adenocarcinoma, observed in 46 (42.9%) cases. While 41 (38.3%) patients underwent
transthoracic fine-needle aspiration biopsy (TTFNAB) under TUS guidance, 66 (61.7%) patients underwent tru-cut biopsy
(TCB). The TUS-TBB procedure was diagnostically successful in 87 (81.3%) of the cases. The presence of a necrotic com-
ponent within the lesion on PET-CT was identified as the sole independent risk factor significantly impacting the diagnostic
success of the procedure (p=0.010).

CONCLUSION: TUS-TBB procedures demonstrate high diagnostic success. In carefully selected patients, pre-procedural
evaluation of lesion metabolic activity using PET-CT may enhance the diagnostic success of the biopsy.
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thoracic ultrasonography; transthoracic biopsy.
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ltrasonography (US) platforms, which transmit

sound waves with wavelengths beyond the human
hearing range into tissues via a probe and generate im-
ages from the echoes received, were first discovered in
the 1920s and have been used in medical practice since
the 1940s. As solid organs typically reflect these sound
waves, the application of US in lung imaging emerged
later. Except for the pleura, healthy lungs containing air
cannot be directly visualized sonographically. However,
pleural effusions, consolidations, and soft tissue tumors
of the lung that are in full contact with the chest wall
without intervening air can be readily visualized using

thoracic ultrasonography (TUS) (1, 2].

Today, TUS is widely utilized not only for diagnostic
purposes such as imaging pleural effusions, evaluating
pathological pleural lesions, detecting malignant or be-
nign thoracic wall pathologies, and visualizing peripher-
ally located lung tumors, but also as a guidance tool for
various interventional procedures. These include thora-
centesis, pleural biopsy, pleural catheter insertion, biopsy
of thoracic wall or supraclavicular metastases, and biopsy
of peripheral lung lesions [3].

Several studies have demonstrated that TUS-guided
transthoracic biopsies (TUS-T'TB) of peripherally lo-
cated pulmonary tumors possess high diagnostic suc-
cess. However, TTB may occasionally be insufficient for
pathological diagnosis. It is particularly well-recognized
that diagnostic performance is reduced in lung lesions
with necrotic or cavitary architecture [4].

In this study, we investigated the factors influencing

the diagnostic success of TUS-TTB procedures.

MATERIALS AND METHODS

All cases who underwent TUS-TTB between 2022 and
2024 in the Departments of Pulmonology and Interven-
tional Radiology were retrospectively reviewed in elec-
tronic records. This study was conducted in accordance
with the Declaration of Helsinki and received approval
from our institutional ethics committee (Number: 10-
10 Date: 11/06/2025). Only cases whose final diagnosis
was primary lung cancer (LC) were included. Patients
with extrapulmonary malignancies or extrathoracic
metastasis to the lung were excluded. Inclusion and ex-
clusion criteria are presented in Table 1.

For all included patients, clinical, demographic, ra-

diological (Thoracic computed tomography, CT), and

radiometabolic (Positron emission tomography—CT,

Highlight key points

e High Diagnostic Yield: Thoracic ultrasonography (TUS)-
guided transthoracic biopsy (TTB) procedures achieved a di-
agnostic success rate of 81.3%, with no major complications
reported.

e Necrotic Components on PET-CT Reduce Diagnostic Accu-
racy: The presence of necrotic or non-metabolic areas within
the lesion on PET-CT was identified as the only independent
factor significantly associated with lower diagnostic success
(p=0.010).

¢ Needle Type Did Not Affect Diagnostic Success: There was
no statistically significant difference in diagnostic yield be-
tween fine-needle aspiration biopsy (FNAB) and Tru-Cut
core biopsy methods.

e Lesion Size, SUV __, and Clinical Factors Were Not Deter-
minant: Lesion size, SUV__ value, and clinical or demo-
graphic variables did not significantly influence diagnostic
outcomes.

e PET-CT Should Be Considered for Biopsy Planning: Pre-pro-
cedural PET-CT evaluation of metabolic activity may help
guide biopsy targeting and optimize diagnostic success, par-
ticularly by avoiding necrotic zones.

PET-CT) characteristics were recorded, along with the
type of biopsy performed [Fine-needle aspiration biopsy
(FNAB) or Tru-Cut core biopsy (TCB)], the distribu-
tion of final histopathological subtypes in primary LC
cases, cancer stages, and the definitive diagnostic meth-
ods employed in cases in which TUS-TTB was non-di-
agnostic. Patients were divided into two groups: those in
whom TUS-TTB yielded a diagnostic specimen (Group
1) and those in whom TUS-TTB was non-diagnostic
(Group 2). The two groups were compared with respect
to all recorded variables.

T'TB Procedures (FNAB-TCB) under TUS

Guidence

TUS-guided FNAB procedures are performed with
TUS, a 3.5 MHz convex probe, and abdominal mode by
following the steps below:

1. The entire thorax is systematically scanned, beginning
in the seated position over the radiologically identi-
fied lesion site and, where necessary, in the supine,
oblique, and lateral decubitus positions to localize the
target and plan the biopsy trajectory.

2. After sonographic localization of the target lesion, its
dimensions, the anticipated needle trajectory through
the lesion, and any intralesional or perilesional vascular
structures are identified using color Doppler imaging.
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TABLE 1. Inclusion and exclusion criteria of the study

Inclusion criteria
1-Patients aged =18 years

2-Patients who underwent transthoracic biopsy (TTB) for a mass lesion in thorax

3-Patients with a final diagnosis of primary lung cancer
4-Patients for whom a PET-CT report was available

Exclusion criteria
1-Patients with a diagnosis of extrapulmonary cancer
2-Patients with radiological suspicion of pulmonary metastasis

3-Patients with a mass lesion in one hemithorax who underwent biopsy of cervical, supraclavicular, or superficial chest wall lesions

instead of the main lesion
4-Patients for whom a PET-CT report was not available

5-Patients who did not undergo TTB, had a lesion size <1 cm, had contraindications for the procedure, or did not consent to the

procedure

6-Patients with a platelet count <20,000/mm3 or an INR >1.3 on coagulation testing

PET-CT: Positron emission tomography-computed tomography; INR: International normalized ratio; TTB: Transthoracic biopsy.

3. Informed consent is obtained from all patients prior
to the procedure.

4. The biopsy site is disinfected with an iodine—alcohol
solution, and the ultrasound probe used for guidance
is similarly sterilized.

5. A 22-G spinal needle attached to a 20-mL syringe is
advanced through the marked entry site.

6. Once real-time ultrasound monitoring confirms the
needle tip within the target lesion, aspiration is per-
formed by fanning the needle through different re-
gions of the lesion to obtain multiple tissue samples.
The aspiration is terminated when grossly visible
material or hemorrhagic content is observed in the
syringe.

7. Collected specimens are then appropriately prepared
and submitted to the pathology laboratory.

TUS-guided TCB procedures are performed with
TUS, a 3.5 MHz convex probe, and abdominal mode by
following the steps below:

1. Similar to fine-needle aspiration biopsy procedures,
the entire thorax is scanned, and once the lesion is
identified sonographically, local anesthesia is adminis-
tered with 2% lidocaine hydrochloride to the targeted
TCB site prior to the procedure.

2. Under thoracic USG guidance, an 18- or 20-G

Chiba needle is advanced, and once it is confirmed

that the TCB needle has reached the target lesion
and that tumor tissue is present more than 3 cm
distal to the intended biopsy area, the biopsy is per-
formed to obtain tissue samples measuring either 2
cm or 1 cm in length.

3. The collected specimens are then appropriately placed
in formalin solution and sent to the pathology labora-
tory in accordance with standard protocols (Fig. 1).

Positron Emission Tomography/Computed
Tomography

PET/CT imaging was performed using a PET/CT
scanner (Philips Gemini TF 64, Philips Medical Sys-
tems, Cleveland, OH, USA). Patients fasted for at least 8
hours prior to imaging, and only those with normal blood
glucose levels were included. Following intravenous in-
jection of 370-550 MBq (5-15 mCi) F-18 FDG, imag-
ing was performed after a standardized uptake period
of 60 minutes. PET data were acquired from the vertex
to the upper thigh with a 5-mm slice thickness, using a
time-of-flight—enabled OSEM reconstruction algorithm
(3 iterations and 33 subsets) and a 144 x 144 matrix.
Low-dose CT scans were obtained for attenuation cor-
rection and anatomical localization using the following
parameters: 120 kVp, 50-150 mAs, 0.8-1.0 pitch, and
0.5-0.8 s rotation time. An oral contrast agent was ad-
ministered prior to imaging.
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FIGURE 1. Ultrasonographic appearance of a posteriorly located right upper lobe lesion identified on PET-CT. Although the lesion
is predominantly hypoechoic, it contains focal heterogeneous (necrotic) areas. Necrotic regions are indicated by red arrows.

Statistical Analysis

Statistical analysis was performed using the SPSS 24.0
software program (IBM IncReleased-SPSS Statistics
for Windows, Chicago, USA). In descriptive statistics,
continuous variables were expressed as mean+standard
deviation, and categorical variables as percentages. The
Kolmogorov-Smirnov test was used to assess the nor-
mality of distribution. Data from the groups were eval-
uated using the Independent Samples T-Test and Chi-
Square test, and when necessary, the Mann-Whitney U
test. Multivariate regression analysis was employed to
assess the significance of factors associated with the di-
agnostic success of TUS-TTB procedures, within a 95%
confidence interval (CI). A p-value of <0.05 was consid-
ered statistically significant for all tests.

RESULTS

For the study, the records of 149 patients who underwent
TUS due to a lung mass lesion were retrospectively re-
viewed. Seventeen cases were excluded because their final
diagnosis was extrapulmonary cancer, 16 cases had biop-
sies performed from sites other than the lung mass (e.g.,
cervical/supraclavicular lymph nodes), and 9 cases were
excluded due to the unavailability of PET-CT reports.
The study proceeded with a total of 107 patients who
met the inclusion criteria and had a final diagnosis of pri-
mary lung cancer. Of these, 91 patients (85%) were male
and 16 (15%) were female, with a mean age of 67.8+11.4
years. The mean smoking history was 40.8419.2 pack-
years. While 56 patients (52.3%) had comorbidities other

than cancer, 51 patients (47.7%) had no additional dis-
eases. The most common comorbidity was hypertension

(HT), observed in 32 patients (29.9%) (Table 2).

When the radiological and radiometabolic characteris-
tics of the entire patient group were examined, the mean
long-axis diameter of the mass lesion on thoracic CT was
68.2431 millimeters (mm), and the mean distance from
the skin to the lesion was 30+10 mm. Emphysematous ap-
pearance in the area targeted for biopsy on CT was identi-
fied in 69 patients (64.5%), and ipsilateral parenchymal se-
quela lesions were observed in 63 patients (58.9%) (Table
2).On PET-CT, the mean SUV__ value of the lesions was
14.1+£6.9. A necrotic component or non-metabolic area
within the lesion was detected on PET-CT in 43 patients
(40.2%), whereas 64 patients (59.8%) showed no such fea-
tures. Mediastinal involvement was present in 75 patients
(70.1%) and absent in 32 patients (29.9%) on PET-CT.
Distant metastases were observed in 56 patients (52.3%)
and not observed in 51 patients (47.7%) (Table 3).

Upon examination of the patients’ final histopatho-
logical diagnoses and disease stages, the most frequently
observed histopathological subtype was adenocarci-
noma, identified in 46 cases (42.9%). The most com-

monly detected disease stage was advanced stage (stage
3-4), found in 80 cases (81.6%) (Table 3, Fig. 2, 3).

Upon analysis of the biopsy method subgroups, 41 pa-
tients (38.3%) underwent FNAB under TUS guidance,
while 66 patients (61.7%) underwent TCB under TUS
guidance (Table 3). No major or minor complications
(such as pneumothorax requiring chest tube placement,
minimal pneumothorax, or hemoptysis) were recorded
during or after the procedures.
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TABLE 2. Demographic, radiological and methodological characteristics of the groups in which TUS-TTB procedures were diagnostic

and non-diagnostic

Biopsy is diagnostic (n=87) Biyopy is not diagnostic (n=20) p

Demographic features
Age (avg*SD)
Sex (f/m %)
Comorbidities (yes) (%)
HT (yes)
DM (yes)
CHD (yes)
CRD (yes)
CND (yes)
CKD (yes)
Radiologic features (thoracic CT)
Lesion’s long axis (mm) (avg+SD)
Distance from skin to lesion (avg+SD)
Emphysematous appearance on the same side (yes) (%)
Sequela lesion on the same side (yes) (%)
Preferred biopsy method (yes) (%)
TUS- FNAB
TUS- TCB

68.4+10.8 65+13.6 0.443
13.7/86.3 20/80 0.494
56.3 35 0.085
32.2 20 0.283
19.5 15 0.760
18.4 10 0.516
20.7 10 0.354
10.3 10 1
10.3 5 0.406
67.9+28.6 69.7+40.6 0.898
30.3+11.3 28.3+8.5 0.424
62.1 75 0.276
57.5 65 0.537
0.495
36.8 45
63.2 55

Avg: Average; DM: Diabetes mellitus; HT: Hypertension; CHD: Chronic heart disease; CRD: Chronic respiratory disease; CND: Chronic neurologic disease; CKD: Chronic
Kidney disease; mm: Millimeter; CT: Computed tomography; SD: Standard deviation; TUS-TTB: Thoracic ultrasound-guided transthoracic biopsies; FNAB: Fine needle

aspiration biopsy; TCB: Tru-cut biopsy.

Among the patients who underwent TUS-TTB, the
procedure was diagnostic in 87 cases (81.3%) and non-
diagnostic in 20 cases (18.7%). The clinical, demographic,
radiological, and radiometabolic characteristics of the di-
agnostic and non-diagnostic groups are presented in de-

tail in Tables 2, 3.

Among the 20 non-diagnostic cases, 12 (60%) were
diagnosed via endobronchial ultrasonography (EBUS),
7 (35%) via CT-guided transthoracic biopsy (CT-
TTB), and 1 (5%) via surgical biopsy. To identify in-
dependent risk factors affecting the diagnostic success
of TUS-TTB procedures, a regression model was con-
structed that included lesion long-axis diameter, lesion
SUV __ value, presence of a necrotic component within
the lesion, and the biopsy method used. Within this
model, the presence of a necrotic component in the le-
sion on PET-CT was found to be the only independent
risk factor significantly associated with reduced diag-
nostic success (p=0.010) (Table 4).

DISCUSSION

In this study, the diagnostic success of TUS-TTB pro-
cedures in primary LC cases and the factors influencing
diagnostic success were investigated. The overall diagnos-
tic success rate of the procedures was calculated as 81.3%.
No significant complications were observed as a result of
the procedures. The only independent factor found to sig-
nificantly affect diagnostic success was the presence of a
necrotic or non-metabolic component within the tumoral
lesion on PET-CT. Apart from this, the clinical, demo-
graphic, and histopathological characteristics were simi-
lar between the diagnostic and non-diagnostic groups.

Despite certain limitations imposed by the anatom-
ical structure of the lungs, TUS is increasingly being
utilized in the diagnosis of pulmonary diseases. Com-
pared to other imaging modalities, its major advantages
include real-time imaging capability, absence of radiation
exposure, portability, and bedside applicability. Lung
tumors that are in contact with the chest wall without
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TABLE 3. Radiometabolic and histopathological characteristics of diagnostic and non diagnostic TUS-TTB procedures

Biopsy is diagnostic (n=87) Biyopy is not diagnostic (n=20) p

Radio-metabolic properties (PET-CT)
Lesion SUV,__ value
Presence of necrotic component within the lesion (yes) (%)
Mediastinal lymph node involvement (yes) (%)
Presence of distant organ metastasis (yes) (%)
Histopathological distribution of cancer (yes) (%)
Adenocarcinoma
Squamous cell carcinoma
Non-small cell carcinoma, NOS
Small cell carcinoma
Others*
Stages of cancer (yes) (%)
Stage 1-2
Stage 3-4
Extensive stage small cell lung cancer

14+6.8 14.2+7.4 0.767
47.1 10 0.002
70.1 70 0.992

54 45 0.446
40.2 55 0.229
34.5 25 0.415
16.1 15 1

5.7 5 0.896
3.4 - 1
18.7 2 0.512
81.3 100 0.746
4.5 10 0.312

*: 1 case is Adenoid Cystic Carcinoma, 1 case is Large Cell Carcinoma, 1 case is Liposarcoma. SUV,  : Standard uptake value-maximum; SD: Standard deviation; PET-
CT: Positron emission tomography-computed tomography; NOS: Not otherwise specified.

TABLE 4. Regression analysis showing independent risk factors for TUS-TTB

Sig. 95% CI

Variables B Bias -

(2-tailed) Lower Upper
Lesion’s long axis -0.005 0.001 0.012 0.630 -0.023 0.023
Lesion SUV__ value -0.005 0.000 0.039 0.878 -0.078 0.077
Presence of necrotic component within the lesion -2.182 -2.432 6.271 0.010 -20.698 -0.864
Preferred biopsy method -0.343 -0.088 0.687 0.564 -1.869 0.894
Constant 3.644 2.444 6.422 0.003 1.481 22.989

TUS-TTB: Thoracic ultrasound-guided transthoracic biopsies; SE: Standard error; B: Beta; Sig (2-tailed): Two-tailed p-value; CI: Confidence interval.

intervening aerated lung can be visualized and sampled
using TUS [3, 5-7]. Lung cancers remain one of the
most common cancer types today. Histopathological
examination of stained tissue biopsies continues to be
the gold standard for the diagnosis [8]. In a large and
recent meta-analysis including 12 original studies (en-
compassing 3,830 TUS-guided transthoracic biopsies),
Li S et al. [9] described TUS-TTB as a highly accurate,
technically well-performing, and safe diagnostic tool.

The diagnostic success of TUS-TTB procedures varies

across a wide spectrum, ranging from 66.7% to 97.1%
[10]. Numerous studies have investigated the factors
influencing the diagnostic success of TUS-TTB. These
studies particularly highlight the high diagnostic accu-
racy and low complication rates in peripherally located
pulmonary lesions. Among the clinical factors affecting
diagnostic success, patient cooperation, respiratory con-
trol, and comorbid conditions (such as COPD and em-
physema) are of particular importance. From a radiologi-
cal perspective, lesion size—particularly in lesions >2-3
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FIGURE 2. Graph showing the final histopathological distribu-
tion of the cases (the x-axis of the graph shows histopatho-
logic results, while the y-axis shows cumulative percentages).

cm—has been associated with higher diagnostic success.
The presence of atelectatic areas within the lesion and
the distance from the skin to the lesion are also among
the radiological factors influencing procedural outcomes.
Demographically, factors such as age, sex, and smoking
history have a limited direct impact on diagnostic suc-
cess. However, some studies have reported decreased tol-
erability of the procedure in elderly patients. Operator
experience, the type of needle used (FNAB vs. TCB),
and the use of real-time imaging during the procedure
are among the procedural factors that enhance diagnos-
tic success [1, 11-15]. In our study, consistent with the
literature, the diagnostic success rate of the procedures
was calculated as 81.3%. One of our notable findings was
that the type of needle used did not have a statistically
significant impact on diagnostic success. Most studies
on this topic, however, suggest that TCB procedures are
associated with higher diagnostic success [1, 16]. In this
context, the discrepancy between our findings and those
in the literature may be attributed to the relatively small
sample size of our study or may simply be due to chance.
Alternatively, it may be explained by the inherently high
diagnostic success of TUS-TTB procedures, which are
performed in real time, thereby minimizing the number
of factors that could adversely affect diagnostic accuracy.

In our analysis, we found no significant differences be-
tween the diagnostic and non-diagnostic groups in terms

of clinical, demographic, radiological characteristics, nee-
dle type used, cancer stage, or histopathological subtype.
Although our results may not be generalizable, they sug-
gest that TUS-TTB is a procedure with an acceptably
high diagnostic success, and that the clinical, demographic,
and radiological parameters recorded in our study do not
appear to have a direct impact on diagnostic success.

One of the key findings of our study is the impact of
necrotic and ametabolic components observed on PET-
CT on diagnostic success. In our cohort, biopsy samples
obtained from lesions containing ametabolic—necrotic
areas on PET-CT demonstrated a significantly lower
diagnostic success rate (p=0.002). Regression analysis
further revealed that the presence of a necrotic compo-
nent within the lesion is an independent risk factor that
adversely affects the diagnostic success of the procedure
(p=0.010). Although TUS-TTB is a procedure with
high diagnostic success, its diagnostic accuracy depends
not only on the biopsy technique but also on the mor-
phological and metabolic characteristics of the target le-
sion. This may be attributed to the inadequate cellular
structure provided by necrotic tissue for histopathologi-
cal evaluation. Necrotic components consist of hypoxic,
acellular regions that replace viable tumor tissue, and
biopsy needle targeting of these areas can complicate di-
agnostic acquisition (17, 18]. In the literature, it has been
reported that sampling from areas demonstrating low
metabolic activity on PET-CT is associated with subop-
timal diagnostic success, due to the potential absence of
viable tumor cells. Liu W et al. [19] in a study including
458 cases of PET/CT-guided biopsy of pulmonary le-

sions, found that the overall diagnostic success rate was
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significantly higher in the PET/CT group (93.0% ver-
sus 83.1%, p=0.001). The authors emphasized in their
study that diagnostic failures in pulmonary lesions may
occasionally occur due to factors such as fibrosis, necro-
sis, atelectasis, or obstructive pneumonia. They high-
lighted that PET/CT, as a metabolic imaging modality,
has the ability to distinguish hypermetabolic areas that
reflect the metabolic characteristics of lung cancers and
the true biological behavior of the entire lesion. There-
fore, they undetlined that PET/CT may help reduce the
risk of diagnostic failure. In another study, Dogan C et al.
[20] investigated the impact of PET-CT on diagnostic
success in 193 bronchoscopic biopsy procedures. They
demonstrated that diagnostic success was lower in cases
where the primary lesion contained ametabolic-necrotic
areas or exhibited heterogeneous uptake on PET-CT.
Numerous studies on this subject [21-23] have em-
phasized that PET-CT imaging should play a guiding
role not only for diagnostic purposes but also in biopsy
planning. We believe that the metabolic and anatomical
data provided by PET/CT have the potential to enhance
targeting accuracy, thereby maximizing diagnostic suc-
cess and contributing to a reduction in non-diagnostic
results through optimized needle guidance. PET-CT is
highly sensitive in distinguishing viable tumor cells from
necrotic or non-viable tumor tissue [24]. In clinical prac-
tice, targeting areas with the highest metabolic activity
during biopsy planning, avoiding necrotic components of
the lesion, and utilizing PET-CT to guide needle posi-
tioning within the lesion may enhance diagnostic success.
Particularly in tumors with heterogeneous metabolic
profiles, the effective use of PET-CT for biopsy mapping

can improve overall diagnostic efhiciency.

In our study, the diagnostic success of TUS-T'TB
procedures was found to be 81.3%. Our results are con-
sistent with the literature. Studies on the subject under-
line that TUS-TTB procedures are quite reliable and
have a high diagnostic rate [25, 26].

Study Limitations

This study has several limitations that should not be
overlooked when interpreting the results or planning fu-
ture research. Firstly, it is a retrospective study conducted
with a small number of cases, which significantly limits
its statistical power. Therefore, it is not as powerful as a
multicenter, randomized prospective study. Additionally,
in our country, according to the regulations of the Social
Security Institution, PET-CT can only be requested after

a histopathological diagnosis has been established. We
believe that if PET-CT evaluation had been performed
prior to diagnosis, it could have positively influenced the
diagnostic success. Prospective studies involving TTB
procedures in two distinct patient groups—those with
and without pre-procedural PET-CT—would contrib-
ute more robustly to the literature on this topic.

Conclusion

TUS-TTB procedures, long utilized in the diagnosis
of lung cancer, are highly successful diagnostic inter-
ventions. TUS is inexpensive, reliable, readily available
at the bedside, does not involve radiation exposure, and
most importantly, allows for real-time intervention. In
selected cases where diagnostic success may be reduced,
evaluating the metabolic activity of lesions prior to the
procedure and mapping the biopsy to target areas with
higher metabolic activity may further enhance diagnostic
accuracy.
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Aesthetic perception of head shapes: Exploring
awareness, preferences, and implications for surgery
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ABSTRACT

OBJECTIVE: Although much is known about facial aesthetics, the role of head shape remains underexplored. Understanding
individuals’ awareness, preferences, and interest in cranial aesthetic interventions may guide future approaches.This study
aimed to assess Turkish individuals’ perception of dolichocephalic, mesocephalic, and brachycephalic head shapes, along with
their self-awareness, satisfaction, interest in correction, and preferred methods.

METHODS: We surveyed 100 participants (52 women, 48 men), excluding healthcare professionals, those with cranial sur-
gery histories, and certain bald men. Preoperative lateral profile photographs of a female and a male facial aesthetic surgery
patient were obtained. After measuring biparietal distances and establishing cranial indices, these images were digitally modi-
fied to represent each head shape type. Using these images, participants evaluated their head shape, satisfaction, awareness,
and preferred interventions if considering surgery. Each participant’s cranial index was also objectively measured by adjusting
posterior cranial measurements for classification. Statistical analyses (SPSS v22) used chi-square tests (p<0.05).

RESULTS: Cranial index analysis showed 53% were brachycephalic. Overall, 65% were satisfied, 18% dissatisfied, and 17%
never considered their head shape. Awareness differed significantly between attentive and non-attentive groups (p<0.001).
Mesocephalic identification accuracy (87.88%) exceeded brachycephalic (p<0.00001) and dolichocephalic (p<0.000001).
Only 11% considered cosmetic correction (p<0.001), with fat transfer preferred by 50% (p=1.0).

CONCLUSION: Head shape influences aesthetic perception. Mesocephalic shapes are favored, while brachycephalic shapes
correlate with greater dissatisfaction, potentially raising interest in occipital augmentation. Despite significant awareness
differences, low intervention interest suggests the need for broader education and larger, diverse studies to clarify evolving
preferences and guide future craniofacial aesthetic practice.

Keywords: Craniofacial Harmony; head shape aesthetics; occipital augmentation.
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hroughout human history, the shape of the head

has carried cultural, symbolic, and aesthetic sig-
nificance. Ancient civilizations intentionally modified
cranial forms to express beauty, status, or identity. The
Egyptians, for instance, elongated the occipital region of
infants using cloth bindings or wooden supports, par-
ticularly during the Amarna period, as a sign of nobil-
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ity and divine resemblance [1]. The Mayans practiced
deliberate cranial flattening by applying pressure with
boards to achieve a high, elongated skull—considered
a mark of beauty and intelligence [2]. These cultural
practices demonstrate that cranial morphology has long
been perceived not merely as an anatomical trait but as a
visual expression of identity, beauty, and social meaning.
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Although such modifications are no longer performed,
the enduring influence of cranial proportions on aes-
thetic perception persists in modern concepts of facial
balance and harmony.

Despite this deep historical background, the aesthetic
evaluation of head shape has become relatively over-
looked in modern times, where attention is primarily di-
rected toward the face and its subunits such as the nose,
lips, chin, or periorbital region [3]. The literature of aes-
thetic surgery is abundant with analyses of these regions,
yet the cranial contour, which frames and balances them,
has received far less consideration. From a lateral profile
perspective, the cranium and face form two structural
prominences that must remain proportionally aligned
for optimal harmony. Subtle variations in cranial propor-
tions might influence the aesthetic perception of facial
harmony. These differences may affect how facial features
integrate within the overall craniofacial framework.

Although cranial contour modifying surgeries such as
occipital or parietal augmentation have been described in
the literature, they are not commonly performed world-
wide and remain relatively rare compared with facial
aesthetic procedures [4, 5]. In this context, it becomes
relevant to evaluate whether such interventions could
be applicable within Turkish population. Therefore, this
study was designed to assess Turkish individuals’ aware-
ness of their head shape, satisfaction with their cranial
contout, and their willingness to consider aesthetic cor-
rection. By exploring these perceptions, we aimed to de-
termine whether there is a potential aesthetic demand
for head shape modification in the Turkish population.

MATERIALS AND METHODS

This study recruited 100 participants aged between 20
and 35 years, exclusively from an outpatient clinic. The
age range of 20-35 years was deliberately selected to
maintain homogeneity of the study population. Cranial
growth and morphological development are complete by
early adulthood, and age-related changes such as bone
resorption, cranial remodeling, or hair loss are minimal
before the mid-thirties. Limiting the sample to this in-
terval ensured that cranial indices reflected natural vari-
ation rather than age-related alterations. Furthermore,
individuals in this age group generally exhibit heightened
aesthetic awareness and a greater likelihood of consid-
ering cosmetic interventions, making their perceptions
more clinically relevant for evaluating cranial aesthetics.
All participants completed a structured questionnaire

Highlight key points

e More than half of the Turkish adults in the study were objec-
tively brachycephalic, yet most participants perceived them-
selves as mesocephalic regardless of their actual cranial in-
dex.

e Only 11% of participants expressed interest in aesthetic
correction, but among those, fat grafting was the most pre-
ferred method, suggesting it may be the most acceptable
approach for future demand.

e Brachycephalic individuals reported the highest dissatisfac-
tion with their head shape, which may indicate a potential
aesthetic demand for parieto-occipital augmentation in this
population.

assessing head-shape awareness, satisfaction, self-per-
ception, and aesthetic preferences.

Since no validated tool assessing head-shape percep-
tion exists in the literature, the authors developed an
original questionnaire exclusively for this study. The in-
strument consisted of 9 items exploring four domains:
(1) self-awareness of head shape, (2) perception of oth-
ers’ head shapes, (3) self-evaluation and aesthetic dissat-
isfaction, and (4) interest in and preferences for aesthetic
correction. The questionnaire included both multiple-
choice items and visual selection questions requiring par-
ticipants to choose the head shape most resembling their
own from sex-specific model images (dolichocephalic,
mesocephalic, and brachycephalic). Additional items as-
sessed the participant’s preferred head shape if dissatis-
fied, willingness to undergo an aesthetic procedure, and
preferred method of correction (fat grafting, autologous
bone reshaping, alloplastic implants, or silicone materi-
als). The final version of the questionnaire underwent
expert review for content clarity by two plastic surgeons
and was piloted in 20 volunteers to confirm comprehen-
sibility. As this is an original, author-developed instru-
ment, it is not cited as a separate reference but is fully
described within the Methods section.

Exclusion criteria included healthcare professionals,
those with a history of cranial surgery due to trauma or
disease, and men who were bald to such an extent that
their cranial contour frequently attracted attention in
daily life, as this could bias observation outcomes.

For the survey materials, one male and one female
craniofacial model were used. Standardized left lateral
profile photographs were obtained for both models, each
including a visible ruler to allow accurate calibration dur-
ing digital processing. Biparietal diameter and glabella—
opisthocranion length were measured for each model to
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establish their baseline cranial index (CI). For participant
classification, cranial index was calculated using direct
anthropometric measurements obtained in a standard-
ized sitting position. Biparietal diameter and maximum
anteroposterior cranial length (glabella—opisthocranion)
were measured using a calibrated spreading caliper. Mea-
surements were performed by the same investigator to
minimize interobserver variability.

The male model had a biparietal width of 17.6 cm
and a cranial length of 25.7 ¢m, corresponding to a cra-

nial index of 68.5 (dolichocephalic).
The female model had a biparietal width of 19.56 cm

and a cranial length of 25.76 ¢m, corresponding to a cra-
nial index of 75.9 (mesocephalic).

Following photographic calibration performed in
Image] (v1.43, National Institutes of Health, United
States), cranial contours were digitally modified using
Adobe Photoshop (Adobe Systems Inc., San Jose, CA)
to generate standardized cranial shape variations. Digital
modifications were limited strictly to the posterior cra-
nial contour, Facial features, forehead inclination, cervical
contour, and soft tissue proportions were preserved with-
out scaling or warping. All adjustments were performed
along a single sagittal axis using uniform transformation
tools to avoid geometric distortion artifacts. No changes
were applied to facial landmarks or overall image dimen-
sions. For the male model, the cranial length was adjusted
to 23.0 cm to create a mesocephalic configuration and to
21.3 cm to create a brachycephalic configuration, while
keeping the biparietal width constant.

For the female model, the cranial length was adjusted
to 23.88 cm to produce a brachycephalic configuration
and increased to 27.34 cm to create a dolichocephalic
configuration.

Demographic data of the participants, including age
and gender, were recorded. Objective cranial index mea-
surements were also obtained and correlated with subjec-
tive perceptions, following the method of Gupta et al. [6].
Participants were first asked whether they had previously
paid attention to their own head shape and whether they
were satisfied with it. They were then asked to evaluate
others’ head shapes. To assess self-perception accuracy,
participants were shown gender-specific image sets and
asked to select the head shape they believed most closely
resembled their own. Those who were dissatisfied were
further asked which head shape they would ideally prefer.
All participants were subsequently questioned about their
awareness of aesthetic correction options for head shape,

whether they would consider undergoing such a proce-
dure, and, if so, which surgical method they would prefer.

Self-perception of head shape reflects whether indi-
viduals pay attention to their cranial form, but it does not
indicate whether their perception is correct. Accuracy
requires alignment between perception and the cranial
index, and these concepts were intentionally analyzed as
distinct constructs throughout the study.

Survey responses were collected for each item, and
statistical analyses were performed using SPSS (version

22; IBM Corp.).

RESULTS

In our study, 52 female (F) and 48 male (M) patients
participated. The average age of the female patients is

28.0+2.73, while the average age of the male patients is
29.2+2.64.

Cranial Index Measurement

According to cranial index measurements, women
were classified as brachycephalic (n=26), mesocephalic
(n=16), and dolichocephalic (n=10), with mean CI val-
ues of 81.2 +1.17,79.06 £0.56, and 73.48 +1.04, respec-
tively. Men were similarly distributed into brachycephalic
(n=27),mesocephalic (n=17),and dolichocephalic (n=4)
groups, with CI values of 81.03+£0.68, 78.45+1.38, and
73.2+1.79, respectively. There was no statistically signif-
icant difference in head shape distribution between sexes
or in the overall cohort (p=1.0).

Self-Perception of Head Shape

Among all participants, 65% (35F 30M) reported notic-
ing and liking their head shape, 18% (12F, 6M) noticed but
disliked it, and 17% (5F 12M) had never previously paid
attention. Significantly more participants paid attention

to their head shape than those who did not (p<0.001).

Attentive and Satisfied

Among participants who paid attention to their head
shape and were satisfied with it, most described themselves
as having a mesocephalic appearance. This tendency was
observed in both women and men, regardless of their ac-
tual cranial index. Satisfaction in this group appeared to be
driven primarily by subjective impression rather than any
objective cranial characteristics, and no sex-related differ-
ences were observed in these self-perception patterns.
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Attentive and Dissatisfied

Of the 18 participants dissatisfied with their head shape,
13 preferred a mesocephalic, 4 a dolichocephalic shape,

and 1 expressed no preference.

Among participants who paid attention to their head
shape but were dissatisfied with it, perceived head shape
varied widely and did not show a consistent relation-
ship with objective cranial type. Women and men in this
group frequently described their head shape as different
from their measured cranial index category, indicating
that dissatisfaction was shaped by subjective perception
rather than actual morphology. There was no significant
association between dissatisfaction and the head shape
participants believed they had (women: p=1.0; men:
p=0.135), and no sex-based differences were observed in
perceived head-shape distribution (both p=1.0).

Non-Attentive

Among participants who had never previously paid at-
tention to their head shape (n=17), perceived head-
-shape selections were highly variable and showed no
meaningful pattern. Self-identification in this group did
not exhibit systematic differences between women and
men (women: p=1.0; men: p=0.585), further indicating
that lack of attention was associated with inconsistent
and diffuse subjective impressions.

Accuracy in Identifying Head Shape

Sex-stratified analysis demonstrated the same overall pattern
observed in the full cohort. Among women, mesocephalic
head shape was identified with the highest accuracy
(93.75%), whereas brachycephalic (34.6%) and dolicho-
cephalic (10%) shapes were frequently misidentified. A sim-
ilar trend was observed in men: mesocephalic morphology
showed the highest recognition accuracy (82.35%), followed
by much lower accuracy for brachycephalic (33.3%), and no
correct identifications for dolichocephalic head shape.

Statistical comparison showed no significant sex-
based differences in accuracy for any head shape
(mesocephalic: p=0.639, brachycephalic: p=1.0, dolicho-
cephalic: p=1.0), indicating that both men and women
exhibited a similar pattern of recognition, with consis-
tently higher accuracy for mesocephalic morphology.

Relationship Between Awareness, Satisfaction, and

Accuracy of Head Shape Identification

Awareness and satisfaction were driven primarily by sub-
jective impressions and did not correspond to the accu-

racy of identifying one’s actual cranial type. Participants
who paid attention to their head shape—whether sat-
isfied or dissatisfied—frequently described themselves
as having a mesocephalic appearance regardless of their
true cranial index. Accuracy remained low across all
awareness and satisfaction groups, with mesocephalic in-
dividuals showing the highest correct identification and
dolichocephalic individuals the lowest. No significant as-
sociations were observed between awareness levels, sat-
isfaction status, and the accuracy of self-identified head
shape, indicating that attentional awareness and subjec-
tive preference do not improve one’s ability to correctly
recognize their objective cranial morphology.

The Preferred Head Shapes of the Group Dissatisfied
With Their Head Shape

There was no statistically significant difference among
preferred head shapes (p=1.0).

Perception of Others’ Head Shapes

A total of 95% of participants reported noticing the head
shapes of others, while 5% did not, stating that head
shape was not an aesthetic feature. This difference was
statistically significant (p<0.001).

Awareness of Aesthetic Correction Options

Forty percent of participants were aware that head shape can
be corrected through aesthetic surgical procedures. Aware-

ness did not differ significantly between groups (p=1.0).

Interest in Aesthetic Correction

When asked whether they would consider cosmetic cot-
rection if dissatisfied with their head shape, 11% of par-
ticipants answered “yes,” whereas 89% responded “no.”

This difference was statistically significant (p<0.001),
indicating that most individuals would not pursue cor-
rection despite dissatisfaction.

Preferred Methods of Aesthetic Correction

Patients were asked which method they would prefer if
they were to undergo aesthetic correction of their head
shape. Half of the participants (50%) preferred fat trans-
fer, followed by bone-like alloplastic material (16%), sili-
cone implants (20%), and autologous bone grafting (14%).

There was no statistically significant difference in
preference among the available options (p=1.0).
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DISCUSSION

Anthropometric head measurements vary considerably
among populations and contribute to culturally medi-
ated perceptions of cranial attractiveness [7-9]. Beauty
perception, which has evolutionary roots related to func-
tion and survival, also reflects the aesthetic norms of each
society. Ball et al. [10] demonstrated significant mor-
phological differences between Chinese and Caucasian
populations, emphasizing the need to design items such
as glasses and helmets with population-specific cranial
characteristics in mind. These structural variations not
only influence facial function but may also shape cultur-
ally defined ideals of cranial beauty. Actually, studies in
the literature have addressed cranial shape not only in
terms of its functional implications but also by simply
characterizing its morphological form. In these works, at-
tempts to classify populations according to cranial shape,
or to define cranial shape in relation to racial groups, also
represent some of the eatrliest efforts to understand how
our perception of head shape develops.

In the Turkish population, Senyurek’s seminal 1941
analysis of Hittite crania demonstrated that ancient Ana-
tolian communities predominantly exhibited dolicho-
cephalic and mesocephalic morphologies. During the
Chalcolithic and Copper Ages, only 16% of skulls were
brachycephalic, yet this proportion rose markedly to 42%
in the Bronze Age, indicating a significant temporal shift
in cranial shape distribution [11]. More recently, Ogut
et al. (2022) [12] documented that brachycephalic and
ultra-brachycephalic forms are now the most common
cranial types among modern Turkish adults, particu-
larly in men. The findings of the present study parallel
these observations, suggesting that the predominance of
brachycephalic morphology observed in our study aligns
with recent anthropometric data from Turkiye.

Studies focusing exclusively on the aesthetics of over-
all head shape remain scarce in contemporary plastic
surgery, as the field continues to prioritize facial analysis.
Although certain regions such as the forehead receive con-
siderable attention in aesthetic evaluations, these assess-
ments typically address localized contour rather than the
cranial shape as a whole. Yet head shape can meaningfully
influence the perceived outcomes of facial procedures; for
instance, the appearance of a nose with limited projection
reduction may differ substantially between brachycephalic
and dolichocephalic cranial bases. Despite this, aesthetic
planning in rhinoplasty still tends to focus primarily on
harmony between the nose, chin, and forehead, while oc-

cipital aesthetics are largely overlooked [5]. This is partic-
ularly relevant because reduced sagittal cranial length in
brachy- or mesocephalic individuals may manifest at the
occiput rather than the forehead. In such cases, occipital
augmentation may restore craniofacial balance more ef-
fectively than frontal augmentation. In our study, partici-
pants with brachycephalic morphology were the least sat-
isfied with their head shape, suggesting a potential future
demand for parieto-occipital enhancement.Therefore,
understanding population-based cranial morphology and
patient perceptions may guide future aesthetic strategies
and contribute to more individualized surgical planning.

This broader anthropometric and aesthetic variability
isalso reflected in ethnicity-related aesthetic concerns, fu-
eling demands for procedures such as ethnic rhinoplasty
or Asian upper-eyelid surgery. In East Asian populations
where meso and brachycephalic structures are common
forehead augmentation is often desired to create a more
dolichocephalic, Eurocentric contour [13]. Similarly,
parieto-occipital augmentation may enhance facial pro-
jection balance by improving the cranial base rather than
altering the face alone. In our study, participants showed
high awareness of head shape both in themselves and in
others suggesting an underrecognized but emerging area
of aesthetic interest.

Our findings indicated that participants who paid
attention to their head shape and were satisfied with it
most commonly perceived themselves as mesocephalic,
regardless of their actual cranial index. This suggests that
the mesocephalic form may represent a subjectively pre-
ferred or aesthetically favorable self-image, even if it does

not correspond to objective morphology [14, 15].

Previous studies have demonstrated differences in
aesthetic perceptions based on gender. In a study by van
Cruchten et al. [16], it was observed that women and
men attribute varying levels of importance to different
parts of the face and head in their perception of beauty.
Similarly, our data show sex-related differences in both
self-perception and head-shape preferences, highlighting
the importance of considering gender when assessing
aesthetic expectations.

Because cranial proportions and the contribution of
the occiput to facial balance are often underrecognized,
posterior cranial augmentation remains less explored
than forehead augmentation. Nonetheless, successful
techniques exist, with methylmethacrylate being the
most commonly reported material for occipital contour-
ing [4]. However, methylmethacrylate may not be the
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only material suitable for aesthetic surgery in this region.
Techniques successfully used in the forehead area, such
as fat injections, or custom-made silicone implants used
for augmentation of the pectoral region in conditions like
Poland Syndrome or the manubrium in conditions like
pectus excavatum, can be utilized for occipital augmen-
tation with the assistance of 3D printing technology 17,
18]. We did not find a statistically significant relationship
among the surgical options presented to the patients. To
determine which method is healthier from the patients’
perspective, there is a need for demand in head shape aes-
thetics and studies on larger patient series This study has
limitations, including a modest sample size and its focus
on a single cultural population, which may limit gener-
alizability. Future studies involving diverse populations
and larger cohorts are needed to validate these findings.

Conclusion

In conclusion, this study demonstrates a marked mis-
match between actual cranial morphology and how
individuals perceive their own head shape. While
mesocephalic forms were most accurately recognized,
dolichocephalic shapes were rarely identified correctly,
and overall self-perception remained highly subjective.
Despite frequently noticing the head shapes of others,
participants showed limited awareness of the head as
an aesthetic unit and low recognition of available cor-
rection options. Interest in undergoing aesthetic modi-
fication was minimal, and when hypothetical correction
was considered, fat grafting emerged as the most pre-
ferred method. Collectively, these findings indicate that
although cranial form influences aesthetic balance, public
awareness of head-shape aesthetics remains low, and de-
mand for related procedures is still emerging.
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ABSTRACT

OBJECTIVE: Childhood absence epilepsy (CAE) is defined by cognitive, behavioral, and neurophysiological abnormalities, but its
impact on auditory function remains underexplored. Using Genetic Absence Epilepsy Rats from Strasbourg (GAERS), this study
aimed to examine both peripheral and central auditory pathways function to better understand the auditory consequences of CAE.

METHODS: The experimental and control groups consisted of six-month-old male GAERS (n=6) and Wistar (n=6) rats.
Auditory functions were assessed using distortion product otoacoustic emissions (DPOAE) and auditory brainstem responses
(ABR). DPOAE amplitudes and ABR wave thresholds, latencies, and amplitudes were analyzed for group comparison.

RESULTS: DPOAE amplitudes were significantly reduced across all tested frequencies in epileptic rats compared to con-
trols. In addition, ABR thresholds were slightly elevated compared to controls, but remained within clinically normal limits.
Prolonged latencies were obtained in all waves except Wave I, indicating subcortical auditory pathway involvement in the
epileptic group. A distinct ABR amplitude pattern emerged in epilepsy, characterized by increased Wave I-II amplitudes, a
marked reduction at Wave III, and subsequent increases at Waves IV-V.

CONCLUSION: The results showed both peripheral and central auditory nervous system dysfunction in GAERS rats, provid-
ing translational insight into CAE. Subclinical abnormalities in auditory neuronal processing may contribute to speech-in-noise
difficulties, language impairments, and learning problems in affected children. Early detection and follow-up are valuable for
the clinical management of auditory involvement in pediatric epilepsy.

Keywords: Childhood absence epilepsy; hearing loss; otorhinolaryngology; pediatric epilepsy; subclinical dysfunction.
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hildhood absence epilepsy (CAE) is one of the

most common pediatric epilepsy syndromes, seen
primarily in school-aged children, more frequently in
girls, and accounting for approximately 10-18% of
epilepsy diagnoses in this age group [1-4]. Typical ab-
sence seizures in children are characterized by a sudden
and brief loss of consciousness (absence) [5]. During
the seizure, the child stares fixedly at a point, their fa-
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cial expression becomes blank, and any ongoing activ-
ity is abruptly interrupted [6]. In most cases, autom-
atisms such as lip-smacking or hand movements can
be observed, along with blinking or mild facial/ocular
twitching [2]. The seizure generally lasts 3-20 seconds
and occurs several times throughout the day [2, 7].
Children rapidly return to normal afterward, although
a brief period of confusion may occur.
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CAE has traditionally been considered a “benign”
condition because it generally carries a good prognosis,
responds well to antiepileptic medications [8, 9], and oc-
curs in approximately half of patients within two years
of onset or by early adolescence [2]. However, a compre-
hensive review has shown that children with absence ep-
ilepsy may exhibit comorbidities such as attention deficit
hyperactivity disorder (ADHD), learning difficulties,
impairments in cognitive and executive functioning, and
problems with verbal skills and language acquisition
([10] for details). Due to these associated comorbidities,
the notion that CAE is a benign disorder is now being
reconsidered. Moreover, because absence seizures often
occur without warning and can frequently go unnoticed,
a detailed characterization of the condition is essential
for clinical management as well as for the well-being of

both the child and the family.

The Genetic Absence Epilepsy Rats from Strasbourg
(GAERS), derived from a Wistar rat colony in Stras-
bourg, France, represent a well-established genetic model
of absence epilepsy [11, 12]. These animals display the
complete spectrum of electroencephalographic and behav-
ioral features characteristic of the disorder [13]. Absence
seizures are thought to result from abnormal electrical
activity within thalamocortical circuits, which increases
thalamic inhibition and disrupts consciousness [14, 15].

This study aimed to provide the first detailed char-
acterization of the auditory profile of absence epilepsy
in rats. Validating this approach in a preclinical model
offers a valuable foundation and support for future clini-
cal studies on absence epilepsy, particularly in identifying
subclinical signs that might remain unnoticed.

MATERIALS AND METHODS

Experimental Animals

The experimental and control groups consisted of six-
month-old male GAERS (n=6) and Wistar (n=6) rats.
All animals were housed in standard cages in a tempera-
ture-controlled room with 45-65% relative humidity
and maintained under a 12-hour light/dark cycle. Rats
had ad libitum access to standard chow and water. All
animal procedures were approved by the Marmara Uni-
versity Institutional Animal Care and Use Committee
(8.2025mar6) and conducted in accordance with the
Guide for the Care and Use of Laboratory Animals to
minimize animal suffering and reduce the number of
animals used.

Highlight key points

e Subclinical auditory dysfunction was objectively identified in
a genetic rat model of childhood absence epilepsy, affecting
auditory pathways.

e ABRs presented distinct patterns of prolonged wave laten-
cies and increased amplitudes in epilepsy, although within
the normal range for hearing.

e DPOAE and ABR reveal functional abnormalities that may
underlie speech-in-noise difficulties and learning impair-
ments in pediatric epilepsy.

Auditory Brainstem Response (ABR) Protocol

Auditory Brainstem Response (ABR) test was conducted
under anesthesia, which was induced via intraperitoneal
injection of ketamine (100 mg/kg) and xylazine (10 mg/
kg). Stimuli were presented at 2, 4, and 8 kHz test fre-
quencies. Stainless steel subcutaneous needle electrodes
were positioned at the vertex (active), behind the stimu-
lated ear (reference), and non-stimulated ear (ground).
Tonal stimuli with a rise/fall time of 1,000 ms and al-
ternating polarity were delivered via ER3A insert ear-
phones at a rate of 25.1 tone-pips per second.

The electroencephalography (EEG) signals were am-
plified (x100,000), band-pass filtered between 100 Hz
and 3,000 Hz, and averaged over 1024 sweeps. ABR
thresholds were determined by identifying the lowest
stimulus intensity that produced a replicable waveform,
initially using 10-dB steps and then refined with 5-dB
steps near the threshold, particulatly following peak II
(16). All recordings were performed using the SmartEP
data acquisition system (Intelligent Hearing Systems,

Miami, FL, USA).

Distortion Product Otoacoustic Emission (DPOAE)
Protocol

Distortion Product Otoacoustic Emissions (DPOAE)
testing was performed on rats under anesthesia to as-
sess auditory function and hearing loss at the level of
outer hair cells (OHC). During the DPOAE test, two
pure-tone stimuli were presented with a frequency ratio
of f2/f1=1.22, and the 2f1-f2 frequency combination
was used for emission analysis. The intensity levels of
the primary tones were set at L1=65 dB SPL for f1 and
L2=55 dB SPL for f2. The test frequencies included
2, 2.8, and 4 kHz. The signal-to-noise ratio (SNR) at
each frequency was analyzed in dB SPL. Recordings
were conducted using the Otodynamics ILO-V6 sys-
tem (Otodynamics, London).
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FIGURE 1. Auditory brainstem responses reveal altered subclinical auditory dysfunction in epileptic rats. Representative ABR
waveform is shown with characteristic peaks (I-V), and amplitudes are measured from the top to the bottom right of each
peak. Comparison of ABR waveforms at 2, 4, and 8 kHz revealed altered response morphology and increased amplitudes in the
epileptic group (red) relative to controls (blue), consistent with frequency-dependent auditory deficits. The shaded red and blue

areas represent the standard error.

Statistical Analysis

Statistical analysis and graph preparation were per-
formed with GraphPad Prism (version 10.2.2; GraphPad
Software). Data distribution was first examined to de-
cide whether parametric or nonparametric methods were
appropriate. Group comparisons were carried out using
two-way ANOVA followed by Tukey’s post hoc multiple
comparisons test for each parameter. Statistical signifi-
cance was defined as p<0.05.

RESULTS

Auditory function was evaluated in GAERS rats and
age-matched Wistar controls by recording DPOAEs
and ABRs. ABR waveforms (Fig. 1) reflect the neural
activity evoked by acoustic stimulation along the audi-
tory pathway, beginning with inner hair cells and spiral
ganglion neuron responses in the cochlea and extending
through the brainstem to the inferior colliculus. Rep-
resentative ABR waveforms at 2, 4, and 8 kHz demon-
strate larger amplitudes and delayed peak latencies in the

epileptic group compared to controls, visually supporting
the quantified latency and amplitude findings.

ABR thresholds were significantly elevated in GAERS
across all tested frequencies compared to controls (F (1,
10)=49.91, p<0.0001), although they remained within
clinically normal limits (below 25 dB SPL) (Fig. 2). Th-
ese results suggest a relative decrease in auditory sensi-
tivity and a potential vulnerability to subclinical hearing
impairment in the epileptic group.

DPOAE amplitudes were significantly reduced in the
epileptic group at all tested frequencies (F (1, 10)=10.70;
p<0.01), suggesting impaired OHC function compared
to controls (Fig. 2). However, all SNRs tested were above
6 dB in both groups. These results may reflect a subclin-
ical peripheral deficit likely contributing to the slightly
elevated ABR thresholds observed.

The ABR amplitudes of Peaks I, II, IV, and V were
significantly higher in the epileptic group as shown in
the Figure 3 (Peak I, F (1, 10)=32.04, p<0.001; Peak
1L, F (1, 10)=8.892, p<0.05; Peak IV, F (1, 10)=17.21,



Komur et al., Subclinical auditory impairments in absence epilepsy

157

2 4o s
@ ek Q *k
a o
B2 ©

b
o =
© | o J
2 20 & 20
w
o <
: ;
1 @)
m o
< 0- (@] 0T

v % 9 9@ ® %

FIGURE 2. Elevated ABR thresholds and reduced DPOAE ampli-
tudes indicate impaired auditory function in epileptic rats. ABR
thresholds were significantly elevated in the epileptic group
(red) compared with controls (blue) across all tested frequen-
cies, indicating impaired auditory sensitivity. DPOAE ampli-
tudes were markedly reduced in the epileptic group, com-
pared with controls. Data are shown as mean+SEM. Statistical
significance is indicated as follows: **p<0.01, ****p<0.0001.

p<0.01; Peak V, F (1, 10)=22.83, p<0.001), while Peak
III showed no significant difference (F (1, 10)=2.825
p>0.05) compared to controls. The I/V amplitude ratio
was also significantly larger in the epileptic group (F (1,
10)=5.786, p<0.05), suggesting abnormal central neural
synchrony or altered auditory pathway gain.
Significantly prolonged latencies were observed in
GAERS atPeaksIIto V (sequentially; F (1,10)=9.544; F
(1,10)=12.65; F (1, 10)=14.13; F (1, 10)=20.73), while

Peak I latency remained unchanged (F (1, 10)=0.3276,
p>0.05) (Fig. 4). This indicates a disruption in neural
conduction time in the retro-cochlear auditory pathways.

DISCUSSION

This study provides detailed evidence of subclinical au-
ditory dysfunction in GAERS rats, a genetic model of
absence epilepsy. These results offer new insights into au-
ditory alterations associated with CAE. While previous
research has primarily focused on the cognitive, behav-
ioral, and neurophysiological aspects of CAE [10, 16—
18], its influence on the auditory system remains com-
paratively unknown. In the following sections, potential
mechanisms that may underlie auditory dysfunction are
discussed in detail.

Peripheral Auditory Findings and Outer Hair Cell
Dysfunction

DPOAE amplitudes results revealed significant reduc-
tions across all tested frequencies, suggesting impaired
OHC function in epileptic rats compared to controls.
Notably, all epileptic rats passed the DPOAE tests ac-
cording to SNRs at all tested frequencies. Given that
OHC:s are essential for cochlear amplification and fine-
tuned frequency selectivity [19], the impairment could
result in elevated auditory thresholds and diminished
frequency resolution [20, 21]. This mechanism may
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FIGURE 3. ABR amplitudes revealed hyperexcitability and abnormal gain control in the epileptic rats. Analysis of wave amplitudes
showed increased responses across all peaks except Wave III, indicating hyperexcitability in the auditory neuronal responses.
Increased I/V amplitudes may reflect that epilepsy predominantly affects retro-cochlear auditory pathways rather than the au-
ditory nerve. Statistical significance is indicated as follows: *p<0.05, **p<0.01, ***p<0.001, ns: not significant.
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FIGURE 4. ABR latencies prolonged from Wave II onward. The preserved Wave I latency suggests that epilepsy primarily reflects
disruptions in retro-cochlear neural circuits rather than effects on the auditory nerve. Additionally, the increased V-I inter-
peak latency compared to controls supports this inference. Statistical significance is indicated as follows: *p<0.05, **p<0.01,

***p<0.001, ns: not significant.

explain the slightly elevated ABR thresholds observed
in this study. The presence of auditory deficits in other
epilepsy models [22] and in human epilepsy populations
[23-26] further supports to the findings with changing

degrees of hearing loss.

Central Auditory Findings: Latency Prolongation and
Amplitude Patterns

ABR analysis revealed prolonged latencies beginning at
Wave 11, despite preserved Wave I latency, indicating
that auditory dysfunction in epilepsy predominantly in-
volves retro-cochlear and subcortical neurotransmission
circuits rather than the auditory nerve. Moreover, an in-
creased Wave I/V amplitude ratio suggests the dysfunc-
tion within central auditory pathways. The increased
prolonged Wave V-I interpeak latency further indicates
impaired neurotransmission at the brainstem and higher
level of auditory stations.

Analysis of wave amplitudes showed increased re-
sponses across all peaks except Wave III. The charac-
teristic pattern (amplitude increases in Waves I-II, a
marked reduction at Wave III, followed by recovery in
Waves IV-V) was observed in the epileptic rats. These
patterns may reflect the interplay of multiple mecha-
nisms, including structural alterations within auditory
circuits, neurotransmitter imbalances, ion channel dys-
regulation, and superior olivary complex (SOC) medi-
ated inhibitory processes.

First, dendritic remodeling in GAERS rats, includ-
ing increased branching, length, and spine density [27],
may enhance postsynaptic receptor availability and glu-
tamatergic transmission, contributing to hyperexcitabil-
ity [28]. This mechanism is consistent with the increased

ABR amplitudes.

Second, the neurotransmitters like gamma-aminobu-
tyric acid (GABA) and acetylcholine are essential in au-
ditory inhibition and modulation [29, 30]. Disruption
of these neurotransmitter systems has been implicated
in generating epileptic discharges (31, 32] and asynchro-
nous auditory brainstem responses [23]. Such an imbal-
ance may contribute to the increased amplitude by weak-
ening inhibitory processes within the auditory pathway.

Third, increased expression of T-type calcium chan-
nels has been reported in GAERS rats [33, 34]. These
channels critically regulate neuronal excitability within
the auditory system, and knockout models demonstrate
ABR amplitude reductions and elevated thresholds
when disrupted [35]. Accordingly, T-type channel dys-
regulation could contribute to both latency prolongation
and amplitude alterations observed in the present study.

Finally, the abrupt amplitude reduction at Wave III
may reflect SOC-mediated inhibitory influences. In the
absence epilepsy patients, preictal oscillations arising at
the level of Wave III have been documented as potential
“seizure precursors” [36]. These findings position ventral
brainstem structures as a key inhibitory station within
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epileptic networks. The subsequent increase in Wave
Iv-v amplitudes may, in turn, represent compensatory

hyperexcitability.

Neural Network Perspective: Cortex—Thalamus—
Brainstem Interactions

Functional Magnetic Resonance Imaging (fMRI) studies
in CAE patients demonstrate that the brainstem reticu-
lar formation operates in concert with the thalamus and
cortex as part of the “core network” sustaining absence
seizures [37, 38]. According to the corticoreticular the-
ory, absence seizures emerge from reciprocal interactions
among the cortex, thalamus, and brainstem [39]. Find-
ings of this study suggest that brainstem auditory path-
ways may also participate in this network, broadening
the framework of seizure-related circuitry.

Clinical Implications and Subclinical Dysfunction

There are relatively few reports investigating the rela-
tionship between epilepsy and hearing impairment.
Previous studies has reported that children with epi-
lepsy present with normal ABR thresholds in response
to click stimuli, while showing delayed responses to
speech stimuli [40]. In another study, individuals with
temporal lobe epilepsy demonstrated reduced perfor-
mance in auditory temporal ordering tasks, including
sequential and tonal pattern discrimination, as well as
in dichotic listening, despite having normal pure-tone
audiometric thresholds [41]. These studies suggest that
central auditory processing deficits may be leading to
clinically relevant “hearing difficulties” that are not de-
tectable through standard audiometry, especially affect-
ing the temporal lobe of the brain.

In addition, long-term use of certain antiepileptic
drugs has been associated with auditory side effects such
as tinnitus, sensorineural hearing loss, hyperacusis, and
delayed auditory brainstem conduction, indicating po-
tential cochlear and/or retrocochlear toxicity (42]. These
effects highlight the need to consider medication-relat-
ed auditory dysfunction when interpreting hearing out-
comes in individuals with epilepsy.

Furthermore, mutations in ion channel and trans-
porter genes may give rise to syndromic conditions
that combine epilepsy with sensorineural hearing loss
(43, 44]. For example, variants in CACNA1H, which
encodes a T-type calcium channel, and KCN]J10, im-
plicated in EAST (Epilepsy, ataxia, sensorineural hear-
ing loss, and renal tubulopathy) syndrome, have been

reported in patients presenting with both epileptic
seizures and early-onset sensorineural hearing loss.
Together, these genetic findings support the notion of
shared pathophysiological mechanisms underlying au-
ditory and epileptic phenotypes.

In the present study, although thresholds were ele-
vated compared with controls, they remained within the
clinically normal range. In contrast, prolonged latencies
and altered amplitude patterns point toward subclinical
auditory dysfunction. These findings may help explain
common clinical complaints in children with absence
epilepsy, such as speech-in-noise difficulties, language
processing deficits, and learning problems, providing a
neurophysiological basis for these challenges.

Conclusion

The present findings reveal crucial translational im-
plications for CAE. Subclinical auditory dysfunction
may contribute to speech-in-noise perception diffi-
culties, delayed language development, and learning
impairments, which are frequently reported in affect-
ed children. Early identification of such deficits could
inform patient management and guide the develop-
ment of targeted rehabilitation strategies. Objective
measures of auditory function may provide valuable
insight into screening for auditory involvement in pe-

diatric epilepsy.
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The impact of post-earthquake anxiety and depression
on erectile dysfunction: A cross-sectional study after
the February 6, 2023 Earthquakes in Turkiye
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ABSTRACT

OBJECTIVE: This study aimed to evaluate the effects of the February 6, 2023, earthquakes in Turkiye on anxiety and de-
pression levels and their impact on erectile dysfunction (ED).

METHODS: A total of 164 men aged 25-55 were enrolled between July 15, 2024, and January 15, 2025. Ninety-seven pa-
tients who presented with ED after the earthquakes were included as the study group, and 67 healthy individuals without
ED were enrolled as controls. All participants completed the Arizona Sexual Experiences Scale (ASEX), Hamilton Anxiety
Rating Scale (HAM-A), Hamilton Depression Rating Scale (HAM-D), World Health Organization Quality of Life-BREF (WHO-
QOL-BREF), and International Index of Erectile Function (IIEF-5). Statistical analyses were conducted using chi-square,
t-tests, and ANOVA.

RESULTS: There were no significant differences between the groups regarding age and marital status. Patients with ED
had significantly higher ASEX, HAM-A, and HAM-D scores and significantly lower WHOQOL-BREF scores compared to controls
(p=0.001). Among ED patients, 52 (53.6%) had severe ED, 40 (41.2%) had moderate, and 5 (5.2%) had mild symptoms.
ASEX scores were significantly higher (p=0.01), and WHOQOL-BREF general health scores were significantly lower in patients
with severe ED compared to those with milder forms (p=0.001).

CONCLUSION: The February 6 earthquakes were associated with increased anxiety and depression and decreased quality
of life in men, which significantly contributed to the prevalence and severity of ED. These findings highlight the importance
of addressing sexual health as part of post-disaster psychosocial support.

Keywords: Anxiety; depression; earthquake; erectile dysfunction; sexual health.
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Earthquakes are a type of natural disaster that can
cause sudden and severe physical destruction, as well
as psychological distress in individuals. In regions ex-
hibiting high seismic activity, such as Tiirkiye, the conse-
quences of these disasters can be profoundly detrimental
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to both individuals and society at large. Specifically, on
February 6, 2023, at 04:17 local time (01:17 GMT), ac-
cording to data from the Disaster and Emergency Man-
agement Presidency (AFAD, www.afad.gov.tr), a2 major
earthquake with a moment magnitude (Mw) of 7.7 and
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an epicenter in Pazarcik-Kahramanmaras (IN37.288°,
E37.043°) occurred. Nine hours later, at 13:24 local
time (10:24 GMT), a second earthquake with a moment
magnitude (Mw) of 7.6 occurred in the Ekinozu-Elbis-
tan-Kahramanmaras region [1]. Consequently, a total
of 11 provinces, including Malatya, with a population
exceeding 15 million, were impacted by this historically
rare and devastating natural event. As of February 18,
2023, the total number of deaths had surpassed 40,000
and 110,000 individuals had sustained injuries. Accord-
ing to reports, 195,962 individuals were compelled to
leave their residences. In addition to the tents erected at
the onset of the earthquake, these individuals were ac-
commodated in gyms, dormitories, educational build-
ings, and other government structures [1, 2].

A significant amount of research has shown a notable
escalation in the prevalence of psychological ailments,
including depression, anxiety, and post-traumatic stress
disorder (PTSD), subsequent to traumatic events such
as earthquakes [3]. Numerous studies have demon-
strated the detrimental impact of these psychological dis-
orders on an individual’s physical health. It is a well-doc-
umented phenomenon that sexual difficulties frequently
ensue subsequent to severe emotional shocks, including
stress, anxiety, and depression [4]. The most prevalent
of these conditions is erectile dysfunction (ED). Erectile
dysfunction (ED) is defined as the inability to achieve or
maintain a penile erection. This is sufficient for satisfac-
tory sexual intercourse. It has been determined that 52%
of men aged 40-70 experience some form of ED. This
condition represents a substantial public health concern,
exerting a considerable influence on both an individual’s
quality of life and their relationships with their partners
[5-7]. Baturu and colleagues recently conducted a study
in Gaziantep, another city affected by the same disaster,
demonstrating the extent to which post-disaster psycho-
logical trauma affects sexual function in men [3]. The
researchers demonstrated that heightened psychological
distress levels in the post-earthquake period exhibited
a strong correlation with the manifestation of erectile
dysfunction (ED) symptoms. The study reported that
the patient cohort, which exhibited substantial declines
in the International Index of Erectile Function (IIEF)
scores, concurrently demonstrated notable escalations in
depression and anxiety levels. A subsequent study con-
ducted in Kermanshah, Iran, following the earthquake,
reported a44.9% prevalence of sexual dysfunction among
affected male subjects [8]. In follow-ups conducted for a
period of one year following the earthquake, significant

Highlight key points

e Anxiety and depression levels were significantly higher in
men with ED after the earthquakes compared to healthy
controls.

e Quality of life was significantly reduced among individuals
with earthquake-related ED.

e The findings emphasize the need to integrate sexual health
into post-disaster psychosocial support strategies for men.

differences in IIEF scores were identified between the ex-
posed individuals and the unexposed control group. The
researchers posited that this discrepancy may be attrib-
utable to factors such as age, inadequate social support,
and substandard housing conditions.

The aforementioned findings demonstrate that
natural disasters such as earthquakes are not limited
to acute trauma but also carry long-term psychologi-
cal and physiological repercussions. It is imperative to
take into account health concerns that have a direct im-
pact on the quality of life, such as erectile dysfunction
(ED), in the context of post-disaster service planning.
In this context, it is imperative to assess the effects of
post-earthquake anxiety and depression on ED, as this
information is crucial for both clinical practice and the
development of effective post-disaster rehabilitation
strategies. This study aims to contribute to the exist-
ing literature on post-traumatic psychosexual health by
examining how anxiety and depression levels, as well as
quality of life, impact erectile dysfunction in men fol-
lowing an earthquake. Moreover, the study underscores
the necessity of augmenting the scope of post-disaster
psychosocial support services and formulating recom-
mendations to promote mental and sexual health.

MATERIALS AND METHODS

The study design was cross-sectional. Patients aged
25-55 who presented to the Urology Clinic of Malatya
Turgut Ozal University Training and Research Hos-
pital with complaints of erectile dysfunction between
July 15, 2024, and January 15, 2025, were evaluated.
The control group comprised patients of the same age
group who did not suffer from erectile dysfunction. Pa-
tients diagnosed with organic erectile dysfunction, di-
abetes mellitus, multiple chronic comorbidities, use of
medications known to affect sexual function, previous
diagnosis of psychiatric disorders, current psychiatric
treatment, and incomplete questionnaire data were ex-
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TABLE 1. International Index of Erectile Function (IIEF-5)

Response
Question
1 2 3 4 5
How do you rate your confidence that you could . .
1 . Very low Low Moderate High Very high
get and keep an erection?
When you had erections with sexual stimulation, Never o Almost
ver or
2 how often were your erections hard enough for A few times Sometimes Most times always or
] almost never
penetration? always
During sexual intercourse, how often were you Never or Almost
3 able to maintain your erection after you had almost neve A few times Sometimes Most times always or
ver
penetrated (entered) your partner? always
During sexual intercourse, how difficult was .
. o ] ] Extremely . . Slightly .
4 it to maintain your erection to completion of . Very difficult Difficult o Not difficult
. difficult difficult
intercourse?
. Almost
When you attempted sexual intercourse, how Never or ) . .
5 . . A few times Sometimes Most times always or
often was it satisfactory for you? almost never
always
Score Interpretation
22-25 No erectile dysfunction
17-21 Mild erectile dysfunction
12-16 Mild to moderate erectile dysfunction
8-11 Moderate erectile dysfunction
5-7 Severe erectile dysfunction

cluded from the study. The study encompassed a total
of 164 patients. Of the patients in the study, 97 pre-
sented with erectile dysfunction following the earth-
quakes. The control group consisted of 67 patients
who did not have erectile dysfunction. A comparison
was made of the sociodemographic characteristics of
the groups, and patients completed the Arizona Sexual
Experiences Scale (ASEX), Hamilton Anxiety Rating
Scale (HAM-A), Hamilton Depression Rating Scale
(HAM-D) and World Health Organization Quality
of Life Scale-Short Form (WHOQOL-BREF). The
International Index of Erectile Function (IIEF-5)
questionnaire was completed and recorded in order to
assess the severity of erectile dysfunction.

Data Collection Tools
The International Index of Erectile Function (IIEF)

The IIEF was developed by Rosen et al. [9] It is one of
the most widely used tools for assessing erectile dysfunc-
tion in men with sexual complaints (Table 1).

Sociodemographic Form

This form, which was prepared by the researchers, con-
tains descriptive information about the patients partici-
pating in the study. It consists of eight questions.

The Arizona Sexual Experiences Scale (ASEX)

The Arizona Sexual Experiences Scale was developed by
McGahuey et al. [10] in 2000. The scale is a five-question
Likert-type self-report scale, with versions for both male
and female respondents. The scale assesses five funda-
mental components of sexual function: namely, arousal,
penile erection/vaginal lubrication, the ability to achieve
orgasm, and satisfaction with orgasm. Scores indicating
low performance suggest a robust, straightforward, and
gratifying sexual response, whereas high scores indicate
the presence of sexual dysfunction. In 2004, Soykan con-
ducted a Turkish study to assess the validity and reliabil-
ity of the scale in patients with end-stage renal disease.
The scale’s Cronbach’s alpha values are 0.89 and 0.90,
respectively [11].
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WHOQOL-BREF Quality of Life Scale

A tool designed to measure quality of life. The scale com-
prises 26 questions, including two questions investigat-
ing general perceived quality of life and one question on
perceived health status. Eser et al. [12] conducted a study
on the validity and reliability of the scale in Turkish in
1999. The analysis employed Cronbach’s alpha reliabil-
ity coeficient, which yielded values of 0.83 for the phys-
ical domain, 0.66 for the psychological domain, 0.53 for
the social domain, and 0.73 for the environmental and
national domains. In the course of the validity studies
conducted for the Turkish version of the scale, a single
national question was incorporated into the scale. This
scale, designated as the WHOQOL-BREF TR, com-
prises a total of 27 questions. Each question is assigned
a score ranging from 1 to 5. The lowest total quality of
life score recorded was 27, while the highest was 135. It
is evident that elevated scores on the scale’s subsections,
and indeed the total score, are indicative of an enhanced

quality of life (13, 14].

Hamilton Depression Rating Scale (HAM-D)

The scale in question was developed by Hamilton in
1960. The administration of the treatment is carried out
by a clinician [15]. Akdemir et al. [16]. examined the va-
lidity and reliability of the Turkish version in 1996.

Hamilton Anxiety Rating Scale (HAM-A)

The scale was developed for the purpose of measuring
the severity of anxiety symptoms, and is administered by
a clinician. The development of this concept is attributed
to Hamilton [17]. Yazic1 et al. [18] examined the validity
and reliability of the scale in Turkish populations.

Statistical comparisons were made between groups
of participants using ASEX, HAM-D, HAM-A, and
WHOQOL-BREEF scale scores. Furthermore, statistical
comparisons were conducted according to IIEF-5 sever-
ity for ASEX, HAM-D, HAM-A, and WHOQOL-
BREEF scale scores.

Data Evaluation

Statistical analyses were conducted using SPSS 25, and
a significance level of 0.05 (p-value) was employed in the
statistical analyses. The data were found to be normally
distributed, a conclusion that was supported by the skew-
ness and kurtosis values. Whether the data conforms to
a normal distribution depends on whether the skewness

and kurtosis values fall within +2 [19]. The utilization of
percentages and chi-square tests facilitated the compar-
ison of the sociodemographic data between groups. The
t-test was used to compare the average intergroup scale
scores of the two groups. One-way ANOVA was imple-
mented in scenarios involving more than two groups.

Ethical Approval

The Non-Interventional Clinical Research Ethics Com-
mittee of Malatya Turgut Ozal University (Decision No.
E-30785963-020-201-201467; Date: December 27,
2023) granted its approval. In all studies where informa-
tion was obtained, responses were voluntary. The aim of
the study and how the results would be used were ex-
plained. Patients were given all the necessary information
about the study, and their consent was obtained. The
participants were informed that their information would
not be disclosed to anyone, and the principle of confiden-
tiality was adhered to. The present study was conducted
in accordance with the Declaration of Helsinki.

RESULTS

Subsequent analysis of the sociodemographic data of
the study participants revealed no statistically significant
differences in age or marital status between the patient
and control groups (p=0.158). Furthermore, 52 (53.6%)
of the patients had severe, 40 (41.2%) moderate, and 5
(5.2%) moderate IIEF (Table 2).

A subsequent comparison of the ASEX, HAM-D,
HAM-A, and WHOQOL-BREEF scale scores between
the groups revealed a significant discrepancy in the
ASEX total score, all HAM-A subscales and total scores,
the HAM-D total score, and all WHOQOL-BREF
subscales (p=0.001). The results of the test showed that
the patients scored higher on the ASEX, HAM-D, and
HAM-A than the control group, while the control group
scored higher on the WHOQOL-BREEF than the pa-
tient group (Table 3).

A one-way analysis of variance (ANOVA) was
used to compare participants’ mean scale scores accord-
ing to their level of eating disorder severity. The inves-
tigation demonstrated that there was no statistically
significant discrepancy between the subjects’ overall
HAM-A and HAM-D ratings according to their ED
severity (p>0.05). However, a statistically significant
difference was observed between their mean ASEX

and WHOQOL-BREF-General Health scale scores
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TRABLE 2. Comparison of sociodemographic characteristics of the groups

Patient group Control group
Descriptive characteristic Significance
n % n %

Marital status p=0.158*
Single 5 5.2 0 100
Married 92 94.8 63 0

Place of residence p=0.001
Province 81 83.5 63 100
Town 16 16.5 0 0

Education level p=0.00
Primary school 11 11.3 4.8
Middle school 41 42.3 14.3
High school 35 36.1 30 47.6
University 10 10.3 21 33.3

Employment status p=0.00
Unemployed 20 20.6 0 50.00
Employed 77 79.4 63 50.00

Socioeconomic level p=0.00
Low 20 20.6 0 0
Medium 77 79.4 63 100
High 0 0 0 0

Additional medical illness p=0.007%*
Yes 10 10.3 0 0
No 87 89.7 63 100

Erectile dysfunction before the earthquake p=0.007%*
Yes 10 10.3 0 0
No 87 89.7 63 100

IIEF-EF p=0.00%*
Severe 52 53.6 0 0
Moderate 40 41.2 0 0
Mild-Moderate 0 0 0 0
Mild 5 5.2 0 0
No ED 0 0 63 100

Ages, Mean+SD 45.54+8.44 46.12+7.18 p=0.653**

*: Fisher’s exact chi-square test; **: Independent t; ED: Erectile dysfunction; SD: Standard deviation; IIEF-EF: International Index of Erectile Function-Erectile Function.

(p=0.001). A Tamhane test was employed for post hoc
pairwise comparisons to ascertain the group responsible
for the observed discrepancy. The Tamhane result indi-
cates that participants with severe ED exhibited higher
ASEX total scores compared to those with mild ED, and
those with moderate ED demonstrated higher ASEX
total scores compared to those with mild ED. Moreover,

participants with severe erectile dysfunction (ED) exhib-
ited lower mean scores compared to those with moderate
ED. Similarly, individuals with moderate International
Index of Erectile Function-Erectile Function (IIEF-EF)
had lower mean scores on the World Health Organiza-
tion Quality of Life-BREF General Health scale than
those with mild ED (Table 4).
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TABLE 3. Intergroup comparison of ASEX, HAM-A, HAM-D and WHOQOL-BREF scale scores

Group of individuals with ED (n=97)

Scale/subscale

Healthy group (n=63) Statistical test and

Mean+SD Mean+SD significance
ASEX
t: 30.55
Total 17.28+3.60 5.76%£0.73
p=0.00
HAM-A
. t: 8.63
Psychic 4.67+4.54 0.61+0.68
p=0.00
) t: 10.08
Somatic 7.41£6.72 0.49+0.56
p=0.00
t: 8.48
Total 11.56+11.08 1.11+1.00
p=0.00
HAM-D
t:12.11
Total 23.21+4.58 17.49+0.64
p=0.00
WHOQOL-BREF
t: -16.49
General Health 6.41+1.37 9.00+0.56
p=0.00
. t:-17.26
Physical health 26.04+3.66 32.95+1.16
p=0.00
. t:-16.09
Psychological health 21.52+3.71 28.09+1.24
p=0.00
) . . t:-25.67
Social relationship 8.70+1.74 13.93+0.80
p=0.00
. t:-19.32
Environment 28.16+4.28 37.06+1.18
p=0.00

ASEX: Arizona Sexual Experiences Scale; ED: Erectile dysfunction; HAM-D: Hamilton Depression Rating Scale; HAM-A: Hamilton Anxiety Rating Scale; WHOQOL-BREF:

World Health Organization Quality of Life Scale-Short Form; t: Independent t Test.

DISCUSSION

Large-scale natural disasters, such as earthquakes, have
been shown to have profound and long-term consequenc-
es for individuals'physical and psychological health. It has
been demonstrated that psychiatric conditions, includ-
ing anxiety and depression, which manifest subsequent
to traumatic events, are associated with sexual dysfunc-
tion in men, particularly erectile dysfunction (ED). It has
been shown that earthquakes can cause intense stress
and trauma, resulting in the development of psychiatric
disorders such as anxiety, depression, and post-traumatic
stress disorder (PTSD). A substantial body of research
has demonstrated that these psychological conditions ex-
ert a deleterious effect on sexual function. Baturu et al.

(3] found that ED symptoms significantly increased in
men affected by earthquakes, and this increase correlated
with increased anxiety and depression levels.

While Ebrahimian et al's (8] study covered the first
year after the earthquake, the study covered the first six
months immediately following the earthquake [3]. A
study suggests that individuals affected by sexual disorders
should be examined and studied two to three years after
the earthquake, as these disorders may improve or become
more severe over time. It is imperative to evaluate the pa-
tients in our study more than one year after the earthquake
in this regard. However, the study’s design, which included
a control group not selected from a city that had not expe-
rienced an earthquake, is a limitation that should be noted.
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TABLE 4. Comparison of ASEX, HAM-A, HAM-D and WHOQOL-BREF scores of participants according to the severity of the IIEF-5

Scale IIEF-EF severity n Mean SD P Tamhane
(for ANOVA)
ASEX total Severe (1) 52 16.76 3.81 4.794 0.010%* 1>3, 2>3
Moderate (2) 40 18.37 3.15
Mild (3) 5 14.00 0.00
HAM-A total Severe (1) 52 11.00 10.98 0.768 0.46
Moderate (2) 40 12.87 11.81
Mild (3) 5 7.000 0.00
HAM-D total Severe (1) 52 23.30 4.62 0.184 0.83
Moderate (2) 40 23.25 4.85
Mild (3) 5 22.00 0.00
WHOQOL-BREF- general health Severe (1) 52 6.0 1.58 7.860 0.001* 1<2<3
Moderate (2) 40 6.75 0.83
Mild (3) 5 8.00 0.00

SD: Standard deviation; ANOVA: Analysis of variance; ASEX: Arizona Sexual Experiences Scale; HAM-D: Hamilton Depression Rating Scale; HAM-A: Hamilton Anxiety
Rating Scale; WHOQOL-BREF: World Health Organization Quality of Life Scale-Short Form; IIEF-EF: International Index of Erectile Function-Erectile Function.

The impact of PTSD on the development of ED can be
attributed to a variety of psychophysiological mechanisms.
Avoidance behaviors, negative moods, and hyperactiva-
tion, which are among the symptoms of PTSD, may cause
a decrease in sexual desire and avoidance of sexual activ-
ity. Additionally, heightened sympathetic nervous system
activity — a characteristic of PTSD — has been shown
to negatively affect the mechanism that causes penile erec-
tion. In this context, an increased risk of ED has been ob-

served to accompany escalating symptoms of PT'SD [20].

The post-earthquake changes in living conditions may
exert a significant influence on the development of ED. A
study conducted following the Kermanshah earthquake
in Iran reported a 44.9% prevalence of sexual dysfunc-
tion in men affected by the earthquake. The present
study found that the severity of sexual dysfunction was
higher in men who had more children and lived in con-
tainers after the earthquake [8]. These findings highlight
the important role that socioeconomic factors and living
conditions play in determining sexual health outcomes.
In the present study, the severity of ED was particularly
pronounced among patients whose quality of life exhib-
ited a marked decline following the earthquake.

Psychiatric comorbidities, including depression and
anxiety, which often co-occur with PTSD, further aug-
ment the risk of developing ED. A cohort study conducted
in Taiwan revealed that individuals diagnosed with PTSD
were significantly more likely to develop ED. The present

study also noted that psychiatric comorbidities and the
psychiatric medications used affect the risk of ED [21].

Medications used to treat depression, especially se-
lective serotonin reuptake inhibitors (SSRIs), which
are frequently employed to treat anxiety and depression
following an earthquake, have been observed to exacer-
bate sexual dysfunction. The adverse effects of SSRIs,
including decreased libido, delayed ejaculation, and erec-
tile dysfunction, have been observed to result in the per-
sistence or exacerbation of ED symptoms despite psychi-
atric improvement [22]. This necessitates that clinicians
consider the potential sexual side effects in their pharma-
cotherapeutic planning. The exclusion of patients with
psychiatric illnesses in this study is important to avoid
attributing their ED complaints to pharmacotherapy.

However, the issue of sexual health is often not given
adequate attention in conventional disaster management
and psychosocial support strategies. Sexuality, however,
is a fundamental human need that has been demonstrat-
ed to directly impact an individual’s quality of life and
mental well-being. According to the World Health Or-
ganization (WHO), sexual health is more than just the
absence of disease or dysfunction. It is a state of phys-
ical, emotional, mental, and social welfare [23]. In the
context of post-disaster mental health interventions, the
integration of counseling and health services for sexu-
al dysfunction into psychosocial support programs is of
paramount importance.



Bugday et al., Post-earthquake anxiety, depression and erectile dysfunction 169

A significant impediment to effective treatment for
erectile dysfunction (ED) in male patients is the underuti-
lization of available treatment options. In many societies,
the topic of sexuality remains a taboo subject, and men
may perceive ED as shameful when they experience it. This
results in delays in both diagnosis and treatment. Conse-
quently, public awareness campaigns that underscore the
prevalence of ED as a post-traumatic condition can en-
hance individuals’ motivation to seek assistance [24].

The extant literature contains a paucity of studies that
examine the relationship between natural disasters, such as
earthquakes, and ED. To that end, the necessity for large-
sample, prospective, and longitudinal studies is paramount.
Moreover, the augmentation of studies with a specific focus
on male sexuality is imperative from a scientific standpoint.

Limitations

Several limitations should be acknowledged. First, the
cross-sectional design precludes causal inference between
psychological factors and erectile dysfunction. Second, the
assessment of sexual function and psychological symp-
toms relied on self-reported scales, which may be subject
to reporting bias. Third, the study population was drawn
from a single center, limiting generalizability. Fourth, only
individuals without previously diagnosed psychiatric dis-
orders were included, which may underestimate the over-
all burden of post-disaster sexual dysfunction.

Conclusion

This study found that the seismic events that occurred on
6 February significantly impacted the development and
severity of erectile dysfunction. This impact was attrib-
uted to the increase in depression and anxiety levels ob-
served in patients, which resulted in a reduction in their
overall quality of life. In addition to psychological distress,
hygiene-related challenges and the lack of adequate pri-
vacy in temporary shelters where individuals were relo-
cated due to earthquake-related housing damage should
also be considered important contributing factors to the
development of erectile dysfunction. The repercussions
of natural disasters, including earthquakes, on mental
health have been extensively documented. These disasters
can have a direct and significant impact on sensitive areas
such as sexual health. Clinically, this condition should not
be disregarded, as it underscores the necessity for inter-
disciplinary collaboration among the domains of psychia-
try, urology, and psychology. Moreover, there is a necessity
for further, more exhaustive research on this subject.
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Do NEUT-RI, NEUT-GI, RE-LYMP, and AS-LYMP
provide diagnostic value in differentiating acute
cholecystitis from biliary colic?

Umit Ozdemir,* (© Selin Yildiz?

Division of Gastroenterological Surgery, Department of General Surgery, Ankara Etlik City Hospital, Ankara, Turkiye
?Department of Biochemistry, Ankara Etlik City Hospital, Ankara, Turkiye

ABSTRACT

OBJECTIVE: In the differential diagnosis of biliary colic and acute cholecystitis, physical examination, non-specific biochem-
ical tests, and imaging methods are used. The aim of this study was to investigate the differential diagnostic power of NEUT-
RI, NEUT-GI, RE-LYMP, and AS-LYMP parameters, which show neutrophil and lymphocyte activation, and are obtained with
fluorescence flow cytometry during full blood count.

METHODS: In this prospective cohort study, patients presenting with right upper quadrant pain were separated into two
groups according to the diagnoses of acute cholecystitis and biliary colic. The conventional inflammatory markers and the
NEUT-RI, NEUT-GI, RE-LYMP, and AS-LYMP values were compared. Receiver Operating Characteristics (ROC) Curve analysis
was performed to investigate the diagnostic power of the inflammatory markers.

RESULTS: In the acute cholecystitis group, C-reactive protein, white blood cells, neutrophil, monocyte, and immature
granulocyte counts were higher, and the lymphocyte count was lower. The NEUT-RI and NEUT-GI values were significantly
higher, and the RE-LYMP value was significantly lower in the acute cholecystitis group. The AS-LYMP values were similar in
both groups. In the ROC analyses, the AUC values were 0.914 for CRP, 0.842 for WBC, 0.873 for neutrophils, and 0.823 for
immature granulocyte count. A poor diagnostic performance was determined for NEUT-RI and NEUT-GI with AUC values of
0.662 and 0.612, respectively. The AUC for RE-LYMP and lymphocyte count was non-significant at <0.6.

CONCLUSION: The results showed that NEUT-RI and NEUT-GI have limited diagnostic power in the differential diagnosis of
acute cholecystitis from biliary colic, and RE-LYMP and AS-LYMP are insufficient diagnostically.

Keywords: Acute cholecystitis; biliary colic; cell population data; extended inflammatory parameters; inflammation; novel inflammatory markers.
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Stones and sludge form in the gallbladder with disrup-
tion to cholesterol and lipid metabolism [1]. When
gallbladder stones temporarily obstruct the cystic duct,
temporary pain occurs in the right upper quadrant [2].
The pain resolves when the stone is displaced and the
cystic duct is reopened for drainage. This condition of-
ten occurs after the intake of fatty foods, is named biliary
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colic, and is treated symptomatically with non-steroidal
anti-inflammatory drugs (NSAIDs) [3, 4]. Sometimes,
the gallbladder stone becomes lodged in the cystic duct,
prolonging the process. Bacterial infection develops over
time in the gallbladder when drainage cannot be per-
formed [5]. In this situation, the right upper quadrant
pain is not relieved by waiting or NSAIDs. This condi-
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tion is called acute cholecystitis, which usually requires
hospitalization, and cholecystectomy is the currently ac-
cepted treatment [6]. These two clinical conditions both
present with right upper quadrant pain, so they can be
confused with each other [7, 8]. This confusion can re-
sult in unnecessary use of antibiotics, detailed tests, and
long follow-up periods, and sometimes a necessary surgi-
cal intervention can be delayed.

Neutrophils are the first line of defense in immunity,
clearing pathogens through phagocytosis and the oxida-
tive burst pathway They present antigens, synthesize vari-
ous proinflammatory cytokines, and produce surface mol-
ecules for T-cell activation [9, 10]. B and T lymphocytes
are the primary cells controlling the acquired immune
response. T lymphocytes function in cell-mediated im-
munity, while B lymphocytes are involved in antibody-me-
diated immunity [11, 12]. Morphological changes (size,
shape, and structure) and activity changes (chemotaxis
and migration) occur in neutrophils and lymphocytes
during inflammation [13]. Activated cells have a different
membrane lipid composition, and their activity increases
due to cytokine production in the cytoplasm [14]. Full
blood count analyzers using the fluorescence flow cytom-
etry method allow differentiation of activated neutrophils
and lymphocytes from resting cells [13]. For each white
blood cell passing in front of the laser beam, forward scat-
tered light (FSC), side scattered light (SSC), and fluores-
cence intensity (SFL) signals are recorded and presented
graphically [15].

The parameters of Neutrophil Reactivity Intensity
(NEUT-RI) and Neutrophil Granularity Intensity
(NEUT-GI) provide information related to the activa-
tion stage of neutrophils [16]. This occurs by obtaining
data related to metabolic activity, internal structure, and
cell size using the flow cytometry method [13]. Reactive
lymphocytes (RE-LYMP) refer to all lymphocytes with
a higher fluorescent signal within the lymphocyte pop-
ulation, in other words, activated B and T lymphocytes
(13]. Antibody-synthesized lymphocytes (AS-LYMP)
help differentiate antibody-synthesized B lymphocytes
from within the activated lymphocyte population. AS-
LYMP is the subgroup with the highest fluorescent sig-
nal within all the lymphocytes [17].

It is thought that new inflammation parameters can
bring a fresh perspective to inflammation, in addition to
the information provided by commonly used parameters
such as white blood cells (WBC), erythrocyte sedimen-
tation rate (ESR), and C-reactive protein (CRP) [18].

These new hematological parameters, which measure

Highlight key points

e Conventional inflammatory markers (CRP, WBC, neutrophils,
and immature granulocytes) showed the highest diagnostic
accuracy in differentiating acute cholecystitis from biliary colic.

e NEUT-RI and NEUT-GI levels were significantly higher in
acute cholecystitis, but their diagnostic performance was
inferior to that of conventional inflammatory parameters.

e RE-LYMP and AS-LYMP did not demonstrate sufficient diagnos-
tic value for distinguishing acute cholecystitis from biliary colic.

neutrophil and lymphocyte activation, have been previ-
ously studied in conditions such as some autoimmune
skin diseases, autoimmune liver diseases, differentiation
of bacterial-viral infections in childhood diseases, and
mostly in the differential diagnosis, prognosis follow-up,
and risk of mortality in sepsis and COVID-19 infection
(17, 19-24]. The aim of this study was to investigate the
diagnostic value of these new inflammation parameters,
which can be obtained from full blood count values, in
the differentiation of biliary colic and acute cholecystitis,
both of which present with right upper quadrant pain.

MATERIALS AND METHODS

This prospective cohort study included patients who pre-
sented at the Emergency Department of a tertiary-level
healthcare center with complaints of right upper quad-
rant pain between 1 September — 28 October 2024,
1 December — 16 December 2024, and 1 March — 24
April 2025, and were diagnosed with acute cholecystitis
or biliary colic by the General Surgery consultant. Pa-
tients were excluded from the study if another abdominal
pathology was determined during the evaluation, if they
had another concomitant acute inflammatory disease,
malignancy, or any other gastrointestinal, chronic in-
flammatory, hepatobiliary, cardiac, pulmonary, or hema-
tological disease other than gallbladder pathology, if they
were pregnant, had recently received a blood transfusion,
or were using steroids.

Upon presentation at the ED, venous blood sam-
ples were routinely taken from the patients. The white
blood cells (WBC), red blood cells (RBC), hemoglobin
value, neutrophil, lymphocyte, monocyte, and platelet
counts, red cell distribution width (RDW) count and
percentage, platelet distribution width (PDW), imma-
ture granulocyte (IG) count and percentage, and C-re-
active protein (CRP) value were recorded. A Sysmex

XN-1000 analyzer (Sysmex, Kobe, Japan) was used
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for the full blood count, and a Cobas 8000 analyzer
(Roche Diagnostics, Switzetland) for measurement of
the CRP value. During the routine blood count, the
NEUT-RI, NEUT-GI, RE-LYMP, and AS-LYMP
values, which are markers of neutrophil and lympho-
cyte activation, were obtained with the flow cytometry
method used by the Sysmex hematological analyzer
and recorded. No other blood samples were taken for
this study, and the samples were not stored. The new
inflammatory parameter results recorded in this study
were not disclosed to the clinicians managing the diag-
nosis and treatment of the patients.

The patients presenting at the ED with right upper
quadrant pain underwent a physical examination (sen-
sitivity, rigidity, Murphy sign) and were separated into
two groups according to the diagnosis of acute chole-
cystitis or biliary colic made by the General Surgery
consultant from the examination findings, laboratory
test results (full blood count, acute phase reactants),
and imaging findings (increased gallbladder wall thick-
ness on ultrasonography, pericholecystic fluid). The
routinely used conventional inflammatory parameters
and the newly researched inflammatory parameters
were compared between the two groups.

Approval for the study was granted by the Ethics
Committee of Ankara Etlik City Hospital (Date:
16.10.2024, No: AESH-BADEK-2024-940). The need
for informed consent was waived as no additional blood
was taken from the patients, there was no intervention,
no randomization, and no recording of personal infor-
mation. All the study procedures were in compliance
with the World Health Organization Helsinki Declara-
tion, and national and international ethical values.

Statistical Analysis

Data obtained in the study were analyzed statistically
using SPSS v. 26.0 software (SPSS Inc., Chicago, IL,

USA) and MedCalc v. 22.023 (MedCalc Software, Os-
tend, Belgium).

Conformity of numerical variables to normal distri-
bution was examined with visual (histogram and prob-
ability graphs) and analytical methods (Kolmogorov-
Smirnov/Shapiro-Wilk tests). Descriptive statistics
were stated as meantstandard deviation (SD) values
for continuous variables with normal distribution and as
median (minimum-maximum) values when the distribu-
tion was not normal. Categorical variables were stated as
number (n) and percentage (%). In the comparisons of

numerical data, the Student’s t-test was used when the
distribution was normal, and the Mann-Whitney U-test
when data were not normally distributed. Pearson’s chi-
square test was applied to categorical data. To determine
the diagnostic power of the inflammatory markers in the
differentiation of acute cholecystitis and biliary colic, Re-
ceiver Operating Characteristics (ROC) curve analysis
was performed, the Area under the Curve (AUC), sen-
sitivity, and specificity values were calculated, and cutoff
values were determined. A value of p<0.05 was accepted
as the level of statistical significance.

RESULTS

Evaluations were made of a total of 236 patients: 145
(61.4%) diagnosed with biliary colic, and 91 (38.6%)
diagnosed with acute cholecystitis. The demographic
characteristics and inflammatory parameter values are
presented in Table 1. There was no significant difference
between the groups in respect of gender distribution.
The mean age of the patients was 53.34+17.00 years in
the acute cholecystitis group and 45.58+14.81 years in
the biliary colic group, and the difference was statistically
significant (p<0.001). In the acute cholecystitis group,
the CRP, WBC, neutrophil, monocyte, and immature
granulocyte counts and percentages were statistically sig-
nificantly higher, and the lymphocyte count was statisti-
cally significantly lower. The hemoglobin, platelet, RDW,
and PDW values were similar in both groups (Table 1).

The mean and p values of the new inflammatory pa-
rameters are shown in Table 1.

The NEUT-RI and NEUT-GI values were deter-
mined to be statistically significantly high in the acute
cholecystitis group (p<0.001, p=0.005, respectively).
The RE-LYMP count and percentage values were sta-
tistically significantly low in the acute cholecystitis group
(p=0.386, p<0.001, respectively). The AS-LYMP count
and percentage values, which provide information about
antibody-synthesized B lymphocytes, were similar in
both groups.

ROC analysis was performed for the inflammatory
parameters with significant results in the comparisons
between the groups. The AUC values, cutoff values,
sensitivity, and specificity rates are shown in Table 2.
The AUC values were 0.914 for CRP, 0.842 for WBC,
0.873 for neutrophils, and 0.823 for immature granulo-
cyte count. In contrast to the strong diagnostic perfor-
mance of the conventional inflammatory markers listed
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TABLE 1. Demographic characterictics and inflammatory parameters

Biliary colic Acute cholecystitis p 95% confidence interval
n=145 (61.4%) n=91 (38.6%) of the differerence
Age* 45.58+14.81 53.34+17.00 <0.001 -13.89 to -5.62
Gender (male)*** 81 (55.9%) 43 (47.3%) 0.197
Neut-RI (FI)** 41.90 (36.60—49.70) 43.30 (36.80-56.50) <0.001
Neut-GI (SI)* 150.54+3.88 152.01+3.85 0.005 -2.48 to -0.44
Re-Lymph# (103/uL)** 0.03 (0.00-0.20) 0.02 (0.00-0.15) 0.386
Re-Lymph%** 0.30 (0.00-2.40) 0.20 (0.00-1.40) <0.001
As-Lymph# (103/uL)** 0.00 (0.00-0.08) 0.00 (0.00-0.07) 0.746
As-Lymph%** 0.00 (0.00-1.10) 0.00 (0.00-0.70) 0.300
CRP (mg/L)** 4.18 (0.31-74.00) 116.24 (0.68-447.90) <0.001
WBC (103/pL)** 8.92 (4.51-15.50) 14.99 (3.51-34.56) <0.001
Hemoglobin (g/dL)* 13.75+1.67 13.95+1.98 0.420 -0.66 to 0.27
Neutrophyl (103/pL)** 5.75 (2.36-14.04) 12.12 (1.45-29.76) <0.001
Lymphocyte (103/pL)** 2.23 (0.57-5.96) 1.64 (0.21-3.45) <0.001
Monocyte (103/uL)** 0.63 (0.15-1.27) 0.95 (0.05-3.37) <0.001
Platelet (103/pL)** 284.00 (48.00-583.00) 262.00 (131.00-625.00) 0.494
RDW# (fL)** 41.90 (35.80-56.70) 42.90 (36.20-58.00) 0.058
RDW%** 13.10 (11.80-18.80) 13.30 (11.40-17.40) 0.234
Ig# (103/pL)** 0.03 (0.00-0.10) 0.07 (0.01-0.72) <0.001
Ig%** 0.30 (0.00-0.90) 0.40 (0.10-4.00) <0.001
PDW (fL)** 11.40 (8.00-18.70) 11.80 (8.40-18.00) 0.515

*: Meanzstandard deviation, Student’s t test, **: Median (min — max), Mann-Whitney U test, ***: Pearson’s Chi-square test. Neut-RI: Neutrophil reactivity intensity;
FI: Fluorescence intensity; Neut-GI: Neutrophil granularity intensity; SI: Scatter intensity; Re-Lymph#: Reactive lymphocytes count; Re-Lymph%: Reactive lympho-
cytes percentage; As-Lymph#: Antibody-synthesizing lymphocytes count; As-Lymph%: Antibody-synthesizing lymphocytes percentage; CRP: C-reactive protein; WBC:
White blood cells; RDW#: Red cell distribution width count; RDW%: Red cell distribution width percentage; Ig#: Immature granulociytes count; Ig%: Immature

granulocytes percentage; PDW: Platelet distribution width.

above, poor diagnostic performance was determined for
NEUT-RI and NEUT-GI with AUC values of 0.662
and 0.612, respectively (Table 1). The ROC-AUC
graph of the conventional and new inflammatory pa-
rameters is shown in Figure 1.

The ROC-AUC graph for the acute cholecystitis diag-
nostic power of RE-LYMP count and percentage, and the
lymphocyte count, which were lower in the acute chole-
cystitis group in the inter-group comparisons, is shown in
Figure 2. For RE-LYMP count, the AUC value (95% con-
fidence interval) was 0.466 (0.388-0.544), for RE-LYMP
percentage, the AUC was 0.340 (0.267-0.413), and for
lymphocyte count, the AUC was 0.335 (0.263-0.403)
(p=0.388, p<0.001, p<0.001, respectively).

DISCUSSION

The differential diagnosis of biliary colic and acute chole-
cystitis requires tests and evaluations such as detailed bio-
chemical tests, at least 6 hours of patient monitoring with
frequent physical examinations, evaluation of gallbladder
wall thickness and pericholecystic fluid on ultrasonog-
raphy, and ultrasonographic Murphy’s sign [2, 4]. Bio-
chemical tests such as CRP, ESR, and WBC have been
mentioned in the literature in the differential diagnosis of
biliary colic and acute cholecystitis. Although most stud-
ies accept changes in the above-mentioned conventional
inflammatory parameters as significant, there is also a lim-
ited number of studies reporting a contrasting view [25,
26]. CRP and procalcitonin do not increase in the early
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TABLE 2. ROC analysis results of conventional and new inflammatory parameters
ROC-AUC 95% confidence interval Cut-off value Sensitivity % Specifity % p
Neut-RI 0.662 0.598 to 0.722 >41.9 73.6 50.3 <0.001
Neut-GI 0.612 0.547 to 0.675 >152.1 49.5 69.0 0.003
CRP 0.914 0.870 to 0.948 >30.8 77.5 95.5 <0.001
WBC 0.842 0.789 to 0.886 >12.0 72.5 84.1 <0.001
Neutrophyl 0.873 0.823 to0 0.912 >6.8 90.1 68.3 <0.001
Ig# 0.823 0.768 to 0.869 >0.04 69.2 79.3 <0.001
Ig% 0.722 0.660 to 0.778 >0.3 71.4 63.4 <0.001

ROC: Receiver operating characteristics; AUC: Area under the curve; Neut-RI: Neutrophil reactivity intensity; Neut-GI: Neutrophil granularity intensity; CRP: C-reactive
protein; WBC: White blood cells; Ig#: Immature granulociytes count; Ig%: Immature granulocytes percentage.
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FIGURE 1. ROC-AUC of inflammatory parameters.

ROC-AUC: Receiver operating characteristics-area under the curve.

stage and require a separate blood sample to be examined
with a biochemical analysis device and kit [27]. Therefore,
the focus of this study was on the new inflammatory pa-
rameters of NEUT-RI, NEUT-GI, RE-LYMP, and AS-
LYMP, indicating neutrophil and lymphocyte reactivity
and antibody synthesis power, which can be studied to-
gether with other full blood count parameters in the same
sample in the routinely used hematology analyzer [28].
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FIGURE 2. ROC-AUC of Re-Lymph count, percentile and Lym-
phocite count.

As a marker of neutrophil activation, NEUT-RI and
NEUT-GI have been previously shown to be eatly diag-
nostic markers in sepsis [29, 30]. These two neutrophil
activation markers are useful in providing an idea about
disease severity and prognosis in sepsis and in determin-
ing the risk of mortality [31, 32]. When neutrophil ac-
tivation markers are evaluated together with RE-LYMP
and AS-LYMP, which provide information about lym-
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phocyte activation, significant changes are seen in the
neutrophil activation markers because of bacterial causes
and in the lymphocyte activation markers because of viral
causes, thus providing information about the infection
etiology [17]. In a previous study, NEUT-RI was seen to
be useful in sepsis diagnosis and mortality evaluation in
pediatric cases [33]. In 2020, when the whole world was
affected by the COVID-19 pandemic, new inflamma-
tory parameters were investigated in the differential di-
agnosis of COVID-19 infection from other viral agents
and in the evaluation of disease severity and mortality
risk. While AS-LYMP gave an idea about the severity of
COVID-19 infection, RE-LYMP was found to be useful
in the differentiation of coronavirus with a diagnosis of
COVID-19 from other viruses [24, 34, 35]. When these
encouraging results emerged, it was then investigated
in autoimmune skin diseases such as Pemphigus and
psoriasis, autoimmune hepatitis, and diseases related to
cirthosis, and significant results were obtained [20]. A
study in Spain researched the severity of appendicitis,
but no significant result was reached [36]. Most recently,
a study in France reported that the diagnostic power of
the new inflammatory parameters was weak in the diag-
nosis of sepsis compared to the conventional parameters.
In that study, the control group was extremely homoge-
neous, formed of patients who presented at the ED and
were infected but did not have sepsis [23]. In another
study, which included neutrophil reactivity parameters in
patients with lung cancer, sarcoidosis, and COVID-19,
no significant results were found in sarcoidosis and lung
cancer, but a decrease was observed in the NEUT-RI
value in COVID-19 [37].

In the current study, which focused on the differen-
tial diagnosis of biliary colic and acute cholecystitis, the
conventional inflammatory parameters of CRP, WBC,
neutrophils, and IG showed higher AUC values in the
ROC analysis (0.914, 0.842, 0.873, 0.823, respectively).
The RE-LYMP and AS-LYMP parameters were not
significant in the comparisons between the groups.
Although NEUT-RI and NEUT-GI were significant
in the differential diagnosis of acute cholecystitis from
biliary colic, the diagnostic power was low compared to
the conventional inflammatory parameters (ROC-AUC
0.662, 0.612, respectively). In previous papers, signifi-
cance has been assigned to conventional parameters such
as CRP, WBC, and Murphy’s sign in the differential di-
agnosis of acute cholecystitis from biliary colic 25, 26].
The current study is the first to have examined the new
inflammatory parameters in terms of gallbladder pathol-

ogy. Even though NEUT-RI and NEUT-GI do not
have sufficient diagnostic power compared to conven-
tional inflammatory parameters, they should be taken
into consideration for deeper research and opening new
research horizons. The importance of new inflammatory
parameters in respect of choledocolithiasis-cholangitis
differential diagnosis, and the diagnosis and prognosis of
acute biliary pancreatitis, can be considered an area open
to future research.

There were some limitations to this study. The clin-
ician differentiating acute cholecystitis and biliary colic
was blind to the new inflammatory parameters. However,
the conventional inflammatory parameters were seen as
routine practice. This could affect the clinical approach,
and there could have been bias towards the CRP, WBC,
and neutrophil values, which should be taken into con-
sideration when evaluating the results. The clinician who
determined the groups by making the diagnoses of acute
cholecystitis and biliary colic was the General Surgery
consultant on duty that day, so patients were evaluated by
different clinicians on different days. This may have pre-
vented a standard clinical approach, although the study
was performed in a single center. Another limitation of
this study is the statistically significant age difference be-
tween the acute cholecystitis and biliary colic groups. As
age may influence baseline inflammatory status, this dif-
ference could have had a modest effect on both conven-
tional and novel inflammatory parameters. Therefore, the
results should be interpreted with caution in this respect.

Conclusion

NEUT-RI and NEUT-GI are valuable in the differen-
tiation of acute cholecystitis from biliary colic but have
lower diagnostic power than conventional inflamma-
tory parameters. RE-LYMP and AS-LYMP are insufh-
cient diagnostically. There is a need for further research
of these new inflammatory parameters in multicenter
studies with large cohorts, and it would also be useful to
investigate these in respect of bile duct pathologies and
pancreas inflammation.
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The effect of cytoreductive nephrectomy on survival
in patients with metastatic renal cell carcinoma
receiving tyrosine kinase inhibitors

Irem Bilgetekin,! (© Erdem Ozturk,? (® Cengiz Karacin,® ( Fatma Bugdayci Basal,*
Zeynep Akdagcik,? (© Berna Oksuzoglu®

Department of Medical Oncology, Memorial Ankara Hospital, Ankara, Turkiye

2Department of Urology, University of Health Sciences, Dr. Abdurrahman Yurtaslan Ankara Oncology Training and Research Hospital, Ankara,
Turkiye

3Department of Medical Oncology, University of Health Sciences, Dr. Abdurrahman Yurtaslan Ankara Oncology Training and Research Hospital,
Ankara, Turkiye

“Department of Medical Oncology, Losante Children’s and Adult Hospital, Ankara, Turkiye

Department of Medical Oncology, Etlik City Hospital, Ankara, Turkiye

ABSTRACT

OBJECTIVE: The role of cytoreductive nephrectomy (CN) in metastatic renal cell carcinoma (RCC) is controversial. The aim
of this study was to compare survival outcomes between nephrectomy and non-nephrectomy groups in patients with de novo
metastatic renal cell carcinoma receiving tyrosine kinase inhibitors (TKI).

METHODS: This retrospective study included 99 patients with de novo metastatic renal cell carcinoma, stratified according to
receipt of cytoreductive nephrectomy. Baseline clinicopathological variables, including International Metastatic RCC Database
Consortium (IMDC) risk category, Eastern Cooperative Oncology Group (ECOG) performance status, sarcomatoid features,
Fuhrman grade, and TKI regimen, were collected. Overall survival was evaluated using Kaplan—Meier analysis.

RESULTS: Among 99 patients, IMDC risk categories were favorable in 21 (21.2%), intermediate in 52 (52.5%), and poor in 26
(26.3%). CN was performed in 67 patients (67.7%). Pazopanib and sunitinib were used in 50 (50.5%) and 49 (49.5%) patients,
respectively. In comparison with the nephrectomy cohort, a greater percentage of patients in the non-nephrectomy cohort were
classified as poor risk (37.5% vs. 20.8%, p=0.010). Overall survival differed significantly across IMDC risk groups (p=0.001).
In the favorable-risk subgroup, median overall survival was longer with nephrectomy than without surgery (42 vs. 12 months,
p=0.042). There was no significant difference in survival between pazopanib and sunitinib treatment (14 vs. 16 months, p=0.251).
CONCLUSION: CN was associated with improved overall survival in the favorable-risk subgroup, whereas no significant
survival difference was observed in intermediate- or poor-risk groups.

Keywords: Cytoreductive nephrectomy; renal cell carcinoma; tyrosine kinase inhibitor.
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Over time, therapeutic approaches for metastatic re-  trials suggested improved survival among patients re-
nal cell carcinoma (mRCC) have evolved substan-  ceiving nephrectomy before immunotherapy, relative
tially [1]. Evidence from early randomized controlled to immunotherapy alone, in metastatic RCC [2, 3].
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During the cytokine therapy era, cytoreductive nephrec-
tomy became widely adopted after randomized phase
III evidence from the SWOG 8949 and EORTC 30947
trials demonstrated its benefit [2, 3]. These investi-
gations examined survival outcomes associated with
resection of the primary renal tumor in patients with
metastatic disease and subsequently assessed the effects
of combining surgery with cytokine-based therapy [2].
Both studies concluded that CN followed by interferon-
alpha 2b provided a superior overall survival compared
to interferon monotherapy [2—4].

With the proven eflicacy of targeted therapies, anew era
in the management of RCC has begun. Advances in thera-
pies directed against VEGEF receptors, mTOR, c-Met, and
immune checkpoint pathways have substantially reshaped
therapeutic strategies for metastatic renal cell carcinoma
(5]. Retrospective data have indicated favorable outcomes
with cytoreductive nephrectomy combined with targeted
treatments; however, results from the CARMENA trial
demonstrated that targeted therapy alone was not infe-
rior to cytoreductive nephrectomy followed by sunitinib
in metastatic renal cell carcinoma [6]. Observational ev-
idence supports improved survival with a surgical-first
approach before systemic targeted treatment, while U.S.
registry-based data similarly favor nephrectomy over pri-
mary systemic therapy alone [7, 8]. Consequently, the
role of CN in combination with targeted therapy remains
controversial. In this study, we aimed to contribute to the
current literature by identifying the subgroup of patients
who benefit most from CN when combined with tyrosine

kinase inhibitor (TKI) therapy.

MATERIALS AND METHODS

A total of 99 patients were included in this retrospective
study. Patients with de novo metastatic renal cell carcino-
ma who either underwent or did not undergo nephrecto-
my were enrolled. Recorded variables included age, sex,
prognostic risk classification according to the Interna-
tional Metastatic RCC Database Consortium (IMDC)
as favorable, intermediate, or poor risk; presence of sar-
comatoid differentiation; Fuhrman grade; and history
of nephrectomy. Cytoreductive nephrectomy, when per-
formed, was carried out as an upfront surgical procedure
prior to the initiation of tyrosine kinase inhibitor therapy.

Additional clinical data such as Eastern Cooperative
Oncology Group Performance Status (ECOG PS) and
the type of tyrosine kinase inhibitor (TKI) used were
also collected. The demographic and clinicopathologi-

Highlight key points

e In de novo metastatic renal cell carcinoma treated with
TKIs, cytoreductive nephrectomy was associated with longer
overall survival in the favorable IMDC risk group (median 42
vs 12 months; p=0.042).

¢ No statistically significant overall survival difference with cy-
toreductive nephrectomy was observed in the intermediate
or poor IMDC risk groups.

e These findings support IMDC-based risk stratification to
guide patient selection for cytoreductive nephrectomy in the
TKI era.

e Overall survival did not differ significantly between pazopan-
ib and sunitinib (median 14 vs 16 months; p=0.251).

TABLE 1. Demographic and clinicopathological characteristics
of the patients (n=99)

%

Gender

Male 73.3

Female 26.7
Karnofsky performance score

>80% 69.7

<80% 30.3
Sarcomatoid differentiation

Yes 28.3

No 71.7
Fuhrman grade

<2 34.3

3 40.4

4 25.3
Prior nephrectomy

Yes 67.7

No 323
IMDC

Favorable 21.2

Intermediate 52.5

Poor 26.3
TKI

Pazopanib 50.5

Sunitinib 49.5

IMDC: International Metastatic RCC Database Consortium; TKI: Tyrosine ki-
nase inhibitor.

cal characteristics of the patients are presented in the
tables. Ethical approval was obtained from the institu-
tional ethics committee.
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TABLE 2. Comparison of baseline characteristics between the
cytoreductive nephrectomy and non-nephrectomy groups

Nephrectomy
No (n=32) Yes (n=67) p
% %
Gender 0.493
Male 78.1 71.6
Female 21.9 28.4
Karnofsky performance score 0.282
>80% 62.5 73.1
<80% 37.5 26.9
Sarcomatoid differentiation 0.616
Yes 25.0 29.9
No 75.0 70.1
Fuhrman grade 0.876
<2 31.2 35.8
3 43.8 38.8
4 25.0 25.4
IMDC 0.010
Favorable 28.1 17.9
Intermediate 34.4 61.1
Poor 37.5 20.8
TKI 0.352
Pazopanib 43.8 53.7
Sunitinib 56.2 46.3

IMDC: International Metastatic RCC Database Consortium; TKI: Tyrosine ki-
nase inhibitor.

Statistical Analysis

Distribution-dependent summary statistics were used, with
continuous data described by meantstandard deviation or
median with interquartile range, and categorical data ex-
pressed as counts and percentages. Appropriate parametric
or nonparametric methods were applied for group com-
parisons, while survival was evaluated using Kaplan-Meier
estimation and compared with the log-rank test. Factors as-
sociated with overall survival were examined with univari-
ate Cox regression, with hazard ratios and 95% confidence
intervals reported. A two-sided p value <0.05 indicated
statistical significance. Analyses were performed using IBM

SPSS Statistics (IBM Corp., Armonk, NY, USA).

RESULTS

The study cohort comprised 99 patients. Of these, 73.3%
were male and 26.7% were female. Sixty-nine patients

TABLE 3. Univariate analysis of factors affecting overall survival

Median OS, months

(95% CI)

Karnofsky performance score 0.486
>80% 15 (13.6-16.4)
<80% 12 (9.3-14.6)

Sarcomatoid differentiation 0.061
Yes 11 (8.5-13.4)

No 18 (14.5-21.5)

Fuhrman grade 0.125
<2 21 (13.1-28.9)
3 16 (11.7-20.3)
4 12 (5.6-18.4)

Prior nephrectomy 0.326
Yes 16 (12.9-19.0)

No 14 (10.5-17.5)

IMDC 0.001
Favorable 42 (18.0-65.0)
Intermediate 15 (13.4-16.6)

Poor 6 (1.4-10.6)

TKI 0.251
Pazopanib 14 (11.5-18.5)

Sunitinib 16 (11.9-19.4)

IMDC: International Metastatic RCC Database Consortium; TKI: Tyrosine ki-
nase inhibitor; OS: Overall survival; CI: Confidence interval.

(69.7%) had a Karnofsky Performance Score of >80%.
Histopathologically, sarcomatoid differentiation was
present in 28.3% of cases. Based on Fuhrman grading,
34 patients (34.3%) had grade <2, 40 patients (40.4%)
had grade 3, and 25 patients (25.3%) had grade 4 disease.

Cytoreductive nephrectomy had been performed in 67
patients (67.7%). According to IMDC prognostic classifi-
cation, 21 patients (21.2%) were in the favorable risk group,
52 (52.5%) in the intermediate group, and 26 (26.3%) in
the poor risk group. All patients received tyrosine kinase
inhibitor therapy, 50 patients (50.5%) received pazopanib
and 49 patients (49.5%) received sunitinib (Table 1).

Patients were analyzed in two groups: those who un-
derwent nephrectomy and those who did not. Baseline
characteristics were generally similar between the two
groups (Table 2). The non-nephrectomy cohort exhib-
ited a significantly greater proportion of patients with
poor IMDC risk compared with the nephrectomy co-
hort (37.5% vs. 20.8%; p=0.010).
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FIGURE 1. Overall survival according to treatment strategy in
patients with favorable IMDC risk, depicted using Kaplan—
Meier estimates (CN vs. no CN).

In the favorable risk group, overall survival was significantly lon-
ger in the nephrectomy group compared to the non-nephrectomy
group (42 vs. 12 months, p=0.042).

Factors affecting overall survival were assessed us-
ing univariate analysis (Table 3). Patients in the favor-
able IMDC risk group had significantly better overall
survival compared to those in the intermediate or poor
risk groups (p=0.001). In the favorable-risk group, over-
all survival was significantly longer in the nephrectomy
group compared to the non-nephrectomy group (Fig. 1).
Conversely, no significant difference in survival was ob-
served between the treatment groups in the intermediate
(Fig. 2) or poor IMDC risk categories (Fig. 3).

DISCUSSION

In our study, all patients received tyrosine kinase in-
hibitor (TKI) therapy as targeted treatment. In favor-
able-risk patients, cytoreductive nephrectomy corre-
lated with markedly prolonged overall survival, whereas
among those with intermediate or unfavorable prog-
nostic profiles, survival outcomes did not differ signif-
icantly. Many previous studies have demonstrated that
CN contributes positively to overall survival [9-21].
Although most of these studies are retrospective and
observational in nature, their findings remain rele-
vant and cannot be overlooked. CN is commonly pet-
formed in patients with limited metastatic disease and
good performance status. Despite advances in systemic

IMDC: Intermediate

. o naphrectamy

—abgent

present
—abseni-censored
- present-censored

08

0,64

0,49

Overall Survival

0.0

T T T T
i3 20,00 40,00 60,00
Months

FIGURE 2. Kaplan—Meier estimates illustrating overall sur-
vival by treatment approach among patients classified as
intermediate IMDC risk.

In the intermediate group, survival was 17 vs. 15 months in the ne-
phrectomy and non-nephrectomy groups, respectively (p=0.362).

IMDC: Poor

naphractomy

—abgert

present
+—absent-censored
= present-censored

QOverall Survival

T T T T T T
oo 5,00 10,00 15,00 20,00 25,00

Months

FIGURE 3. Comparison of overall survival between CN and
non-surgical management in the poor IMDC risk subgroup,
based on Kaplan—Meier analysis.

In the poor risk group, survival was 7 vs. 4 months, respectively
(p=0.468).

therapy, high-quality evidence endorsing the routine
application of cytoreductive nephrectomy remains in-
sufficient [22]. Findings from the CARMENA trial

indicated that, among patients with metastatic renal



Bilgetekin et al., Cytoreductive nephrectomy in RCC patients

183

cell carcinoma classified as intermediate or poor risk
based on MSKCC criteria, sunitinib monotherapy was
non-inferior to cytoreductive nephrectomy followed by
sunitinib. Careful selection of candidates is essential
in the context of cytoreductive nephrectomy. The sur-
gical procedure carries risks of morbidity and mortal-
ity, and complications following surgery may delay the
initiation of systemic therapy [23]. It is well recognized
that patients with multiple risk factors do not ben-
efit from CN [7]. The timing of nephrectomy is also
an important consideration. In the SURTIME trial, a
delay in cytoreductive nephrectomy was not associated
with improvements in progression-free rate (PFR) or
progression-free survival (PFS) measured at 28 weeks.
However, even though it was not statistically significant,
delayed surgery was associated with better overall sur-
vival in that study [24]. An analysis of 4,223 cases from
the National Cancer Database demonstrated inferior
survival outcomes when nephrectomy was performed
following targeted therapy, relative to surgery under-
taken before the initiation of systemic treatment [18].
Cytoreductive nephrectomy was carried out as an initial
intervention, and systemic therapy was subsequently
initiated after adequate postoperative recovery.

The SURTIME trial suggested that initiating treat-
ment with sunitinib, a TKI, and performing CN only in
patients who did not progress may be superior to upfront
surgery followed by systemic therapy [24]. In our study,
all patients received upfront surgery; there were no cases
of deferred nephrectomy. Among these patients, a survival
benefit was observed in the favorable risk group. Consis-
tent with these findings, the CARMENA trial compared
cytoreductive nephrectomy plus sunitinib with sunitinib
alone and demonstrated that sunitinib monotherapy
was non-inferior among patients classified as having in-
termediate or unfavorable prognostic risk [6]. Similarly,
in our study, only patients in the favorable IMDC risk
group showed a statistically significant survival benefit
with CN. No survival benefit was seen in intermediate
or poor risk groups. The SURTIME results support the
conclusions of the CARMENA trial, suggesting that
upfront CN may not provide additional benefit. Rather,
nephrectomy might be more advantageous when per-
formed after observing treatment response in patients
who do not progress under systemic targeted therapy
(24]. In SURTIME, most patients were categorized as
intermediate risk according to MSKCC [24], whereas
in CARMENA, 47% of patients were in the poor risk
group. In that analysis, cytoreductive nephrectomy was

not linked to favorable clinical outcomes among patients
with unfavorable prognostic profiles but showed poten-
tial survival advantages for intermediate-risk patients
who achieved a response to systemic therapy. In our
study, the proportion of poor-risk patients who under-
went CN was lower than in CARMENA (20.8%).

Our study has limitations inherent to retrospective
designs, including potential selection bias and unmea-
sured confounders. In addition, patients selected for cy-
toreductive nephrectomy may have had more favorable
baseline performance status, which could have contrib-
uted to improved survival outcomes independent of the
surgical intervention. The number of patients could also
be increased in future studies. Additionally, the potential
impact of immunotherapy and combination regimens of
immunotherapy with TKIs, which are now part of cur-
rent treatment protocols, on survival outcomes in con-
junction with CN remains to be clarified. In our study,
patients received either sunitinib or pazopanib follow-
ing surgery. According to modern treatment algorithms,
first-line combination therapies may offer improved sur-
vival outcomes. In a recent retrospective analysis by Sin-
gla et al. [19], combined treatment with immunotherapy
and cytoreductive nephrectomy was associated with im-
proved overall survival compared with immunotherapy
monotherapy (hazard ratio, 0.23; 95% confidence inter-
val, 0.15-0.37). Similarly, Bakouny et al. [21] showed in
a retrospective analysis that upfront CN provided a sur-
vival benefit, regardless of whether patients subsequent-
ly received targeted therapy or immunotherapy. In our
study, all patients underwent upfront surgery. Whether
CN provides a survival benefit in patients who respond
to systemic therapy remains to be determined in pro-
spective studies with larger patient cohorts.

Conclusion

In summary, our results align with existing evidence,
indicating that upfront cytoreductive nephrectomy is
associated with improved survival outcomes among pa-
tients classified as having favorable prognostic risk at
diagnosis. All patients received systemic therapy follow-
ing surgery, and a survival benefit was only observed in
the favorable-risk group. Prospective randomized trials
evaluating CN in the context of modern immunother-
apy-TKI combinations are urgently needed. Further
prognostic models and biomarker-based studies may
help to better identify patient subgroups who will bene-
fit most from surgery.
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ABSTRACT

OBJECTIVE: Anemia is a prevalent public health issue characterized by a reduction in hemoglobin concentration, often ac-
companied by nonspecific symptoms that overlap with various other medical conditions. Despite its high global and national
prevalence, especially among women, the diagnostic value of clinical symptoms in identifying anemia remains uncertain. In this
study, we aimed to determine the prevalence of anemia and evaluate the frequency and severity of anemia-related symptoms.

METHODS: This cross-sectional study was conducted among medical students aged 18-35 between February and May
2025. Participants completed a detailed symptom questionnaire encompassing 44 anemia-related symptoms and underwent
capillary hemoglobin measurement. Statistical analyses included group comparisons and regression analyses to explore the
association between symptoms and anemia status.

RESULTS: A total of 251 participants (150 women, 101 men; median age: 22 Years) were included. The overall prevalence
of anemia was 28.3%, significantly higher in women (35.3%) than in men (17.8%, p=0.025). The most frequently reported
symptoms among anemic participants included fatigue (87.3%), malaise (85.9%), and attention deficit (78.9%). No statisti-
cally significant differences were observed in the frequency or severity of symptoms between anemic (median: 18 Symptoms)
and non-anemic participants (median: 19 Symptoms)(all p>0.05). Regression analyses did not identify any predictive model
for anemia based on symptomatology.

CONCLUSION: Anemia was found to be prevalent even among young and otherwise healthy individuals. Anemia-related
symptoms were common and similar across both anemic and non-anemic participants, suggesting that such nonspecific com-
plaints may reflect underlying physiological processes or nutritional deficiencies rather than anemia alone.

Keywords: Anemia; capillary hemoglobin; nonspecific symptoms; symptoms.
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nemia is a disorder characterized by a reduction in  chronichealthissues. These disorders generally arise from
hemoglobin or hematocrit levels in the blood, re-  blood loss, production defect, hemolysis, nutritional de-
sulting from various causes, which can lead to acute or  ficiencies, or inflammatory processes [1]. To standardize
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its diagnosis in clinical practice, anemia is mainly identi-
fied and classified through laboratory tests. According to
the World Health Organization, anemia is defined as a
hemoglobin level below 12 g/dL in women and below 13
g/dL in men [2]. Anemia constitutes a significant public
health issue, negatively affecting individuals” quality of
life and workforce productivity, while also elevating mor-
bidity and mortality rates [3]. Approximately half of the
adult population worldwide and a quarter of the adult
population in Tiirkiye are affected by anemia [4].

Anemia is associated with a higher symptom bur-
den and significantly reduced quality of life, particularly
through symptoms such as fatigue, malaise, weakness, or
easy fatigability. Fatigue stands out as the most common
and disabling symptom, greatly affecting physical func-
tion and daily activities [5, 6]. However, the symptoms
and symptom clusters seen in patients with anemia are
not specific to the condition; anemia usually presents
with non-specific symptoms that are also found in many
other diseases alongside anemia [7]. These nonspecific
symptoms often overlap with other conditions, making
diagnosis more difficult and delaying treatment, high-
lighting the importance of increased clinical awareness
when managing anemia [8]. A recent study identified the
top ten symptoms as weakness, fatigue, easy fatigability,
amnesia, feeling cold, alopecia, cold intolerance, sleep
problems, nervousness, and cold feet [9].

Anemia should not be considered an isolated clinical
diagnosis; rather, it should be recognized as a sign of
an underlying disorder. The associated symptoms, such
as fatigue, exertional dyspnea, and pallor, do not neces-
sarily originate mainly from the decrease in hemoglo-
bin [10]. This is exemplified in a recent study involving
patients with iron deficiency (ID), which is the most
common cause of anemia worldwide. The burden of
symptoms in patients with non-anemic iron deficiency
was found to be nearly the same as in those with iron
deficiency anemia [9]. Given the high prevalence of
anemia and its significant impact on quality of life, it is
imperative to explore further the diagnostic challenges
posed by its non-specific symptoms, which may be cru-
cial in populations the symptomatology may be over-
looked or misattributed in certain populations. There-
fore, in this cross-sectional descriptive survey study, we
aimed to determine the prevalence of anemia, as well as
the frequency and severity of anemia-related symptoms
among a young and healthy medical student popula-
tion, to contribute to symptomatology education and
to raise awareness of anemia among medical students.

Highlight key points

e Anemia-related symptoms (fatigue, malaise, attention
deficit) reduce quality of life, yet they are nonspecific and
comparative studies on symptom burden between anemic
and non-anemic individuals remain scarce.

e Symptom frequency and severity are largely similar in ane-
mic and non-anemic young individuals, underscoring that
symptomatology alone cannot reliably distinguish anemia.

e Anemia-related complaints are not primarily driven by he-
moglobin levels but reflect broader mechanisms including
nutritional deficiencies, comorbidities, and pathophysiolog-
ical processes.

e The unexpectedly high symptom burden in both groups
highlights the role of lifestyle, environmental, and psychoso-
cial factors in shaping symptom reporting.

MATERIALS AND METHODS

Study Setting

This cross-sectional descriptive survey study was con-
ducted with participants aged 18 to 35, studying at
Marmara University Faculty of Medicine, between
February 1, 2025, and May 31, 2025. Ethical approval
for this study was obtained from Marmara University
Medical School Research Ethics Committee (Decision
number: 09.2024.1317, date:15.11.2024). Institu-
tional authorization to conduct this study was secured
from the Marmara University Medical School Deanery
(Approval number: 957453, date: 22.01.2025). All pa-

tients provided written informed consent.

Study Design and Participants

This cross-sectional descriptive survey study aimed to
determine the prevalence, frequency, and severity of
anemia-related symptoms among a cohort of young
and healthy medical students. The study population
was selected from medical students, as their academic
obligations overlapped with anemia-related symptoms,
such as fatigue, impaired concentration, and cognitive
impairment. This sample is relevant for assessing symp-
tom perception and misattribution since training-re-
lated stress and sleep deprivation may disguise or not-
malize anemia-related symptoms. Self-reporting and
symptom interpretation are also more consistent due to
the similar educational background. The main inclusion
criteria were medical students aged 18—35 at the spec-
ified institution who provided informed consent. The
main exclusion criteria included participants diagnosed
with anemia in the past year and/or currently undergo-
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ing active treatment, those whose anemia has resolved
but who are still receiving treatment for nutritional de-
ficiencies, individuals experiencing an acute illness at
the time, and those with advanced organ failure (such
as stage 4 and 5 chronic kidney disease, Child-Pugh
Class C cirrhosis, NYHA Class 3 and 4 chronic heart
failure, respiratory failure requiring oxygen therapy,
and similar conditions). The sample was selected using
simple random sampling until the required sample size
was reached, ensuring equal representation from each
class. For students who were selected but did not give
informed consent or agree to participate, the next stu-
dent on the sampling list was selected. The sample size
was calculated based on a 95% confidence level and 5%
absolute precision, resulting in a sample size of 246 in-
dividuals. Anticipating potential data loss, the sample
size was inflated by 10%, resulting in a planned total
of 270 participants. Ultimately, 251 participants com-
pleted the study and were included in the final analysis.

Assessment Instruments

Participants were administered a questionnaire that in-
cluded demographic and clinical information, as well as
an anemia symptom questionnaire developed by the re-
searchers, whose face validity was previously tested in a
pilot group, and underwent capillary hemoglobin mea-
surement using a capillary hemoglobin measurement
device. Demographic and clinical data collected included
age, sex, weight, height, known diseases, surgical history,
current medications, presence of past anemia, and its
cause if applicable. Additionally, results from complete
blood count, biochemistry, and nutritional parameters—
such as iron, iron-binding capacity, ferritin, folate, and
vitamin B12 levels—performed within the past year
were recorded from participants who provided this data
through national health registry records.

The anemia symptom questionnaire was developed
to include symptoms of anemia as described in the ex-
isting literature, as well as symptoms associated with
anemia caused by nutritional deficiencies, which are the
most common causes of anemia worldwide. The ques-
tionnaire includes a total of 44 symptoms grouped into
six clusters: 12 Non-specific (malaise, frequent sick-
ness, fatigue, hot flashes, easy fatigability, weight loss,
diaphoresis, pica, paresthesia in hands and feet, loss of
appetite, geosminophilia, weakness), eleven neuropsy-
chiatric (amnesia, sleep disturbances, nervousness, at-
tention deficit, headache, cold intolerance, unhappiness,

cold hands and feet, restless leg, dizziness, tinnitus),
eight dermatological (hair loss, onycholysis, xerosis, oral
ulcers, pruritus, pallot, koilonychia, jaundice), three car-
diopulmonary (palpitations, angina, dyspnea), five mus-
culoskeletal (arthralgia, myalgia, muscle cramps, lower
limb edema, bone pain), and five gastrointestinal symp-
toms (constipation, nausea, abdominal pain, dysphagia,
diarrhea). Initially, the presence of these symptoms was
evaluated as absent or present. Later, participants were
asked to rate the severity or degree of discomfort caused
by these symptoms on a scale of 1 to 10.

Capillary blood samples were collected from the fin-
gertips of participants using a lancet for hemoglobin
measurement. The hemoglobin testing device was the
BeneCheck Uni Hemoglobin Monitoring System (Gen-
eral Life Biotechnology Co. Ltd., New Taipei City, Tai-
wan),along with BeneCheck Hb Hemoglobin Test Strips
(General Life Biotechnology Co. Ltd., New Taipei City,
Taiwan, LOT: H24003030). Previous validation studies
have demonstrated a high degree of agreement between
capillary blood samples analyzed using the BeneCheck
hemoglobin monitoring system and venous blood sam-
ples analyzed using standard laboratory analyzers. In
comparisons with automated systems such as Sysmex
KX-21N, strong linear correlations (R*> ~ 0.95-0.98)
were reported, with more than 95% of measurements
within £15% bias, supporting its suitability for anemia
screening and prevalence studies [11]. Measurements
were performed according to the manufacturer’s instruc-
tions, without the use of additional external calibration
or laboratory-based quality-control procedures. Partici-
pants were classified as anemic or non-anemic based on
World Health Organization criteria [2].

Statistical Analysis

Statistical analyses were conducted using the Statistical
Package for the Social Sciences (SPSS) software, version
26.0 (SPSS Inc., Chicago, IL, USA). Categorical vari-
ables are presented as frequencies and percentages (%).
The normality of continuous variables was evaluated
with the Kolmogorov—Smirnov and Shapiro—Wilk tests.
Parametric continuous variables, which are normally dis-
tributed, are expressed as mean and standard deviation
(SD), while non-parametric variables are shown as me-
dian and interquartile range (IQR). Pearson’s Chi-square
test and Fisher’s Exact test were used to analyze and com-
pare categorical variables. Student’s t-test was employed
to compare parametric continuous variables between



188

NorTH CLIN ISTANB

TABLE 1. Distribution of demographic and clinical data of participants with and without anemia

Anemic (n=71) Non-anemic (n=180) p
Age 22 (21-24) 21 (20-23) 0.15
Female gender (%) 74.6 53.8 0.02
Body mass index (kg/m?) 21.9 (19.9-24.6) 23 (20.4-25.2) 0.11
Presence of comorbid disease (%) 19.7 17.7 0.72
Previous history of anemia 21 (of 48, 43.8) 34 (of 109, 31.2) 0.12
Previous history of iron deficiency 29 (of 40, 72.5) 52 (of 86, 60.5) 0.18
Previous history of B12 deficiency 6 (of 36, 16.7) 22 (of 76, 28.9) 0.16
Previous history of folate deficiency 3 (of 26, 11.5) 7 (of 63, 11.1) 0.95

Data are presented as n (%) or median (interquartile range). Chi-square tests and Mann-Whitney U tests were used for statistical analysis.

two independent groups, whereas the Mann—Whitney
U test was used for non-parametric variables. Logistic
regression and exploratory machine learning methods
were used to explore multivariable associations between
anemia status and symptom patterns. These analyses
were intended to identify potential discriminatory trends
rather than to develop a formal predictive model. Statis-
tical significance was defined as p<0.05.

RESULTS

A total of 251 participants were included in the study,
consisting of 150 women and 101 men. The median age
was 22 (20-23) years, and the median BMI was 22.4
(20.3-25.1) kg/m>. Comorbid diseases were identified
in 46 participants (18.3%). In the anemic group, the
most common comorbidities were respiratory disorders
(n=5, 7.0%), endocrine disorders (n=5, 7.0%), central
nervous system disorders (n=2, 2.8%), rheumatologic
disorders (n=1, 1.4%), and hematologic disorders (n=1,
1.4%). In the non-anemic group, comorbidities included
respiratory (n=13, 7.2%), endocrine (n=4, 2.2%), car-
diovascular (n=2, 1.1%), central nervous system (n=2,
1.1%), rheumatologic (n=2, 1.1%), hematologic (n=2,
1.1%), gastrointestinal (n=2, 1.1%), and renal (n=1,
0.6%) disorders. Prior history of anemia or nutritional
deficiencies older than one year was retained in the anal-
ysis, as the exclusion criteria applied only to diagnoses
within the past year or to those under active treatment.
As such, 35% (n=55) of the 157 participants with pre-
vious complete blood counts had a history of anemia.
Among participants with available nutritional parame-
ters, 64.3% (n=81) of the 126 with iron studies had a

history of iron deficiency, 25.0% (n=28) of the 112 with
vitamin B12 levels had a deficiency, and 11.2% (n=10) of
the 89 with folate levels had a folate deficiency. A com-
parison of anemic and non-anemic participants regard-
ing demographic and clinical data is presented in Table
1. The overall prevalence of anemia was 28.3% (95% CI:
22.7%-33.9%), with a significantly higher rate among
women (35.3% vs. 17.8%, p=0.002, chi-square test). No
significant differences were observed in demographic or
clinical variables between the two groups.

Symptomatic Burden in Anemic Participants

Opverall, the anemic participants had a median of 18 (12—
24) symptoms, whereas the non-anemic participants had a
median of 19 (11-24) symptoms. The ten most frequently
observed symptoms among anemic participants were:
Fatigue (87.3%), malaise (85.9%), headache (78.9%), at-
tention deficit (78.9%), easy fatigability (71.8%), sleep
disturbances (70.4%), unhappiness (70.4%), nervous-
ness (70.4%), cold hands and feet (66.2%), and xerosis
(66.2%). The ten findings with the highest median scores
among anemic participants were: Fatigue 5 (3—7), malaise
4 (3-6), attention deficit 4 (2-6), sleep disturbances 4
(0-7), cold hands and feet 4 (0-7), headache 3 (1-6),
easy fatigability 3 (0-6), cold intolerance 3 (0—6), xerosis
3 (0-6), and nervousness 3 (0-5.5).

A Comparison of Symptoms of Anemic and
Non-Anemic Participants
The comparison of 44 symptoms between anemic and

non-anemic participants is presented in Figures 1 and 2.
When symptom clusters were evaluated, the most fre-
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33.9% NG Diarrhea P 25.3%
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27.3% NG Angina B 22.5%
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I Non-anemic 6.1% i = gl Anemic .
28% Koilonychia W4.2%

FIGURE 1. Symptom frequencies in anemic and non-anemic participants.

The figure illustrates the proportion (%) of participants reporting each symptom in the anemic and non-anemic groups. Symptoms are ranked by overall frequency
and displayed symmetrically to facilitate direct comparison. Blue bars denote non-anemic participants, whereas red bars denote anemic participants. The figure
demonstrates a substantial and overlapping symptom burden across groups, particularly for neuropsychiatric and non-specific complaints.

quently observed symptoms were non-specific, followed
by neuropsychiatric and dermatological symptoms. The
frequencies of symptom clusters in anemic and non-ane-
mic groups are provided in Table 2. No significant differ-
ences were observed in the symptoms between anemic
and non-anemic participants, either across clusters or in
individual symptom-based comparisons. In the evalua-
tion of symptom scores, the majority of symptoms did

not show significant differences between groups. neither
cluster assessments nor scoring comparisons revealed
any clinically or statistically significant differences be-
tween anemic and non-anemic participants. Neither
logistic regression analyses nor exploratory modeling
approaches demonstrated meaningful discriminatory
ability between participants with and without anemia
based on symptom presence or symptom scores.
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FIGURE 2. Distribution of median symptom scores in anemic and non-anemic participants.

The figure presents the median severity scores of self-reported symptoms, assessed using a 10-point Likert scale (0=not present, 10=very severe). Symptoms are
ranked by overall frequency and displayed symmetrically to allow visual comparison between groups. Blue bars represent non-anemic participants, and red bars
represent anemic participants. The figure highlights the considerable overlap in symptom severity across groups, particularly neuropsychiatric and non-specific

symptoms showing the highest median scores.

DISCUSSION

In this cross-sectional descriptive survey study, we aimed
to determine the prevalence of anemia in a relatively
young and healthy population. Additionally, we evalu-
ated the frequency and severity of symptoms associated
with anemia. We found that 28.3% of the participants
were affected by anemia. The prevalence in our popula-
tion was similar to previously reported rates, with ane-
mia affecting approximately 25.8% of adults in Tiirkiye
and 23.1% of the global population [12, 13]. Gender

was a significant factor in anemia prevalence; 35.3% of

women and 17.8% of men were anemic in our cohort,
which aligns with a large-scale analysis of population-

based hemoglobin data from 204 countries reporting
anemia prevalence of 30-35% in women and 12-15%
in men [14]. Beyond gender, no significant associations
were found between anemia and other demographic or
clinical parameters in our study. This outcome may be
attributed to the relatively homogeneous nature of our
sample in these aspects, as well as the limited sample size
and the predominantly young population, with a median
age of 22 years. In contrast, findings from a large popu-
lation-based study involving 7,607 individuals aged 10



Karakaya et al., Prevalence and symptomatology of anemia in young adults 191

TABLE 2. Distribution of symptom clusters by frequency in
anemic and non-anemic groups

Anemic Non-anemic p
(n=71) % (n=180) %
Non-specific 95.8 96.1 0.9
Neuropsychiatric 94.4 98.9 0.055
Dermatological 87.3 88.9 0.72
Cardiopulmonary 47.9 52.2 0.53
Musculoskeletal 62 64.4 0.71
Gastrointestinal 60.6 62.8 0.74

Data are presented as n (%). Chi-square tests were used in statistical analysis.

to 90 years indicated a marked increase in anemia preva-
lence with advancing age, especially among men [15]. The
absence of such patterns in our study seems to be a result
of the restricted population characteristics rather than a
true lack of association, highlighting the importance of
broader and more diverse samples in future research.

The symptoms of anemia can adversely affect individ-
uals’ daily lives and workforce productivity; moreover, the
long-term effects of anemia may impair overall health,
leading to increased morbidity and mortality [16, 17].
However, research specifically addressing the symptoma-
tology of anemia is limited. In this context, recognizing
anemic symptoms and implementing appropriate treat-
ment strategies are crucial for improving quality of life
and minimizing workforce loss. Symptoms associated
with anemia range from mild, nonspecific clinical man-
ifestations to significant symptoms that can significantly
affect daily activities. Although the data are limited, a
recent study identified weakness, fatigue, easy fatigabil-
ity, amnesia, feeling cold, alopecia, cold intolerance, sleep
problems, nervousness, and cold feet as the most com-
mon symptoms among patients with iron deficiency ane-
mia [9]. Similarly, among the 44 symptoms evaluated in
our study, the most frequent symptoms were headache,
malaise, easy fatigability, attention deficit, and fatigue
in individuals with anemia, falling into nonspecific and
neuropsychiatric symptom clusters.

The secondary aim of this study was to predict the
presence of anemia based on symptoms in this cohort.
However, as previous data show, the symptoms and symp-
tom clusters observed in anemic patients are not specific,
and considerably variable and heterogeneous. Our study
found no significant variation in diversity, severity, or

combinations of symptoms, whether assessed by presence
or severity. Two major previous studies aiming to define
anemia-related symptoms reported similar results. In a
cross-sectional analysis from a population-based cohort,
Weckmann et al. [18] found that four common anemia
symptoms (fatigue, lack of energy, lack of concentration,
and dyspnea) had limited specificity, with an 8% positive
predictive value for diagnosing anemia. Only the lack of
energy showed a significant association with anemia in
a multivariate model. Factors such as polypharmacy, de-
pression and/or anxiety, insomnia, female gender, and co-
morbidities further increased symptom burden. In their
study comparing symptomatic differences between pa-
tients with iron deficiency anemia (IDA) and those with
non-anemic iron deficiency (NAID), Ozbilen et al. [9]
found that many nonspecific symptoms observed in IDA
were also reported at similar rates in individuals with
NAID, hypothesizing that the presence of anemia itself
is not required for such symptoms to occur [9]. Consid-
ered alongside previous literature, these findings support
the hypothesis that the symptomatology of anemia may
be driven by the underlying pathophysiological processes
or associated comorbidities rather than by anemia itself.
Despite the absence of iron status markers other than
hemoglobin in this study, NAID might help explain
the significant and overlapping symptom burden among
groups. Although our study included a younger cohort of
participants with a lower comorbidity burden, the results
aligned with those of earlier studies. Multiple undetlying
factors in a patient’s pathophysiology often overlap with
anemia symptoms, which may reflect not only the disor-
der itself but also signs of underlying causes, such as nu-
tritional deficiencies that lead to anemia.

This study found unexpectedly high symptom loads
among both anemic and non-anemic subjects. Surpris-
ingly, both groups exhibited similar and a high symptom
burden for a young, healthy population. Several factors
may account for this finding. The comprehensive symp-
tom questionnaire may have led to greater symptom re-
porting by identifying subclinical or transient complaints.
Second, self-reported surveys are vulnerable to recall bias
and symptom overreporting. In addition, medical stu-
dents often experience high academic stress, sleep abnor-
malities, and mental strain, all of which may contribute
to non-specific symptoms and symptom misattribution.
These contextual influences may have obscured anemia-
specific symptom patterns and represent critical environ-
mental considerations [19, 20]. The high prevalence of
nonspecific and neurocognitive symptoms in our group
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reflects patterns observed in previous population-based
studies, where these symptoms exhibited low specificity
for anemia diagnosis despite their substantial incidence
(18]. Further studies should seek to validate symptom-
based questionnaires across various age demographics
and populations, while also integrating iron status indica-
tors beyond hemoglobin levels. Expanding this method-
ology to include a broader cohort of young people and
non-medical students may elucidate the associations
among iron deficiency, anemia, and symptomatology.

The findings of this study should be viewed in light of
some limitations. First, instead of a laboratory-based con-
firmatory approach, a capillary hemoglobin device was
used. However, the device was clinically validated and ap-
proved, ensuring acceptable reliability. A further limitation
is that concurrent iron status and nutritional markers (such
as ferritin, transferrin saturation, vitamin B12, and folate)
were not systematically measured at the time of hemoglo-
bin testing. This may have limited the ability to differen-
tiate anemia-related symptoms from those attributable to
NAID or other nutritional deficiencies. Another limitation
is that the study was conducted on a young and relatively
healthy sample, which may limit the applicability of the
findings to more diverse populations. Nevertheless, this
was mitigated by the use of randomized sampling, enhanc-
ing representativeness. The study population consisted of
medical students, which may limit generalizability. Higher
health literacy and academic stress may influence symptom
perception and reporting, possibly leading to symptom
misattribution. Moreover, the high baseline prevalence of
stress-related symptoms, sleep irregularities, and lifestyle
factors in this group may have reduced observable differ-
ences in symptom frequency between groups. Additionally,
although data collection was thorough, the study benefited
from a systematic approach and detailed assessments, en-
compassing demographics, clinical history, a comprehensive
symptom questionnaire, and hematologic measurements.
The absence of additional calibration or external quality
control procedures may represent a potential source of
measurement variability. Finally, the observed prevalence of
anemia closely aligned with national and global statistics,

further supporting the external validity of the findings.

Conclusion

In this cross-sectional survey of a relatively young and
healthy population, anemia was found to affect more than
one-quarter of participants, with prevalence patterns
consistent with both national and global estimates. Gen-

der emerged as a significant determinant, with women
disproportionately affected, while other demographic
and clinical factors showed no clear associations—likely
reflecting the homogeneity and age distribution of the
cohort. Although anemia-related symptoms were fre-
quently reported, they were largely nonspecific and het-
erogeneous, limiting their diagnostic value. These find-
ings reinforce the notion that anemia symptomatology
may be influenced by underlying pathophysiological

mechanisms and comorbidities rather than anemia alone.
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ABSTRACT

OBJECTIVE: Total hip arthroplasty (THA) is one of the orthopaedic surgeries performed today that yields satisfactory results.
The surgeon volume has an important effect on the success of THA and we predict that surgeon-related variables can be

brought to the most optimal level with experience.

METHODS: Patients who underwent primary THA surgery between 2015 and 2024 and had at least 1 year of follow-up
were included in the study. High volume (HV) in surgeons who performed at least 20 primary THA operations in at least 3
consecutive years. Surgeons with 5 years or more of experience in orthopedics and traumatology were defined as low volume
(LV). Acetabular inclination angle, limb length discrepancy, femoral stem malalignment, and hip rotation center conformity
according to the Ranawat triangle method were determined from postoperative radiographs.

RESULTS: In the study investigating the relationship between primary THA and surgeon volume, a significant relationship
was found between surgical time, hospital stay, dislocation, blood loss, leg length discrepancy and hip rotation center accord-
ing to Ranawat triangle as surgeon experience increased. No significant relationship was found between the groups in terms
of revision surgery, acetabular inclination angle, femoral stem malalignment and periprosthetic infection.

CONCLUSION: As in every field, there is a linear relationship between increasing experience in a surgery or disease group
and successful results in orthopedics and traumatology. Complication rates may decrease with the increase in HV surgeons in
every field. For this reason; increasing the experience of surgeons in a certain field in orthopedics and traumatology will help

them follow new developments in this field.

Keywords: Complication; Ranawat triangle; surgeon volume; total hip arthroplasty.
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otal hip arthroplasty (THA) is one of the orthope-

dic surgeries performed today that yields satisfac-
tory results. THA is a surgical procedure performed for
various disorders of the hip joint in a wide range of age
groups. More than 90% of patients who undergo THA
report successful pain relief [1]. More than 300,000
THAs are performed each year in the United States [2].
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Some factors have been defined in the literature to
minimize hospitalization, reduce complication rates
and maximize patient satisfaction for such a frequently
performed surgery in the USA and the world. These
may be patient-related variables such as age, etiology,
comorbid diseases, high BMI, ASA score, neuropsy-
chiatric disorders, while there are also implant and sur-
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geon-related factors [3—8]. Implant-related variables
include the location of the femoral stem, cemented ac-
etabular or femoral stem, and the material type of the
femoral head [9]. Surgeon-related variables include im-
plant placement; acetabular inversion angle, hip rota-
tion center according to Ranawat triangle, femoral stem
malalignment, limb lenght discrepancy, surgery time
and blood loss during surgery. The effect of providing
the most optimal condition among the mentioned fac-
tors on increasing the success of THA has been stated
in the literature,

We also think that surgeon experience has an im-
portant effect on the success of THA and we predict
that surgeon-related variables can be brought to the
optimal level with experience. Therefore, we designed a
study comparing surgeons experienced in arthroplasty
with surgeons who perform this operation at a lower
level in terms of implant placement (acetabular inver-
sion angle, hip rotation center according to Ranawat
triangle, femoral stem malalignment, shortness between
both lower extremities), surgery time, and blood loss
during surgery. This study aims to add to the literature
the effect of increasing case density on surgical success
through sub-specialization in surgeries in the field of
orthopedics and traumatology.

MATERIALS AND METHODS

Patients who underwent primary THA surgery in our
clinic between 2015 and 2024 and had at least 1 year
of follow-up were included in the study. Patients were
retrospectively screened from the hospital system. Pa-
tients’ age, gender, ASA score, comorbid diseases, eti-
ologies, surgery duration, hospital stay, dislocation
history within 1 year postoperatively, infection his-
tory within 1 year postoperatively, and revision his-
tory within 1 year postoperatively were documented.
Measurements were made and noted according to the
degree of acetabular inclination angle, limb length dis-
crepancy, femoral stem malalignment and hip rotation
center according to Ranawat triangle method from
postoperative radiographs.

During this period, 1078 patients underwent primary
THA surgery in our clinic. Of these, 32 had less than 1
year of follow-up, 124 were operated on for developmen-
tal hip dysplasia, and 67 were excluded from the study
because they did not have a pelvic AP radiograph taken
at appropriate standards in the system. A total of 855
patients were included in the study (Fig. 1).

Highlight key points

e Surgeon experience significantly affects perioperative out-
comes in primary total hip arthroplasty (THA).

e High-volume surgeons had shorter surgical times, reduced
blood loss, and shorter hospital stays compared to low-vol-
ume surgeons.

e The incidence of dislocation and limb length discrepancy
was significantly lower in patients operated on by high-vol-
ume surgeons.

¢ No significant differences were found between groups in
acetabular inclination, femoral stem alignment, or peripros-
thetic infection rates.

o Increasing arthroplasty experience contributes to improved
surgical precision, fewer complications, and enhanced pa-
tient satisfaction.

1078 primer THA operated patients

A4

A4

124 855 67 32
DDH patients inappropriate <1 year
patients included X-ray follow-up

283 operated
by HV surgeon

572 operated
by LV surgeon

FIGURE 1. Flow chart of sample size.

Patient Exclusion Criteria

Patients with less than 1 year of follow-up, patients
whose primary surgery was performed in another cen-
ter, patients who underwent robotic THA, patients who
underwent surgery for developmental hip dysplasia, pa-
tients who underwent shortening and revision surgery,
patients whose information could not be accessed from
the system, and patients whose postoperative and pre-
operative radiographs were not taken in accordance with
radiographic standards were excluded from the study.

Surgeon Volume

Our clinic is a clinic where primary THA operations
are performed extensively and the 10-year average is
85.5. In the literature, studies comparing surgeon ex-
perience generally compare annual case densities and
there is no consensus on the definition of high-volume
surgeon. Kreder et al. [10] determined surgical experi-
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ence as 10 cases/year in their 1997 study, and Ravi [11]
determined it as 30 cases/year in his 2014 study. In our
study, we defined high volume (HV) in surgeons who
performed at least 20 primary THA operations in at
least 3 consecutive years.

It should be emphasized that the definitions of HV
and LV surgeons used in this study are study-specific
and were determined based on the surgical workflow
and case distribution of our institution. Although these
thresholds differ from some previously published vol-
ume-based classifications, they were designed to reflect
meaningful differences in operative exposure and special-
ization within our clinical setting.

Twenty-nine surgeons who worked in our clinic be-
tween 2015 and 2024 and met the inclusion criteria were
included in our study. Two of them were high-volume
arthroplasty surgeons, while 27 of them had more than 5
years of experience in orthopedics and traumatology and

had low THA intensity.

X-ray Evaluation

The acetabular inclination angle is the angle formed by
drawing a tangent line from the ischial tuberosities on
a standard pelvic anteroposterior (AP) radiograph and
drawing it from the widest distal surface of the acetabu-
lar cup. The optimal value is between 35° and 55° [12].
In our study, acetabular inclination angle values outside
these values were defined as“inappropriate acetabular in-
clination angle”

The limb length discrepancy can be measured from
the orthoroentgenogram or from the pelvic AP radio-
graph. A tangent line is drawn to the ischial tuberosi-
ties. The vertical distance of this line to the trochanter
minors of both lower extremities is examined. It has
been shown in the literature that lengths greater than
10 mm can cause dislocation, and in our study, inequal-
ities greater than 10 mm were defined as “height differ-
ence present” [13].

Femoral stem malalignment is assessed by the fem-
oral stem not being placed parallel to the anatomical
axis of the femur on the pelvis AP radiograph. Place-
ment in varus or valgus may disrupt the load distribu-
tion balance and cause early loosening/implant failure.
Although recent publications indicate that there is no
significant difference in terms of mechanical complica-
tions in 10-year follow-ups, the view that the femoral
stem should be in a neutral position for a successful

THA is still current [14].

FIGURE 2. Ranawat triangle and center of hip rotation.

The Ranawat triangle is an isosceles right triangle
formed by the intersection of the Shenton Menart line
and the line perpendicular to the ground axis passing 5
mm lateral to the Kohler line on the AP radiograph of
the pelvis and extending proximally to 20% of the AP
length of the pelvis. The midpoint of the hypotenuse of
this right triangle defines the hip rotation center [15].
(Fig. 2) In the literature, it has been shown that in cases
where the distance of the hip rotation center to the mid-
point of the hypotenuse of the Ranawat triangle is less
than 5 mm, the generalized offset is more optimal and is
associated with successful results [16]. In our study, the
distance of the hip rotation center to the midpoint of the
hypotenuse of the Ranawat triangle is less than 5 mm
and was defined as the “appropriate rotation center”.

Ethics committee approval was received from the
Umraniye Training and Research Hospital Ethics Com-
mittee with document number 63. The study was con-
ducted in accordance with the principles of the Declara-
tion of Helsinki.
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Statistical Analysis

Independent sample t-test or Mann-Whitney U test
was used to compare numerical parameters between two
groups according to their distributions (Shapiro Wilk
W test and F-test). Chi-square test was used to compare
categorical parameters between two groups. The signifi-
cance level for all tests was determined as p<0.05. Statis-
tical analysis was performed using SPSS Statistics 29.0
(Armonk, New York: IBM Corp.).

RESULTS

Of the 855 patients included in the study, 323 were male
and 532 were female. 143 (16.7%) of the patients under-
went THA surgery due to trauma. The mean age was
59.2. 160 (18.7%) of the patients were diagnosed with
diabetes mellitus, and 334 (39%) had hypertension (Ta-
ble 1). The number of patients with a history of revision
was 41 (4.7%), the number of patients with a history of
dislocation was 23 (2.6%), and the number of patients
with a history of infection was 21 (2.4%). The mean hos-
pital stay was 4.1 days, the mean postoperative hemo-
gram decrease was 1.58, erythrocyte suspension (ES) re-
placement was 113 (13.2%), and the mean surgical time
was 118.1 minutes. The number of patients with short-
ening more than 10 mm was 269 (31.4%), the number
of patients with inclination degree between 35°-55° was
673 (78.7%), the number of patients with femoral stem
malalignment was 15 (1.7%), and the number of patients
with appropriate rotation center according to Ranawat
triangle method was 666 (77.8%).

While 283 (33%) of the patients in the study were op-
erated by HV surgeons, 572 (66.9%) were operated by
LV surgeons. HV surgeons had 1 dislocation history and
LV surgeons had 22 dislocations. The p value was seen as
<0.05, and it was statistically shown that the HV group
had less dislocation history in terms of dislocation history
between the two groups. The mean surgical time of HV
surgeons was seen as 99.8 min, and the mean surgical time
of LV surgeons was seen as 127.1 min. The p value was
seen as <0.05, and it was statistically shown that the HV
group had a shorter mean surgical time between the two
groups. The mean hospital stay of patients of HV sur-
geons was seen as 3.8 days, and the mean hospital stay of
patients of LV surgeons was seen as 4.3 days. The p value
was seen as <0.05, and it was proven that the HV group
had a shorter hospital stay between the two groups. The
mean blood loss of patients of HV surgeons was 1.27 mg/
dL, while the mean blood loss of patients of LV surgeons

TABLE 1. Demographics of patients

n %
Gender
Woman 532 62.2
Men 323 37.8
Trauma history 143 16.7
DM 160 18.7
HT 334 39

DM: Diabetes mellitus; HT: Hypertension; n: Sample size.

was 1.74 mg/dL. The p value was seen as <0.05, and it was
documented that the HV group caused less blood loss in
terms of postoperative blood loss between the two groups.
When the number of patients who underwent postoper-
ative ES replacement was examined, ES replacement was
performed in 21 patients of HV surgeons and 92 patients
of LV surgeons. The hypothesis that HV group surgeons
needed less ES replacement was found to be statistically
significant with a p value of <0.05.

When HV and LV were compared in terms of the
appropriate hip rotation center according to Ranawat
triangle, it was seen outside 23 out of 260 patients of
HYV surgeons and outside 166 out of 406 patients of LV
surgeons. The hypothesis that the hip rotation center
of the HV group was located appropriate according to
Ranawat triangle in more cases was found to be statisti-
cally significant as the p value was seen as <0.05.

Nine patients of HV surgeons and 32 patients of LV
surgeons required revision. The p value was seen as >0.05
and no statistically significant difference was found be-
tween the two groups. 8 patients of HV surgeons and 13
patients of LV surgeons developed a history of infection
within 1 year postoperatively. The p value was seen as
>0.05 and no statistically significant difference was found
between the two groups in terms of infection development.

Femoral stem malalignment was seen in 3 cases in the
HYV group and 12 cases in the LV group. The p value
was seen as >0.05 and no statistically significant differ-
ence was found between the two groups. The number of
cases with acetabular inclination angle between 35°-55°
was seen as 231 in the HV group and 442 in the LV
group. The p value was seen as >0.05 and no statistically
significant difference was found between the two groups
in terms of acetabular inclination angle (Table 2).
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TRABLE 2. Statistical analysis of groups in terms of parameters

High volume Low volume Total p

Acetabular inclination angle 0.143

Between 35°-55° 231 442 473

<34° and >56° 52 130 182
Dislocation (n) 1 22 23 <0.05
ES replacement (n) 21 92 113 <0.05
Femoral stem malalignment (n) 3 12 15 0.277
Infection (n) 8 13 21 0.622
Mean blood loss (mg/dL) 1.27 1.74 1.58 <0.05
Mean hospital stay (day) 3.8 4.3 4.1 <0.05
Mean surgery time (min) 99.8 127.1 118.1 <0.05
Ranawat triangle <0.05

Inside 260 406 666

Outside 23 166 189
Revision surgery 9 32 41 0.120
>10 mm limb length discrepancy (n) 26 243 269 <0.05

dL: Deciliter; Min: Minute; mg: Milligram; mm: Millimeter; n: Sample size.

DISCUSSION

In the study investigating the relationship between pri-
mary THA and surgeon volume, a significant relation-
ship was found between surgical time, hospital stay,
dislocation history, postoperative blood loss, leg length
discrepancy and the hip rotation center being appropri-
ate according to Ranawat triangle method as surgeon ex-
perience increased.

HYV surgeons are more rapid and competent in man-
aging postoperative complications, thus reducing the
length of hospital stay for patients. Ong et al. [17] re-
ported that LV surgeons had significantly higher peri-
operative surgical times than HV surgeons. Our study
also found that operative time decreased significantly as
surgical volume increased, consistent with the literature.
Increased operative time has been shown in the literature
to increase complication rates, and HV surgeons are also
predicted to have lower complication rates [18].

Bozic et al. [19] showed in their study that as surgeon
volume increases, the length of hospital stay and hospital
costs decrease. In our study, the average length of hospi-
tal stay was 4.3 days in the LV group and 3.8 days in the
HYV group, and a statistically significant difference was
seen in favor of HV.

Siddiqi et al. [20] scanned patients who underwent
primary THA between 2012 and 2017 from the Amer-
ican Joint Replacement Registry archive and showed
that HV surgeons and hospitals had significantly lower
dislocation rates in terms of dislocation history. In our
study, the dislocation rate of HV surgeons was found to
be lower than that of LV surgeons, and significant results
were obtained with the literature.

Lindman et al. [21] reported that patients who un-
derwent THA and total knee arthroplasty by an HV
surgeon required a very low rate of transfusion thanks
to perioperative modifications. HV surgeons are aware
of the estimated bleeding foci in the perioperative phase
and can significantly reduce blood loss by cauterizing
these foci in advance. In our study, consistent with the
literature, blood loss of HV surgeons was found to be
statistically significantly lower.

Zampogna et al. [22], in their study, retrospectively
examined 800 patients and examined limb length discrep-
ancy in 3 groups as 3 mm, 5 mm and 10 mm. In the major-
ity of patients, the inequality was found to be less than 10
mm with preoperative planning, emphasizing the impor-
tance of surgical planning, It is assumed that HV surgeons
are more experienced than the LV group in preoperative
planning. In line with the literature, in our study, the limb
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length discrepancy rate of HV surgeons was found to be
significantly lower than that of LV surgeons. Since there
is no publication in the literature comparing surgeon ex-
perience with limb length discrepancy, we believe that our
study will contribute to the literature in this respect.

Ranawat triangle is a measurement technique used
to show the location of the femoral head rotation center
and is generally used in the literature to adjust the femo-
ral offset in THA cases performed due to developmental
hip dysplasia. Chen et al. [23] used Ranawat triangle to
determine the acetabular component placement location
in patients to whom they applied allograft in their study
on THA with severe acetabular defects. They conclud-
ed that the use of allograft had a positive effect on limb
length discrepancy but did not contribute significantly to
the functional Harris score. Fujii et al. [16] found a low
correlation between the anatomical hip rotation center
and Ranawat triangle method in Japanese people in their
study on 123 hips without arthrosis. We believe that our
study will bring a new breath to the literature on this
subject, as there is no example in the literature compar-
ing surgeon volume with Ranawat triangle. In addition,
the integration of the Ranawat triangle as a surgeon vol-
ume—related radiographic outcome parameter may offer
a novel perspective for future studies evaluating technical
accuracy in primary total hip arthroplasty.

In our study, no significant relationship was found be-
tween the groups in terms of revision surgery, acetabular
inclination angle, femoral stem malalignment and peri-
prosthetic infection.

The literature has reported an inverse relationship
between increased surgeon volume and THA compli-
cations. However, most studies have shown this rela-
tionship at early to mid-term follow-up up to four years
postoperatively. However, two studies have not shown
the same relationship at 5 and 8 years follow-up [10,
24]. Another study found that LV surgeons had a higher
complication rate in the first 18 months postoperatively
than in the 12 year postoperatively [25]. In our study,
surgeons were compared in terms of revision surgeries
when patients had at least 1 year of follow-up and the
follow-up ranged from 1 to 10 years. Nine patients in the
HYV group and 32 in the LV group required revision sur-
gery. No statistically significant difference was observed
between the two groups, and these results are not consis-
tent with the literature. The low number of patients re-
quiring revision in our study and the variety of follow-up
periods were thought to be the reasons for this situation.

In addition, the heterogeneity of the follow-up duration,
ranging from 1 to 10 years, may have influenced the ob-
served revision rates. Since revision surgery risk increases
over time, shorter follow-up periods may underestimate
late revisions, potentially attenuating differences between
high- and low-volume surgeons. Therefore, these results
should be interpreted with caution, particularly regard-
ing long-term revision outcomes.

It is shown in the literature that there is a significant
relationship between the acetabular inclination angle and
dislocation rates and that the optimal acetabular inclina-
tion angle is between 35°-55° [12]. Suhardi et al. [26]
conducted a study showing the relationship between
surgical experience and acetabular cup position with pa-
tients who underwent computer-assisted and free-hand
techniques. No significant difference was found between
computer-assisted and free-hand techniques, and a sig-
nificant relationship was found between the duration of
surgical experience and the acetabular cup position. In
our study, the groups were examined in two groups as
those with and without acetabular inclination angle be-
tween 35°-55°. No statistically significant relationship
was found between the HV and LV groups, and the re-
sults we found were not consistent with the literature.
Suhardi et al. [26] evaluated surgical experience accord-
ing to the years of education between fellow and ortho-
pedics and traumatology resident students in their study.
However, in our study, we included physicians who com-
pleted their residency training and had at least 5 years of
orthopedics and traumatology expertise in our study. We
assume that the reason for this discrepancy is due to the
methodological differences in terms of surgeon experi-
ence between the two studies.

Romanowski et al. [27] compared surgical experi-
ence and femoral stem position in hip arthroplasty cas-
es performed using computer-aided navigation systems.
No significant relationship was found between surgical
experience and femoral stem malalignment, and they
stated that computer-aided navigation systems reduced
femoral stem malalignment. In our study, no statistically
significant difference was found between the HV and LV
groups in terms of femoral stem malalignment. It may
be considered that femoral stem malalignment should
decrease with increasing surgical experience. However;
in our study, the number of patients with femoral stem
malalignment in both groups was very small, 3 in the
HYV group and 12 in the LV group, and we predict that
the difference is not statistically significant. New studies
with a larger sample size are needed on this subject.
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Wier et al. [28] compared HV hospitals with LV hos-
pitals in their multicenter study conducted on 605,254
patients who underwent total joint arthroplasty between
2015 and 2021. They showed that the periprosthetic infec-
tion rates were lower in HV hospitals. In the same study,
the periprosthetic infection rates of LV surgeons in the two
groups of hospitals were compared and the infection rate
of LV surgeons in the HV hospital was found to be lower
than that of LV surgeons in the LV hospital [28]. In our
study, no significant relationship was observed between
the infection rate of HV surgeons and the infection rate of
LV surgeons, and we assume that this difference is due to
the preoperative, peroperative and postoperative treatment
protocols of HV hospitals. Our study is single-center and
sheds light on the literature in terms of showing the infec-
tion rates of HV and LV surgeons in the same center.

This study has some limitations due to its retrospective
nature. Firstly, the fact that the cases were single-centered
is a weakness of the study. The unequal number of HV
surgeons and LV surgeons causes imbalance in the groups.

Conclusion

As in every field, there is a linear relationship between in-
creasing experience in a surgery or disease group and suc-
cessful results in orthopedics and traumatology. Complica-
tion rates may decrease with the increase in HV surgeons
in every field. For this reason, increasing the experience of
surgeons in a certain field in orthopedics and traumatolo-
gy will help them follow new developments in this field. It
will also help increase surgical success and patient satisfac-
tion. Since retrospective studies have certain limitations,
prospective studies are needed to investigate the effect of
surgeon volume on complications in THA cases.
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ABSTRACT

OBJECTIVE: Body mass index (BMI) is a well-established prognostic factor in many cancer types. While BMI has been para-
doxically associated with improved outcomes under immune checkpoint inhibitors (ICIs), its role in toxicity risk remains underex-
plored. This study examines the relationship between BMI and both progression-free survival (PFS) and immune-related adverse
events (irAEs) in patients with advanced non-small cell lung cancer (NSCLC) receiving second-line treatment with nivolumab.

METHODS: This retrospective study examined 305 patients with histologically confirmed stage IV NSCLC who experi-
enced progression after platinum-based chemotherapy. Patients were grouped based on whether their BMI was above or
below the median value of 24.8 kg/m2. PFS was assessed using Kaplan-Meier analysis. Frequencies of endocrine, hema-
tologic, gastrointestinal, hepatic, and pulmonary toxicities were compared between BMI groups. Statistical significance
was set at p<0.05.

RESULTS: No statistically significant difference in PFS was observed between BMI groups (<24.8: 7.53 months vs. >24.8:
8.30 months, p>0.05). Endocrine irAEs, however, occurred more frequently in patients with a higher BMI (p=0.034). No
significant associations were found between BMI and hematologic (p=0.637), hepatic, gastrointestinal, or pulmonary irAEs.
BMI was not predictive of PFS but was associated with endocrine toxicity.

CONCLUSION: These findings suggest that BMI may serve as a simple indicator for toxicity risk stratification in immuno-
therapy settings.
Keywords: Body mass index (BMI); immune-related adverse events (irAEs); nivolumab.
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Non—small cell lung cancer (NSCLC) accounts for
approximately 85% of all lung cancer cases and
continues to be the leading cause of cancer-related deaths
worldwide [1]. Despite advances in diagnostic and thera-

peutic strategies, most patients present with disease at an
advanced stage, resulting in a poor prognosis and limited
long-term survival. The advent of immune checkpoint
inhibitors (ICIs), especially those targeting the PD-1/
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PD-L1 axis, has revolutionized the treatment of ad-
vanced NSCLC, providing better survival rates for spe-
cific populations [2, 3]. Nivolumab, a fully human IgG4
monoclonal antibody targeting PD-1, has demonstrated
significant clinical benefits in second-line settings follow-
ing platinum-based chemotherapy failure [4-6].

Despite the benefits of ICIs, response rates are het-
erogeneous, and predictive biomarkers remain subopti-
mal. Traditional markers, including PD-L1 expression,
tumor mutational burden (TMB), and microsatellite
instability (MSI), have demonstrated potential but are
inconsistent and not universally applicable 7, 8]. Conse-
quently, interest has grown in easily measurable host-re-

lated biomarkers, such as body mass index (BMI) [4, 8].

BMI is widely accessible and cost-effective, reflecting
a patient’s nutritional and metabolic status. Paradoxi-
cally, several studies have reported improved outcomes
in overweight or obese cancer patients undergoing im-
munotherapy, a phenomenon termed the “obesity para-
dox” [9-11]. Potential mechanisms include adipose tis-
sue-mediated modulation of immune function, altered
cytokine profiles, and differential pharmacokinetics of
therapeutic antibodies. Furthermore, obesity-related in-
flammation may enhance immune activation but can also
predispose individuals to immune-related adverse events
(irAEs), particularly endocrinopathies such as thyroidi-
tis and hypophysitis [12, 13].

Given these conflicting implications, this study aimed
to investigate the role of BMI in predicting treatment ef-
fectiveness and toxicity in a real-world group of patients
with advanced NSCLC receiving second-line nivolumab.

MATERIALS AND METHODS

This retrospective cohort study was carried out at Kartal
Dr. Lutfi Kirdar City Hospital in Istanbul, Turkiye. It in-
cluded 305 consecutive patients with stage IV NSCLC
who received nivolumab as second-line treatment from
January 2017 to December 2023. All patients had his-
tologically confirmed NSCLC and experienced progres-
sion following prior platinum-based chemotherapy.

Demographic and clinical variables, including age,
sex, smoking status, Eastern Cooperative Oncology
Group (ECOGQG) performance status, tumor histology,

and metastasis status, were collected.

BMI was calculated from baseline measurements
taken before nivolumab treatment by dividing weight
in kilograms by the square of height in meters. Patients

Highlight key points

e Efficacy & Progression-Free Survival (PFS): There was no
significant difference in progression-free survival (PFS) be-
tween patients with BMI <24.8 kg/m2 and those with BMI
>24.8 kg/m2, with median PFS being 7.53 months and 8.30
months, respectively.

o Safety Profile & Immune-Related Adverse Events (irAEs):
Immune-related adverse events occurred in 5.9% of pa-
tients overall. Notably, endocrine irAEs (e.g., thyroid dys-
function) were significantly more common in the higher-BMI
group (8.5% vs 2.0%).

e Clinical Implication: While BMI does not affect PFS with
nivolumab, it can help identify patients at higher risk for
endocrine-related toxicities, suggesting the need for closer
endocrine monitoring during ICI therapy.

were stratified into two groups based on the cohort’s me-
dian BMI (24.8 kg/m?) to ensure balanced group sizes
and improve internal statistical power. Although the
World Health Organization (WHO) BMI classification
is widely used in clinical practice, the distribution in our
cohort did not permit robust subgrouping across stan-
dard categories (e.g., underweight, overweight, obese), as
this would have led to considerable imbalance and un-
derpowered comparisons.

Due to data unavailability, PD-L1 expression levels
were not included in the analysis, a limitation noted in
the discussion. Nivolumab was administered as a sec-
ond-line treatment during a period when its use was not
contingent on PD-L1 status. Therefore, PD-L1 testing
was not routinely performed for all patients, and these
data were not uniformly available in the medical records.
Also, data on organ-specific metastatic involvement (e.g.,
liver, brain, bone) and M substage classification (M1a,
M1b, M1c) were retrospectively reviewed from available
medical records. However, due to inconsistent documen-
tation and incomplete radiologic staging details across
the study period, these variables were not uniformly
available for all patients and were therefore excluded
from the final statistical analysis.

irAEs were identified retrospectively by reviewing
electronic medical records, oncology progress notes, lab-
oratory results, and endocrinology consultations. Only
clinically significant irAEs (Grade >2) or those requiring
therapeutic intervention (e.g,, corticosteroids, endocrinol-
ogy referral, or treatment delay/discontinuation) were in-
cluded in the analysis. Because this was a retrospective
chart review, low-grade (Grade 1) irAEs may have been
underreported or inconsistently documented.
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Endocrine irAEs were identified based on docu-
mented clinical diagnoses, laboratory abnormalities
(e.g., TSH, free T4, cortisol), and endocrinology con-
sultations. Events were categorized using CTCAE
v5.0 criteria when sufficient documentation was avail-
able. However, due to the retrospective design, com-
plete grading and temporal data (e.g., time to onset, re-
versibility) were not uniformly documented and were
therefore not analyzed in detail.

Progression-free survival (PES) refers to the period
from the initial dose of nivolumab until either disease
progression confirmed by radiology or death from
any cause. Response assessment is conducted using

RECIST vl1.1 criteria [14].

Adverse events were documented and categorized
following the Common Terminology Criteria for Ad-
verse Events (CTCAE) version 5.0 [15]. Toxicities
were grouped by system: endocrine (such as thyroidi-
tis, hypophysitis, diabetes mellitus), hematologic (in-
cluding anemia, leukopenia, thrombocytopenia), gas-
trointestinal (like colitis, diarrhea), hepatic (elevations
in serum transaminases and bilirubin), and pulmonary
(pneumonitis).

Cases with missing data on key variables were ex-
cluded from the relevant statistical analyses, and no
imputation was performed.

PFS was calculated using the Kaplan-Meier
method, and group differences were assessed with
the log-rank test. The correlation between BMI and
categorical toxicity events was analyzed using either
the chi-square or Fisher’s exact test. A p-value below
0.05 was regarded as statistically significant. To eval-
uate the independent association of BMI with PES,
a multivariable Cox proportional hazards regression
model was fit. Covariates included age, sex, ECOG
performance status, tumor histology, and BMI cate-
gory (<24.8 vs. >24.8 kg/m?). Hazard ratios (HRs)
with 95% confidence intervals (Cls) were reported.
The proportional hazards assumption was tested and

found to hold.

All analyses were performed using SPSS software
version 25.0 (IBM Corp., Armonk, NY).

This study was carried out in accordance with
the principles of the Declaration of Helsinki and re-
ceived approval from the Ethics/Institutional Re-
view Board of Kartal Luth Kirdar City Hospital
(approval date: April 30, 2025; approval number:
2025/010.99/15/10).

TABLE 1. Patient’s characteristics

Characteristic n (%)
Age
MeanxSD 63.0+8.6
Range 24-88
ECOG performance status
0 153 50.1
1 152 49.9
Sex
Female 47 15.4
Male 258 84.6
BMI Category
<24.8 152 49.9
>24.8 153 50.1
Histopatholgy
Adenocarcinoma 132 43.3
Squamous cell carcinoma 122 40.0
Large cell 2 0.7
Mixed type 42 13.7
Other 41 13.4

SD: Standard deviation; ECOG PS: Eastern Cooperative Oncology Group per-
formance status; BMI: Body mass index. “Mixed-type” histology refers to tu-
mors that demonstrate features of both adenocarcinoma and squamous cell
carcinoma, as documented in the original pathology reports.

RESULTS

The study encompassed 305 patients, with 84.6% being
male, and the average age recorded at 63.0+8.6 years
(ranging from 24 to 88). Adenocarcinoma emerged as
the most common histologic subtype at 43.3%, followed
by squamous cell carcinoma at 40.0%. Detailed data on
organ-specific metastatic distribution and M substage
were not consistently available in the medical records
and therefore could not be reliably analyzed across the
entire cohort. The median BMI was 24.8 kg/m? Among
the participants, 152 individuals had a BMI below 24.8
kg/m? whereas 153 individuals presented with a BMI of
24.8 kg/m? or higher (Table 1).

The median PES was 7.53 months (95% CI: 5.05—
10.01) for the group with a BMI below 24.8, and 8.30
months (95% CI: 6.03-10.56) for those with a BMI of
24.8 or higher. There was no statistically significant dif-
ference between the groups (p>0.05) (Fig. 1).
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FIGURE 1. Progression-free survival by BMI categories.

BMI: Body mass index.

The overall incidence of irAEs was 5.9%. Among
these, endocrine irAEs were significantly more prevalent
in the group with higher BMI (p=0.034). Specific en-
docrine events encompassed hypothyroidism, hyperthy-
roidism, and suspected hypophysitis. Hematologic toxi-
cities, such as anemia and neutropenia, were observed in
9.8% of patients, with no significant correlation to BMI
(p=0.637). Gastrointestinal toxicities were reported
in 4.3%, hepatic toxicities in 3.6%, and pneumonitis in
2.3%, with no statistically significant differences across
BMI categories (Table 2). Although no statistically sig-
nificant differences were observed between BMI groups
for hematologic (p=0.637), hepatic, gastrointestinal, or
pulmonary irAEs, the very low incidence of these events
limited our ability to conduct meaningful statistical com-
parisons. Therefore, the absence of significance should be
interpreted with caution given the limited power.

Among endocrine irAEs, most were Grade 2 accord-
ing to available documentation. The majority were man-
aged with hormone replacement therapy (levothyroxine,
hydrocortisone) and did not lead to permanent treat-
ment discontinuation. However, precise time-to-onset
and reversibility data were inconsistently recorded and
thus not analyzed. Suspected hypophysitis was defined
as a clinical diagnosis by the treating oncologist or en-
docrinologist in the presence of fatigue, hyponatremia,
hypotension, and low cortisol levels, with or without
confirmatory imaging.

In the multivariable Cox regression analysis (Table

3), BMI >24.8 kg/m® was not independently associated

TRBLE 2. Frequency of endocrine irAEs by BMI category

EndocrineEvent BMI <24.8 BMI >24.8 p
(n=152)% (n=153)%
Hypothyroidism 1.3 3.9 >0.05
Hyperthyroidism 0.7 2.6 >0.05
Suspected Hypophysitis 0.0 2.0 >0.05
Total Endocrineir AEs 2.0 8.5 0.034

BMI: Body mass index; irAEs: immune related advers events.

TABLE 3. Multivariable cox proportional hazards analysis for
progression-free survival

Variables HR 95% CI p

BMI >24.8 vs<24.8 0.91 0.72-1.14 0.39
Age (per year increase) 1.01 0.99-1.03 0.27
Male vs Female 1.12 0.83-1.51 0.47
ECOG 1 vs ECOG 0 1.45 1.10-1.91 0.008
Adenocarcinoma vs others 0.97 0.75-1.26 0.83

HR: Hazard ratio; CI: Confidence interval; BMI: Body mass index; ECOG: East-
ern Cooperative Oncology Group performance status. “BMI >24.8" refers to
patients with BMI equal to or above the cohort median; “others” in histology
includes squamous cell carcinoma, large cell carcinoma, mixed histology, and
other NSCLC subtypes.

with improved PFS compared with BMI <24.8 kg/m?
(HR:0.91; 95% CI: 0.72-1.14; p=0.39). ECOG perfor-
mance status 1 (vs. 0) was associated with inferior PES
(HR: 1.45; 95% CI: 1.10-1.91; p=0.008). Age, sex, and
histology were not significantly associated with PFS.

DISCUSSION

Our analysis revealed that while BMI was not signifi-
cantly associated with PFS in NSCLC patients receiving
nivolumab, those with higher BMI experienced more en-
docrine-related irAEs. This finding reinforces the emerg-
ing notion that obesity modulates immune responses

and toxicity profiles under ICI therapy [13, 16, 17].

The higher rate of endocrine irAEs observed in
patients with elevated BMI may reflect underly-
ing immunometabolic differences. Prior studies have
hypothesized that obesity-related chronic inflam-
mation—characterized by elevated leptin, IL-6, and
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TNF-0—can modulate immune activation and poten-
tially increase susceptibility to autoimmune phenomena,
including endocrine toxicities. Leptin, for instance, has
been shown to promote T-cell proliferation and pro-in-
flammatory cytokine production, which could plausibly
contribute to an increased risk of immune-related ad-
verse events. However, because our study did not directly
measure these biomarkers, these mechanistic interpreta-
tions remain speculative and should be interpreted with
caution [18, 19]. These changes may account for the
higher rate of endocrinopathies observed in our higher
BMI group (3, 20].

Despite theoretical benefits, our findings did not
demonstrate a significant PES advantage in patients with
higher BMI, which contrasts with other studies [4, 16]
that reported improved survival in overweight patients
with NSCLC and melanoma, respectively. These dis-
crepancies may stem from differences in patient popu-
lations, sample size, and the retrospective nature of most
data [21, 22]. Additionally, BMI may not adequately
capture relevant body composition details such as sar-

copenia and visceral adiposity, both of which are known
to affect ICI efficacy (23, 24].

In the multivariable Cox regression model, BMI was
not an independent predictor of progression-free survival
after adjusting for relevant clinical covariates, including
ECOG performance status, histology, age, and sex. Th-
ese findings further support the limited prognostic value
of BMI alone in the immunotherapy setting.

Real-world heterogeneity, comorbidities, and the lack
of PD-L1 data may also explain the observed absence of
a survival benefit. Our findings align with other reports
indicating no association between PFS and BMI-related

toxicity (22, 25, 26].

Importantly, our study emphasizes the necessity of
close endocrine monitoring in overweight and obese pa-
tients undergoing ICI therapy. Given the potential for
irreversible damage, early detection and intervention
are critical [16, 24]. The increase in endocrine irAEs in
higher BMI patients aligns with the idea that obesity
contributes to enhanced immunogenicity and autoim-
mune susceptibility via leptin-driven Th1l polarization
and elevated IL-6/TNF-a expression. Our findings
agree with prior research on the prognostic and toxi-
cological importance of BMI in patients with advanced
NSCLC who are receiving ICIs. Several studies de-
scribe the “obesity paradox,” where higher BMI is un-

expectedly linked to better survival rates among cancer

patients receiving ICIs. Conversely, elevated BMI has
also been linked to a higher rate of irAEs, especially en-
docrine toxicities like hypothyroidism and hypophysi-
tis. In our study, although no statistically significant
difference in PFS was observed across BMI groups,
patients with higher BMI had a significantly higher
rate of endocrine irAEs. This supports mechanistic re-
search indicating that obesity-related inflammation—
driven by increased leptin, IL-6, and TNF-a—creates
a proinflammatory immune environment that may im-
prove therapeutic effects but also increases susceptibil-
ity to autoimmune toxicities (11, 27, 28].

This study’s limitations are significant, including
its retrospective design, single~center environment,
and lack of inflammatory or metabolic biomarkers.
An important limitation of this study is the absence
of uniformly documented data on metastatic organ in-
volvement and M substage classification (M1a—M1c).
The extent and distribution of metastatic disease may
influence both survival outcomes and immune-related
toxicity risk, and could potentially act as confounding
factors. Due to the retrospective design and incomplete
staging documentation, these variables could not be
included in the statistical models. Future prospective
studies with detailed stratification of metastatic bur-
den are warranted to clarify the independent role of
BMI in this setting. Data on PD-L1 expression and
systemic inflammatory or metabolic biomarkers (e.g.,
CRP, IL-6, neutrophil-to-lymphocyte ratio) are lack-
ing. These parameters are known to influence both the
efficacy and toxicity of immune checkpoint inhibitors,
and their absence may confound observed associations
with BMI. For instance, obesity is associated with
chronic low-grade inflammation, which may overlap
with immune activation mechanisms triggered by ICIs.
Without adjustment for such biomarkers, it is difli-
cult to determine whether BMI directly impacts out-
comes or merely reflects underlying immunometabolic
states. Future prospective studies incorporating these
biomarkers are essential to better understand the
complex interactions between host factors and im-
munotherapy responses.

A key limitation of our study is the incomplete
characterization of endocrine irAEs. Because the data
were retrospective, detailed information on toxicity
grades, time to onset, reversibility, and long-term en-
docrine follow-up was often unavailable. Additionally,
the definition of “suspected hypophysitis” relied on
clinical judgment and laboratory findings rather than



Oksuz et al., BMI and outcomes in advanced NSCLC treated with nivolumab 207

uniform imaging confirmation. Future prospective
studies are needed to better define the spectrum and
clinical implications of endocrine toxicities in this con-
text. Another important limitation of this study is the
very low incidence of non-endocrine irAEs, including
hepatic, gastrointestinal, and pulmonary toxicities. As
aresult, our study lacked the statistical power to detect
associations between BMI and these toxicities. There-
fore, conclusions regarding the absence of a relation-
ship between BMI and non-endocrine irAEs should
be interpreted with caution, and further studies with
larger event numbers are warranted. The relatively low
overall incidence of irAEs (5.9%) in our cohort likely
reflects the retrospective nature of the study and the
selective inclusion of clinically significant or treatmen-
t-modifying toxicities. Mild irAEs (e.g., asymptomatic
thyroid dysfunction or low-grade rash) may not have
been consistently documented in medical records
and were therefore not captured in this analysis. This
limitation may have led to an underestimation of the
overall irAE frequency compared with prospective
clinical trials. To better elucidate the role of BMI in
immunotherapy, future prospective studies should
include thorough body composition analyses and im-
munophenotyping. These enhancements will help val-
idate BMI’s influence in this context.

Conclusions

Although BMI was not predictive of progression-free
survival, its significant association with endocrine irAEs
suggests its potential as a simple, cost-effective tool for
toxicity risk assessment in NSCLC patients receiving
ICI therapy. These findings require further validation in

prospective multicenter studies.
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Maternal serum serotonin, serotonin transporter,
and umbilical cord arterial serotonin levels in obese
vVersus non-obese pregnancies
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ABSTRACT

OBJECTIVE: Maternal obesity correlates with metabolic and inflammatory alterations that may affect biomarkers of the
serotonin system. Serotonin is also thought to influence the fetal neurobehavioral system. This research analyzed the levels
of maternal serum serotonin, maternal serum serotonin transporter (SERT), and umbilical cord arterial serotonin in obese

versus non-obese pregnant women.

METHODS: Maternal serum serotonin, maternal serum serotonin transporter (SERT), and umbilical cord arterial serotonin
levels were compared between obese and non-obese pregnant women. A total of pregnant women undergoing cesarean
delivery were included. The levels of serotonin and SERT in maternal serum and umbilical cord arterial blood were measured,
and statistical analyses were performed to compare the groups.

RESULTS: Maternal serum serotonin was higher in the obese group than in the non-obese group (440.34 [275.26-542.40]
ng/mL vs 237.00 [167.05-368.36] ng/mL; p=0.003). Umbilical cord arterial serotonin was higher in the obese group (188.17
[101.10-243.36] ng/mL vs 118.19 [64.32-189.71] ng/mL; p=0.019).No significant maternal serum SERT was observed.

CONCLUSION: Obese and non-obese pregnant women undergoing cesarean delivery showed differences in maternal and
umbilical cord arterial serotonin levels. No significant difference was observed in maternal serum SERT levels. These findings
suggest that maternal obesity affects serotonin biomarkers, which may have implications for fetal neurobehavioral development.

Keywords: Obesity; pregnant; serotonin; SERT.

Cite this article as: Rahman SA, Yusrawati. Maternal serum serotonin, serotonin transporter, and umbilical cord arterial serotonin levels in
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Maternal obesity is frequently observed in obstet-
ric practice worldwide, with a total prevalence
of 43.8% for overweight and obesity [1]. In Indone-
sia, 21.7% of pregnant women are classified as over-
weight, while 5.3% are classified as obese, underscor-
ing the necessity of evaluating the effects of obesity
during pregnancy [2].

Maternal obesity is linked to various negative preg-
nancy outcomes, Current evidence indicates that obesity
during pregnancy is often associated with alterations in
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placental function, including pathways related to inflam-
mation and oxidative stress, which may lead to subse-
quent maternal and fetal outcomes (3].

The serotonin (5-hydroxytryptamine, 5-HT) system
exists at the maternal—fetal interface and plays a signifi-
cant role in placental physiology and fetal development.
Experimental and translational studies demonstrate that
the placenta plays a role in fetal serotonin exposure, in-
cluding evidence of placental serotonin synthesis from
maternal tryptophan during early gestation [4]. In ad-
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dition, components that regulate serotonin homeostasis,
including serotonin transporters and metabolizing en-
zymes, have been identified in the human placenta. The
transporter-mediated handling of serotonin at term has
been suggested as a mechanism contributing to fetopla-
cental homeostasis (5, 6].

Serotonin is linked with risks related to fetal devel-
opment and the potential for psychiatric disorders in lat-
er life [7]. It has also been associated with mood-related
changes during both prenatal and postnatal periods, as
well as the rise of autism-related features [8]. The latest
research on this topic has assessed the placental expres-
sion of the serotonin transporter (SERT) and its asso-
ciation with overweight and obesity [9]. However, that
study lacks an assessment of serotonin levels in obese and
non-obese women. In our study, we utilized serotonin
levels as the primary outcome of our study, as they pro-
vide valuable insights into the actual values of serotonin
in both the mother and the fetus. Therefore, this study is
the first to evaluate maternal serum serotonin, maternal
serum SERT, and umbilical cord arterial serotonin levels.

MATERIALS AND METHODS

Study Design and Participants

This study was a cross-sectional analysis performed at
Hermina Hospital in Padang, Indonesia. Maternal blood
samples were obtained in the operating room before ce-
sarean delivery. Recruitment and subject assignment took
place from May to August 2025. This study was conduct-
ed in accordance with the Declaration of Helsinki.

We employed 80 pregnant women as subjects for this
research, determined through sample size calculation
using a two-sided test mean difference formula, with a
significance level of 0.05 and a power of 80%. The an-
ticipated difference in mean values and pooled standard
deviation was obtained from existing literature on sero-
tonin-system biomarkers in metabolic conditions, with
value between group is 54x10%/pL, with the assumption
that this difference would parallel that observed in ma-
ternal obesity [10]. The minimum sample size required
was 37 participants for each group.

Participants and Group Classification

Pregnant women scheduled for cesarean delivery at Her-
mina Hospital in Padang were recruited through consec-
utive sampling and enrolled in the operating room. Only
singleton term pregnancies, defined as those occurring

Highlight key points
e Elevated serotonin levels were observed in both maternal
and umbilical cord blood in obese pregnant women.

e Serotonin transporter levels were found to be lower, suggest-
ing a disruption in serotonin homeostasis in these women.

e This disruption in serotonin levels may have implications for
fetal development.

e The findings provide a basis for future research into the im-
pact of elevated serotonin levels on fetuses.

between 37 and 41 weeks of gestation, were included
in the study. Singleton status and fetal structural assess-
ment were determined through ultrasound examination.
Normal fetal growth is characterized by measurements
that do not fall below the 3" percentile based on ultra-
sound evaluations.

Participants were excluded based on the following cri-
teria: active smoking (more than 10 cigarettes per day),
presence of multiple congenital anomalies detected via
ultrasound, a history of severe immunological disorders
(such as systemic lupus erythematosus or antiphospho-
lipid syndrome), evidence or history of active infections
(including HIV, hepatitis, or syphilis) as indicated by
medical history and antenatal records, or a history of se-
vere psychiatric disorders necessitating antidepressant or
psychotropic medication. The history of psychiatric dis-
orders was evaluated through a brief interview and the
patients’ medical records.

Participants were categorized into obese (BMI >25.0
kg/m?) and non-obese (BMI <24.9 kg/m?) groups ac-
cording to Asia—Pacific BMI criteria. The body mass
index was calculated using pre-pregnancy measurements
taken within the last six months prior to pregnancy or
first-trimester weight and height documented in the In-
donesian Maternal and Child Health handbook. Writ-

ten informed consent was obtained before enrollment.

Sample Collection and Laboratory Measurements

Maternal venous blood (5 mL) was drawn from a periph-
eral vein (median cubital vein) into an SST tube imme-
diately before cesarean delivery. Umbilical cord arterial
blood (5 mL) was collected immediately after birth after
double clamping of the cord and arterial identification
based on typical cord anatomy (two arteries and one
vein), then placed into an SST tube. Serum was prepared
according to local laboratory standard operating proce-
dures, stored at -20°C, and analyzed in a single batch after
recruitment was completed (approximately 2 months).
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TABLE 1. Baseline characteristics of participants
Characteristic Obese (n=40) Non-obese (n=40) p
Maternal age (years), mean+SD 31.82+3.71 30.07+3.85 0.042
BMI (kg/m2), median (Q1-Q3) 29.15 (27.86-30.68) 21.40 (20.30-22.92) <0.001
Gestational age at sampling (weeks), median (Q1-Q3) 38.00 (38.00-39.00) 39.00 (38.00-39.00) 0.341
Parity, n=40 (%) 0.012*
Nulliparous (parity =0) 27.5 57.5
Multiparous (parity >1) 72.5 42.5
Data are presented as mean+SD (standard deviation) or median (Q1-Q3), unless otherwise indicated; *: Fisher’s exact test.
TABLE 2. Comparisons of serotonin-system biomarkers between obese and non-obese pregnant women
) Obese (n=40) Non-obese (n=40) p
Variables . . .
Median (Q1-Q3) Median (Q1-Q3) (adjusted)
Maternal serum SERT (ng/mL) 11.66 (10.34-12.98) 12.90 (11.21-14.68) 0.497
Maternal serum serotonin (ng/mL) 440.34 (275.26-542.40) 237.00 (167.05-368.36) 0.004
Umbilical cord arterial serotonin (ng/mL) 188.17 (101.10-243.36) 118.19 (64.32-189.71) 0.013

Data are presented as median (Q1-Q3). Group comparisons were performed using the Mann—-Whitney U test (two-sided). A p value <0.05 was considered statistically

significant. P values were adjusted for maternal age and parity.

Maternal serum serotonin and umbilical cord arteri-
al serotonin were measured using a competitive ELISA
(Serotonin ELISA, Cat. No. DEE8900; Demeditec Di-
agnostics GmbH, Kiel, Germany). Maternal serum sero-
tonin transporter (SERT) was measured using a sand-
wich ELISA (Human Serotonin Transporter/SERT
ELISA Kit, Cat. No. E3595Hu; BT Laboratory, Jiaxing,
Zhejiang, China). Absorbance was read at 450 nm (ref-
erence wavelength applied when available). Measure-
ments were performed as single assays (not in duplicate).

Ethic Approval

Ethical approval was obtained from the Research Ethics
Committee, Faculty of Medicine, University of Andalas
(number 318). Written informed consent was obtained
from all participants. This study was conducted in accor-
dance with the principles of the Declaration of Helsinki.

Statistical Analysis

Analyses were conducted utilizing SPSS Statistic 26.0
(Armonk, New York: IBM Corp.). The Shapiro—Wilk

test was employed to assess normality. Data were pre-

sented as median (interquartile range), and group com-
parisons were conducted using the Mann—Whitney U
test (two-sided). Analysis of covariance (ANCOVA) was
performed to assess the association between serotonin
and SERT levels in relation to obesity, while adjusting
for potential confounding variables including maternal
age and parity. A p-value less than 0.05 was considered
statistically significant.

RESULTS

Based on 40 obese and 40 non-obese women, the mean
maternal age was significantly higher in the obese group
than in the non-obese group (31.82 vs 30.07 years;
p=0.042). The median BMI was 29.15 kg/m?* in the
obese cohort and 21.0 kg/m? in the non-obese cohort
(p<0.001). In our study, obese multiparous women ex-
hibit significant higher rates than non-obese multiparous
women (p=0.012). The baseline characteristics are de-

tailed in Table 1.

Table 2 presents a comparison of biomarkers. Serum
and umbilical cord serotonin levels were significantly el-
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evated in obese pregnant women compared to their non-
obese (p=0.004 and 0.013, respectively). However, the
maternal serum SERT was not significantly different be-
tween the two groups.

DISCUSSION

This research evaluated the variations in maternal se-
rum serotonin, SERT, and umbilical cord arterial se-
rotonin between obese and non-obese pregnant wom-
en who underwent cesarean delivery. Obese pregnant
women exhibited higher levels of maternal serum sero-
tonin and umbilical cord arterial serotonin, while ma-
ternal serum SERT levels were lower in comparison to
the non-obese group.

Our results align with the theory that obesity is as-
sociated with low-grade inflammation and disturbances
in the vascular and endothelial systems, thereby altering
the dynamics of serotonin circulation levels [11]. The
down-regulation of SERT observed in our study aligns
with prior research that evaluated platelet SERT expres-
sion in human obesity, indicating a similar regulation in
cases of severe human obesity [12]. This led to the im-
pairment of serotonin degradation, leading to increased
levels of serotonin. Of note, this study employs the
Asia-Pacific BMI threshold, suggesting that the findings
might not be relevant to populations with different BMI
thresholds. Further research in diverse populations with
varying genetic profiles and BMI thresholds is necessary.

Our data also aligns with prior observational research
indicating that SERT expression is diminished in over-
weight patients; nevertheless, their findings revealed that
SERT expression increases when patients develop ges-
tational diabetes [9]. The disparity in SERT expression
between normal and diabetic patients may explain the
lack of significant difference observed in SERT expres-
sion concerning obesity in our study. However, the mul-
tivariate analysis was limited to adjustments for maternal
age and parity; thus, conclusions regarding the relation-
ship between diabetes and SERT expression cannot be
established. This discovery indicated that serotonin and
SERT exhibited complex interactions throughout preg-
nancy in the context of obesity.

The serotonin-related pathway is thought to play a
role in fetal neurodevelopment, which has long-term
implications for mental health [4]. The regulation of
serotonin is hypothesized to occur in both maternal
and fetal systems, as TPH (tryptophan hydroxylase),

the rate-limiting enzyme in serotonin biosynthesis, is
present in both maternal and human placentas [13].
At term, serotonin levels within the fetoplacental are
thought to be influenced by coordinated uptake and
degradation pathways involving multiple transport-
ers and enzymes, including SERT/SLC6A4, OCT3/
SLC22A3, and MAO-A [6, 14].

The alteration of serotonin levels impacting the fetus
can be seen in the context of selective serotonin reuptake
inhibitors (SSRIs). The administration of SSRIs during
the third semester is associated with several complica-
tions, including respiratory distress, irritability, and feed-
ing difficulties [15]. While the side effects have not been
examined in longer cohorts, such as child development, it
can be hypothesized that serotonin may have an impact
and should be maintained at lower levels to optimize fe-
tal health. Therefore, this study provides a basis for fur-
ther research to evaluate the potential impact of early-life
serotonin level differences due to obesity on later life out-
comes in children. The significant difference in serotonin
levels cannot have clinical implications without further
studies assessing the effects of these differences.

Despite the novel findings of our study, we acknowl-
edge several limitations of our paper. First, the differ-
ences in baseline characteristics between groups must
be considered. Second, we measure only serotonin and
SERT levels, without evaluating the long-term clinical
outcomes in the fetus, such as neurocognitive function.
Third, we did not employ PCR to assess the gene expres-
sion of SERT in either fetal or maternal samples; instead,
we utilized ELISA, which measures only protein levels.
Fourth, the limitation of funding limits us to conducting
ELISA measurements on single (non-duplicate) sam-
ples, which may compromise the precision of the results.
Fifth, this study lacks additional variables that may inter-
fere with serotonin syndrome, including food intake and
an appropriate scale for assessing depression symptoms,
such as the Beck Depression Inventory (BDI).In conclu-
sion, obese and non-obese pregnant women undergoing
cesarean delivery exhibited differences in maternal and
fetal circulating serotonin-system biomarkers. Future
studies should assess the effects of varying serotonin lev-
els in fetuses, including fetal anthropometry and, poten-
tially, child neurocognitive function in later stages of life.
Future research should incorporate additional variables
that may influence serotonin levels, including assess-
ments of depression using the BDI and dietary intake,
specifically the quantity of protein and particular fruits
and vegetables associated with serotonin levels.
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ABSTRACT

OBJECTIVE: The aim of the present study was to compare the diagnostic performance of physical examination, routinely
used laboratory markers, and radiological imaging modalities in adult patients with suspected acute appendicitis (AA), and to
evaluate the relative contribution of each diagnostic tool under real-world clinical conditions.

METHODS: This prospective observational study included 665 consecutive adult patients who underwent appendectomy
for AA. Preoperative laboratory parameters, including white blood cell count, C-reactive protein, neutrophil count, neu-
trophil percentage, total bilirubin, and indirect bilirubin, were recorded. Radiological findings from computed tomography
and ultrasonography were documented. Physical examinations were independently performed without access to laboratory
or imaging results by both a general surgery resident and a specialist general surgeon. Physical examination findings were
categorized as compatible, suspicious, or incompatible with AA. Histopathological examination of all specimens served as
the reference standard.

RESULTS: Of the 665 patients, 242 (36.4%) were women, and 423 (63.6%) were men, with a mean age of 34.9+14.2 years.
The negative appendectomy rate was 5.8%. Resident physical examination demonstrated the highest sensitivity (95.2%) and
overall diagnostic accuracy (88.9%). Among laboratory markers, neutrophil count showed high sensitivity (87.9%), while total
and indirect bilirubin demonstrated the highest specificity (89.7% and 94.7%, respectively). Computed tomography achieved
a sensitivity of 85.7%, whereas ultrasonography showed lower diagnostic performance, particularly in specificity.

CONCLUSION: Physical examination remains a highly effective diagnostic tool for AA when performed systematically and
should be integrated with laboratory and selective imaging rather than replaced by them.

Keywords: Appendicitis; clinical laboratory techniques; physical examination,; diagnostic imaging.
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cute appendicitis (AA) is one of the most common L i

A PP (AA) . . Highlight key points
causes of emergency abdominal surgery worldwide

and remains a major contributor to emergency surgi— e Physical examination performed by surgical residents

cal admissions in both adult and pediatric populations
[1]. Despite advances in medical science & technology,
delayed or inaccurate diagnosis of AA may still lead to
complications such as perforation, intra-abdominal ab-
scess, and increased morbidity [2].

Although AA was first described more than four cen-
turies ago, its diagnosis continues to pose challenges, par-
ticularly in patients with atypical clinical presentations
[3]. Over time, technological advances and increased
accessibility to diagnostic modalities have substantially
altered clinical practice; however, these changes have
not consistently resulted in proportional improvements
in diagnostic accuracy or clinical outcomes [4]. Conse-
quently, the widespread use of advanced diagnostic tools
has raised concerns regarding their potential overuse and
limited incremental benefit in routine practice [5].

Clinical evaluation, including history taking and phys-
ical examination (PE), remains the cornerstone of AA
diagnosis and often guides initial decision-making [6].
Classical symptoms and physical findings continue to
play a critical role, yet the diagnostic performance of PE
may vary depending on physician experience and patien-
t-related factors [7]. The subjective and non-quantitative
nature of PE has contributed to its gradual de-emphasis
in favor of laboratory and radiological investigations in
contemporary practice [8].

Laboratory parameters such as white blood cell count
(WBC) and C-reactive protein (CRP) are widely used
adjuncts in the diagnostic evaluation of AA and reflect
the systemic inflammatory response [9]. Numerous
studies have investigated additional inflammatory mark-
ers, including neutrophil count (NEU), neutrophil per-
centage (NEU%), and bilirubin levels, in an attempt to
improve diagnostic accuracy [10]. However, current evi-
dence indicates that no single laboratory marker demon-
strates sufficient sensitivity and specificity to indepen-
dently confirm or exclude AA [11].

Radiological imaging has become increasingly in-
tegrated into diagnostic algorithms for suspected AA,
with ultrasonography (US) and computed tomography
(CT) being the most frequently utilized modalities [12].
While CT has been shown to provide high diagnostic
accuracy and reduce negative appendectomy rates, con-
cerns regarding radiation exposure, cost, and resource
utilization remain significant limitations [13]. Albeit be-

showed the highest diagnostic sensitivity among all evalu-
ated diagnostic tools in acute appendicitis.

e Laboratory inflammatory markers demonstrated hetero-
geneous diagnostic performance and were insufficient for
standalone diagnosis.

e Total and indirect bilirubin levels yielded high specificity, in-
dicating an association with advanced inflammatory appen-
dicitis.

e Computed tomography provided high sensitivity but limited
specificity under routine clinical practice conditions.

e Diagnostic accuracy was optimized when physical examina-
tion was combined with laboratory parameters and selective
imaging rather than used in isolation.

ing radiation-free and widely accessible, US is inherently
operator dependent and may demonstrate variable diag-
nostic performance across institutions [14].

Despite technological progress, several contempo-
rary studies emphasize that excessive reliance on imag-
ing does not necessarily improve diagnostic outcomes
and may undermine the value of clinical judgment [15].
Therefore, systematic comparison of PE, laboratory pa-
rameters, and radiological modalities remains essential
to optimize diagnostic strategies for AA.

Accordingly, the present study aimed to compare the
diagnostic performance of PE, routinely used labora-
tory markers including WBC, CRP, NEU, NEU%, to-
tal bilirubin (TBIL), and indirect bilirubin (IBIL), and
imaging modalities in terms of US and CT in patients
with suspected AA, in order to evaluate the effectiveness
of routine diagnostic approaches and identify the relative
advantages of each diagnostic tool.

MATERIALS AND METHODS

Study Design and Setting

This prospective observational study included 665 con-
secutive patients aged >18 years who underwent ap-
pendectomy with a preoperative diagnosis of AA at the
Department of General Surgery.

Ethical Approval and Informed Consent

Ethical approval was obtained from the Institu-
tional Review Board of Istanbul Medeniyet Univer-
sity, Goztepe Prof. Dr. Suleyman Yalcin City Hospital
(Date: 26.12.2017, Decision no: 2017/0364). The study
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TABLE 1. Cut-off values of laboratory markers

Laboratory markers Unit Cut-off values
WBC /UL 10,000
CRP mg/dL 0.5

NEU x1°9/L 6.5
%NEU % 75.2
TBIL mg/dL 1.2

IBIL mg/dL 1.0

RPE: Resident physical examination; US: Ultrasonography; CT: Computed to-
mography; WBC: White blood cell count; CRP: C-reactive protein; NEU: Neu-
trophil count; %NEU: Neutrophil percentage; TBIL: Total bilirubin; IBIL: Indi-
rect bilirubin; PPV: Positive predictive value; NPV: Negative predictive value.

was conducted in accordance with the Declaration of
Helsinki. Written informed consent was obtained from
all participants before enrollment.

Data Collection

For each patient, preoperative laboratory parameters, in-
cluding WBC, CRP, NEU,NEU%, TBIL, and IBIL, were
recorded. Radiological findings from CT and US, when
performed as part of routine care, were documented. The
predefined cutoff values used for laboratory markers in
the diagnostic analyses are presented in Table 1.

Physical Examination Assessment

Patients whose laboratory and/or radiological results
were not available at the time of clinical evaluation were
independently examined by a specialist general surgeon
and a general surgery resident participating in the study,
without access to laboratory or imaging results. Physical
examination findings were recorded separately and cate-
gorized as compatible, suspicious, or incompatible with
AA based on standard clinical criteria.

Reference Standard

All appendectomy specimens were examined and re-
ported by a single experienced pathologist to ensure
consistency and minimize interobserver variability.
Histopathological diagnosis was used as the reference
standard for all diagnostic performance analyses.

Statistical Analysis

Categorical variables are presented as numbers and
percentages, and continuous variables as meanzstan-

dard deviation (or median [interquartile range], where
appropriate). The diagnostic performance of physical
examination, laboratory markers, and imaging modal-
ities was assessed by calculating sensitivity, specificity,
PPV, NPV, and overall diagnostic accuracy, with 95%
CIs. The reference standard was histopathological di-
agnosis. Comparisons of categorical variables, when
required, were performed using the chi-square test or
Fisher’s exact test. A two-sided p value <0.05 was con-
sidered statistically significant. Statistical analyses were
performed using IBM SPSS Statistics (Version 26.0;
IBM Corp., Armonk, NY, USA).

RESULTS

A total of 665 patients underwent appendectomy during
the study period, including 242 women (36.4%) and 423
men (63.6%). The mean age of the study population was
34.9+14.2 years. The overall negative appendectomy rate

was 5.8% (n=39), with a female-to-male ratio of 1:2 (13
women vs. 26 men) among these patients.

Based on intraoperative findings, the appendix was
reported as normal in 14 patients (2.1%), AA in 306
patients (45.8%), phlegmonous AA in 254 patients
(38.1%), and perforated AA in 91 patients (13.6%).
In contrast, histopathological examination demon-
strated a normal appendix in 39 patients (5.8%), AA
in 76 patients (11.5%), phlegmonous or gangrenous
AA in 417 patients (62.7%), and perforated AA in 46
patients (6.8%).

A neoplastic pathology was identified in 3 patients
(0.45%), with neuroendocrine tumors detected in 2
specimens, while adenocarcinoma was encountered in 1
case. The patient with adenocarcinoma underwent com-
pletion right hemicolectomy in a second session, and cu-
rative surgical treatment was achieved.

Among the 39 patients with histopathologically con-
firmed normal appendices, intraoperative assessment fa-
vored AA in 29 patients (74.3%), whereas the surgeon
reported the appendix as normal in 10 patients (25.7%).

A discrepancy between intraoperative and histopatho-
logical diagnosis of perforation was observed. While 91
patients (13.6%) were considered to have perforated AA
intraoperatively, histopathological confirmation of perfo-
ration was present in only 27 of these patients (29.7%).
Conversely, 19 patients (41.3%) with histopathologically
confirmed perforation were evaluated as non-perforated
during surgery and therefore did not receive postoper-
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TABLE 2. Diagnostic performance of clinical and laboratory tests
Test Sensitivity (%)  95% CI sensitivity ~ Specificity (%)  95% CI specificity PPV (%) NPV (%)  Accuracy (%)
RPE 95.2 90.7-97.9 20.0 4.3-48.1 92.9 27.3 88.9
us 78.5 73.0-83.4 13.3 1.7-40.5 93.9 3.5 74.9
CT 85.7 82.0-88.9 36.4 17.2-59.3 96.2 11.9 83.3
WBC 85.6 82.6-88.2 30.8 17.0-47.6 95.2 11.8 82.4
CRP 69.0 65.1-72.6 33.3 19.0-50.2 94.3 6.3 66.9
NEU 87.9 85.0-90.3 33.3 19.0-50.2 95.5 14.6 84.7
%NEU 67.7 63.9-71.4 56.4 39.6-72.2 96.1 9.8 67.1
TBIL 22.9 19.7-26.4 89.7 75.8-97.1 97.3 6.8 26.9
IBIL 10.4 8.1-13.0 94.7 82.3-99.4 97.0 6.1 15.2

RPE: Resident physical examination; US: Ultrasonography; CT: Computed tomography; WBC: White blood cell count; CRP: C-reactive protein; NEU: Neutrophil count;
%NEU: Neutrophil percentage; TBIL: Total bilirubin; IBIL: Indirect bilirubin; PPV: Positive predictive value; NPV: Negative predictive value.

Histopathological
Diagnosis

m Normal Apendix

Intraoperative
Diagnosis

Phlegmonous or Gangrenous Appendicitis

FIGURE 1. Intraoperative and histopathological diagnoses.

ative antibiotic therapy at discharge. During follow-up,
17 patients (89.5%) completed 6-month follow-up, and
1 patient (5.3%) completed 1-month follow-up. One pa-
tient required rehospitalization due to abdominal pain
and received antibiotherapy, and another patient devel-
oped serous umbilical discharge, which was managed
conservatively with dressing. No complications were ob-
served in the remaining patients. The distribution and
discrepancy between intraoperative and histopathologi-
cal diagnoses are illustrated in Figure 1.

Preoperative imaging was performed in all patients. A
CT scan was obtained in 482 patients (72.4%), US in 330
patients (49.6%), and both CT and US in 148 patients
(22.2%). None of the patients underwent surgery with-
out at least one imaging modality. Among patients with

504 46

254 91

m Acute Apendicitis

Perforated or Complicated Appendicitis

negative appendectomy, 26 patients (66.6%) received a
CT scan, US was performed in 22 patients (56.4%), and
9 patients (23.1%) underwent both CT and US.

The sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and overall diag-
nostic accuracy of PE, laboratory parameters, and imaging
modalities are summarized in Table 2. The highest sensi-
tivity values were observed for resident PE (RPE) at 95.2%
(95% CI: 90.7-97.9%), followed by NEU at 87.9% (95%
CI: 85.0-90.3%), CT at 85.7% (95% CI: 82.0-88.9%),
and WBC at 85.6% (95% CI: 82.6-88.2%).

The highest specificity values were obtained with IBIL
at 94.7% (95% CI: 82.3-99.4%) and TBIL at 89.7%
(95% CI: 75.8-97.1%). Among inflammatory markers,
NEU% demonstrated a moderate specificity of 56.4%
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(95% CI: 39.6—72.2%), while imaging modalities showed
lower specificity values, particularly US at 13.3% (95%
CI: 1.7-40.5%) and CT at 36.4% (95% CI: 17.2-59.3%).

Overall diagnostic accuracy was highest for RPE
(88.9%), NEU (84.7%), CT (83.3%), and WBC (82.4%),
whereas bilirubin-based parameters demonstrated high
specificity but limited sensitivity, resulting in lower over-
all accuracy rates.

DISCUSSION

Despite the increasing reliance on laboratory and imag-
ing modalities, PE remains a fundamental component
of the diagnostic process in AA. Accumulating contem-
porary evidence indicates that clinician experience and
frequency of patient evaluation are key determinants of
PE performance, with reported sensitivity values ranging
from 80% to over 90% when examinations are performed
by well-trained clinicians in high-volume centers [6]. In
accordance with this body of evidence, our study demon-
strated that RPE achieved the highest sensitivity among
all diagnostic tools (95.2%). This superiority over special-
ist PE (SPE) may be attributed to the intensive patient
exposure and continuous bedside involvement of surgical
residents in university and training hospitals. Further-
more, interim analysis performed at the 18® month of
the study revealed similarly high RPE sensitivity (92%),
supporting the consistency of this observation over time.
These results underscore that structured clinical training
and repeated examinations enhance diagnostic reliability,
even in the era of advanced imaging.

In adults, CT has widely been regarded as the most ac-
curate imaging modality for the diagnosis of AA [3]. Large-
scale meta-analyses and population-based cohort studies
published after 2020 report CT sensitivity between 85%
and 98%, with specificity values often exceeding 90%, pat-
ticularly when interpreted by experienced abdominal ra-
diologists with access to clinical information [16]. Never-
theless, emerging real-world data highlight that diagnostic
performance may decline in emergency settings, especially
during off-hours, when imaging is frequently interpreted
without adequate clinical context [15]. In our cohort,
CT sensitivity (85.7%) was lower than the upper range
reported in the literature. We believe this discrepancy is
largely attributable to the fact that CT scans were com-
monly reported by off-site radiologists who did not have
access to detailed patient anamnesis or PE findings. This
situation reflects routine clinical practice in many centers
and highlights that CT accuracy is not solely dependent

on technology but also on integration with clinical data.

Due to its lack of ionizing radiation, low cost, and wide-
spread availability, US continues to be recommended as a
first-line imaging modality for AA [6]. However, published
data demonstrate considerable heterogeneity in diagnostic
performance, with reported sensitivity values ranging from
50% to over 90%, largely depending on operator expertise
and institutional experience [14, 16]. Operator depen-
dency and limited availability of expert radiologists out-
side regular working hours remain major limitations [15].
In parallel with these observations, the sensitivity of US
was relatively low in our study. During off-hours, exami-
nations were primarily performed by radiology residents,
which may explain the reduced diagnostic yield.

Laboratory parameters remain essential adjuncts in
AA diagnosis. White blood cell count is the most fre-
quently used marker and is known for its high sensitivity
but limited specificity [3]. Recent systematic reviews and
pooled analyses report WBC sensitivity between 75% and
85%, with specificity generally below 60%, particularly
at lower cutoff values [17]. Higher thresholds improve
specificity but reduce sensitivity [11]. In our study, using
a WBC cutoff of 10,000 cells/mm?, sensitivity was 85.6%
and specificity 30.8%, findings that are consistent with
contemporary literature, These results confirm that WBC
alone is insufficient for definitive diagnosis but remains
useful as part of a multimodal assessment, particularly in
early disease stages when CRP may still be normal.

Instead of being a marker for early diagnosis, CRP
has widely been recognized as an indicator of disease
severity [11]. Evidence from recent prospective and ret-
rospective cohorts suggests that CRP levels rise 8—12
hours after symptom onset and correlate more strongly
with complicated or perforated AA than with uncom-
plicated disease [18]. Our results mirror these findings,
demonstrating that CRP is not sufficient as an isolated
diagnostic marker but serves as an important warning
sign for delayed or complicated cases. Extremely elevated
CRP levels in our cohort were associated with advanced
inﬂammatory stages, reinforcing its role as a prognostic
rather than diagnostic parameter.

As readily available inflammatory markers, NEU and
NEU% have gained attention [7]. Several recent investi-
gations indicate that NEU may provide higher sensitiv-
ity than WBC, while NEU% may offer improved speci-
ficity under certain cutoff values [19]. In our study, NEU
demonstrated high sensitivity (87.9%) with low specificity
(33.6%), whereas NEU% showed moderate sensitivity
(67.7%) and specificity (56.4%). These findings support
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the view that neutrophil-based parameters are valuable
supportive tools but insufficient for standalone diagnosis.
Their greatest benefit lies in reducing diagnostic uncet-
tainty when combined with clinical evaluation and imaging.

Hyperbilirubinemia has been increasingly investigated
as a marker of complicated AA [20]. Pathophysiological
and clinical studies published in recent years suggest that
elevated TBIL and IBIL levels are associated with perfo-
ration and severe inflammation, likely due to endotoxemia
and hepatic dysfunction secondary to bacterial transloca-
tion [21]. Consistent with these mechanisms, TBIL and
IBIL exhibited the highest specificity and PPV among
laboratory parameters in our cohort. Although sensitivity
was limited, elevated bilirubin levels in our patients were
strongly suggestive of advanced disease, highlighting their
utility as warning markers for complicated AA.

Diagnostic scoring systems remain widely used, par-
ticularly in pediatric populations [22]. However, con-
temporary adult-focused studies increasingly emphasize
that scoring systems should complement, rather than re-
place, clinical judgment [23]. The revised Jerusalem Ap-
pendicitis Guidelines emphasize individualized assess-
ment based on symptoms, physical findings, and selective
imaging rather than rigid score-based decision-making
(6]. Our data lend further support to this paradigm, as
the high sensitivity of RPE and the variable performance
of laboratory and imaging modalities indicate that over-
reliance on any single diagnostic tool may be misleading.
Clinical judgment remains central to accurate diagnosis.

Contemporary evidence suggests that surgeons tend
to overestimate inflammatory severity intraoperatively,
while early mucosal or intraluminal appendicitis may ap-
pear macroscopically normal [24]. In keeping with these
observations, our study demonstrated significant discor-
dance between intraoperative and histopathological find-
ings, particularly regarding perforation. These findings
highlight the limitations of macroscopic assessment and
underscore the importance of histopathological confirma-
tion and cautious postoperative management decisions.

This study has several limitations. First, although the
prospective design and large cohort enhance the robust-
ness of the findings, the study was conducted at a single
tertiary referral center, which may limit external gener-
alizability. Second, RPEs were performed by members
of the study team, which may have introduced observer-
related bias and potentially contributed to the high diag-
nostic sensitivity observed for resident assessment. How-
ever, this approach ensured standardized evaluation and

reflects real-world practice in teaching hospitals where
residents are primary frontline assessors. Third, radio-
logical examinations were interpreted under routine clin-
ical conditions by radiologists with varying levels of ex-
perience and without a standardized reporting protocol,
which may have influenced the diagnostic performance
of US and CT. Finally, laboratory cutoff values were de-
rived from institutional standards rather than externally
validated thresholds, and long-term postoperative out-
comes were not systematically evaluated.

Conclusion

In conclusion, this prospective observational study
demonstrates that PE remains a highly effective diag-
nostic component in AA diagnosis when performed in
a structured and systematic manner. Among all evalu-
ated diagnostic tools, RPE conducted by the study team
showed the highest sensitivity, underscoring the diag-
nostic value of frequent bedside assessment and clinical
engagement in high-volume emergency settings. Lab-
oratory markers and imaging modalities provided im-
portant complementary information but exhibited vari-
able accuracy when used independently. These findings
support an integrated diagnostic strategy in which PE,
laboratory parameters, and selective imaging are applied
synergistically rather than in isolation. Even in the era
of advanced diagnostic technologies, maintaining strong
clinical examination skills remains essential for accurate
diagnosis and optimal management of AA.

Ethics Committee Approval: This study was approved by the Is-
tanbul Medeniyet University, Goztepe Prof. Dr. Suleyman Yalcin City
Hospital (Date: 26.12.2017, Decision no: 2017/0364).

Informed Consent: Written informed consent was obtained.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The author declared that this study has re-
ceived no financial support.

Use of AI for Writing Assistance: Not declared.

Authorship Contributions: Concept — OE, FK, MAA, IML, CIE,
ANTY, TE, HG, OA; Design — OE, FK, MAA, IML, CIE, ANTY, TE, HG,
OA; Supervision — OF, FK, MAA, IML, CIE, ANTY, TE, HG, OA; Re-
source — OE, FK, MAA, IML, CIE, ANTY, TE, HG, OA; Materials — OE,
FK, MAA, IML, CIE, ANTY, TE, HG, OA; Data collection and/or pro-
cessing — OE, FK, MAA, IML, CIE, ANTY, TE, HG, OA; Analysis and/or
interpretation: OF, FK, MAA, IML, CIE, ANTY, TE, HG, OA; Literature
review — OE, FK, MAA, IML, CIE, ANTY, TE, HG, OA; Writing — OE,
FK, MAA, IML, CIE, ANTY, TE, HG, OA; Critical review — OE, FK, MAA,
IML, CIE, ANTY, TE, HG, OA.

Peer-review: Externally peer-reviewed.



220

NorTH CLIN ISTANB

REFERENCES

10.

11.

12.

13.

Bhangu A, Sereide K, Di Saverio S, Assarsson JH, Drake FT. Acute
appendicitis: modern understanding of pathogenesis, diagnosis, and
management. Lancet 2015;386(10000):1278-87. [CrossRef]

Snyder MJ, Guthrie M, Cagle S. Acute Appendicitis: efficient diagnosis
and management. Am Fam Physician 2018;98:25-33.

Moris D, Paulson EK, Pappas TN. Diagnosis and management of acute
appendicitis in adults: a review. JAMA 2021;326:2299-11. [CrossRef]
Uttinger K, Baum P, Diers ], Seehofer D, Germer CT, Wiegering A.
The impact of surgical timing on outcome in acute appendicitis in
adults: a retrospective observational population-based cohort study. Int
] Surg 2024;110:4850-8. [CrossRef]

Hockenbury J, Lopez ME, Godfrey CM, Blakely ML, Danko M, Her-
nanz-Schulman M, et al. Reducing computed tomography use for ap-
pendicitis evaluation in a pediatric emergency department: a multidisci-
plinary quality improvement initiative. Pediatr Qual Saf 2025;10:e808.
[CrossRef]

Di Saverio S, Podda M, De Simone B, Ceresoli M, Augustin G, Gori
A, et al. Diagnosis and treatment of acute appendicitis: 2020 update
of the WSES Jerusalem guidelines. World ] Emerg Surg 2020;15:27.
[CrossRef]

Andersson RE, Stark J. Diagnostic value of the appendicitis inflam-
matory response (AIR) score. A systematic review and meta-analysis.
World ] Emerg Surg 2025;20:12. [CrossRef]

Benabbas R, Hanna M, Shah J, Sinert R. Diagnostic accuracy of history,
physical examination, laboratory tests, and point-of-care ultrasound for
pediatric acute appendicitis in the emergency department: a systematic
review and meta-analysis. Acad Emerg Med 2017;24:523-51. [CrossRef]
Zhang Q, Zhao H, Wang E Li W, Zhang P. Diagnostic value of lab-
oratory parameters for complicated appendicitis: A two center study.
Biomed Rep 2024;20:77. [CrossRef]

Shalaby MM, Alawi A, Fatani BM, Alsaggaf A, Awad M. Diagnos-
ing acute appendicitis in children with neutrophil-lymphocyte ratio: a
cross-sectional study. Front Pediatr 2025;13:1656254. [CrossRef]
Peksoz R, Agirman E, Atamanalp SS. A prospective comparative study
on the clinical diagnostic performance of blood inflammatory markers
in acute appendicitis [Letter]. ] Inflamm Res 2025;18:2123-4. [CrossRef]
Bahrami M, Mirgaloyebayat H, Mohajeri Z, Mohammadi H, Afshari
SA, Fazeli P, et al. The diagnostic value of the computed tomography
scan and ultrasonography in acute appendicitis. Am ] Nucl Med Mol
Imaging 2023;13:11-7.

Park JH, Salminen P, Tannaphai P, Lee KH. Low-dose abdominal ct

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

for evaluating suspected appendicitis in adolescents and young adults:
review of evidence. Korean ] Radiol 2022;23:517-28. [CrossRef]

Cho SU, Oh SK. Accuracy of ultrasound for the diagnosis of acute ap-
pendicitis in the emergency department: A systematic review. Medicine
(Baltimore) 2023;102:33397. [CrossRef]

Vashistha N, Singh S, Ali E Ultrasound vs. Reality: a multi-centre
study of real-world imaging practices in suspected appendicitis in the
United Kingdom. Cureus 2025;17:e87445. [CrossRef]

Arruzza E, Milanese S, Li LSK, Dizon J. Diagnostic accuracy of com-
puted tomography and ultrasound for the diagnosis of acute appen-
dicitis: A systematic review and meta-analysis. Radiography (Lond)
2022;28:1127-41. [CrossRef]

Fawkner-Corbett D, Hayward G, Alkhmees M, Van Den Bruel A,
Ordéfiez-Mena JM, Holtman GA. Diagnostic accuracy of blood tests
of inflammation in paediatric appendicitis: a systematic review and
meta-analysis. BMJ Open 2022;12:e056854. [CrossRef]

Brombacher M, Moolla H, Nair V, Clarke D. The use of C-reactive
protein to predict uncomplicated appendicitis and increase uptake of
laparoscopy in low resource hospitals-A retrospective cohort study.
World J Surg 2024;48:1515-20. [CrossRef]

Ag O, Kutluer N, Ogﬁt MZ, Azak Bozan A, Ebiloglu MF, Giines B, et
al. The importance of preoperatively calculated halp score in differenti-
ating complicated acute appendicitis in patients with acute appendicitis.
World J Surg 2026;50:121-9. [CrossRef]

Czyszczon A, Maczkowski B, Tkaczyk A, Drozdz M, Boral W, Mikler
S, et al. Hyperbilirubinemia as a marker for complicated acute appen-
dicitis: a systematic review. Cureus 2025;17:€¢93197. [CrossRef]
Jastrzebski M, Krasnodebski M, Szcze$niak M, Wierzchowski M,
Pikul J, Jabtonski D, et al. Serum bilirubin concentration as a marker
of severity of acute appendicitis. Wideochir Inne Tech Maloinwazyjne
2020;15:117-22. [CrossRef]

Heiranizadeh N, Mousavi Beyuki SMH, Kargar S, Abadiyan A, Mo-
hammadi HR. Alvarado or RIPASA? Which one do you use to di-
agnose acute appendicitis?: A cross-sectional study. Health Sci Rep
2023;6:e1078. [CrossRef]

Alvarez-Lozada LA, Fernandez-Reyes BA, Arrambide-Garza FJ, Gar-
cia-Leal M, Alvarez-Villalobos NA, Martinez-Garza JH, et al. A. Clini-
cal scores for acute appendicitis in adults: A systematic review and meta-
analysis of diagnostic accuracy studies. Am J Surg 2025;240:116123.
[CrossRef]

Harris J, Fleming CA, Stassen PN, Mullen D, Mohan H, Foley J, et al.
A comparison of intra-operative diagnosis to histopathological diagno-
sis of acute appendicitis in paediatric and adult cohorts: an analysis of
over 1000 patients. Ir ] Med Sci 2022;191:1809-13. [CrossRef]


https://doi.org/10.1016/S0140-6736(15)00275-5
https://doi.org/10.1001/jama.2021.20502
https://doi.org/10.1097/JS9.0000000000001528
https://doi.org/10.1097/pq9.0000000000000808
https://link.springer.com/article/10.1186/s13017-020-00306-3
https://doi.org/10.1186/s13017-025-00582-x
https://doi.org/10.1111/acem.13181
https://doi.org/10.3892/br.2024.1765
https://doi.org/10.3389/fped.2025.1656254
https://doi.org/10.2147/JIR.S518021
https://doi.org/10.3348/kjr.2021.0596
https://doi.org/10.1097/MD.0000000000033397
https://doi.org/10.7759/cureus.87445
https://doi.org/10.1016/j.radi.2022.08.012
https://doi.org/10.1136/bmjopen-2021-056854
https://doi.org/10.1002/wjs.12202
https://doi.org/10.1002/wjs.70160
https://doi.org/10.7759/cureus.93197
https://doi.org/10.5114/wiitm.2019.87140
https://doi.org/10.1002/hsr2.1078
https://doi.org/10.1016/j.amjsurg.2024.116123
https://doi.org/10.1007/s11845-021-02770-5

MC

NoRTH CLIN ISTANB 2026;13(2):221-229
doi: 10.14744/nci.2026.85353

ORIGINAL ARTICLE  mepicAL BIOLOGY

Repurposing antiviral drugs targeting RNA viruses:
A focus on the fusion protein of human
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ABSTRACT

OBJECTIVE: Human metapneumovirus (HMPV) is a clinically important respiratory pathogen causing severe lower respi-
ratory tract infections, particularly in infants, elderly individuals, and immunocompromised patients. Despite its substantial
disease burden and global circulation, no HMPV-specific antiviral therapy has been approved to date. This unmet clinical need
underscores the importance of identifying rapidly translatable therapeutic strategies. The present study aimed to identify
potential inhibitors of the HMPV fusion (F) protein through a structure-based drug repurposing approach, leveraging the
advantages of existing safety and pharmacokinetic profiles of approved antivirals.

METHODS: Thirteen antiviral agents predicted to interact with the HMPV F protein were selected from the DrugBank da-
tabase. Comprehensive in silico molecular docking analyses were conducted to evaluate ligand—protein interactions, with
Ribavirin used as a reference compound and positive control. Binding affinity values were quantitatively compared, using the
Ribavirin binding energy (—6.2 kcal/mol) as a benchmark for relative performance.

RESULTS: The docking analyses revealed that multiple approved antiviral agents—namely Ledipasvir, Velpatasvir, Paritapre-
vir, Elbasvir, Pibrentasvir, Glecaprevir, Voxilaprevir, Ombitasvir, Grazoprevir, Dasabuvir, and Sofosbuvir—exhibited significantly
higher binding affinities to the HMPV F protein than Ribavirin. These findings highlight the unexpected and mechanistically
relevant interaction potential of hepatitis C virus—targeting antivirals with the HMPV fusion machinery, suggesting a novel
avenue for therapeutic intervention.

CONCLUSION: This study provides compelling in silico evidence that drug repurposing of clinically approved antiviral agents
may accelerate the development of effective HMPV-specific therapies. By targeting the highly conserved and functionally
critical HMPV F protein, the identified candidate compounds offer strong translational potential and justify prioritization for
experimental validation and preclinical investigation. Collectively, these results contribute to filling a critical therapeutic gap and
support drug repurposing as a viable and time-efficient strategy to address emerging and neglected viral respiratory infections.

Keywords: Antiviral drugs; drug repurposing; human metapneumovirus; molecular docking.
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Rl(:spiratory viruses have become a significant global
ealth threat, particularly in the context of urbaniza-
tion, environmental degradation, and climate change. In
developed countries, deaths from respiratory virus infec-

tions are rare among healthy individuals. However, in less
developed countries, child mortality remains high, with
approximately 5 million children under the age of five dy-
ing from respiratory viral infections worldwide each year.
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The widespread prevalence of these infections renders
people of all ages susceptible to respiratory viral diseas-
es. Nevertheless, children are, on average, two to three
times more likely to contract an infection than adults.
Consequently, respiratory viruses pose a significant
health threat to young children, the eldetly, and individ-
uals with weakened immune systems [1]. Most viruses
spread through direct contact or respiratory droplets,
but some can also be transmitted via aerosols. Viruses
that primarily infect the respiratory tract include influ-
enza viruses, adenoviruses, parainﬂuenza viruses, tre-
spiratory syncytial virus (RSV), coronaviruses, human
metapneumovirus (hMPV), rhinoviruses, and enterovi-
ruses. Influenza, parainfluenza, hMPV, and RSV typical-
ly cause epidemics, whereas adenoviruses, coronaviruses,
and rhinoviruses are generally endemic. Other viruses
that can cause respiratory tract diseases, particularly in
immunocompromised individuals, include measles vi-
rus, varicella-zoster virus (VZV), herpes simplex virus
(HSV), and cytomegalovirus (CMV) [2]. Especially af-
ter the COVID-19 pandemic that began in 2019, there
is widespread concern about the emergence of new ep-
idemics. The increasing number of human metapneu-
movirus (hMPV) cases since early 2025 has heightened
public anxiety. First identified in 2001, hAMPYV has rap-
idly spread across continents, causing significant mor-
bidity and mortality, particularly among young children,
the elderly, and immuno-compromised individuals. In
countries such as China, where densely populated urban
areas and pollution exacerbate respiratory illnesses, the
prevalence of hMPV is rising, making it an increasingly
pressing global health concern [3]. h(MPV belongs to the
same virus family as respiratory syncytial virus (RSV), a
seasonal virus that causes colds and lung infections [4].
Respiratory viruses, including influenza viruses, RSV,
SARS-CoV-2, rhinoviruses, and adenoviruses, have a
significant impact on global health. Currently, the only
respiratory viruses with approved antiviral treatments
for clinical use are RSV, influenza, and SARS-CoV-2.In
contrast, other respiratory viruses lack specific antiviral
therapies and rely solely on supportive care or investiga-
tional treatments, highlighting a critical gap in antiviral
drug development.

The initial step in the human metapneumovirus
(hMPV) replication cycle involves attachment to host
cells, specifically the epithelial cells of the respiratory
tract, via the G glycoprotein. This G protein possesses
an unprocessed signal peptide and a hydrophobic region
that serves as a membrane anchor to facilitate attach-

Highlight key points
e Human metapneumovirus (HMPV) is a significant respiratory
pathogen with no approved targeted antiviral therapy.

e Drug repurposing of 13 antiviral agents identified several
candidates, including Ledipasvir and Sofosbuvir, with higher
binding affinity to the HMPV F protein than Ribavirin.

e Repurposed antivirals with strong binding affinity represent
promising candidates for further experimental and clinical
evaluation against HMPV.

ment. However, recombinant viruses lacking the G pro-
tein are still capable of replicating both in vitro and in
vivo, suggesting that G protein-mediated attachment is
not essential for the progression of the replication cycle.
Following attachment, the next critical step is the fusion
of viral and host cell membranes, a process likely me-
diated by the F glycoprotein. While this fusion mecha-
nism involves conformational changes in the F protein,
similar to other members of the Paramyxoviridae family,
hMPV fusion is not dependent on the G protein. This
observation aligns with the notion that the G protein is
dispensable for the downstream steps of the hMPV rep-
lication cycle [5]. The F protein of human metapneumo-
virus (hMPV) plays a critical role in antigenicity during
viral entry. Members of the Pneumoviridae family pos-
sess fusion (F) proteins that, although sharing limited
sequence identity, exhibit conserved structural features.
These F proteins are synthesized as inactive precursors,
designated as FO, which are subsequently cleaved by
host cell proteases into two subunits: F1, constituting
the C-terminal subunit, and F2, forming the N-termi-
nal subunit. The resulting active fusion protein, in con-
junction with the attachment glycoprotein, mediates the
fusion of the viral envelope with the host cell membrane,
facilitating viral entry.

Drug repurposing is a branch of drug discovery that
focuses on identifying alternative therapeutic applica-
tions for regulatory-approved drugs or compounds in
clinical trials with established pharmacological and safe-
ty profiles. This approach significantly accelerates drug
development timelines compared to novo drug design.
In the context of pandemic situations, three primary
strategies for drug repurposing have been identified: (1)
investigating existing broad-spectrum antiviral agents;
(2) screening molecular databases of approved or clini-
cal-stage compounds for molecules with potential anti-
viral activity; and (3) utilizing artificial intelligence (AI)
and network-based technologies to analyze virus-host
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interactions and identify potential repurposing candi-
dates that target these interactions [6]. Drug repurpos-
ing holds particular value in time-critical scenarios such
as pandemics, where healthcare systems are burdened
with patients who lack effective treatment options.

This study aims to provide effective, rapidly applica-
ble, and evidence-based therapeutic options against hu-
man Metapneumovirus (hMPV), which has re-emerged
with reported cases in 2025. In this context, the study fo-
cuses on repurposing FDA-approved antiviral agents to
address a significant public health gap. By identifying po-
tential therapeutic candidates, this study aims to enable
early intervention against hMPV and prevent a recur-
rence of a global health crisis similar to the COVID-19

pandemic experienced in 2020.

MATERIALS AND METHODS

Ligand and Receptor Selection

From the DrugBank database [7], 13 drugs that have
been approved by the FDA for use against RNA viruses
and are used in the United States, European, and Cana-
dian markets were identified from among 2182 antiviral

drugs. These drugs are listed in Table 1.

This study will investigate the fusion (F) protein,
which plays a critical role in the entry of hMPV into
host cells. For this purpose, the three-dimensional struc-
ture with PDB ID 7SE], obtained from the Protein Data
Bank (PDB), was utilized [8].

Molecular Docking Analysis

Water molecules were removed from the 7SE] structure,
and hydrogen atoms were added to prepare the protein
for molecular docking studies. The finalized structure
was saved in PDB format for subsequent analyses. The
three-dimensional structures of 13 antiviral drugs, iden-
tified from the DrugBank database, were retrieved from
the PubChem database. Molecular docking simulations
and visualization were performed using UCSF Chimera
[9]. Protein-ligand interaction analyses were conducted
using Biovia Discovery Studio [10].

Druggability Prediction Analysis

Drugability prediction analysis is an analysis performed
to determine which regions of a protein are druggable.
This analysis was performed using the DoGSiteScorer
algorithm of the ProteinPlus [11] web tool.

TABLE 1. Antiviral drugs

Drug name Pubchem CID
Ledipasvir 67505836
Velpatasvir 67683363
Paritaprevir 45110509
Elbasvir 71661251
Pibrentasvir 58031952
Glecaprevir 66828839
Voxilaprevir 89921642
Ombitasvir 54767916
Grazoprevir 44603531
Dasabuvir 56640146
Sofosbuvir 45375808
Ribavirin 37542
Rimantadine 5071

Pubchem CID: PubChem compound identifier.

RESULTS

This study commenced with a comprehensive drug re-
purposing investigation encompassing 2182 FDA-ap-
proved small-molecule drugs, with the human metap-
neumovirus (hMPV) fusion (F) protein selected as the
therapeutic target. Using a filtering protocol based on
the DrugBank database, we systematically screened the
dataset to identify FDA-approved agents marketed in
the United States, Europe, and Canada with reported
activity against RNA viruses. This process yielded 13
candidate compounds, which were subsequently evaluat-
ed for their binding affinity toward the hMPV F protein
through molecular docking analyses.

To establish a reference point, Ribavirin was em-
ployed as a positive control, producing a binding affini-
ty score of —6.2 kcal/mol. A threshold was applied such
that compounds exhibiting stronger binding aflinities
(£-7.0 kcal/mol) were considered potential inhibitors
of the fusion protein. Based on this criterion, 11 com-
pounds were identified as promising candidates, ranked
from highest to lowest binding affinity: Ledipasvir, Vel-
patasvir, Paritaprevir, Elbasvir, Pibrentasvir, Glecaprevir,
Voxilaprevir, Ombitasvir, Grazoprevir, Dasabuvir, and

Sofosbuvir (Fig. 1).

Drug-targetability predictions evaluate the capacity
of specific protein binding sites to accommodate drug-
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FIGURE 1. Molecular docking results.

like compounds. When integrated with knowledge of the
target’s role in disease pathology, such predictions can be
applied to prioritize therapeutic targets for drug discov-
ery. In recent years, substantial progress has been made
in elucidating the molecular determinants of drugga-
bility, assembling datasets of targets with varying drug-
gability profiles, and developing diverse computational
approaches for predictive assessment. Collectively, these
advances have enhanced the prospects of target-based
therapeutic development.

In the present study, binding sites of the hMPV fu-
sion protein with druggability scores exceeding 80% were
identified (Fig. 2). Molecular docking visualizations fur-
ther demonstrated that the binding regions of candidate
compounds overlapped with protein sites scoring above

the 80% druggability threshold (Fig. 3-5).

DISCUSSION

Acute lower respiratory tract infections (ALRTTs) re-
main the leading cause of morbidity and mortality at-
tributable to infectious diseases worldwide. Both bacte-
rial and viral pathogens play a predominant role in these
infections, with viral etiologies frequently manifesting as
pneumonia, bronchitis, or bronchiolitis. However, iden-
tification of the causative agent in respiratory tract infec-
tions often presents a challenge; studies indicate that no
pathogen can be detected in approximately 40-50% of
ALRTT cases. In recent years, intensified research into
the microbial etiology of respiratory infections has led
to the discovery of novel viruses beyond the spectrum
of classical respiratory pathogens. Among these, human

metapneumovirus (hMPV), first identified in 2001, has

FIGURE 2. Druggability prediction result.

emerged as a clinically significant pathogen. hMPV is
now recognized as a major cause of respiratory disease
worldwide, particularly in children, the eldetly, and im-
munocompromised individuals, and its seasonal circu-
lation, potential for severe disease, and lack of targeted
antiviral therapies highlight its importance as a global
public health concern (3, 12].

Human metapneumovirus (HMPV) is a major re-
spiratory pathogen that predominantly affects children,
the elderly, and immunocompromised individuals. De-
spite its considerable clinical burden, no antiviral therapy
specifically targeting HMPV has been approved to date.
The virus's seasonal re-emergence, potential to cause se-
vere lower respiratory tract disease, and ability to evade
host immune responses have elevated it from a seasonal
pathogen to a pressing global public health threat requir-
ing urgent intervention. The HMPV fusion (F) protein
represents a particularly attractive target for antiviral
drug development due to its essential role in multiple
stages of the viral life cycle. As a key determinant of viral
entry, the F protein mediates (i) recognition of host cell
surface receptors, (ii) fusion of the viral envelope with
host cell membranes, and (iii) cell-cell fusion leading
to syncytium formation. Inhibition of these F protein—
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FIGURE 3. The interaction of Ledipasvir (A, B), Velpatasvir (C, D), Paritaprevir (E, F) drugs with HMPV fusion protein.
mediated processes is expected to impair viral entry and Like other viruses, HMPV is a simple entity composed

spread, thereby reducing HMPYV infection and improv-  of nucleic acid (RNA) enclosed within a protein coat and
ing clinical outcomes [13]. lacks the machinery required for independent replication.
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FIGURE 4. The interaction of Elbasvir (A, B), Pibrentasvir (C, D), Glecaprevir (E, F), Voxilaprevir (G, H) drugs with HMPV fusion protein.
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Viral propagation depends on hijacking host cellular pro-
cesses to generate progeny virions, often culminating in
host cell death. Viruses are estimated to outnumber bacte-
ria by an order of magnitude in nature and can only com-
plete their replication cycle within living cells. Owing to
their dependence on host cellular machinery, viruses do
not produce the enzymes required for replication, making
them refractory to antibiotics; only antiviral drugs can be
employed as therapeutic agents. The development of new
antiviral drugs, however, is an arduous and resource-in-
tensive process, typically requiring more than a decade
and investment in the range of 1-2 billion USD. More-
over, most available antivirals are designed to target specif-
ic viral proteins, a strategy that is increasingly challenged
by high development costs and the emergence of drug re-
sistance [14].

Drug repurposing, defined as the application of an ap-
proved drug to a novel disease indication, has emerged as
a widely adopted strategy to reduce the cost and time as-
sociated with drug development while offering therapeu-
tic solutions for conditions with limited or no treatment
options. In the context of viral diseases, drug repurposing
often involves systematic screening of small-molecule li-
braries coupled with computer-aided approaches to eval-
uate the potential efficacy of existing compounds against
viral targets. The primary advantage of this strategy lies
in its ability to accelerate translation into clinical re-
search, as repurposed agents already possess established
safety and pharmacokinetic profiles, thereby facilitating
rapid deployment in clinical settings or for humanitarian
use during public health emergencies. Candidate drugs
are typically identified by screening libraries of molecules
with well-characterized biological activity, including
FDA-approved or investigational compounds as well as
naturally occurring bioactive agents [15].

Drug repurposing is a strategic approach that aims to
evaluate approved pharmaceutical agents for new therapeu-
tic purposes against different pathogens. It saves time and
resources compared to traditional drug discovery processes,
especially for rapidly evolving pathogens such as RNA vi-
ruses. In this study, the therapeutic potential of direct-act-
ing antivirals (DAAs) and nucleoside analogues used in
Hepatitis C virus (HCV) treatment was investigated in
Human Metapneumovirus (hMPV) infections. Drug se-
lection was performed by screening the DrugBank database
for molecules reported to be effective against RNA viruses,
and Ledipasvir, Velpatasvir, Pibrentasvir, Glecaprevir, Vox-
ilaprevir, Ombitasvir, Grazoprevir, Elbasvir, Paritaprevir,
Dasabuvir, Sofosbuvir, Ribavirin, and Rimantadine were

included in the study. The primary pharmacological targets
of these antiviral agents are viral proteins within the hep-
atitis C virus (HCV) replication complex, including NS3
protease, NS5A, and NS5B RNA polymerase. However,
silico docking analyses suggest that these compounds may
also exhibit binding affinity for the human metapneumo-
virus (hMPV) fusion (F) protein, a key mediator of viral
entry into host cells. Although these predicted molecular
interactions do not establish a direct inhibitory mechanism,
they provide a theoretical rationale for further investigation
of these agents in the context of hMPV infection. Ribavi-
rin, a broad-spectrum antiviral that has been evaluated both
clinically and experimentally against various RNA viruses,
including hMPV, was used as positive control in this study.
In a previous experimental model, BALB/c mice infected
with hMPV received intraperitoneal Ribavirin at 40 mg/
kg twice daily, corticosterone at 0.2 mg/mL (aqueous solu-
tion), or a combination of both agents. Ribavirin treatment
significantly suppressed viral replication in the lungs and re-
duced pulmonary inflammation by the fifth day post-infec-
tion, whereas glucocorticoid administration resulted only in
modest reductions in alveolar and interstitial inflammation
relative to untreated controls. Studies employing various
animal models have demonstrated that Ribavirin possesses
a broad-spectrum antiviral activity against paramyxovirus-
es, including human respiratory syncytial virus (hRSV),
mouse pneumonia virus, and measles virus. In addition, in
vitro experiments using LLC-MK2 cell lines have shown
that Ribavirin exhibits comparable antiviral efficacy against
both hRSV and human metapneumovirus (hMPV). Be-
yond Ribavirin, there is currently no published evidence
regarding the antiviral activity of Ledipasvir, Velpatasvir,
Pibrentasvir, Glecaprevir, Voxilaprevir, Ombitasvir, Gra-
zoprevir, Elbasvir, Paritaprevir, Dasabuvir, and Sofosbuvir
against hMPV. Consequently, further in vitro investigations
are warranted to evaluate the potential of these RNA vi-
rus-targeting drugs against hMPV [16, 17].

Conclussion

Ribavirin has previously been investigated for its inhibi-
tory activity against hMPV and was employed as a posi-
tive control in the present study.

+ All 13 antiviral compounds included in the molecular
docking analysis demonstrated binding to druggable
sites on the hAMPV fusion protein.

+ Molecular docking of Ribavirin yielded a binding affin-
ity of —6.2 kcal/mol. Eleven antiviral agents exhibiting
higher binding affinity than Ribavirin—namely, Ledi-
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pasvir, Velpatasvir, Pibrentasvir, Glecaprevir, Voxila-
previr, Ombitasvir, Grazoprevir, Elbasvir, Paritaprevir,
Dasabuvir, and Sofosbuvir—may represent promising
candidates for inhibition of the fusion protein.

+ To date, no in vitro studies have investigated the inhib-
itory potential of these compounds against the (MPV
fusion protein. Consequently, further experimental
studies, including both in vitro and in vivo evaluations,
are warranted to address this knowledge gap.

In summary, human metapneumovirus (hMPV)
represents a significant global health concern due to its
high morbidity, particularly among children, the elderly,
and immunocompromised individuals, and the absence
of approved antiviral therapies. The hMPV fusion (F)
protein plays a central role in viral entry and propaga-
tion, making it a promising target for therapeutic inter-
vention. Drug repurposing approaches, combined with
silico molecular docking analyses, provide an efficient
strategy to identify potential antiviral agents capable of
inhibiting the F protein. This study highlights several
FDA-approved antivirals with predicted high binding
affinity to the F protein, offering a foundation for future
experimental validation. The findings underscore the im-
portance of further in vitro and in vivo investigations to
assess the therapeutic potential of these compounds and
to advance the development of effective interventions
against h(MPV infection.
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ABSTRACT

OBJECTIVE: Informed consent is the cornerstone of modern medical ethics, but current documentation systems negatively
impact patient autonomy and clinical quality due to deficiencies in readability, comprehensibility, and standardization. These is-
sues hinder patient participation and require innovative solutions. This study introduces the AI-powered LuminaConsent system
to address standard deficiencies, comprehensibility issues, and efficiency constraints in urological informed consent documents.
METHODS: In a three-armed comparative study, LuminaConsent (artificial intelligence), Turkish Urological Surgery Asso-
ciation standard forms, and expert-developed documents were evaluated in 10 urological procedures. The system is based
on the RAG architecture, which uses OpenAl's GPT-40-mini model and a special knowledge base consisting of 12 clinical
publications. Three independent urology specialists conducted a blind evaluation using a 100-point scale across five areas:
scientific content accuracy, patient communication effectiveness, quality of risk-benefit information, perioperative guidance,
and legal-ethical compliance.

RESULTS: LuminaConsent achieved higher performance with mean scores of 82.33 points (SD+4.2) versus 78.77 points
(SD+6.1) for professional society standards and 57.43 points (SD+3.8) for specialist documentation, representing statisti-
cally significant improvements of 43.3% over specialist practices (p<0.001) and 4.5% over professional society standards
(p<0.05). The system demonstrated consistent high-quality output across all procedures while generating comprehensive
documentation within 96-180 seconds compared to traditional processes requiring multiple days.

CONCLUSION: LuminaConsent offers a pioneering model for systematic Al integration in clinical practice with its evidence-
based content generation and bilingual processing capabilities. The findings support the potential to empower patient auton-
omy, reduce application variations, and improve ethical standards.
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Informed consent represents a cornerstone of contem-
porary medical ethics, functioning as the essential
mechanism for preserving patient autonomy in clinical
decision-making [1, 2]. Rather than mere administra-
tive compliance, this process constitutes a sophisticated
communication framework ensuring patients receive
comprehensive information about proposed interven-
tions, enabling autonomous decisions grounded in an
understanding of risks, benefits, and alternatives [3].
As healthcare systems increasingly prioritize patient
empowerment, the quality and effectiveness of in-
formed consent processes have emerged as important
determinants of both clinical outcomes and medico-le-
gal integrity [2].

The ethical framework governing informed consent
evolved from historical medical transgressions, with
foundational documents—the Nuremberg Code (1947),
Declaration of Helsinki, and Belmont Report—estab-
lishing principles that underpin contemporary physi-
cian-patient relationships [4, 5]. Valid consent processes
necessitate four essential elements: patient competency,
comprehensive disclosure of intervention purposes, risks,
benefits, and alternatives, verification of comprehension,
and adequate documentation [6, 7]. Nevertheless, con-
temporary healthcare systems encounter significant im-
plementation challenges, particularly in high-volume en-
vironments where temporal constraints undermine the
quality of patient-provider communication required for
authentic informed consent [8].

The Turkish healthcare system exemplifies these im-
plementation challenges through documented systemic
deficiencies that compromise informed consent effec-
tiveness. With 973,519,087 annual physician consulta-
tions and 5,992,338 surgical procedures—averaging 2.7
million examinations and 16,645 interventions daily—
this substantial clinical burden generates critical imped-
iments including inadequate time for patient education,
institutional inconsistencies in information delivery, and
degraded communication quality [9]. These constraints
fundamentally impair practitioners’ capacity to fulfill in-
formed consent obligations, creating notable disparities
between ethical imperatives and clinical reality.

Empirical research has identified four fundamental
deficiencies in Turkish informed consent implementa-
tion that compromise both patient autonomy and clin-
ical quality. Patient engagement remains inadequate,
with 75.8% of surgical patients failing to read consent
forms (CFs) and 62.4% of readers experiencing sig-
nificant comprehension difficulties [10]. Institutional

Highlight key points

e An Al-driven informed consent assistant (LuminaConsent)
was evaluated across 10 urological procedures using expert-
and society-based consent standards.

e LuminaConsent-generated consent forms achieved the
highest overall quality scores compared with specialist and
society forms.

e Mean ICF scores were 57.43 for specialists, 78.77 for society
forms, and 82.33 for LuminaConsent.

e The RAG architecture utilizing curated clinical literature en-
sured consistent, standardized quality across all ten urologi-
cal procedures evaluated.

e LuminaConsent has the potential to strengthen patient au-
tonomy, equality, and ethical standards in consent processes.

variations in documentation quality persist, evidenced
by 74.2% of patients across nine surgical specialties
characterizing explanations as insufficient despite
formal information provision [11]. Preparation and
delivery processes suffer from time constraints, pre-
venting physicians from allocating adequate time for
proper consent procedures [12, 13]. Additionally,
existing consent documents demonstrate poor read-
ability, creating fundamental barriers to meaningful
patient participation in medical decision-making [14].
These interdependent deficiencies constitute system-
atic failures requiring innovative solutions beyond
conventional approaches.

Contemporary research demonstrates that artifi-
cial intelligence (AI) applications can effectively ad-
dress these systematic deficiencies through enhanced
standardization, improved patient comprehension, and
streamlined clinical workflows. Al-assisted consent pro-
cesses significantly enhance patients’ risk comprehension
while maintaining satisfaction levels equivalent to con-
ventional methods, with Al-generated documentation
demonstrating required completeness and accuracy, par-
ticularly in describing procedural benefits and alterna-
tives (15, 16]. Digital platforms reduce documentation
errors and enhance patient engagement in shared deci-
sion-making processes [17]. Nevertheless, existing Al
applications remain limited in addressing multilingual
healthcare contexts and specialized surgical domains, ne-
cessitating comprehensive clinical validation.

Despite technological progress, significant gaps persist
in developing and validating AI-driven solutions for spe-
cialized surgical contexts within non-English healthcare
systems. Previous research has predominantly examined
general medical applications or isolated AI model capa-
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TABLE 1. Most frequently performed urological surgical procedures in Turkish healthcare institutions

CF Operative Intervention

CF1 Varicocelectomy for Varicocele Disease

CF2 Transurethral Resection (TUR) for Bladder Tumors

CF3 Circumcision Procedure for Ritualistic or Medical Purposes
CF4 Radical Prostatectomy for Prostate Cancer

CF5 Transurethral Resection of the Prostate (TURP) for Benign Prostatic Hyperplasia (BPH)
CF6 Orchiopexy for Cryptorchidism (Undescended Testis)

CF7 Hypospadias Repair Surgery for Hypospadias

CF8 Internal Urethrotomy for Urethral Stricture Disease

CF9 Penile Prosthesis Implantation for Erectile Dysfunction (ED)
CF10 Diagnostic Cystoscopy for Lower Urinary Tract Disorders

CF: Consent form.

bilities, lacking comprehensive frameworks that address
the systematic challenges of standardization, compre-
hensibility, preparation efficiency, and institutional vari-
ation inherent to informed consent processes. Evidence
regarding the clinical effectiveness of Al-driven systems
in enhancing patient outcomes and workflow efficiency
remains limited, particularly in urological practice where
complex procedures necessitate detailed risk communi-
cation and comprehensive patient education.

This investigation addresses these critical gaps by
evaluating LuminaConsent, an Al-driven informed con-
sent system specifically engineered to resolve systematic
deficiencies in urological practice. The primary objective
involves assessing the system’s performance in generating
informed consent documentation against established
standards through comprehensive clinical validation
across diverse urological procedures. LuminaConsent
employs retrieval-augmented generation (RAG) archi-
tecture, similar to approaches demonstrated in special-
ized medical applications [18], addressing standardiza-
tion deficiencies through consistent content generation,
comprehensibility challenges via natural language pro-
cessing optimization, temporal constraints through au-
tomated documentation, and institutional variations
through standardized quality protocols. Unlike previ-
ous investigations examining isolated AI capabilities,
this study provides rigorous expert evaluation across
multiple procedural categories, contributing empirical
evidence for Al-driven solutions’ potential in informed
consent processes while establishing a foundation for
evidence-based implementation of Al technologies in
specialized medical domains.

MATERIALS AND METHODS

Study Design and Research Setting

This comparative effectiveness study systematically eval-
uated Al-generated informed consent documentation
quality against conventional methodologies through
expert assessment. We employed a three-arm compar-
ative framework examining documentation generated
through: (1) standardized forms from the Turkish So-
ciety of Urological Surgery, representing official institu-
tional templates and regulatory compliance standards,
(2) forms developed by individual urology specialists re-
flecting clinical practice patterns, and (3) forms produced
by the Al-driven LuminaConsent system incorporating
large language models (LLM) calibrated for Turkish

healthcare contexts.

Three independent urological specialists (one professor
and two associate professors) with expertise in urological
practice conducted blinded evaluations of documentation
quality across multiple procedural categories. Evaluators
were selected based on clinical experience, academic stand-
ing, and recognized expertise in urological informed consent
processes, enabling objective comparison while maintaining
clinical relevance for healthcare delivery implementation.

Surgical Procedure Selection and Categorization
Framework

The evaluation framework incorporated ten com-
monly performed urological procedures within con-
temporary Turkish clinical practice, systematically
identified through consultation with senior urological
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TABLE 2. Core medical information categories required for informed consent form generation

No. Heading (Turkish)

Heading (English)

1 {hastalik} Hastaliginin Tanimi Nedir ve {hastalik} Hastaliginin

Sebepleri Nelerdir?

{hastalik} Hastaliginin Belirtileri Nelerdir?

{hastalik} Hastaliginin Tanisi Nasil Konur?

{hastalik} Hastaliginin Tedavi Yontemleri Nelerdir?
{ameliyat} Ameliyatinin Sekli ve Asamalar Nelerdir?
{ameliyat} Ameliyatinin Faydalarn ve Basari Orani Nedir?

{ameliyat} Ameliyatinin Risk ve Komplikasyonlari Nelerdir?

0 N oo uu b~ W N

{ameliyat} Ameliyatinin Yapiimamasi Durumunda Neler
Olabilir?

9 {ameliyat} Ameliyati Sonrasinda Takip Nasil Olmali?

10

{ameliyat} Ameliyat Olduktan Sonra Hasta ve Hasta Yakini /
Refakatci Nelere Dikkat Etmelidir?

11 {ameliyat} Ameliyat Olmadan Once Hasta Nelere Dikkat
Etmelidir?

12 {ameliyat} Ameliyat Oncesi, Ameliyat Sirasi ve Ameliyat
Sonrasinda Kullaniima ihtimali Olan ilaglar Hakkinda Genel

Bilgilendirme Nasil Olmalidir?

specialists (distinct from the three blinded evaluators)
and analysis of procedural frequency data from ma-
jor healthcare institutions (Table 1). This selection
methodology prioritized clinical relevance, procedural
frequency, and representative complexity distribution
to ensure comprehensive evaluation across diverse sur-
gical scenarios.

The selected interventions demonstrated varying
complexity, ranging from routine diagnostic procedures
(diagnostic cystoscopy, circumcision) and intermediate
complexity interventions (varicocelectomy, internal ure-
throtomy) to complex oncological procedures (radical
prostatectomy). Each procedure represented established
standard-of-care interventions with well-documented
risk profiles and standardized consent documentation
requirements, enabling systematic comparison across
documentation methodologies while maintaining clin-
ical authenticity. This approach facilitated targeted
analysis of documentation quality across varying clini-
cal scenarios and enabled comprehensive assessment of
Al-generated content accuracy across the spectrum of
contemporary urological practice.

What is the Definition of {disease} Disease and What are the
Causes of {disease} Disease?

What are the Symptoms of {disease} Disease?

How is {disease} Disease Diagnosed?

What are the Treatment Methods for {disease} Disease?

What are the Types and Stages of {surgery} Surgery?

What are the Benefits and Success Rate of {surgery} Surgery?

What are the Risks and Complications of {surgery} Surgery?
What are the Potential Consequences if {surgery} Surgery is
Not Performed?

How Should Post-operative Follow-up Care be Managed After
{surgery} Surgery?

What Should the Patient and Their Family Member / Attendant
Pay Attention to After {surgery} Surgery?

What Should the Patient Pay Attention to Before Undergoing
{surgery} Surgery?

How Should General Information be Provided Regarding
Potential Medications That May be Used Before, During, and
After {surgery} Surgery?

Comparative Documentation Generation Methodology

The comparative assessment employed three distinct
methodological approaches for informed consent form
(ICF) generation across the selected urological pro-
cedures. The Al-driven approach utilized the Lumi-
naConsent system, incorporating advanced natural
language processing algorithms with RAG method-
ology specifically calibrated for clinical consent doc-
umentation within the Turkish healthcare context.
The system’s knowledge foundation comprised twelve
carefully selected clinical publications (eight Turkish
and four English authoritative sources), establishing a
comprehensive bilingual framework for evidence-based
consent documentation. Al-generated forms utilized
a standardized structural framework incorporating
twelve core medical information categories essential
for comprehensive informed consent documentation
(Table 2), ensuring systematic coverage of critical ele-
ments including disease definition, symptomatology,
diagnostic procedures, treatment methodologies, surgi-
cal benefits and risks, post-operative care protocols, and
medication guidance.
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FIGURE 1. LuminaConsent: AI-Driven Informed Consent Assistant.

The professional society standardized approach em-
ployed ofhcially endorsed informed consent templates
provided by the Turkish Society of Urological Surgery,
representing current institutional standards and regula-
tory compliance requirements. The individual specialist
methodology incorporated ICFs developed by practicing
urologists through conventional clinical documentation
processes, reflecting clinical practice patterns and indi-
vidualized institutional approaches.

This three-arm comparative design generated thirty
distinct informed consent documents across the ten se-
lected procedures, with each document evaluated against
the comprehensive information categories outlined in
Table 2, establishing a robust dataset for systematic qual-
ity assessment while ensuring representative coverage of
contemporary documentation methodologies employed
within Turkish urological practice.

AI-Driven Content Generation System Architecture
and Clinical Implementation

The LuminaConsent Al system employed a RAG ar-
chitecture integrating OpenAl's GPT-40-mini large
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language model with specialized clinical knowledge
retrieval mechanisms designed for urological consent
documentation (Fig. 1) [19]. Unlike conventional ap-
proaches that rely on direct queries to general-purpose
language models, the system operates through a clini-
cal knowledge framework utilizing exclusively pre-ap-
proved clinical documentation. The system incorpo-
rated vectorized representations of the twelve selected
clinical publications, processed through advanced text
embedding algorithms and indexed using Facebook Al
Similarity Search technology for optimal retrieval per-
formance, ensuring all generated content derives from
verified medical literature rather than potentially unre-
liable general knowledge databases [20].

The clinical implementation process enabled
urological specialists to generate ICFs through a web-
based interface, where practitioners input specific pro-
cedural details and disease classifications to initiate au-
tomated content generation across twelve standardized
medical information categories (Fig. 2). The system
provided header management functionality, allowing
healthcare professionals to customize section organi-
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FIGURE 2. LuminaConsent’s Interface for Medical Procedure Selection and Automated Informed Consent Form Section Generation.
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FIGURE 3. LuminaConsent’s Automated Medical Informed Consent Form Generation Interface and Document Export Process.

zation, add or remove content categories, and reorder  clinical queries to English for knowledge base searches,
documentation structure according to institutional subsequently generating contextually appropriate Turk-
requirements. The platform employed bilingual pro- ish consent documentation through specialized prompt
cessing capabilities, automatically translating Turkish  engineering strategies.
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TABLE 3. Comprehensive evaluation framework for informed consent documentation quality assessment

No. Assessment domain / evaluation criteria Score range
1 Scientific Content and Accuracy 20
Alignment with contemporary urological guidelines 5
Completeness of diagnostic and treatment processes
Comprehensive explanation of disease definition, etiology, and symptomatology
Accuracy of statistical data and success rates 5
2 Patient Communication and Comprehensibility 20
Effective translation of medical terminology into patient-accessible language 5
Logical sequence and organization of information presentation 5
Strategic emphasis of critical clinical points 5
Overall text readability and linguistic fluency 5
3 Risk, Benefit, and Treatment Information 20
Realistic presentation of complications and procedural risks 4
Clear articulation of expected therapeutic benefits 4
Detailed explanation of surgical procedure stages and techniques 4
Unbiased presentation of alternative treatment modalities 4
Discussion of consequences of non-treatment 4
4 Pre- and Post-Operative Process Information 20
Comprehensive perioperative medical follow-up protocols 7
Clear guidance for patient and family member responsibilities
General information regarding potential medications and management
5 Structural Organization and Legal-Ethical Compliance 20
Effective organization and readability of information
Consistent and systematic use of headings and structure
Adherence to patient rights and informed consent standards
Protection of patient privacy and clinical autonomy 5
Total score 100

Upon content generation completion, the system pre-
sented a visualization of generated sections with imme-
diate editing capabilities, enabling urologists to review,
modify, and customize each component according to spe-
cific clinical considerations and institutional protocols
(Fig. 3). The finalized documentation underwent auto-
mated conversion to standardized Word format, provid-
ing healthcare professionals with ICFs ready for clinical
implementation and patient consultation processes.

Expert Evaluation Framework and Quality
Assessment Methodology

Documentation quality assessment employed a com-
prehensive 100-point scoring framework administered

by three independent urological specialists (one profes-
sor and two associate professors) with expertise in uro-
logical practice, who conducted blinded evaluations of
documentation quality across multiple procedural cate-
gories. These evaluators were entirely distinct from those
involved in initial document development processes,
ensuring methodological rigor and evaluation objectiv-
ity. The assessment utilized a standardized evaluation
instrument specifically designed for urological informed
consent documentation, prioritizing patient—centered
communication effectiveness and clinical accuracy.

The evaluation framework comprised five equally
weighted assessment domains of twenty points each,
systematically addressing important dimensions of
informed consent documentation quality based on es-
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tablished literature and legal-ethical standards (Table
3). The Scientific Content and Accuracy domain assessed
alignment with contemporary urological guidelines,
diagnostic and treatment process completeness, com-
prehensive disease definition encompassing etiology
and symptomatology, and statistical data accuracy. The
Patient Communication and Comprebensibility domain
evaluated medical terminology translation effectiveness
into patient-accessible language, logical information
sequencing, emphasis of critical clinical elements, and
overall readability with linguistic fluency.

The Risk, Benefit, and Treatment Information domain
analyzed realistic complication and procedural risk pre-
sentation, therapeutic benefit articulation, comprehen-
sive surgical procedure explanation, unbiased alternative
treatment presentation, and non-treatment consequence
discussion. The Pre- and Post-operative Process Informa-
tion domain examined perioperative care protocol thot-
oughness, patient and family instruction clarity, and
medication guidance with follow-up requirements. The
Structural Organization and Legal-Ethical Compliance do-
main assessed information organization effectiveness,
documentation structure consistency, adherence to pa-
tient rights and informed consent standards, and patient
privacy protection with clinical autonomy preservation.

These evaluation criteria were established through
literature review encompassing informed consent best
practices, international bioethics guidelines, and Turkish
legal requirements for medical documentation, ensuring
alignment with evidence-based standards and regulatory
compliance expectations.

Statistical Analysis and Performance Assessment
Protocol

The evaluation data underwent statistical analysis em-
ploying descriptive and comparative methodologies to
assess documentation quality differences across the three
generation approaches. Mean scores and standard devi-
ations were calculated for each documentation approach
within individual evaluation categories and overall com-
posite scores, enabling systematic comparison of perfor-
mance metrics across methodological approaches. Statis-
tical significance testing employed independent samples
t-tests to identify differences between documentation ap-
proaches, with significance levels established at p<0.05.

Inter-evaluator consistency was assessed through cal-
culation of variation coeflicients, providing insight into
evaluator consensus across different documentation ap-

proaches. The analysis incorporated assessment based on
procedural complexity levels, categorizing interventions
into routine procedures with standardized protocols and
complex procedures requiring comprehensive risk-benefit
discussions, facilitating targeted evaluation of documen-
tation quality across varying clinical scenarios. The analyt-
ical framework prioritized clinical significance alongside
statistical significance, incorporating effect size calcula-
tions through percentage improvements to determine
the practical relevance of observed quality differences for
clinical implementation and patient care optimization.

Data Management and Quality Assurance Protocols

All evaluation data underwent quality control measures
to ensure methodological integrity and reproducibility.
Independent verification was conducted through dupli-
cate assessment of randomly selected documents (30%
of total documentation) by two additional urological
specialists with comparable academic credentials to the
primary evaluation panel. Significant scoring variations
(>10 points difference) required consensus discussion to
establish final scores. The research protocol maintained
audit trails documenting all procedural steps, evaluation
criteria applications, and decision-making processes to
facilitate methodological transparency and enable future
replication studies.

RESULTS

Comparative Performance Analysis of Informed
Consent Documentation Systems

Three-arm evaluation revealed major performance differ-
entials across documentation methodologies. LuminaCon-
sent achieved superior quality metrics with a mean score of
82.33 points (SD+4.2) versus 78.77 points (SD+6.1) for
professional society standards and 57.43 points (SD+3.8)
for specialist documentation (Table 4). These findings
demonstrate statistically significant improvements of
43.3% over current specialist practices (p<0.001) and 4.5%
over established professional society standards (p<0.05).

The system exhibited superior consistency across
procedural categories, achieving scores from 76.67 to
90.00 points for nine procedures, with internal ure-
throtomy representing the sole outlier at 66.67 points.
This standardization distinguished the system from
conventional approaches, where quality variability cor-
related directly with procedural complexity and indi-
vidual practitioner expertise.
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TABLE 4. Evaluation and comparison of informed consent forms

Informed Consent Form of
Urology Specialists

Informed Consent Form of the
Society of Urological Surgery

Informed Consent Form
of LuminaConsent

Consent forms U, U, U, Form U, U, U, Form U, U, U, Form
Avg. Avg. Avg.
Consent Form 1 75 50 65 63.33 90 70 80 80.00 92 80 70 80.67
Consent Form 2 70 55 60 61.67 85 60 70 71.67 90 70 70 76.67
Consent Form 3 60 55 65 60.00 92 80 90 87.33 95 80 80 85.00
Consent Form 4 65 40 50 51.67 90 80 85 85.00 93 85 80 86.00
Consent Form 5 78 50 60 62.67 88 70 70 76.00 90 75 85 83.33
Consent Form 6 55 50 60 55.00 85 70 75 76.67 92 80 70 80.67
Consent Form 7 55 55 60 56.67 88 75 75 79.33 90 80 85 85.00
Consent Form 8 60 45 50 51.67 91 50 55 65.33 95 50 55 66.67
Consent Form 9 45 50 70 55.00 82 80 85 82.33 88 85 95 89.33
Consent Form 10 55 55 60 56.67 92 80 80 84.00 95 85 90 90.00
Total Avg. 57.43 Total Avg. 78.77 Total Avg. 82.33
Procedural Complexity Stratification and 100 = =4
Performance Metrics 4 e 2 o =
A = g = &
Complexity-based analysis revealed systematic perfor- " ! © 3 B R
mance advantages for the system across all procedural - =
categories (Table 4). For routine procedures (CF1-3), E §ﬁ @ '
the system achieved 80.78 points versus 79.67 for pro-  _ o, ® = B
fessional society forms and 61.67 for specialist docu- E =
mentation, representing a 31.0% improvement over &
specialist practices. Complex interventions (CF4-7) 2 4
demonstrated the most pronounced differentials, with 2
the system scoring 83.75 points compared to 79.25 C%
for professional society and 54.00 for specialist forms, 20
yielding a 55.1% improvement over current specialist
practices. Specialized procedures (CF8-10) achieved
81.33 points versus 77.22 for professional society and 0
54.44 for specialist documentation. R Geg) B TR TRARUE TR TR,
ICFs of ICFs of ICFs of

LuminaConsent demonstrated optimal efficacy in
complex interventions, where performance differences
reached maximum values, suggesting enhanced utility
for procedures requiring comprehensive risk stratifica-
tion and detailed technical explanation.

Individual Procedure Analysis and Quality
Optimization

Procedure-specific analysis revealed the system’s superi-
ority across nine of ten evaluated interventions (Fig. 4,
Table 4), with better performance in procedures requit-

Urology Specialists  the Society of LuminaConsent

Urological Surgery

FIGURE 4. Evaluation Scores Comparison of Informed Con-
sent Forms.

ICF: Informed consent form, Avg: Average.

ing comprehensive technical explanation and risk strati-
fication. Oncological procedures demonstrated the most
substantial improvements, where precise patient com-
munication directly influences therapeutic outcomes.
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Radical prostatectomy exemplified this advantage,
with the system achieving 86.00 points versus 51.67
points for specialist documentation, representing a
67.0% improvement in this technically complex inter-
vention. Penile prosthesis implantation (89.33 points)
and diagnostic cystoscopy (90.00 points) demonstrated
strong performance, indicating effective system perfor-
mance for procedures with well-established technical
protocols. Conversely, internal urethrotomy presented
unique challenges, achieving 66.67 points and repre-
senting the lowest score across all LuminaConsent-
generated documentation. This variation indicates that
specific procedural characteristics may present distinct
requirements for Al-generated documentation, poten-
tially reflecting inherent technical complexity or spe-
cialized patient communication needs.

Inter-Evaluator Consistency and Validation Metrics

Inter-evaluator consistency analysis revealed consider-
able differences in documentation standardization across
methodologies. LuminaConsent achieved superior eval-
uator consensus with assessments ranging from 77.00 to
92.00 points and a variation coeflicient of 0.082, indicat-
ing quality characteristics that consistently satisfy clinical
expectations across diverse professional perspectives.

Professional society documentation demonstrated in-
termediate consistency (71.50 to 88.30 points, variation
coefhicient 0.097), while specialist documentation exhib-
ited the greatest variability (variation coefficient 0.143)
despite compressed scoring ranges. These findings es-
tablish the platform’s capacity to generate standardized,
quality documentation that consistently achieves profes-
sional recognition across diverse urological specialists.

Clinical Effectiveness and Implementation Efficiency

Beyond quantitative performance improvements, Lu-
minaConsent demonstrated significant clinical effec-
tiveness through standardized documentation quality
across procedural categories, effectively eliminating the
variability inherent in specialist practice patterns. The
system achieved consistent quality output independent
of procedural complexity, addressing critical limita-
tions in contemporary consent workflows where qual-
ity directly correlates with practitioner expertise and
time constraints.

Implementation efliciency represented a notable ad-
vantage, with LuminaConsent generating comprehensive
documentation within 96—180 seconds per form com-

pared to traditional processes requiring multiple days for
specialist review of extensive legal documentation and
clinical literature. Professional society consensus devel-
opment necessitates coordinated multi-specialist com-
mittee processes spanning several months.

Expert evaluator feedback validated LuminaCon-
sent’s clinical utility while identifying optimization op-
portunities. Evaluators recognized system strengths in
material organization and standardization, noting areas
for refinement including content filtering precision for
procedure-specific approaches and technical detail bal-
ance for routine applications. These findings establish
that Al-assisted documentation systems can simulta-
neously enhance quality metrics and delivery efficiency
essential for clinical implementation, supporting system-
atic integration into urological practice workflows while
maintaining thoroughness and legal compliance.

DISCUSSION

This investigation establishes AI-driven systems’ capacity
to achieve superior standardization and quality in uro-
logical informed consent documentation. LuminaCon-
sent demonstrated exceptional performance with mean
scores of 82.33 points, representing statistically signifi-
cant improvements of 43.3% over specialist-generated
documentation (57.43 points, p<0.001) and 4.5% over
professional society standards (78.77 points, p<0.05).
These findings align with emerging evidence demon-
strating Al performance advantages in clinical documen-
tation, with Shi et al. [21] showing superior outcomes
in accuracy, completeness, and comprehensibility for
clinical trial consent generation, while Vaira et al. [22]
established ChatGPT-4'’s significant performance advan-
tages (p<0.001) in oral surgery consent documentation.
The results demonstrate clinically meaningful advances
in patient communication effectiveness, legal compliance,
and ethical standards through consistent quality output
across procedural complexity categories.

The notable variability in specialist documentation
(quality scores ranging from 51.67 to 63.33 points)
reveals critical deficiencies in contemporary urological
practice that compromise patient safety and clinical
standardization. These findings corroborate Decker
et al. [23], who demonstrated improved completeness
and accuracy in Al-generated surgical documentation
compared to surgeon-generated content (2.2 vs 1.6,
p<0.001). However, this investigation advances be-
yond conventional AI applications by implementing
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a specialized RAG framework operating exclusively
through curated clinical knowledge bases rather than
general-purpose language models. Unlike studies uti-
lizing direct queries to ChatGPT or similar platforms,
LuminaConsent ensures clinical accuracy through vec-
torized pre-approved medical literature, eliminating
inaccuracies inherent in general Al knowledge data-
bases. This systematic standardization eliminates prac-
titioner-dependent variations while achieving remark-
able temporal efliciency—generating comprehensive
documentation within 96—180 seconds versus multi-
ple days required for traditional specialist review.

This specialized approach aligns with recent do-
main-specific RAG implementations in clinical prac-
tice, exemplified by Ge et al. [18], who developed
LiVersa, a liver disease-specific LLM using RAG
methodology with AASLD clinical guidelines for
hepatology question answering. While both systems
employ vectorized clinical document embeddings and
retrieval mechanisms for specialized medical knowl-
edge, LuminaConsent advances beyond clinical ques-
tion answering to address the specific workflow chal-
lenge of informed consent documentation generation.
The demonstrated bilingual processing capabilities
represent significant advancement beyond predomi-
nantly English-language AI healthcare applications,
addressing healthcare equity gaps for diverse patient
populations. LuminaConsent achieved the most signif-
icant improvements in clinical domains where current
practice demonstrated the greatest deficiencies, with
the 67.0% improvement over specialist documentation
for radical prostatectomy procedures demonstrating
particular value in high-stakes scenarios where com-
prehensive patient understanding critically determines
therapeutic outcomes.

Nevertheless, methodological limitations constrain
the interpretation and generalizability of these findings.
The evaluation framework relied primarily on expert
clinical assessment rather than incorporating patien-
t-reported outcomes or comprehension measures, po-
tentially limiting the capture of the fundamental ob-
jective—ensuring authentic patient understanding and
autonomous decision-making capacity. Contemporary
evidence demonstrates that Al systems require integra-
tion with human clinical expertise rather than autono-
mous implementation. Brock et al. [24] established that
although ChatGPT-generated information demon-
strated quality compared to patient information leaflets
(p=0.014), effective approaches involve collaborative

utilization of Al-generated and human-developed
materials. Similarly, Cosma et al. [25] confirmed that
Al-supported CFs enhance healthcare communication
effectiveness when combined with human knowledge
and clinical experience. Building upon Smith et al. [26],
who reduced consent interview duration from 76 to 44
minutes while maintaining 96% comprehension rates,
specialty-specific adaptations could systematically ex-
tend standardized Al-assisted documentation benefits
across healthcare systems.

The RAG architecture, while ensuring clinical accu-
racy through vectorized pre-approved medical literature,
remains constrained by document corpus scope and
currency limitations. This approach may inadvertently
restrict the system’s capacity to incorporate emerging
clinical evidence or address novel procedural variations
beyond its training dataset. The singular instance of
lower performance (internal urethrotomy, scoring 66.67
points) exemplifies system limitations when addressing
highly specialized procedures requiring nuanced clini-
cal judgment beyond standardized protocols. Further-
more, multilingual processing requirements and cultural
adaptation complexities may compromise system per-
formance across diverse patient populations and institu-
tional settings, necessitating extensive validation across
geographic regions and medical specialties before estab-
lishing universal applicability.

The empirical evidence supports the systematic in-
tegration of Al-assisted informed consent systems
into routine clinical practice, particularly within sur-
gical specialties requiring effective communication of
complex procedural information. However, successful
implementation necessitates recognizing Al systems
as augmentation tools rather than replacements for
human clinical judgment and patient communication
skills. Healthcare organizations must establish robust
protocols ensuring Al-generated content undergoes
systematic clinical review, incorporates institutional
considerations, and maintains flexibility for individu-
alized modifications based on patient-specific circum-
stances and procedural complexity.

Future research must prioritize patient‘centered out-
come measures and multi-specialty validation studies to
provide comprehensive stakeholder assessment. Longi-
tudinal investigations examining patient comprehension
rates, satisfaction metrics, and clinical outcome correla-
tions will establish evidence regarding practical benefits
and risks associated with Al-driven documentation sys-
tems across diverse healthcare contexts.
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The standardization achieved through Al-assisted
documentation demonstrates significant potential for
reducing practice variations, improving patient out-
comes, and enhancing healthcare quality. This advance-
ment facilitates evolution toward more consistent, evi-
dence-based, and patient-centered care delivery models,
provided implementation frameworks maintain appro-
priate emphasis on human oversight, clinical judgment,
and individualized patient care considerations. Unlike
LiVersa's focus on clinical vignette responses, Lumi-
naConsent provides comprehensive documentation
standardization with quantified workflow efficiency
improvements and systematic quality enhancement
across procedural complexity categories, establishing
precedents for evidence-based Al integration in spe-
cialized medical domains.

Conclusion

This investigation demonstrates that Al can substantially
enhance urological informed consent documentation
quality while establishing a methodological framework
adaptable to other surgical specialties. LuminaConsent
represents both a technological advancement in medical
documentation and a meaningful response to fundamen-
tal ethical challenges in contemporary informed consent
processes. Through consistent, comprehensive, and pa-
tient-centered documentation generation, Al-driven
systems contribute to enhanced patient autonomy and
improved ethical standards in healthcare delivery.

The successful deployment of RAG architecture es-
tablishes important precedents for evidence-based Al in-
tegration in healthcare informatics, demonstrating that
specialized clinical knowledge bases effectively address
reliability concerns while maintaining rigorous quality
standards. The bilingual processing capabilities and cul-
turally adapted content generation represent significant
advancement beyond predominantly English-language
AT healthcare applications, extending quality standard-
ization benefits to diverse patient populations and ad-
dressing critical healthcare equity gaps in multilingual
healthcare environments.

Although this investigation provides evidence for
Al-assisted informed consent systems, future research
should incorporate patient-reported outcomes and mul-
ti-specialty validation studies to provide comprehen-
sive stakeholder assessment. Subsequent investigations
should focus on expanding system capabilities to address
documentation needs across diverse surgical specialties

while refining language processing capabilities to accom-
modate specialized terminology and procedural require-
ments within various medical disciplines.

The broader implementation of Al-driven systems
presents substantial potential for systematically address-
ing ethical challenges in informed consent processes across
healthcare institutions. For healthcare decision-makers
considering implementation, Al-assisted documentation
contributes to reducing practice variations, improving pa-
tient outcomes, and enhancing healthcare quality while fa-
cilitating the transition toward more consistent, evidence-
based, and patient-centered care delivery models.
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Human Metapneumovirus (HMPV): A comprehensive
review of its virology, epidemiology, clinical features,
and advances in diagnosis and prevention
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ABSTRACT

Human Metapneumovirus (HMPV) is a leading viral cause of respiratory infections worldwide, particularly affecting children,
elderly adults, and immunocompromised individuals. Since its discovery in 2001, HMPV has been recognized as a significant
pathogen responsible for both upper and lower respiratory tract infections, often manifesting as bronchiolitis, pneumonia, and
wheezing in infants, as well as acute respiratory distress syndrome (ARDS) in older adults and immunocompromised patients.
Although it shares clinical features with Respiratory Syncytial Virus (RSV), HMPV is genetically distinct, posing unique chal-
lenges for diagnosis, treatment, and prevention. This review provides a comprehensive analysis of HMPV, focusing on its virus
structure, genetic makeup, taxonomy, clinical features, and epidemiology. It also explores advances in diagnosis, prevention,
and therapeutic strategies, highlighting the urgent need for continued research to address the global burden of HMPV.
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Human Metapneumovirus (HMPV) was first iden-
tified in 2001 and has since emerged as a leading
cause of acute respiratory infections (ARIs) worldwide
(1]. It primarily affects young children, the elderly, and
immunocompromised individuals, causing symptoms
ranging from mild upper respiratory tract infections to
severe lower respiratory tract diseases such as bronchi-
olitis and pneumonia [2].

HMPV is transmitted through respiratory droplets,
making it highly contagious in settings like hospitals, day-
care centers, and nursing homes [3]. Despite its clinical
significance, HMPV remains under-recognized due to
nonspecific symptoms and limited routine diagnostic test-
ing, often leading to misdiagnosis or underreporting [4].
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Epidemiological studies indicate that HMPV is a
year-round pathogen, with seasonal peaks during win-
ter and early spring, similar to other respiratory viruses
(5]. In Turkiye, HMPYV has become a significant pub-
lic health concern, particularly in pediatric populations,
with high rates of hospitalization for bronchiolitis and
pneumonia [6, 7].

VIRUS STRUCTURE AND MORPHOLOGY

HMPYV is an enveloped, pleomorphic virus with an aver-
age diameter of 150-250 nm, displaying spherical, ellipti-
cal, or filamentous shapes under electron microscopy [8].
Its envelope contains two major glycoproteins:
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1. Fusion (F) Protein: Mediates viral entry into host
cells and is a primary target for immune responses
and vaccine development [9].

2. Attachment (G) Protein: Facilitates binding to respi-
ratory epithelial cells, distinguishing HMPV from
RSV, which lacks this protein [10].

The core structure includes the nucleocapsid (N) pro-
tein, which binds viral RNA, and the matrix (M) protein,
which aids in viral assembly and budding [11]. The small
hydrophobic (SH) protein plays a role in immune evasion,
contributing to the virus's ability to persist in the host [12].

TAXONOMY AND CLASSIFICATION

HMPYV belongs to the Pneumoviridae family and the
Metapneumovirus genus, classified under Group V of
the Baltimore Classification system for negative-sense
RNA viruses [13]. It shares molecular and structural fea-
tures with RSV but has distinct genomic organization
and antigenic properties [14].

PHYLOGENETIC CLASSIFICATION

HMPV is classified into two genetic lineages, A and B,
each further divided into sublineages (A1, A2, B1, B2).
Studies in Turkiye have shown the co-circulation of both
lineages, with periodic shifts in dominance between the
sublineages during different epidemic seasons. This vari-
ability highlights the importance of ongoing genetic sut-
veillance to inform vaccine strategies [15, 16].

VIRUS GENETICS AND PROTEIN FUNCTIONS

HMPV’s genome is approximately 13.2 kb in length, en-
coding eight open reading frames (ORFs) that produce
structural and non-structural proteins, including the N,
P M, E G, SH, and L proteins [17]. The L protein, an
RNA-dependent RNA polymerase, is essential for viral
replication, while the NS1 and NS2 proteins modulate
the host immune response to promote viral survival [18].
The genome of human metapneumovirus (hMPV) is ot-
ganized in a 3’ to 5" orientation and encodes at least nine
proteins across eight sequential genes. These proteins in-
clude both structural and non-structural components vital
to the virus's replication and interaction with the host [19].

Nucleoprotein (N)

The nucleoprotein (N) is the most abundant protein in
hMPV. It encapsidates the viral RNA, forming a ribonuc-

Highlight key points
e HMPV causes serious respiratory infections, especially in
children, the elderly and immunocompromised individuals.

e Although it has similar symptoms to RSV, it is genetically
and structurally distinct, making it difficult to diagnose
and treat.

e Itis globally prevalent and increases in winter/spring and is
an important cause of pediatric hospitalizations in Turkey.

e PCR tests are the most sensitive method for diagnosis;
there is no approved vaccine or specific antiviral treat-
ment yet.

e Vaccine development is ongoing, but issues such as dura-
tion of immunity, genetic diversity and accessibility remain.

leoprotein (RNP) complex that protects the genome and
serves as a template for transcription and replication [20].

Phosphoprotein (P)

The phosphoprotein (P) acts as a non-enzymatic cofac-
tor. It binds to both N and L proteins, facilitating the
recruitment and stabilization of the RNA polymerase
complex on the nucleocapsid [21, 22].

Matrix Protein (M)

The matrix protein (M) associates with the inner enve-
lope of the virion and plays a central role in virion as-
sembly, budding, and structural integrity by bridging the
RNP complex and the membrane [23].

Fusion Protein (F)

The fusion protein (F) mediates membrane fusion be-
tween the viral envelope and host cell. Initially synthe-
sized as an inactive precursor (F0), it undergoes cleavage
into F1 and F2 subunits, enabling viral entry. It is also a
major target for neutralizing antibodies and a focus for

vaccine design [24-26].

Glycoprotein (G)

The glycoprotein (G) facilitates viral attachment to host
epithelial cells. Although not essential for replication in
vitro, G contributes significantly to immune evasion and
displays high antigenic variability, limiting cross-protec-
tive immunity across hMPV strains [27, 28].

Small Hydrophobic Protein (SH)
The small hydrophobic (SH) protein has an unclear

function but is believed to play a role in modulating host



Ozsahin et al., A comprehensive overview of HMPV

245

A

Nucleoprotein
Phosphoprotein

Matrix protein

Fusion protein

M2 protein

Small hydrophobic protein 3

Glycoptotein

ININSNIONININS

Large polymerase ‘

FIGURE 1. HMPV structure.

immune responses. Animal studies suggest that SH may
suppress tumor necrosis factor-alpha (TNF-a) signaling
and contribute to viral persistence [22, 29].

M2 Gene Products (M2-1 and M2-2)

The M2 gene encodes two proteins. M2-1 functions as
a transcriptional antiterminator, enhancing mRNA syn-
thesis. M2-2 regulates the balance between transcription
and replication, promoting the synthesis of full-length ge-
nomes by downregulatingmRNA production [22, 29, 30].

Large Polymerase Protein (L)

The large (L) protein is the catalytic subunit of the viral
polymerase complex. It is responsible for RNA synthesis,
including mRNA capping, methylation, and replication
of the viral genome [22].

Proteins and structure of the virus are shown in
Figure 1.

VIRAL REPLICATION CYCLE

HMPV enters host cells through receptor-mediated
endocytosis. The F protein facilitates membrane fusion,
allowing the viral genome to enter the cytoplasm for rep-
lication and transcription. Newly assembled virions are
released by budding from the host cell membrane [31].
Human metapneumovirus replicates in the cytoplasm,
following a process similar to other non-segmented neg-
ative-strand RNA viruses (NNSVs), such as RSV and
measles [21, 22].
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Attachment to Host Cells

Viral attachment is primarily mediated by the G protein,
although the exact host receptor remains unclear. Hepa-
ran sulfate proteoglycans and integrins have been impli-
cated in facilitating viral binding [22, 27].

Membrane Fusion and Entry

Fusion between the viral envelope and host cell mem-
brane is facilitated by the F protein after it is cleaved into
its active subunits. This allows the ribonucleoprotein
complex to enter the cytoplasm [22, 24].

Transcription

Transcription begins at the 3’ end of the viral genome,
with the L protein and its cofactor P synthesizing capped,
polyadenylated mRNAs in a sequential gradient—a pro-
cess termed transcriptional attenuation (22, 29].

Translation and Protein Synthesis

Viral mRNAs are translated by host ribosomes. The
resulting proteins are trafficked to appropriate cellular
compartments for assembly [22].

Genome Replication

When suflicient N protein accumulates, the polymerase
switches from transcription to genome replication. A
full-length antigenome is synthesized and used as a tem-
plate to produce new negative-sense genomes [22, 29].
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FIGURE 2. HMPV replication.

Virion Assembly and Budding

Assembly occurs at the plasma membrane where M
protein coordinates packaging of the viral components.
Budding takes place at lipid rafts, and the virion exits the
cell by acquiring a host-derived envelope [22, 23]. The

replication mechanism of the virus is shown in Figure 2.

EPIDEMIOLOGY

Human Metapneumovirus (HMPV) infections are dis-
tributed globally, affecting individuals across all age groups,
with the highest burden observed in young children, the
elderly, and those with underlying health conditions. Neat-
ly all children are exposed to HMPV by the age of five,
with reinfections occurring throughout life [32, 33]. Sea-
sonal peaks typically occur in late winter and eatly spring,
mirroring the patterns of other respiratory viruses such as

respiratory syncytial virus (RSV) and influenza [34].

CLINICAL FEATURES

HMPYV infections typically present with mild to mod-
erate upper respiratory symptoms, such as fever, cough,
and nasal congestion [35]. In severe cases, particularly
in young children and elderly adults, HMPV can cause
bronchiolitis, pneumonia, and ARDS, often requiring
hospitalization [36]. Immunocompromised individu-
als are at higher risk of severe outcomes, including pro-
longed respiratory failure [37]. HMPV causes a wide
range of respiratory symptoms, particularly severe in in-
fants, elderly individuals, and immunocompromised pa-
tients. Common symptoms include fever (~80%), cough
(60-70%), and wheezing (30-50% in pediatric cases)
[38-40]. Nasal congestion is also frequent [38]. Bron-
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chiolitis and pneumonia account for 10-20% of hospi-
talizations, while acute respiratory distress syndrome
(ARDS) is observed in vulnerable populations (3, 34, 41,
42]. Co-infection with viruses such as RSV and influen-
za can exacerbate clinical severity, occurring in up to 20%
of cases [43, 44].

GLOBAL PATTERNS

Studies conducted worldwide have shown that HMPV
accounts for 5-15% of respiratory tract infections re-
quiring hospitalization, with the highest rates in pedi-
atric populations. In a meta-analysis spanning multiple
countries, HMPV was identified in 10—-20% of children
hospitalized with lower respiratory tract infections (LR-
TTIs), with a notable prevalence in low- and middle-in-
come countries where access to advanced diagnostic tools
is limited (7, 16]. In high-income countries, such as the
United States and parts of Europe, the introduction of
advanced molecular diagnostics like RT-PCR has im-
proved HMPYV detection rates in community-acquired
pneumonia and bronchiolitis cases [45]. In the elderly,
HMPYV contributes significantly to hospitalizations and
mortality rates, often in combination with chronic con-
ditions such as chronic obstructive pulmonary disease

(COPD) or cardiovascular diseases [15].

HMPV IN TURKIYE

Human Metapneumovirus (HMPV) has emerged as a
significant respiratory pathogen in Turkiye, contributing
to a substantial burden of acute respiratory infections
(ARIs), particularly in pediatric populations. While
HMPYV affects individuals of all ages, its impact is most
pronounced in young children, elderly adults, and immu-



Ozsahin et al., A comprehensive overview of HMPV

247

nocompromised individuals. Despite its growing recog-
nition as a key player in respiratory illnesses, HMPYV re-
mains underdiagnosed and underreported in many parts
of Turkiye due to limited awareness, diagnostic challeng-
es, and overlapping clinical symptoms with other respira-
tory viruses such as Respiratory Syncytial Virus (RSV),
influenza, and parainfluenza virus (7, 16, 46]. In Turkiye,
HMPYV is increasingly recognized as a significant cause
of acute respiratory tract infections in children and the
elderly. Studies conducted in various regions, including
Istanbul and Ankara, have demonstrated that HMPV
accounts for approximately 7-10% of respiratory tract
infections requiring hospitalization, particulatly during
the winter and early spring months [16, 46—48]. Data
from Eastern Anatolia indicated that HMPV contrib-
utes significantly to seasonal respiratory outbreaks, often
in combination with environmental factors such as air
pollution and lower socioeconomic conditions [49].

EPIDEMIOLOGY AND PREVALENCE

Turkiye experiences seasonal peaks in HMPYV infections,
with the virus circulating primarily during the winter
and early spring months, aligning with patterns observed
in other parts of the world 5, 16]. Epidemiological stud-
ies indicate that HMPV is one of the leading causes of
lower respiratory tract infections (LRTTs) in young chil-
dren, with significant morbidity and hospital admissions
due to diseases like bronchiolitis and pneumonia [50].
Recent research conducted in major Turkish cities, in-
cluding Istanbul and Ankara, has shown that HMPV
infection rates among hospitalized pediatric patients can
reach as high as 20%, underscoring its clinical significance
(16, 45, 51]. A 2020 study published in a Turkish medi-
cal journal revealed that HMPV was detected in approx-
imately 17% of respiratory samples from children with
acute respiratory symptoms, a rate comparable to other
prominent viruses like RSV [16, 45, 52]. The study also
highlighted that co-infections with multiple pathogens
(including RSV, influenza, and HMPV) were relatively
common, complicating diagnosis and treatment. Co-in-
fections often result in more severe disease outcomes,
requiring more intensive medical care [53]. In Ankara,
the capital city, data suggests that HMPV infections are
widespread but underreported due to diagnostic chal-
lenges. Real-time PCR testing, the gold standard for
HMPYV detection, has only become widely accessible in
some Turkish hospitals in recent years [7, 15, 54]. Prior
to this, many cases went undiagnosed, and the virus was

often mistaken for other respiratory pathogens. The ex-
pansion of molecular diagnostics for respiratory viruses
is now improving diagnostic accuracy and helping to de-
termine the true burden of HMPV in Turkiye [16, 55].

CLINICAL FEATURES AND IMPACT
ON CHILDREN

In Turkiye, the clinical manifestations of HMPYV infec-
tions mirror global trends. The virus is most commonly
associated with bronchiolitis, a viral infection of the small
airways in the lungs that primarily affects infants and
young children (7, 16, 46]. Pneumonia, another severe
complication, is more common in infants under the age
of 1 year and can lead to hospitalization and prolonged
recovery [50]. Studies show that HMPV-related hospi-
talizations in Turkish children often involve a range of
symptoms, including wheezing, fever, and cough, which
are also seen in RSV infections [7, 16, 51]. Children
with pre-existing respiratory conditions, such as asthma
or chronic lung disease, are particularly vulnerable to se-
vere outcomes when infected with HMPV. In some cas-
es, these children require intensive respiratory support,
including mechanical ventilation, due to the exacerba-
tion of their underlying respiratory symptoms [52]. A
multi-center study conducted in Izmir in 2021 analyzed
the clinical characteristics of children admitted with
acute respiratory infections caused by HMPV. The study
revealed that approximately 25% of the children with se-
vere ARI had HMPV infections, making it one of the
leading viral causes of respiratory illness in the pediatric
cohort [16, 53]. The study also noted that most children
exhibited wheezing and required oxygen therapy due to
acute hypoxemic respiratory failure, reinforcing the im-
portance of early diagnosis and timely intervention [54].

HOSPITALIZATION AND INTENSIVE CARE

Hospitalization rates for HMPV in Turkiye are relatively
high compared to other viral respiratory pathogens, espe-
cially for infants and children under two years of age [16,
55]. Intensive Care Unit (ICU) admissions due to respi-
ratory failure, particularly in infants with bronchiolitis,
are not uncommon. A study conducted at a major Turk-
ish teaching hospital observed that children with HMPV
infections often required extended ICU stays due to the
severity of their respiratory distress {7, 16, 46]. These find-
ings suggest that early identification and aggressive man-
agement of the disease can significantly improve outcomes
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for these patients [50]. In adults, HMPV has been asso-
ciated with pneumonia and worsening chronic obstructive
pulmonary disease (COPD), especially in elderly individ-
uals. A study from Istanbul demonstrated that older adults
with comorbidities, such as diabetes, heart disease, or im-
munosuppression, were more likely to develop severe dis-
ease upon contracting HMPV [16, 45, 51, 55]. This high-
lights the importance of recognizing HMPYV as a possible
cause of severe respiratory illness in adults, particularly in
those who are immunocompromised or elderly [52].

AT-RISK POPULATIONS

Certain populations are at increased risk of severe
HMPYV infections, including:

+ Children under five years old: HMPV is a leading cause
of bronchiolitis and pneumonia in this group, second only
to RSV in many regions, including Turkiye [15, 45, 56].

+ Elderly individuals: Age-related declines in immune
function increase susceptibility to severe HMPYV in-
fections. In nursing home settings, HMPV outbreaks
can cause significant morbidity and mortality [57].

+ Immunocompromised patients: Individuals under-
going chemotherapy, organ transplantation, or those
with primary immunodeficiencies are at high risk for

prolonged and severe HMPV infections [58].

IMPACT OF ENVIRONMENTAL AND
SOCIOECONOMIC FACTORS

Environmental factors, such as air pollution and season-
al variations, play a critical role in the epidemiology of
HMPYV. Urban areas in Turkiye, such as Istanbul and An-
kara, report higher rates of HMPV-related hospitaliza-
tions, potentially linked to pollution and higher population
density. Conversely, rural areas experience challenges due
to limited access to healthcare and diagnostic resources,

resulting in underreporting of HMPYV cases [15, 45, 56).

SURVEILLANCE GAPS

Despite its clinical significance, HMPYV remains underdi-
agnosed in many regions, including Turkiye, due to a lack
of routine surveillance and reliance on clinical symptoms
that overlap with other respiratory viruses. Establishing
robust surveillance systems and integrating molecular di-

agnostics into routine clinical practice are critical for bet-
ter understanding the true burden of HMPV [16, 57].

ECONOMIC BURDEN

The economic impact of HMPV is substantial, with di-
rect costs stemming from hospitalizations, outpatient
visits, and supportive care. Indirect costs, including lost
productivity and long-term complications in vulnerable
populations, further underscore the need for preventive
measures. In Turkiye, seasonal peaks in respiratory infec-
tions strain healthcare systems, with HMPV contribut-
ing significantly to this burden [16, 58].

CLINICAL FEATURES

HMPYV infections range from mild upper respiratory
tract infections to severe lower respiratory tract infec-
tions. Symptoms include rhinorrhea, cough, fever, and
wheezing [56]. Severe manifestations such as bronchioli-
tis, pneumonia, and respiratory failure are more common
in high-risk populations, including young children and
the elderly [57].

DIAGNOSIS AND SURVEILLANCE IN TURKIYE

While molecular diagnostics like PCR testing have great-
ly improved the accuracy of HMPYV diagnosis in Tut-
kiye, significant barriers to widespread testing remain,
particularly in regional hospitals [16, 53]. In many areas,
viral cultures and rapid antigen tests are still the prima-
ry methods used to diagnose respiratory infections, but
these are not sensitive enough to detect HMPV accu-
rately. As a result, many cases are either missed or misdi-
agnosed as RSV or influenza [54]. To address this issue,
several academic hospitals in Turkiye have begun col-
laborating on surveillance programs aimed at monitor-
ing HMPV circulation. These programs often focus on
seasonal trends and investigate the incidence of co-infec-
tions with other respiratory pathogens [16, 55]. Nation-
al guidelines are being developed to encourage broader
adoption of molecular diagnostics for HMPV in both
inpatient and outpatient settings [46].

PREVENTIVE MEASURES AND VACCINE
DEVELOPMENT

Despite the growing recognition of HMPV's impact in
Turkiye, there is currently no licensed vaccine or antiviral
therapy for its prevention or treatment (7, 16, 50]. Sup-
portive care, including oxygen therapy and mechanical
ventilation, remains the mainstay of treatment for severe
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cases. Research into monoclonal antibodies and vaccine
development for HMPYV is still in its eatly stages glob-
ally, including in Turkiye, but the country is actively in-
volved in clinical trials investigating potential therapeutic
agents [15, 45, 49, 51]. Prevention strategies in Turkiye
primarily involve hygiene measures and supportive care
to manage symptoms. Health campaigns are increasingly
emphasizing hand hygiene, respiratory hygiene, and the
importance of vaccination against other common respi-
ratory viruses like influenza and RSV [16, 52]. However,
the development of a vaccine specifically for HMPYV re-
mains a critical goal for the Turkish public health system,
particularly given the virus's ability to cause severe dis-
ease in vulnerable populations [16, 53].

VACCINE DEVELOPMENT AND CLINICAL
TRIALS

Several vaccine candidates targeting HMPV are in var-
ious stages of development, with promising progress
seen in preclinical and eatly clinical trials. These include
live-attenuated vaccines, subunit vaccines, vector-based
platforms, and multivalent approaches designed to ad-
dress the high burden of HMPYV infections across dif-
ferent populations (7, 16, 24, 25].

Live-Attenuated Vaccines

Preclinical studies and eatly-phase trials of live-atten-
uated HMPYV vaccines have shown robust immunoge-
nicity, eliciting strong neutralizing antibody responses
with minimal adverse effects [16]. These vaccines mimic
natural infection, stimulating both humoral and cellu-
lar immune responses. However, achieving an optimal
balance between attenuation and immunogenicity re-
mains a challenge, especially for immunocompromised

populations [45].

Subunit Vaccines

Subunit vaccines focusing on the prefusion conforma-
tion of the F protein have emerged as promising candi-
dates. The prefusion F protein is the most immunogenic
form and is crucial for neutralizing antibody generation.
Recent advances in structural biology have enabled the
stabilization of the prefusion F protein, improving vac-
cine efficacy (7, 15]. Subunit vaccines also offer safety
advantages, particularly for older adults and those with
underlying health conditions [31].

Multivalent Vaccines

Multivalent vaccines combining antigens from both
RSV and HMPV have garnered attention due to the
overlapping epidemiology and similar clinical impact
of these pathogens [5]. These vaccines aim to provide
broad protection, reducing the burden of both viruses
in pediatric and eldetly populations. Early studies have
demonstrated cross-neutralizing activity and acceptable
safety profiles, making them viable candidates for further
development [5, 7].

Vector-Based Platforms

Viral vector-based vaccines leveraging replication-defi-
cient adenoviruses or other platforms are being explored
(49]. These platforms can deliver HMPYV antigens efh-
ciently and have the potential to induce strong cellular
immunity. Vector-based vaccines are versatile and have
been shown to work effectively in preclinical models [59].

Challenges and Future Directions

Despite these advancements, challenges remain, includ-
ing addressing the antigenic diversity of HMPYV, ensur-
ing long-lasting immunity, and overcoming potential in-
terference from preexisting immunity to related viruses
such as RSV [60]. Large-scale clinical trials are essential
to confirm the safety, immunogenicity, and efficacy of
these vaccines across diverse populations. Furthermore,
prioritizing vaccine accessibility and affordability in re-
gions with high disease burden, such as Turkiye, will be
critical to maximizing their public health impact (49, 61].

DIAGNOSIS AND ADVANCES IN PREVENTION

Current diagnostic methods for HMPV include poly-
merase chain reaction (PCR), immunofluorescence, and
enzyme-linked immunosorbent assays (ELISA), with
PCR being the gold standard due to its high sensitivity
and specificity [54]. Rapid PCR assays for point-of-care
testing are emerging as valuable tools for early diagnosis
[55]. Prevention remains a challenge, as no licensed vac-
cine or specific antiviral therapy for HMPYV is currently
available [46]. Supportive care, including oxygen therapy
and ventilation, remains the primary management strat-
egy. In Turkiye, supportive care protocols for HMPV
align with those for RSV and other respiratory viruses,
focusing on symptom relief and the prevention of com-
plications [15, 60].



250

NorTH CLIN ISTANB

CONCLUSION

Human Metapneumovirus (HMPV) is a significant
respiratory pathogen with a growing impact on global
public health, particularly in vulnerable populations such
as children, the elderly, and immunocompromised indi-
viduals. Despite advances in diagnostic tools, challenges
remain in prevention and treatment, underscoring the
need for continued research into vaccine development
and therapeutic strategies.

In Turkiye, HMPV has become a major cause of re-
spiratory infections, highlighting the importance of en-
hanced surveillance, improved diagnostic infrastructure,
and public health interventions. Global collaboration
and investment in research are essential to address the
challenges posed by HMPV and reduce its associated
morbidity and mortality.
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ABSTRACT

Calcium oxalate (CaOx) nephrolithiasis is the most common type of kidney stone disease worldwide. Recent studies show that
its development cannot be explained solely by renal solute handling; instead, it reflects a broader interaction between dietary
habits, the intestinal microbiota, and host metabolic responses. Intestinal absorption of calcium and oxalate—two central
drivers of lithogenesis—is shaped by both microbial composition and dietary patterns. Although Oxalobacter formigenes was
initially regarded as the main oxalate-degrading organism, newer studies indicate that a wider disturbance of the gut micro-
biota, especially the loss of short-chain fatty acid (SCFA)—producing species, may increase susceptibility to stone formation. In
this review, nutritional, microbial, and mechanistic evidence is brought together to examine how diet—particularly salt, animal
protein, calcium, oxalate, fruits, vegetables, and water intake—modulates the gut—kidney axis. Diets high in salt or animal
protein tend to shift the microbiota toward more pro-inflammatory and acidogenic profiles, while fiber-rich, plant-based di-
ets and adequate hydration appear to support microbial diversity, SCFA production, and epithelial barrier integrity. Probiotic
and synbiotic interventions have also gained attention as potential strategies to reduce stone recurrence by targeting gut
microbial function. Taken together, current findings suggest that the gut—kidney axis is a dynamic metabolic link between
diet, microbial ecology, and renal physiology. Future studies combining multi-omics methods with personalized nutritional
approaches may help develop more effective microbiota-based prevention and treatment strategies for CaOx nephrolithiasis.
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Kidney stone disease is a multifactorial condition
shaped by genetic, metabolic, microbial, and envi-
ronmental influences. Calcium oxalate (CaOx) stones
represent more than 70% of all renal calculi and often
recur despite standard preventive measures. Although
CaOx stone formation has long been attributed to abnor-
malities in renal calcium and oxalate handling, growing
evidence indicates that the gastrointestinal tract and its
resident microbiota play an equally important role in this
process [1]. Intestinal absorption of calcium and oxalate
has a direct impact on their circulating and urinary levels,
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and disturbances in these pathways give rise to hypercal-
ciuria and hyperoxaluria—two central drivers of CaOx
lithogenesis [2]. These pathophysiological relationships
are reflected in the classical concepts of absorptive hy-
percalciuria and enteric hyperoxaluria, highlighting the
bidirectional interaction between the gut and kidney in
CaOx stone disease [3]. Over the past decade, the gut mi-
crobiota has gained attention as a major regulator within
this axis. Initial work focused on Oxalobacter formigenes,
a Gram-negative, strictly anaerobic bacterium capable
of degrading oxalate and promoting its secretion in the
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gut lumen [4]. Loss of O. formigenes, commonly follow-
ing antibiotic exposure or gastrointestinal disorders such
as inflammatory bowel disease, has been associated with
increased susceptibility to CaOx nephrolithiasis [5]. Yet
oxalate degradation is not restricted to this species; sev-
eral other taxa—including Lactobacillus, Bifidobacterium,
Enterococcus, and Clostridium—contribute to oxalate
turnover and may partially compensate for its absence
(6]. Beyond oxalate metabolism, the gut microbiota influ-
ences host immunity, epithelial integrity, and renal phys-
iology through the production of short-chain fatty acids
(SCFAs) and other microbial metabolites. Dysbiosis—
particularly the reduction of SCFA-producing genera
such as Faecalibacterium prausnitzii, Roseburia, and Akker-
mansia muciniphila together with the expansion of pro-
inflammatory taxa including Bacteroides and members
of the Enterobacteriaceae—can impair epithelial barrier
function and promote low-grade systemic inflammation,
both of which facilitate CaOx crystal formation. Dietary
habits strongly influence these microbial and metabolic
pathways. Low fluid intake, high salt and animal-protein
consumption, and inadequate intake of calcium, fruits,
and vegetables are well-established contributors to CaOx
stone risk [7]. In contrast, adequate hydration, moder-
ate dairy intake, and diets rich in fruits, vegetables, and
plant-derived fibers are associated with lower recurrence
rates, largely due to their favorable effects on the gut mi-
crobiome. Together, these findings support the concept of
a dynamic and metabolically active “gut—kidney axis.”

A clearer understanding of how dietary and micro-
bial factors intersect to regulate oxalate homeostasis and
lithogenic potential is crucial for developing effective
prevention strategies. The following sections explore the
mechanistic links among the gut microbiota, immune
pathways, dietary components, and CaOx stone forma-
tion, with particular emphasis on the nutritional modu-
lation of this interconnected axis.

No artificial intelligence tools were used in generating
or interpreting the scientific content of this manuscript;
all interpretations and written sections were produced

and verified by the authors.

LITERATURE SEARCH STRATEGY

This narrative review is based on a comprehensive lit-
erature search conducted using PubMed, Scopus, and
Web of Science databases. Articles published primarily
between 2008 and 2025 were considered, with emphasis

on recent systematic reviews, meta-analyses, and key ex-

Highlight key points

e The gut—kidney axis plays a critical role in calcium oxalate
nephrolithiasis by regulating oxalate absorption, inflamma-
tion, and metabolic homeostasis.

e Dysbiosis, particularly loss of oxalate-degrading bacteria,
contributes to increased intestinal oxalate uptake and stone
formation.

e Nutritional factors such as dietary oxalate, calcium, citrate,
and fluid intake significantly modulate stone risk through
gut-mediated pathways.

e Microbiota-targeted strategies—including probiotics, prebi-
otics, and dietary optimization—represent promising non-
pharmacological interventions.

e Integrating microbiome assessment with nutritional therapy
may offer personalized prevention approaches for recurrent
stone formers.

perimental and clinical studies related to calcium oxalate
nephrolithiasis, gut microbiota, and dietary modulation.
Additional relevant articles were identified through man-
ual screening of reference lists.

MECHANISTIC INSIGHTS: GUT MICROBIOTA,
METABOLISM, AND LITHOGENIC PATHWAYS

Calcium oxalate (CaOx) stone formation arises from
a complex interaction of metabolic, microbial, and
immune mechanisms that collectively influence uri-
nary supersaturation, crystal growth, and renal epithe-
lial injury. The gut microbiota affects these processes
through several pathways, including oxalate degrada-
tion, regulation of intestinal permeability, modulation
of calcium and citrate absorption, and immune signal-
ing along the gut—kidney axis [8]. Oxalate is generated
both endogenously through hepatic metabolism and
from dietary sources. O. formigenes utilizes oxalate as
its exclusive carbon and energy source and converts
it into formate and CO,, thereby reducing intestinal
oxalate absorption and lowering urinary oxalate excre-
tion. Loss of O. formigenes, frequently associated with
antibiotic exposure, correlates with increased urinary
oxalate and higher rates of CaOx stone recurrence [9].
Several other gut commensals—such as Lactobacillus
plantarum, L. acidophilus, Bifidobacterium longum, and
Enterococcus faecalis—possess limited but meaningful
oxalate-degrading capacity. Although their activity is
less efficient than that of O. formigenes, these taxa con-
tribute to overall oxalate turnover and help maintain
metabolic balance within the intestinal environment.
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Short-chain fatty acids (SCFAs)—particularly bu-
tyrate—play a central role in maintaining intestinal bar-
rier integrity by upregulating tight-junction proteins and
supporting epithelial homeostasis. Dysbiosis marked by
reduced abundance of SCFA-producing genera such as
Faecalibacterium prausnitzii and Roseburia leads to di-
minished butyrate production, impaired barrier func-
tion, increased intestinal permeability, and enhanced
translocation of pro-inflammatory microbial products,

collectively facilitating CaOx crystal adhesion to renal
epithelial surfaces (10, 11].

In parallel, microbial imbalance activates innate im-
mune signaling pathways, including Toll-like and NOD-
like receptor—mediated responses, which promote pro-
inflammatory cascades within renal tissues and further
increase lithogenic potential [12]. Restoration of micro-
bial equilibrium—through probiotic supplementation
or increased intake of prebiotic fibers—has been shown
to strengthen mucosal barrier function, attenuate in-
flammatory signaling, and reduce susceptibility to CaOx
stone formation [13].

In addition to these mechanisms, dietary polyphenols
such as catechins, resveratrol, and quercetin influence the
gut microbiome by promoting SCFA-producing taxa
and suppressing pro-inflammatory members of the En-
terobacteriaceae. Their microbial metabolites, including
urolithins, exert antioxidant effects within the kidney
and may reduce CaOx crystal retention [14]. Taken to-
gether, these observations highlight the gut microbiota
as a central metabolic and immunologic regulator in
nephrolithiasis, linking intestinal homeostasis to renal

stone pathophysiology.

OXALATE METABOLISM AND MICROBIAL
DEGRADATION

Oxalate is a metabolic end product originating both
from endogenous hepatic pathways—primarily via gly-
oxylate oxidation—and from dietary sources such as
spinach, nuts, tea, and cocoa. Because humans lack en-
zymes capable of degrading oxalate, the intestinal mi-
crobiota plays an essential role in maintaining oxalate
homeostasis [15].

O. formigenes is the most efficient oxalate-degrad-
ing species identified to date. It uses oxalate as its sole
carbon and energy source, converting it to formate and
CO, via oxalyl-CoA decarboxylase and formyl-CoA
transferase. In addition to metabolizing oxalate directly,

O. formigenes promotes enteric oxalate secretion by up-
regulating the intestinal anion exchangers SLC26A3
and SLC26A6, thereby reducing the amount of oxalate
that reaches the kidneys. Loss of O. formigenes—most
commonly due to antibiotic exposure—has been as-
sociated with a two- to three-fold increase in the risk
of recurrent CaOx nephrolithiasis [16]. Several other
commensal taxa, including Lactobacillus acidophilus,
L. plantarum, B. longum, E. faecalis, and Clostridium
sporogenes, exhibit partial oxalate-degrading capacity
through formate dehydrogenase and decarboxylase
pathways. Although their activity is less eflicient than
that of O. formigenes, these species contribute meaning-
fully to oxalate turnover when O. formigenes is absent.
The combined activity of these microbes highlights the
ecological redundancy within the gut that helps pro-
tect against oxalate accumulation and excessive urinary
oxalate excretion.

SHORT-CHAIN FATTY ACIDS AND BARRIER
FUNCTION

Short-chain fatty acids (SCFAs)—mainly acetate, pro-
pionate, and butyrate—are the principal fermentation
products generated by the gut microbiota from dietary
fiber. These metabolites play a central role in the gut—
kidney axis by supporting epithelial barrier integrity,
dampening systemic inflammation, and inﬂuencing re-

nal metabolic pathways [17].

SCFAs help maintain the mucosal barrier by up-
regulating key tight-junction proteins, including
claudin-1, occludin, and zonula occludens-1 (ZO-1).
Strengthening these junctions reduces intestinal per-
meability and limits the translocation of endotoxins,
processes that would otherwise contribute to oxidative
stress within the kidney and facilitate calcium oxalate
crystal adhesion [18]. Among SCFAs, butyrate has par-
ticularly strong immunomodulatory effects. It inhibits
histone deacetylases and activates G-protein-coupled
receptors (GPR41 and GPR43), thereby exerting an-
ti-inflammatory actions. When SCFA production is
reduced—either because of low dietary fiber intake or
dysbiosis marked by decreased Faecalibacterium praus-
nitzii and Roseburia—barrier function becomes com-
promised, and circulating levels of pro-inflammatory
cytokines such as IL-6 and TINF-a rise. These changes
indirectly favor CaOx crystal formation and retention
within the urinary tract [19].
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IMMUNE MODULATION ALONG THE
GUT-KIDNEY AXIS

The intestinal microbiota plays a central role in shaping
both mucosal and systemic immune responses. When
microbial composition becomes imbalanced, Toll-like
receptors (TLRs) and NOD-like receptors are acti-
vated, triggering inflammatory pathways that can ex-
tend to the kidneys [20].

Experimental studies in mice demonstrate that dys-
biosis driven by high-salt or high-protein diets promotes
Th17 cell expansion and increases IL-17 secretion, thereby
intensifying oxidative stress and tubular injury [21]. In
parallel, renal macrophages and dendritic cells exposed
to elevated levels of microbial metabolites—particulatly
lipopolysaccharide (LPS) and trimethylamine-N-oxide
(TMAO)—shift toward a pro-inflammatory phenotype
that facilitates calcium oxalate crystal retention.

Restoring microbial balance, either through dietary mea-
sures or probiotic supplementation, can ease this inflamma-
tory burden. Improvements in eubiosis reduce the expression
of monocyte chemoattractant protein-1 (MCP-1), lower re-
active oxygen species levels in renal tissues, and weaken the
inflammatory milieu that favors lithogenesis [22].

Collectively, these findings underscore the tight im-
mune—metabolic coupling within the gut—kidney axis
and illustrate how dysbiosis can act both as a trigger and
an amplifier of lithogenic inflammation.

POLYPHENOLS, ANTIOXIDANTS,
AND MICROBIAL CROSSTALK

Dietary polyphenols and antioxidant compounds exert
important regulatory effects on the gut microbiota and,
through this interaction, influence pathways relevant to
calcium oxalate stone formation. Polyphenols such as
catechins, quercetin, and resveratrol are metabolized by
intestinal microbes into bioactive derivatives—including
various urolithins—that can modulate immune and ox-
idative responses within the host [12, 23].

These compounds tend to enrich beneficial SCFA-
producing genera while suppressing pro-inflammatory
taxa such as members of the Enterobacteriaceae. By pro-
moting a microbial environment that favors butyrate and
other SCFAs, polyphenols indirectly strengthen epithe-
lial barrier integrity and reduce endotoxin translocation.
This shift helps lower systemic oxidative stress and limits
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FIGURE 1. Dietary influences on gut microbial composition,
intestinal permeability, metabolic pathways, and calcium
oxalate (CaOx) stone formation within the gut—kidney axis.
Unfavorable diets increase intestinal permeability, inflam-
mation, hypercalciuria, and hyperoxaluria, promoting CaOx
lithogenesis. In contrast, plant-rich diets and adequate hy-
dration enhance SCFA production, improve epithelial bar-
rier integrity, reduce oxalate absorption and inflammation,
increase urinary citrate and urine volume, and ultimately
reduce CaOx stone formation.

SCFA: Short-chain fatty acids.

the renal inflammatory signaling that contributes to cal-
cium oxalate crystal adhesion [10, 19, 23].

Several experimental studies also show that polyphe-
nol-derived metabolites, particularly resveratrol, can
directly attenuate oxidative injury in renal tissue by en-
hancing antioxidant defenses and inhibiting pro-inflam-
matory cytokine expression, while reducing oxalate-in-
duced crystal deposition [24]. Through these combined
microbial and host-directed effects, polyphenols rep-
resent a dietary component capable of modulating the
gut—kidney axis in ways that may reduce lithogenic risk.

INTEGRATION OF MICROBIAL AND
NUTRITIONAL PATHWAYS

Dietary factors and the gut microbiota interact closely to
shape renal outcomes, and this relationship is best viewed
as an integrated metabolic network rather than a linear se-
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quence of events. As illustrated in Figure 1, high intake of
salt, animal protein, or dietary oxalate disrupts microbial
composition, weakens epithelial barrier function, increases
intestinal permeability, and activates pro-inflammatory
immune pathways. These disturbances also contribute
to low-grade metabolic acidosis, collectively predisposing
individuals to hypercalciuria and hyperoxaluria—two key
determinants of calcium oxalate stone formation [7]. The
integrated effects of favorable and unfavorable dietary pat-
terns on the gut microbiota, epithelial integrity, and renal
lithogenic pathways are summarized in Figure 1.

In contrast, plant-rich dietary patterns and probiotic
interventions support a more favorable microbial envi-
ronment. They enhance populations of short-chain fatty
acid (SCFA)-producing taxa, improve epithelial bar-
rier integrity, and promote oxalate degradation, thereby
strengthening intestinal homeostasis and reducing the
urinary factors that drive lithogenesis [25]. Overall, the
gut—kidney axis operates as a dynamic feedback sys-
tem in which dietary inputs and microbial metabolism
continually influence one another. This interconnected
framework underscores the importance of considering
both nutritional and microbial determinants when eval-
uating renal physiology and metabolic resilience.

DIETARY DETERMINANTS OF THE
GUT-KIDNEY AXIS IN CALCIUM OXALATE
NEPHROLITHIASIS

Diet is one of the most powerful external modulators of
both gut microbial composition and urinary biochemi-
cal profiles. The gut—kidney axis functions as a dynamic
metabolic network in which nutrient intake directs mi-
crobial activity, and microbial metabolites subsequently
influence renal excretory patterns. Dietary patterns
characterized by high consumption of salt, animal pro-
tein, and dietary oxalate frequently destabilize microbial
homeostasis and create metabolic conditions that favor
stone formation. Such diets typically increase urinary
calcium and oxalate while lowering citrate levels, thereby
intensifying the biochemical drivers of calcium oxalate
(CaOx) lithogenesis. Conversely, diets rich in fruits, veg-
etables, and prebiotic fibers foster microbial diversity,
enhance short-chain fatty acid (SCFA) production, and
strengthen epithelial barrier integrity. These microbio-
ta-supportive dietary habits help reduce oxidative stress,
improve urinary chemistry, and ultimately lower the risk

of CaOx stone development [22, 25].

EFFECTS OF MACRONUTRIENTS

High Salt Intake

Excessive dietary salt increases urinary calcium excretion
and reduces urinary citrate, creating physicochemical con-
ditions that promote crystal nucleation and growth [8].
Beyond these direct renal effects, high salt intake disrupts
gut microbial ecology by depleting Lactobacillus species
and activating pro-inflammatory Th17 pathways. Experi-
mental studies demonstrate that high-salt diets reduce Bi-
fidobacterium abundance and overall microbial diversity, re-
sulting in increased intestinal permeability and heightened
systemic inflammation [26]. Clinical observations further
suggest that salt restriction can partially restore microbial
balance and improve metabolic parameters, indicating that
the lithogenic impact of salt is mediated, at least in part,
through microbiota-dependent mechanisms [27].

Animal Proteins

Diets high in animal-derived proteins impose a substan-
tial renal acid load, elevate urinary uric acid, and reduce
citrate excretion—physiological changes that collectively
increase the risk of CaOx stone formation [28]. Th-
ese dietary patterns also reshape gut microbial ecology
by favoring bile-tolerant genera such as Bacteroides and
Bilophila, while reducing short-chain fatty acid (SCFA)—-
producing taxa including Faecalibacterium and Roseburia
[29]. The resulting acidogenic environment further sup-
presses Prevotella and other fiber-fermenting species,
weakening the gut's pH-buffering capacity. In contrast,
Mediterranean-style diets—moderate in protein and
rich in plant-derived fibers—support higher microbial
diversity and are consistently associated with lower rates
of stone recurrence 8.

Dietary Oxalate

Oxalate homeostasis is shaped by both dietary oxalate
intake and the intestinal calcium-to-oxalate ratio [30].

O. formigenes and other oxalate-degrading taxa—
including Lactobacillus, Enterococcus, and  Clostridium
species—play key roles in limiting intestinal oxalate ab-
sorption and preventing systemic accumulation. Although
high-oxalate foods can stimulate O. formigenes activity,
overly strict oxalate restriction may paradoxically increase
endogenous oxalate synthesis. Therefore, moderate oxalate
reduction, suflicient dietary calcium, and controlled con-
sumption of animal proteins together represent an evi-
dence-based strategy for optimizing oxalate handling [31].
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Despite being oxalate-rich, foods such as nuts,
spinach, and soy products also provide polyphenols and
fermentable fibers that enrich beneficial taxa, including
Roseburia, Faecalibacterium, and Lactobacillus. When in-
corporated into a balanced dietary pattern, these foods
do not necessarily elevate stone risk and may even pro-
mote microbial resilience [32].

Calcium Intake

Calcium intake exerts context-dependent effects. Ade-
quate dietary calcium reduces intestinal oxalate absorp-
tion by forming insoluble calcium oxalate complexes,
thereby lowering urinary oxalate excretion [33].

Conversely, insufficient calcium increases intestinal
oxalate uptake and predisposes individuals to hyperox-
aluria. Calcium-rich diets may also promote the growth
of Lactobacillus and Bifidobacterium species and contrib-
ute to improved mucosal barrier integrity.

Prebiotic fibers such as inulin and galactooligosaccha-
rides (GOS) further enhance calcium absorption by low-
ering intestinal pH through microbial fermentation and
upregulating calcium transporters. These mechanisms
highlight the synergistic interaction between dietary
components and the gut microbiota in the regulation of
calcium and oxalate metabolism [22, 24].

EFFECTS OF PLANT-DERIVED NUTRIENTS
AND HYDRATION

Fruits, Vegetables, and Legumes

High consumption of fruits, vegetables, and legumes
(FAV) is consistently associated with a reduced risk of
nephrolithiasis and more favorable urinary chemistry
profiles [34]. These foods increase urinary concentrations
of key crystallization inhibitors—including citrate, mag-
nesium, and potassium—while supplying fermentable
fibers that support the growth of short-chain fatty acid
(SCFA)-producing taxa such as Bifidobacterium, Lacto-
bacillus, and Faecalibacterium.

Soluble fibers like inulin and B-glucans help stabilize the
gut microbiota, while plant-derived phytates and flavonoids
can directly inhibit calcium crystallization. Polyphenols
commonly found in fruits and vegetables also act as prebi-
otic modulators, enhancing microbial metabolism and re-
ducing oxidative stress along the gut—kidney axis [35].

Opverall, FAV-rich dietary patterns closely resemble the
Mediterranean diet, which has consistently been associated
with lower stone recurrence and improved metabolic health.

Water Intake and Composition

Adequate fluid intake—generally at least 2 liters per
day—remains the most effective non-pharmacological
strategy for preventing kidney stones [36]. Although
increased hydration primarily functions by diluting uri-
nary solutes, emerging evidence indicates that the com-
position of drinking water, including its pH and mineral
content, may also influence gut microbial dynamics.

Alkaline water has been associated with increased
abundances of Bifidobacterium, Christensenellaceae, and Ox-
alobacteraceae, microbial groups involved in oxalate metab-
olism and intestinal homeostasis. In contrast, mineral-rich
hard water may raise urinary calcium excretion, whereas
soft water or hydrogen-enriched water can improve hydra-
tion without contributing to excess mineral load.

Given the substantial interindividual variability in both
microbial responses and urinary chemistry, optimal hy-
dration strategies may need to be personalized to simul-
taneously support renal function and microbiota balance.
These nutritional risk factors are summarized in Table 1.

PROBIOTIC AND SYNBIOTIC STRATEGIES
IN STONE PREVENTION

Recent advances in microbiome science have positioned
probiotics and synbiotics as promising adjunctive ap-
proaches for the prevention of calcium oxalate (CaOx)
nephrolithiasis. These interventions aim to restore in-
testinal eubiosis, enhance microbial oxalate-degrading
capacity, and modulate the metabolic and immune path-
ways that connect the gut and kidney [37]. By improv-
ing oxalate turnover, strengthening epithelial barrier
integrity, and attenuating systemic inflammatory sig-
naling, microbiota-directed therapies may complement
established dietary and pharmacological measures and
broaden the preventive options available for individuals
with recurrent CaOx stone disease.

Despite these encouraging findings, evidence sup-
porting probiotic and synbiotic interventions remains
heterogeneous. Several clinical and experimental stud-
ies report modest or neutral effects on urinary oxalate
excretion, reflecting substantial variability in probiotic
strains, dosing regimens, colonization efﬁciency, base-
line gut microbiota composition, and concurrent dietary
patterns. In particular, long-term and stable colonization
of oxalate-degrading bacteria such as Oxalobacter formi-
genes appears limited in many individuals, which may
constrain sustained clinical efficacy. These inconsisten-
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TABLE 1. Dietary factors, associated microbiota alterations, and lithogenic effects in calcium oxalate nephrolithiasis

Dietary component Microbiota alteration

Effect on lithogenic risk Key references

| Lactobacillus, | Bifidobacterium; 1
Th17-mediated inflammatory activity

High salt intake

1 urinary calcium excretion; 1 systemic and

. . i .. [6,7,17,30]
renal inflammation; promotion of gut dysbiosis

1 Bacteroides, 1 Bilophila; |
High animal protein intake

Prevotella; | SCFA-producing taxa
(Faecalibacterium, Roseburia)

1 Acid load; | urinary citrate; 1 urinary calcium

) [6, 7, 22, 29]
excretion

Variable enrichment of oxalate-
degrading taxa (Oxalobacter,
Lactobacillus, Clostridium spp.)

High dietary oxalate intake

1 Intestinal oxalate load and, in most
individuals, 1 urinary oxalate excretion; effect
. o [3, 4, 15, 16]
may be mitigated by adequate calcium intake

and oxalate-degrading microbiota

May support beneficial taxa
Adequate dietary calcium ¥ Supp

intake

(Lactobacillus, Bifidobacterium) and

epithelial barrier integrity

| Intestinal oxalate absorption; |

) . [6, 7, 25, 28]
hyperoxaluria; | stone recurrence risk

High intake of fruits,
vegetables, and legumes

1 Bifidobacterium, 1 Lactobacillus, 1
Faecalibacterium; | Enterobacteriaceae Mg**, K*); | oxidative stress and inflammation

SCFA production; 1 urinary inhibitors (citrate,
1SCFA P f urinary ( [12, 20, 23, 34]

Improved gut microbiome homeostasis
Adequate hydration (22 L/day) and diversity (taxon-specific effects are

cohort-dependent)

| Urinary supersaturation; dilution of lithogenic

o [22, 25, 36]
solutes; reduced stone formation risk

SCFA: Short-chain fatty acids; Mg?*: Magnesium; K*: Potassium.

cies highlight the need for well-designed, strain-specific,
and microbiome-informed clinical trials before routine
implementation of probiotic or synbiotic strategies in
CaOx stone prevention.

Effects of Macronutrients on Oxalate Metabolism

Probiotics containing oxalate-degrading bacteria have
generated increasing interest as adjunctive options for
reducing urinary oxalate excretion and improving renal
outcomes. O. formigenes remains the most extensively
studied species because of its unique ability to utilize
oxalate as its sole carbon and energy source. Experi-
mental recolonization with O. formigenes in antibiotic-
treated or stone-forming individuals has been shown
to decrease urinary oxalate by approximately 25-40%
within several weeks [38].

Despite these encouraging findings, the clinical
translation of O. formigenes is hindered by its low and
inconsistent colonization efficiency in humans, as well
as its marked sensitivity to oxygen and commonly
prescribed antibiotics. As a result, multistrain probi-
otic formulations—typically combining L. acidophilus,
L. plantarum, L. rbamnosus GG, B. longum, and B.

breve—have emerged as more feasible alternatives.
These strains offer complementary oxalate-degrading
capacity and increase short-chain fatty acid (SCFA)
production, thereby providing broader metabolic ben-
efits. A 2024 meta-analysis of randomized controlled
trials reported a 17-22% reduction in urinary oxalate
after 8—12 weeks of probiotic supplementation in in-
dividuals with recurrent nephrolithiasis [39]. These
improvements appear to reflect multiple mechanisms,
including direct microbial degradation of intestinal ox-
alate, enhanced calcium absorption, and strengthened
epithelial barrier integrity mediated partly through bu-
tyrate-dependent signaling pathways. Probiotics may
also confer systemic benefits by mitigating oxidative
stress and reducing inflammatory signaling. For in-
stance, supplementation with L. plantarum has been
shown to increase urinary citrate and downregulate re-
nal expression of pro-inflammatory mediators such as
IL-6 and MCP-1 in hyperoxaluric animal models [40].
Collectively, both experimental and clinical findings in-
dicate that probiotic therapy can simultaneously mod-
ulate microbial metabolism, epithelial physiology, and
host immune responses in ways that may help lower
lithogenic risk.
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Effects of Micronutrients on Stone Formation

Synbiotics—formulations that combine probiotics with
complementary prebiotic substrates—are designed to
improve probiotic survival, enhance microbial coloniza-
tion, and amplify overall metabolic activity. Prebiotic
fibers such as inulin and galactooligosaccharides (GOS)
serve as fermentable substrates for beneficial gut bacte-
ria, promoting short-chain fatty acid (SCFA) production
and lowering intestinal pH. These conditions collectively
support microbial oxalate degradation and create a more
favorable intestinal environment [41].

In a controlled dietary trial, a 12-week synbiotic reg-
imen composed of B. longum and inulin significantly
increased fecal oxalate-degrading activity and reduced
urinary oxalate levels more effectively than probiotic
supplementation alone. Beyond influencing oxalate han-
dling, synbiotic intake improved calcium absorption,
reinforced epithelial barrier integrity, and reduced sys-
temic inflammatory markers—mechanisms that jointly
contribute to a lower lithogenic risk. More recent syn-
biotic formulations have incorporated resistant starches
and polyphenol-rich extracts—such as cranberry and
curcumin—together with oxalate-degrading probiotics.
These multifunctional combinations take advantage
of the antioxidant and anti-inflammatory properties of
polyphenols while simultaneously supporting microbial
metabolism. As a result, they offer a more comprehensive,
microbiota-centered nutritional strategy for reducing the
likelihood of calcium oxalate stone recurrence [42].

Engineered and Next-Generation Probiotics

The development of bioengineered probiotics has ad-
vanced rapidly, propelled by CRISPR-Cas technologies
that enable precise genomic modification of commensal
microorganisms. Synthetic Oxalobacter strains engi-
neered to overexpress oxalate transporters and incor-
porate controlled antibiotic-resistance elements have
demonstrated markedly improved colonization stability
in gnotobiotic mouse models. Similar engineering strate-
gies have been applied to Lactobacillus and Bifidobac-
terium species. Strains designed to express oxalyl-CoA
decarboxylase and related enzymes show significantly
enhanced oxalate-degrading activity compared with
their wild-type counterparts, offering potential solutions
to the colonization and metabolic limitations inherent
to naturally occurring oxalate-degrading bacteria [43].
Beyond direct modulation of oxalate metabolism, nex-
t-generation probiotics increasingly aim to modulate

immune function and support epithelial repair. Akker-
mansia muciniphila and Faecalibacterium prausnitzii—key
taxa involved in mucin degradation and butyrate produc-
tion—are being explored as promising live biotherapeu-
tic candidates due to their strong anti-inflammatory and
barrier-enhancing properties. Early clinical studies in
individuals with metabolic syndrome and chronic kid-
ney disease suggest that restoring these species improves
mucosal barrier integrity and reduces systemic inflam-
mation, effects that may attenuate upstream drivers of
calcium oxalate lithogenesis [44].

Clinical and Translational Considerations

Although experimental and early clinical findings are
encouraging, several challenges still limit the incorpo-
ration of probiotic and synbiotic therapies into routine
nephrolithiasis management. Considerable variability in
probiotic strain viability, host—microbiome compatibil-
ity, and external influences such as antibiotic exposure or
dietary habits contributes to inconsistent results across
studies. Moreover, optimal dosing regimens, treatment
duration, and long-term safety parameters remain in-
sufficiently defined. Current evidence indicates that pro-
biotics and synbiotics are most effective when used as
adjunctive therapies, complementing established dietary
and pharmacological strategies rather than replacing
them. To facilitate broader clinical adoption, large, rigor-
ously designed trials that integrate multi-omics method-
ologies—including metagenomics, metabolomics, and
comprehensive dietary profiling—are needed to clarify
mechanisms and identify responsive patient subgroups.

Looking ahead, precision-designed probiotic formu-
lations tailored to an individual’s microbial composition
may enable more targeted prevention strategies and align
with the growing shift toward personalized, microbiome-
informed medicine [45].

FUTURE DIRECTIONS AND CONCLUSION

Although substantial progress has been made in eluci-
dating the gut—kidney axis, current evidence linking the
gut microbiota to calcium oxalate (CaOx) nephrolithia-
sis remains largely associative.

Most clinical studies rely on cross-sectional designs,
modest cohort sizes, or indirect markers of microbial ac-
tivity, which limits the ability to infer causality. Advancing
beyond correlation will require longitudinal, multi-omics
frameworks that integrate metagenomics, metabolomics,
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proteomics, and comprehensive nutritional assessments.
Such approaches will be essential for mapping the mecha-
nistic pathways through which dietary exposures and mi-
crobial metabolism influence renal physiology. Combin-
ing high-resolution microbiome sequencing with detailed
dietary profiling may enable microbial and metabolic phe-
notyping of stone formers, supporting the development
of diagnostic and prognostic biomarkers for personalized
prevention. Parallel advances in artificial intelligence (AI)
and digital twin modeling represent emerging research
tools that may help simulate microbiota—diet—host intet-
actions and predict lithogenic risk in real time; however,
these approaches remain investigational and require fur-
ther validation before clinical application [46]. Another
emerging area of interest involves the urinary and stone-
associated microbiota—historically overlooked due to
the long-held assumption that urine is sterile. Increasing
evidence indicates that biofilm-forming bacteria within
renal calculi, including Enterococcus, Pseudomonas, and
Klebsiella, may influence crystal nucleation, aggregation,
and persistence [14,47]. At present, these findings should
be regarded as mechanistically informative rather than di-
rectly translatable to routine clinical practice.

Importantly, not all microbiota-targeted, probiotic,
or synbiotic interventions have demonstrated consistent
clinical benefit in CaOx nephrolithiasis. While experi-
mental models and small clinical studies suggest potential
reductions in urinary oxalate excretion or inflammatory
markers, several trials report modest, variable, or neutral
outcomes. These discrepancies likely reflect heterogene-
ity in probiotic strains, dosing regimens, duration of in-
tervention, baseline gut microbiota composition, dietary
background, and host—microbiome interactions. Conse-
quently, current evidence does not yet support routine
clinical implementation of microbiota-directed therapies
as standalone treatments, underscoring the need for cau-
tious interpretation and further validation.

From a translational standpoint, future clinical tri-
als should integrate nutritional interventions, probiotic
therapies, and microbiota-directed strategies into stan-
dardized protocols. At present, evidence-supported
clinical recommendations include adequate hydration,
balanced dietary calcium intake, moderation of salt and
animal protein consumption, and plant-forward dietary
patterns, all of which have demonstrated benefit in re-
ducing CaOx stone risk. In contrast, probiotic, synbiotic,
and microbiota-engineering approaches should be con-
sidered adjunctive or emerging strategies, pending con-
firmation of efficacy, optimal strain selection, dosing, and

long-term safety in large-scale clinical trials. Personalized
nutrition informed by an individual’s microbial signature
represents a promising but still developing concept with
potential to optimize calcium and oxalate handling while
supporting systemic metabolic balance. At the popula-
tion level, public health efforts should incorporate mi-
crobiome science into dietary guidelines, emphasizing
adequate hydration, plant-forward eating patterns, salt
moderation, and prudent antibiotic use.

In conclusion, CaOx nephrolithiasis should be re-
garded not solely as a renal disorder but as a systemic
condition shaped by interactions among diet, the gut
microbiota, and host physiology. Recognizing the gut—
kidney axis as a clinically modifiable interface through
established nutritional strategies, while simultaneously
acknowledging the experimental nature of microbiota-
targeted and precision-nutrition approaches, provides a
balanced framework for current management and future
innovation. As evidence matures, these emerging strate-
gies may complement—but should not yet replace—stan-
dard preventive measures, supporting a shift toward more
individualized and proactive nephrolithiasis prevention.
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