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DeepTherapy: A mobile platform for osteoarthritis
rehabilitation utilizing chain-of-thought reasoning and
deep learning

Turgay Tugay Bilgin'©~x, Muhammed Ferit Avci>®, Selim Mahmut Giinay*®=x*, Biisra Sahin*®~x, Cetin
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Mustafa Kemal University, Hatay, Tiirkiye; *Department of Physical Therapy and Rehabilitation, Faculty of Health Sciences, Bursa Uludag
University, Bursa, Tiirkiye; *Department of Physical Therapy and Rehabilitation, Faculty of Medicine, Bursa Uludag University, Bursa,
Tiirkiye; *Arnavutkoy District Health Directorate, Istanbul, Tiirkiye

ABSTRACT

Objectives: To develop and evaluate an Al-driven mobile platform that integrates deep learning-based exercise
analysis with large language model (LLM) feedback for enhancing osteoarthritis (OA) rehabilitation accessi-
bility and effectiveness.

Methods: A deep learning framework was developed using Long Short-Term Memory (LSTM) architecture
to classify exercise phases from video data of 10 rehabilitation exercises. The dataset consisted of approximately
800,000 frames collected from 20 healthy volunteers. A feedback system utilizing chain-of-thought reasoning
in LLMs (GPT-40 and Claude 3.5 Sonnet) was implemented to generate targeted corrective feedback. Evalu-
ation was conducted with OA patients (n=2) and physiotherapists (n=7) using the Intraclass Correlation Coef-
ficient (ICC) and Likert scales.

Results: The developed LSTM models achieved 97.8% accuracy in exercise phase classification. Strong agree-
ment between system-generated scores and expert evaluations was demonstrated (ICC=0.85). Physiotherapists
slightly preferred Claude's outputs (52.4% vs 47.6%) but rated GPT-40 higher on clinical relevance (4.57/5 vs
4.13/5), clarity (4.71/5 vs 4.38/5), and helpfulness (4.50/5 vs 4.29/5).

Conclusions: DeepTherapy effectively addresses critical limitations in rehabilitation monitoring by providing
qualitative movement assessment, identifying incorrect movements, and offering detailed guidance on tech-
nique improvement, potentially increasing rehabilitation accessibility while maintaining quality of care.
Keywords: Osteoarthritis, rehabilitation, deep learning, large language models, chain-of-thought reasoning,
mobile health

steoarthritis (OA) is a degenerative joint dis- systems and significantly impairing the daily lives of
O ease that affects over 528 million people glob- those affected [1]. Physiotherapy represents an essen-
ally, placing substantial pressure on healthcare tial component in OA treatment, helping to reduce
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DeepTherapy for osteoarthritis rehabilitation

pain, improve mobility, and maintain independence.
However, traditional physiotherapy often requires fre-
quent in-person visits, making it costly (up to 2,000
USD per year per patient) and inaccessible for many
patients, with over 50% of those in need not receiving
adequate therapy [2, 3].

Mobile health (mHealth) platforms have emerged
as promising solutions to address these accessibility
challenges, demonstrating significant potential in im-
proving healthcare delivery and patient engagement
for chronic conditions [4, 5]. Recent studies have
shown that smartphone-based rehabilitation interven-
tions can achieve clinically meaningful outcomes,
with mobile apps showing convincing effects for
chronic disease management when properly imple-
mented with evidence-based care pathways [6, 7]. Co-
design studies specifically for knee osteoarthritis have
established functional requirements for mobile plat-
forms, including symptom tracking, visual progress
monitoring, goal setting, and personalized exercise
planning [8].

Current technological approaches to exercise as-
sessment focus on binary movement tracking without
assessing execution quality or providing detailed per-
formance feedback, typically registering whether a
movement occurred but unable to identify insufficient
or incorrect movements [9, 10]. Research in os-
teoarthritis rehabilitation shows exercise therapy sig-
nificantly reduces pain (effect size 0.56) and improves
function, with benefits peaking at 2-month intervals
[11, 12]. Meta-analyses demonstrate that patients with
higher baseline pain and poorer physical function ben-
efit more from structured therapeutic exercise, empha-
sizing personalized treatment importance [13].
Contemporary studies show 84% of OA research fo-
cuses on knee osteoarthritis with exercise therapy as
primary intervention, with trends toward remote de-
livery and technology-supported care [14].

Recent deep learning models show significant po-
tential in human activity recognition and rehabilitation
monitoring. LSTM networks have emerged as power-
ful tools for analyzing temporal patterns in sequential
data, particularly for human motion and therapeutic
exercises. Studies successfully applied LSTMs to clas-
sify and segment rehabilitation exercises using wear-
able sensors and video-based motion capture,
achieving high accuracy in recognizing movement
phases and identifying repetitions [15-17]. LSTMs

have also been used for predictive modeling of human
motion, including joint trajectory estimation and
movement intention anticipation, demonstrating utility
in rehabilitation and assistive technologies [18, 19].

Hybrid CNN-LSTM architectures have gained
popularity in human activity recognition by combining
CNNs' spatial feature extraction with LSTMs' tempo-
ral modeling. These models have been successfully
applied to recognize lower-limb rehabilitation exer-
cises and traditional therapies like Baduanjin, outper-
forming conventional geometric feature-based
methods [9, 16]. CNN-LSTM models have also gen-
erated reference trajectories for lower-limb exoskele-
tons wusing healthy motion data, advancing
rehabilitation robotics and personalized exercise mon-
itoring [17, 20].

Recent Al advances show significant potential for
enhancing rehabilitation through precision interven-
tions. Machine learning approaches achieve over 85%
accuracy in estimating clinical scores from wearable
sensors, enabling precise motor recovery tracking
[21]. Network meta-analyses demonstrate that Al-as-
sisted interventions, particularly with virtual reality
and intelligent feedback, produce superior functional
improvements compared to conventional therapy [22,
23]. Reviews document Al rehabilitation evolution
from early concepts to current personalized and tel-
erchabilitation implementations [24].

Parallel advances in natural language processing
introduce new opportunities for personalized rehabil-
itation guidance. Large Language Models with chain-
of-thought (CoT) prompting demonstrate remarkable
capabilities in healthcare reasoning and decision-mak-
ing. CoT variants include Iter-CoT for enhanced rea-
soning through error correction [25], Auto-CoT for
improved generalization via diverse question sampling
[26], and Coarse-to-Fine CoT for structured decision-
making through gradual reasoning refinement [27].

While CoT prompting has been applied in question
answering, education, and medical reasoning, its po-
tential for patient-specific rehabilitation feedback re-
mains largely unexplored. Recent studies show LLMs
can generate accurate, contextually relevant feedback
in physiotherapy education, suggesting applicability in
direct patient guidance [28, 29]. However, challenges
remain in ensuring LLM-generated feedback is clini-
cally valid, interpretable, and individually tailored.
This study integrates CoT prompting into a compre-
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hensive Al-driven rehabilitation system to provide au-
tomated, physiotherapist-like feedback based on objec-
tive kinematic performance values [30-32].

Wearable sensor technology has become increas-
ingly sophisticated in rehabilitation monitoring, with
inertial measurement units (IMUs), electromyography
(EMG), and flexible sensors enabling comprehensive
movement analysis and real-time feedback [33]. Deep
learning frameworks specifically designed for move-
ment classification using wearable sensors have
demonstrated the feasibility of personalized rehabili-
tation progress monitoring through objective kine-
matic assessment [34]. User evaluation studies of
wearable sensor-based exercise biofeedback systems
report high system usability scores (90.8/100) and ad-
herence rates approaching 80%, indicating strong clin-
ical acceptability [35].

To address these limitations, this paper presents
DeepTherapy, an Al-driven rehabilitation system that
leverages deep learning-based kinematic analysis and
LLM-assisted exercise recommendations to provide
personalized rehabilitation that is more affordable and
widely accessible. The system utilizes sequence-based
deep learning models to automatically segment exer-
cise repetitions and compute biomechanical quality
scores, capturing precise movement patterns and high-
lighting deviations from therapeutic standards. Addi-
tionally, it employs chain-of-thought reasoning in

Data Collection and Preparation
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LLMs to interpret exercise performance data, reason
like a physiotherapist, and provide targeted corrective
feedback.

The primary contributions of this work include the
development and optimization of a deep learning-
based framework that automatically segments exercise
repetitions and computes biomechanical quality
scores; the design of a feedback system that utilizes
chain-of-thought prompting in LLMs to interpret ex-
ercise performance data and provide targeted correc-
tive feedback; and the implementation of a mobile
application that integrates exercise analysis and Al-
driven feedback to assist patients and therapists in
monitoring rehabilitation progress.

METHODS

The overall architecture of the proposed DeepTherapy
is illustrated in Fig. 1. The system consists of four
main components: data collection and preparation, ex-
ercise phase classification, quality scoring, and per-
sonalized feedback generation. Initially, exercise
videos captured via smartphone undergo pose estima-
tion to extract frame-level skeletal keypoints, which
are then preprocessed and formatted into structured for-
mat containing normalized coordinate vectors. These
features serve as input to a deep learning model that

Classification
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E Input E
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Fig. 1. System architecture of the DeepTherapy platform. Overview diagram illustrating the major components of the sys-
tem, including data collection and preparation, exercise phase classification, quality scoring, and personalized feedback

generation.
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deeptherapy

k AROM Hip Abduction

AROM Hip Adduction
AROM Hip Extension
AROM Hip/Knee Flexion

AROM Hip/Knee Stance

AROM Knee Squat

Fig. 2. DeepTherapy mobile platform interface. Screenshots
of the mobile application showing the exercise selection
screen and the real-time pose tracking interface during exer-
cise performance.

analyzes temporal patterns to classify exercise phases
and segment individual repetitions. For each seg-
mented repetition, a continuous quality score is com-
puted based on multiple performance factors derived
from biomechanical analysis. Finally, a feedback gen-
eration module utilizes LLMs, guided by CoT prompt-
ing strategies, to translate the analysis into personalized
corrective feedback for patients. Fig. 2 shows the mo-
bile interface of the DeepTherapy platform.

The implementation of digital health solutions for
chronic disease management has shown strong evi-
dence for effectiveness when incorporating proper
evaluation frameworks and technology adoption
strategies [36]. Recent research demonstrates that dig-
ital health interventions achieve significant cost-effec-
tiveness benefits for behavioral changes among
patients with chronic conditions, particularly when
combined with evidence-based intervention protocols
[37]. Usability evaluation studies of digital platforms
for orthopedic rehabilitation show high patient en-
gagement rates and satisfaction scores, validating the
clinical acceptability of mobile-based rehabilitation
systems [38].

Data Collection
As there was no publicly available dataset specif-

ically designed for hip and knee OA rehabilitation ex-
ercises, a new dataset was created to support the de-
velopment and evaluation of deep learning models. A
team of specialized physiotherapists designed an ex-
ercise protocol consisting of 10 therapeutic exercises
targeting individuals with hip and knee osteoarthritis
(Table 1). Several of these exercises were performed
separately on each side of the body, leading to a total
of 17 distinct activities.

In the data collection phase, a total of 20 healthy
adult volunteers (10 males and 10 females) aged 21-
26 years (mean age: 23 years) were participated. Par-
ticipants were selected based on their competency in
exercise performance, ensuring proper execution and
minimizing the risk of injury. All participants provided
informed consent before the data collection phase was
initiated.

Each participant performed all 17 activities under
supervision, completing five consecutive repetitions
of each exercise at a controlled, slow speed to reflect
the physical capabilities of OA patients. Recordings
were conducted in a controlled indoor environment
specifically arranged to optimize motion-capture qual-
ity (Fig. 3). Walls were uniformly colored and plain to
minimize background interference, and lighting was
carefully managed to be bright yet diffused, effectively
eliminating shadows that could negatively affect data
quality. A multi-camera setup was used to comprehen-

Table 1. Exercises included in protocol

# Exercise name Side
01 AROM Hip Abduction Per Side
02 AROM Hip Adduction Per Side
03 AROM Hip Extension Per Side
04 AROM Hip/Knee Flexion Forward Per Side

Lunge with Kegel
05 AROM Knee Squat Bilateral
06 Dynamic Hip Flexion (Knee to Chest)  Per Side
07 Hamstring Stretch (Standing, 90 Bilateral
Degrees)
08 Dynamic Knee Lunge Backward Per Side
Diagonal
09 Hip Adductor Stretch (Standing) Bilateral
10 AROM Hip/Knee Stance Per Side

AROM=Active Range of Motion
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Smartphone Cameras

./Subject Position

Fig. 3. Illustrated recording environment. Visualization of the controlled indoor environment used during data collection,

featuring a multi-camera smartphone configuration.

sively capture the participants' movements from dif-
ferent perspectives. Four identical smartphones
(1080p resolution at 30 frames per second) mounted
on stable tripods captured videos simultaneously from
multiple angles: frontal (90°), slightly left (105°),
slightly right (75°), and lateral (0°).

In total, the dataset includes video recordings from
20 participants, each performing 17 activities with five
repetitions, recorded from four camera views, amount-
ing to 1,360 individual video samples (20 participants
x 17 activities X 4 views).

Data Preparation

Following the data collection, videos underwent
an initial processing phase involving frame extraction
and resizing the original recording frame rate of 30
frames per second. This resulting in approximately
800,000 frames. Domain expert physiotherapists man-
ually all frames and assigned numeric labels corre-
sponding to specific phases of each exercise. Exercise
phases were defined as clinically significant segments
of movement, such as resting, execution, and recovery
phases, essential for segmenting individual repetitions
within an exercise. Labeling these phases provided
ground-truth data necessary for training and evaluating
the performance of the deep learning model.

Two principal approaches exist for extracting mo-
tion-related features from video data: deriving latent
spatiotemporal embeddings directly from raw frames
using CNNs, and extracting interpretable kinematic
features from pose estimation outputs. While CNN-

based feature extraction can capture spatial and motion
patterns from video, such representations are often
high-dimensional, opaque, and computationally inten-
sive—posing challenges for real-time, on-device de-
ployment in physiotherapy settings. In contrast, pose
estimation-based pipelines yield structured, inter-
pretable features such as joint coordinates, angles, and
distances that are directly relevant to biomechanical
analysis. This approach not only supports physiother-
apy-specific domain reasoning but also enables down-
stream integration with LLMs. Accordingly, a
pose-based feature extraction strategy was adopted in
this study to ensure both clinical interpretability and
compatibility with mobile implementation constraints.

Following frame labeling, pose estimation was ap-
plied to each frame using MediaPipe, a widely adopted
framework featuring a lightweight architecture opti-
mized for real-time processing on mobile devices. Me-
diaPipe utilizes a deep neural network-based pipeline
to detect 33 landmarks on the human body in three di-
mensions (3D) along with visibility scores. In this
study, the (x, y) pixel coordinates and visibility scores
of selected landmarks were extracted from each frame.
As the dataset was collected in a controlled environ-
ment with stable lighting and camera positioning, no
temporal smoothing or denoising filters were neces-
sary and were therefore not applied to the pose land-
marks. In addition to raw landmark coordinates,
further kinematic features were computed to capture
the dynamics of exercise performance. Specifically,
angle features were calculated to describe the relative
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orientation between connected body segments. For
three A (x4, ya), B(xs, y), C(xc, yc) points and the angle
0 at B was derived using the dot product and arccos
function. The cosine of the angle is calculated as
shown in Equation (1):

(xq = xp)(xc = xp) + (Va — Y)Ve — ¥p)
\/(xa = x5)% + (Vo — ¥p)? X \/(xc = %)% + (v — ¥p)?

cos(0) = (¢Y)

The angle 6 was then obtained by applying the ar-
ccos function and converting from radians to degrees,
as shown in Equation (2):

6 = arccos(cos()) x ? 2

Additionally, the spatial relationship between two
landmarks P;(x;, y;) and Pz(x2, y2.) was quantified
using the Euclidean distance formula, as presented in
Equation (3):

Distance = \/(xz —x)2+ (Y, —y1)? 3

To standardize the extracted kinematic features
and ensure invariance to participant location and body
size, spatial normalization was implemented through
pose centering and scale normalization. First, all land-
mark coordinates were translated relative to the mid-
hip landmark, which served as the origin, resulting in
a body-centric coordinate system invariant to the par-
ticipant’s position within the video frame. Subse-
quently, coordinates were scaled using the shoulder
width as a reference metric, defined as the Euclidean
distance between the left and right shoulder land-
marks. This normalization procedure ensured consis-
tency and comparability of spatial features across
participants, regardless of individual body dimensions
and camera distances.

LSTM
128 units

LSTM
64 units

Model Development

A sequence-based deep learning model was devel-
oped to analyze temporal patterns within each of the
10 therapeutic exercises, individually trained using ex-
ercise-specific data. The selected architecture was
based on a LSTM network, chosen for its proven ef-
fectiveness in capturing sequential dependencies in-
herent in human motion data. Each model accepted
input data structured as sequences composed of con-
secutive frame-level feature vectors, with each vector
containing normalized landmark coordinates, angle
features, distances, and visibility scores. Thus, the
input shape of each sequence was represented as (7win-
dow X Rfeanres), Where n_window denotes the number of
consecutive frames per sequence, and n_features rep-
resents the total number of extracted kinematic fea-
tures per frame.

The LSTM-based architecture included two stacked
LSTM layers with 128 and 64 hidden units, respec-
tively. Each LSTM layer was followed by batch nor-
malization, to enhance training stability, and dropout
layers with a dropout rate of 0.3, to prevent overfitting.
Following these layers, a dense layer with 32 units and
Rectified Linear Unit (ReLU) activation was included,
introducing nonlinearity into the model. The final out-
put layer comprised three neurons with softmax activa-
tion, providing probabilistic predictions of the exercise
phase label for each frame. Fig. 4 illustrates the detailed
structure of the developed LSTM model.

For model training, frame-level feature vectors
and their corresponding phase labels were used to con-
struct input sequences using a sliding window ap-
proach with a fixed sequence length of 16 frames and
a stride of 1, resulting in 15-frame overlap between

Dense
32 units
RelLU

Output
3 units
Softmax

BatchNorm
Dropout 0.3

BatchNorm
Dropout 0.3

BatchNorm
Dropout 0.3

Fig. 4. Deep learning model architecture. Diagram of the LSTM-based neural network, including the sequence input layer,
two LSTM layers with batch normalization and dropout, a dense layer, and a softmax output layer.
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consecutive sequences. Each sequence was assigned
the phase label of its final frame. To improve the
model’s ability to recognize and generalize across
phase transitions, the overlapping windows often in-
cluded segments from two or more consecutive phases
(e.g., rest to eccentric, or eccentric to concentric). This
design reflects the natural continuity of human motion
and enables the LSTM to learn transitional dynamics
rather than isolated steady-state segments. While each
sequence was labeled by its final frame, the model
leveraged the full temporal context to infer phase
boundaries and intra-phase variations.

The dataset was partitioned into training and val-
idation sets using participant-based splitting to ensure
that data from the same participants did not appear in
both sets, thus preventing data leakage and ensuring
unbiased evaluation. The models were trained using
the Adam optimizer with a learning rate of 0.001 and
sparse categorical cross-entropy loss function, suitable
for multiclass classification tasks. Training was con-
ducted over a maximum of 50 epochs with a batch size
of 32. To prevent overfitting and improve generaliza-
tion, early stopping was applied by monitoring the val-
idation loss with a patience of 10 epochs, and model
checkpoints were saved based on the best validation
accuracy. Dropout layers and batch normalization
were incorporated within the model architecture to fur-
ther enhance training stability and performance.

Scoring and Feedback System Development
Predicted phase sequences obtained from the deep
learning model were post-processed to improve tem-
poral consistency and reduce misclassification noise.
A rule-based noise filtration method was applied, in-
corporating prediction confidence scores and temporal

smoothing. Specifically, short-duration phase predic-
tions with low confidence were corrected based on the
surrounding phase context, and brief, isolated state
transitions were suppressed to eliminate spurious pre-
dictions. Following the filtering process, exercise rep-
etitions were segmented by detecting specific phase
transition patterns corresponding to the expected se-
quence of resting, eccentric, and concentric phases.
Additional criteria, such as a minimum duration
threshold and valid phase order, were enforced to en-
sure that only complete and clinically meaningful rep-
etitions were identified.

Quantitative performance factors were computed
for each segmented exercise repetition to provide an
objective assessment of exercise quality. The quality
score of each repetition was calculated based on mul-
tiple performance factors relevant to the execution of
the exercise. These factors included the correctness of
the detected phase sequence, the temporal consistency
of phase durations relative to expected patterns, the
average confidence scores of model predictions within
the repetition, and exercise-specific kinematic indica-
tors such as range of motion, movement smoothness,
and symmetry between sides. Each factor was normal-
ized and assigned a predefined weight reflecting its
clinical importance. The final quality score for each
repetition was computed by aggregating these
weighted factors, as shown in Equation (4), yielding
a continuous score that captured overall movement
quality of the performed exercise.

s=Ywfi @

N
=1

Where S represents the final quality score, f; de-
notes the normalized value of the i-th performance fac-

Few Shot Chain-of-Thought Prompting to LLM

“Identify and prioritize the most
problematic factor values.”

“Identify specific movement patterns
and deviations from optimal execution.”

“Correlate movement issues with patient
data and self-reported data.”

Personalized Feedback of
Exercise Repetition

“Match observed patterns with
established clinical knowledge."”
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: @
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“Generate evidence-based personalized
feedback.”

Fig. 5. Feedback generation process. Schematic showing how segmented exercise data and quality metrics are processed
using LL.Ms with chain-of-thought prompting to generate personalized feedback.
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tor, w; is the predefined weight assigned to each factor,
and N is the total number of factors considered in the
scoring system.

A feedback generation system was developed to
translate the computed quality score and performance
factors into clinically meaningful feedback. This sys-
tem utilized LLMs to automatically generate feedback
statements based on the quantitative performance eval-
uation of each segmented repetition. To guide the feed-
back generation process, a structured prompt template
was designed using example feedback provided by ex-
perienced physiotherapists. These examples were in-
corporated into a CoT prompting strategy, which
explicitly structured the reasoning process of the LLM
to improve the relevance and clinical accuracy of the
generated feedback.

The input to the feedback system consisted of seg-
mented repetition data, including the computed quality
score, performance factor values, exercise context, and
additional participant information such as self-re-
ported feedback (perceived pain and discomfort) and
demographic details. This information was organized
into a structured prompt following a few-shot CoT
template. The template was designed to encourage
step-by-step reasoning by instructing the LLM. Exam-
ple prompts and corresponding expert-written feed-
back were included to further guide the LLM's
response. Two LLMs were evaluated within this sys-
tem: OpenAl’s GPT-40 and Anthropic’s Claude 3.5
Sonnet. Both models processed the same CoT-based
prompt template to ensure consistency in feedback
generation. Fig. 5 illustrates the structure of the feed-
back generation system and the designed CoT prompt.

Mobile Application Development

A mobile application was developed to facilitate
exercise assessment and feedback delivery. The appli-
cation was implemented using the Flutter framework
to ensure cross-platform compatibility on both i10S
and Android devices. The system integrated the core
components of repetition segmentation, quality scor-
ing, and feedback generation within an interactive user
interface. The application included two user modes: a
patient interface for recording rehabilitation exercises
and receiving feedback, and a therapist portal for mon-
itoring patient performance and adjusting rehabilitation
programs. Exercise data were processed after session
completion, and feedback was provided to users based

on the analysis of their recorded performance.

To enhance reliability during real-time inference,
the mobile application ensures that feedback and scor-
ing are performed only when all required landmarks
in each frame exceed a predefined visibility threshold
and a complete sequence of 16 valid frames is avail-
able. This constraint helps mitigate issues related to
occlusions, poor lighting, or partial views during ex-
ercise performance without introducing additional fil-
tering or smoothing.

Evaluation

The proposed system was evaluated through a
multi-stage assessment process to examine the relia-
bility of the quality scoring mechanism, the clinical
relevance of the generated feedback, and the classifi-
cation performance of the deep learning models. For
the evaluation of the scoring system, two volunteer pa-
tients diagnosed with hip or knee OA performed the
prescribed rehabilitation exercises. Each exercise rep-
etition was assessed by the proposed system and inde-
pendently scored by seven expert physiotherapists,
each with over ten years of clinical experience. Phys-
iotherapists assigned quality scores on a scale of 1 to
10 based on their expert assessment of exercise exe-
cution. The agreement between the system-generated
scores and the physiotherapist ratings was evaluated
using the Intraclass Correlation Coefficient (ICC) [39]
to measure scoring reliability and consistency.

The feedback generation component was evalu-
ated through expert review. For each exercise repeti-
tion, physiotherapists were presented with two
feedback statements generated by the two LLMs
(OpenAI’s GPT-40 and Anthropic’s Claude 3.5 Son-
net). Physiotherapists selected their preferred feedback
and subsequently rated the selected output based on
three criteria: clinical relevance, clarity, and helpful-
ness, using a five-point Likert scale.

Furthermore, the classification performance of the
deep learning models for exercise phase recognition
was evaluated on the validation set. Model perform-
ance was assessed using standard classification met-
rics, including accuracy, precision, recall, and
Fl-score. Fig. 6 illustrates the overall evaluation
process, including the assessment of system-generated
quality scores and LLM-generated feedback.

The study was reviewed and approved by the
Bursa Uludag University Health Research Ethics
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Fig. 6. Evaluation methodology. Diagram summarizing the evaluation workflow, including expert scoring comparison and

LLM feedback review.

Committee. All participants provided written informed
consent prior to participation, including consent for
the use of anonymized video recordings and evalua-
tion data for research and publication purposes.

RESULTS

Deep Learning Model Performance
The deep learning models demonstrated varying levels
of performance, with the top model reaching 97.8%
accuracy while the baseline achieved 96.1%. Figures
7 and 8 show the training and validation accuracy
curves over epochs for the baseline and top models re-
spectively, illustrating their convergence behavior and
learning dynamics.

Detailed performance metrics for the baseline and

1.0
0.8 1
o
© 0.6
_
5
9
<
0.4
—— Training Accuracy
0.2 —— Validation Accuracy
0 5 10 15 20

Epoch

Fig. 7. Baseline model accuracy curves. Training and valida-
tion accuracy over epochs for the baseline model, demonstrat-
ing learning progression during training.

top models are presented in Table 2, which includes
precision, recall, and F1 scores for each phase classi-
fication. Confusion matrices and performance visual-
izations are shown in Figures 9 and 10 for the baseline
and top models respectively. The baseline model
achieved F1 scores 0of 0.96, 0.94, and 0.92 for rest, ec-
centric, and concentric phases respectively. The top
model demonstrated improved performance with F1
scores of 0.99, 0.98, and 0.98 for the three phases.

Agreement Between Physiotherapist and System
Scores

The reliability of the proposed scoring system was
evaluated by comparing the system-generated quality
scores with the scores assigned by expert physiother-
apists. The Intraclass Correlation Coefficient (ICC)
[39] between the two sets of scores was calculated as

1.0
0.8 1
o
© 0.6
—_
3
3
<
0.4 1
0.2 —— Training Accuracy
1 —— Validation Accuracy
0 5 10 15 20 25 30
Epoch

Fig. 8. Top model accuracy curves. Training and validation
accuracy curves for the top-performing model, demonstrat-
ing learning progression during training.
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Table 2. Performance metrics for baseline and top models

Model Phase Precision Recall F1 Score
Baseline 0 0.98 0.95 0.96

1 0.92 0.96 0.94

2 0.89 0.95 0.92
Top 0 0.99 0.99 0.99

1 0.98 0.98 0.98

2 0.98 0.97 0.98

0.85, indicating excellent agreement and inter-rater re-
liability. Figure 11 illustrates the correlation between
system-assigned scores and the average physiotherapist
scores. The data points closely follow the line of per-
fect agreement (1:1 line), demonstrating the system’s
ability to replicate expert evaluation of exercise quality.

Evaluation of LLM-Generated Feedback

The feedback generated by the two LLMs was
evaluated based on physiotherapist preferences and
three specific evaluation metrics: clinical relevance,
clarity, and helpfulness. Physiotherapists slightly fa-
vored the outputs of Claude 3.5 Sonnet, selecting them
in 52.4% of cases, compared to 47.6% for ChatGPT-
40. The distribution of model preferences is presented
in Table 3.

However, as summarized in Table 4, ChatGPT-40
outperformed Claude 3.5 Sonnet across all evaluation

10000
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3979 71
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-2000

146 3859

1
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Fig. 9. Baseline model confusion matrix. Confusion matrix
displaying classification performance of the baseline model
across rest, eccentric, and concentric phases.

criteria. ChatGPT-40 achieved higher average scores
in clinical relevance (4.57/5), clarity (4.71/5), and
helpfulness (4.52/5), compared to Claude 3.5 Sonnet,
which received average scores of 4.13/5, 4.38/5, and
4.19/5, respectively. These results suggest that al-
though Claude 3.5 Sonnet was marginally preferred in
overall selection, the feedback produced by ChatGPT-
40 was rated higher in clinical quality and clarity by
expert physiotherapists.

DISCUSSION

The high ICC (0.85) between system-generated scores
and professional physiotherapist evaluations demon-
strates the system's capability to assess exercise per-
formance with expert-level accuracy. This strong
agreement validates the approach of integrating deep

5000
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1
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Fig. 10. Top model confusion matrix. Confusion matrix dis-
playing classification performance of the top model across
rest, eccentric, and concentric phases.
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Fig. 11. Score correlation between system and physiothera-
pists. Scatter plot showing agreement between system-as-
signed and physiotherapist-assigned quality scores, including
a 1:1 reference line.

learning-based movement analysis with biomechani-
cal quality scoring for rehabilitation assessment. Such
correlation suggests that automated systems can effec-
tively supplement human expertise in rehabilitation
settings, potentially extending the reach of profes-
sional guidance to patients who might otherwise have
limited access.

The comparative analysis of LLM feedback re-
veals interesting insights about the nature of effective
rehabilitation communication. While physiotherapists
slightly preferred Claude 3.5 Sonnet's feedback qual-
itatively, GPT-40 consistently achieved superior rat-
ings in clarity, relevance, and helpfulness. This
suggests that GPT-40 may provide more technically
precise and instructionally clear feedback, while
Claude's outputs might have qualities that are more
subjectively appealing to practitioners, potentially in
tone or presentation style. These findings highlight the
importance of considering both technical accuracy and
communication style when designing Al-driven feed-
back systems for healthcare applications.

The DeepTherapy system represents several sig-

Table 3. Physiotherapist preferences for LLM-
generated feedback

LLM model Preference rate (%)
Claude 3.5 Sonnet 52.4%
ChatGPT-40 47.6%

LLM=large language model

nificant advancements over existing technological ap-
proaches to rehabilitation. The system quantifies ex-
ercise quality through Al-generated quality scores,
significantly advancing current binary tracking meth-
ods that only detect whether a movement was per-
formed without assessing its quality. This capability
allows for more nuanced tracking of patient progress
and more targeted interventions, addressing a critical
limitation in existing rehabilitation technologies.

By utilizing chain-of-thought prompting in LLMs
to analyze performance data and deliver corrective
feedback, the system provides guidance similar to that
of professional physiotherapists, addressing the critical
gap in personalized feedback provision. This approach
moves beyond simple performance detection to incor-
porate clinical reasoning and personalized recommen-
dations, bringing Al-assisted rehabilitation closer to
the experience of working with a human therapist.

The mobile platform enhances the accessibility,
affordability, and convenience of osteoarthritis reha-
bilitation compared to traditional methods, potentially
increasing therapy adherence and effectiveness. By
making quality rehabilitation guidance available
through a widely accessible device, DeepTherapy
could significantly expand the reach of effective reha-
bilitation services, particularly for patients in under-
served areas or with mobility limitations that make
regular clinic visits challenging.

Despite the promising results, several limitations
should be addressed in future work. The current eval-
uation was conducted with a limited number of OA

Table 4. Evaluation metrics of LLM-generated feedback by physiotherapists

LLM model Clinical relevance Clarity Helpfulness
Claude 3.5 Sonnet 4.13 4.38 4.29
ChatGPT-40 4.57 4.71 4.50

LLM=large language model
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patients (n=2) and physiotherapists (n=7), which may
not fully represent the diversity of clinical presenta-
tions and professional perspectives. A larger-scale val-
idation with a more diverse patient population and
clinical expertise would strengthen the generalizability
of the findings. Additionally, the system was devel-
oped and tested on a specific set of exercises for hip
and knee OA, and may require adaptation for other
conditions or exercise protocols.

Future research directions include expanding the
system's capabilities by incorporating a broader range
of exercises and increasing dataset diversity to im-
prove model robustness across different patient popu-
lations and movement patterns. This expansion would
enhance the system's utility across various rehabilita-
tion contexts and patient needs. Implementing Re-
trieval-Augmented  Generation (RAG)  with
open-source LLMs could enhance domain-specific
feedback quality and enable greater scalability in var-
ious clinical settings, potentially reducing dependence
on proprietary LLM services while maintaining or im-
proving feedback quality.

Integrating EMG (Electromyography) data pro-
cessing represents another promising direction to en-
hance the system's capabilities, leveraging
multi-modal LLMs for more precise movement analy-
sis and adaptive rehabilitation guidance based on mus-
cle activation patterns. This additional data stream
could provide deeper insights into movement quality
and muscular engagement, further refining the assess-
ment and feedback capabilities of the system.

Limitations

The current evaluation was conducted with a lim-
ited number of OA patients and physiotherapists,
which may not fully represent the diversity of clinical
presentations and professional perspectives. A larger-
scale validation with a more diverse patient population
and clinical expertise would strengthen the generaliz-
ability of the findings. Additionally, the system was
developed and tested on a specific set of exercises for
hip and knee OA, and may require adaptation for other
conditions or exercise protocols. The dataset consisted
of healthy volunteers (n=20) aged 21-26 years per-
forming exercises in controlled laboratory conditions,
which may not accurately reflect the movement pat-
terns and capabilities of actual OA patients who typi-
cally present with pain, limited mobility, and varying

degrees of functional impairment.

The current study lacks long-term efficacy assessment
and real-world deployment validation beyond the con-
trolled laboratory environment. The pose estimation
approach, while suitable for controlled conditions,
may face accuracy challenges in diverse lighting con-
ditions, camera angles, and backgrounds typical of
home-based rehabilitation settings. Furthermore, the
LLM-generated feedback, despite showing clinical
relevance, requires continuous validation for factual
accuracy and potential bias, particularly when applied
to diverse patient populations with varying cultural
backgrounds and health literacy levels. The mobile ap-
plication's dependence on stable internet connectivity
and smartphone compatibility may limit accessibility
for elderly patients or those with limited digital liter-
acy, potentially exacerbating healthcare disparities in
rehabilitation access.

CONCLUSION

DeepTherapy effectively addresses the key limitations
identified in current rehabilitation technologies by regis-
tering not only whether a movement was performed but
also its quality; identifying insufficient or incorrect move-
ments through detailed biomechanical analysis; and pro-
viding detailed guidance on how to improve technique
through LLM-generated personalized feedback.

The system demonstrates strong agreement with
expert physiotherapist assessments and provides clin-
ically relevant feedback that could potentially enhance
the accessibility and effectiveness of rehabilitation for
individuals with osteoarthritis. By combining deep
learning-based movement analysis with LLM-gener-
ated feedback in a mobile platform, DeepTherapy rep-
resents a promising approach to addressing the global
burden of osteoarthritis through technology-assisted
rehabilitation, ultimately working toward more acces-
sible, effective, and personalized care for millions of
affected individuals worldwide.
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ABSTRACT

Objectives: Sepsis-induced acute kidney injury (SI-AKI) is a major contributor to morbidity and mortality
among critically ill patients. This experimental study evaluated the renoprotective effects of Tranilast, an anti-
inflammatory and antifibrotic agent, in a rat model of polymicrobial sepsis, with a focus on modulation of the
signal transducer and activator of transcription 3 (STAT-3) signaling pathway.

Methods: Thirty-six female Wistar albino rats were randomly assigned to three groups: Sham control, cecal
ligation and puncture (CLP)+saline, and CLP+Tranilast (300 mg/kg/day). Sepsis was induced by CLP. Survival
was monitored for five days. Biochemical parameters including plasma tumor necrosis factor alpha (TNF-a),
neutrophil gelatinase-associated lipocalin (NGAL), heat shock protein 27 (HSP-27), malondialdehyde (MDA),
blood urea nitrogen (BUN), and renal STAT-3 expression were assessed via ELISA and spectrophotometric
assays. Histopathological evaluation of renal tissues was performed to assess tubular injury, inflammation, and
hemorrhage. Results are expressed as mean+standard error of the mean (SEM).

Results: Tranilast significantly improved survival in septic rats (75% vs. 50% in CLP+saline), reduced plasma
MDA and TNF-a levels, lowered BUN and NGAL concentrations, and suppressed renal STAT-3 expression
(P<0.05). It also enhanced HSP-27 levels, suggesting activation of cytoprotective responses. Histological analysis
demonstrated reduced tubular necrosis, luminal debris, inflammation, and hemorrhage in Tranilast-treated rats.
Conclusions: Tranilast provides significant renoprotection in SI-AKI by reducing oxidative stress, inflamma-
tion, and STAT-3 activity while enhancing cytoprotective mechanisms. These findings support its potential as
an adjunctive therapeutic agent for managing sepsis-related organ injury.

Keywords: Sepsis, acute kidney injury, tranilast, STAT-3 pathway, oxidative stress, inflammation

caused by an uncontrolled immune response to
infection, is still one of the leading causes of
death and disability among severely sick people across
the globe. Up to half of all septic patients may get
acute kidney damage (AKI), which is a serious con-

Sepsis, a potentially fatal malfunction of organs

sequence of the infection that greatly raises death rates
and healthcare expenditures [1, 2].

The pathophysiology of sepsis-induced AKI (SI-
AKI) is multifactorial, involving systemic inflamma-
tion, hemodynamic instability,  endothelial
dysfunction, and oxidative stress. Unlike traditional
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ischemic AKI, SI-AKI often presents with preserved
or even increased renal blood flow, highlighting the
role of inflammation and cellular injury rather than
perfusion deficits [3]. To model this complex condi-
tion, we utilized the cecal ligation and puncture (CLP)
technique, which is widely regarded as a clinically rel-
evant method to induce polymicrobial sepsis in ro-
dents and closely mimics the  human
pathophysiological course [4].

Key players in the progression of renal tubular in-
jury in sepsis include proinflammatory cytokines like
the tumor necrosis factor alpha (TNF-a) and reactive
oxidative mediators like malondialdehyde (MDA) [5].
Heat shock protein 27 (HSP-27) and neutrophil gelati-
nase-associated lipocalin (NGAL) have both been
shown to be early indicators of cellular stress re-
sponses and kidney damage, respectively, in a number
of different experimental and clinical contexts [6, 7].
New data also points to signal transducer and activator
of transcription 3 (STAT-3) as an important player in SI-
AKI's inflammatory and apoptotic pathways. The phos-
phorylation of STAT-3 has been shown to contribute to
renal cell injury by promoting proinflammatory gene ex-
pression and enhancing oxidative damage [8].

Tranilast (N-[3,4-dimethoxycinnamoyl]-an-
thranilic acid), originally developed as an antiallergic
agent, has recently garnered attention for its anti-in-
flammatory, antifibrotic, and antioxidant properties. It
is well-known that tranilast prevents the secretion of
inflammatory cytokines and regulates the activity of
immune cells, namely by suppressing the signaling
pathways of nuclear factor-kappa B (NF-«B) and
STAT-3 [9, 10]. Studies have shown that Tranilast
ameliorates organ damage in various inflammatory
models, including pulmonary fibrosis, myocardial is-
chemia-reperfusion injury, and diabetic nephropathy
[11-13]. However, its protective role against sepsis-in-
duced renal injury and the underlying mechanisms,
particularly the involvement of STAT-3 modulation,
remain largely unexplored.

Recognizing the critical need for effective inter-
ventions in SI-AKI, we aimed to investigate the ther-
apeutic potential of Tranilast in this clinically relevant
sepsis model.

We hypothesized that Tranilast would attenuate
renal inflammation, oxidative stress, and tubular dam-
age in septic rats, potentially via downregulation of
the STAT-3 signaling pathway.

To test this hypothesis, we assessed histopatholog-
ical and biochemical markers of kidney injury, includ-
ing TNF-a, NGAL, HSP-27, blood urea nitrogen
(BUN), MDA, and STAT-3 levels, in CLP-induced
septic rats treated with Tranilast. Our results contribute
to a better understanding of the mechanisms underly-
ing SI-AKI and offer novel insights into the anti-in-
flammatory and cytoprotective effects of Tranilast in
this context.

METHODS

Animals

A total of 36 female Wistar albino rats, aged 10-12
weeks and weighing between 200 and 250 grams,
were used in this study. This study's research received
approval from the Demiroglu Science University An-
imals Ethical Board (Ethical number: 0825015107)
and was done in compliance with the National Insti-
tutes of Health (U.S.A.). Guideline for the Care and
Utilization of Experimental Animals. The animals
used in the experiment were obtained from the Exper-
imental Animal Laboratory at Demiroglu Science Uni-
versity. The rats were housed in steel cages with
12-hour light/dark cycles, fed freely, and maintained
in a temperature-controlled environment at 22+2 °C.
Only female rats were used in this study to reduce
variability due to hormonal cycles and behavioral dif-
ferences commonly observed in males. While we ac-
knowledge that sex-specific immune responses may
exist, using one sex allowed for a more consistent
evaluation of the intervention’s effects.

Experimental procedures

To create a sepsis model, 36 female Wistar albino
rats (10-12 weeks old, 200-250 g) were randomly as-
signed into three experimental groups (n=12 per
group) as follows:

(1) Group 1: Sham-operated Control (Sham
Control, n=12): Rats underwent laparotomy and
bowel manipulation under sterile conditions, but with-
out cecal ligation or puncture. They received oral gav-
age with vehicle solution only.

(2) Group 2: Sepsis+Saline (CLP+Saline, n=12):
Rats underwent CLP to induce polymicrobial sepsis,
followed by intraperitoneal administration of 0.9%
NaCl at a dose of 30 mL/kg/day for 5 consecutive days.
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(3) Group 3: Sepsis+Tranilast (CLP+Tranilast,
n=12): Rats underwent CLP and received Tranilast at
a dose of 300 mg/kg/day, administered orally once
daily for 5 consecutive days. The dose of Tranilast
(300 mg/kg/day, orally) was selected based on previ-
ous reports demonstrating efficacy in reducing inflam-
mation and organ damage in rodent models [14].
Tranilast (purity >98%, Sigma-Aldrich, Cat# T5316)
was dissolved in 0.9% saline and administered by oral
gavage in a volume of 1 mL.

The sham group served as a true surgical control
to distinguish the effects of surgical stress from those
of sepsis. Tranilast or saline was administered once
daily by oral gavage for 5 consecutive days post-CLP.
All animals were monitored for survival over 5 days,
after which biological sampling and tissue analyses
were performed. The sample size in each group re-
mained consistent throughout the experimental period,
and the final number of animals included in the analy-
ses is reported in the figure legends and table footnotes.

All volume replacement treatments were admin-
istered in similar amounts to Groups 2 and 3: 30
mL/kg % 0.9 NaCl once throughout the initial hour of
the surgical process then 10 ml/kg/day % 0.9 NaCl
1.p.) every 12 hours of the day. Intraperitoneal saline
(30 mL/kg) was administered for fluid resuscitation
after CLP, based on previously established models. Al-
though this dose is close to the recommended upper
limit, it was well tolerated by all animals without res-
piratory distress or mortality immediately following
injection [15].

After five days, the trial was completed. Nine rats
perished - three from the CLP and Tranilast group and
six from the CLP and saline group. The animals were
euthanized after the trial was complete so that blood
samples could be taken for biochemical analysis and
kidneys could be removed for histological analysis.

Blood samples were collected into EDTA tubes and
centrifuged at 3000 rpm for 15 minutes at 4°C. Plasma
was aliquoted and stored at -80°C until biochemical
analysis. The left kidney was fixed in 10% formalin
for histopathological analysis, while the right kidney
was snap-frozen in liquid nitrogen and used for
ELISA. A total of 36 rats (n = 12 per group) were in-
cluded at baseline. Survival and mortality were moni-
tored daily, and final sample sizes for each group at
each endpoint are specified in the Table 1 and Fig. 1.
Due to CLP-induced mortality, final sample sizes were:
Sham Control (n=12), CLP+Saline (n=6), CLP+Trani-
last (n=9) for biochemical and histological analysis.

Procedure for Cecal Ligation and Puncture (CLP)

To expose the cecum and adjacent intestine, a 3
cm midline laparotomy was carried out under aseptic
circumstances. Following its secure tying at its base
beneath the iliocecal valve using a 3.0 silken suture, a
22-gauge needle was used to puncture the cecum. The
cecum was then lightly squeezed to expel a little
amount of waste from the puncture area. After return-
ing the cecum to the peritoneal cavity, 4-0 polyglactin
sutures were used to seal the laparotomy incision. The
animals were allowed some downtime after surgery
before being returned to their homes. The sham group
of rats had just laparotomy in an aseptic environment:
they did not undergo cecum piercing or ligation. Rats
were considered septic in this model five hours after
CLP [16].

Histopathological Analysis of Renal Tissue

Three days of preservation in a solution of 0.1 M
phosphate-buffer sodium chloride (PBS) with 10%
formaldehyde was used for the kidney after its extrac-
tion. Hematoxylin and eosin (H&E) staining was applied
to 5 um formalin-fixed kidney slices. All areas were pho-

Table 1. Survival of rats following CLP-induced sepsis with or without tranilast treatment

Group Number of  Surviving Surviving Surviving Surviving Surviving
animals at animals-day 1 animals-day 2 animals-day 3 animals-day 4 animals-day 5
baseline
CLP + Saline 12 12 10 10 8 6
CLP + Tranilast 12 12 11 11 10 9

CLP=cecal ligation and puncture. Survival data recorded daily for 5 days post-CLP surgery in placebo and Tranilast-treated
groups. Tranilast improved overall survival compared to saline-treated controls.
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tographed using Olympus C-5050 camera models that
were attached to Olympus BX51 microscope.

An unbiased observer conducted a morphological
evaluation on ten microscopic fields per slice at a mag-
nification of x20 utilizing a computer-based image
processing system (Image-Pro Express 1.4.5, Media
Cybernetics, Inc. USA) without knowledge of the
study group.

The degree of tubular dilatation, luminal
necrotic debris, tubular epithelial necrosis, intersti-
tial inflammation, and hemorrhage in kidney sec-
tions from each rat in each group were assessed
semi-quantitatively using the following rating sys-
tem: (a) score 0: 0 to 5 percent; (b) score 1: 6 to 20
percent; (¢) score 2: 21 to 40 percent; (d) score 3: 41
to 60 percent; (e) score 4: 61 to 80 percent; and (f)
score 5: 81 to 100 percent [15].

Plasma and Kidney Biochemical Measurements
Organs were quickly removed after decapitation
and kept at 20°C until biochemical assays were com-
pleted. Before being centrifuged at 5000 g for 15 min-
utes, kidneys were homogenized using a glass
homogenizer in five volumes of phosphate-buffered
saline (PBS), which was five times the volume of the
recovered tissue (pH 7.4). After collecting the super-
natant, Bradford's technique was used to quantify the
total protein content in the innerve homogenates using
bovine serum albumin as a reference. Renal STAT-3
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protein levels were measured using a rat-specific
ELISA kit: Rat STAT-3 ELISA Kit, Cat. MBS703634,
MyBioSource (San Diego, CA, USA), following the
manufacturer’s protocol.

Biochemistry Evaluation of BUN

An automated analysis method was used to deter-
mine the BUN concentrations spectrophotometrically.
Concentrations of BUN were reported in mg/dL.

Assessment of Plasma Levels of TNF-a, NGAL, and
HSP-27

Plasma levels of TNF-a, NGAL, and HSP-27
were measured using commercially available ELISA
kits: Rat TNF o ELISA Kit, Cat. ab100784, Abcam
(Cambridge, UK), Rat NGAL ELISA Kit, Cat.
ab119602, Abcam (Cambridge, UK), Rat HSP 27
ELISA Kit, Cat. A2296, Antibodies.com (Cambridge,
UK). All assays were performed according to the man-
ufacturer’s instructions.

Evaluation of Lipid Peroxidation

For quantification of MDA, a TBARS Assay Kit
was used: TBARS (Thiobarbituric Acid Reactive Sub-
stances) Assay Kit, Cat. 10009055, Cayman Chemical
(Ann Arbor, MI, USA). To put it briefly, the plasma
samples were combined, incubated for 60 minutes at
100 °C, and then treated with TBARS reagent and
trichloroacetic acid. After chilling briefly on ice, the
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Fig. 1. Survival of rats over 5 days.
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samples were centrifuged for 20 minutes at 3000 rpm,
and the supernatant's absorbance value was measured
at 535 nanometer. Calibration was done using
tetracthoxypropane, and MDA levels were given in nM.

Statistical Analysis

Statistical analysis was performed using GraphPad
Prism version 9.0 (GraphPad Software, San Diego,
CA, USA). Mann-Whitney U was used as a non-para-
metric test for all quantitative data. The Student's-t test
was used to assess the variations among the groups.
Mean values together with the standard error of the
median (SEM) are often used for data visualization.
We considered it statistically significant if the value
of p was lower than 0.05. The following notation was
used to indicate statistical significance in Table 2 and
corresponding figures: *P<0.01, **P<0.001 vs. Sham
control group; #P<0.05, ##P<0.001 vs. CLP+Saline
group. The following notation was used to indicate sta-
tistical significance in Table 3 and corresponding fig-
ures: *P<0.001 indicates a significant difference
compared to the Sham control group; #P<0.01 and
##P<0.001 indicate significant differences compared
to the CLP+Saline group.

RESULTS

Survival Analysis
Tranilast therapy considerably increased the five-day

survival rate of rats who had sepsis caused by CLP
(Table 1, Fig. 1). Between Day 1 and Day 5, the
CLP+Saline (placebo) group's survival rate gradually
decreased from 100% to 50% (6/12 rats). In contrast,
rats receiving Tranilast showed improved survival out-
comes, with 9 of 12 animals (75%) alive at the end of
the observation period. These results suggest that Trani-
last confers a survival advantage under septic condi-
tions, potentially by mitigating systemic organ injury.

Survival data recorded daily for 5 days post-CLP
surgery in placebo and Tranilast-treated groups. Trani-
last improved overall survival compared to saline-
treated controls.

Plasma and Renal Biochemical Parameters

The biochemical analysis of plasma and renal tis-
sue samples revealed significant alterations in key
markers of oxidative stress, inflammation, and renal
function across experimental groups, as summarized
in Table 2 and Fig. 2.

Comparison of plasma and kidney biochemical
parameters among sham control, CLP+Saline
(placebo), and CLP+Tranilast groups. Tranilast treat-
ment significantly reduced levels of MDA, TNF-a,
BUN, NGAL, and renal STAT-3 while increasing
HSP-27 expression, suggesting attenuation of oxida-
tive stress, inflammation, and kidney injury (P<0.001
vs. control; P<0.01 vs. Control; P<0.001 vs.
CLP+Saline;P<0.05 vs. CLP+Saline).

Table 2. Biochemical markers of renal injury and inflammation in experimental groups

Sham control CLP and saline group CLP and Tranilast group
Plasma MDA (nM) 453+£2.2 124.943.8** 88.5+5.5##
Plasma TNF alfa (pg/ml) 15.2+4.5 101.6£2.7* 71.1+1.8#%
Plasma BUN (mg/dl) 17.9+£0.2 36.5+1.6% 29.7+0.9#
Plasma NGAL (ng/ml) 65.8+1.4 215.1£6.8** 145.7£5.5##
Plasma HSP-27 (ng/ml) 1.06+0.2 1.95+0.1%* 3.07+0.4#
Kidney STAT-3 (pg/mg protein) 0.88+0.2 2.09+0.1%* 1.12+0.3#

Data are shown as meantstandard error of the median. CLP=cecal ligation and puncture, MDA=malondialdehyde, TNF-
o=tumor necrosis factor alpha, BUN=blood urea nitrogen, NGAL=neutrophil gelatinase-associated lipocalin, HSP-27=heat
shock protein 27, STAT-3= signal transducer and activator of transcription 3

Comparison of plasma and kidney biochemical parameters among Sham control, CLP+Saline (placebo), and CLP+Tranilast
groups. Tranilast treatment significantly reduced levels of MDA, TNF-a, BUN, NGAL, and renal STAT-3 while increasing
HSP-27 expression, suggesting attenuation of oxidative stress, inflammation, and kidney injury.

*P<0.01 vs. control, **P<0.001 vs. control, #P<0.05 vs. CLP+Saline ##P<0.001 vs. CLP+Saline.
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Fig. 2. Effects of tranilast on renal injury and inflammatory markers in CLP-induced sepsis model. Bar graphs illustrate the
impact of Tranilast treatment on various plasma and kidney biochemical markers in septic rats. Compared to the CLP+Saline
group, Tranilast significantly reduced levels of (A) plasma malondialdehyde (MDA), (B) tumor necrosis factor-alpha (TNF-
a), (C) blood urea nitrogen (BUN), (D) neutrophil gelatinase-associated lipocalin (NGAL), and (F) renal STAT-3, while in-
creasing (E) plasma heat shock protein 27 (HSP-27). These findings suggest that Tranilast alleviates oxidative stress,
inflammation, and renal injury associated with sepsis. Data are expressed as mean+SEM. *P<0.01, **P<0.001 vs. Sham Con-
trol; #P<0.05, ##P<0.001 vs. CLP+Saline.
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Table 3. Histopathological evaluation scores of renal tissue damage in experimental groups

Sham control CLP and saline group CLP and tranilast group
Tubular epithelial necrosis 0.1+0.1 3.9+0.1% 1.2+0. 1##
Luminal necrotic debris 0.1£0.1 3.1+£0.2%* 1.9+0.3#
Tubular dilatation 0.1+0.2 1.6+£0.4* 1.1£0.2#
Hemorrhage 0.1£0.1 0.8+£0.2* 0.4+0.1#
Interstitial inflammation 0.1£0.1 1.1£0.2%* 0.5+0.1#

Data are shown as mean+tstandard error of the median. CLP=cecal ligation and puncture,

*P<0.001 indicates a significant difference compared to the Sham control group,
#P<0.01 and ##P<0.001 indicate significant differences compared to the CLP+Saline group.

1. Lipid Peroxidation Levels

Plasma MDA levels, a marker of oxidative stress,
were significantly elevated in the CLP+Saline group
(124.9+£3.8 nM) compared to the Sham Control group
(45.3+£2.2 nM; P<0.001). Treatment with Tranilast sig-
nificantly reduced MDA levels to 88.5+5.5 nM
(P<0.001 vs. CLP+Saline), suggesting an antioxidant
effect of Tranilast.

2. Tumor Necrosis Factor-Alpha (TNF-o)

A significant increase in plasma TNF-a levels was
observed in the CLP + Saline group (101.6+2.7 pg/ml)
compared to the Sham Control (15.2+4.5 pg/mL;
P<0.01). Tranilast administration significantly attenu-
ated the TNF-a elevation (71.1£1.8 pg/mL; P<0.05 vs.
CLP+Saline), indicating an anti-inflammatory effect.

3. Blood Urea Nitrogen (BUN)

The CLP+Saline group had significantly higher
BUN levels (36.5+1.6 mg/dL), a sign of renal failure,
than the Sham Control group (17.9+0.2 mg/dL;
P<0.01). Tranilast treatment significantly reduced
BUN levels to 29.7+0.9 mg/dL (P<0.05 ws.
CLP+Saline), reflecting improved renal function.

4. Neutrophil Gelatinase-Associated Lipocalin (NGAL)
The CLP+Saline group had considerably higher
plasma NGAL levels (215.1+6.8 ng/mL) than the
Sham Control group (65.8+1.4 ng/mL; P<0.001).
Tranilast administration significantly decreased NGAL
levels to 145.7+5.5 ng/mL (P<0.001 vs. CLP+Saline),
suggesting attenuation of acute tubular injury.

5. Heat Shock Protein 27 (HSP-27)
HSP-27 levels, which reflect cellular stress and

protective responses, were significantly increased in
both experimental groups. The CLP+Saline group ex-
hibited elevated HSP-27 (1.95+0.1 ng/ml) compared
to the Sham Control (1.06+0.2 ng/ml; P<0.01), while
CLP+Tranilast rats showed a further elevation
(3.07+0.4 ng/ml; P<0.05 vs. CLP+Saline), indicating
a potential cytoprotective upregulation associated with
Tranilast.

6. Kidney STAT-3 Expression

In comparison to controls (0.88+0.2 pg/mg;
P<0.001), the CLP+Saline group had considerably
higher levels of renal tissue STAT-3 protein (2.09+0.1
pg/mg protein). Tranilast significantly suppressed this
increase (1.12+0.3 pg/mg; P<0.05 vs. CLP+Saline),
suggesting inhibition of the pro-inflammatory STAT-
3 signaling pathway.

Histopathological Evaluation of the Kidney
Histopathological scoring revealed extensive renal
damage in the CLP+Saline group, as evidenced by sig-
nificantly increased tubular epithelial necrosis
(3.9£0.1), luminal necrotic debris (3.1£0.2), tubular
dilatation (1.6+0.4), interstitial inflammation
(1.1+0.2), and hemorrhage (0.84+0.2) in comparison to
the regular control group (P<0.001 for all parameters).
In contrast, rats treated with Tranilast demonstrated a
substantial reduction in renal injury scores, with tubu-
lar epithelial necrosis decreasing to 1.2+0.1 (P<0.001
vs. CLP+Saline), luminal necrotic debris to 1.9+0.3
(P<0.01), tubular dilatation to 1.1£0.2 (P<0.05), hem-
orrhage to 0.4+0.1 (P<0.05), and interstitial inflamma-
tion to 0.5+0.1 (P<0.01) (Table 3, Fig. 3).
Histological examination using H&E staining sup-
ported the quantitative findings. As shown in Fig. 4
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Fig. 3. Histopathological assessment of renal tissue damage in sepsis and the protective effects of tranilast. Histopathological
scoring of kidney tissue damage parameters among experimental groups (Sham Control, CLP+Saline, and CLP+Tranilast).
The graphs display the following features: (A) Tubular epithelial necrosis, (B) Luminal necrotic debris, (C) Tubular dilatation,
(D) Hemorrhage, (E) Interstitial inflammation. Sepsis induced by CLP significantly increased renal tissue damage scores.
Tranilast treatment resulted in a marked reduction in necrosis, inflammation, and other pathological findings. Data are ex-
pressed as mean = SEM. ¥*P<0.001 vs. Sham Control; #P<0.01, #P<0.001 vs. CLP+Saline.

panels A-B, kidneys from the control group exhibited
normal glomerular and tubular architecture without
signs of injury. In the CLP+Saline group (Fig. 4 panels
C-D), widespread tubular epithelial necrosis, tubular
dilatation, and dense inflammatory infiltration were

apparent. Conversely, sections from the CLP+Trani-
last group (Fig 4 panels E-F) showed markedly pre-
served tubular structures, minimal necrosis, and
reduced interstitial cell infiltration, indicating partial
protection of renal tissue architecture.
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Fig. 3. Representative histological sections of renal tissue in experimental groups (H&E staining; x20 and x40 magnification).
Histological evaluation of kidney tissue across control and experimental groups using hematoxylin and eosin (H&E) staining.
Panels A-B (Control): Renal architecture appears normal, with well-preserved tubular structures (t) and intact glomeruli
(G). Panels C-D (CLP+Saline): Significant pathological changes are observed, including marked tubular dilatation (td), ep-
ithelial necrosis (black arrows), and disrupted tubular integrity. Panels E-F (CLP+Tranilast): Administration of Tranilast
results in notable preservation of renal structure, with reduced tubular necrosis and decreased dilatation, indicating protective

effects against sepsis-induced kidney injury.

DISCUSSION

AKI caused by sepsis is still a major problem in inten-
sive care units; it causes a lot of death and illness even
though there are ways to help patients [1]. In a rodent
sepsis model developed by CLP, our work shows that
Tranilast, an anti-inflammatory and antifibrotic drug,
greatly reduces kidney damage. The protective effects
of Tranilast were mediated through suppression of ox-

idative stress, inflammation, and STAT-3 signaling,
alongside upregulation of cytoprotective HSP-27.
These findings align with emerging evidence on the
role of STAT-3 in sepsis-associated organ damage and
highlight Tranilast as a potential therapeutic candidate
for SI-AKI [2].

The survival benefit observed in Tranilast-treated
septic rats (75% vs. 50% in controls) underscores its
systemic protective effects. Excessive generation of
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reactive oxygen species (ROS) is a hallmark of sepsis,
which damages cells and causes lipid peroxidation [3].
Our data show that Tranilast significantly reduced
plasma MDA, a marker of oxidative stress, suggesting
its antioxidant properties mitigate sepsis-induced tis-
sue injury. Similar findings were reported in myocar-
dial ischemia-reperfusion models, where Tranilast
decreased ROS generation and preserved organ func-
tion [5]. The reduction in oxidative stress may also ex-
plain the diminished renal tubular necrosis observed
histologically, as lipid peroxidation directly con-
tributes to epithelial cell death in AKI [6].

TNF-a, a key proinflammatory cytokine, plays a
central role in sepsis pathophysiology by promoting
endothelial dysfunction and leukocyte activation [7].
Our study confirms that Tranilast suppresses TNF-a
elevation, consistent with prior reports demonstrating
its inhibitory effects on NF-kB and cytokine release
[8]. This anti-inflammatory action likely contributes
to the preserved renal histoarchitecture seen in Trani-
last-treated rats, as TNF-a drives tubular apoptosis and
interstitial inflammation in AKI [9]. Furthermore,
Tranilast's ability to reduce NGAL, an early biomarker
of tubular injury, reinforces its renoprotective role by
limiting neutrophil-mediated damage [10].

A novel finding of our study is the significant sup-
pression of renal STAT-3 by Tranilast. These results
are consistent with Tan et al. [17], who demonstrated
in a CLP induced septic mouse model that the
flavonoid pectolinarigenin attenuates AKI by inhibit-
ing Janus kinase 2 (JAK2)/STAT3 signaling and pre-
serving mitochondrial integrity. STAT-3 is a critical
mediator of inflammation and apoptosis in sepsis, and
its hyperactivation exacerbates organ injury [10]. Lee
et al. [12] demonstrated that STAT-3 inhibition allevi-
ates LPS-induced acute kidney injury, a widely used
experimental model of sepsis-associated AKI, by re-
ducing renal tubular apoptosis and cytokine produc-
tion. Our results corroborate these findings, as
Tranilast-treated rats exhibited lower STAT-3 levels
alongside improved renal function (reduced BUN) and
histopathology. Given that STAT-3 drives transcription
of proinflammatory genes (e.g., IL-6, MCP-1), its in-
hibition by Tranilast may disrupt the vicious cycle of
inflammation and renal damage [13]. This observation
is supported by studies demonstrating that targeted
STAT 3 deletion in renal tubular epithelial cells sig-
nificantly reduces renal inflammation and tubular

damage in LPS induced sepsis models [18].

Interestingly, Tranilast increased plasma HSP-27
levels, a small heat shock protein that confers cellular
resistance to stress [4]. HSP-27 stabilizes actin cy-
toskeletons, inhibits apoptosis, and enhances cell sur-
vival under oxidative and inflammatory insults [19].
In sepsis, HSP-27 upregulation has been associated
with improved outcomes, possibly by mitigating mi-
tochondrial dysfunction and endoplasmic reticulum
stress [16]. Furthermore, in a UUO model, enhanced
HSP 27 expression conferred protection to tubular
cells, reinforcing the potential cytoprotective role of
Tranilast via HSP-27 [20]. Additionally, automated mod-
els have shown that activation of the KEAP1/Nrf2/HO-
1 axis can reduce renal damage in CLP-induced sepsis,
suggesting a synergistic antioxidant mechanism [21].
Our findings suggest that Tranilast enhances endogenous
protective mechanisms, further shielding renal tubules
from sepsis-induced injury.

Current sepsis management relies on antibiotics,
fluid resuscitation, and vasopressors, yet specific ther-
apies for SI-AKI remain lacking [22]. Our data posi-
tion Tranilast as a multifaceted agent targeting
inflammation (TNF-a), oxidative stress (MDA), and
STAT-3 signaling. Our observed decrease in MDA is
in alignment with Qiongyue ef al. [23], who reported
that irisin attenuated ferroptosis and reduced MDA via
activation of the SIRT1/Nrf2 pathway in CLP induced
AKI. Unlike corticosteroids, which have mixed results
in sepsis, Tranilast offers a more targeted approach
with fewer immunosuppressive risks [24]. Clinical tri-
als in fibrotic disorders have already established Trani-
last's safety profile, supporting its potential
repurposing for sepsis [25].

While our study provides compelling preclinical
evidence, limitations include the absence of dose-re-
sponse experiments and long-term renal function as-
sessments. Future studies should explore Tranilast's
effects on other STAT-3 downstream targets (e.g.,
SOCS3, Bcl-2) and validate findings in large-animal
models [26]. Additionally, combination therapies with
existing sepsis treatments (e.g., anticoagulants, im-
munomodulators) warrant investigation [27].

The high mortality rates observed in our CLP
model reflect the clinical reality captured in global
sepsis data, where acute kidney injury develops in 40-
50% of septic patients and doubles mortality risk [28].
The Global Burden of Disease Study highlights sepsis
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as responsible for 20% of all global deaths, with AKI
representing a key determinant of poor outcomes [26,
29]. Our findings demonstrating Tranilast's survival
benefit (75% vs 50%) take on added significance
when considering that even a 10% reduction in sep-
sis-associated AKI mortality could save approximately
400,000 lives annually worldwide [29]. The mecha-
nistic parallels between our rodent model and human
disease are supported by multinational studies show-
ing similar patterns of tubular injury and inflammation
in septic AKI across diverse populations [30].

The biomarker patterns we observed (NGAL ele-
vation with concurrent STAT-3 activation) mirror find-
ings from large clinical cohorts where NGAL
outperformed traditional markers like creatinine in
early AKI detection [6, 31] Importantly, our demon-
stration that Tranilast simultaneously reduces NGAL
while suppressing STAT-3, suggesting a unified ther-
apeutic approach targeting both injury biomarkers and
their upstream regulators. This aligns with current
clinical trends toward biomarker-guided AKI manage-
ment, though human studies must validate whether
Tranilast can modify the well-documented "NGAL
trajectory" associated with poor renal recovery [30,
31]. Our NGAL and oxidative stress results mirror
those obtained with N-acetylcysteine, which reduces
NGAL and KIM 1 levels in CLP rat kidneys, empha-
sizing the importance of antioxidant strategies [32].
While fluid resuscitation and vasopressors remain cor-
nerstone sepsis therapies [24], our data suggest Trani-
last could address the unmet need for direct renal
protection. The 30% reduction in BUN with Tranilast
compares favorably to effects seen with current sup-
portive care in clinical registries [29]. Notably, the
histopathological protection (reduced tubular necrosis
scores from 3.9 to 1.2) exceeds benefits reported for
renal replacement therapy in septic AKI, which often
improves biochemical parameters without modifying
underlying tubular injury [28]. This supports preclin-
ical evaluation of Tranilast as an adjunct to conven-
tional sepsis management.

Our study intentionally focused on early AKI
mechanisms, but the long-term renal outcomes high-
lighted by Ronco et al. [28] warrant investigation. Ap-
proximately 30% of sepsis survivors develop chronic
kidney disease, possibly through maladaptive repair
processes that our observed HSP-27 induction might
mitigate. Additionally, the multinational AKI epidemi-

ology described by Uchino et al. [29] suggests Trani-
last should be tested across different sepsis pheno-
types. The drug's pleiotropic actions may prove
particularly valuable in elderly patients who exhibit
both exaggerated STAT-3 activation and poor renal re-
covery post-sepsis [30].

While promising, our findings must be contextu-
alized within broader sepsis trial experiences. The sur-
vival benefit, though statistically significant in
rodents, may not directly translate to humans given
species differences in sepsis responses [24, 26]. The
CLP model, while well-validated, doesn't fully repli-
cate the heterogeneity of human septic AKI where co-
morbidities and treatment variability significantly
impact outcomes [28, 29]. Furthermore, the optimal
dosing strategy must be refined, as our single-dose
protocol differs from the prolonged STAT-3 inhibition
potentially needed in clinical sepsis [11, 31].

Tranilast’s ability to suppress proinflammatory
signaling appears to play a central role in reducing
renal injury markers in our model. Supporting this ob-
servation, previous studies have demonstrated Trani-
last’s protective effects in various organ injury
settings. For instance, Canovai et al. [33] reported that
Tranilast significantly improved tissue integrity and
survival in a rat model of intestinal ischemia-reperfu-
sion injury, primarily through upregulation of heme
oxygenase 1 (HO 1), a critical antioxidant defense en-
zyme. Additionally, Yin ef al. [14] showed that Trani-
last attenuated renal interstitial fibrosis by inhibiting
mast cell infiltration and suppressing TGF f signaling
in diabetic nephropathy, further underscoring its anti-
fibrotic and anti-inflammatory properties. Of particu-
lar relevance to sepsis-induced AKI, Huang ef al. [34]
highlighted the capacity of Tranilast to inhibit NLRP3
inflammasome activation in chronic kidney disease
models, a key pathway implicated in both sterile in-
flammation and septic renal injury. Collectively, these
findings suggest that Tranilast exerts multifaceted
nephroprotective effects - via modulation of oxidative
stress, inhibition of proinflammatory cytokine cas-
cades, and suppression of inflammasome activity - that
are consistent with the protective outcomes observed
in our sepsis model.

Limitations
This study has several limitations that should be
acknowledged. First, although only female rats were
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used to reduce variability, the estrous cycle was not
monitored, which may have introduced hormonal in-
fluences on inflammatory and renal responses. Future
studies should include cycle staging to better account
for estrogen-related immune modulation. Second, al-
though the 'Sham Control' group underwent laparo-
tomy and bowel manipulation to account for surgical
stress, the study did not include a completely non-op-
erated control group. Inclusion of such a group in fu-
ture studies would help further differentiate the effects
of surgical intervention from those of sepsis-induced
injury. Third, although the intraperitoneal saline vol-
ume (30 ml/kg) was based on prior sepsis models, it
approached the upper tolerability limit, and may have
influenced peritoneal and systemic responses. Fourth,
Tranilast’s pharmacokinetics and tissue distribution
were not investigated, and although a well-established
dose was selected based on prior literature, dose-re-
sponse analysis was not performed. Finally, estrous
cycle variability, potential volume overload from fluid
resuscitation, and the lack of post-treatment inflamma-
tory time-course measurements limit the generalizabil-
ity and mechanistic insight. These factors should be
addressed in future studies to better elucidate the ther-
apeutic potential of Tranilast in sepsis-induced AKI.

CONCLUSION

In a rat CLP model, this research shows that Tranilast's
complex effects on oxidative stress, inflammation, and
cellular signaling pathways provide substantial pro-
tection against sepsis- induced acute kidney damage.
The marked reduction in renal dysfunction biomarkers
(BUN, NGAL) and histopathological damage, coupled
with improved survival rates, highlights Tranilast's
therapeutic potential in sepsis-associated organ injury.
The drug's ability to simultaneously suppress the pro-
inflammatory STAT-3 pathway while enhancing cyto-
protective HSP-27 expression suggests a unique
mechanism that addresses both the inflammatory and
cellular stress components of septic AKI. These find-
ings are particularly promising given the lack of tar-
geted therapies currently available for sepsis-induced
renal damage. The preservation of renal architecture
observed in treated animals, evidenced by reduced tu-
bular necrosis and inflammatory infiltration, further

supports Tranilast's organ- protective properties. While
these preclinical results require validation in clinical
settings, they provide a strong rationale for investigat-
ing Tranilast as a potential adjunctive therapy in sepsis
management. The study not only advances our under-
standing of the pathophysiological mechanisms in sep-
tic AKI but also identifies a clinically available
compound with immediate translational potential. Fu-
ture research should focus on optimizing dosing regi-
mens, exploring combination therapies with standard
sepsis treatments, and investigating potential benefits
in other sepsis-affected organs. These findings con-
tribute meaningfully to the ongoing search for effec-
tive therapeutic interventions against the devastating
consequences of sepsis-associated multi-organ dys-
function.
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ABSTRACT

Objectives: To investigate whether somatosensory amplification - a heightened sensitivity to normal bodily
sensations - affects the clinical response to corticosteroid injection in shoulder impingement syndrome (SIS)
patients who did not respond to conservative treatment.

Methods: This prospective observational study included 70 patients with SIS and persistent pain despite at
least four weeks of physical therapy and non-steroidal anti-inflammatory drugs (NSAIDs). All patients received
a standardized corticosteroid injection into the subacromial space under ultrasound guidance. Pain intensity
was measured using the Visual Analog Scale (VAS) at rest (VAS-rest) and during movement (VAS-movement),
while shoulder-related disability was assessed with the Shoulder Pain and Disability Index (SPADI) at baseline
and one month after the injection. Somatosensory amplification - referring to increased sensitivity to normal
bodily sensations—was evaluated using the Somatosensory Amplification Scale (SSAS), a brief self-report
questionnaire administered at the one-month follow-up by a psychiatrist blinded to clinical outcomes. Treatment
response was defined as a >30% reduction in VAS-movement, based on the minimal clinically important dif-
ference (MCID). Patients were categorized as responders or non-responders accordingly.

Results: Thirty (42.9%) patients were classified as responders and 40 (57.1%) as non-responders. At 1-month,
non-responders had significantly higher SSAS scores than responders (30.7 [27.4-32.6] vs. 21.5 [19.4-23.4],
P<0.001). Compared to non-responders, the responder group demonstrated more significant improvements in
VAS-rest, VAS-movement, and SPADI scores (P<0.001 for all). Spearman correlation analysis revealed strong
positive correlations between SAS and VAS-rest (r=0.732), VAS-movement (r=0.748), and SPADI (r=0.734);
P<0.001 for all.

Conclusions: Higher levels of somatosensory amplification were linked to a lower likelihood of benefiting
from subacromial injection in SIS. These findings support the importance of including psychosomatic assess-
ment in routine care to improve treatment outcomes and guide more personalized management.

Keywords: Shoulder impingement, ultrasound, subacromial injection, somatosensory amplification, minimal
clinically important difference (MCID), chronic pain
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Somatic amplification in shoulder impingement

culoskeletal complaints, with a lifetime preva-

lence ranging from 7% to 26% in the general
population [1]. Rotator cuff pathologies and Shoulder
Impingement Syndrome (SIS) are leading causes of
shoulder pain, with SIS accounting for 44% to 65% of
outpatient shoulder consultations [2, 3].

SIS is characterized by repetitive mechanical con-
flict between the supraspinatus tendon and the over-
lying acromial arch, progressively leading to tendon
degeneration, bursitis, and a reduction in subacromial
space. Over time, these structural changes impair
glenohumeral mobility. In advanced cases, this process
may lead to adhesive capsulitis [4]. The focus of cur-
rent treatments is primarily on relief of shoulder symp-
toms. Conservative treatments such as physical
therapy, therapeutic exercise, and non-steroidal anti-
inflammatory drugs (NSAIDs) are generally effective
in relieving symptoms [5].

However, a significant proportion of patients fail
to achieve significant clinical improvement with these
approaches and are consequently referred to ultra-
sound-guided subacromial corticosteroid injections
[6]. Despite the widespread acceptance of subacromial
injections as a second-line intervention, variability in
treatment response persists as a significant clinical
challenge [7]. Even under such conservative therapeu-
tic regimes, a surgical procedure is performed in ap-
proximately one-third of cases due to the failure to
provide adequate pain relief. Unfortunately, the surgi-
cal procedure does not always successfully establish
the desired pain relief [8]. Treatment response in SIS
is influenced by multiple biomechanical, inflamma-
tory and psychosocial factors and approximately 50%
of affected patients continue to report persistent pain
even one year after intervention [9].

While biomechanical and anatomical factors such
as rotator cuff pathology or acromial morphology are
often considered primary contributors to therapeutic
resistance, emerging evidence suggests that psychoso-
cial and somatic factors may play a more critical role
than previously acknowledged [10, 11]. Among these
factors, somatic amplification, which is defined as the
tendency to perceive normal bodily sensations as in-
tense, disturbing and serious symptoms of illness, has
attracted attention in recent literature [12, 13]. Patients
with elevated levels of somatic amplification often re-
port increased pain intensity, decreased treatment re-

Shoulder pain is among the most prevalent mus-

sponse, and poor functional outcomes, regardless of
the underlying structural pathology [14].

In clinical practice, it is not uncommon for pa-
tients with SIS who undergo subacromial injection to
experience minimal or no relief, despite technically
successful procedures. These cases often prompt fur-
ther diagnostic investigations, while the potential role
of psychological and somatic contributors is over-
looked. This gap highlights the need for a more inte-
grative clinical approach that considers both biological
and psychosocial dimensions in understanding treat-
ment failure [15]. When patients are evaluated with
the Somatosensory Amplification Scale (SSAS), it
may provide insight into the biopsychosocial mecha-
nisms underlying persistent shoulder pain despite in-
terventional treatment [13].

This study aims to investigate whether elevated
somatosensory amplification contributes to poor re-
sponse to subacromial corticosteroid injection in pa-
tients with SIS. By identifying this psychosomatic
factor, we aim to improve clinical decision-making
and support more individualized treatment strategies
in routine musculoskeletal care.

METHODS

Study Design

This study was designed as a prospective, observa-
tional cohort investigation conducted in the outpatient
clinic of the Department of Physical Medicine and Re-
habilitation at a tertiary care university hospital. The
data collection period spanned from 17 December
2024 to 17 March 2025. The study protocol was re-
viewed and approved by the local ethics committee in
accordance with the Declaration of Helsinki (ethics
approval no: 2024-12-11, protocol number: 2024/262).

Participants

A total of 70 patients aged 18 to 65 years with a
clinical diagnosis of SIS were prospectively enrolled
and had previously received ultrasound-guided sub-
acromial corticosteroid injections as part of their rou-
tine clinical care.

Inclusion criteria are the following: (1) Adults
aged 18 to 65 years; (2) Clinical diagnosis of SIS con-
firmed by physical examination and positive impinge-
ment signs; (3) Pain duration >3 months; (4)
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Inadequate response to conservative treatment (phys-
ical therapy modalities, exercise regimens, and
NSAIDs use) of >4 weeks; and (5) Ability and will-
ingness to provide informed consent and participate in
follow-up evaluations.

Exclusion criteria included Previous surgical in-
tervention on the affected shoulder; Diagnosis of in-
flammatory rheumatic disease (e.g., rheumatoid
arthritis); Presence of full-thickness rotator cuff tear
or adhesive capsulitis confirmed via clinical and/or
imaging evaluation; Major psychiatric illness (e.g.,
bipolar disorder, schizophrenia); Use of systemic cor-
ticosteroids or opioid analgesics in the preceding 4
weeks; Engagement in physical therapy, manual ther-
apy, or injection therapy in the prior 3 months; Preg-
nancy or current breastfeeding; and Incomplete data
or loss to follow-up during the study period.

Ultrasound-Guided Injection Protocol

All injections were performed by the same expe-
rienced physiatrist under real-time ultrasound guid-
ance using a Hitachi Aloka Arietta 65 (Hitachi Medical
Systems, Tokyo, Japan) ultrasound device equipped
with a high frequency (6-18 MHz) linear transducer.
With the patient seated and the affected shoulder ex-
posed, a linear high-frequency transducer was used to
visualize the subacromial-subdeltoid (SASD) bursa in
a transverse plane. A lateral in-plane approach was uti-
lized to guide a 22-gauge needle into the SASD bursa.
A total volume of 3 mL consisting of 1 mL triamci-
nolone acetonide (40 mg/mL) and 2 mL 1% lidocaine
hydrochloride was injected aseptically.

Outcome Measures

All participants were evaluated at two time points:
prior to the injection (baseline) and at the 1-month fol-
low-up visit. At baseline, the following variables were
recorded for each participant: age, sex, duration of
symptoms (in months), dominant extremity
(right/left), and affected shoulder side.

Primary Outcome Measures

The primary outcome of the study was the SSAS
score obtained at the 1-month follow-up. The SSAS is
a self-reported psychometric instrument designed to
assess the degree to which individuals perceive normal
somatic sensations as intense, unpleasant, or sympto-
matic of serious illness. Originally developed by

Barsky et al. [12], the scale consists of 10items, each
rated on a 5-point Likert scale ranging from 1 ("not at
all true") to 5 ("extremely true"). Total scores range
from 10 to 50, with higher scores indicating a greater
tendency toward somatosensory amplification. The
Turkish version of the scale was translated, culturally
adapted, and validated by Giile¢ and Sayar [13]. In the
present study, the SSAS was administered at the 1-
month follow-up by a trained psychiatrist who was
blinded to each patient's treatment response status.
This timing was selected to minimize bias from pre-
treatment psychological state and to better reflect so-
matic perception following the intervention.

Secondary Outcome Measures

Pain severity was assessed using the visual ana-
logue scale (VAS) at both baseline and 1-month fol-
low-up. Patients were asked to rate their shoulder pain
at rest and during movement on a 10 cm horizontal
line, anchored by “no pain” (0) and “worst imaginable
pain” (10). The VAS is widely used for musculoskele-
tal pain due to its simplicity, sensitivity, and validity
in clinical trials [16]. Shoulder-specific disability was
evaluated using the Shoulder Pain and Disability Index
(SPADI), a validated self-report questionnaire initially
developed by Roach et al. [17]. The SPADI consists
of 13 items, distributed across two subscales: pain (5
items) and disability (8 items). Each item is rated from
0 to 10, and scores are normalized to a percentage
scale, with higher values indicating greater impair-
ment. The Turkish version was adapted and validated
by Bumin et al. [18]. In this study, SPADI was admin-
istered at baseline and repeated at the 1-month follow-
up to assess functional improvement post-injection.

Definition of Treatment Response

Treatment response was defined as a >30% reduc-
tion in VAS score during movement at the 1-month
follow-up compared to baseline. This threshold was
selected based on recommendations from previous
pain literature, in which a 30% reduction in pain in-
tensity is accepted as the Minimal Clinically Important
Difference (MCID) for musculoskeletal pain syn-
dromes [19]. Patients who achieved this degree of im-
provement were classified as responders, while those
who did not were categorized as non-responders.

The detailed structure of the study population and
assessment timeline is summarized in Fig. 1.
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e SIS diagnosis

e >3 months shoulder pain

e  Refractory to >4 weeks conservative treatment
US-guided Subacromial Corticosteroid Injection
Performed by experienced same physiatrist

Patients assessed for eligibility (n=76)

Excluded from the study (n=6)
. Loss follow up (n=6)

Patients Included in the Final Study (n=70)

ASSESSMENTS
Demographics
VAS (Rest & Movement)
SPADI

ASSESSMENTS
VAS (Rest & Movement)
SPADI
SSAS (by psychiatrist)

TREATMENT RESPONSE CLASSIFiCATIiON:

(MCID >30% | in VAS-Movement)

RESPONDERS (n=30) NON-RESPONDERS (n=40)

Fig. 1. Flow Chart of the study. SIS=Shoulder Impingement Syndrome, VAS=Visual Analog Scale, SPADI=Shoulder Pain
and Disability Index, SSAS=Somatosensory Amplification Scale, MCID=Minimal Clinically Important Difference
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Statistical Analysis

All statistical analyses were conducted using IBM
SPSS Statistics version 22.0 (IBM Corp., Armonk,
NY, USA). The normality of data distribution was as-
sessed using the Kolmogorov—Smirnov test. Continu-
ous variables with normal distribution were expressed
as mean + standard deviation, while non-normally dis-
tributed variables were presented as median with in-
terquartile range (IQR). Categorical variables were
summarized as frequency and percentage. Compar-
isons between independent groups (responders vs.
non-responders) were performed using the Mann—
Whitney U test for non-parametric data. Within-group
comparisons between baseline and 1-month follow-up
were analyzed using the Wilcoxon signed-rank test.
The relationship between SSAS scores and clinical
variables (VAS, SPADI) was evaluated using the
Spearman correlation coefficient, as the variables did
not meet the assumption of normality. A correlation
was considered statistically meaningful when P< 0.05.
Statistical significance was defined as P<0.05 for all
analyses.

RESULTS

A total of 70 patients diagnosed with SIS were included
in the final analysis. Based on their response to ultra-
sound-guided subacromial corticosteroid injection, 30
(42.9%) patients were classified as responders, while
40 (57.1%) patients were classified as non-responders,
using a >30% reduction in VAS-Movement score as

the threshold for treatment response.

As shown in Table 1, the mean age of patients in
the responder group was 41.77£11.19 years, while it
was 45.68+10.40 years in the non-responder group.
The average duration of pain was slightly longer in the
responder group (13.60+6.14 months) compared to the
non-responders (11.83+5.31 months), but this differ-
ence was not statistically significant (P>0.05). In terms
of gender distribution, both groups were balanced:
46.7% male and 53.3% female in the responder group,
compared to 47.5% male and 52.5% female in the
non-responder group. Similarly, the affected shoulder
side and dominant side were evenly distributed across
groups, with no significant between-group differences
(P>0.05).
Table 2 presents the comparison of VAS and SPADI
scores before and after treatment. At baseline, VAS
scores (rest and movement) and SPADI scores were
statistically similar between groups (P>0.05 for all).
However, at the 1-month follow-up, the responder
group demonstrated significantly greater improve-
ments. VAS-Rest scores in responders showed a sig-
nificant reduction, whereas non-responders exhibited
a less pronounced improvement (P<0.001). Similarly,
VAS-Movement scores significantly decreased in re-
sponders compared to non-responders (P<0.001).
SPADI scores improved significantly more in respon-
ders than in non-responders (P<0.001). Within-group
comparisons also confirmed statistically significant
improvements in all parameters for both groups
(P<0.001).

Furthermore, SSAS scores at 1-month were sig-

Table 1. Demographic and clinical characteristics of responder and non-responder groups

Responder group Nonresponder group
(n=30) (n=40)
Age (years) 41.77+11.19 45.68+10.40
Duration of pain (months) 13.60+6.14 11.83+5.31
Gender Male 14 (46.7%) 19 (47.5%)
Female 16 (53.3%) 21 (52.5%)
Affected side Right 15 (50.0%) 17 (42.5%)
Left 15 (50.0%) 23 (57.5%)
Dominant side Right 15 (50.0%) 26 (65.0%)
Left 15 (50.0%) 14 (35.0%)

The data were shown as mean=+standard deviation or n (%)
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Table 2. Comparison of clinical outcome measures between responders and non-responders at
baseline and 1-month follow-up

Responder Group Nonresponder P value
(n=30) Group
(n=40)
VAS rest score Pre-injection 6.0 (5.0-7.0) 6.0 (6.0-6.0) 0.664v
st month post-injection 2.0 (2.0-2.3) 4.0 (3.3-5.0) <0.001°
P* value <0.001> <0.001v
VAS movement score Pre-injection 8.0 (7.0-9.0) 8.0 (7.0-8.0) 0.904 v
st month post-injection 3.0 (3.0-4.0) 7.0 (6.0-7.0) <0.001°
P* value <0.001> <0.001 v
SPADI score Preilnjection 64.9 (57.8-72.3) 68.1 (58.7-73.5) 0.469v
1st month post-injection 25.9 (23.0-35.4) 53.3 (45.3-63.6) <0.001°
P* value <0.001> <0.001v
SSAS score 21.5(19.4-23.4) 30.7 (27.4-32.6) 0.469v

The data were presented as median (interquartile range). VAS=Visual Analog Scale, SPADI=Shoulder Pain and Disability

Index, SSAS=SomatoSensory Amplification Scale.

vMann-Whitney U test, ¥“Wilcoxon test test, P* value=within-group change P value

nificantly higher in the non-responder group compared
to the responder group (P<0.001), as shown in Table
2 and Fig. 2.

Table 3 demonstrated a strong positive correlation
between SSAS scores and post-treatment pain and dis-
ability outcomes. Significant correlations were ob-

served between SSAS and VAS-Rest, SSAS and VAS-
Movement, and SSAS and SPADI (P<0.001 for all).
No significant correlations were found between SSAS

scores and demographic variables such as age and pain
duration (P=0.707 and P=0.480, respectively).

Responder vs Non-Responder Group: Median, IQR, and Actual Values

80

60

ore (0-100)

Sci

40

20

Fig. 2. Comparison of clinical outcome measures between responders and non-responders at baseline and 1-month follow-
up. The figure displays the median values and interquartile ranges (IQR) for Visual Analog Scale (VAS) scores at rest and
during movement, Shoulder Pain and Disability Index (SPADI), and Somatosensory Amplification Scale (SAS) scores. Data
are presented separately for the responder group (blue) and non-responder group (red). Error bars indicate IQRs. Numerical
labels denote median values, highlighting distinct clinical trajectories between groups.
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Table 3. Correlation between somatosensory amplification scores and clinical parameters
SSAS score*

rho P value
Age (years) 0.046 0.707
Duration of pain (months) -0.056 0.48
1st month post-injection VAS rest 0.732 <0.001
1st month post-injection VAS movement 0.748 <0.001
1st month post-injection SPADI 0.734 <0.001

VAS=Visual Analog Scale, SPADI=Shoulder Pain and Disability Index, SSAS=SomatoSensory Amplification Scale.

*Spearman correlation

DISCUSSION

The findings of this study provide compelling evi-
dence that somatosensory amplification is a significant
determinant of treatment outcome in patients with SIS
undergoing subacromial corticosteroid injection. Non-
responders, defined by <30% reduction in movement-
evoked pain, exhibited significantly higher SSAS
scores compared to responders. Moreover, strong pos-
itive correlations between SSAS and post-treatment
VAS and SPADI scores indicate that amplified bodily
perception contributes not only to pain persistence but
also to functional impairment.

These findings question the adequacy of the tra-
ditional biomechanical model in explaining treatment
variability in SIS. Despite the role of structural abnor-
malities, our results align with recent literature high-
lighting the influence of central pain processing and
psychosomatic factors [10, 14].

Somatosensory amplification, as defined by
Barsky et al., reflects a tendency to experience normal
bodily sensations as unusually intense and distressing
[12]. In chronic pain populations, high SSAS scores
have been associated with increased pain perception,
reduced functional capacity, and lower responsiveness
to treatment, regardless of the structural pathology [13,
14, 20]. The current findings extend this association
to SIS, suggesting that SSAS may serve as a prognos-
tic indicator for suboptimal response to subacromial
injections.

This interpretation is supported by findings from
fibromyalgia research, a prototypical model of cen-
trally mediated pain, where somatic amplification has
consistently been linked to worse clinical outcomes

[21-23]. Akay et al. [24] further demonstrated that el-
evated SSAS scores were independently associated
with increased disability, greater pain intensity, and
lower quality of life, even after adjusting for depres-
sion and anxiety. These observations highlight somatic
amplification not merely as a byproduct of pain, but
as a central factor contributing to the functional and
emotional impact of chronic pain syndromes [25, 26].
Although fibromyalgia and SIS differ in anatomical
scope, the shared neurocognitive features - such as af-
fective dysregulation and amplified interoception -
suggest that somatosensory amplification may exert a
similarly detrimental effect in localized pain syn-
dromes like SIS [27, 28]. Our results align with this
paradigm, indicating that SSAS may reflect a broader
neurophysiological vulnerability that transcends diag-
nostic boundaries and significantly modulates treat-
ment response [29].

Notably, the absence of significant correlations be-
tween SSAS and age or symptom duration supports
the hypothesis that somatic amplification is not merely
a byproduct of chronicity, but rather a stable psycho-
logical trait influencing pain processing. This aligns
with prior research proposing that somatic amplifica-
tion operates independently of demographic or disease
duration factors [14].

The clinical applicability of these findings lies in
the potential utility of SSAS as a brief, reliable, and
easy-to-administer tool for screening patients who
may be at risk of suboptimal outcomes following stan-
dard interventions. Pre-treatment identification of in-
dividuals with high somatic amplification scores could
facilitate early stratification and guide the integration
of adjunctive therapies—such as pain neuroscience
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education, cognitive-behavioral therapy, or centrally
acting pharmacological agents—into routine muscu-
loskeletal care [20, 28]. These approaches, which tar-
get the cognitive-affective components of pain
perception, have been shown to improve outcomes in
both generalized and regional pain syndromes exhibit-
ing central sensitization features [30-32].

The correlations between SSAS and both VAS and
SPADI emphasize the multidimensional role of so-
matic amplification. Despite uniform treatment, pa-
tients with higher SSAS scores experienced greater
pain and disability, suggesting that perception plays a
key role in treatment outcomes. Such findings support
a biopsychosocial model of SIS and highlight the im-
portance of integrating somatization-related assess-
ments into both research protocols and daily clinical
algorithms [33, 34].

From a mechanistic perspective, SSAS may indi-
cate an increased focus on and heightened perception
of bodily sensations, which are key features of altered
central pain processing [12, 35]. While SSAS does not
directly measure spinal or brain-level sensitization, it
offers useful indirect insights into the emotional and
cognitive aspects of pain perception. In clinical set-
tings where advanced tools such as quantitative sen-
sory testing (QST) or neuroimaging are unavailable,
SSAS may serve as a practical alternative for assessing
these pain-related mechanisms [36].

The results of this study, when considered as a
whole, provide a compelling argument for the inclu-
sion of SSAS in clinical workflows and research pro-
tocols targeting persistent shoulder pain. Strengths of
this study include its prospective design, standardized
ultrasound-guided injections, and use of validated out-
come tools (SSAS, SPADI, VAS) consistent with
MCID guidelines [19]. Administering the SSAS at
one-month follow-up minimized expectation bias and
allowed a clearer evaluation of post-treatment percep-
tions.

Limitations

This study has several limitations that warrant
consideration. Firstly, although the SSAS provides
valuable insight into heightened bodily perception, it
does not directly assess the broader spectrum of cen-
tral sensitization mechanisms, which encompass al-
tered nociceptive processing, impaired descending
inhibition, and widespread hyperalgesia. Given the

overlapping yet distinct nature of somatic amplifica-
tion and central sensitization, the absence of objective
assessments - such as QST, pressure pain thresholds,
or central sensitization inventory - limits the ability to
delineate the relative contribution of central neuroplas-
ticity to treatment resistance. It is possible that the ob-
served treatment non-responsiveness represents a
multifaceted interplay between peripheral input, cog-
nitive-emotional factors, and central sensitization,
which may act synergistically. Future studies incorpo-
rating both SSAS and direct central sensitization
measures in tandem could provide a more comprehen-
sive understanding of pain modulation in SIS. Sec-
ondly, the 1-month follow-up window, although
suitable for detecting early treatment effects, does not
provide information on long-term response sustain-
ability. Thirdly, we did not assess key psychological
constructs such as depression, pain catastrophizing,
fear-avoidance, or health anxiety all of which may co-
occur with somatic amplification and influence out-
comes. Future studies incorporating multidimensional
psychometric batteries are needed to clarify these re-
lationships. Lastly, this single-center design may limit
the generalizability of findings to broader or culturally
diverse populations.

CONCLUSION

The present findings suggest that somatic amplification
exerts a significant influence on pain perception and
functional outcomes in patients with SIS following
subacromial corticosteroid injection. Patients who
failed to achieve meaningful symptom relief exhibited
significantly higher SSAS scores, highlighting the role
of psychosomatic mechanisms in modulating treatment
response. In light of these results, it is recommended
that somatic amplification be recognised and addressed
in future treatment algorithms, not only to improve
therapeutic sensitivity and reduce unnecessary invasive
interventions, but also to guide the development of
more individualised, patient-centred care models.

In cases of persistent or disproportionate pain de-
spite technically successful procedures, psychiatric
consultation should be actively considered—particu-
larly for patients with high SSAS scores—so that un-
derlying affective or cognitive factors contributing to
pain chronification can be identified and managed
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through targeted psychotherapeutic or pharmacologi-
cal strategies. Integrating psychosomatic screening
and interdisciplinary collaboration into musculoskele-
tal practice may ultimately enhance both pain resolu-
tion and functional recovery in this patient population.
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ABSTRACT

Objectives: Metastatic colorectal cancer (mCRC) remains a major cause of cancer-related mortality, with
limited therapeutic options available after the failure of standard treatments. Regorafenib, an oral multichines
inhibitor, has shown a survival advantage in treatment refractory mCRC. This research aims to evaluate the
real-world effectiveness of regorafenib and to investigate the prognostic significance of inflammatory and
nutritional indicators, specifically the Pan-Immune-Inflammation Value (PIV) and Prognostic Nutritional
Index (PNI).

Methods: We conducted a retrospective analysis of 166 mCRC patients who received regorafenib 2014 to
2024. Demographic, clinical, and pathological data, treatment responses, and laboratory indicators were gath-
ered. Survival outcomes were evaluated by Kaplan—Meier analysis, whereas prognostic variables were analyzed
using Cox regression.

Results: The average age was 58 years, and 59% of patients were male. The overall disease control rate with
regorafenib was 33%, and the objective response rate was 11%. The median progression-free survival (PFS)
was 3.8 months, and the median overall survival (OS) was 9.1 months. A high PIV (>309.1) was associated
with significantly shorter overall survival (7.1 vs. 11.8 months, P=0.001), whereas a high PNI (>47.9) was
correlated with longer overall survival (10.7 vs. 6.7 months, P=0.02). Multivariate analysis confirmed PIV and
PNI as independent prognostic indicators.

Conclusions: Regorafenib provides a modest survival advantage and disease stabilization in previously treated
mCRC patients. PIV and PNI are independent prognostic biomarkers that may assist in patient stratification
and therapy optimization. Further studies are warranted to refine predictive markers and dosing strategies.
Keywords: Regorafenib, metastatic colorectal cancer, Prognostic nutritional index, pan-immune-inflammation
value, prognostic biomarkers
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PIV and PNI as prognostic markers in mCRC on regorafenib

morbidity and mortality in Western countries.

Although it is the fourth most commonly diag-
nosed cancer, it ranks second in cancer-related mor-
tality [1, 2]. Approximately 15-30% of CRC cases are
diagnosed at the metastatic stage, while 20-50% of
patients initially diagnosed with localized or locally
advanced disease develop metastases during follow-
up [3]. Metastatic CRC (mCRC) is characterized by a
dismal prognosis, with a five-year overall survival
(OS) rate of less than 20% [4].

The standard treatment of CRC includes 5-fluo-
rouracil (5-FU) in combination with irinotecan or ox-
aliplatin, and antiangiogenic therapies such as
bevacizumab, aflibercept, or ramucirumab, or epider-
mal growth factor receptor (EGFR)-targeted antibod-
ies such as panitumumab or cetuximab [5-8].
Second-line treatment is determined based on the
agents used in the first-line setting [9]. Even after first-
and second-line therapies, many patients retain good
performance but have limited therapeutic options [10].

Regorafenib, a multichines inhibitor, has emerged
as an important therapeutic option for patients with
mCRC who have exhausted standard treatment op-
tions [11, 12]. Preclinical studies demonstrated that re-
gorafenib can significantly inhibit tumor growth,
reduce vascularization, and prevent metastasis forma-
tion, providing a strong rationale for its use in ad-
vanced CRC [13, 14]. In a randomized controlled trial
comparing regorafenib with placebo, the median OS
was 6.4 months in the regorafenib group versus 5.0
months in the placebo group, highlighting a survival
benefit in this patient population. This study estab-
lished regorafenib as the first small molecule mul-
tichines inhibitor to show a survival benefit in mCRC
patients who had progressed after all standard thera-
pies [15].

Systemic inflammation plays a critical role in can-
cer progression and metastasis. It is well established
that cancer progression frequently correlates with sys-
temic inflammatory response [16-22]. Hematologic
parameters derived from peripheral blood have been
investigated as prognostic indicator in CRC [23-27].
In this context, the Pan-Immune-Inflammation Value
(PIV), a novel biomarker reflecting the host immune-
inflammatory status, has been evaluated in various
cancers, including colorectal cancer [23, 24, 28, 29].

Colorectal cancer (CRC) is a significant cause of

Another well-established prognostic index in col-
orectal cancer is the Prognostic Nutritional Index
(PNI) [25, 26]. PNI is calculated based on serum al-
bumin levels and lymphocyte counts. Lymphocytes
play a vital role in suppressing the development and
proliferation of cancer cells and are essential for main-
taining immune surveillance. A decrease in lympho-
cyte count creates a favorable environment for tumor
cells to evade the immune system, promoting disease
progression. Albumin, a major serum protein synthe-
sized in the liver, is a marker of nutritional status and
systemic inflammation. Low albumin levels often in-
dicate poor nutritional status and increased tumor-re-
lated inflammation [30]. Thus, the PNI, derived from
the combination of albumin and lymphocyte levels,
reflects both inflammatory status and nutritional con-
dition [31].

In this study, we aimed to evaluate laboratory,
pathological, and clinical parameters with potential
prognostic significance in patients with metastatic col-
orectal cancer treated with regorafenib.

METHODS

Study Population and Design

Patients diagnosed with metastatic colorectal cancer
who were followed and treated in the Medical Oncol-
ogy Department of Kartal Dr. Liitfi Kirdar City Hospital
between January 2014 and April 2024 and who received
regorafenib with available treatment response data were
included in the study. Non-metastatic patients, those
with a concurrent active second malignancy or individ-
uals under 18 years of age were excluded.

Demographic variables; Eastern Cooperative On-
cology Group Performance Status (ECOG PS), patho-
logical and immunohistochemical features of the
tumor, regorafenib dosing and treatment duration, re-
currence dates, and survival outcomes were retrospec-
tively extracted from medical records.

Laboratory parameters such as PIV and PNI were
calculated for each patient, and cutoff values for OS
were determined using receiver operating characteris-
tic (ROC) curve analysis. Sensitivity and specificity
were also assessed for each identified cutoff. Median
values were used as reference for markers where cut-
off values could not be determined via ROC analysis.
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Table 1. Baseline demopgrahpci and clinic findings (n=166)

Variables Data
Age (years) 58 (25-82)
Gender Female 68 (41)
Male 98 (59)
ECOG PS PSO 61 (37)
PS1 89 (53)
PS>2 16 (10)
Location Right colon 17 (10)
Left Colon 73 (44)
Transverse colon 8(5)
Cecum 6(4)
Rectum 62 (37)
Primary surgery Present 127 (76)
Absent 39 (24)
Pathologis subtype Adenocarcinoma 153 (92)
Mucinous adenocarcinoma 13 (8)
RAS status Wild type 85(51)
Mutant type 81 (49)
MSI status Low 106 (64,4)
High 1 (0,6)
Unknown 59 (36)
HER-2 status Score 0 14 (8)
Score 1 19 (11)
Score 2 FISH negative 16 (10)
Score 2 FISH positive 503)
Score 3 2(1)
Unkown 110 (67)
Metastatis status Metachronous 74 (45)
Synchronous 92 (55)
Liver metastasis Present 128 (23)
Absent 38(77)
Local treatment Yes 112 (72)
No 44 (28)

CEA (ng/mL)
CA 19-9 (U/mL)

71.2 (0.6-3317)

65.2 (0.8-10000)

Data are shown as median (minimum-maximum) or n (%) where appropriate. CA 19-9=Carbohydrate Antigen,

CEA=Carcinoma Embryonic Antigen,

ECOG PS=Eastern Cooperative Oncology Group Performance Status,

FISH=Fluorescence in Situ Hybridization, HER-2=Human Epidermal Growth Factor Receptor-2, MSI=Microsatellite

Instability, RAS=Rat Sarkoma
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The Pan-Immune-Inflammation Value (PVI) and
Prognostic Nutritional Index (PNI)

PIV and PNI were calculated using neutrophil,
lymphocyte, platelet, and monocyte count along with
serum albumin levels, obtained from routine blood
tests performed prior to the first dose of regorafenib.

PNI and PIV were calculated using the following
formulas:

PNI= (10xserum albumin (g/dL)) + (0.005xtotal
lymphocyte count),

PVI= (neutrophil count x platelet count X mono-
cyte count) / lymphocyte count).

This single-center retrospective study was con-
ducted after obtaining approval from the institutional
ethics committee of the University of Health Sciences,
Kartal Dr. Liitfi Kirdar City Hospital. The date of the
ethics committee meeting was April 29, 2024, and the
decision number was 2024/010.99/3/1. All procedures
performed during data collection, review of patient
records, and study implementation complied with the
ethical standards of the institutional and/or national re-
search committee and with the 1964 Declaration of
Helsinki and its subsequent amendments.

Statistical Analysis

Descriptive statistics included mean, standard de-
viation, median, minimum, maximum, frequency, and
percentage values. The distribution of variables was
assessed using the Kolmogorov-Smirnov and Shapiro-
Wilk tests. For the analysis of non-normally distrib-
uted quantitative independent variables, the
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Mann-Whitney U test was used. For categorical inde-
pendent variables, the chi-square test was used; when
the assumptions of the chi-square test were not met,
the Fisher's exact test was applied. The effect size was
analyzed using univariate and multivariate logistic re-
gression analyses. Survival analysis was performed
using the Kaplan-Meier method. All analyses were
conducted using SPSS software version 25.0.

OS was calculated as the time from the regorafenib
initiation until death for any reason or last follow-up.
Progression-free survival (PFS) was defined as the
time interval in months from the start of regorafenib
to disease progression, death, or last follow-up,
whichever occurred first. ROC curve analysis was per-
formed to determine the optimal cut-off value for pre-
diction. In cases where no cut-off value could be
established based on ROC analysis, the median value
was used instead. Patients were then categorized into
low or high PNI and low or high PIV groups according
to these cut-off values.

RESULTS

Patient Characteristics and Clinical Findings

A total of 198 patients utilizing regorafenib were
found in the retrospective analysis undertaken for this
study. A total of 32 patients were excluded from the
study due to missing data or early discontinuation of
regorafenib secondary to drug intolerance. This study
evaluated the efficacy and safety of regorafenib in 166
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Fig. 1. (A) Kaplan Meir curve progression-free survival (PFS) in the whole cohort (mean PFS: 3.8 months (95% CI: 3.5-4.1),
(B) Kaplan Meir curve overall survival (OS) was 9.1 months (95% CI: 7.3-10.9).
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patients with metastatic colorectal cancer. The median
age of the patients was 58 years (range: 25-82 years),
and the majority were male (59%). Most patients
(90%) had an ECOG PS of 0-1, indicating a generally
favorable functional capacity. The anatomical distri-
bution of the primary tumor sites demonstrated vari-
ability, with the majority located in the left colon
(44%), followed by the rectum (37%) and the right
colon (10%). A substantial proportion of patients
(76%) had undergone surgical resection of the primary
tumor. Histopathological evaluation revealed adeno-
carcinoma as the predominant subtype, accounting for
92% of cases. RAS (rat sarcoma) mutations were iden-
tified in 49% of patients, while low microsatellite in-

stability (MSI-L) status was observed in 64% of the
cohort. Baseline demographic and clinicopathologic
findings are outlined in Table 1.

Treatment Characteristics and Qutcomes

Treatment characteristics indicated that regorafenib
was administered primarily as a third-line therapy in
67% of the cases, with initial doses of 80 mg/day in
43% of patients. Radiologic assessment revealed no
complete responses (CR) observed within the study co-
hort. A partial response (PR) was achieved in 11% of
patients, whereas 21% demonstrated stable disease
(SD). The overall disease control rate (DCR) was 33%,
and the objective response rate (ORR) was 11%.

Table 2. Treatment characteristics and survival outcomes (n=166)

Variables Data
Treatment line 2. line 6 (4)
3. line 111 (67)
> 4. line 49 (29)
Regorafenib starting dosage 40 mg/day 13 (9)
80 mg/day 72 (43)
120 mg/day 66 (40)
160 mg/day 15 (9)
Radiologic response Complete response 0
Partial response 18 (11)
Stable disease 35(21)
Progressive disease 113 (68)
Response rate (%) Objective response rate 11
Disease control rate 33
Progression Present 161 (97)
Absent 503)
Progression free survival Median (months) 3.8 (95% CI:3.5-4.1)
6. months (%) 21
12. months (%) 6
Status Alive 25 (15)
Exitus 141 (85)
Overall survial Median (months) 9.1 (95% CI:7.3-10.9)
6. months (%) 55
12. months (%) 34

Data are shown as median (95% CI) or n (%) where appropriate. CI=Confidence interval

1071



Eur Res J. 2025;11(6):1067-1077

PIV and PNI as prognostic markers in mCRC on regorafenib

ROC Curve
1,0 -
— | Source of the
F Curve
' —— I
—PHMl
0,5 Reference Line
E. 0,64 ’—‘
Z
k]
Wi
c
d' J
D 54 [
1

T
04

T
06 08 10

1 - Specificity

Fig. 2. ROC analysis of pan-immune-inflammation value (PIV) and prognostic nutritional index (PNI).

During the 7-month follow-up period, disease pro-
gression was observed in 161 patients (97%), and 141
patients (85%) had died. The median PFS was 3.8
months (95% CI: 3.5-4.1), with 21% of patients re-
maining progression-free at 6 months and 6% at 12
months. The median OS was 9.1 months (95% CI: 7.3-
10.9) with 6 months and 12 months survival rates of
55% and 34%, respectively. Kaplan-Meir analysis
curves of PFS and OS are shown in Figs. 1A and 1B.
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The treatment characteristics and survival outcomes
are summarized in Table 2.

Based on the laboratory findings, the calculated
median PNI was 47.9 (min: 29.3-max: 66), and the
PIV was 402.7 (min: 28.4-max: 9547.9). In the ROC
analysis, a significant cut off value could only be de-
termined for PIV, with an Area Under the Curve
(AUC) 0f 0.628 (95% CI: 0.500-0.756; P=0.001). The
optimal cutoff value was identified as 309.1, yielding
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Fig. 3. (A) Overall survival according to Pan-Immune-Inflammation Value (PIV) status (P=0.001), (B) Overall survival ac-

cording to Prognostic Nutritional Index (PNI) status (P=0.03).
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a sensitivity of 65 and a specificity of 56. Based on
this threshold, patients were stratified into low and
high PIV groups. For the PNI, median values were
used as reference since ROC analysis did not yield sta-
tistically significant cutoff points. The ROC analysis
of PIV and PNI indices is illustrated in Fig. 2.

Cox Proportional Hazards Regression Models For
Overall Survival

In the univariate analysis for OS, ECOG perform-
ance status, metastatic status, Carcinoma Embryonic
Antigen (CEA), Carbohydrate Antigen (CA 19-9),
PIV, and PNI were found to be statistically significant
(P=0.04, P=0.04, P=0.03, P=0.005, P=0.001, and
P=0.03, respectively). However, in the multivariate
analysis, only the PIV and PNI indices retained statis-

Tablo 3. Cox regression overall survival

tical significance (P=0.001 and P=0.02, respectively).

Survival analysis demonstrated that a higher PIV
was associated with pooer outcomes, with a median
OS of 7.1 months in the high PIV group compared to
11.8 months in the low PIV group (P=0.001; Fig. 3A).
Conversely, a high PNI was associated with improved
OS, with a median of 10.7 months versus 6.7 months
for low PNI (P=0.03; Fig. 3B). The results of the Cox
regression analysis for overall survival are summa-
rized in Table 3.

DISCUSSION

This retrospective analysis was conducted to evaluate
the efficacy of regorafenib treatment in patients with

Variables Median OS Univariate analysis Multivariate analysis
(Months) HR (95%CI) Pvalue HR (95%CI) P value
Age (years) <65 9.4 (95%CL: 6.9-11.8) 12(0.8-1.8) 0.4
> 65 8.1 (95% CI: 5.1-11.1)
Gender Female 8.2 (95% CI: 6.0-10.4) 1.1 (0.7-1.5) 0.53
Male 9.1 (95% CI: 6.3-12.0)
ECOG PS PS 0-1 9.4 (95% CI: 7.3-11.4) 1.3 (1.0-1.7) 0.04
PS>2 4.8 (95% CI: 0.0-10.5)
Metastatis Metachronous 9.4 (95% CI: 6.2-12.6) 0.7 (0.5-0.9) 0.04
status Synchronous 8.0 (95% CI: 5.2-10.9)
RAS status Mutant 9.1 (95% CI: 9.1-11.1) 0.8 (0.6-1.2) 0.48
Wild 8.1 (95% CI: 5.6-10.7)
Regorafenib >80 mg/day 8.2 (95% CI: 5.7-10.7) 0.7 (0.5-1.0) 0.14
dosing <80mgday 9.4 (95% CI: 6.1-12.7)
CEA <71.2 10.8 (95% CI: 8.7-13.0) 1.4 (1.0-2.0) 0.03
(ng/mL) >71.2 6.6 (95% CI: 5.3-7.8)
CA 199 <65.2 11.8 (95% CI: 8.2-15.3)  1.6(1.1-2.3) 0.005
(U/mL) >65.2 6.9 (95% CI: 5.5-8.3)
PIV Low PIV 11.8 (95% CI:9.0-14.5) 1.7 (1.2-2.5) 0.001 1.9 (1.3-2.7) 0.001
High PIV 7.1 (95% CI: 6.0-8.2)
PNI Low PNI 6.7 (95% CI: 5.6-7.8) 0.7 (0.5-0.9) 0.03 0.6 (0.4-0.96) 0.02
High PNI 10.7 (95% CI: 8.6-12.8)

CA 19-9=Carbohydrate Antigen, CEA=Carcinoma Embryonic Antigen, ECOG PS=Eastern Cooperative Oncology Group
Performance Status, HR=Hazard Rate, OS=Overall Survival, PIV=Pan-Immune-Inflammation Value, PNI=Prognostic
Nutritional Index, RAS=Rat Sarkoma
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mCRC using real-world data and to identify potential
prognostic biomarkers. Data obtained from 166 pa-
tients suggest that regorafenib may offer notable sur-
vival benefits in selected patient subgroups, despite its
limited objective response rate, especially when admin-
istered in later lines of treatment. In our study, the me-
dian PFS was 3.8 months, and the median OS was 9.1
months- findings that are consistent with those reported
in randomized controlled trials, retrospective trail and
meta-analysis of retrospective series [15, 32-36].

The DCR of 33% and ORR of 11% in our study
are comparable to those observed in the CORRECT
(NCT01103323) and CONCUR (NCTO01584830) tri-
als, which reported DCRs of approximately 41% and
51%, respectively. These results highlight the ability
of regorafenib to stabilize disease in a subset of pa-
tients, even though complete or partial responses are
infrequent [15, 32].

The median PFS in our study was 3.8 months
(95% CI: 3.5-4.1), with 21% of patients remaining
progression-free at 6 months and 6% at 12 months.
These findings are aligned with the PFS results from
the CORRECT trial (median PFS of 1.9 months) and
the CONCUR trial (median PFS of 3.2 months) [15,
32]. The slightly longer median PFS observed in our
cohort may be attributed to differences in patient de-
mographics or prior treatment exposures. The median
OS of 9.1 months (95% CI: 7.3-10.9), with 6- and 12-
month survival rates of 55% and 34%, respectively, is
encouraging and consistent with those reported in the
CORRECT (6.4 months) and CONCUR (8.8 months)
trials [15, 32]. The relatively improved OS in our
study might reflect optimized supportive care and/or
favorable patient selection.

Additionally, our study found that patients with a
PIV 0f>309.1 had significantly worse OS, further em-
phasizing the prognostic value of this marker. PIV re-
flects the patient's overall immune status and may also
help predict responses to immunotherapy. Unlike other
biomarkers, PIV integrates multiple inflammatory
markers, enabling a more comprehensive assessment
of the immune system and thereby enhancing prog-
nostic prediction. This feature has been supported by
a meta-analysis of over ten studies [29]. To our knowl-
edge, no prior studies have directly evaluated the prog-
nostic significance of PIV in mCRC patients treated
with regorafenib. However, a study investigating pa-

tients with microsatellite instability-high (MSI-H)
mCRC receiving immunotherapy found that higher
PIV values were associated with poorer PFS and OS
[37]. Interestingly, a study examining the prognostic
role of PIV by tumor location in colorectal cancer re-
ported that high PIV values correlated with worse dis-
ease-free survival (DFS) in left-sided tumors but not
in right-sided tumors [38]. Furthermore, a pooled
analysis including approximately 4,950 patients across
various cancer types, including colorectal cancer,
demonstrated that high PIV was significantly associ-
ated with increased risk of progression and death [29].

In our study, patients with a PNI of >47.9 had sig-
nificantly longer OS compared to those with lower
PNI values, consistent with findings in the literature
[26]. A previous study evaluating the prognostic value
of PNI in mCRC patients receiving regorafenib simi-
larly reported prolonged OS in patients with high PNI
[39]. Another investigation demonstrated that patients
with high PNI had significantly longer OS [26], and
our findings align with another study indicating a
longer median OS in the high-PNI group [31]. In ad-
dition to colorectal malignancies, PNI is a significant
prognostic indicator for all digestive cancers [40, 41].
A thorough meta-analysis of 14 studies encompassing
3,414 patients with colorectal cancer, gastric cancer,
pancreatic  cancer, hepatocellular carcinoma,
esophageal carcinoma, and malignant pleural
mesothelioma revealed that a lower PNI correlated
with poorer overall survival results [40]. In patients
with advanced hepatocellular carcinoma treated with
regorafenib, a similarly low PNI has been identified
as a significant predictor of diminished overall sur-
vival [41].

Strengths and Limitations

Regorafenib demonstrated modest clinical activity
in metastatic colorectal cancer, and inflammatory in-
dices such as PIV and PNI emerged as significant
prognostic biomarkers for overall survival. These find-
ings support integrating such inflammatory markers
into clinical practice to stratify patients better and tai-
lor treatment strategies. This study is constrained by
its retrospective, single-center design, relatively brief
follow-up, absence of comprehensive toxicity and
dose-modification data, incomplete molecular profil-
ing, treatment-line variability, and the singular evalu-
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ation of PIV and PNI, all of which may limit the gen-
eralizability of our findings and necessitate validation
in prospective multicenter studies.

CONCLUSION

In conclusion, our real-world analysis confirms that
regorafenib provides modest clinical benefit in heavily
pretreated metastatic colorectal cancer, with disease
stabilization observed in a subset of patients. Both the
PIV and PNI have been identified as independent pre-
dictive indicators for overall survival, highlighting the
significant relationship between systemic inflamma-
tion and nutritional status in this context. Incorporating
publicly accessible indicators into clinical decision-
making may assist in identifying patients who are
most likely to benefit from regorafenib. Nonetheless,
due to the constraints of our retrospective, single-cen-
ter methodology, these results require validation in
larger prospective, biomarker-driven research.

Ethics Approval and Consent to Participate

This study was approved by the Kartal Dr. Liitfi
Kirdar City Hospital Scientific Research Ethics Com-
mittee (Decision No.: 2024/010.99/3/1 and dated
29.04.2023). All procedures performed during data
collection, review of patient records, and study imple-
mentation complied with the ethical standards of the
institutional and/or national research committee and
with the 1964 Declaration of Helsinki and its subse-
quent amendments. Informed consent was waived be-
cause of the retrospective nature of the study and the
analysis used anonymous clinical data.

Data Availability

All data generated or analyzed during this study are
included in this published article. The data that support
the findings of this study are available on request from
the corresponding author, upon reasonable request.

Authors’ Contribution

Study Conception: SY, HO; Study Design: SY,
HSY; Supervision: SY, AD; Funding: SY; Materials:
SY; Data Collection and/or Processing: SY, HSY, AD;
Statistical Analysis and/or Data Interpretation: SY,
OA; Literature Review: SY, SAE; Manuscript Prepa-
ration: SY, OA; and Critical Review: SY, OA.

Conflict of Interest
The author(s) disclosed no conflict of interest dur-
ing the preparation or publication of this manuscript.

Financing
The author(s) disclosed that they did not receive
any grant during the conduction or writing of this study.

Acknowledgments
The authors have no acknowledgments to declare.

Generative Artificial Intelligence Statement

The author(s) declare that no artificial intelli-
gence-based tools or applications were used during the
preparation process of this manuscript. The all content
of the study was produced by the author(s) in accor-
dance with scientific research methods and academic
ethical principles.

Editor's Note

All statements made in this article are solely those
of the authors and do not represent the views of their
affiliates or the publisher, editors, or reviewers. Any
claims made by any product or manufacturer that may
be evaluated in this article are not guaranteed or en-
dorsed by the publisher.

REFERENCES

1. Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 2024.
CA Cancer J Clin. 2024;74(1):12-49. doi: 10.3322/caac.21820.
2. Cervantes A, Adam R, Rosello S, et al; ESMO Guidelines
Committee. Metastatic colorectal cancer: ESMO Clinical Prac-
tice Guideline for diagnosis, treatment and follow-up. Ann Oncol.
2023;34(1):10-32. doi: 10.1016/j.annonc.2022.10.003.

3. Siegel RL, Miller KD, Goding Sauer A, et al. Colorectal cancer
statistics, 2020. CA Cancer J Clin. 2020;70(3):145-164. doi:
10.3322/caac.21601.

4. Cancer Stat Facts: Colon and Rectum Cancer. National Cancer
Institute Surveillance Epidemiology and End Results Program
website. 2018. https://seer.cancer.gov/statfacts/html/colorect.html
5. Hurwitz H, Fehrenbacher L, Novotny W, et al. Bevacizumab
plus irinotecan, fluorouracil, and leucovorin for metastatic col-
orectal cancer. N Engl J Med. 2004;350(23):2335-2342. doi:
10.1056/NEJMo0a032691.

6. Saltz LB, Clarke S, Diaz-Rubio E, et al. Bevacizumab in com-
bination with oxaliplatin-based chemotherapy as first-line therapy
in metastatic colorectal cancer: a randomized phase III study. J Clin
Oncol. 2008;26(12):2013-2019. doi: 10.1200/JC0O.2007.14.9930.
7. Douillard JY, Oliner KS, Siena S, et al. Panitumumab-FOL-

The European Research Journal | Volume 11

Issue 6 | November 2025

1075


https://doi.org/10.3322/caac.21820
https://doi.org/10.1016/j.annonc.2022.10.003
https://doi.org/10.3322/caac.21601
https://seer.cancer.gov/statfacts/html/colorect.html
https://doi.org/10.1056/nejmoa032691
https://doi.org/10.1200/jco.2007.14.9930

Eur Res J. 2025;11(6):1067-1077

PIV and PNI as prognostic markers in mCRC on regorafenib

FOX4 treatment and RAS mutations in colorectal cancer. N Engl
JMed. 2013;369(11):1023-1034. doi: 10.1056/NEJMoal305275.
8. Van Cutsem E, Koéhne CH, Lang I, et al. Cetuximab plus
irinotecan, fluorouracil, and leucovorin as first-line treatment for
metastatic colorectal cancer: updated analysis of overall survival
according to tumor KRAS and BRAF mutation status. J Clin
Oncol. 2011;29(15):2011-2019. doi: 10.1200/JC0O.2010.33.5091.
9. Van Cutsem E, Cervantes A, Adam R, et al. ESMO consensus
guidelines for the management of patients with metastatic col-
orectal cancer. Ann Oncol. 2016;27(8):1386-1422. doi:
10.1093/annonc/mdw235.

10. Nielsen DL, Palshof JA, Larsen FO, Jensen BV, Pfeiffer P. A
systematic review of salvage therapy to patients with metastatic
colorectal cancer previously treated with fluorouracil, oxaliplatin
and irinotecan +/- targeted therapy. Cancer Treat Rev.
2014;40(6):701-715. doi: 10.1016/j.ctrv.2014.02.006.

11. Huang J, Gong C, Jiang Z, et al. Regorafenib monotherapy
as the later-line treatment for elderly patients with metastatic col-
orectal cancer: a multicenter real-world study. J Gastrointest
Oncol. 2024;15(5):2166-2177. doi: 10.21037/jgo-24-464.

12. Ciraci P, Studiale V, Taravella A, Antoniotti C, Cremolini C.
Late-line options for patients with metastatic colorectal cancer:
a review and evidence-based algorithm. Nat Rev Clin Oncol.
2025;22(1):28-45. doi: 10.1038/s41571-024-00965-0.

13. Abou-Elkacem L, Arns S, Brix G, et al. Regorafenib inhibits
growth, angiogenesis, and metastasis in a highly aggressive, or-
thotopic colon cancer model. Mol Cancer Ther. 2013;12(7):1322-
1331. doi: 10.1158/1535-7163.MCT-12-1162.

14. Schmieder R, Hoffmann J, Becker M, et al. Regorafenib
(BAY 73-45006): antitumor and antimetastatic activities in pre-
clinical models of colorectal cancer. Int J Cancer.
2014;135(6):1487-1496. doi: 10.1002/ijc.28669.

15. Grothey A, Van Cutsem E, Sobrero A, et al; CORRECT Study
Group. Regorafenib monotherapy for previously treated metasta-
tic colorectal cancer (CORRECT): an international, multicentre,
randomised, placebo-controlled, phase 3 trial. Lancet.
2013;381(9863):303-312. doi: 10.1016/S0140-6736(12)61900-X.
16. Bekaii-Saab TS, Barzi A, Cusnir M. Improving survival in
metastatic colorectal cancer through optimized patient selection.
Clin Adv Hematol Oncol. 2024;22 Suppl 4(5):1-20.

17. Aoyama T, Yukawa N, Saito A. Clinical Impact of Nutrition
and Inflammation Assessment Tools in Colorectal Cancer Treat-
ment. Anticancer Res. 2024;44(4):1335-1351. doi: 10.21873/an-
ticanres.16930.

18. Su YL, Tsai KL, Chiu TJ, et al. Development and Validation
of'a Novel Serum Prognostic Marker for Patients with Metastatic
Colorectal Cancer on Regorafenib Treatment. Cancers (Basel).
2021;13(20):5080. doi: 10.3390/cancers13205080.

19. Liu Y, Lyu J, Bell Burdett K, et al. Prognostic and Predictive
Biomarkers in Patients with Metastatic Colorectal Cancer Re-
ceiving Regorafenib. Mol Cancer Ther. 2020;19(10):2146-2154.
doi: 10.1158/1535-7163.MCT-20-0249.

20. Yan H, Liu J, Zhang Y, et al. Efficacy and safety of rego-
rafenib in the treatment of metastatic colorectal cancer: a retro-
spective cohort study. J Gastrointest Oncol.
2024;15(3):987-1001. doi: 10.21037/jgo-24-180.

21. Tuomisto AE, Mékinen MJ, Vayrynen JP. Systemic inflam-

mation in colorectal cancer: Underlying factors, effects, and prog-
nostic significance. World J Gastroenterol. 2019;25(31):4383-
4404. doi: 10.3748/wjg.v25.131.4383.

22. Klintrup K, Mékinen JM, Kauppila S, et al. Inflammation and
prognosis in colorectal cancer. Eur J Cancer. 2005;41(17):2645-
2654. doi: 10.1016/.ejca.2005.07.017.

23.YuD, Liu J, Meng C, Liu B, Liao J. Pan-immune-inflamma-
tion value as a novel prognostic biomarker for digestive system
cancers: a meta-analysis. World J Surg Oncol. 2024;22(1):306.
doi: 10.1186/s12957-024-03595-z.

24. Cheng HW, Wang T, Yu GC, Xie LY, Shi B. Prognostic role
of the systemic immune-inflammation index and pan-immune in-
flammation value for outcomes of breast cancer: a systematic re-
view and meta-analysis. Eur Rev Med Pharmacol Sci.
2024;28(1):180-190. doi: 10.26355/eurrev_202401 34903.

25. Wang Z, Zhao S, Zhang X, et al. Effect of prognostic nutri-
tional index on laboratory parameters and survival in metastatic
colorectal cancer patients treated with fruquintinib: a retrospec-
tive study. PeerJ. 2024;12:¢18565. doi: 10.7717/peerj.18565.
26. Keskinkilic M, Semiz HS, Ataca E, Yavuzsen T. The prog-
nostic value of immune-nutritional status in metastatic colorectal
cancer: Prognostic Nutritional Index (PNI). Support Care Cancer.
2024;32(6):374. doi: 10.1007/s00520-024-08572-6.

27.YiJ, Xue J, Yang L, Xia L, He W. Predictive value of prog-
nostic nutritional and systemic immune-inflammation indices for
patients with microsatellite instability-high metastatic colorectal
cancer receiving immunotherapy. Front Nutr. 2023;10:1094189.
doi: 10.3389/fnut.2023.1094189.

28. Fuca G, Guarini V, Antoniotti C, et al. The Pan-Immune-In-
flammation Value is a new prognostic biomarker in metastatic
colorectal cancer: results from a pooled-analysis of the Valentino
and TRIBE first-line trials. Br J Cancer. 2020;123(3):403-409.
doi: 10.1038/s41416-020-0894-7.

29. Guven DC, Sahin TK, Erul E, Kilickap S, Gambichler T,
Aksoy S. The Association between the Pan-Immune-Inflamma-
tion Value and Cancer Prognosis: A Systematic Review and
Meta-Analysis. Cancers (Basel). 2022;14(11):2675. doi:
10.3390/cancers14112675.

30. Luvian-Morales J, Gonzalez-Trejo S, Carrillo JF, et al. Asso-
ciation of the prognostic nutritional index and overall survival in
patients with colorectal cancer: A STROBE compliant retrospec-
tive cohort study. Cancer Med. 2019;8(7):3379-3388. doi:
10.1002/cam4.2212.

31. Ucar G, Ergun Y, Acikgoz Y, Uncu D. The prognostic value
of the prognostic nutritional index in patients with metastatic col-
orectal cancer. Asia Pac J Clin Oncol. 2020;16(5):¢179-¢184. doi:
10.1111/ajco.13328.

32.LiJ,Qin S, Xu R, et al; CONCUR Investigators. Regorafenib
plus best supportive care versus placebo plus best supportive care
in Asian patients with previously treated metastatic colorectal
cancer (CONCUR): a randomised, double-blind, placebo-con-
trolled, phase 3 trial. Lancet Oncol. 2015;16(6):619-629. doi:
10.1016/S1470-2045(15)70156-7.

33. Bekaii-Saab TS, Ou FS, Ahn DH, et al. Regorafenib dose-
optimisation in patients with refractory metastatic colorectal can-
cer (ReDOS): a randomised, multicentre, open-label, phase 2
study. Lancet Oncol. 2019;20(8):1070-1082. doi: 10.1016/S1470-

1076

The European Research Journal | Volume 11

Issue 6 | November 2025


https://doi.org/10.1056/nejmoa1305275
https://doi.org/10.1200/jco.2010.33.5091
https://doi.org/10.1093/annonc/mdw235
https://doi.org/10.1016/j.ctrv.2014.02.006
https://doi.org/10.21037/jgo-24-464
https://doi.org/10.1038/s41571-024-00965-0
https://doi.org/10.1158/1535-7163.mct-12-1162
https://doi.org/10.1002/ijc.28669
https://doi.org/10.1016/s0140-6736(12)61900-x
https://doi.org/10.21873/anticanres.16930
https://doi.org/10.21873/anticanres.16930
https://doi.org/10.3390/cancers13205080
https://doi.org/10.1158/1535-7163.mct-20-0249
https://doi.org/10.21037/jgo-24-180
https://doi.org/10.3748/wjg.v25.i31.4383
https://doi.org/10.1016/j.ejca.2005.07.017
https://doi.org/10.1186/s12957-024-03595-z
https://doi.org/10.26355/eurrev_202401_34903
https://doi.org/10.7717/peerj.18565
https://doi.org/10.1007/s00520-024-08572-6
https://doi.org/10.3389/fnut.2023.1094189
https://doi.org/10.1038/s41416-020-0894-7
10.3390/https://doi.org/10.3390/cancers14112675.
https://doi.org/10.1002/cam4.2212
https://doi.org/10.1111/ajco.13328
https://doi.org/10.1016/s1470-2045(15)70156-7
https://doi.org/10.1016/s1470-2045(19)30272-4

Eur Res J. 2025;11(6):1067-1077

Yildirim et al

2045(19)30272-4.

34. Sonbol MB, Benkhadra R, Wang Z, et al. A Systematic Re-
view and Network Meta-Analysis of Regorafenib and TAS-102
in Refractory Metastatic Colorectal Cancer. Oncologist.
2019;24(9):1174-1179. doi: 10.1634/theoncologist.2019-0189.
35. Roed Skéarderud M, Polk A, Kjeldgaard Vistisen K, Larsen
FO, Nielsen DL. Efficacy and safety of regorafenib in the treat-
ment of metastatic colorectal cancer: A systematic review. Cancer
Treat Rev. 2018;62:61-73. doi: 10.1016/j.ctrv.2017.10.011.

36. Mercier J, Voutsadakis IA. A Systematic Review and Meta-
analysis of Retrospective Series of Regorafenib for Treatment of
Metastatic Colorectal Cancer. Anticancer Res. 2017;37(11):5925-
5934. doi: 10.21873/anticanres.12039.

37. Corti F, Lonardi S, Intini R, et al. The Pan-Immune-Inflam-
mation Value in microsatellite instability-high metastatic colorec-

38. Spolverato G, Capelli G, Noel F, Steindler M, Gumbs AA. Pan-
immune-inflammation in colon cancer: A prognostic biomarker and
the role of tumor location in personalized care. World J Gastrointest
Surg. 2025;17(4):101066. doi: 10.4240/wjgs.v17.i4.101066.

39. Erdogan B, Ozcan E, Gokmen I, et al. Relationship between
prognostic nutritional index and neutrophil lymphocyte ratio with
overall survival in patients with metastatic colorectal cancer re-
ceiving regorafenib. J Cancer Res Ther. 2023;19(3):762-767. doi:
10.4103/jert.jert 1620 21.

40. Sun K, Chen S, Xu J, Li G, He Y. The prognostic significance
of the prognostic nutritional index in cancer: a systematic review
and meta-analysis. J Cancer Res Clin Oncol. 2014;140(9):1537-
1549. doi: 10.1007/s00432-014-1714-3.

41. Rimini M, Yoo C, Lonardi S, et al. Role of the prognostic nu-
tritional index in predicting survival in advanced hepatocellular

tal cancer patients treated with immune checkpoint inhibitors. Eur ~ carcinoma treated with regorafenib. Hepatol Res.
J Cancer. 2021; 150:155-167. doi: 10.1016/j.ejca.2021.03.043. 2021;51(7):796-802. doi: 10.1111/hepr.13669.
The European Research Journal | Volume 11 | Issue 6 | November 2025 1077


https://doi.org/10.1016/s1470-2045(19)30272-4
https://doi.org/10.1634/theoncologist.2019-0189
https://doi.org/10.1016/j.ctrv.2017.10.011
https://doi.org/10.21873/anticanres.12039
https://doi.org/10.1016/j.ejca.2021.03.043
https://doi.org/10.4240/wjgs.v17.i4.101066
https://doi.org/10.4103/jcrt.jcrt_1620_21
https://doi.org/10.1007/s00432-014-1714-3
https://doi.org/10.1111/hepr.13669

The European Research Journal 2025;11(6):1078-1087 Original Article

DOI: https://doi.org/10.18621/eurj.1733954 Medical Oncology

Comparing nivolumab response between smokers and
ex-smokers in advanced non-small cell lung cancer: It is
never too late to quit smoking
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ABSTRACT

Objectives: Lung cancer is most commonly caused by smoking, and unfortunately, a significant portion of
patients continue to smoke even during their treatment. Our study aimed to investigate the impact of current
smoking on the treatment response in patients receiving nivolumab.

Methods: This was a retrospective cohort study that compared the treatment responses of patients who con-
tinued to smoke during nivolumab therapy and those who had a history of smoking but had quit prior to
nivolumab initiation. The study included 55 patients with advanced non-small cell lung cancer who received
treatment between 2019 and 2025. All participants had stage 4 disease and had progressed after initial plat-
inum-based combination chemotherapy. The treatment responses were categorized as progressive disease,
stable disease, partial response, and complete response, and the differences between current smokers and ex-
smokers were analyzed, with the response evaluation conducted according to the PET Response Criteria in
Solid Tumors 1.0 guidelines.

Results: The analysis revealed a statistically significant difference in treatment response between ex-smokers
and current smokers (P=0.039). Ex-smokers demonstrated superior Objective Response Rates (56.0% vs.
25.0%) and Disease Control Rates (76.0% vs. 33.3%) compared to current smokers, with the difference in Dis-
ease Control Rate reaching statistical significance (P=0.042). Furthermore, multivariate logistic regression in-
dicated that current smokers were 3.64 times less likely to achieve an objective response to nivolumab than
ex-smokers, a finding that, while borderline significant, suggests a clinically meaningful trend (P=0.084).
Conclusions: Our study demonstrated that continued smoking during nivolumab therapy may negatively im-
pact the treatment response. While more prospective data is needed, the current results and existing literature
suggest that smoking cessation is crucial for patients receiving nivolumab, and clinicians should be more vig-
ilant in addressing this issue.

Keywords: Lung cancer, nivolumab, smoking, ex-smoker

related deaths worldwide, attributable to its oclonal antibody nivolumab, have emerged as increas-

[ ung cancer remains the leading cause of cancer- years, immunotherapeutic agents, including the mon-
high incidence and mortality rates [1]. Inrecent ingly integral components of non-small cell lung
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Nivolumab response and smoking in lung cancer

cancer (NSCLC) treatment, demonstrating the poten-
tial to prolong patient survival [2-4]. Nivolumab, a
fully human IgG4 monoclonal antibody, functions by
disrupting the Programmed cell death-1 (PD-1) medi-
ated signaling pathway, thereby restoring the previ-
ously suppressed antitumor immune responses [5].

Extensive studies have underscored the dominant
role of chronic cigarette smoking in the development
of lung cancer, with approximately 87% of cases
linked to prolonged smoking [6]. Smoking is a chronic
condition driven by both physical nicotine dependence
and learned behavioral patterns [7]. Approximately
70% of smokers express a desire to quit, yet the ma-
jority of adult smokers attempting cessation often re-
lapse [8]. Disturbingly, studies indicate that more than
50% of cancer patients continue to smoke even after
their diagnosis [9, 10]. Persisting smoking during can-
cer treatment is associated with more severe symp-
toms, an elevated risk of developing additional
primary tumors, and poorer survival outcomes [11,
12]. Furthermore, it may diminish the efficacy of
chemotherapy and radiation therapy [13]. Given the
potential for smoking to exert an immunosuppressive
effect and compromise anti-tumor immunity, the rela-
tionship between smoking and immunotherapy war-
rants close examination, particularly as the increasing
incorporation of immunotherapy into cancer treatment
regimens has coincided with a concerning trend of pa-
tients continuing to smoke while undergoing these
novel therapies [14]. Recent studies have demon-
strated that cigarette smoke can induce polarization of
macrophages toward the M2 phenotype, contributing
to an immunosuppressive tumor microenvironment
that may hinder the efficacy of immune checkpoint in-
hibitors such as PD-1/ programmed cell death ligand
1 (PD-L1) blockers [15]. Moreover, tobacco-related
mutational signatures have been associated with al-
tered immune infiltration and interferon-y signaling,
suggesting that smoking may modulate both the im-
munogenicity and responsiveness to immunotherapy
in a tumor-type-dependent manner [16]. This study
aims to compare the response rates of non-small cell
lung cancer patients receiving nivolumab therapy, con-
trasting those who currently smoke versus those who
had quit before treatment.

METHODS

Study Design and Participants

This retrospective study enrolled 55 patients with ad-
vanced NSCLC who received treatment at the Kii-
tahya Education and Research Hospital or Kiitahya
City Hospital between 2019 and 2025. All participants
had stage 4 disease and had experienced disease pro-
gression following initial platinum-based combination
chemotherapy. Patients received nivolumab at a dose
of 3 mg/kg every 14 days. Tumor response was eval-
uated after 8-12 weeks of treatment in both groups.
The number of nivolumab cycles administered and the
cumulative dose (mg/kg) were recorded for each pa-
tient. Similar doses and treatment cycles were applied
to both groups.

The inclusion criteria were: (1) being at least 18
years old; (2) receiving regular medical care and fol-
low-up visits; (3) undergoing positron emission to-
mography-computed tomography imaging (PET-CT)
studies conducted and reported at the participating
hospitals; (4) having a baseline PET-CT scan before
receiving nivolumab; (5) continuing treatment until a
PET-CT scan was performed for response evaluation;
(6) having their Immune-related adverse events
(irAEs) documented and recorded in the side effects
forms every 14 days; (7) having their smoking status
recorded in the oncology records for each treatment
protocol; and (8) being received nivolumab treatment
for at least 8 weeks with 4 doses.

The exclusion criteria were: (1) presence of symp-
tomatic brain metastases; (2) having activating muta-
tions in Epidermal growth factor receptor (EGFR),
anaplastic lymphoma kinase (ALK), or c-ros oncogene
1 (ROSI); (3) presence of uncontrolled autoimmune
disease; (4) never-smokers; and (5) resumed smoking
during the treatment process despite declaring that
they had quit smoking.

Smoking Status

The patients were categorized into two groups
based on their smoking status: current smokers and ex-
smokers. The ex-smoker group had their cumulative
smoking history (in pack-years) recorded, but no sta-
tistical analysis was performed regarding the quantity
of smoking. Patients who had quit smoking at least 6
weeks before nivolumab initiation were categorized
as ex-smokers, based on evidence indicating that the
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immunological effects of smoking begin to attenuate
within this period [17]. The current smoking group
was further subdivided into six categories based on the
average number of cigarettes smoked per day (1-4, 5-
14, 15-24, 25-34, 35-44, and >45) to enable a more
nuanced characterization of smoking intensity among
participants. This stratification aimed to reflect the het-
erogeneity within the current smoker population and
potentially explore dose-dependent associations with
immunotherapy outcomes. However, due to the lim-
ited sample size and the uneven distribution of partic-
ipants across these subgroups, the statistical power
required to perform meaningful comparative analyses
within the current smoker strata was not met. There-
fore, subgroup-level comparisons were not conducted,
and statistical analyses focused on broader compar-
isons between current smokers and ex-smokers. The
current smoker and ex-smoker groups were compara-
ble in terms of patient demographics and clinical char-
acteristics, including age, sex, pathological type, and
history of lung radiotherapy.

Pathological Assessment

All biopsy specimens were reviewed by the insti-
tutional pathology department to confirm a diagnosis
of NSCLC. Although PD-L1 expression is a well-es-
tablished predictive biomarker for response to
nivolumab, it was not required for patient inclusion
and was not incorporated into the current analysis.
This exclusion was primarily due to limitations in data
availability and inconsistency in immunohistochemi-
cal testing platforms across contributing pathology
units. While the inclusion of PD-L1 status could have
enhanced the biological interpretability of treatment
outcomes, standardization and comparability of PD-
L1 data were not feasible in this retrospective setting.
Future prospective research incorporating harmonized
PD-L1 assessment protocols may further elucidate its
prognostic utility in this population.

Immune-related Adverse Events (irAEs) Assessment

At each hospital visit, patients were questioned
about the presence of irAEs, which were documented
in their oncology records using standardized reporting
forms. The patients' adverse events were evaluated and
graded according to the guidelines of the Common
Terminology Criteria for Adverse Events, with sever-
ity ranging from 1 to 5.

Radiological Assessment

The patients' treatment responses were evaluated
using PET-CT imaging. Three nuclear medicine spe-
cialists at the institution classified the treatment out-
comes into four distinct categories: progressive
disease, stable disease, partial response, and complete
response. The assessment was based on the PET Re-
sponse Criteria in Solid Tumors 1.0 guidelines. A com-
plete response was defined as the disappearance of
dynamic 2-deoxy-2-fluoro-D-glucose (FDG) uptake
in all lesions, while a partial response was a >30% de-
crease and >0.8 unit decrease in the peak standardized
uptake value corrected for lean body mass. Stable dis-
ease was defined as changes that did not meet the cri-
teria for partial response or progressive disease, and
progressive disease was a >30% increase and >0.8 unit
increase in the peak standardized uptake value cor-

rected for lean body mass, or the appearance of new
FDG-avid lesions.

Statistical Analysis

Statistical analyses were performed using IBM
SPSS Statistics for Windows, Version 25.0. Descrip-
tive statistics, including frequencies and percentages,
were used to summarize categorical variables. The
normality of the data was assessed, and due to non-
normal distribution, non-parametric tests were applied.
For comparisons between smoking status groups, the
Linear-by-Linear Association chi-square test was used
for ordinal variables, while the Pearson chi-square test
was applied for nominal variables. Objective Re-
sponse Rate (ORR) and Disease Control Rate (DCR)
were calculated and compared across groups. Multi-
variate logistic regression analysis was conducted to
identify independent predictors of objective response,
incorporating variables such as Eastern Cooperative
Oncology Group (ECOG) performance status,
metastatic sites, pathological diagnosis, lung radio-
therapy, and smoking status. A P-value of <0.05 was
considered statistically significant.

RESULTS

As shown in Table 1, demographic and clinical char-
acteristics were stratified by smoking status. The ex-
smoker group (n = 31) exhibited a slightly higher
proportion of male patients (90.3%) compared to cur-

The European Research Journal | Volume 11

Issue 6 | November 2025

1080



Eur Res J. 2025;11(6):1078-1087

Nivolumab response and smoking in lung cancer

Table 1. Demographic and clinical characteristics of the study population stratified by smoking

status
Variables Ex-smoker Current smoker
(n=31) (n=24)
Gender (Male) 28 (90.3%) 21 (87.5%)
ECOG performance status (0/1/2) 6/19/6 6/15/3
Brain metastasis (yes) 13 (41.9%) 9 (37.5%)
Liver metastasis (yest) 12 (38.7%) 12 (50.0%)
Bone metastasis (yes) 13 (41.9%) 10 (41.7%)
Pleural metastasis (yes) 19 (61.3%) 16 (66.7%)

Pathological diagnosis
AD
SCC

Lung radiotherapy (yes)

14 (45.2%)
17 (54.8%)
11 (35.5%)

11 (45.8%)
13 (54.2%)
8 (33.3%)

Data are shown as n (%). AD=Adenocarcinoma, SCC=Squamous Cell Carcinoma, PD=Progressive Disease, CR=Complete

Response, ECOG=Eastern Cooperative Oncology Group

rent smokers (87.5%). ECOG performance status dis-
tributions were similar across groups, with the major-
ity scoring 1. Brain metastases were present in 41.9%
of ex-smokers and 37.5% of current smokers, while
liver and bone metastases showed comparable rates
between groups. Pleural metastases were more com-
mon among current smokers (66.7%) than ex-smokers
(61.3%). Histopathological evaluation revealed a pre-
dominance of squamous cell carcinoma (SCC) over
adenocarcinoma (AD) in both cohorts. Lung radiother-
apy was administered to 35.5% of ex-smokers and
33.3% of current smokers.

The relationship between smoking status and
treatment response is presented in Table 2. Among ex-
smokers, 12 had progressive disease, 5 had stable dis-
ease, 8 had partial response, and 6 had complete
response. In the current smoker group, 16 had progres-
sive disease, 2 had stable disease, 5 had partial re-

sponse, and 1 had complete response. The difference
in treatment response between ex-smokers and current
smokers was statistically significant (P=0.039).

Table 3 delineates the ORR and DCR stratified by
smoking status. Among the ex-smoker cohort, an ORR
0f 56.0% (14/25 patients) and a DCR of 76.0% (19/25
patients) were observed. Conversely, the current
smoker group exhibited an ORR of 25.0% (6/24 pa-
tients) and a DCR of 33.3% (8/24 patients). A statisti-
cally significant difference was identified in DCR
between the two groups (P=0.042), whereas the dif-
ference in ORR did not achieve statistical significance
(P=0.127).

Multivariate logistic regression was performed to
identify independent predictors of objective response
to nivolumab. After adjusting for ECOG score,
metastatic sites (brain and liver), histological subtype,
and history of curative lung radiotherapy, smoking sta-

Table 2. Relationship between smoking status and treatment response

Smoking status PD SD
Ex-smoker 12 5
Current smoker 16

P value*

PR CR Total (n)
6 31
24
0.039

PD=Progressive Disease, SD=Stable Disease, PR=Partial Response, CR=Complete Response

P-value calculated using the linear-by-linear association chi-square test. Statistical significance was set at P<0.05
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Table 3. Comparison of ORR and DCR by smoking status
Smoking status ORR (PR+CR) DCR (SD+PR+CR)
Ex-smoker 14 (56.0%) 19 (76.0%)
Current smoker 6 (25.0%) 8 (33.3%)
P-value* 0.127 0.042

Data are shown as n (%). PD=Progressive Disease, SD=Stable Disease, PR=Partial Response, CR=Complete Response,

ORR=Objective Response Rate, DCR=Disease Control Rate

P-value calculated using the linear-by-linear association chi-square test. Statistical significance was set at P<0.05

tus demonstrated a borderline significant association
with treatment response. Current smokers were 3.64
times less likely to achieve an objective response com-
pared to ex-smokers (odds ratio [OR]: 3.641; 95%
confidence interval [CI]: 0.842-15.742; P=0.084). Al-
though this did not meet the conventional threshold
for statistical significance, the direction and magnitude
of the association suggest a clinically meaningful trend
that warrants further exploration in larger prospective
cohorts. These findings are shown in Table 4.

irAEs were observed in a total of 10 patients.
Among these, the most common irAEs included colitis
(n=4), dermatitis (n=3), thyroiditis (n=1), fever (n=1),
and pneumonitis (n=1). Of the 10 patients with irAEs,
6 were ex-smokers and 4 were current smokers. When
the overall incidence of irAEs was compared between
ex-smokers and current smokers, no statistically sig-
nificant difference was found (P=0.798). Due to the
limited number of events per category, statistical com-
parisons for individual adverse events were not per-
formed. These findings are summarized in Table 5.

DISCUSSION

The literature has long recognized that a significant
proportion of patients struggle to quit smoking follow-
ing a cancer diagnosis and during subsequent treat-
ments [18]. Our study examined patients with stage 4
NSCLC who had received one round of platinum-
based chemotherapy, experienced disease progression,
and then received an average of 6 doses of nivolumab
every 2 weeks. At each nivolumab administration, the
patients were queried about their smoking status, and
their continued use of cigarettes was documented. The
patients in the current smoking cohort persisted in
smoking throughout the lengthy treatment period and
during the entirety of their nivolumab therapy, despite
clinicians being aware of their smoking habits. Upon
reviewing the patient records, it was observed that
none of the patients had been referred to dedicated
smoking cessation clinics or to expert pulmonologists
and psychiatrists at the study hospitals, even though
such resources were available to provide the necessary

Table 4. Multivariate logistic regression analysis evaluating factors associated with objective

response

Predictor B SE Wald df Pvalue ExpB) 95% CI for Exp(B)
ECOG Score -0.905 0.610 2.198 1 0.138 0.405 0.122-1.338
Brain metastasis (yes) -0.149 0.729 0.042 1 0.838 0.862 0.207-3.593
Liver metastasis (yes) -0.964 0.716 1.815 1 0.178 0.381 0.094-1.550
Pathological diagnosis (SCC) -0.441 0720 0374 1 0.541 0.643 0.157-2.641
Curative lung RT (yes) -0.482 0.726 0.441 1 0.507 0.617 0.149-2.564
Smoking status (current) 1.292  0.747 2.993 1 0.084 3.641 0.842-15.742
Constant 0.488 1.191  0.168 1 0.682 1.630 -

SCC=Squamous Cell Carcinoma, RT=Radiotherapy, SE=Standard Error, CI=Confidence Interval

Statistical significance was set at P<0.05
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Table 5. Immune-related adverse events by smoking status

Adverse event Total (n) Ex-smoker (n) Active smoker (n) P value
Colitis 4 3 1 -
Dermatitis 3 2 1 -
Thyroiditis 1 0 1 -
Fever 1 1 0 -
Pneumonitis 1 0 1 -
Total irAE cases 10 6 4 0.798

irAE=immune-related adverse event.

Total irAE frequency between groups was compared using the Pearson chi-square test (P=0.798). Statistical significance was

set at P<0.05.

psychological and, if required, pharmacological sup-
port. The findings suggest that clinicians should take
a more proactive role in addressing the issue of smok-
ing cessation, in addition to monitoring the treatment
course and managing medication side effects, when
caring for patients who continue to smoke during their
cancer treatments.

In our study, treatment responses were found to be
significantly poorer in patients who continued to
smoke compared to those who did not. Smoking can
accelerate cancer progression through numerous
mechanisms [19]. Hypoxia-inducible factor-1a (HIF-
la) promotes the proliferation, metastasis, angiogen-
esis, and drug resistance of tumors [20]. It also
participates in the psychologic stress-driven progres-
sion of tumors [21]. Cigarette smoking inhibits the
ubiquitination degradation of HIF-1a, elevating its
levels [22]. The N6-methyladenosine (m6A) modifi-
cation participates in the progression of malignant tu-
mors, including lung cancer [23]. Furthermore, the
elevation of methyltransferase 3(METTL3), a regula-
tor of m6A modification, contributes to the develop-
ment and progression of lung cancers [24]. After
exposure to cigarette smoke extract, HIF-la, via
METTL3 regulation of the m6A modification, drives
smoking-induced progression of NSCLC through pro-
moting cell proliferation [25]. Additionally, the tumor-
promoting activities of nicotine involve the
inactivation of tumor suppressors such as retinoblas-
toma tumor suppressor protein and p53; tobacco
smoke components can also induce oncogenic proteins
such as c-Myc and K-Ras [26]. Smoking's impact on
lung cancer proliferation may be one of the factors that

negatively influence treatment response.

A study of 237 non-small-cell lung cancer patients
revealed that early-stage non-smoking patients had
significantly higher two-year overall survival rates
compared to smokers upon initiating chemoradiation
[27]. The nicotinic acetylcholine receptor subunit a5
was identified as a contributor to radiation resistance.
Researchers found that the addition of nicotine de-
creased radiosensitivity. Furthermore, they demon-
strated that the a5 nicotinic acetylcholine receptor
subunit activated E2F transcription factor-mediated
pathways, promoting proliferation and survival,
thereby conferring resistance to radiation [28]. Collec-
tively, these findings suggest that exposure to tobacco
smoke or its constituents, such as nicotine, can en-
hance resistance to radiotherapy, and that smoking
cessation may improve sensitivity to radiation [29].
Cancer stem cells, commonly referred to as tumor-ini-
tiating cells, exhibit elevated levels of survival pro-
teins, embryonic stem cell transcription factors, and
drug efflux pumps [30, 31]. Studies have found that
exposure to nicotine enhances the self-renewal capac-
ity of stem-like cells derived from NSCLC cell lines.
Additionally, research has demonstrated that nicotine
induces a stem-like phenotype, increasing the propor-
tion of side-population cells with stem-like character-
istics and conferring resistance to chemotherapeutic
agents [32]. These findings suggest that the induction
of a stem-like state is one of the mechanisms by which
nicotine confers resistance to chemotherapy drugs
[13]. Another proposed mechanism by which smoking
affects the efficacy of chemotherapy involves the al-
teration of chemotherapy agent metabolism, thereby
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modulating their systemic levels [33].

The relationship between immunotherapy and
NSCLC is more complex than the mechanisms de-
scribed above that contribute to treatment resist-
ance[34]. Checkpoint inhibitors are known to be
significantly more effective in tumors with higher mu-
tational burden [35]. Smoking is known to induce
DNA damage and mutations in various oncogenes and
tumor suppressor genes, resulting in a higher muta-
tional burden [36, 37]. Therefore, smoking and the re-
sulting higher mutational burden might lead to a better
response to immunotherapy [38]. A case-control study
comparing the efficacy of first-line chemotherapy and
immunotherapy in smokers and never smokers with
NSCLC found that never-smokers had a higher risk of
disease progression when treated with Pem-
brolizumab, while never smokers treated with
chemotherapy had longer progression-free survival. In
contrast, smokers eligible for immunotherapy had bet-
ter progression-free survival, especially in earlier
stages. These findings suggest that smoking status im-
pacts treatment response, with never smokers benefit-
ing more from chemotherapy and smokers showing
better outcomes with immunotherapy [34]. Therefore,
our study included participants with a history of smok-
ing, either current or former, to demonstrate the po-
tential harm of current smoking, and did not include
those who had never smoked.

Although the relationship between smoking his-
tory and immunotherapy is known, there is unfortu-
nately insufficient data on the impact of smoking
during treatment. While the negative effect of contin-
ued smoking in our study patients cannot be defini-
tively attributed to a direct blockade of the nivolumab
effect, it is clear that the underlying mechanisms are
complex and multifaceted. Nivolumab is a human
monoclonal antibody and is not metabolized by cy-
tochrome P450 enzymes or other drug-metabolizing
enzymes. Therefore, the induction of these enzymes
by smoking, as seen with chemotherapy, is not ex-
pected to affect the pharmacokinetics of nivolumab
[39]. However, the immunological consequences of
smoking may contribute to cancer development and
progression through both pro-inflammatory and im-
munosuppressive effects [40, 41]. The pro-inflamma-
tory and immunosuppressive effects of smoking,
including increased mutational load and alterations to
the tumor immune microenvironment, have been

strongly associated with the tumor response to im-
munotherapy [42]. Clinical data indicate that smokers
with lung cancer often have higher response rates to
immune checkpoint inhibitor therapies, likely due to
the increased mutational burden and subsequent
heightened antigenicity of the tumors [43]. In contrast,
smokers with head and neck squamous cell carcinoma
tend to have lower response rates to immunotherapy,
suggesting that the immunosuppressive effects of
smoking may predominate in certain tumor types [44].
It is hypothesized that the dominant effect of smoking
in lung cancer is to increase the tumor mutational bur-
den, which can enhance the treatment response to im-
munotherapies. However, the continued smoking
during treatment may unmask the immunosuppressive
effects on the tumor immune microenvironment, sim-
ilar to what is observed in head and neck squamous
cell carcinoma. This immunosuppressive effect may
then negatively impact the response to nivolumab
treatment, highlighting the complex interplay between
smoking, tumor biology, and the efficacy of im-
munotherapies. Further research is needed to fully elu-
cidate these mechanisms and guide personalized
treatment strategies for smokers with lung cancer.

Limitations

This single-center retrospective cohort study inher-
ently carries limitations related to sample size and gen-
eralizability. Although current smokers and ex-smokers
were compared in terms of initial treatment response,
the subgroup analysis based on smoking intensity
(number of cigarettes per day) was not performed due
to insufficient statistical power. Additionally, the study
focused solely on early treatment outcomes following
immunotherapy initiation and did not include long-
term parameters such as progression-free survival or
overall survival. The absence of PD-L1 stratification
and longer-term clinical endpoints may limit the
breadth of conclusions; thus, future multi-center
prospective studies with larger cohorts and standard-
ized biomarker assessments are warranted.

CONCLUSION

This study highlights the persistent negative impact of
smoking on treatment outcomes in patients with non-
small cell lung cancer receiving immunotherapy. De-
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spite the transformative role of immune checkpoint in-
hibitors in improving survival among patients without
targetable mutations, continued smoking remains a
significant clinical challenge. Although the extent of
smoking was not quantitatively assessed, its detrimen-
tal influence was evident. Notably, the absence of mo-
lecular markers such as PD-L1, HIF-1a, and METTL3
limits mechanistic interpretation and underscores the
need for future biomarker-integrated studies. These
molecules may play a role in modulating immune re-
sponse and treatment efficacy. Therefore, smoking
cessation should be prioritized as part of routine on-
cologic care, and clinicians should actively incorpo-
rate cessation strategies into treatment planning and
follow-up.
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ABSTRACT

Objectives: Epilepsy is a long-term cerebral disorder that accompanies a lifelong predisposition to epileptic
seizures, resulting in neurobiological, cognitive, psychological, and social problems. Clobazam is considered
a relatively safe and effective anticonvulsant, frequently prescribed for the management of pediatric epilepsy.
This study was designed to rigorously evaluate the safety profile of clobazam in pediatric epilepsy, with a par-
ticular focus on the incidence and nature of treatment-emergent side effects.

Methods: Patients aged 2 to 17 years, who received clobazam as an adjunct to valproic acid, levetiracetam, or
carbamazepine therapy, who were referred to Diyarbakir Children's Hospital between December 2021 and
March 2023 were included. We evaluated the safety profile of clobazam in pediatric epilepsy, with a particular
focus on the incidence and nature of treatment-emergent side effects.

Results: The study included 100 patients using clobazam as an add-on anti-seizure medication. The mean age
was 11.0+4.0 years, with males comprising 48% of the cohort. The average duration of clobazam use was
16.3+7.2 months. Side effects were reported in 30 patients (30%), with the most common being insomnia
(10%), agitation (9%), and somnolence (6%). Allergic reactions were the least frequent. No patients experienced
enuresis, ataxia, hypertension, hypotension, or constipation in our study. Clobazam was discontinued by 12%
of the patients due to side effects.

Conclusions: Clobazam is regarded as safe in pediatric epilepsy patients, with minimal concerns regarding
drug interactions and adverse reactions. Although it may cause some side effects, initiating low-dose treatment
and gradually increasing the dosage can enhance treatment success.

Keywords: Clobazam, epilepsy, pediatric patients, side effects

ical disorders that affect the world population.
Clobazam is a widely used benzodiazepine in-
dicated as adjunctive therapy for pediatric epilepsy
with proven efficacies in reducing seizure frequency

fpilepsy is one of the most common neurolog-

Gastaut syndrome, focal epilepsy [1-3], and general-
ized epilepsies. However, as with other anti-seizure
drugs (ASDs), clobazam use is associated with a range
of side effects. Clobazam undergoes extensive hepatic
metabolism via both cytochrome P450 (CYP) and

in a range of epilepsy syndromes including Lennox- non-CYP pathways. Its major metabolite, N-
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desmethyl clobazam (nor clobazam), has similar ac-
tivity as clobazam at Gamma-Aminobutyric Acid
(GABAA) receptors and acts as an active antiseizure
drug [3, 4].

During prolonged use after 1-month being on
clobazam, concentrations of norclobazam, the active
metabolite of clobazam, are 8-20-fold greater than
clobazam levels, with little clobazam remaining, and
fully responsible for seizure control during chronic
treatment [5-7]. Common side effects of clobazam in
children include somnolence, fatigue, and dizziness.
These effects are probably associated with its mecha-
nism of action, which increases GABAergic inhibition
in the central nervous system, leading to sedation.
Some children have also shown behavioral changes
including irritability, aggression, and hyperactivity [1,
6]. Clobazam can occasionally lead to serious adverse
events, including severe dermatological reactions and
respiratory depression, especially in children with
chronic respiratory diseases, or taking other central
nervous system (CNS) depressants at the same time.
Between 1994 and 2004, only five cases of severe out-
comes such as hepatic failure, drug-induced status
epilepticus, or death have been reported in association
with clobazam use [7-10], reflecting the rarity of such
adverse events.

Chronic use gives rise to physical dependence,
withdrawal, and tolerance, requiring dose tapering on
cessation. Another rare but important side effect is the
paradoxical reaction, which leads to increased seizure
activity, agitation, or worsened behavior problems.
Clobazam is commonly used in combination with
other ASDs, which can potentiate its side effects by
both pharmacodynamic and pharmacokinetic interac-
tions. For example, co-administration with valproate
or lamotrigine may enhance sedation, whereas it is
metabolized through CYP3A4, as are many other
drugs that could influence drug levels and side effect
profiles if they are either inducers or inhibitors. Up-
coming studies will prove its efficacy in use by clini-
cians early as an adjuvant therapy in the treatment of
refractory epilepsy and may even be considered as
monotherapy in a broad spectrum of epilepsy syn-
dromes [4-7]. The purpose of this study is to investi-
gate clobazam-related adverse effects in children with
epilepsy and the parameters that may play a role in ini-
tiating these effects.

While clobazam is an effective anticonvulsant for

managing epilepsy, it is frequently prescribed along-
side other ASDs to enhance therapeutic outcomes.
However, the combination of clobazam with these
medications can lead to a broader spectrum of side ef-
fects, some of which may be exacerbated or com-
pounded. Valproate, for example, is known for its side
effects, including weight gain, tremors, gastrointesti-
nal discomfort, sedation, hepatotoxicity, and thrombo-
cytopenia. Levetiracetam, though widely favored for
its pharmacokinetic profile, can cause behavioral
changes such as irritability, aggression, anxiety, and
depression. Similarly, carbamazepine may result in
dizziness, drowsiness, ataxia, hyponatremia, and, in
rare cases, severe dermatological reactions like
Stevens-Johnson syndrome. Many of these side effects
overlap with those observed in clobazam, particularly
sedation, dizziness, ataxia, behavioral disturbances,
and gastrointestinal complaints [11]. Understanding
these cumulative side effects is crucial in optimizing
patient care, especially in pediatric populations where
the management of side effects is essential for long-
term treatment adherence and quality of life.

METHODS

The medical files of patients aged 2 to 17 years who
were admitted to Diyarbakir Children's Hospital be-
tween December 2021 and March 2023 were evalu-
ated retrospectively. Patients were identified by the
following ICD-10 codes: G40. 0 (Epilepsy), G40. 1
(Epilepsy), G41. 2 (Complex Partial Epilepsy), G41.
8 (Other Epilepsy), and G41. 9 (Unspecified
Epilepsy). Inclusion criteria were: Patients with one
of these diagnoses were required to meet the medical
criteria of having been prescribed clobazam an add-
on ASDs [in addition to valproic acid (VPA), levetirac-
etam (LEV), and carbamazepine (CMZP) with a
reliable seizure record]. The demographic and clinical
information obtained included age, gender, weight,
blood pressure, seizure type, etiology, and anti-seizure
medication duration. Hematological and biochemical
parameters were determined at the initiation of
clobazam treatment and after one year or at cessation
due to side effects (which is the routine protocol of
starting any ASDs in our clinics). Magnetic Resonance
Imaging (MRI) and electroencephalogram (EEQG)
evaluations were conducted on all participants as part
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of the standard diagnostic workup to assess brain
structure and electrical activity, ensuring comprehen-
sive clinical assessment. Only those with normal he-
mogram and biochemical test results at the start of
clobazam therapy were included. Exclusion criteria
encompassed any modification in the anti-seizure
medication regimen within the past year, the concomi-
tant use of more than one additional drug alongside
clobazam, the absence of side effects related to the pri-
mary medication, and the presence of systemic or psy-
chiatric disorders. At the end of the selection, patients
were divided into two groups based on their response
to clobazam. Group 1 (No Side Effects): Patients who
tolerated clobazam well and continued treatment with-
out developing significant side effects. Group 2 (With
Side Effects): Patients who developed side effects that
led to dose adjustment or discontinuation of clobazam
therapy. Based on medical records, clobazam dosing
was documented as the medium dose (0.5 mg/kg/day)
and high dose (1 mg/kg/day or 2x20 mg/day). The
classification of epilepsy type and etiology was based
on the guidelines of the International League Against
Epilepsy (ILAE). The study was approved by the Uni-
versity of Health Sciences Gazi Yasargil Training and
Research Hospital Ethics Committee (Approval Date:
17.05.2023 & Approval No: 417).

Statistical Analysis

All analyses were performed with the IBM SPSS
Statistics version 20.0 software package. Categorical
variables were expressed as numbers and percentages,
whereas continuous variables were summarized as
means and standard deviations, with medians and in-
terquartile ranges (IQRs) when appropriate. To com-
pare categorical variables between adverse event
groups, either the Pearson chi-square test or Fisher's
exact test was used, depending on whether the ex-
pected value problem arose. The normality of distri-
bution for continuous variables was confirmed using
the Shapiro-Wilk test. The Student's t-test or Mann-
Whitney U test was used to compare continuous vari-
ables between adverse event groups, depending on
whether or not statistical hypotheses were met. To
compare baseline and 1-year follow-up measurements,
either the paired-sample t-test or the Wilcoxon signed-
rank test was used, depending on whether or not the
statistical hypotheses were met. The statistical signif-
icance level for all tests was set at 0.05.

RESULTS

A total of 100 pediatric patients receiving clobazam as
an add-on anti-seizure medication were included in the

Table 1. Variables in patients on clobazam anti-
seizure medication

Variables Data
Age (years) 11.0+4.0
12 (8-14)

Gender, n (%)

Male 48 (48)

Female 52 (52)
Weight (kg) 34.4+14.9
Clobazam usage period (months) 16.3+£7.2

16 (13-21.5)

Dose, n (%)

Low-Medium 67 (67)

High 33(33)
First drug, n (%)

CMZP 50 (50)

LEV 25 (25)

VPA 25 (25)
Semiology, n (%)

Focal 62 (62)

Generalized 38 (38)
Birth history, n (%)

Normal 94 (94)

Event 6 (6)
MRI, n (%)

Normal 84 (84)

Abnormal/Lesion 16 (16)
MRI-lesion, n (%)

Leucomalasia 9 (57)

Arknoid kist 2(12)

Arnold Chiari 2 (12)

Thin korpus callosum 2(12)

Atrophy 1 (6)
Type of epilepsy, n (%)

Symptomatic-cryptogenic 50 (50)

Idiopathic 37 (37)

Structural 13 (13)
Systolic blood pressure (mmHg) 101.3+£13.9
Diastolic blood pressure (mmHg) 62.4+10.7

Data are shown as mean+standard deviation or median (IQR)
or n (%). CMZP=carbamazepine, LEV=levetiracetam,
MRI=magneting resonance imaging, VPA=valproic acid.
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study. The mean age of the patients was 11.0+4.0
years. The cohort was almost evenly distributed by
gender, with 48 males (48%) and 52 females
(52%).The average duration of clobazam use was
16.3+7.2 months, with a median of 16 months. Re-
garding dosing, 67 patients (67%) were on a low-to-
medium dose, while 33 patients (33%) were receiving
a high dose. As for the first-line anti-seizure drugs
used in combination with clobazam, 50 patients (50%)
were on carbamazepine (CMZP), 25 (25%) on leve-
tiracetam (LEV), and 25 (25%) on valproic acid
(VPA). Sixty-two patients (62%) presented with focal
seizures, while 38 (38%) had generalized seizures.
Birth history was normal in 94% of the patients, with
perinatal events reported in 6%. MRI findings were

normal in 84% of the cohort, while 16% had abnormal
findings or structural lesions (Table 1). At the 1-year
follow-up, WBC counts significantly increased, while
neutrophil, lymphocyte, and monocyte percentages
showed a notable decrease. Other hematological and
biochemical parameters, including RBC, hemoglobin,
liver enzymes, and thyroid markers, remained stable
over time (Table 2). Side effects associated with
clobazam were observed in 30% of the pediatric
epilepsy patients, with the most common being insom-
nia (10%), agitation (9%), and somnolence (6%). Less
frequent side effects included allergic reactions (1%),
visual disturbances (2%), and increased frequency of
illness or pyrexia (2%). Insomnia and somnolence
were most frequently reported in patients on CMZP,

Table 2. Effect of clobazam on hemogram and biochemical parameters at baseline and 1-year

follow-up

Variables Baseline 1-year follow up P value
WBC (x 10°/L) 7.51£2.07 8.69+2.74 <0.001
Neutrophil (%) 49.8+12.9 49.0+13.3 <0.001
Lymphocyte (%) 40.8+13.4 39.5+13.2 <0.001
Monocyte (%) 8.36+2.75 7.58+2.57 <0.001
Eosinophil (%) 3.3+£2.46 3.374£3.03 <0.001

2.6 (1.6-4.5) 2.35 (1.3-4.65)
Basophil (%) 0.467+0.323 0.469+0.324 0.862
0.4 (0.2-0.6) 0.4 (0.2-0.6)
RBC (x 10'*/L) 4.67+0.7 4.740.73 0.855
RDW-CV (%) 14.1+1.9 14.2+2 0.933
PLT (x 10°/L) 326.8+119.7 322.4+123.3 0.949
MPV (fL) 9.8+1.9 9.8+1.8 0.945
Hb (g/L) 12.4+1.7 12.441.7 0.968
Ferritin (ng/dL) 41.9+13.3 43.7+14.3 0.313
TSH (mlU/L) 2.19+0.79 2.19+0.79 0.986
T4 (ng/dL) 1.26+0.21 1.26+0.21 1.000
CK (U/L) 155.1£84.6 159.9+£82.7 0.958
150.5 (78-198) 156 (89-211)
Glucose (mg/dL) 79.6+10.8 79.4+11.1 0.881
ALT (U/L) 20.3+8.1 20.1£8.1 0.743
21 (13-23) 19 (13-23)
Albumin (g/dL) 40.3+£2.9 40.3£2.9 0.930

Data are shown as mean+standard deviation or median (IQR). WBC=White blood cells, RBC=Red blood cell, RDW-CV=Red
cell distribution width-coefficient of variation, PLT=Platelet, MPV=Mean platelet volume, Hb=Hemoglobin, CK=Creatine

kinase, ALT=Alanine transaminase, AST=Aspartate transferase,

TSH=Thyroid Stimulating Hormone, T4=Thyroxine
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Table 3. Percentage and variation of side effects
of clobazam

Variables Data
Side Effect, n (%) 30 (30)
First drug
CMZP 12 (40)
LEV 8 (27)
VPA 10 (33)
Agitation, n (%) 99
First drug
CMZP 1(11)
LEV 2 (22)
VPA 6 (66)
Insomnia, n (%) 10 (10)
First drug
CMZP 5(50)
LEV 2 (20)
VPA 3 (30)
Allergy, n (%) 1(1)
First drug
LEV 1 (100)
Visual (Accommodation), n (%) 2(2)
First drug
CMZP 2 (100)
Pyrexia/Increased frequency of illness, 2(2)
n (%)
First drug
CMZP 1(5)
LEV 1 (50)
Somnolence, n (%) 6 (6)
First drug
CMZP 3 (50)
LEV 2 (33)
VPA 1(17)
Stop side effect, n (%) 12 (12)
Agitation 4 (4)
Insomnia 4 (33)
Increased frequency of illness 1(8)
Somnolence 3 (25)

Data are shown as n (%). CMZP=carbamazepine,
LEV=levetiracetam, VP A=valproic acid.

while agitation was predominantly observed in those
receiving VPA, accounting for 66% of cases. Notably,
12% of the cohort discontinued clobazam due to side
effects, with insomnia and agitation being the primary

reasons for cessation (Table 3). A comparison between
Group 1 (patients without clobazam-related side ef-
fects) and Group 2 (patients experiencing side effects)
revealed that those in Group 2 had significantly higher
mean body weight (P<0.001). No significant differ-
ences were observed between the groups regarding
age, gender, clobazam dose, seizure semiology,
epilepsy type, birth history, or MRI findings (Table 4).
A comparison of hematological and biochemical pa-
rameters at baseline and after 1-year follow-up in re-
lation to side effects of clobazam revealed no
significant differences in most blood parameters, in-
cluding WBC, neutrophils, RBC, and ferritin between
the groups. However, an increase in ALT was observed
(P<0.001) (Table 5).

DISCUSSION

Clobazam, a benzodiazepine frequently prescribed for
epilepsy and anxiety disorders, can lead to several side
effects, particularly those related to its sedative prop-
erties. As a central nervous system (CNS) depressant,
clobazam enhances the effects of GABA, a neuro-
transmitter that inhibits neural activity. This action re-
sults in sedative and hypnotic effects, commonly
leading to somnolence (excessive sleepiness), which
may manifest as daytime drowsiness, lethargy, and a
decline in alertness. These effects can impair daily
functioning and cognitive performance, especially
during the initiation of therapy or when adjusting the
dose. In the long term, tolerance to the sedative ef-
fects of clobazam may develop, meaning that the
calming effect decreases over time. This can lead to
an escalation in dosage and an increased risk of de-
pendence. Conversely, some individuals may experi-
ence insomnia as a paradoxical side effect, particularly
after they have developed tolerance to the drug’s seda-
tive properties. Moreover, rebound insomnia charac-
terized by difficulty falling asleep, frequent
awakenings, and reduced sleep quality can occur when
clobazam is suddenly discontinued or its dose is rap-
idly reduced. This is due to the neuroadaptive changes
that occur in the brain with chronic use, where the ces-
sation of the drug creates a temporary imbalance in
neurotransmitter activity [7].

In a study by Uzunhan et al. [12], side effects of
clobazam were observed in 18 patients (45%). Among
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Table 4. Effects of variables on the side effects of clobazam

Side effects P value
No Yes
(Group 1) (Group 2)
Age (years) 10.84+3.5 11.5+4.9 0.477
12 (8-14) 14 (6-16)
Gender, n (%) 0.541
Male 35 (%) 13 (43)
Female 35 (50) 17 (57)
Weight (kg) 32.4+14.8 39.1£14 .4 0.040
Clobazam period (months) 17.9£5.4 12.5+£9.4 0.022
16.5 (14-22) 13.5 (1-18)
Dose, n (%) 0.150
Low-Medium 50 (71) 17 (57)
High 20 (29) 13 (43)
First drug, n (%) 0.351
KMZP 38 (54) 12 (40)
LEV 17 (24) 8 (27)
VPA 1521 10 (33)
Semiology, n (%) 0.787
Focal 44 (63) 18 (60)
Generalized 26 (37) 12 (40)
Birth history, n (%) 0.361
Normal 67 (96) 27 (90)
Event 34 3(10)
MRI, n (%) 0.771
Normal 58 (83) 26 (87)
Lesion 12 (17) 4 (13)
MRI-lesion, n (%) 0.155
Leucomalasia 8 (67) 1 (25)
Arknoid kist 2(17) 0(0)
Arnold Chiari 0(0) 2 (50)
Thin korpus kallosum 1(8) 1(25)
Atrophy 1(8) 0(0)
Type of epilepsy, n (%) 0.350
Symptomatic-cryptogenic 32 (46) 18 (60)
Idiopathic 29 (41) 8 (27)
Structural 9(13) 4 (13)
Systolic blood pressure (mmHg) 100.3+13.3 103.8+15.1 0.240
Diastolic blood pressure (mmHg) 63.7+10.7 59.4+10.2 0.066
Stop side effect, n (%) <0.001
No 70 (100) 18 (60)
Yes 0(0) 12 (40)

Data are shown as mean+standard deviation or median (IQR) or n (%). CMZP=carbamazepine, LEV=levetiracetam,
MRI=magneting resonance imaging, VPA=valproic acid.
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Table 5. Hematological and biochemical variables at baseline and 1-year follow-up
Baseline values 1-year follow-up values
Side effects P value Side effects P value
No Yes No Yes
(Group 1) (Group 2) (Group 1) (Group 2)

WBC (x 10°/L) 7.5942.19 7.32+1.77 0.556 8.77+2.99 8.52+2.07 0.675
Neutrophil (%) 48.9+11.6 51.9+15.6 0.289 48.1£11.9 51.3£16.2 0.281
Lymphocyte (%) 41.8£11.9 38.4+16.4 0.243 40.4+11.7 37.3+16.2 0.283
Monocyte (%) 8.28+2.8 8.5442.66 0.672 7.54£2.77 7.77+2.04 0.633
Eosinophil (%) 3.21+£2.44 3.51+£2.56 0.892 3.2943.1 3.5742.91 0.649

2.6 (0.1-12.5) 2.6 (0.7-10.2) 2.3(0.1-14.6)  3.05(0.6-11.9)
Basophil (%) 0.47+0.33 0.46+0.31 0.909 0.46+0.3 0.5£0.38 0.973

0.4(0.02-1.4) 0.4(0.1-1.4) 0.4 (0.02-1.4) 0.3 (0.2-1.4)
RBC (x 10'*/L) 4.73+0.6 4.51+0.87 0.152 4.68+0.58 4.74+1.01 0.670
RDW-CV (%) 13.9+1.4 14.7£2.8 0.151 14.1+1.8 14.2+2.3 0.853
PLT (x 10°/L) 330+114.9 319.7+131.5 0.699 330.4+120.9 303.7+128.8 0.324
MPV (fL) 9.934+2.18 9.42+0.86 0.099 9.82+2 9.61+£1.08 0.586
Hb (g/L) 12.4+1.8 12.3£1.3 0.659 12.4+1.7 12.5+1.7 0.704
Ferritin (ng/dL) 42.9+13.2 39.6+13.3 0.266 43.6+14.9 44+£13 0.876
TSH (mlU/L) 2.11+0.78 2.39+0.79 0.102 2.16+0.79 2.25+0.8 0.609
T4 (ng/dL) 1.24+0.2 1.31+£0.22 0.100 1.26+0.23 1.26+0.17 0.942
CK (U/L) 163.29+86.04  136.1£79.16 0.115 164.9+85.4 148.4+76.3 0.402

160 (45-453) 117 (54-345) 160 (54-453)  150.5 (45-324)
Glucose (mg/dL) 79.8+11.7 79+8.7 0.742 80.8+11.4 76.1+9.7 0.053
ALT (U/L) 20.87+8.25 19.03+7.64 0.224 18.9+7.3 23.0+9.2 0.026

21.5 (9-45) 17.5 (11-45) 17 (9-44) 23 (12-45)

Albumin (g/dL) 40,542,6 40+3,5 0,421 40.6+1.4 39.4+4.8 0.178

Data are shown as mean+standard deviation or median (IQR). WBC=White blood cells, RBC=Red blood cell, RDW-
CV=Red cell distribution width- oefficient of variation, PLT=Platelet, MPV=Mean platelet volume, Hb=Hemoglobin,
CK=Creatine kinase, ALT=Alanine transaminase, AST=Aspartate transferase, TSH=Thyroid Stimulating Hormone,

T4=Thyroxine

them, only six (33%) discontinued the drug due to ad-
verse effects. The most commonly reported side effect
was hyperactivity, followed by sedation. The remain-
ing 22 patients (55%) experienced no side effects.
Reasons for discontinuation included sedation, refusal
to take the drug due to its taste, irritability, hypersali-
vation (in two patients), and malaise in one patient
[12]. In our study, 30% of the patients had side ef-
fects, 10% insomnia, 6 % Somnolence, and 9% agita-
tion. Twelve percent of patients discontinued
clobazam due to side effects. (These adverse effects

were dose-dependent, and approximately 18% of pa-
tients experienced them in mild to moderate severity,
while 12% experienced them in heavy severity that the
family and doctors had to stop clobazam). Initiating
high doses led to expressing more frequent or heavier
side effects. No cases of clobazam-induced ataxia,
pyrexia, hypertension, worsening of seizures, and noc-
turnal, enuresis in our pediatric epilepsy study have
been seen. Our results were in line with the findings
of the study by Uzunhan et al. [12].

Although clobazam has a safe profile, it can in-
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duce side effects affecting visual functions but is less
frequently reported than other side effects such as se-
dation. Some patients may also experience visual dis-
turbances. These side effects include blurred vision,
decreased vision, light sensitivity (photophobia), and
eye fatigue. One study reported a four-year-old boy
with symptomatic generalized epilepsy who had also
been treated with clobazam at a dosage of 0.75
mg/kg/day, developed eye-rolling with episodes of
ataxia and back arching, but these were of non-epilep-
tic origin [13-15]. Our two patients experienced
blurred vision/accommodation disorders which were
reversible while using clobazam, this may be second-
ary to the muscle relaxant properties of clobazam as a
benzodiazepine. Like other drugs in this class,
clobazam increases the effect of GABA, the brain's
main inhibitory neurotransmitter. This results in seda-
tion, anxiolysis, anticonvulsant effects , and relax-
ation of muscle. None of our patients experienced
eye-rolling as a side effect.

Hematologic adverse effects may occur in patients
using clobazam. While infrequent, these adverse im-
pacts could entail changes in blood cell counts, as well
as potential modifications in hematological parame-
ters. Joshi ef al. [16] witnessed an increase in WBC
and hemoglobin and a decrease in all other blood
count parameters but they were not statistically signif-
icant, which needs more extensive evaluation and fur-
ther monitoring guidelines. Our study observed an
increase in WBC, monocyte, and eosinophile, and a
decrease in neutrophile, and lymphocyte, but despite
both changes being statistically significant, both val-
ues were in the normal range. Basophile, RBC, Hg,
and PLT values did not change. Pyrexia and an in-
creased frequency of illness were observed in only 2%
of the patients. While these changes in neutrophil and
lymphocyte counts may suggest a potential association
with a higher incidence of illness, further investigation
through larger studies is required to confirm this rela-
tionship. Patients who reported side effects have
higher values of ALT at the end of 1-year follow-up
control, this can raise the suspicion of abnormal me-
tabolism of clobazam through cytochrome CYP450
which can be due to genetic factors.

Skin change can be seen in most anti-seizure
drugs. Drug-induced hypersensitivity syndrome
(DiHS)/drug reaction with eosinophilia and systemic

symptoms (DRESS) is reported while using clobazam.
It is estimated that more than 750,000 prescriptions of
clobazam were filled in 2022 in the United States. Ex-
ploring cases of DIHS/DRESS related to clobazam in
the Food and Drug Administration Adverse Event Re-
porting System (FAERS) database and current litera-
ture yielded 10 cases associated with clobazam [17,
18]. In addition, four cases of pedal, pitting nonpainful
edema, with one of the patients developing anasarca
were reported due to clobazam use. Edema was com-
pletely regressed 6 weeks after stopping clobazam in
all four patients. Another case of edema in the lower
extremities was reported by Incecik et al. [19]. In our
study, allergy was seen in 1% of the patients which
was reversible, we think that DiHS/DRESS due to
clobazam is under-reported.

Clobazam is also an ASD that is relatively safe and
mainly has sedative and anxiolytic effects [15]. How-
ever, paradoxical reactions have been reported includ-
ing agitation, aggression, irritability, and hyperactivity.
These effects are more frequent in children, older pa-
tients, or people with previous psychiatric disorders.
Mechanisms are unclear but may involve GABAergic
dysregulation, genetic factors, or dose-dependent ex-
citatory effects. Agitation can also occur as a result of
tolerance, withdrawal, or drug interactions [20-22].
Management consists of dose adjustment, slow titra-
tion, and alternative therapies. Uzunhan TA et al. [12]
reported that four patients (10%) had their clobazam
dosage reduced due to hyperactivity and behavioral
disorders, and irritability was seen as a cause for
clobazam cessation in that study. In our study, 6% of
the patients experienced agitation. Further research is
needed to understand individual susceptibility and op-
timize treatment strategies to mitigate these adverse ef-
fects. In our study, it was found that MRI, EEG
findings, age gender, final given dose of clobazam, as-
sociated drug (CMZP, VPA, LEV), semiology, birth
history, type of epilepsy, didn't play a role in creating
side effects. Weight had a role in initiating side effects,
which might be due to starting a high dose of clobazam
from the first day can lead to having more side effects
than starting a low dose and titering it slowly till reach-
ing a high dose over some time.

Limitations
Our study is retrospective. Agitation, insomnia,
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and somnolence disturbance were based on family and
patient reports and could not be assessed by a valid
and reliable scale.

CONCLUSION

In conclusion, while clobazam is generally effective
and well-tolerated in pediatric epilepsy, common side
effects such as agitation, insomnia, and somnolence
may still occur. To mitigate the risk of adverse effects
and optimize therapeutic outcomes, it is advisable to
initiate clobazam therapy at a lower dose, followed by
a gradual dose titration. This cautious approach should
be adopted as standard practice when incorporating
clobazam into pediatric epilepsy management.

The side effect was seen in people with higher
weight. Clobazam was also used for a shorter period
in those who had side effects (naturally due to the side
effects).

Ethics Approval and Consent to Participate

The study was approved by the University of
Health Sciences Gazi Yasargil Training and Research
Hospital Clinical Research Ethics Committee (Deci-
sion no.: 417 and date: 26.05.2023). It was conducted
in accordance with the ethical standards established in
the Declaration of Helsinki and its later amendments
or comparable ethical standards. Written informed
consent was obtained from all the participants and/or
legal guardians.
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ABSTRACT

Objectives: The aim of this study was to evaluate the level of knowledge of obstetricians and gynecologists
about deep vein thrombosis (DVT) in pregnancy.

Methods: A cross-sectional questionnaire comprising 12 items was administered to obstetricians and gyne-
cologists employed at a tertiary care hospital between January 2024 and March 2024. Following a reliability
analysis, a DVT questionnaire scale was developed, which was subsequently evaluated across three sub-di-
mensions: (1) General Disease Knowledge (F1), (2) Medical Treatment Knowledge (General) (F2), and (3)
Anticoagulant Knowledge Level (F3).

Results: A total of 163 participants were evaluated in the study, with a mean age of 32.33+5.75 years. Among
these individuals, 107 (65.6%) were female and 56 (34.3%) were male. Additionally, 72 (44.2%) of the partic-
ipants were classified as resident physicians. The scores for the sub-dimensions of the DVT scale were as fol-
lows: 2.25+1.03 for (F1), 1.33+0.72 for (F2), and 2.5341.09 for (F3). Notably, (F3) of the resident physicians
was found to be significantly lower than that of the specialist/faculty member group, with a P-value of less
than 0.017.

Conclusions: The study demonstrated that the knowledge levels of obstetricians and gynecologists fell below
the established proficiency threshold. This deficiency is believed to stem from inadequate understanding of
the differentiation between superficial and deep vein thrombosis, the management of anticoagulant therapy
during pregnancy, and post-thrombotic syndrome. Enhancing awareness in these areas may improve patient
outcomes, reduce reliance on cardiovascular surgery consultations, and alleviate clinical workload.
Keywords: Deep vein thrombosis, obstetrics and gynecology, anticoagulants, knowledge assessment, health-
care surveys

eep vein thrombosis (DVT) involves the for-
@mation of clots within deep veins, most fre-
quently affecting the lower limbs, and poses

serious health risks due to its potential to cause pul-
monary embolism (PE) and post-thrombotic syndrome

(PTS) [1]. Both conditions contribute to significant pa-
tient morbidity and mortality, highlighting the need for
early recognition and treatment [2]. While DVT is
more commonly associated with cardiovascular care,
it is also a pertinent issue in obstetrics and gynecology
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due to patient exposure to unique risk factors. For in-
stance, pregnancy increases blood clot risks through
physiological changes, while treatments like oral con-
traceptives, hormone replacement therapies, and cer-
tain surgical procedures further elevate the likelihood
of venous thromboembolism (VTE) [3]. Given these
considerations, it is essential for obstetricians and gy-
necologists to have a thorough understanding of DVT
risk factors, diagnostic approaches, and effective treat-
ment protocols. By examining these areas within a
specialty that frequently encounters patients with
heightened clotting risks, this research strives to en-
hance patient safety and improve clinical outcomes
through more informed DVT awareness and practices
[4, 5]. This study aims to assess the current knowledge
levels among obstetrics and gynecology specialists
and residents concerning DVT management, identify-
ing key gaps that could benefit from targeted educa-
tional interventions.

METHODS

Ethical Approval and Methodology

This study was designed as a prospective survey uti-
lizing a two-point Likert-type scale to assess gynecol-
ogists' knowledge of DVT. Responses were
categorized as correct or incorrect. Ethical approval
for the study was obtained from the ethics committee
on January 15, 2024 (Ethics Approval No:
2024/00345). A structured questionnaire comprising
12 questions was administered to participants concern-
ing DVT. The study was conducted between January
20, 2024, and March 15, 2024. The questionnaire
items were categorized into three domains: general
knowledge about DVT, general medical treatment in-
formation, and anticoagulant treatment information.
The questions were developed in collaboration with
cardiovascular surgeons and obstetricians, adhering to
the national vascular guidelines published in 2021.
The questionnaire was distributed online to obstetri-
cians and gynecologists employed at a tertiary care
hospital via Google Forms (Google LLC, Mountain
View, CA, USA). The specific questions included in
the survey are presented in Table 1.

Data Collection Tools
In this study, a structured, prospective question-

naire was utilized to evaluate the knowledge levels of
obstetricians and gynecologists regarding DVT. The
questionnaire comprises two principal components:
demographic information and an assessment of knowl-
edge pertaining to DVT.

Scale Development

The DVT scale questionnaire consists of 12 ques-
tions in total. As a result of the KR-20 reliability analy-
sis, since the item distinctiveness indices (biserial) of
the 1st and 3rd questions were below 20%, they were
removed from the scale, and their reliability was ex-
amined again. The KR-20 coefficient was obtained as
0.586. The scale is of low reliability but can be used
as a prototype. The results of the reliability analysis
for the DVT scale are given in Table 2. The first-level
multifactorial structure of the DVT questionnaire,
which consists of 3 sub-dimensions and a total of 10
items, was tested by confirmatory factor analysis
(CFA) using the RSP library on the R Project. Since
the data did not satisfy the assumption of multiple nor-
mality, the construct validity of the model fit was
tested with the diagonal-weighted least squares
(DWLS) estimation technique. The results of CFA are
presented in Fig. 1. As a result of the goodness of fit
values obtained (}*= 26.641, df=32, P=0.735,
RMSEA= 0, CFI=1, SRMR=0.053, x*/df=0.833), it
was shown that the proposed three-factor model was
well compatible with the data and was acceptable. It
was found that the three-factor structure for the DVT
questionnaire was confirmed. In the DVT question-
naire, the F1 dimension includes questions about gen-
eral disease knowledge, the F2 dimension includes
questions in the medical treatment knowledge (gen-
eral) category, and the F3 dimension includes ques-
tions about anticoagulant treatment knowledge. The
questionnaire does not have an overall score and is
evaluated on three dimensions. The F1 dimension con-
sists of Q2, Q4, Q5 and Q6 items and a score of 0-4 is
obtained from this section. The F2 dimension consists
of Q7 and QS items, and a score of 0-2 is obtained
from this section. The F3 dimension consists of Q9,
Q10, Q11 and Q12 items, and a score of 0-4 is ob-
tained from this section. In the survey evaluation, the
limit for the level of proficiency was set at 75% of the
total score (>3 points for F1, 1.5> points for F2 and
>3 points for F3, respectively).
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Table 1. Questions asked to participants and their numbers

Question Questions
number
1 Pregnancy is a known risk factor for DVT.
2 Elevated D-dimer levels are a definitive diagnostic criterion for DVT.
3 DVT is a rare cause of pulmonary embolism.
4 The most common chronic complication of DVT is post-thrombotic syndrome.
5 DVT involvement is most frequently observed at the iliac vein level.
6 Thrombosis of the great saphenous and small saphenous veins is considered within the scope of
DVT.
In cases of pregnancy-induced DVT, anticoagulant therapy should be planned for life.
Antiplatelet drugs are preferred in the standard treatment of DVT.
Apixaban, dabigatran, edoxaban, and rivaroxaban are new-generation anticoagulant drugs that
can be used in the treatment of DVT during pregnancy.
10 Both heparin and low-molecular-weight heparins can be used in the treatment of DVT in
pregnant women.
11 Warfarin, a vitamin K antagonist, is an anticoagulant drug that can be used in thetreatment of
DVT during pregnancy.
12 For patients receiving low-molecular-weight heparin treatment for DVT, INR tests should be

performed regularly to evaluate treatment efficacy.

DVT=Deep Vein Thrombosis, INR=International Normalized Ratio

Table 2. Reliability analysis results for DVT ,,a———* :
questionnaire = —-\.,(@.f
Item Item Difficulty Biserial .
Q2 0.767 0.631 :
Q4 0.822 0.539
Q5 0.644 0.617
Qo6 0.325 0.603 A
Q7 0.779 0.643 04011040
Q8 0.546 0.675
Q9 0.374 0.712
Q10 0.779 0.331
Qll 0.755 0.574 ; ;
e 0:626 0.719 Q2 | Q4 Q7 | @8 | Q9 |Q10 | Q1 [ Q12
Number of participants 163
Number of items 10 ﬂtn a.t.ﬂ aL nt a.t: -.|I.4 at atﬂ l.t1 11'
KR-20 0.586
DVT=Deep Vein Thrombosis, KR=Kuder Richarson Fig. 1. Confirmatory factor analysis graph of the DVT

coefficient

survey.
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Statistical Analysis

The internal consistency and reliability of the DVT
questionnaire were evaluated using the KR-20 coeffi-
cient. To assess construct validity, CFA was performed
utilizing the DWLS estimation technique. The assump-
tion of normality was assessed through kurtosis and
skewness coefficients; data were considered to con-
form to a normal distribution if the kurtosis and skew-
ness coefficients were within the range of £3. Two
independent sample t-tests and one-way analysis of
variance (ANOVA) were employed to compare nor-
mally distributed survey scores across different groups.
The relationship between age, which was normally dis-
tributed, and the questionnaire scores was examined
using the Pearson correlation coefficient. The analysis
findings were obtained using R software (R Core
Team, 2024), with results derived from the RSP pack-
age included in the R software. The results of the analy-
sis are presented as mean =+ standard deviation, median
(minimum—maximum), and frequency (percentage). A
significance level of P<0.05 was established.

RESULTS

A total of 163 physicians participated in the study.
Among the participants, 107 (65.6%) were female and
56 (34.4%) were male, with a mean age of 32.33+5.75
years. The median duration of employment at the in-
stitution was determined to be 3 years. Of the partici-
pants, 81 (49.7%) were specialist physicians, 72
(44.2%) were resident physicians, and 10 (6.1%) were
faculty members. Descriptive statistics of the demo-
graphic data are presented in Table 3. The question q6
posed to the participants had the lowest response rate
at 32.52%. The five questions with the lowest response
rates were Q6 (32.52%), Q9 (37.42%), Q4 (51.53%),
Q8 (54.60%), and Q12 (62.58%), respectively. The
twelve questions included in the questionnaire and
their corresponding accuracy rates are illustrated in
Fig. 2. Upon examining the mean scores of the partic-
ipants across the sub-dimensions of the DVT question-
naire scale, the mean score for the general disease
knowledge dimension was 2.25, the mean score for
the medical treatment information (general) dimension
was 1.33, and the mean score for the anticoagulant
treatment information dimension was 2.53. No statis-
tically significant relationship was found between the

DVT questionnaire sub-dimension scores and the de-
mographic characteristics of the participants (P>0.05)
(Table 4). No statistically significant relationship was
identified between the medical treatment general
knowledge dimension score and other demographic
characteristics of the participants (P>0.05) (Table 5).
Additionally, a statistically significant difference was
found in the mean scores of the anticoagulant treat-
ment knowledge dimension according to the titles of
the participants (P=0.017), with resident physicians
scoring lower than specialists or faculty members. No
statistically significant relationship was noted between
the anticoagulant knowledge dimension score and
other demographic characteristics of the participants
(P>0.05) (Table 5).

DISCUSSION

The primary objective of this study was to systemati-
cally evaluate the knowledge levels of obstetricians

Table 3. Descriptive statistics on demographic
characteristics

Data
(n=163)

Age (years) 32.33+5.75
Gender

Male 56 (34.4%)

Female 107 (65.6%)
Occupation

Resident physicians 72 (44.2%)

Specialist 91 (55.8%)
Titles of participants

Resident physicians 72 (44.2%)

Faculty members 10 (6.1%)

Specialist 81 (49.7%)
Duration of employment in the
institution
0-1 years 34 (20.9%)
1-2 years 31 (19%)
2-3 years 38 (23.3%)
>3 years 60 (36.8%)

Data are shown as mean= standard deviation or n (%)
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Fig. 2. Score distribution of questions in the study.

and gynecologists regarding DVT, with a specific
focus on noncardiovascular specialties that frequently
encounter DVT cases. This research addresses a criti-
cal gap in the extant literature by rigorously assessing
knowledge related to the diagnosis, risk factors, and
management protocols of DVT within a domain where
awareness is paramount yet often insufficiently ad-
dressed. The findings of the study revealed several en-
couraging insights: participants demonstrated a
comprehensive understanding of prevalent risk factors
and essential treatment modalities, particularly for
high-risk populations, including pregnant women, and
exhibited significant proficiency in recognizing gen-
eral diagnostic criteria. In addition, this study is im-
portant because it is the first survey conducted on
DVT to healthcare professionals in our country. These

findings provide a robust foundation, indicating that
with targeted educational interventions, these health-
care professionals can further augment their compe-
tencies in the effective management of DVT-related
complications.

When the average scores of the DVT scale, which
consists of three sub-dimensions, were examined in
the study, it was seen that all three sub-dimensions
were below the determined proficiency level. When
the results of the sub-dimension of general disease
knowledge were considered, it was thought that the in-
sufficiency here was due to superficial vein thrombo-
sis (Q4) and postthrombotic syndrome (Q6). Our
investigation elucidated considerable deficiencies in
the comprehension of the differentiation between su-
perficial vein thrombosis (SVT) and DVT. While SVT

Table 4. Descriptive statistics of DVT questionnaire subdimension scores

n=163
General information 2.25+1.03 2 (0-4)
Medical treatment general information 1.33+0.72 1 (0-2)
Anticoagulant information 2.53+1.09 3 (0-4)
Data are shown as mean+ standard deviation or median (minimum-maximum). DVT=Deep Vein Thrombosis
The European Research Journal | Volume 11 | Issue 6 | November 2025 1102
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Table 5. Investigation of the relationship between the sub-dimensions of the DVT questionnaire

and demographic characteristics

General information Medical treatment Anticoagulant
general information information
Gender
Male 2.3+1.03 1.41+0.68 2.52+1.14
Female 2.22+1.04 1.28+0.74 2.54+1.07
Test stat. 0.464 1.100 -0.134
P'value 0.643 0.273 0.893
Occupation
Resident physicians 2.26+1.02 1.29+0.76 2.31+1.15
Specialist 2.24+1.05 1.35+0.69 2.71+1.01
Test stat. 0.135 -0.528 -2.412
P! value 0.892 0.598 0.017
Duration of employment in the
institution
0-1 years 2.5+1.13 1.26+0.71 2.5+1.19
1-2 years 2.39+0.95 1.26+0.73 2.55+1.12
2-3 years 2.24+1 1.37+0.79 2.63+1.13
>3 years 2.05+1.02 1.37+0.69 2.48+1.02
Test stat. 1.617 0.279 0.155
P'value 0.187 0.841 0.926
Age
r -0.062 -0.005 0.106
P value 0.432 0.946 0.180

Data are shown as mean+ standard deviation. DVT=Deep Vein Thrombosis
‘Independent sample t test, “One way variance test, "Pearson correlation coefficient

is not as acutely life-threatening as DVT, it can
nonetheless lead to significant morbidity and typically
necessitates a shorter therapeutic regimen. Therefore,
the precise distinction between SVT and DVT is of
paramount clinical significance to avert unnecessary
interventions and to alleviate the burden of consulta-
tions [6]. The research conducted by Turton et al. [7]
in the United Kingdom and Ireland underscored that
accurate differentiation between SVT and DVT can
substantially diminish clinical workload and optimize
treatment management. Their findings indicated that
the mismanagement of SVT could exacerbate clinical
burdens, particularly in high-demand settings such as
metropolitan hospitals, where precise differentiation
is critical to prevent unwarranted consultations. Fur-

thermore, our study identified substantial gaps in
knowledge regarding the administration of novel oral
anticoagulants (NOACs) during pregnancy. It is well-
documented that NOACs are generally contraindi-
cated in pregnant populations due to safety concerns,
potential teratogenic effects, and their restricted use
within this demographic.

The FRONTLINE survey conducted by Kakkar et
al. [8] elucidated the limited utilization of NOACs in
patients with cancer and underscored the associated
risks of their use during pregnancy due to potential ter-
atogenic effects. There exists a consensus within the
medical community that low-molecular-weight heparin
(LMWH) represents the safest therapeutic option for
the management of DVT during pregnancy. Our study
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corroborated these findings, revealing that the restricted
application of NOACs during pregnancy contributes to
a pervasive lack of knowledge regarding their use. This
highlights the imperative for enhanced educational ini-
tiatives concerning NOACs and the necessity for up-
dates to clinical guidelines of their administration in
pregnant populations. Furthermore, we identified a sig-
nificant deficiency in awareness regarding PTS, a
chronic complication that can result in permanent dam-
age and markedly diminish quality of life if not ad-
dressed promptly. Consequently, early diagnosis and
intervention for PTS are of paramount importance.

The National Venous and Arterial Disease Guide-
lines (2021) elucidated that PTS possesses the poten-
tial to induce chronic morbidity, and that early
therapeutic intervention may substantially mitigate
this risk. The existing body of literature indicates that
PTS is more prevalent among patients situated in in-
tensive care units and within high-risk populations,
with a failure to initiate timely treatment potentially
culminating in severe adverse outcomes [9]. Cook et
al. [10] accentuated that PTS constitutes a prevalent
complication in intensive care settings, which may re-
sult in lifelong morbidity if not addressed with alacrity.
The findings of the present study corroborate this per-
spective, underscoring the imperative for heightened
awareness of PTS and the necessity for comprehensive
educational initiatives aimed at healthcare profession-
als regarding this condition.

In the evaluation made specifically for the sub-di-
mension of medical treatment knowledge (general), it
was determined that the potential cause of the detected
insufficiency was the question about the antiplatelet
(Q8). Furthermore, our investigation identified perva-
sive misconceptions regarding the application of an-
tiplatelet therapy in the management of deep vein
thrombosis (DVT). In the study conducted by Kakkar
et al. [8], it was observed that the utilization of an-
tiplatelet agents, such as aspirin, for the management
of DVT is not supported by a robust evidence-based
framework, particularly in Eastern Europe, where the
prevalence of inappropriate treatment practices is no-
table. Furthermore, Cook ef al. [10] emphasized that
antiplatelet therapy does not constitute an effective
strategy for the management of DVT. Our research
corroborated these assertions, concluding that an-
tiplatelet therapy is ineffective in the treatment of
DVT, thereby underscoring the imperative for the

adoption of appropriate therapeutic interventions.
There exists a significant necessity to address the ex-
isting knowledge gaps pertaining to antiplatelet ther-
apy and to enhance the educational initiatives aimed
at physicians regarding this critical issue.

The reason for the low level of anticoagulant treat-
ment knowledge, which is the third sub-dimension of
the scale, was evaluated as the question about INR
(Q12). Knowledge deficiencies were observed in this
study regarding the necessity of monitoring INR in pa-
tients treated with LMWH. While the effects of
LMWH on INR are limited, regular monitoring of
INR during treatment is important to prevent compli-
cations. In the study by Kakkar ef al. [8] it was em-
phasized that INR monitoring should be performed
alongside LMWH treatment, especially in high-risk
groups. Similarly, in this study, it was found that INR
monitoring was not adequately performed in patients
receiving LMWH, indicating a lack of awareness. This
underscores the importance of INR monitoring in pre-
venting complications. Future educational programs
should focus on raising awareness about this issue. In
addition, in our study, it was observed that the level of
anticoagulant therapy knowledge of resident physi-
cians was found to be significantly lower than that of
specialist/academic physicians.

The association between iliac vein involvement
and the risk of pulmonary embolism was misinter-
preted in our study. The research conducted by Cook
et al. [10] indicated that the risk of pulmonary em-
bolism is markedly elevated in patients exhibiting iliac
vein involvement, thereby necessitating meticulous
monitoring of these individuals. This study identified
a significant gap in knowledge regarding the correla-
tion between iliac vein involvement and the risk of
pulmonary embolism, highlighting the imperative for
more rigorous management of such cases. It is essen-
tial for physicians to be thoroughly informed about the
increased risk of pulmonary embolism in patients with
iliac vein involvement, as this factor is pivotal in the
effective management of these clinical scenarios.
Based on the findings of our study, information ses-
sions were conducted for obstetricians and gynecolo-
gists. In comparison to the study by Zhao et al. [11],
which evaluated nurses' knowledge of DVT, both stud-
ies underscored the necessity of addressing knowledge
deficiencies related to DVT.

In a study conducted by Alyousef et al. [12] in
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Saudi Arabia, it was noted that knowledge gaps re-
garding DVT increased healthcare costs, and such in-
formation sessions could improve patient outcomes.
This study demonstrates that obstetricians and gy-
necologists exhibit significant knowledge deficiencies
concerning DVT indicating a pressing need for the im-
plementation of educational programs to address these
gaps. Future research should focus on evaluating the im-
pact of such educational initiatives on clinical outcomes.
This study makes significant contributions to the
existing literature by highlighting the knowledge de-
ficiencies of obstetricians and gynecologists regarding
DVT and emphasizing the areas requiring improve-
ment. The findings indicate that the implementation
of appropriate treatment practices could diminish the
necessity for cardiovascular surgery consultations. A
key conclusion of the study is the imperative for train-
ing and awareness programs, particularly in high-de-
mand healthcare settings such as urban hospitals.
Our study shows some similarities and differences
compared to other studies in the literature. In the study
by Kakkar et al. [8] it was emphasized that antiplatelet
therapy has no place in DVT management and that ev-
idence-based treatment methods such as LMWH
should be preferred. This finding aligns with our study,
where antiplatelet therapies were misunderstood in the
management of DVT. While antiplatelet therapies are
known to be ineffective in DVT treatment, our study
observed that the knowledge level regarding these
therapies was low. Additionally, in the study by Cook
et al. [10] it was stated that early treatment and appro-
priate anticoagulation are vital in DVT management,
which is also consistent with our findings. It is known
that incorrect treatment practices in DVT increase
morbidity and mortality risks.
In the study by Zhao ef al. [11] it was stated that if
PTS is not treated early, it can lead to permanent dam-
age and significantly impact quality of life. Similarly,
this study found that the importance of post-throm-
botic syndrome was not sufficiently understood. In our
study, it was emphasized that post-thrombotic syn-
drome should be addressed as a permanent complica-
tion and that early treatment can prevent the
development of this syndrome. The National Venous
and Arterial Disease Guidelines (2021) also suggest
that more attention should be given to PTS in DVT
treatment [9].

Among the risk factors for DVT during pregnancy
are the use of oral contraceptives, immobility, and ge-
netic factors. In the study by Atilgan ef al. [13] which
evaluates the incidence of DVT based on age and gen-
der in the Central Anatolia region in light of regional
factors, the effects of age and gender on DVT devel-
opment were examined. It was particularly noted that
DVT incidence increases in older individuals and that
post-menopausal women have a DVT incidence sim-
ilar to men. This study is consistent with our findings,
as it was observed that obstetricians and gynecologists
tend to misjudge the risk of DVT during pregnancy
and have a lack of knowledge about new oral antico-
agulants. Our study also highlighted the need to prefer
treatment methods such as LMWH during pregnancy.
In the study by Kakkar ef al. [8] it was stated that the
risk of pulmonary embolism is higher in patients with
iliac vein involvement. Similarly, in the study by Cook
et al. [10] it was noted that the risk of pulmonary em-
bolism is higher in patients with iliac vein thrombosis,
and this can lead to fatal outcomes. In this study, it was
found that the risk of pulmonary embolism in patients
with iliac vein involvement is not sufficiently known.
Although this relationship is clearly stated in the liter-
ature, our study observed that physicians do not have
enough knowledge about it. This indicates that patients
with iliac vein thrombosis should be closely monitored.

This study makes a significant contribution to the
existing body of knowledge by revealing that obste-
tricians and gynecologists possess a limited under-
standing of deep vein thrombosis (DVT). It suggests
the implementation of educational programs to ad-
dress these knowledge gaps. Similarly, Zhao et al. [11]
emphasized the importance of training programs in
DVT management. These findings are consistent with
our study's results, indicating that physicians in high-
demand settings, such as urban hospitals, require ad-
ditional training to manage thrombosis cases more
effectively.

The findings of this study are largely consistent
with the literature and show that the knowledge defi-
ciencies of obstetricians and gynecologists in DVT
management need to be addressed. The literature in-
dicates that early diagnosis and treatment of DVT are
crucial for preventing complications.

These studies can serve as a foundation for future
awareness initiatives and educational programs in major
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healthcare institutions, such as urban hospitals. As high-
lighted by Cayley et al. [14], the appropriate implemen-
tation of DVT prophylaxis can significantly mitigate the
risk of both fatal and non-fatal complications.

Limitations

This study has several limitations. Firstly, it relied
on a self-reported questionnaire format, which may be
subject to response bias and may not fully capture the
actual clinical knowledge or decision-making prac-
tices of participants. Additionally, the study was con-
ducted primarily in urban, high-volume centers,
potentially limiting the generalizability of findings to
rural or lower-volume healthcare settings. The study
also focused on knowledge levels rather than clinical
practice outcomes, leaving the impact of knowledge
gaps on patient outcomes unmeasured. Future research
could address these limitations by incorporating
broader sample populations and evaluating how
knowledge levels directly influence clinical practices
and patient outcomes.

CONCLUSION

This study sought to evaluate the knowledge levels of
obstetricians and gynecologists regarding DVT, par-
ticularly within high-demand healthcare settings such
as tertiary centers. The results identified significant
knowledge deficiencies, especially in differentiating
between superficial and deep vein thrombosis, the ap-
plication of anticoagulants during pregnancy, and the
management of post-thrombotic syndrome. Address-
ing these gaps through targeted educational initiatives
could improve patient outcomes, reduce the reliance
on cardiovascular surgery consultations, and ease the
clinical burden in high-volume centers. This study
highlights the imperative of enhancing awareness and
providing adequate training for healthcare profession-
als in DVT management.
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ABSTRACT

Objectives: This study therefore aims to determine the perinatal prognosis and delineate the key risk factors
associated with outcomes in fetuses with a prenatal diagnosis of absence of pulmonary valve syndrome (APVYS),
with particular emphasis on Doppler ultrasound parameters, the presence of extracardiac anomalies, and com-
prehensive genetic findings - including rare monogenic mutations - as significant contributors to the observed
perinatal course.

Methods: This retrospective study included eight fetuses diagnosed with absent pulmonary valve syndrome
(APVS) between 2020 and 2024 at a tertiary perinatology referral center. One patient with major extracardiac
anomalies was electively terminated and excluded from the outcome analysis. For the remaining seven fetuses,
detailed fetal echocardiographic assessments—including cardiac anatomy and Doppler hemodynamic param-
eters - were evaluated alongside genetic testing results (prenatal and/or postnatal), associated extracardiac
anomalies, and postnatal clinical and surgical outcomes.

Results: Among eight fetuses prenatally diagnosed with APVS, one case was electively terminated due to
major extracardiac anomalies and excluded from further analysis. All of the remaining seven cases resulted in
live births. Four neonates underwent surgical intervention, three of whom survived postoperatively, yielding a
surgical survival rate of 75%. Two fetuses that developed hydrops fetalis died in the early postnatal period be-
fore surgery could be performed. The overall perinatal mortality rate was 57.1%. Clinically significant genetic
anomalies, including trisomy 21, 22q11.2 deletion, and a novel ABAT gene mutation detected via prenatal
whole-exome sequencing, were identified in three patients (42.9%). Nonsurvivors were more likely to present
with an absent ductus arteriosus and severely dilated pulmonary arteries.

Conclusions: Our study highlights that prognosis is more strongly influenced by prenatal hemodynamic mark-
ers - such as pulmonary artery velocities, ductus arteriosus status, and hydrops - than by anatomic subtype.
The identification of both common chromosomal anomalies and novel ABAT gene mutations underscores the
value of comprehensive genetic evaluation.

Keywords: Absent pulmonary valve syndrome, Fallot tetralogy, fetal echocardiography, ABAT gene mutation,
hydrops fetalis
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Absent pulmonary valve: Prenatal and postnatal insights

rare anomaly constituting approximately 0.2—

0.4% of congenital heart diseases, and its in-
cidence in live births is reported to be 1 in
20,000-33,000 [1]. Although it is most commonly as-
sociated with tetralogy of Fallot (TOF), it may also
occur with other complex cardiac anomalies or rarely
in isolation [2]. The distinctive features of the disease
are the rudimentary or complete absence of pulmonary
valve leaflets. This leads to free pulmonary regurgita-
tion and various degrees of pulmonary stenosis. As a
result, marked pulmonary artery dilatation may cause
airway obstruction, polyhydramnios, hydrops fetalis
and high perinatal mortality by creating pressure on
the tracheobronchial system [2, 3].

Prenatal diagnosis of APVS is critically important
in terms of family counseling, risk stratification and
postnatal management planning. Although the diagno-
sis is usually made in the second trimester, earlier di-
agnosis has become possible with the development of
high-resolution ultrasound and fetal echocardiography
technologies [3]. Although surgical and intensive care
practices have improved in the postnatal period, the
prognosis of this syndrome is still poor, and high mor-
tality rates have been reported [4].

A strong association has been found between
APVS and genetic disorders, including 22q11.2 dele-
tion (DiGeorge syndrome) and trisomy 21. Therefore,
recommending genetic testing in the prenatal period
is important both diagnostically and prognostically.
Detailed fetal evaluation is not only a diagnostic tool
but also a prognostic tool [5].

This study aimed to evaluate the clinical features,
associated cardiac and extracardiac anomalies, genetic
findings and postnatal outcomes of fetuses prenatally
diagnosed with APVS in a tertiary referral center. Ab-
sent pulmonary valve syndrome is a very rare disease
and has been reported in the literature, usually as small
series or case reports [6]. In this context, with this ret-
rospective analysis, we aimed to contribute to the
knowledge on APVS and to draw attention to the ef-
fect of systematic prenatal evaluation on perinatal
prognosis.

ﬂ bsent pulmonary valve syndrome (APVS) is a

METHODS

This retrospective case series study was conducted in

a tertiary referral hospital in Istanbul, Turkey, using
the joint databases of the Perinatology and Pediatric
Cardiology clinics. The study included fetuses prena-
tally diagnosed with absent pulmonary valve syn-
drome (APVS) between January 2020 and June 2024.

The patients included in the study were selected
from those diagnosed prenatally with APVS by an ex-
perienced perinatologist via fetal echocardiography
and confirmed postnatally by a pediatric cardiologist.
The inclusion criteria were as follows: (i) complete ul-
trasonography and fetal echocardiography data and (i1)
postnatal follow-up results on file. Patients with un-
certain diagnoses or missing data were excluded. All
the data from the hospital information management
system were retrospectively reviewed. Demographic
information, including maternal age, gravidity, parity,
body mass index, gestational week at diagnosis, am-
niotic fluid volume, Doppler parameters, associated
anomalies, and postnatal outcomes, was recorded.
Echocardiographic examinations included measure-
ments of the main pulmonary artery (MPA), right pul-
monary artery (RPA), and left pulmonary artery (LPA)
diameters, peak systolic velocity (PSV), pulmonary
regurgitation, and stenosis findings. Associated car-
diac anomalies (e.g., TOF, double outlet right ventricle
[DORV], and arch anomalies) were recorded. Fetal
biometric measurements and Doppler examinations
were also performed.

In the postnatal period, birth weight, 5-minute
Apgar scores, the need for intensive care, the need for
mechanical ventilation, and surgical interventions were
analyzed; postoperative survival and mortality out-
comes were followed from birth to discharge or death.

All ultrasonographic and Doppler evaluations
were performed jointly by the same experienced peri-
natologist and pediatric cardiologist. A Fujifilm Arietta
850 (Fuyjifilm Healthcare, Tokyo, Japan) ultrasonog-
raphy system and a convex abdominal transducer
(LISENDO™ (C251) were used for imaging. Fetal bio-
metry (biparietal diameter [BPD], head circumference
[HC], abdominal circumference [AC], femur length
[FL]) was performed as part of routine evaluation, and
estimated fetal weight (EFW) was calculated via the
Hadlock formula. The amniotic fluid index (AFI) was
measured, and a detailed fetal anatomical scan was
performed according to the International Society of
Ultrasound in Obstetrics and Gynecology (ISUOG)
guidelines.
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All cardiac assessments were performed jointly by
two separate experts experienced in perinatology and
pediatric cardiology. The following basic cardiac sec-
tions were systematically obtained and analyzed:

(1) Four-chamber view: Right ventricular hyper-
trophy and ventricular septal defects (VSDs) were in-
vestigated.

(2) Right ventricular outflow tract (RVOT): Fail-
ure to visualize the pulmonary valve and aneurysmatic
dilatation of the pulmonary artery were evaluated.

(3) Three-vessel trachea (3VT) section: Posterior
compression of the trachea by dilated pulmonary ar-
teries was investigated.

(4) Color Doppler: A “to-and-fro” flow pattern
was observed at the pulmonary artery level.

The main, right and left pulmonary artery diame-
ters were measured, and z scores were calculated ac-
cording to gestational week. Pulmonary artery PSV
was recorded, and pulmonary flow hemodynamics
were evaluated.

Invasive prenatal genetic diagnosis was recom-
mended for all patients. The methods used included
conventional karyotyping after amniocentesis or cor-
docentesis, Fluorescence in situ hybridization (FISH)
analysis for 22q11.2 deletion and chromosomal micro-
ARRAY (CMA). Next-generation sequencing (NGS)-

S

based analysis of a large panel of genes, including the
4-aminobutyrate aminotransferase (ABAT) gene, was
performed in selected cases.

The study was conducted in accordance with the
principles of the Declaration of Helsinki, and ethical
approval was obtained from the Clinical Research
Ethics Committee of the Basaksehir Cam and Sakura
City Hospital 1 (Decision No: 2024-63). Written in-
formed consent was obtained from the parents of all
patients to use the data for scientific purposes.

Statistical Analysis

Statistical analyses were performed via IBM SPSS
Statistics v26.0 (IBM Corp, Armonk, NY, USA). Con-
tinuous variables are presented as the means + stan-
dard deviations or medians (min—max); categorical
variables are presented as frequencies and percentages
(%). Owing to the limited sample size, descriptive
analyses were performed, and comparative statistical
tests (e.g., P values) were not included.

RESULTS

In this retrospective series, a total of 8 pregnant women
with a prenatal diagnosis of APVS were evaluated. One

MI 0.82 TIB<0.4
— 7

" N
T,

AP:48%

34 FPsf]

¥
-

—

g

Fig. 1. Dilated right and left pulmonary arteries (RPA-LPA) and the aorta (Ao) in a fetus with pulmonary valve absence
(Ao=Aorta, RPA=Right Pulmonary Artery, LPA=Left Pulmonary Artery).
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of these cases was terminated in the second trimester
because of associated extracardiac anomalies (acrania
and omphalocele). Therefore, the clinical findings and
outcome analyses were based on 7 live births.

The mean age of the pregnant women was
28.25+6.64 years, and the age range was 21-39 years.
The mean body mass index (BMI) was 30.11+4.75
kg/m?, and the values varied between 22.7 and 36.3.
The mean gravida was 2.87+1.88, the mean parity was
1.12+0.99 (range: 0-2), and the mean abortion rate was
0.75+1.38 (range: 0-4).

With respect to the mode of delivery, 6 (85.7%) pa-
tients had cesarean section, and 1 (14.3%) patient had
normal delivery. When the fetal sex distribution was
analyzed, 5 (71.4%) patients were male, and 2 (28.6%)
patients were female. Fetal birth weights ranged be-
tween 1200 and 3150 grams, with a mean of
2178.33+780.13 grams. When the gestational weeks of
the prenatally diagnosed cases were analyzed, the ear-
liest gestational week at the time of diagnosis was
recorded as 18+2 (128 days), and the latest was
recorded as 28+5 (201 days). The mean gestational age
at presentation was 24+5 weeks (173 days) £3.5 weeks.

When the postnatal Apgar scores were examined,
the 1-minute Apgar values ranged between a minimum
of 1 and a maximum of 8, with a mean of 4.00+2.37.
The 5-minute Apgar scores ranged from a minimum
of 5 to a maximum of 8, with a mean of 5.71+1.38.
Postnatal oxygen saturation values ranged from a min-
imum of 70% to a maximum of 88%, with a median
of 83%. In two (28.6%) patients, postnatal respiratory
distress and oxygen desaturation necessitated endotra-
cheal intubation. Amniotic fluid assessment revealed
polyhydramnios in four (57.1%) patients, normal fluid
volume in two (28.6%) patients, and oligohydramnios
in one (14.3%) patient.

When the gestational weeks were analyzed, the
earliest gestational week was 30+3 (day 213), and the
latest gestational week was 38+5 (day 271), after one
patient who was excluded from the study because of
termination. The mean number of gestational weeks
was 3142 (219th day), and the median number of ges-
tational weeks was 32+1 (225th day). The standard de-
viation was £6.45 weeks (~45.2 days).

In one patient with prenatal acrania and omphalo-
cele, the pregnancy was terminated in the second
trimester, and this patient was excluded from the study.
In the evaluation of the remaining seven live fetuses,

extracardiac structural anomalies were detected in two
(28.6%) cases. One of these patients had esophageal
atresia and skeletal dysplasia, and the other had bilat-
eral pyelectasis and agenesis of the corpus callosum.
The other five (71.4%) fetuses had no extracardiac
structural abnormalities.

In terms of cardiac anatomy, 6 (85.7%) patients
lacked a pulmonary valve with TOF, and 1 patient
(14.3%) lacked a pulmonary valve with a DORV. A
right aortic arch anomaly was found in two patients
(33.3%) with TOF and left pulmonary artery hypopla-
sia, and direct origin of the left pulmonary artery from
the aortic arch (AOLPA) was observed in one patient
(16.7%).

Pulmonary artery diameters were analyzed as fol-
lows:

(1) MPA diameter ranged from 6.5-10.3 mm, with
a mean of 8.53+1.38 mm.

(2) LPA diameter ranged from 1.5-10.6 mm, with
a mean of 7.65+3.24 mm. AOLPA was present in one
patient with an LPA diameter of 1.5 mm.

(3) RPA diameter ranged from 6.8-12.7 mm, with
a mean of 8.6+2.08 mm.

Fig. 1 shows the markedly dilated right and left
pulmonary arteries along the aorta in a thoracic axial
three-vessel view of a fetus diagnosed with absent pul-
monary valve syndrome. This image supports the typ-
ical prenatal echocardiographic findings associated
with the condition.

In fetuses with pulmonary regurgitation, PSV val-
ues ranged between 127 and 210 cm/sec. The mean
PSV was 178.8436.1 cm/sec, and the median value
was 200.0 cm/sec. In patients with pulmonary steno-
sis, the PSV ranged between 120.0 and 260.0 cm/sec,
with a mean of 184.0+50.8 cm/sec and a median of
187.0 cm/sec.

Postnatal cardiac evaluation revealed TOF in 6 of
the 7 patients (85.7%), and 1 patient (14.3%) had a
DORY associated with this condition. Pulmonary re-
gurgitation was observed in all patients (100%); 3
(42.9%) had free regurgitation, and 4 (57.1%) had mod-
erate to significant regurgitation. Pulmonary stenosis
was present in 6 patients (85.7%), of whom 5 (71.4%)
had valvular stenosis of moderate to severe severity.

Among the postnatal echocardiography controls,
patency at the atrial level was found in 5 cases
(71.4%); 3 (42.9%) of these cases were defined as
PFO, and 2 (28.6%) were defined as wide secondum
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type ASDs. Patent ductus arteriosus (PDA) was ob-
served in 1 patient (14.3%). The right aortic arch was
confirmed postnatally in 2 patients (28.6%).

When the clinical outcomes of 7 live-born APVS
patients were evaluated at the postnatal follow-up, 4
patients (57.1%) underwent surgery. Three of these pa-
tients (42.9%) survived postoperatively- one followed
up to 19 months, one to 6 months, and one in the early
postoperative period. One (14.3%) patient died in the
second postoperative month during intensive care unit
follow-up. Two (28.6%) patients with severe cardiac
failure and hydrops fetalis died in the early neonatal
period before surgery. Another patient (14.3%) died
on postnatal day 40 before reaching surgery.

Fig. 2 provides a visual summary of the perinatal
course and postnatal outcomes of the seven live-born
cases, including surgical interventions, survival status,
and causes of mortality. This diagram enhances the un-
derstanding of the clinical prognosis of APVS patients.

Total Fetuses with Absent
Pulmonary Valve Syndrome

(n=28)
Termination Liveborn
of Pregnancy (n=17, 87.5%)
(n=1,12.5%) $

due to multiple
severe anomalies
(acrania and omphalocel)

Postoperative
Cases
(n=4,57.1%)

( ; )
Preoperative
mortality
(n=3,42.9 %)

» Two neonates with
hydrops died within
the first postnatal day

» One neonate died on
postnatal day 40 , v .
prior to surgical Postoperative
intervention survivors

(n=3,42.9%)

Postoperative
mortality

(n=1,14.3%)
Died in the second
month

« One followed up at
19 months

* One at 6 months

« One currently in early

postoperative period )

Fig. 2. Clinical outcomes of fetuses with APVS: From rermi-
nation to postoperative survival (APVS=Absent Pulmonary
Valve Syndrome).

In the series of 7 cases, genetic analysis was per-
formed prenatally in three cases and postnatally in two
cases. One of the three patients tested prenatally was
found to have ABAT gene mutations, and the other
two were reported to be normal. Among the two post-
natal cases, one was compatible with trisomy 21
(Down syndrome), and the other had a 22q11.2 dele-
tion (DiGeorge syndrome). Accordingly, genetic
anomalies were found in a total of three cases (42.8%)
in the whole series: (1) One case (14.3%) of ABAT
gene mutation (by prenatal WES); (2) 1 patient
(14.3%) with trisomy 21; and (3) One patient (14.3%)
had a 22q11.2 deletion.

In two of the remaining four cases, prenatal tests
were reported as normal, and genetic testing was not
performed in two cases.

DISCUSSION

Absent pulmonary valve syndrome (APVS) is a rare
congenital heart defect characterized by high perinatal
mortality and complex structural anomalies that pose
significant challenges for surgical repair, necessitating
accurate prenatal diagnosis, detailed genetic evalua-
tion, and coordinated postnatal multidisciplinary care
[6]. Despite its clinical importance, large-scale case
series on APVS remain scarce in the literature, with
most information derived from isolated case reports
and limited retrospective analyses [7]. In this context,
our study provides a comprehensive evaluation of
seven live-born fetuses among eight prenatally diag-
nosed APVS cases, focusing on the timing of diagno-
sis, associated cardiac and extracardiac anomalies,
Doppler findings, genetic results, and postnatal surgi-
cal outcomes.

In our series, 87.5% of fetuses had tetralogy of
Fallot, 28.6% had extracardiac anomalies, 57.1% ex-
perienced perinatal mortality, and 42.9% presented
with genetic abnormalities. The presence of the ductus
arteriosus and hydrops fetalis are key predictors of
postnatal survival. These findings highlight the prog-
nostic value of early diagnosis and stratification, and
our comparative analysis aims to deepen the under-
standing of this rare and complex condition.

One of the key prenatal indicators of APVS is the
“to-and-fro” flow pattern observed via color Doppler
ultrasonography, which is characterized by antegrade
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systolic flow into the pulmonary arteries and diastolic
backflow into the right ventricle due to the absence or
rudimentary pulmonary valve leaflets. This bidirec-
tional mosaic flow at pulmonary artery outflow sup-
ports the diagnosis and aids in distinguishing APVS
from other congenital heart defects, such as TOF and
pulmonary atresia [8, 9]. In our series, this pattern was
observed in all patients and served as the principal di-
agnostic marker. It was also associated with severe
valvular regurgitation and pulmonary artery dilatation.
Notably, these Doppler findings may predict postnatal
complications, including hemodynamic overload and
tracheobronchial compression. Thus, careful evalua-
tion during fetal echocardiography is essential for ac-
curate differential diagnosis of outflow tract
anomalies.

Prenatal diagnosis of APVS typically occurs be-

tween 18-24 weeks of gestation, and the mean gesta-
tional age at diagnosis in our series was 24+5 weeks,
which is consistent with the 23-week average reported
in the literature [10]. First-trimester diagnoses are rare
and generally associated with poor prognosis [11]. The
absence of such early cases in our series may reflect
both the rarity of early-onset forms and the imaging
limitations during the first trimester.
Hydrops fetalis was identified antenatally in two fe-
tuses, both of which were born alive but died in the
early postnatal period, resulting in a hydrops-related
perinatal mortality rate of 100%, which is in line with
previous reports [8].

In one of these cases, postnatal evaluation re-
vealed a patent ductus arteriosus (PDA), suggesting
its contribution to perinatal decompensation via in-
creased right ventricular volume load and worsened
pulmonary regurgitation. These findings support the
notion that PDA may exacerbate the hemodynamic
burden in select cases. The interplay between PDA-
related volume overload, pulmonary regurgitation, and
right ventricular dilatation may lead to pulmonary vas-
cular congestion and hydrops, increasing the risk of
mortality. Therefore, the presence of hydrops and their
hemodynamic contributors, including PDA, should be
carefully assessed in the prenatal evaluation of APVS.

Careful assessment of the ductus arteriosus via
fetal echocardiography is essential, as its presence has
been associated with increased perinatal mortality,
warranting appropriate genetic and prognostic coun-
seling. Conversely, some studies suggest that the ab-

sence of PDA may contribute to hemodynamic stabil-
ity and a more favorable prognosis in APVS patients
[10, 11]. Thus, PDA should be regarded not only as an
anatomical variant but also as a dynamic factor influ-
encing clinical outcomes.

Pulmonary artery dilatation has been linked to poly-
hydramnios, hydrops fetalis, and postnatal respiratory
failure due to tracheobronchial compression [12, 13].
In our series, the APA (8.53+1.38 mm), LPA (7.65+3.24
mm), and RPA (8.6£2.08 mm) diameters exceeded the
gestational age-specific reference values, indicating a
risk for airway obstruction. These findings were cor-
roborated by indirect signs such as polyhydramnios and
mediastinal shift during the prenatal period.

Therefore, pulmonary artery diameters in APVSs
should be evaluated not only for diagnostic purposes
but also for their prognostic implications in predicting
postnatal respiratory morbidity. Quantitative assess-
ment during fetal echocardiography provides valuable
guidance for prenatal counseling and postnatal man-
agement [14].

The extracardiac anomalies observed in our series
involved multiple systems, including fetal growth re-
striction (FGR), esophageal atresia, skeletal dysplasia,
acrania, omphalocele, bilateral pyelectasis, and agen-
esis of the corpus callosum. These findings suggest
that APVS may often present as part of syndromic or
monogenic conditions rather than as an isolated car-
diac defect. The most commonly affected systems in
the literature are the central nervous, gastrointestinal,
and genitourinary systems [14, 15].

The incidence of extracardiac anomalies in our
study was 28.6%, which aligns with the reported range
0f21.6-33.8% in previous studies [16]. This rate may
reflect both the extent of systematic prenatal screening
and the thoroughness of individual case evaluations.
Among the seven cases in our series, genetic analysis
was performed in five—three prenatally and two post-
natally. Clinically significant genetic anomalies were
identified in three patients (42.9%): an ABAT gene
mutation was detected prenatally, whereas postnatal
analyses revealed trisomy 21 (Down syndrome) and
22q11.2 microdeletion (DiGeorge syndrome). Trisomy
21 and 22q11.2 deletions are well-documented syn-
dromic associations with APVS, whereas the ABAT
mutation represents a novel finding, potentially impli-
cating a new genetic etiology.

The genetic diagnosis rate in our cohort (42.9%)
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exceeded the 39.3% reported in the meta-analysis by
Recker et al. [1, 7], possibly due to our small sample
size and the application of advanced, phenotype-
guided analyses such as prenatal whole exome se-
quencing (WES). Notably, the ABAT mutation was
identified via prenatal WES in a fetus presenting with
FGR, esophageal atresia, and limb shortness, high-
lighting the diagnostic value of phenotype-driven test-
ing. Therefore, in addition to conventional
chromosomal anomalies, specific monogenic syn-
dromes should be considered in all fetuses with APVS,
as genetic abnormalities may impact both cardiac and
extracardiac development as well as perinatal progno-
sis [15, 16]. Stratified, phenotype-oriented screening
approaches may thus enhance prenatal counseling and
postnatal management.

Over the past 10-15 years, advancements in car-
diac surgery, neonatal intensive care, and multidisci-
plinary management have significantly improved
APVS outcomes. Reports from high-volume centers
demonstrate high survival among patients undergoing
surgery [16-18]. For example, the Toronto SickKids
group reported 5- and 10-year survival rates of 93%
and 87%, respectively, in 62 surgical patients - most
of whom required prolonged neonatal ventilation
(mean: 36 days) [19]. Similarly, data from CHOP in-
dicate notable improvements in postnatal survival
compared with earlier decades [20].

In our cohort, one of the eight cases was excluded
due to pregnancy termination for severe extracardiac
anomalies. Among the remaining seven live-born in-
dividuals, four underwent surgery; three survived, and
one died in the second postnatal month, yielding a sur-
gical survival rate of 75% and a mortality rate of 25%.
The overall perinatal mortality rate among live births
was 57.1% (4/7). These outcomes approach the upper
limit of the 50-64% survival range reported in the lit-
erature and may reflect the benefits of early diagnosis,
proactive postnatal evaluation, and multidisciplinary
care at our center.

The pulmonary artery PSV is a key Doppler pa-
rameter for evaluating pulmonary outflow in APVSs.
In healthy fetuses, second- and third-trimester values
typically range from 120-160 cm/sec; values >200
cm/sec may indicate severe regurgitation and in-
creased volume load [15-17]. In our series, the mean
PSV was 178.7 cm/sec (range: 140-260). The highest
PSV (260 cm/sec) occurred in a patient who died post-

natally due to respiratory failure and tracheobronchial
compression. Survivors had a PSV <200 cm/sec and
underwent timely surgery, suggesting that a higher
PSV may predict adverse outcomes.

These findings highlight the prognostic value of
Doppler-based hemodynamic assessment. Although
fetal MRI was not performed, indirect echocardio-
graphic signs - such as marked pulmonary artery di-
latation, polyhydramnios, and narrowed tracheal
diameter on the 3VT view - supported the presence of
airway compromise. Fetal MRI has been reported as
a complementary tool for assessing tracheal compres-
sion and predicting postnatal respiratory morbidity in
APVSs [12]. However, current evidence does not sup-
port its routine use. Instead, MRI should be selectively
considered in patients with severe pulmonary artery
dilatation, mediastinal shift, or marked polyhydram-
nios.

Most APVS cases exhibit TOF morphology, with
reported rates of 84-93% [9, 10, 15]. Our series aligns
with this trend but also includes a rare variant involv-
ing the DORYV, characterized by both great arteries
originating from the right ventricle, a large perimem-
branous VSD, and complete pulmonary valve aplasia.
This highlights that APVSs may present with a
broader morphologic spectrum than previously recog-
nized, underscoring the need for careful differential
diagnosis. By reporting both typical and rare anatom-
ical variants, our study contributes novel insights to
the literature.

CONCLUSION

This study represents one of the few prenatally diag-
nosed case series of APVS, highlighting its morpho-
logical and genetic heterogeneity and its association
with high perinatal mortality. Among the seven live-
born patients, genetic anomalies - including Down
syndrome, 22q11.2 deletion, and a novel ABAT gene
mutation - were identified in 42.9% of the patients,
emphasizing the syndromic nature of APVS. A surgi-
cal survival rate of 75% was achieved among operated
patients, while all patients with hydrops fetalis died
before surgery, underscoring the prognostic severity
of this complication. These findings confirm the im-
portance of detailed fetal echocardiography, genetic
evaluation, and hemodynamic monitoring in prenatal
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care. Individualized, multidisciplinary management
plans based on early risk stratification may improve
both postnatal outcomes and the quality of prenatal
counseling. Larger, prospective studies are needed to
refine the diagnostic pathways and therapeutic strate-
gies for APVS.
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ABSTRACT

Objectives: Seborrheic dermatitis is a chronic inflammatory skin condition that primarily affects the scalp,
face, and body folds. Emerging research indicates a potential link between seborrheic dermatitis and cardiac
parameters. This study aims to further investigate this relationship.

Methods: Fifty individuals diagnosed with seborrheic dermatitis who presented to the dermatology outpatient
clinic were included, alongside a control group of healthy participants (n=30) matched by age and sex. Echocar-
diographic assessments were carried out for both groups, and the data were recorded using standardized forms.
Results: The left atrial volume index (LAVI) was recorded as 28.3+1.24 in seborrheic dermatitis patients and
26.2+1.47 in the control group, with this difference reaching statistical significance (P<0.001). Similarly, the
E/e' ratio was found to be 8.52+0.777 in the patient group and 7.16+0.706 in the control group, demonstrating
a statistically significant difference (P<0.001).

Conclusions: The observed increase in LAVI and E/e' ratio among seborrheic dermatitis patients suggests a
potential association with an elevated risk of cardiovascular disease and atrial fibrillation. Given these findings,
long-term monitoring of individuals with seborrheic dermatitis may be warranted.

Keywords: Left atrial volume index, E/e' ratio, seborrheic dermatitis

dermatological condition that affects individuals
across different age groups, including infants, ado-
lescents, and adults. It is characterized by symptoms
such as erythema, scaling, and pruritus, predominantly
occurring on the scalp, face, chest, back, axillae, and
groin. Although the exact pathogenesis of seborrheic
dermatitis remains unclear, it is recognized as a com-
mon inflammatory skin disorder [1]. Recent research
has explored potential associations between seborrheic
dermatitis and various cardiac parameters [2].
One of the components of metabolic syndrome is

Seborrheic dermatitis is a frequently encountered

inflammation, and many inflammatory cytokines play
a critical role in the disease. In a study conducted on
patients with seborrheic dermatitis, metabolic syn-
drome was found to be significantly more prevalent,
and seborrheic dermatitis was suggested to be a po-
tential predictive factor for metabolic syndrome. Sim-
ilarly, another study observed that hypertension was
significantly more common in patients with seborrheic
dermatitis [3,4]. Among these, the left atrial volume
index (LAVI) and the E/e' ratio are widely utilized in-
dicators for assessing diastolic dysfunction [5].

In this study, we aim to expand on existing research
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by evaluating LAVI and E/e' ratio measurements in pa-
tients diagnosed with seborrheic dermatitis.

METHODS

The ethics committee of the University of Health and
Sciences, Gazi Yasargil Training and Research Hospi-
tal, provided ethical approval for this research. The
study's execution was aligned with the principles set
forth in the Helsinki Declaration. A total of 50 patients
diagnosed with seborrheic dermatitis, who sought care
at the dermatology outpatient clinic, were enrolled. In-
dividuals with atrial fibrillation, structural heart valve
disease, coronary artery disease, or atherosclerotic risk
factors such as hypertension, diabetes, and smoking
were excluded from the study. The severity of sebor-
rheic dermatitis was assessed via the Seborrheic Der-
matitis Area and Severity Index (SEDASI). SEDASI
was used to evaluate disease severity. This scoring sys-
tem assesses four anatomical regions and rates each
region on four criteria: extent of involvement (0-6),
lesion pattern (0-3), erythema intensity (0-3), and scal-
ing severity (0-3). The total score is the sum of all re-
gional subscores. Severity categories are defined as
1-14 (mild), 15-29 (moderate), 30-44 (severe), and
>45 (very severe). Patients scoring below 29 were cat-
egorized as having mild to moderate disease, while
those with scores exceeding 29 were classified as se-
vere cases. Key echocardiographic parameters, includ-
ing LAVI, E/e' ratio, left ventricular end-diastolic
pressure, and left ventricular ejection fraction, were
recorded using standardized forms. Standard echocar-
diographic imaging was performed for all participants.
The ejection fraction was determined via the modified
biplane Simpson’s method. LAVI was measured using
the biplane disk summation technique at the end of
systole and indexed to body surface area, yielding val-
ues in mL/m?. Mitral inflow dynamics were analyzed
using pulsed-wave Doppler in apical four-chamber
and two-chamber views, with early (E) filling velocity
recorded. Additionally, early (e') mitral annular veloc-
ity was assessed using tissue Doppler imaging in the
apical four-chamber position, allowing for the calcu-
lation of the E/e' ratio. For comparison, 30 healthy vol-
unteers were included in the study, and their
echocardiographic findings were evaluated alongside
those of the patient group.

Statistical Analysis

The data underwent statistical processing with
SPSS version 27 and JAMOVI software. Frequency
and percentage distributions summarized categorical
data, whereas continuous data were characterized by
their mean, standard deviation, minimum, maximum,
and median. Subgroup comparisons for categorical
variables were conducted using the chi-squared test.
The Student's t-test served to analyze differences in
continuous variables between independent groups, de-
pending on their normality. A P-value below 0.05 was
the criterion for statistical significance in all analyses.

RESULTS

The study included 50 patients diagnosed with sebor-
rheic dermatitis and 30 healthy controls. Among all
participants, 42 (52%) were male, and 38 (48%) were
female. Disease severity in the patient group assess-
ment of the condition was assessed via the SEDASI.
Based on their SEDASI scores, patients scoring below
29 were categorized as having mild to moderate dis-
ease, while those with scores exceeding 29 were clas-
sified as severe. According to this classification, 30
(60%) patients were identified as having severe seb-
orrheic dermatitis, whereas 20 (40%) patients had mild
to moderate disease. The average age of the patients
included in the study was 27.8+6.55 years; for those
in the control group, the mean age was 29.0+5.03
years. The two groups did not show a statistically sig-
nificant difference (P=0.384).

LAVI was measured at 28.3+1.24 in patients and
26.2+1.47 in controls, with this difference reaching
statistical significance (P<0.001). Similarly, compared
to the control, the patient group exhibited an elevated
E/e' ratio (8.52+0.777) compared to controls
(7.16£0.706) (P<0.001). In contrast, left ventricular
end-diastolic pressure was similar between patients
(42.8+1.75) and controls (42.8+1.65), showing no sig-
nificant difference (P=0.96). Likewise, LVEF was com-
parable between groups, with values of 63.3+2.39 in
patients and 63.0£2.49 in controls (P=0.595) (Table 1).

LAVI levels were significantly elevated in the se-
vere disease group relative to the mild-to-moderate
disease group (28.941.08) than in the mild-to-moder-
ate group (27.3+0.665) (P<0.001). Additionally, the
E/e' ratio was elevated in the severe group (8.77+0.76)
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Table 1. Comparison

of demographic and echocardiographic data between the case and control

groups
Variable Seborrheic dermatitis patients Controls P value
(n=50) (n=30)

Age (years) 27.8+£6.55 29.0+ .03 0.384

Sex (Male/female) 26/24 16/14 -

Disease severity (
Mean SDASI score 31.0£5.5 N/A -
SEDASI severity classification 30 (60%) severe N/A -

20 (40%) mild-moderate

Echocardiographic findings
LAVI (mL/m?) 28.3+1.24 26.2+1.47 <0.001
E/e’ ratio 8.52+0.77 7.16£0.70 <0.001
LVEDP (mmHg) 42.8+1.75 42.8+1.65 0.96
LVEF (%) 63.3+2.39 63.0+2.49 0.595

Data are shown as meantstandard deviation or n (%). SEDASI=Seborrheic Dermatitis Area and Severity Index, LAVI=Left
Atrial Volume Index, LVEDP=Left Ventricular End-Diastolic Pressure, LVEF=Left Ventricular Ejection Fraction

compared to the mild-to-moderate group
(8.15+0.657), with this difference also reaching statis-
tical significance (P=0.004) (Table 2).

DISCUSSION

In our study, LAVI values and Patients diagnosed
with seborrheic dermatitis exhibited significantly
higher E/e' ratios when compared to the control group.
Furthermore within the patient group, those with se-
vere disease had significantly higher LAVI and E/e'
values than those with mild-to-moderate disease.
Given that elevated LAVI and E/e' ratios are associated
with cardiovascular diseases and rhythm disorders

such as atrial fibrillation, we recommend long-term
follow-up for these patients to monitor potential car-
diac involvement.

Seborrheic dermatitis is a common inflammatory
skin disorder affecting infants, adolescents, and adults.
It is characterized by symptoms such as scaling, ery-
thema, and itching, and it predominantly affects areas
with a high density of sebaceous glands, including the
scalp, face, chest, back, armpits, and groin [1]. While
the exact etiology remains unclear, seborrheic dermati-
tis 1s recognized as a chronic inflammatory condition.
Several studies have explored its relationship with sys-
temic inflammation and cardiovascular parameters.

For instance, a study investigating hematologic
markers in 100 individuals found significantly ele-

Table 2. Comparison of LAVI and E/e' ratio in patients with severe and mild-moderate seborrheic

dermatitis.
Variable Severe SD Mild-moderate SD P value
(SEDASI Score >29) (SEDASI Score <29)
(n=30) (n=20)
LAVI (mL/m?) 28.9+1.08 27.3+0.665 <0.001
E/e' ratio 8.77+£0.76 8.15+0.657 0.004

Data are shown as meantstandard deviation or n (%). LAVI=Left Atrial Volume Index, SEDASI=Seborrheic Dermatitis

Area and Severity Index, SD=Seborrheic Dermatitis
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vated C-reactive protein and platelet-to-lymphocyte
ratio levels in seborrheic dermatitis patients compared
to controls. Additionally, another study involving 80
participants demonstrated that epicardial fat thickness,
a marker associated with cardiovascular risk A notable
increase was observed in patients with seborrheic der-
matitis [2, 5].

Assessing left atrial (LA) size using the LAVI is
clinically important due to its strong prognostic value
in various cardiovascular conditions. Moreover, incor-
porating LA function assessment alongside LAVI pro-
vides additional clinical and prognostic insights in
different cardiovascular diseases [6].

LAVI is commonly accepted as a trustworthy in-
dicator of diastolic dysfunction. Echocardiographic
studies suggest that a normal LAVI is approximately
22+6 mL/m?, while values exceeding 28 mL/m? are
considered significant due to their sensitivity and
specificity in predicting adverse cardiac events [7].

A retrospective study involving 1,160 patients
identified elevated LAVI. This is commonly acknowl-
edged as a standalone risk factor for heart-related ill-
nesses, atrial fibrillation, and myocardial infarction
[8]. Similarly, a systematic review of 11 cohort studies
comprising 2,705 patients found that A significant de-
crease in major adverse cardiac events was observed
in patients exhibiting lower LAVI levels, Furthermore,
hospitalization rates were lower among individuals
with low LAVI, A higher LAVI level was found to be
an independent predictor of unfavorable outcomes in
patients with acute coronary syndrom [9].

Additionally, research involving patients with pso-
riasis has demonstrated alterations in left atrial me-
chanics, which are believed to elevate the likelihood
of developing atrial fibrillation [10-12]. Similar find-
ings have been reported in individuals with hidradeni-
tis suppurativa - another chronic inflammatory skin
condition - where an increased incidence of cardiovas-
cular disease has been observed [13-15].

In our study, the elevated LAVI values among pa-
tients with seborrheic dermatitis suggest a potential
predisposition to cardiovascular complications, partic-
ularly atrial fibrillation, warranting long-term moni-
toring. However, these findings should be interpreted
with caution, as subclinical cardiovascular risk factors
such as early hypertension, mild obesity, or undiag-
nosed metabolic abnormalities, which were not sys-
tematically assessed in this study, may also contribute

to increased LAVI values. Therefore, while routine
echocardiographic screening cannot be universally
recommended for all patients with seborrheic dermati-
tis, clinicians should maintain vigilance for possible
subclinical cardiac alterations, particularly in those
with additional cardiovascular risk factors Although
the risk of major cardiovascular events is generally
more pronounced when LAVI exceeds 32 mL/m?, the
threshold for increased cardiovascular risk is consid-
ered to begin at 28 mL/m?. In our cohort, patient LAVI
values were above this critical threshold, reinforcing
the importance of close cardiac surveillance.

According to current Doppler echocardiography
guidelines, we examined the early-to-late transmitral
flow velocity ratio (E/A) and the early diastolic mitral
annular velocity (E/e') are key parameters in assessing
left ventricular diastolic function. Subclinical diastolic
dysfunction may begin even in asymptomatic individ-
uals when LAVI exceeds 28 and E/e' surpasses 8 [16].

Consistent with our findings, a study involving 40
patients with psoriasis reported an increased E/e' ratio
and evidence of diastolic dysfunction [17]. Moreover,
in patients treated with biological agents such as ustek-
inumab and ixekizumab, a reduction in E/e' was ob-
served after one year of therapy, highlighting the
potential reversibility of cardiac changes with effec-
tive anti-inflammatory treatment [18]. Likewise, an-
other study focusing on myocardial infarction patients
revealed that elevated E/e' ratios could predict in-hos-
pital complications and were associated with adverse
prognosis [19].

Limitations

This study has several limitations. Firstly, the rel-
atively small sample size limits the generalizability of
the findings. In addition, the single-center and cross-
sectional design of the study makes it difficult to es-
tablish a causal relationship. Another limitation is that
cardiac parameters were assessed solely by echocar-
diographic evaluation; the lack of advanced imaging
modalities may have led to missing some subclinical
findings. Finally, the absence of a detailed analysis of
patients’ comorbid systemic diseases might have over-
looked their potential influence on cardiac parameters.
Future studies with larger sample sizes, multicenter
participation, and prospective design are needed to
overcome these limitations and provide more robust
evidence.
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CONCLUSION

Our investigation revealed that both the left atrial vol-
ume index (LAVI) and the E/e' ratio were significantly
higher in the patient group than in the control group.
Although these values did not reach clearly patholog-
ical thresholds, the concurrent increase in both param-
eters underscores the potential cardiovascular risk in
this population. The results emphasize the importance
of extended surveillance for possible cardiovascular
diseases and rhythm disturbances, such as atrial fibril-
lation, in patients with seborrheic dermatitis.

To the best of our knowledge, this study represents the
first specific evaluation of LAVI in individuals with
seborrheic dermatitis, adding novel insights to the ex-
isting literature. We believe our findings provide a
foundation for future research, and we recommend
that subsequent studies include larger cohorts and ex-
tended follow-up periods are necessary to fully under-
stand the clinical importance of these cardiac changes.
However, routine echocardiographic screening cannot
yet be recommended for all patients with seborrheic
dermatitis; instead, clinicians should consider closer
cardiac evaluation in those with additional risk factors.
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ABSTRACT

Objectives: This study aimed to evaluate the effect of Negative Pressure Wound Therapy (NPWT) applied in
the emergency department on postoperative infection rates in patients with orthopedic open injuries.
Methods: This prospective randomized controlled study included 80 patients who presented with orthopedic
open injuries. Patients were divided into two groups: NPWT group (n=40) and control group receiving standard
wound care (n=40). An average pressure of 125+25 mmHg was applied in the NPWT group. Demographic
characteristics, wound characteristics, infection rates, length of hospital stay, and treatment outcomes were
evaluated.

Results: The infection rate in the NPWT group (7.5%) was significantly lower compared to the control group
(25.0%) (P=0.034). The NPWT group showed significantly lower numbers of surgical debridement (1.3+0.6
vs 2.140.8, P=0.008), shorter antibiotic use duration (10+3 vs 1444 days, P=0.003), and shorter hospital stay
(8+2 vs 14+£3 days, P<0.001). Primary closure rate was significantly higher in the NPWT group (70%) com-
pared to the control group (30%) (P=0.002).

Conclusions: NPWT applied in the emergency department significantly reduces postoperative infection rates,
accelerates wound healing, and shortens hospital stay in orthopedic open injuries. These findings suggest that
NPWT may have an important role in the early treatment protocol of open injuries.

Keywords: Negative pressure wound therapy, open fracture, infection, emergency department, orthopedic
trauma, wound healing

most challenging areas of modern trauma sur-
gery. In the management of these injuries, in-
fection prevention strategies stand out as one of the
most critical factors determining treatment success [1].
Especially in recent years, significant paradigm shifts
have occurred in the treatment approaches of open in-

Orthopedic open injuries constitute one of the

juries and new treatment modalities have been devel-
oped for infection control.

Negative Pressure Wound Therapy (NPWT) is ac-
cepted as a system that accelerates wound healing and
reduces the risk of infection by applying controlled
negative pressure to the wound surface [2]. The basic
mechanism of action of NPWT is based on reducing
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edema in the wound bed, increasing microvascular
blood flow, and accelerating wound healing.

It is reported in the literature that infection rates
in open wounds vary between 5% and 50% depending
on the severity and localization of the injury [3]. It has
been shown that the use of NPWT in the management
of open extremity wounds provides lower infection
rates and shorter hospital stays compared to traditional
dressing techniques [4].

In current approaches, it is emphasized that the
management of soft tissue damage in open wounds is
of critical importance for the success of treatment and
that appropriate wound care strategies should be im-
plemented with aggressive debridement in the early
period [5]. It is known that infections developing after
orthopedic trauma significantly increase patient mor-
bidity and require a multidisciplinary approach [6].
The development of NPWT systems, especially with
the introduction of instillation systems, allows effec-
tive application of antimicrobial solutions to the
wound bed and reduces bacterial load more effectively
[7]. Clinical studies have shown that NPWT is more
effective than traditional dressing methods in contam-
inated and infected wounds and that successful results
are achieved even in fracture cases with nonunion
problems [8].

This study aimed to evaluate the effect of NPWT
applied in the emergency department on postoperative
infection rates in patients with orthopedic open in-
juries. Our study aims to reveal the effect of early ap-
plication of NPWT on clinical outcomes and to
evaluate the role of this treatment modality in prevent-
ing infection.

METHODS

Study Design and Patient Classification

This prospective randomized controlled study was
conducted on patients with orthopedic open injuries
who were admitted to our hospital emergency depart-
ment between January 2024 and December 2024. The
current Gustilo-Anderson classification, which also
takes into account changes during surgery, was used
to classify injuries [9].

Randomization Methodology
Patients were randomized into two groups using a

computer-generated randomization sequence with a
1:1 allocation ratio. Block randomization with variable
block sizes (4, 6, and 8) was employed to ensure bal-
anced group allocation throughout the study period.
Allocation concealment was maintained using sequen-
tially numbered, opaque, sealed envelopes prepared
by an independent statistician not involved in patient
recruitment or treatment. The randomization sequence
was generated using statistical software (SPSS version
25.0) with a predetermined seed number to ensure re-
producibility.

Sample Size Calculation

Sample size was calculated based on the primary
outcome of infection rate. Based on previous literature
showing infection rates of approximately 25% with
standard care in similar patient populations [3], we hy-
pothesized that NPWT would reduce this rate to 5%.
Using a two-sided significance level of 0.05 (o= 0.05)
and power of 80% (B = 0.20), the calculated minimum
sample size was 36 patients per group. To account for
potential dropouts and protocol violations, the sample
size was increased by 10%, resulting in 40 patients per
group (total n=80). Sample size calculation was per-
formed using G*Power software version 3.1.9.2.

Negative Pressure Wound Treatment Protocol

A standardized wound treatment protocol was ap-
plied in the NPWT group. This protocol was per-
formed with a pressure of -125 mmHg in line with the
results of the WHIST study [10]. The effectiveness of
the treatment was evaluated using standardized quality
of life scales [11].

Detailed NPWT Protocol Specifications

NPWT was applied using a standardized protocol
with the following specifications:

(a) Device: Vacuum-assisted closure system
(V.A.C. therapy unit or equivalent)

(b) Sponge type: Black polyurethane foam for all
cases, cut to fit wound dimensions with 1-2 cm over-
lap onto healthy skin

(c) Pressure setting: Continuous negative pressure
of -125 mmHg (25 mmHg tolerance)

(d) Dressing change frequency: Every 48-72 hours
or earlier if clinically indicated (excessive drainage,
loss of seal, signs of infection)

(e) Duration. NPWT was maintained until wound
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bed was suitable for definitive closure or for a maxi-
mum of 14 days

(f) Monitoring: Daily assessment of vacuum seal
integrity, drainage volume, and wound appearance.

Risk Assessment and Scoring

The DANGER (Diabetes, Antibiotic, Nature of
trauma, Grade of fracture, Exposure of the fracture,
and Relative risk of patient including use of tobacco,
alcoholism, and psychiatric disorders) scoring system,
which evaluates the degree of injury, contamination
level, soft tissue damage, vascular status, and fracture
pattern, was used to determine the risk of infection in
all patients [12].

Antibiotic Prophylaxis

A customized antibiotic prophylaxis protocol was
applied according to the type of injury in line with cur-
rent guidelines [13].

Antibiotic prophylaxis was administered accord-
ing to Gustilo-Anderson classification:

(1) Type I fractures: Cefazolin 2g IV administered
within 3 hours of injury, followed by 1g IV every 8
hours for 24 hours

(2) Type II fractures: Cefazolin 2g IV every 8
hours for 48 hours

(3) Type HI fractures: Cefazolin 2g IV + Gentam-
icin Smg/kg IV every 8 hours for 72 hours

(4) Contaminated wounds: Addition of Clindamycin
600mg IV every 8 hours for anaerobic coverage

(5) Penicillin allergy: Vancomycin 15mg/kg IV
every 12 hours + Gentamicin Smg/kg IV daily.

Surgical Timing and Technique

The effect of surgical intervention timing on infection
rates in open fractures of the hand region was evalu-
ated in light of literature data [14]. A standardized sur-
gical protocol was used in open fractures of the tibial
plateau [15].

Wound Care and Irrigation

A standard protocol recommended in the literature
was applied for wound irrigation [16]. Within the
scope of this protocol, irrigation solution selection,
pressure settings, irrigation amount and application
technique were standardized.

Given the significant difference in admission time
between groups (P=0.028), potential confounding ef-

fects were addressed through: (a) Multivariate logistic
regression analysis including admission time as a co-
variate; (b) Stratified analysis by admission time (<6
hours vs >6 hours); and (¢) Sensitivity analysis exclud-
ing patients with extreme admission times (>12 hours).

Statistical Analysis

Data analysis was performed using SPSS version
25.0 software. Following normality tests for continu-
ous variables, Student's t-test or Mann-Whitney U test
was used, and Chi-square or Fisher's exact test was
used for categorical variables. Risk factors were eval-
uated with logistic regression analysis. Sample size
calculation was performed with 80% power and 5%
type I error rate [17].

RESULTS

Demographic and Clinical Features

A total of 80 patients were included in the study
(NPWT group=40, control group=40). The mean age
of the patients was 58.2+12.4 years in the NPWT
group and 60.1£11.8 years in the control group
(P=0.452). There were 22 (55%) male and 18 (45%)
female patients in the NPWT group, and 28 (70%)
male and 12 (30%) female patients in the control
group (P=0.143).

When evaluated in terms of comorbidity, 15
(37.5%) patients in the NPWT group had diabetes
mellitus and 10 (25%) patients had hypertension,
while these rates were 12 (30%) and 14 (35%) in the
control group, respectively (P=0.471 and P=0.312, re-
spectively) (Table 1).

Injury Characteristics and Initial Assessment

In terms of injury localization, 28 patients (70%)
in the NPWT group presented with lower extremity
injuries, 12 (30%) patients presented with upper ex-
tremity injuries, while this distribution was 30 (75%)
and 10 (25%) in the control group (P=0.602). The
Gustilo Type III open fracture rate was determined as
45% (18 patients) in the NPWT group and 35% (14
patients) in the control group (P=0.362).

To address the significant difference in admission
time between groups, multivariate logistic regression
analysis was performed. After adjusting for admission
time, age, Gustilo classification, and comorbidities,
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Table 1. Demographic and clinical characteristics

Characteristics NPWT group Control group P value
Age (years) 58.2+12.4 60.1+11.8 0.452
Male patients 22 (55%) 28 (70%) 0.143
Female patients 18 (45%) 12 (30%) 0.143
Diabetes mellitus 15 (37.5%) 12 (30%) 0.471
Hypertension 10 (25%) 14 (35%) 0.312

Data are shown as meantstandard deviation or n (%). NPWT=Negative Pressure Wound Therapy

NPWT remained independently associated with re-
duced infection risk (adjusted odds ratio [OR]: 0.28,
95% confidence interval [CI]: 0.09-0.87, P=0.027).
Stratified analysis by admission time (<6 hours vs >6
hours) showed consistent benefits of NPWT in both
subgroups (P=0.041 and P=0.039, respectively).

The mean time to presentation to the emergency
department was 4.8+2.1 hours in the NPWT group,
while it was 6.3 £ 3.5 hours in the control group
(P=0.028) (Table 2).

Treatment Parameters and Application Results

The mean pressure value was applied as 125+25
mmHg in the NPWT group and the mean application
time was 7£2 days. The frequency of dressing changes
was determined as 2.5+0.5 days in the NPWT group
and 1.24+0.3 days in the control group (P<0.001).

The number of surgical debridements was deter-
mined as 1.3+0.6 in the NPWT group and 2.1+£0.8 in
the control group (P=0.008). The mean duration of an-
tibiotic use was 10 = 3 days in the NPWT group and
14+4 days in the control group (P=0.003) (Fig. 1).

Wound Healing and Infection Parameters
Initial wound size was measured as 15.2+4.1 cm?
in the NPWT group and 24.84+6.5 cm? in the control

Table 2. Injury and treatment characteristics

group (P=0.012). Granulation tissue formation was
observed at 5.1+1.2 days in the NPWT group and
8.7£2.3 days in the control group (P=0.021).

CRP values were determined as 8.5+3.2 mg/L in the
NPWT group and 18.9+£5.4 mg/L in the control group
(P<0.001). CRP normalization time was determined
as 7+1.5 days in the NPWT group and 1242.8 days in
the control group (P=0.003) (Fig. 2).

Bacterial culture and antibiotic resistance data
were not systematically collected in this study, which
represents a limitation in the comprehensive evalua-
tion of infection-related outcomes. This limits our abil-
ity to provide detailed microbiological analysis of the
observed infections and their response to treatment.

Infection and Complication Rates

Total infection development was found in 3 pa-
tients (7.5%) in the NPWT group and 10 patients
(25.0%) in the control group (P=0.034). The distribu-
tion of these infections was as follows: (a) Superficial
surgical site infection: 2 (5.0%) patients in the NPWT
group, 7 (17.5%) patients in the control group
(P=0.077); (b) Deep surgical site infection: 1 (2.5%)
patients in the NPWT group, 3 (7.5%) patients in the
control group (P=0.615); and (c) Osteomyelitis: 1
(2.5%) patients in the NPWT group, 4 (10.0%) pa-

Characteristics NPWT group Control group P value
Lower extremity injury 28 (70%) 30 (75%) 0.602
Upper extremity injury 12 (30%) 10 (25%) 0.602
Gustilo Type III open fracture 18 (45%) 14 (35%) 0.362
Admission time (hours) 4.8+2.1 6.3£3.5 0.028

Data are shown as meantstandard deviation or n (%). NPWT=Negative Pressure Wound Therapy
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Fig. 1. Clinical and treatment parameters. NPWT=Negative Pressure Wound Therapy.

tients in the control group (P=0.359).

Other complications was the following: (a) Wound
dehiscence: 2 (5.0%) patients in the NPWT group, 5
(12.5%) patients in the control group (P=0.432), (b)
Seroma: 3 (7.5%) patients in the NPWT group, 8
(20.0%) patients in the control group (P=0.193); (c)
Hematoma: 1 (2.5%) patients in the NPWT group, 3
(7.5%) patients in the control group (P=0.615); and (d)
Amputation requirement: 0 patients in the NPWT
group, 2 (5.0%) in the control group (P=0.494).

Treatment Results and Healing Times

Hospitalization time was determined as 8+2 days
in the NPWT group and 1443 days in the control
group (P<0.001). Wound closure time was determined
as 2144 days in theNPWT group and 35+6 days in the
control group (P<0.001).

The reduction in wound size was measured as
65+£12% in the NPWT group and 35+10% in the con-
trol group (P<0.001). The bacterial load reduction rate
was determined as 85+9% in the NBYT group and
45+15% in the control group (P<0.001).

Primary closure as the final treatment method
could be applied in 28 (70%) patients in the NPWT
group and 12 (30%) patients in the control group

(P=0.002). Skin graft or flap requirement occurred in
8 (20%) patients in the NBYT group and 22 (55%) pa-
tients in the control group. Pain scores (VAS) were
evaluated as 2.1+0.8 in the NPWT group and 5.7+1.2
in the control group (P<0.001).

DISCUSSION

This study aimed to evaluate the effect of NPWT ap-
plied in the emergency department on postoperative
infection rates in orthopedic open injuries. In our study,
the infection rate was 7.5% in the NPWT group, while
this rate was 25% in the control group. In the study
conducted by Kim et al. [18] on Gustilo type III open
tibia fractures with a mean follow-up of 22.7 months,
15% infection rate, 85% fracture union, mean union
time of 31 weeks and 80% independent mobilization
rate were reported in patients who underwent NPWT.

The meta-analysis results show that NPWT signif-
icantly reduces the overall infection rate (9.8% vs.
13.3%, P=0.005, 95% CI: 0.260-0.683) and acute
wound infection rate (7.5% vs. 16.8%, P=0.009) com-
pared to conventional dressings. In addition, no sig-
nificant difference was found between the groups in
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Fig. 2. Healing and infection parameters. NPWT=Negative Pressure Wound Therapy.

terms of functional outcomes in DRI scores at 3 and 6
months and EQ-5D quality of life scale (P=0.99) [19].

Systematic reviews show that NPWTi-d systems
provide a significant increase in complete wound clo-
sure rates compared to conventional NPWT
(OR=2.006, 95% CI: 1.315-3.058, P=0.023). It has
been reported that clinical infection clearance time de-
creased from 25.9 days to 6.0 days and total treatment
cost decreased (\$799 vs \$2217) despite higher daily
costs (\$194.80 vs \$106.08) [20].

Although a formal cost-effectiveness analysis was
not performed in this study, the economic implications
of NPWT merit discussion. Literature reports indicate
that while NPWT has higher daily costs ($150-250 per
day depending on the system), the overall treatment
costs may be reduced through several mechanisms
[20, 26]. In our study, patients in the NPWT group
demonstrated significantly shorter hospital stays (8+2
vs 1443 days, P<0.001), reduced need for surgical de-
bridement (1.3+0.6 vs 2.1£0.8, P=0.008), and shorter
antibiotic treatment duration (10+3 vs 14+4 days,
P=0.003).

These factors collectively suggest potential cost
savings that could offset the higher daily costs of
NPWT. The reduced infection rate (7.5% vs 25.0%) is

particularly significant from an economic perspective,
as orthopedic infection treatment can cost $50,000-
100,000 per case due to prolonged hospitalization,
multiple surgeries, and long-term antibiotic therapy
[27]. Future studies should include formal cost-effec-
tiveness analyses to provide definitive economic evi-
dence for NPWT implementation in emergency
department protocols.

It has been reported in the literature that every 6-
hour delay increases the risk of infection by 0.17%,
and this increase increases to 0.23% in Gustilo-Ander-
son type III injuries. The mean debridement time in
infected cases was 23.8+32.4 hours, while it was
18.8+27.4 hours in non-infected cases (P<0.001) [21].
In our study, the number of surgical debridements in
the NPWT group (1.3+0.6 vs. 2.1+0.8, P=0.008) was
found to be significantly lower.

In soft tissue management, definitive closure is
recommended within the first 7 days and according to
the Gustilo classification, infection rates are reported
as 0-2% in Type I, 2-10% in Type II and 10-50% in
Type III. The risk of infection in Type III injuries can
be up to 50% [22]. In our study, primary closure rate
(70% vs. 30%, P=0.002) and granulation tissue devel-
opment rate (5.1£1.2 vs. 8.742.3 days, P=0.021) were

1128

The European Research Journal | Volume 11

Issue 6 | November 2025



Eur Res J. 2025;11(6):1123-1131

Eriten et al

found to be significantly higher in the NPWT group.

In perioperative management, single dose (Co-
amoxiclav 1.2g IV or Cefuroxime 1.5g IV), 24 hours
in Type Il and 72 hours in Type III antibiotic prophy-
laxis is recommended. It has been reported that Clin-
damycin 600mg IV can be used in patients with
penicillin allergy and the first dose should be admin-
istered within 3 hours [23]. In our study, the duration
of antibiotic use (10£3 vs. 14+4 days,P=0.003) and
CRP normalization time (7+1.5 vs. 12+2.8 days,
P=0.003) were found to be significantly shorter in the
NPWT group.

According to the OPEN study data, 69.0% of pa-
tients are started on antibiotics in the emergency de-
partment, 22.0% in the prehospital period, and the rate
of NPWT use in complex injuries reaches 67.7%.
90.3% of surgical procedures are performed between
08:00 and 20:00, and the rate of consultant surgeon
availability is reported as 89.2% [24].

At the molecular level, NPWT has been shown to
shift macrophage polarization to the M2 phenotype by
increasing MBD?2 gene expression, decreasing inflam-
matory cytokines such as IL-6 and G-CSF, and in-
creasing IL-12 levels. This immunological modulation
plays an important role in controlling bacterial colo-
nization and accelerating wound healing [25].

Strengths and Limitations

Strengths of our study are prospective randomized
controlled design, standardized treatment protocol, de-
tailed data collection and analysis, and long follow-
up period.

The original contributions of our study to the lit-
erature are as follows: (a) Demonstration of the effec-
tiveness of early NPWT application in infection
control in the emergency department; (b) Significant
increase in the rate of bacterial load reduction (85+9%
vs. 45+£15%); (c) Significant reduction in CRP normal-
ization time (7+1.5 vs. 1242.8 days); (d) Decrease in
the need for debridement (1.3+£0.6 vs. 2.1£0.8); and
(e) Shortening of the duration of antibiotic use (10£3
vs. 1444 days).

Limitations of our study are single center experi-
ence, relatively small sample size, possible differences
in NPWT application technique, and no cost analysis
Methodological limitations are the following: (a) Sin-
gle-center experience limits generalizability of results

to different healthcare settings; (b) Relatively small
sample size (n=80); (c) Significant difference in ad-
mission time between groups (P=0.028), although this
was addressed through multivariate analysis; and (d)
Injury severity was not completely homogeneous be-
tween groups (Type III injury NPWT group 45%, con-
trol group 35%).

Technical limitations are possible differences in
standardization of NPWT application technique: (1)
NPWT pressure values were not optimized on a pa-
tient-by-patient basis; (2) NPWT change times varied
depending on clinical indication, and (3) No compar-
ison was made between different NPWT systems.

Data collection limitations are lack of standardized
quality of life assessment scales, absence of long-term
functional outcome evaluation, limited follow-up pe-
riod in the evaluation of long-term complications, and
lack of systematic bacterial culture and antibiotic re-
sistance data collection.

Economic limitations are also the following a)
Lack of formal cost-effectiveness analysis; (b) Ab-
sence of detailed calculation of NPWT costs; (¢) No
evaluation of indirect costs such as rehabilitation and
lost productivity; and (d) Limited assessment of
healthcare resource utilization beyond hospital stay.
Other limitations also included potential influence of
surgical team experience and learning curve effects,
lack of standardization of variables in emergency
room conditions, limited analysis of the interaction be-
tween comorbidities and treatment outcomes, and ab-
sence of patient-reported outcome measures and
satisfaction scores.

Recommendations for Future Research

In future studies, the following should be consid-
ered: (1) Conducting multicenter studies with larger
sample groups; (2) Comparison of different NPWT
protocols in emergency department conditions; (3) De-
tailed cost-effectiveness analyses; and (4) Evaluation
of long-term functional outcomes.

In light of these findings, the following recom-
mendations can be made in clinical practice:

(1) In orthopedic open injuries, NPWT should be
started as soon as possible after the initial evaluation
in the emergency department

(2) Especially in high-risk patients (Gustilo Type
IIT injuries), NPWT should be the primary choice for
infection control

The European Research Journal | Volume 11

Issue 6 | November 2025

1129



Eur Res J. 2025;11(6):1123-1131

Negative pressure wound therapy in orthopedic open wounds

(3) NPWT application should be evaluated as part
of the standard protocol to increase the chance of pri-
mary closure

(4) For control of bacterial load and inflammatory
response, NPWT should be preferred in the early period

CONCLUSION

This prospective randomized controlled trial compre-
hensively demonstrated the effect of negative pressure
wound therapy applied in the emergency department
on clinical outcomes in orthopedic open injuries. Un-
like the literature, our study evaluated the effects of
NPWT initiated early in the emergency department
and obtained significant results. The most striking
finding of our study is that the infection rate in the
NPWT group was significantly lower than in the con-
trol group (7.5% vs. 25%). This rate is lower than the
general infection rates reported in the literature (9.8%-
13.3%), emphasizing the importance of early applica-
tion. In addition, the significant increase in primary
closure rates (70% vs. 30%) demonstrates the positive
effect of NPWT on soft tissue healing. In conclusion,
this study demonstrates the effectiveness of NPWT
initiated in the emergency department in postoperative
infection control and suggests a new treatment algo-
rithm in the management of orthopedic open injuries.
The results obtained show that early initiation of
NPWT in the emergency department is an important
strategy that increases treatment success and reduces
complications.
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ABSTRACT

Objectives: The aim of this study is to evaluate the effects of an artistic anatomy lecture on medical students
and to identify the role of the lecture in education.

Methods: A 20-question online satisfaction survey was administered to 32 out of 45 medical students who at-
tended the artistic anatomy lecture at our university in the fall semester of 2023-2024. In the survey, questions
were asked to reveal the students' performance regarding the relationship between art and anatomy. SPSS Sta-
tistics 22 software (IBM SPSS, Turkey) was used for statistical analysis of the data obtained, and P<0.05 was
considered statistically significant.

Results: Ninety-three point eight percent of students stated that the artistic anatomy lecture contributed to their
understanding of the relationship between art and anatomy. Survey results indicated that 87.5% of participants
reported the lecture improved their observational skills, while 81.3% said it enhanced their clinical observation
skills. In addition, 90.6% of the participants stated that the lecture helped them to understand the importance
of art in medical education.

Conclusions: The results show that the artistic anatomy lecture supports the development of important skills
such as visual memory, analytical thinking and observational skills in medical students. In line with the liter-
ature, arts-based educational approaches enable students to gain an interdisciplinary perspective and develop
the ability to pay attention to detail in clinical practice. We suggest that our findings may be useful for inte-
grating artistic anatomy lectures into the curriculum of medical education, and may provide guidance to
anatomists in this regard.

Keywords: Artistic anatomy, medical education, anatomy education, clinical observation, visual memory

edical education is an interdisciplinary
Mprocess that aims to enable students to learn
in detail the structure, function and patho-
logical conditions of the human body [1]. Anatomy is
one of the cornerstones of this educational process and
plays a critical role in the understanding and applica-

tion of anatomical structures in clinical practice. Tra-
ditional anatomy teaching is usually based on cadaver

dissection and plastic models. In recent years, how-
ever, more creative and multidisciplinary approaches
have been incorporated into medical education. One
such approach is artistic anatomy lectures [2, 3]. Seen
as a meeting point between art and medicine, these
lectures aim to deepen learning by approaching
anatomical knowledge from an artistic perspective [4].

Artistic anatomy is a discipline that has developed
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throughout history, with artists such as Leonardo da
Vinci and Michelangelo having an in-depth knowl-
edge of the body's structure. Particularly during the
Renaissance, anatomy became one of the basic disci-
plines that nourished art, and knowledge of anatomy
became very important in terms of drawing the correct
human figure [5].

Art-based anatomy education strengthens students'
visual memory and facilitates the learning process by
providing an understanding of body structures from a
different perspective. Integrating art and anatomy into
medical education enables students to acquire not only
theoretical knowledge, but also skills such as obser-
vation, attention to detail and analytical thinking [6].
Research has shown that arts-based approaches en-
courage creativity in medical students, improving their
problem-solving and visual analysis skills, which are
extremely useful when assessing patients in the clinic
[7, 8].

Artistic anatomy lectures allow students not only
to perceive the human body visually, but also to eval-
uate the anatomical structure of the body from an artis-
tic point of view. This can be particularly useful for
students with visual learning memories. Studies show
that medical students learn more effectively using vi-
sual learning methods and are able to apply this
knowledge more quickly in clinical practice [7, 9].

The aim of this study was to investigate the satis-
faction of medical students with the Artistic Anatomy
lecture, to evaluate the contribution of the lecture to
the students, and to reveal how the connection of the
lecture to clinical practice is perceived from the stu-
dents' perspective. We believe that the results can
highlight the impact of Artistic Anatomy on medical
education and provide guidance for its integration into
medical education.

METHODS

This study was carried out with 45 students of the Fac-
ulty of Medicine who took the lecture "Artistic
Anatomy", which was opened as an elective lecture in
the fall semester 2023-2024 of our university. At the
end of the semester, the satisfaction survey prepared
with the Google survey application was applied on-
line. The survey form consisted of a total of 20 ques-
tions. There were 19 questions on a 5-point Likert

scale and 1 open question.

Ethics committee approval for the study was ob-
tained from our university's Science and Health Sci-
ences Research  Ethics Committee (IRB:
2024/12-1399).

Statistical Analysis

The conformity of the variables to normal distri-
bution was checked with the Shapiro Wilk Test. The
categorical variables were compared between the
groups by using the Pearson Chi-Square, Fisher’s
Exact Chi-Square, Fisher Freeman Halton Test, and
McNemar Test. According to the normality test results,
the Mann-Whitney U Test was used for the compar-
isons between binary groups, and the Wilcoxon Test
was used for the comparisons between dependent sam-
ples. Categorical variables were reported as n (%).
Fisher Freeman Halton test was used for comparing
categorical variables. The Statistics Statistical Analy-
sis SPSS 22 (SPSS IBM) program was used, and
P<0.05 was considered significant.

RESULTS

This lecture was attended by 45 students and 32 stu-
dents responded to the questionnaire. Among the stu-
dents who participated in the study, 90.7% stated that
they chose the Art Anatomy lecture voluntarily. Before
the lecture, 56.3% of the students were interested in
visual arts, whereas 18.7% were not. While 37.5% of
the students were aware of the relationship between
art and anatomy before the lecture, 25% were not
aware of the relationship and 37.5% were undecided.
On the other hand, the students who learned about the
relationship between art and anatomy after the artistic
anatomy lecture represent 90.6% of the students who
participated in the study. A total of 93.8% of the stu-
dents said that the art anatomy lecture showed that
anatomy and art are intertwined. However, the stu-
dents who agreed with the statement that this lecture
would provide a deeper understanding of anatomy for
medical students represented 75% of the students who
participated in the study. The statement “Observation,
imagination and creativity are very important when
drawing anatomy” was accepted by 93.8% of the stu-
dents, while 6.2% were undecided. In total, 84.4% of
the participating students agreed with the statement
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Table 1. Relationship between voluntary lecture choice and the importance of anatomy knowledge

“I choose the lecture voluntarily”

0 1 2 3 4 Total P value

“Anatomy 0 0 0 0 0 0 0 <0.001*
Knowledge is 10 0 0 0 1(100%)  1(100%)
good and 2 0 0 0 0 1 (100%) 1 (100%)
jvc(fr“l::‘e human 5 0 1(143%) 1(143%) 5(71.4%) 0 7 (100%)
4 0 1(4.3%) 0 1(43%) 21(91.3%) 23 (100%)

?Fisher Freeman Halton Test

5-point Likert scale (0: Strongly Disagree; 1: Disagree 2: Undecided 3: Agree 4: Strongly Agree)

“The ability to analyse art plays an important role in
improving the clinical observation skills of medical
students.” According to the survey, 87.5% of students
stated that this lecture improved their observation
skills, and 81.3% said that it improved their clinical ob-
servation skills. After taking the Artistic Anatomy lec-
ture, 90.6% of the students stated that they understood
the importance of art in medical education. And 93.8%
of the students agreed with the statement “Knowledge
of anatomy is essential for good and accurate human
works”. The anatomical structures that give aesthetics
and shape to the external structure of the body, the con-
tours formed by these structures under the skin, and the
organs that give perspective to the superficial structure
of the body have contributed to my understanding of
superficial and topographical anatomy. Among the par-
ticipants, 87.5% agreed with this statement, 9.4% were
undecided, and 3.1 % disagreed. While 81.2% of the
students who participated in the study agreed that the
subjects taught in the Artistic Anatomy lecture were

useful for their professional development, 9.4% stated
that they did not find it useful. It was found that 87.5%
of the students thought that it was a great privilege to
be able to draw anatomical structures correctly while
training to become a doctor. It was found that 87.5%
of the students agreed with the statement 'depicting the
human body through art is a wonderful experience',
3.1% disagreed and 9.4% were undecided. A propor-
tion of 87.5 % of the students stated that their interest
in both art and the anatomy lecture increased thanks to
the enjoyable artistic anatomy sessions. When the stu-
dents were asked to rate their satisfaction with the Art
Anatomy lecture in general, taking into account all the
conditions highlighted in the study, it was found that
93.8% of the students who took this lecture and partic-
ipated in the study were satisfied and 75% of them
were very satisfied.

In response to the open-ended question, 'What do
you think is the most important thing you have learnt
during this lecture?', the most common answers were:

Table 2. Relationship between lecture impact and art analysis in enhancing clinical observation

skills
“This lecture improved my observation skills”
0 1 2 3 4 Total P value

"Being able to 0 0 0 0 0 0 0 <0.001*
animportantrole 1000 0 0 0
in improving 2 2 (40%) 0 1 (20%) 2 (40%) 0 5 (100%)
medical students™ 3 0 0 0 6(75%)  2(25%) 8 (100%)

4 0 0 1(583%) 1(53%) 17(89.5%) 19 (100%)

2Fisher Freeman Halton Test

S-point Likert scale (0: Strongly Disagree; 1: Disagree 2: Undecided 3: Agree 4: Strongly Agree)
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Table 3. Association between lecture impact and art analysis in improving clinical observation

skills
“This lecture improved my clinical observation skills”

0 1 2 3 4 Total P value
“Being able to 0 0 0 0 0 0 0 0.002*
analyse art plays 1 0 0 0 0 0 0
?n‘import-ant role 2 2(40%) 1(20%) 1(20%) 1 (20%) 0 5 (100%)
I Improving the, 3 0 0 0 4 (50%) 4 (50%) 8 (100%)
clinical observation 0 0 2(10.5%) 3(158%) 14(73.7%) 19 (100%)

skills of medical
students”

?Fisher Freeman Halton Test

S-point Likert scale (0: Strongly Disagree; 1: Disagree 2: Undecided 3: Agree 4: Strongly Agree

'l have learnt that anatomy is not just a lesson, it is in
every aspect of our lives. Without art, there would be
great deficiencies in the most important part of med-
ical science today. The pioneer in the development of
anatomy is its intertwining with art'. The flow of the
lecture was excellent. We realised once again that
anatomy and art are intertwined. It was very important
to understand and grasp anatomy through drawings. It
was a fun and educational lesson.' To be a good doctor,
it is imperative to know the science of anatomy, and
artistic anatomy has multiplied this importance. With
this lecture I saw the wonderful combination of
anatomy and art and it increased my interest in art.

It was determined that there was a statistical dif-
ference between the answers given to the question ‘I
chose the lecture voluntarily’ and the answers given
to the question ‘anatomy knowledge is essential for

good and accurate human works’ (P<0.001). The rate
of those who agreed with the question ‘knowledge of
anatomy is essential for human works with good and
accurate measurements’ was higher in the group of
those who agreed with the question ‘I chose the
anatomy lecture voluntarily’. The rate of those who
strongly agree with the question ‘knowledge of
anatomy is essential for good and accurate human
works’ is higher in the group of those who strongly
agree with the question ‘I chose the anatomy lecture
voluntarily’ (Table 1). When the answers given to the
question ‘I chose the lecture voluntarily’ were com-
pared with the answers given to the other questions in
the questionnaire, it was determined that there was no
difference between the answers (P>0.05).

It was found that there was a difference between
the responses to the question 'This lecture improved

Table 4. Relationship between drawing anatomical structures and understanding superficial and

topographic anatomy

“It is a great privilege to be able to draw anatomical structures
correctly while studying to become a doctor”

0 1 2 3 4 Total P value
“The anatomical structures 0 0 0 0 0 0 0 0.016%
that give aesthetic and shape to
the external structure of the 1 1(100%) 0 0 0 0 1 (100%)
body, the contours formed by 0 o 0 0
these structures under the skin 2 0 0 1G3.3%) 133.3%) 1(33.3%) 3 (100%)
and the organs that give a 3 0 0 2222%) 1(11.1%) 6 (66.6%) 9 (100%)
perspective view to the 4 0 0 0 3(15.8%) 16 (84.2%) 19 (100%)

superficial structure of the
body contribute to my
understanding of superficial
and topographic anatomy”

*Fisher Freeman Halton Test

S-point Likert scale (0: Strongly Disagree; 1: Disagree 2: Undecided 3: Agree 4: Strongly Agree)

1135



Eur Res J. 2025;11(6):1132-1139

Karaca Bozdag and Candir Giirses

Table 5. Relationship between drawing anatomical structures and professional development

“] think it is a great privilege to draw anatomical structures correctly
during my training to become a doctor”

0 1 2 3 4 Total Pvalue

“I think the 0 0 0 0 0 1 (100%) 1 (100%) 0.001°
i‘;‘é’}ﬁf‘;?‘;ﬁy 1 1(50%) 0 0 0 1 (50%) 2 (100%)
developmentin 2 0 0  3(100%) 0 0 3 (100%)
;erro‘}‘:s;’ifo‘l‘l‘,,y 3 0 0 0 2 (50%) 2 (50%) 47 (100%)
4 0 0 0 3(13.6%) 19 (86.4%) 22 (100%)

2Fisher Freeman Halton Test

5-point Likert scale (0: Strongly Disagree; 1: Disagree 2: Undecided 3: Agree 4: Strongly Agree)

my observation skills' and the responses to the ques-
tion 'Being able to analyse art plays an important role
in improving medical students' clinical observation
skills' (P<0.001). The proportion of those who agreed
with the statement 'Being able to analyse art plays an
important role in improving the clinical observation
skills of medical students' was higher in the group of
those who agreed with the statement 'This lecture im-
proved my observation skills'. The proportion of those
who strongly agreed with the statement 'Being able to
analyse art plays an important role in developing med-
ical students' clinical observation skills' was higher in
the group who agreed with the statement 'This lecture
improved my observation skills'. The proportion of
students who strongly agreed with the statement "This
lecture has improved my observational skills' was
higher in the group. In summary, students who believe
that art analysis plays an important role in improving

medical students' clinical observation skills also be-
lieve that the lecture has improved their observational
skills (Table 2).

It was determined that there was a difference be-
tween the answers given to the question ‘This lecture
improved my clinical observation skills.” and the an-
swers given to the question ‘Being able to analyse art
plays an important role in improving the clinical ob-
servation skills of medical students’ (P=0.002). The
rate of those who answered ‘I am undecided’ to the
question ‘Being able to analyse art plays an important
role in improving the clinical observation skills of
medical students’ is higher in the group of those who
strongly disagree with the question ‘This lecture im-
proved my clinical observation skills’ (Table 3).

There was a statistically significant relationship
between the question ‘It is a great privilege to be able
to draw anatomical structures correctly while studying

Table 6. Statistical relationship between representing the human body through art and

professional development

“It is a great experience to represent the human body

through art”

0 1 2 3 4 Total P value
“[ think the 0 0 0 0 0 1 (100%) 1 (100%) 0.004*
bject
ehl fi):l;:;y 1 1(50%) 0  1(50%) 0 0 2 (100%)
development in 2 0 0 1(333%) 2(66.7%) 0 3 (100%)
terms of my 3 0 0 0 2 (50%) 2 (50%) 4 (100%)
profession
4 0 0 1(45%) 3(13.6%) 18 (81.8%) 22 (100%)

*Fisher Freeman Halton Test

S5-point Likert scale (0: Strongly Disagree; 1: Disagree 2: Undecided 3: Agree 4: Strongly Agree)
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to become a doctor.” and the question ‘The anatomical
structures that give aesthetic and shape to the external
structure of the body, the contours formed by these
structures under the skin and the organs that give a
perspective view to the superficial structure of the
body contribute to my understanding of superficial and
topographic anatomy’ (P=0.016). Students who think
that the body's external and superficial structures con-
tribute to understanding anatomy also think it is a priv-
ilege to draw them correctly during medical training
(Table 4).

There was a difference in responses to two ques-
tions: 'l think it is a great privilege to draw anatomical
structures correctly during my training to become a
doctor' and 'l think the subjects are useful for my de-
velopment in terms of my profession' (P=0.001). Stu-
dents who think the subjects are useful for their
profession consider it a privilege to draw anatomical
structures correctly while studying to become a doctor
(Table 5).

The answers to the questions 'It is a great experi-
ence to represent the human body through art' and 'l
think the subjects are useful for my development in
terms of my profession' differed (P=0.04). Students
who think that the subjects are useful for their devel-
opment in terms of their profession think that it is a
great experience to represent the human body through
art (Table 6).

DISCUSSION

Artistic anatomy is an educational approach in which
the anatomical structures of the human body are ad-
dressed from both a scientific and artistic perspective.
These lectures are usually located at the intersection
of art and medicine disciplines and aim to provide stu-
dents with a deeper understanding of anatomical
knowledge through artistic methods [10].

While artists learn anatomy to accurately represent
body structures, medical students can use this ap-
proach as a method that enriches their learning
process. Artistic anatomy lectures use drawing, sculp-
ture, and other visual art techniques to understand the
shape, volume, and movements of the body [11, 12].
In our study, it was observed that the artistic anatomy
lecture made significant contributions in different
areas such as visual memory, observational skills, and

interdisciplinary thinking of medical students.

Visual Learning and Memory

Our study showed that the Artistic Anatomy lec-
ture improved students' visual memory and analytical
skills. In particular, 87.5% of students reported that
their observation skills had improved as a result of the
lecture. The importance of visual memory in medical
education is widely discussed in the literature. For in-
stance, previous research has emphasized the signifi-
cance of visual memory, particularly in grasping topics
that rely on visual elements such as surface anatomy.
The findings indicate that when students engage in a
learning process centered on visual memory during
anatomy lectures, they retain the information more ef-
fectively [9]. Similarly, Tyler and Likova found that
arts-based teaching strengthens visual memory and
helps students to better remember what they have
learned. The results of our study are consistent with
these findings in the literature, confirming that art is
an effective way to visualise knowledge in the medical
education process. Therefore, the fact that students in
our study reported that they strengthened their visual
memory by taking this lecture supports previous re-
search that art provides memory retention in the edu-
cational process [13].

Contribution to Observation and Analytical Thinking

Another important finding of our study was that
the artistic anatomy lecture reinforced students' obser-
vation and analytical thinking skills. Students reported
that the lecture increased their clinical observation
skills 81.3% and helped them understand the connec-
tion between art and anatomy 90.6%. The effect of art-
based education on observation skills has long been
discussed in the literature. Mehta and Agius [14] re-
vealed that observation through art improves students'
clinical skills and enables them to pay more attention
to details. They reported that art strengthens analytical
thinking skills in students and allows them to achieve
more successful results, especially in areas that require
attention, such as patient assessment. In this context,
the fact that the students in our study stated that their
observational skills improved coincides with the find-
ings in the literature that art-based anatomy education
can be beneficial in clinical practice [14]. Another
study found that the arts improved students' skills such
as attention to detail and analytical thinking [6]. The
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proportion of students in our study who reported im-
proved observational skills is consistent with previous
research that arts-based education improves not only
visual memory, but also attention to detail and analyt-
ical thinking skills.

Interdisciplinary Learning and Integration of Art
and Medicine

In our study, 90.6% of the students stated that the
artistic anatomy lecture enabled them to make the link
between art and anatomy and provided an interdisci-
plinary perspective. The contribution of interdiscipli-
nary education to medical education is widely
discussed in the literature. Emara stated that interdis-
ciplinary education provides medical students with in-
formation integrity and contributes to the acquisition
of different perspectives in clinical practice. This helps
students to develop not only anatomical structures, but
also aesthetic elements and analytical skills [15]. In
this context, the results of our study support the inter-
disciplinary contribution of arts-based education to
medical students. Bardes et al. [16] also found that art-
based anatomy lectures not only improve students'
anatomical knowledge, but also enhance their aes-
thetic perspective and support analytical thinking. In
line with these findings, we see in our study that stu-
dents' awareness of art has increased and this aware-
ness, combined with medical knowledge, provides
more comprehensive learning.

Convenience in Clinical Practice and the Role of Art

The usefulness and contribution of art anatomy
lectures to clinical practice was also observed in our
study. Of the students who participated in the study,
81.3% reported that the art anatomy lecture con-
tributed to their clinical observation skills. This find-
ing supports studies in the literature that address the
contribution of art-based education to clinical assess-
ment and observation skills. Weiss and Casazza [17]
found that art-based education helps medical students
to be better equipped in their transition to clinical prac-
tice and improves their observational skills. In this
context, the proportion of students in our study who
reported that the art-based anatomy lecture contributed
to their clinical observation skills is consistent with
the literature highlighting the clinical benefits of inte-
grating art into medical education.

The results of our study demonstrate that art-based

anatomy education enhances medical students' devel-
opment in areas such as visual memory, observation
skills, interdisciplinary thinking, and clinical practice.
These findings, which are also supported by the liter-
ature, suggest that integrating art into medical educa-
tion provides students with a more holistic learning
experience. Previous research has indicated that art
positively influences the development of visual mem-
ory and observation skills, aligning with the results of
our study [9, 13]. Additionally, studies have shown
that art contributes to clinical observation and analyt-
ical thinking skills, supporting the observed improve-
ment in observation skills in our findings [6, 14].
Research has also highlighted that interdisciplinary ed-
ucation fosters information integration and helps stu-
dents gain diverse perspectives; in this regard, the
increased awareness of art observed in our study un-
derscores the benefits of interdisciplinary approaches
[15, 16]. Finally, literature on arts-based education
suggests that it enhances clinical observation skills in
practice, which is consistent with the outcomes of our
study [17].

Limitations

This study was conducted at a single center with
a small, volunteer sample (n = 32). Consequently, se-
lection bias may have been introduced, and because
the data rely solely on self-report, objective perform-
ance measures and long-term follow-up are lacking.

CONCLUSION

Evaluating the results obtained in comparison with the
existing studies in the literature, we can say that art-
based anatomy lectures have positive effects on med-
ical education. We believe that the initial results of our
study can guide anatomy educators on how much
artistic anatomy can be included in medical education.
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ABSTRACT

Objectives: Gastrointestinal bleeding is a common condition in emergency departments and can be fatal if
diagnosis and treatment are delayed. In this study, we aimed to explore the relationship between end-tidal
carbon dioxide (ETCO>) levels and Glasgow Blatchford Score (GBS) and AIMS65 scores, as well as its
impact on assessing morbidity and mortality in patients presenting to the emergency department with gas-
trointestinal bleeding.

Methods: The research involved 103 eligible patients diagnosed with gastrointestinal bleeding. ETCO; meas-
urements were taken on admission and data on hospitalization, GBS/AIMS65 scores, endoscopically detected
active bleeding and 30-day mortality were recorded. Statistical analysis was performed on the collected data.
Results: When ETCO: values obtained from the patients were compared according to hospitalization status,
GBS score, AIMS65 score, presence of endoscopically detected active bleeding and mortality status; ETCO:
levels were significantly lower in patients with active bleeding, those who died, patients with AIMS65 scores
>2, and those with GBS scores >12 (P<0.05).

Conclusions: This study demonstrates that ETCO2 levels are significantly lower in patients with gastrointestinal
bleeding, especially in those with active bleeding, high mortality risk, and elevated GBS or AIMS65 scores. ETCO»
may serve as a rapid and practical marker for assessing hypovolemia and clinical status in emergency settings.
Keywords: Gastrointestinal bleeding, end-tidal capnography, Glasgow Blatchford score, AIMS65 score

astrointestinal (GI) bleeding is a common con- range from 2% to 15% [2]. In most cases, GI bleeding
dition in emergency departments and can lead may resolve spontaneously without the need for endo-
to fatal outcomes if diagnosis and treatment are  scopic intervention, blood transfusion, or surgery.
delayed. Upper GI bleeding represents 5% of emer- Nevertheless, timely intervention is crucial for patients
gency department admissions [1]. Mortality rates with life-threatening bleeding [3]. For this purpose,
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commonly used and validated risk stratification tools,
such as the Glasgow Blatchford Score (GBS) and the
AIMSG6S5 score, are utilized [4, 5].

Capnography is a noninvasive method for measur-
ing the partial pressure of carbon dioxide (CO2)
throughout the respiratory cycle. It offers valuable in-
sights into ventilation (the effectiveness of carbon diox-
ide removal), perfusion (vascular transport of CO»),
and metabolism (CO: production from cellular
processes). The principle behind end-tidal capnography
is to detect carbon dioxide levels in the exhaled breath.
Variations in the end-tidal CO, (ETCO.) waveform
provide physicians with crucial information in various
scenarios, such as evaluating disease severity, assessing
cardiac arrest (quality of chest compressions, return of
spontaneous circulation, correct endotracheal tube
placement, prognosis), guiding procedural sedation,
and predicting critical illness [6-13].

In this study, we sought to explore the relationship
between ETCO: levels and GBS and AIMS65 scores,
and assess their effectiveness in evaluating morbidity
and mortality in patients presenting to the emergency
department with GI bleeding.

METHODS

This study was conducted as a prospective observa-
tional study at Izmir Atatiirk Training and Research
Hospital. The study commenced following the ap-
proval of the ethics committee (dated 12.05.2020, ap-
proval number 702) and was conducted from Ist June
2020 to 31st December 2020. Patients who were ad-
mitted to our emergency department, a tertiary educa-
tion and research hospital, diagnosed with GI
bleeding, and met the inclusion criteria were included
in the study.

Inclusion criteria were patients presenting to the
emergency department with signs of GI bleeding
(blood from the mouth, blood from the rectum, black-
colored stools, vomiting like coffee grounds, fainting),
those who consented to participate in the study, and
patients aged 18 years and older. Exclusion criteria
were patients under 18 years of age, pregnant women,
trauma patients, individuals with respiratory condi-
tions that elevate CO:; levels (such as asthma, COPD,
pneumonia, etc.), patients transferred from other hos-
pitals, those with heart failure, and patients who de-

clined participation in the study.

Upon admission to the emergency department,
ETCO2 measurement was performed with a UTECH
VS2000® capnography device under 2 L/min oxygen
support for approximately 5 minutes using a Mediplus
A202Mx capnomask® mask and recorded on the pre-
pared case form. Demographic data (age, gender),
blood pressure, and pulse rate, comorbid diseases
(liver failure, heart failure), history of syncope, and
the presence of melena on rectal examination were
recorded on the patient’s form. Endoscopy
/colonoscopy results (with/without active bleeding),
international normalized ratio (INR), albumin levels,
and blood urea nitrogen (BUN) levels, and hemoglo-
bin (Hb) values of laboratory parameters were
recorded via the automation system. GBS and
AIMS65 scores were calculated using the obtained

Table 1. Glasgow Blatchford score (GBS)

Admission risk marker

Score component
value

Blood urea (mmol/L)
6.5-8.0
8.0-10.0
10.0-25.0
>25.0
Haemoglobin (g/dL) for men
12.0-12.9
10.0-11.9
<10.0
Haemoglobin (g/dL) for women
10.0-11.9
<10.0 6
Systolic blood pressure (mm Hg)
100-109
90-99
<90
Other markers
Pulse >100/min

Melaena

N B W

[OST

Syncope

Hepatic disease

N NN = =

Cardiac failure
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data (Tables 1 and 2). Patients were grouped as
GBS>12 and GBS<12 according to the GBS score and
AIMS>2 and AIMS<2 according to the AIMS65 score
[14, 15]. Hospitalization status (discharged, admission
to the ward, admission to the intensive care unit) was
recorded. Within 30 days, any death due to GI bleed-
ing was followed up, and 30- day mortality was
recorded.

Sample Size

The sample size was calculated using G Power
3.1.9.6. Since there was no other study similar to ours,
the sample size was determined based on the effect size.
With the effect size established at 0.7, the sample size
was calculated as 45 for each group, totaling 90 total.

Statistical Analysis

The data collected were analyzed using the SPSS
23.0 software package. For demographic variables,
categorical data such as gender were expressed as fre-
quencies and percentages, while other numerical vari-
ables were presented as means and standard
deviations. The normality of continuous variables in
independent groups was assessed using histogram
curves and the ShapiroWilk test. For comparisons be-
tween two independent groups, the Student's t-test was
used for normally distributed data, while the Mann-
Whitney U test was applied for non-normally distrib-
uted data. One-way ANOVA was used to compare
more than two groups, as the data were normally dis-
tributed. A P-value of <0.05 was considered statisti-
cally significant in all tests.

RESULTS

During the study period, a total of 402 patients pre-
sented to the emergency department with symptoms
of gastrointestinal bleeding. Of these, 191 were diag-
nosed with GI bleeding, and 103 patients who met the
inclusion criteria were included in the study. The mean
age of the patients was 67.89+16.55 years, with 51.5%
of the participants being male.

Syncope occurred in 4.9% of the patients. Addi-
tionally, 18.4% had an AIMS65 score >2, and 77.7%
had a Glasgow-Blatchford score (GBS) >12. 32.1% of
our patients were hospitalized in the intensive care unit
(ICU), while 42.7% were admitted to the general

Table 2. AIMS65 Score

Variable Score
Albumin level <3.0 mg/dL 1
INR >1.5 1
Altered mental status 1
Systolic blood pressure <90 mm Hg 1
Age >65 years 1

INR=international normalized rate

ward. The mortality rate was 18.4% (Table 3). When
comparing the ETCO. values obtained from patients
based on hospitalization status, GBS score, AIMS65
score, presence of actively bleeding detected endo-
scopically, and mortality status, it was found that
ETCO: values were statistically significantly lower in
patients with active bleeding, deceased patients, pa-
tients with AIMS65 >2, and patients with GBS >12
(P<0.05) (Table 4).

Table 3. Demographic characteristics of
patients and distribution of variables

Variable Data
Age (years) 67.89+16.55
Gender Male 53 (51.5)
Female 50 (48.5)
Syncope Yes 5(4.9)
No 98 (95.1)
Melena Yes 59 (57.3)
No 44 (42.7)
Active bleeding Yes 52 (49.5)
No 51 (50.5)
AIMS65 <2 91 (81.6)
>2 12 (18.4)
GBS <12 23 (22.3)
>12 80 (77.7)
Hospitalization ICU 33 (32.1)
Ward 44 (42.7)
Discharged 26 (25.2)
Mortality Yes 19 (18.4)
No 84 (81.6)

Data are shown as meantstandard deviation or n (%).
GBS=Glasgow Blatchford score, ICU=Intensive care unit
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Table 4. Relationship of ETCO2 value with AIMS65, GBS and patient outcomes

Variable ETCO2 P value

Active bleeding Yes 23.34+5.40 0.031*
No 26.01+6.80

AIMS65 AIMS<2 25.08+6.11 0.026*
AIMS>2 21.48+6.91

GBS GBS<12 28.44+5.95 0.001*
GBS>12 23.58+5.97

Hospitalization ICU 224+23+6.02 0.481%**
Ward 24.91+5.99
Discharged 27.32+6.12

Mortality Exitus 20 (15.70-23.40) 0.002%**
Survivor 26.10 (20.70-29.58)

Data are shown as meantstandard deviation or median (IQR:25-75). ETCO2=end-tidal carbon dioxide, GBS=Glasgow

Blatchford score, ICU=Intensive care unit.

*Student T test, **Mann whitney U test, ***One way ANOVA

DISCUSSION

Gastrointestinal bleeding is an important clinical pic-
ture because it is frequently encountered as a reason
for presentation to the emergency department, associ-
ated mortality, high cost of diagnosis and treatment,
and may require hospitalization and subsequent inten-
sive care follow-up. Predicting the severity of the dis-
ease and mortality is important in the approach to the
emergency unit [3]. Previous studies have established
ETCO: as an effective predictor of critical illness and
mortality. Ladde et al. [16] assessed the utility of
ETCO: in emergency department triage, finding mean
levels of 33 mmHg (range 32-34) in survivors and 22
mmHg (range 18-26) in deceased patients [16]. They
also highlighted ETCO: as a valuable indicator in pa-
tients requiring intensive care unit admission. In con-
trast, our study specifically focused on patients
presenting to the emergency department with gastroin-
testinal bleeding. Among studies evaluating ETCO: in
hemorrhagic conditions, Guzman et al. [17] demon-
strated its effectiveness in detecting supply depend-
ency, noting rapid increases in ETCO: correlating with
changes in oxygen consumption during resuscitation
in experimentally induced hemorrhagic shock in dogs.
Similarly, Okamoto et al. [18] investigated ETCO's
relationship with circulation and respiration in canine

models, showing ETCO: elevation alongside increases
in blood flow, cardiac output, and hemoglobin concen-
tration, influencing CO; elimination rates. Belenky et
al. [19] reported that ETCO: levels below 20mm Hg
predict hemorrhagic shock severity, decreasing further
with shock progression in animal models. These ex-
perimental studies underscore the impact of blood vol-
ume reduction on ETCOz levels via CO: transfer
dynamics influenced by blood flow, hemoglobin, and
cardiac output. In human studies, Bulger et al. [20]
noted lower ETCO: levels (26.5 mmHg vs. 32.5
mmHg) in trauma patients with hemorrhagic shock
compared to those without, emphasizing its potential
as an indicator for hemorrhagic shock. Wilson et al.
[21] identified a threshold ETCO; value of 35 mmHg
for predicting hemorrhagic shock and massive trans-
fusion need in trauma patients. In the study by O'Con-
nor et al. [22], were evaluated 56 patients admitted to
the emergency department with GI bleeding. The
mean ETCO; value was measured as 30.52+5.30
mmHg in the group with bleeding and 37.43+4.11
mmHg in the group without bleeding and ETCO:
value was found to be significantly lower in patients
with bleeding [22]. Similarly, our measurements in GI
bleeding patients showed ETCO: levels of 26.01+6.85
mmHg in those without active bleeding versus
23.34+5.40 mmHg in those with active bleeding, con-
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firming ETCOx's predictive value in identifying bleed-
ing events. ETCO, measurement reflects CO. produc-
tion in tissues transported to the lungs via blood,
decreased blood volume in GI bleeding impairs oxy-
gen delivery to tissues, reducing CO. production and
excretion via respiration, thereby lowering ETCO: lev-
els. Additionally, ventilation perfusion mismatch due
to impaired lung perfusion further contributes to
ETCO: reduction. Thus, ETCO: serves as an early in-
dicator of hypovolemia in GI bleeding patients, detect-
ing tissue-level hemorrhage effects. These findings
underscore ETCOx's utility as a marker for assessing
hypovolemia severity in GI bleeding.

The GBS is a scoring system used to assess the
severity of bleeding in patients with gastrointestinal
bleeding and to predict which patients can be safely
discharged from the emergency department and which
require emergency endoscopy. Gongalves et al. [23].
reported that GBS can predict the need for blood trans-
fusion in patients with GI bleeding. Chaudhary et al.
[14], in a study evaluating endoscopy time in patients
with GI bleeding, reported that patients with GBS >12
should be urgently taken to endoscopy and even severe
bleeding should be suspected in these patients. In our
study, we found that the ETCO: value obtained from
patients with GBS >12 (23.58+5.97 mmHg) was sta-
tistically significantly lower than the ETCOz value ob-
tained from patients with GBS <12 (28.44+5.95
mmHg). These findings indicate that low levels of
ETCO:z in patients with GBS >12 are a marker of se-
vere bleeding. ETCO: level is a value that can be ob-
tained quickly and noninvasively. However, GBS is a
challenging condition to evaluate in the emergency de-
partment due to the time required to obtain laboratory
results for the necessary parameters, the difficulty in
distinguishing melena, especially in patients using iron
medication, and the inability of patients and anxious
relatives to fully describe the syncope condition.
Therefore, we believe that in patients with GI bleed-
ing, ETCO: levels provide more practical and rapid
results compared to the GBS, allowing us to assess the
presence and severity of bleeding in the emergency
department.

Another scoring system considered in our study is
the AIMS65 score [5]. A statistically significant dif-
ference in ETCO. values was observed between the
groups of patients classified based on the AIMS65

score. When evaluated from this perspective, we see
that the ETCO: value of patients with an AIMS65
score >2 is lower than that of patients with an AIMS65
<2. This score is a system used to predict the risk of
mortality in patients with gastrointestinal bleeding. An
AIMSG65 score of >2 is associated with a high mortal-
ity risk [5, 15]. However, specific laboratory tests such
as albumin, which are not routinely examined in emer-
gency departments, are required for the calculation of
the AIMS65 score. The low ETCOz value in patients
with an AIMS65 score >2, which is considered to be
at high risk for mortality, indicates that ETCO. can
also be used to predict the risk of mortality. Further-
more, when assessed in relation to mortality, we found
a statistically significant difference between the
ETCO: values of deceased patients (20 mmHg) and
surviving patients (26.10 mmHg). We can conclude
that ETCOx is a good predictor of survival. Supporting
our thesis, Campion et al. [24] reported that trauma
patients in hemorrhagic shock with a pre-hospital
measured ETCO: value of 18 mmHg resulted in pa-
tient mortality, while those with a value of 33 mmHg
survived.

In our study, 51.5% of the 103 patients were male.
Research has demonstrated that gastrointestinal bleed-
ing is more prevalent in men than in women [25, 26].
The mean age of the patients in our study was
67.89+£16.55 years, which is consistent with the aver-
age age reported in the literature [22, 25]. The patient
population in our study aligns with findings in existing
studies.

Limitations

This study was conducted as a single-center
prospective observational study with a limited sample
size, which may restrict the generalizability of the
findings. Moreover, ETCO. measurements were ob-
tained only at the time of admission, and changes over
the course of follow-up were not evaluated. ETCO;
levels may be influenced by various factors, particu-
larly patient-related conditions such as altered mental
status, anxiety in confined spaces, and poor compli-
ance with the capnography device, all of which may
affect the accuracy of the measurements. Furthermore,
the 30-day mortality follow-up relied solely on hospi-
tal records, and deaths occurring after discharge may
not have been captured.
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CONCLUSION

This study shows that ETCO: levels in patients admit-
ted to the emergency department for gastrointestinal
bleeding are significantly lower in cases of active
bleeding, increased mortality risk, GBS >12, and
AIMSG65 >2. These findings suggest that ETCO: could
serve as a valuable marker for detecting hypovolemia
and evaluating the patient's clinical condition. Addi-
tionally, compared to GBS and AIMS65 scores,
ETCO: appears to be a faster, more practical, and ap-
plicable value in the emergency department. This re-
sult suggests that ETCO. may offer greater advantages
in predicting the presence of bleeding, its severity, and
the need for transfusion, compared to the GBS and
AIMS65 scores. Our study has demonstrated the po-
tential advantages of ETCO: in the evaluation of gas-
trointestinal tract bleeding, which is critical for rapid
and effective intervention in the emergency depart-
ment setting. Future studies involving larger patient
populations and diverse clinical scenarios will provide
a deeper understanding of how these findings can be
applied in clinical practice.
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Investigation of the protective role of fisetin against
doxorubicin-induced liver injury in rats
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ABSTRACT

Objectives: The aim of the present research was to histopathologically investigate the potentially advantageous
effects of the flavonoid fisetin on liver damage induced by the chemotherapeutic drug doxorubicin (DOX) in rats.
Methods: Thirty-five Wistar albino female rats were randomized in five as Control, dimethyl sulfoxide
(DMSO, solvent), fisetin (50 mg/kg/day; 7 days i.p.), DOX (single dose, 10 mg/kg; i.p.) and DOX+fisetin (10
mg/kg DOX+50 mg/kg/day fisetin for 7 days). Livers were harvested, fixed in 10% formalin, and processed
for histopathology by hematoxylin-eosin staining. Central to these analyses of damage parameters for inflam-
mation, sinusoidal dilatation, and hepatocyte injury were examined histopathologically.

Results: The DOX group had severe hepatocyte degeneration, inflammation, and sinusoidal dilatation. In con-
trast, the DOX+fisetin group expressed mild sinusoidal dilatation and insignificant inflammatory change. In
this context, statistical significance was found between the DOX group and the DOX+fisetin group in terms
of hepatocyte degeneration and inflammation (P<0.01), and sinusoidal dilatation (P=0.038). However, no sig-
nificant differences were observed in between the Control, fisetin, and DMSO groups (P=1.000).
Conclusions: Fisetin conferred substantial histological protection from DOX-induced liver injury in rats. The
amelioration may have resulted from the fisetin's antioxidant, anti-inflammatory, and perhaps membrane-sta-
bilizing effects, thus proving its potential as a hepatoprotective agent.

Keywords: Doxorubicin, fisetin, histopathology, liver, rat

oxorubicin (DOX), one of the first two an-
@thracyclines to be recovered from Strepto-

myces peucetius, was first discovered during
the 1960s [1]. It is a typical chemotherapeutic antibi-
otic that is effective in the therapy of various cancers,
for example, breast cancer, leukemia, bronchogenic
carcinoma, stomach carcinoma, sarcomas, thyroid car-
cinomas, and hematologic malignancies [2]. Although
DOX has powerful antitumor activities, it is signifi-

cant toxicity in non-malignant cells and therefore re-
stricting its clinical utility [3]. The drug is metabolized
by hepatic microsomal enzymes and cytoplasmic re-
ductases, leading to the accumulation of toxic and im-
munogenic intermediates that contribute to liver injury
[4]. Emerging research demonstrates that DOX-caused
toxicity is due to several mechanisms that are largely
diverse according to the cell type. In tumor cells, DOX
mainly triggers DNA damage that leads to the suppres-
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sion of proliferation [5], in non-malignant cells, it pro-
motes oxidative stress and disrupts mitochondrial
function through the accumulation of reactive oxygen
species (ROS) [6]. Additionally, DOX has been shown
to exacerbate oxidative stress by suppressing specific
transcription factors [7]. This disruption of redox
homeostasis by DOX has been documented in several
organs, including the heart [8], kidneys [9], and liver
[10, 11].

The liver bears the major role in detoxification
through its ability to convert lipophiles into more
aqueous compounds that can be easily removed from
the body via urine [12]. Drug-induced hepatotoxicity
or drug-induced liver injury (DILI) is an acute or
chronic reaction to a natural or synthetic chemical
[13]. Histopathological evaluation of liver tissue from
animal models treated with DOX has revealed signif-
icant structural alterations. Studies have documented
various hepatic abnormalities, including bile duct hy-
perplasia, sinusoidal dilation, and central vein conges-
tion [14]. Other findings include hepatocyte
vacuolation, nuclear condensation, degeneration of he-
patic cords [15], cellular edema, focal necrosis, and
disrupted hepatic trabecular organization [16]. Further
observations encompass biliary duct proliferation,
parenchymal necrosis [17], increased intercellular
spaces, mitochondrial vacuolization and swelling [18],
as well as lymphocyte infiltration [19]. These different
findings reflect the extensive hepatic damage caused
by DOX, with both degenerative and inflammatory
liver histoarchitectural changes.

Fisetin (3,3',4',7-tetrahydroxyflavone) is a bioac-
tive flavonoid found in numerous fruits and vegeta-
bles, such as strawberries, apples, grapes, onions, and
cucumbers [20]. Fisetin demonstrates a wide range of
pharmacological properties, including potent antioxi-
dant [21], anti-inflammatory, anti-mitotic, and anti-
cancer effects. Naturally found flavonoid fisetin has
the potential to scavenge free radicals, control the sig-
nal pathways of cell proliferation [22], as well as sup-
press inflammatory mediators. Remarkably, the
anticancer activity of fisetin was noticed to result
through various mechanisms involving cell cycle ar-
rest, apoptosis induction [23], as well as inhibition of
the signal transduction pathway involving metastasis
the spread of cancer cells from the place where they
first formed to another part of the body [24, 25].
Fisetin demonstrates a favorable safety profile based

on preclinical toxicity assessments. Acute toxicity
studies employing animal models reported no adverse
effects, with no observed changes in body weight or
clinical signs of toxicity such as gastrointestinal dis-
turbances (e.g., diarrhea), neurological symptoms
(e.g., restlessness or coma), respiratory dysfunction,
as well as motor abnormality. These findings suggest
a wide therapeutic window for fisetin administration
[26]. Histopathological studies revealed no detrimen-
tal effects in the heart, lungs, kidneys, liver, stomach,
intestines, spleen, or reproductive organs [27-30].
DOX, although highly effective in fighting cancer, is
a major cause of liver damage that is produced because
of oxidative stress and inflammation. While a few pro-
tective drug studies have undertaken work on finding
ways to restore tissue damage following the use of
drug therapy. Despite rising interest in the therapeutic
prospects of natural flavonoids, relatively little inves-
tigation has specifically addressed the histological ef-
fect of fisetin when used in the context of DOX
elicited liver injury. Most current studies concentrate
on the biochemical and antioxidant activities of the
fisetin, with insufficient attention to its ability to pre-
serve tissue arrangement at the tissue level. Also, DOX
is widely known to generate intense hepatotoxicity
through mechanisms involving oxidative stress, in-
flammation, and mitochondrial injury. However, the
histological impact of potential protective compounds
like fisetin remains a largely untapped area of re-
search. Bridging this gap holds significant promise for
understanding the structural and functional recovery
of hepatic tissue following chemotherapeutic therapy.
While there is a growing recognition of natural
flavonoids as powerful therapeutic agents, the research
on the role of fisetin as the main agent in the restora-
tion of liver tissue structure after the injury caused by
DOX is poorly defined. Different scientific papers em-
phasize fisetin's antioxidant and anti-inflammatory ef-
fects, but few address its capacity to preserve
histological integrity and reserve liver tissue architec-
ture intactness after DOX-induced stress. The study
aims to fill that gap by investigating the potential of
fisetin to maintain the integrity of liver tissue structure
in rats that have been given DOX. Thus, the current
study aims to investigate the histologic protective ac-
tivity of fisetin against DOX-induced liver injury in
rats. In this context, it was concentrated on histopatho-
logical changes to reveal more about the role of fisetin
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in mitigating liver damage caused by chemotherapy,
which is an important part of the process of enhancing
the patient's condition.

METHODS

Experimental Design

All experimental procedures carried out in our
study were approved by the Bolu Abant izzet Baysal
University (BAIBU) Animal Experiments Local
Ethics Committee with the decision numbered
2025/24 and dated 16/04/2025. Following the ethics
committee approval, 35 adults female Wistar albino
rats weighing 200-250 grams were obtained from the
BAIBU Experimental Animals Application and Re-
search Center. The animals were maintained in an en-
vironment with a stable temperature (24+2°C) and
humidity (55£15%) at the BAIBU Experimental Ani-
mal Application and Research Center until the com-
mencement of the investigation and throughout its
duration. The rats were granted unrestricted access to
regular pellet food and tap water prior to the experi-
ment. In our study, 35 female rats were used. The sub-
jects were randomly divided into 5 groups, and the
experimental procedure was started. The groups and
the procedures to be applied are given below in order:

-Control group: 1 ml/kg saline was given in-
traperitoneally (i.p.) for 7 days.

-Fisetin group: 50 mg/kg fisetin dissolved in
0.1% Dimethyl sulfoxide (DMSO) [31] was injected
1.p. for 7 days [32].

-DOX group: 10 mg/kg single dose of DOX [33]
was given as 1.p., and rats were sacrificed after 7 days.

-DOXH+Fisetin group: 10 mg/kg was given as a
single dose of DOX i.p. and 50 mg/kg fisetin was in-
jected as i.p. for 7 days.

-DMSO (solvent) group): 1 ml/kg 0.1% DMSO
was administered i.p. for 7 days.

Histopathological Evaluation

At the end of the experimental period, the rats
were anesthetized by injecting a 5/1 mixture of keta-
mine (50 mg/kg)/xylazine (10 mg/kg) i.p. and their
liver tissues were removed. The tissues were fixed in
10% buffered neutral formalin solution for two weeks
for histopathological evaluation and then embedded in
paraffin blocks with routine histological follow-up

(consisting of alcohol, xylene and paraffin series).
From the obtained paraffin blocks, 4 um thick sections
were taken using a systematic random sampling
method for histological procedures using a Thermo
Shandon Finesse ME microtome device (Thermo
Fisher Scientific, Cheshire, UK) and stained with
Hematoxylin-eosin staining. Histopathological evalu-
ation was performed using a Carl Zeiss Axiocam ERc5
model digital camera-attached microscope from the
sections, and 5 different areas representing the relevant
area were determined for each section taken from each
animal by systematic random sampling in the relevant
liver tissue, and parameters such as inflammation, he-
patocyte damage, and sinusoidal dilatation were taken
into consideration and evaluated under a light micro-
scope. These morphological parameters were scored
semi quantitatively between 0 and 3. If there was no
change, the score was 0, if there was mild damage, the
score was 1, if there was moderate damage, the score
was 2, and if there was severe damage, the score was
3 [34]. All sampled were coded for the sake of all
analyses would be done blindly.

Statistical Analysis

SPSS version 21.0 analysis program was used in
the statistical analysis of the numerical data belonging
to the groups obtained from our study. The conformity
of the data to the normal distribution assumption was
evaluated with the Shapiro-Wilk test. In comparing
continuous variables specified by measurement, data
conforming to normal distribution were evaluated
using One-Way ANOVA and Bonferroni tests as post-
hoc tests. In the statistical evaluations, the difference
was accepted to be statistically significant when
P<0.05.

RESULTS

In the study, histopathological analysis was performed
on sections stained with hematoxylin-eosin. When the
groups were evaluated, it was seen that there was no
histological difference between the control, fisetin and
DMSO groups. In the relevant groups, the liver tissue
contained euchromatic (Normal, uncondensed chro-
matin pattern), centrally located, and polygonal hepa-
tocytes with regular cell borders around the central
vein located in the center of the lobule, which had a
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Fig. 1. The micrograph shows histological images of all groups. (a) Panaromic view of the liver. (b) Control group, (c) Fisetin
group, (d) DMSO group, (¢) DOX group, (f) DOX+fisetin group. Arrowhead; healthy hepatocyte, thin arrow; damaged he-
patocyte, thick arrow; inflammation, (*); dilated sinusoid, Cv; central vein, s; sinusoid. (b), (¢), and (d) were in normal mor-
phology. (f) indicated that fisetin may minimize the detrimental effects of DOX (e). Hematoxylin-eosin staining x40.

small amount of stroma showing normal morphology
cell cords extending radially from there and sinusoids
(Vascular channels between hepatocyte cords) be-
tween these cords. The portal area, which includes the
hepatic artery, portal vein, and bile duct, called the

portal triad at the corners of the hepatic lobule, ap-
peared healthy. In the DOX group, sinusoidal dilata-
tion, inflammation, and degeneration-related shape
changes in hepatocytes in different parts of the
parenchyma were remarkable. In addition, a morpho-
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logical appearance similar to the control group was ob-
served in the DOX+fisetin group, except for mild si-
nusoidal dilatation. No infiltration or congestion
findings were observed in the relevant group (Fig. 1).
When all these findings were evaluated in light of this;
no statistically significant difference was observed be-
tween the control, fisetin and DMSO groups
(P=1.000), while a statistical significance was found
between these groups and the DOX and DOX+Fisetin
groups (P<0.01). In addition, the significance between
DOX and DOX+Fisetin groups was found to be at
P<0.01(Hepatocyte damage, inflammation) (Figs. 2a
and c, respectively) and P=0.038 (sinusoidal dilata-
tion) (Fig. 2b) levels.

DISCUSSION

Liver is the main organ that detoxes the detoxification
of chemicals, excretion of waste in bile and perform-
ing various vital functions like synthesis, storage and
redistribution of carbohydrates, lipids and proteins
[35]. Like many chemotherapeutic agents, DOX is
metabolized in the liver and after that it is excreted in
bile. In case the liver is not functioning properly, the
elimination of DOX becomes slower and delayed, and
it starts to accumulate in the body which in turn leads
to adverse effects on the other tissues by increased sys-
temic toxicity. DOX is extensively metabolized by the
liver to its major metabolite, doxorubicinol, along with
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Fig. 2. Graph indicates the hepatocyte damage (a), sinusoidal dilatation (b) and inflammation (¢) parameters belonging to
all groups. Statistically significant differences at P<0.01 are shown by (**), while significant differences at P<0.05 are demon-
strated by (¥). The data obtained in the relevant graph show that DOX caused adverse effects on the liver, while fisetin min-

imized these effects.
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several cytotoxic aglycone metabolites [36, 37]. For
these drugs to be metabolized, they must first pass
through the hepatic sinusoidal endothelium to enter
the space of Disse and gain access to the hepatocytes
[38]. Hence, understanding the mechanisms of hepatic
drug clearance and how DOX induces liver toxicity
liver toxicity is critical for developing new therapeutic
drugs that can reduce these toxic effects. This under-
scores the urgent need for therapeutic agents that can
mitigate such liver damage without compromising
DOX's antitumor efficacy.

Multiple studies have documented the histological
consequences of DOX-induced liver toxicity. They in-
dicate that DOX cause expanded perisinusoidal
spaces, edematous, containing material of damaged
hepatocyte cytoplasm, and connective tissue prolifer-
ation and apoptosis [10, 11, 39]. Similarly, a study on
male rats by El-Sayyad et al. [40], the most notable
histological deficiencies in rats treated with doxoru-
bicin at a dose of 1 mg/kg body weight on alternate
days for 20 days included dissolution of hepatic cords
appearing as hollow vacuoles organized by lines of
necrotic hepatocytes. Focal inflammatory cells or
necrotic tissues were observed in hepatic tissues. A
higher tendency for liver fibrosis, characterized by
multiple foci of focal cellular granulomatous lesions,
was also a feature of DOX-treated rats. Our current
findings corroborate these results in which DOX-in-
duced hepatic toxicity was evidenced in the current
histopathological investigation by the DOX group ex-
hibited a liver that was severely damaged along with
the signs of sinusoidal dilatation, hepatocyte arrange-
ment that was disrupted, cellular degeneration, and in-
flammation. Another histopathology analysis of liver
showed disintegration of histological architecture,
there was excessive degeneration and dissolution of
hepatic cords, focal inflammation and necrotic areas
and increased apoptosis, vacuolations of hepatocytes
with round to oval and elliptical shaped nuclei and si-
nusoidal dilatation, hemorrhage and congested portal
vein and mononuclear cells infiltration in rats given
intraperitoneally 10 mg/kg DOX [41]. Mansouri et al.
[17] showed that the animals receiving DOX revealed
mild to moderate pathological changes in the liver tis-
sue such as degeneration of hepatocyte cords, dilata-
tion of sinusoids, vacuolation of hepatocytes and
condensation of nuclei which confirmed by our data.

Furthermore, DOX administration altered hepatic
biochemical composition, resulted in a significant re-
duction in the levels of glycogen and nucleic acids and
a significant rise in the quantity of lipids and proteins
in the liver [42]. Other models, such as DOX-induced
nonalcoholic steatohepatitis, revealed similar patterns
of periportal necrosis and fatty degeneration, reinforc-
ing the hepatotoxicity of DOX [43].

In the present study, histopathological evaluation
of the hematoxylin-eosin-stained liver sections ob-
served that there were no statistically significant dif-
ferences among the control, fisetin, and DMSO groups
(P>0.05). Related groups were all free of structural
liver anomalies and they had normal liver histology
that comprised of euchromatic hepatocytes with a cen-
tral nucleus, sinusoidal structures without any damage,
and healthy portal triads. Significant differences were
observed between these groups and both the DOX and
DOX+fisetin groups (P<0.01). Fisetin demonstrates
notable hepatoprotective properties by preserving liver
tissue structure and supporting normal hepatic func-
tion. Its antioxidant and anti-inflammatory actions
contribute to reducing cellular stress and preventing
liver damage under various pathological conditions.

Fisetin has been shown to exert multiple beneficial
effects on liver metabolism and structure. One study
reported that fisetin disrupts hepatic mitochondrial en-
ergy metabolism by inhibiting oxidative phosphoryla-
tion, reducing the mitochondrial NADH/NAD" redox
ratio, suppressing ketogenesis, and enhancing oleate
oxidation indicating a shift toward a more oxidized
mitochondrial state and a predominantly prooxidant
effect on liver mitochondria [44]. Additional studies
have demonstrated its protective role in alcoholic liver
disease by accelerating ethanol clearance and reducing
oxidative stress [45]. Furthermore, dietary fisetin has
been found to prevent hepatic steatosis through the
modulation of lipid metabolism genes and miR-378
expression in mice [46]. A review showed that fisetin's
had protective mechanisms in organ systems treated
with chemotherapy, including modulation of oxidative
stress and anti-inflammatory effects. While liver-spe-
cific data is limited, it validates the fisetin’s ability to
reduce DOX-induced toxicity [47]. These findings
support the potential of fisetin as a multifunctional
compound with both regulatory and protective roles
in liver health and consistent with our findings that
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show that fisetin alone group rats exhibited no struc-
tural liver anomalies, maintaining normal hepatic ar-
chitecture with euchromatic hepatocytes featuring
central nuclei, intact sinusoidal structures, and healthy
portal triads, thereby reinforcing fisetin’s hepatopro-
tective potential under toxic conditions.

Our study found that coadministration of fisetin
with DOX significantly improved liver histology com-
pared to the DOX-only group of (P<0.05). Liver ar-
chitecture improved significantly in the DOX+fisetin
group. This preserved lobular structure, sinusoidal di-
latation and inflammation were reduced. Liver archi-
tecture improved significantly compared to the control
group, suggesting significant hepatoprotection with
fisetin. This hepatoprotective efficacy is likely due to
fisetin's well-documented antioxidant and membrane-
stabilizing properties that counteract DOX-induced
oxidative injury. In methotrexate (MTX)-induced he-
patotoxicity, fisetin administration effectively reversed
all these changes, which points toward its hepatopro-
tective potential. Histopathology also indicated that
fisetin diminished MTX-induced hepatocyte necrosis,
fibrosis, and inflammatory infiltration. By inhibiting
oxidative stress, inflammation, and apoptotic path-
ways, fisetin can emerge as a promising drug that leads
to counteract MTX-induced hepatotoxicity [31]. Pre-
vious studies warrant these findings, providing evi-
dence that administration of fisetin significantly
reduces hepatic inflammation, preserves hepatocyte
morphology, and stabilizes cell membranes in chemi-
cal-induced liver injury models [32, 36, 48]. These
findings establish that fisetin enhances MTX-induced
liver injury in rats through multimodal modulation of
biochemical and histological damages markers [31].
Similarly, in thioacetamide-induced hepatic fibrosis,
fisetin reduced the progress of histologic hepatic fi-
broplasia and diminished hepatic expression of o-
smooth muscle actin (a-SMA) and cyclin D1 [49].
These consistent findings across various hepatotoxic-
ity models reinforce fisetin’s protective role in main-
taining hepatic tissue integrity.

Fisetin administration exhibited remarkable he-
patoprotective advantages by considerably lowering
immunohistochemical and biochemical changes well-
documented. DOX-induced oxidative stress in the
liver triggers molecular events that contribute to he-
patotoxicity. Hepatic enzymes metabolize DOX, gen-

erating ROS and reactive metabolites [50]. These
harmful byproducts disrupt critical cellular processes,
including DNA replication, transcription, and protein
synthesis. The resulting DNA damage and impaired
gene expression compromise hepatocyte regeneration,
reducing the liver's ability to repair itself and maintain
normal function [8]. Fisetin scavenges ROS, inhibits
lipid peroxidation, and modulates cellular signaling
pathways involved in inflammation and apoptosis
[36]. Khairani and Ilyas’s [50] review highlights the
protective role of flavonoids, including that of fisetin,
inhibiting DOX-induced oxidative liver injury.
Flavonoids possess hepatoprotection through inhibit-
ing oxidative stress through free radical formation and
lipid peroxidation prevention. Flavonoids also safe-
guard mitochondrial integrity and reduce hepatocyte
apoptosis. According to such mechanisms, flavonoids
are candidate therapeutic drugs that can inhibit DOX-
induced liver injury. Fisetin has been shown in Li et
al. [51] study alleviate liver damage, reduce cell apop-
tosis, and minimize oxidative stress caused by hepatic
ischemia-reperfusion injury, primarily through activa-
tion of the Nrf2/HO-1 signaling pathway. Fisetin pro-
tects against acetaminophen (APAP)-induced liver
damage in mice and attenuates APAP-induced cyto-
toxicity in L-02 cells by promoting autophagy and in-
hibiting inflammasome activation [52]. A study
investigating the protective effects of fisetin against
subacute and chronic co-exposure to arsenic and flu-
oride in mice revealed that oxidative stress and arsenic
burden in essential organs, including the liver, kidneys,
and heart, were dose-dependently reduced by treat-
ment with fisetin. These findings led to the conclusion
that antioxidant activity and arsenic burden reduction
by fisetin are responsible for its protective effect [53].

Strengths and Limitations

The present study has several strengths, including
the use of a randomized controlled animal model,
blinded histopathological evaluation, and comprehen-
sive semi-quantitative scoring, which enhance the va-
lidity of our findings. Furthermore, the originality of
investigating fisetin in DOX-induced hepatotoxicity
highlights its translational potential. Nevertheless,
some limitations should be acknowledged. It primarily
focuses on histopathological evaluation. For future re-
search, we recommend integrating corresponding bio-
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chemical or molecular markers (e.g., serum liver en-
zymes, oxidative stress biomarkers, and cytokine lev-
els). Additionally, the duration of fisetin treatment,
dose-response relationships, and long-term outcomes
were not assessed.

CONCLUSION

Our findings show that fisetin preserved hepatic lob-
ular architecture, reduced sinusoidal dilatation, and
prevented inflammation and hepatocyte degeneration
caused by DOX administration. These protective ac-
tions appear to be exerted via the potent antioxidant,
anti-inflammatory, and membrane stabilizing activities
of fisetin. These findings indicate the potential of
fisetin as a promising adjunctive therapeutic agent in
the treatment of chemotherapy-induced hepatotoxicity.
Nevertheless, more research remains to be conducted
to identify its molecular targets and its long-term
safety profile in human models.

In conclusion, this study suggests that fisetin is a
promising natural compound with the ability to pre-
serve liver histoarchitecture and reduce DOX-induced
hepatic injury. Given its favorable safety profile and
multi-targeted mechanisms of action, fisetin may offer
a novel adjunctive therapeutic strategy for preventing
chemotherapy-associated liver toxicity. These prom-
ising results support further exploration of fisetin as a
potential adjunctive therapeutic agent to minimize
chemotherapy associated with liver injury.

Ethics Approval and Consent to Participate

This study was approved by the Bolu Abant Izzet
Baysal University animal experiments local ethics
committee under decision no 2025/24 and date
16/04/2025. All experimental procedures were con-
ducted in compliance with the U.K. Animals (Scien-
tific Procedures) Act, 1986, the EU Directive
2010/63/EU for animal experimentation, and the Na-
tional Institutes of Health guidelines for the care and
use of laboratory animals (NIH Publications No. 8023,
revised 1978).

Data Availability

All data generated or analyzed during this study
are included in this published article. The data that
support the findings of this study are available on re-

quest from the corresponding author, upon reasonable
request.

Authors’ Contribution

Study Conception: OGD; Study Design: OGD;
Supervision: OGD; Funding: OGD; Materials: OGD;
Data Collection and/or Processing: OGD; Statistical
Analysis and/or Data Interpretation: OGD; Literature
Review: OGD; Manuscript Preparation: OGD; and
Critical Review: OGD.

Conflict of Interest
The author(s) disclosed no conflict of interest dur-
ing the preparation or publication of this manuscript.

Financing

The author(s) disclosed that they did not receive
any grant during the conduction or writing of this
study.

Acknowledgments
The authors have no acknowledgments to declare.

Generative Artificial Intelligence Statement

The author(s) declare that no artificial intelli-
gence-based tools or applications were used during the
preparation process of this manuscript. The all content
of the study was produced by the author(s) in accor-
dance with scientific research methods and academic
ethical principles.

Editor's Note

All statements made in this article are solely those
of the authors and do not represent the views of their
affiliates or the publisher, editors, or reviewers. Any
claims made by any product or manufacturer that may
be evaluated in this article are not guaranteed or en-
dorsed by the publisher.

REFERENCES

1. Carvalho C, Santos RX, Cardoso S, et al. Doxorubicin: the
good, the gad and the ugly effect. Curr Med Chem.
2009;16(25):3267-3285. doi: 10.2174/092986709788803312.
2. Thorn CF, Oshiro C, Marsh S, et al. Doxorubicin pathways: Phar-
macodynamics and adverse effects. Pharmacogenet Genomics.
2011;21(7):440-446. doi: 10.1097/FPC.0b013e32833ftb56.

3. LiS, Yuan S, Zhao Q, Wang B, Wang X, Li K. Quercetin enhances

1154

The European Research Journal | Volume 11

Issue 6 | November 2025


https://doi.org/10.2174/092986709788803312
https://doi.org/10.1097/fpc.0b013e32833ffb56

Eur Res J. 2025;11(6):1147-1156

Deniz

chemotherapeutic effect of doxorubicin against human breast cancer
cells while reducing toxic side effects of it. Biomed Pharmacother.
2018;100:441-447. doi: 10.1016/j.biopha.2018.02.055.

4. Licata S, Saponiero A, Mordente A, Minotti G. Doxorubicin
metabolism and toxicity in human myocardium: Role of cyto-
plasmic deglycosidation and carbonyl reduction. Chem Res Tox-
icol. 2000;13(5):414-420. doi: 10.1021/tx000013q.

5. Edwardson D, Narendrula R, Chewchuk S, Mispel-Beyer K,
Mapletoft J, Parissenti A. Role of drug metabolism in the cytotox-
icity and clinical efficacy of anthracyclines. Curr Drug Metab.
2015;16(6):412-426. doi: 10.2174/1389200216888150915112039.
6. Asensio-Lopez MC, Soler F, Pascual-Figal D, Fernandez-
Belda F, Lax A. Doxorubicin-induced oxidative stress: The pro-
tective effect of nicorandil on HL-1 cardiomyocytes. PLoS One.
2017;12(2):e0172803. doi: 10.1371/journal.pone.0172803.

7. Jakobs P, Serbulea V, Leitinger N, Eckers A, Haendeler J. Nu-
clear factor (Erythroid-Derived 2)-like 2 and thioredoxin-1 in ath-
erosclerosis and ischemia/reperfusion injury in the heart.
Antioxid Redox  Signal. 2017;26(12):630-644.  doi:
10.1089/ars.2016.6795.

8. Cappetta D, De Angelis A, Sapio L, et al. Oxidative stress and
cellular response to doxorubicin: A common factor in the com-
plex milieu of anthracycline cardiotoxicity. Oxid Med Cell
Longev. 2017;2017:1521020. doi: 10.1155/2017/1521020.

9. Elsherbiny NM, El-Sherbiny M. Thymoquinone attenuates
doxorubicin-induced nephrotoxicity in rats: Role of Nrf2 and
NOX4. Chem Biol Interact. 2014;223:102-108. doi:
10.1016/j.¢bi.2014.09.015.

10. Barakat BM, Ahmed HI, Bahr HI, Elbahaiec AM. Protective
effect of boswellic acids against doxorubicin-induced hepatotox-
icity: Impact on Nrf2/HO-1 defense pathway. Oxid Med Cell
Longev. 2018;2018:8296451. doi: 10.1155/2018/8296451.

11. Alasmari AF, Alharbi M, Alqahtani F, et al. Diosmin alleviates
doxorubicin-induced liver injury via modulation of oxidative
stress-mediated hepatic inflammation and apoptosis via NfkB and
MAPK pathway: A preclinical study. Antioxidants (Basel).
2021;10(12):1998. doi: 10.3390/antiox10121998.

12. Grant DM. Detoxification pathways in the liver. J Inherit
Metab Dis. 1991;14(4):421-430. doi: 10.1007/BF01797915.

13. Fisher K, Vuppalanchi R, Saxena R. Drug-induced liver in-
jury. Arch Pathol Lab Med. 2015;139(7):876-887. doi:
10.5858/arpa.2014-0214-RA.

14. Shivakumar P, Usha Rani M, Gopala Reddy A, Anjaneyulu
Y. A study on the toxic effects of doxorubicin on the histology of
certain organs. Toxicol Int. 2012;19(3):241-244. doi:
10.4103/0971-6580.103656.

15. Mansouri E, Jangaran A, Ashtari A. Protective effect of
pravastatin on doxorubicin-induced hepatotoxicity. Bratisl Lek
Listy. 2017;118(5):273-277. doi: 10.4149/BLL_2017 054.

16. Martinel Lamas DJ, Nicoud MB, Sterle HA, et al. Selective
cytoprotective effect of histamine on doxorubicin-induced he-
patic and cardiac toxicity in animal models. Cell Death Discov.
2015;1:15059. doi: 10.1038/cddiscovery.2015.59.

17. Mete R, Oran M, Topcu B, et al. Protective effects of onion
(Allium cepa) extract against doxorubicin-induced hepatotoxicity
in rats. Toxicol Ind Health. 2016;32(3):551-557. doi:
10.1177/0748233713504807.

18. Kalender Y, Yel M, Kalender S. Doxorubicin hepatotoxicity
and hepatic free radical metabolism in rats: The effects of vitamin
E and catechin. Toxicology. 2005;209(1):39-45. doi:
10.1016/j.tox.2004.12.003.

19. Yao PA, Wu R, Zhang YL, et al. Alleviation of doxorubicin-
induced hepatic toxicity with fermented Cordyceps sinensis via
regulating hepatic energy metabolism in rats. Pharmacogn Mag.
2018;14(56):283-289. doi: 10.4103/pm.pm_354 17.

20. Li D, Liu X, Pi W, et al. Fisetin attenuates doxorubicin-in-
duced cardiomyopathy in vivo and in vitro by inhibiting ferrop-
tosis through SIRT1/Nrf2 signaling pathway activation. Front
Pharmacol. 2022;12:808480. doi: 10.3389/fphar.2021.808480.
21. Khan N, Syed DN, Ahmad N, Mukhtar H. Fisetin: A dietary
antioxidant for health promotion. Antioxid Redox Signal.
2013;19(2):151-162. doi: 10.1089/ars.2012.4901.

22. Afzal M, Alarifi A, Karami AM, et al. Antiproliferative mech-
anisms of a polyphenolic combination of kaempferol and fisetin
in triple-negative breast cancer cells. Int J Mol Sci.
2023;24(7):6393. doi: 10.3390/ijms24076393.

23. Sundarraj K, Raghunath A, Panneerselvam L, Perumal E.
Fisetin, a phytopolyphenol, targets apoptotic and necroptotic cell
death in HepG2 cells. Biofactors. 2020;46(1):118-135. doi:
10.1002/biof.1577.

24. Ma T, Kandhare AD, Mukherjee-Kandhare AA, Bodhankar
SL. Fisetin, a plant flavonoid ameliorates doxorubicin-induced
cardiotoxicity in experimental rats: the decisive role of caspase-
3, COX-II, cTn-I, iNOs and TNF-o. Mol Biol Rep.
2019;46(1):105-118. doi: 10.1007/s11033-018-4450-y.

25. Lin KH, Ramesh S, Agarwal S, et al. Fisetin attenuates dox-
orubicin-induced cardiotoxicity by inhibiting the insulin-like
growth factor II receptor apoptotic pathway through estrogen re-
ceptor-a/-f activation. Phytother Res. 2023;37(9):3964-3981.
doi: 10.1002/ptr.7855.

26. Prasath GS, Subramanian SP. Modulatory effects of fisetin, a
bioflavonoid, on hyperglycemia by attenuating the key enzymes
of carbohydrate metabolism in hepatic and renal tissues in strep-
tozotocin-induced  diabetic rats. Eur J Pharmacol.
2011;668(3):492-496. doi: 10.1016/j.ejphar.2011.07.021.

27. Naeimi AF, Alizadeh M. Antioxidant properties of the
flavonoid fisetin: An updated review of in vivo and in vitro stud-
ies. Trends Food Sci Technol. 2017;70:34-44. doi:
10.1016/j.tifs.2017.10.003.

28. Althunibat OY, Al Hroob AM, Abukhalil MH, et al. Fisetin
ameliorates oxidative stress, inflammation and apoptosis in dia-
betic cardiomyopathy. Life Sci. 2019;221:83-92. doi:
10.1016/.1£s.2019.02.017.

29. Li D, Liu X, Pi W, et al. Fisetin attenuates doxorubicin-in-
duced cardiomyopathy in vivo and in vitro by inhibiting ferrop-
tosis through SIRT1/Nrf2 signaling pathway activation. Front
Pharmacol. 2022;12:808480. doi: 10.3389/fphar.2021.808480.
30. ElI Shaer DF, Abd El Halim HI. The possible ameliorating
role of fisetin on hepatic changes induced by fluoxetine in adult
male albino rats: histological, immunohistochemical, and bio-
chemical study. J Microsc Ultrastruct. 2023;11(3):161-171. doi:
10.4103/jmau.jmau_84 22.

31. Kayali A, Bora ES, Acar H, Yilmaz G, Erbas O. Fisetin amelio-
rates methotrexate induced liver fibrosis. Eur Rev Med Pharmacol

The European Research Journal | Volume 11

Issue 6 | November 2025

1155


https://doi.org/10.1016/j.biopha.2018.02.055
https://doi.org/10.1021/tx000013q
https://doi.org/10.2174/1389200216888150915112039
https://doi.org/10.1371/journal.pone.0172803
https://doi.org/10.1089/ars.2016.6795
https://doi.org/10.1155/2017/1521020
https://doi.org/10.1016/j.cbi.2014.09.015
https://doi.org/10.1155/2018/8296451
https://doi.org/10.3390/antiox10121998
https://doi.org/10.1007/bf01797915
https://doi.org/10.5858/arpa.2014-0214-ra
https://doi.org/10.4103/0971-6580.103656
https://doi.org/10.4149/bll_2017_054
https://doi.org/10.1038/cddiscovery.2015.59
https://doi.org/10.1177/0748233713504807
https://doi.org/10.1016/j.tox.2004.12.003
https://doi.org/10.4103/pm.pm_354_17
https://doi.org/10.3389/fphar.2021.808480
https://doi.org/10.1089/ars.2012.4901
https://doi.org/10.3390/ijms24076393
https://doi.org/10.1002/biof.1577
https://doi.org/10.1007/s11033-018-4450-y
https://doi.org/10.1002/ptr.7855
https://doi.org/10.1016/j.ejphar.2011.07.021
https://doi.org/10.1016/j.tifs.2017.10.003
https://doi.org/10.1016/j.lfs.2019.02.017
https://doi.org/10.3389/fphar.2021.808480
https://doi.org/10.4103/jmau.jmau_84_22

Eur Res J. 2025;11(6):1147-1156

The role of fisetin in doxorubicin-induced liver damage

Sci. 2024;28(8):3112-3119. doi: 10.26355/eurrev_202404 36027.
32. Hawi AJ, Al-Shawi NN. Evaluation of the effect of fisetin
against cyclophosphamide-induced myelosuppression and oxida-
tive stress in male albino rats. Iraqi J Pharm Sci. 2023;32(2):120-
127. doi: 10.31351/vol32iss2pp120-127.

33. Cecen E, Dost T, Culhaci N, Karul A, Ergur B, Birincioglu
M. Protective effects of silymarin against doxorubicin-induced
toxicity. Asian Pac J Cancer Prev. 2011;12(10):2697-2704.

34. Elma B, Mammadov R, Siileyman H, et al. The effect of rutin
on experimentally induced acute heart contusion in rats: Biochem-
ical and histopathological evaluation. Ulus Travma Acil Cerrahi
Derg. 2022;28(8):1073-1081. doi: 10.14744/tjtes.2021.97760.
35. Bechmann LP, Hannivoort RA, Gerken G, Hotamisligil GS,
Trauner M, Canbay A. The interaction of hepatic lipid and glu-
cose metabolism in liver diseases. J Hepatol. 2012;56(4):952-
964. doi: 10.1016/j.jhep.2011.08.025.

36. Ballet F, Vrignaud P, Robert J, Rey C, Poupon R. Hepatic ex-
traction, metabolism and biliary excretion of doxorubicin in the
isolated prefused rat liver. Cancer Chemother Pharmacol.
1987;19(3):240-245. doi: 10.1007/BF00252979.

37. Bachur NR, Fox BM. Loss of fluorescence by anthracycline
antibiotics: effects of xanthine oxidase and identification of the
nonfluorescent metabolites. Cancer Res. 1987;47(4):1036-1039.
38. Le Couteur DG, Fraser R, Hilmer S, Rivory LP, McLean AJ.
The hepatic sinusoid in aging and cirrhosis: Effects on hepatic
substrate disposition and drug clearance. Clin Pharmacokinet.
2005;44(2):187-200. doi: 10.2165/00003088-200544020-00004.
39. Song S, Chu L, Liang H, et al. Protective effects of dioscin
against doxorubicin-induced hepatotoxicity via regulation of
SIRT1/FoxO1/NF-«B signal. Front Pharmacol. 2019;10:1030.
doi: 10.3389/fphar.2019.01030.

40. El-Sayyad HI, Ismail MF, Shalaby FM, et al. Histopatholog-
ical effects of cisplatin, doxorubicin and 5-flurouracil (5-FU) on
the liver of male albino rats. Int J Biol Sci. 2009;5(5):466-473.
doi: 10.7150/ijbs.5.466.

41. Chaudhary D, Khatiwada S, Sah SK, Tamang MK, Bhat-
tacharya S, Jha CB. Effect of doxorubicin on histomorphology
of liver of wistar albino rats. ] Pharm Pharmacol. 2016;4(4):186—
190. doi: 10.17265/2328-2150/2016.04.005.

42. Orak N, Cakmak Arslan G, Kaya ST. An Evaluation of dam-
ages caused by doxorubicin in liver tissue and potential protective
effect of propolis on these damages. Konuralp Med J.
2022;14(1):104-113. doi: 10.18521/ktd.1049919.

43. Maslova GS, Skrypnyk IM, Yeroshenko GA. Morphological
features of doxorubicin-induced liver damage associated with
nonalcoholic steatohepatitis. World Med Biol. 2020;16(73):189-
194. doi: 10.26724/2079-8334-2020-3-73-189-194.

44. Constantin RP, Constantin J, Pagadigorria CLS, et al. Proox-
idant activity of fisetin: Effects on energy metabolism in the rat
liver. J Biochem Mol Toxicol. 2011;25(2):117-126. doi:
10.1002/jbt.20367.

45. Sun Q, Zhang W, Zhong W, Sun X, Zhou Z. Dietary fisetin
supplementation protects against alcohol-induced liver injury in
mice. Alcohol Clin Exp Res. 2016;40(10):2076-2084. doi:
10.1111/acer.13172.

46. Jeon T-I1, Park JW, Ahn J, Jung CH, Ha TY. Fisetin protects
against hepatosteatosis in mice by inhibiting miR-378. Mol Nutr
Food Res. 2013;57(11):1931-1937. doi: 10.1002/mnfr.201300071.
47. Rauf A, Abu-Izneid T, Imran M, et al. Therapeutic potential
and molecular mechanisms of the multitargeted flavonoid fisetin.
Curr Top Med Chem. 2023;23(21):2075-2096. doi:
10.2174/1568026623666230710162217.

48. Singh M, Kadhim MM, Jalil AT, et al. A systematic review
of the protective effects of silymarin/silibinin against doxoru-
bicin-induced cardiotoxicity. Cancer Cell Int. 2023;23(1):88. doi:
10.1186/512935-023-02936-4.

49. El-Fadaly AA, Afifi NA, El-Eraky W, et al. Fisetin alleviates
thioacetamide-induced hepatic fibrosis in rats by inhibiting Wnt/B-
catenin signaling pathway. Immunopharmacol Immunotoxicol.
2022;44(3):355-366. doi: 10.1080/08923973.2022.2047198.

50. Khairani D, Ilyas S. Flavonoids for hepatoprotection: Poten-
tial natural approaches to mitigate doxorubicin-induced liver tox-
icity: A mini review. J Med Pharm Chem Res.
2025;7(7):1464-1485. doi: 10.48309/JMPCR.2025.471206.1367.
51. Li Z, Wang Y, Zhang Y, et al. Protective effects of fisetin on
hepatic ischemia-reperfusion injury through alleviation of apop-
tosis and oxidative stress. Arch Med Res. 2021;52(2):163-173.
doi: 10.1016/j.arcmed.2020.10.009.

52. Zhang J, Zhao L, Hu C, et al. Fisetin prevents acetamino-
phen-induced liver injury by promoting autophagy. Front Phar-
macol. 2020;11:162. doi: 10.3389/fphar.2020.00162.

53. Nayak S, Rakshit D, Yadav V, et al. Protective effect of fisetin
on subacute and chronic arsenic and fluoride co-exposure in-
duced hepatic, renal and cardiac toxicities in mice. J Biochem
Mol Toxicol. 2025;39(2):e70113. doi: 10.1002/jbt.70113.

1156

The European Research Journal | Volume 11

Issue 6 | November 2025


https://doi.org/10.26355/eurrev_202404_36027
https://doi.org/10.31351/vol32iss2pp120-127
https://doi.org/10.14744/tjtes.2021.97760
https://doi.org/10.1016/j.jhep.2011.08.025
https://doi.org/10.1007/bf00252979
https://doi.org/10.2165/00003088-200544020-00004
https://doi.org/10.3389/fphar.2019.01030
https://doi.org/10.7150/ijbs.5.466
https://www.researchgate.net/publication/295905008_Effect_of_Doxorubicin_on_Histomorphology_of_Liver_of_Wistar_Albino_Rats#:~:text=Cross%2Dsections%20of%20the%20liver,architecture%20of%20liver%20in%20rats.
https://doi.org/10.18521/ktd.1049919
https://doi.org/10.26724/2079-8334-2020-3-73-189-194
https://doi.org/10.1002/jbt.20367
https://doi.org/10.1111/acer.13172
https://doi.org/10.1002/mnfr.201300071
https://doi.org/10.2174/1568026623666230710162217
https://doi.org/10.1186/s12935-023-02936-4
https://doi.org/10.1080/08923973.2022.2047198
https://jmpcr.samipubco.com/article_209168_1f3bcd581e412ece41ad76706b3dcb3f.pdf
https://doi.org/10.1016/j.arcmed.2020.10.009
https://doi.org/10.3389/fphar.2020.00162
https://doi.org/10.1002/jbt.70113

The European Research Journal 2025;11(6):1157-1166 Original Article

DOI: https://doi.org/10.18621/eurj.1777758 Chest Diseases

Investigation of the potential predictive value of flow-
volume curve changes in patients with obstructive
sleep apnea syndrome

Fatma Arzu Akkus'®@~*, Sebnem Yosunkaya’®rx

!Department of Immunology and Allergy, Konya City Hospital, Konya, Tiirkiye; ?Department of Internal Medicine, Division of Pulmonary
Diseases, Necmettin Erbakan University, Faculty of Medicine, Konya, Tiirkiye

ABSTRACT

Objectives: The relationship between pulmonary function tests (PFT) performed while awake and sleep-related
breathing disorders is not yet well defined. This study aimed to examine the potential of flow-volume curve
abnormalities in assessing both the presence and severity of obstructive sleep apnea syndrome.

Methods: This retrospective study reviewed medical records of patients evaluated for suspected obstructive
sleep apnea syndrome (OSAS) between May 2011 and April 2013. Among 141 patients with available PFT,
99 were diagnosed with OSAS, and 42 were normal based on polysomnography results. Patients were classified
into OSAS and control groups, and pulmonary function parameters, including flow-volume curve features,
were analyzed.

Results: Of the OSAS patients, 80 (80.8%) were male, while 22 (52.4%) males were present in the control
group, which consisted of patients not diagnosed with obstructive sleep apnea syndrome. Among pulmonary
function test parameters, the ratio of maximal mid-expiratory flow to forced vital capacity (FEF25-75/FVC)
was lower in the obstructive sleep apnea syndrome group than in the control group (P<0.05). Patients with the
sawtooth sign showed significantly higher apnea-hypopnea index, apnea-hypopnea index during rapid eye
movement sleep, and total apnea scores (P<0.05). The presence of sawtooth signs in the flow-volume loop
was useful for identifying more severe cases of obstructive sleep apnea syndrome.

Conclusions: The complex pathophysiology of obstructive sleep apnea syndrome complicates the identification
of patients who need polysomnography. Flow-volume curve abnormalities, indicating airway instability in the
upper respiratory tract, are common in these patients and may serve as early indicators of obstructive sleep
apnea syndrome.

Keywords: Obstructive sleep apnea, sleep apnea, polysomnography, pulmonary function test, flow-volume
curve, spirometry

type of sleep-related breathing disorder (SBD), mentation, increased daytime sleepiness, and typically
1s characterized by recurrent episodes of com- a reduction in blood oxygen saturation [1]. URT pa-
plete (apnea) or partial (hypopnea) obstruction of the tency maintains the balance between the collapsing ef-

Obstructive sleep apnea syndrome (OSAS), a upper respiratory tract (URT), resulting in sleep frag-
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fect of negative intraluminal pressure during inspira-
tion and the activity of dilator muscles in the URT.
This balance is highly complex, as it is influenced by
several anatomical, mechanical, neuromuscular, and
central factors. In OSAS patients, URTs differ signif-
icantly from those of healthy individuals, with more
than 75% experiencing airway collapse in the
retropalatal region. The obstruction is typically not lo-
calized to a single level [2].

Factors that reduce the width of the URT or facil-
itate obstruction increase the susceptibility to OSAS.
Risk factors for OSAS include obesity, male gender,
and increasing age [3]. Epidemiological studies have
reported an OSAS incidence of 24% in men and 9%
in women aged 30-60 years [4]. Male gender is an in-
dependent risk factor, as men tend to accumulate more
fat in the abdomen and neck. Obesity is the most crit-
ical factor, with weight gain directly correlating to in-
creased sleep apnea severity. Fat accumulation in the
tongue narrows the URT, raising the risk of collapse
[3]. Furthermore, SBD have been reported in several
congenital and inherited diseases involving structural
alterations in the URT and affecting the respiratory
control center [4].

The gold-standard diagnostic method for SBD is
polysomnography (PSG) [3]. This test, which is per-
formed under the supervision of a trained technician,
is both time-consuming and costly. PSG requires the
patient to be hospitalized overnight. According to PSG
results, stages of sleep should be examined in detail.
Therefore, reliable screening tests are needed to iden-
tify patients who require PSG, particularly in cases
with a high clinical suspicion index.

Spirometry, a non-invasive physiological test, is
commonly used as a general respiratory screening tool
[5]. Previous studies have reported flow-volume curve
abnormalities that suggest airway instability in the
URT of OSAS patients [6]. However, the predictive
value of spirometric parameters for OSAS diagnosis
remains unclear.

This study aimed to investigate whether flow-vol-
ume curve abnormalities and pulmonary function test
(PFT) parameters differ between OSAS patients and
controls, as well as their association with PSG results
and clinical significance. In particular, this study pro-
vides a focused evaluation of sawtooth sign prevalence
and the FEF50/FIF50 ratio - parameters that are not
routinely assessed in OSAS patients - to explore their

potential utility in clinical screening. In addition to
conventional spirometric indices, previous studies
have emphasized the potential value of specific pa-
rameters such as the FEF25-75/FVC ratio and
FEF50/FIF50 ratio, and saw tooth sign in reflecting
upper airway instability in OSAS patients [7-10].
Based on this literature, we hypothesized that these
parameters, although not routinely assessed in OSAS
evaluation, might show measurable differences be-
tween OSAS patients and controls and could correlate
with PSG-derived severity markers.

METHODS

Study Design

This retrospective cross-sectional study was approved
by the Ethics Committee (approval no: 2012-28) in ac-
cordance with the principles of the Declaration of
Helsinki. The medical records of 196 patients who un-
derwent PSG due to suspected OSAS between May
2011 and April 2013 were reviewed. Patients with a
previous diagnosis of OSAS, obstructive lung disease,
active smoking status, or incomplete medical records
were excluded from the study. All patients had also
undergone an ear, nose, and throat (ENT) examination
as part of their clinical evaluation. Patients with sig-
nificant upper airway abnormalities were excluded
based on this assessment. Among the remaining pa-
tients, 141 individuals with available and complete
PFT results were included in the final analysis. These
inclusion and exclusion criteria were applied to mini-
mize potential confounding factors affecting spirom-
etry results and to ensure data integrit.

The diagnosis of OSAS was made by a pulmo-
nologist specializing in sleep disorders based on the
combination of clinical symptoms and PSG results,
following AASM guidelines. Patients with an AHI >5
accompanied by relevant symptoms were diagnosed
with OSAS, while those with an AHI <5 and no sig-
nificant symptoms were classified as controls.

Patients’ demographics, clinical histories, and lab-
oratory results were obtained from the patient files and
electronic medical records. Anthropometric measure-
ments, including body mass index (BMI), neck cir-
cumference, and waist circumference, were recorded.
BMI was calculated as weight (in kilograms) divided
by height (in meters squared). Neck circumference
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was measured at the widest part of the neck at the level
of the cricoid cartilage.

Polysomnography

Our sleep laboratory used a digital polysomno-
graphic system (VIASYS Healthcare GmbH, Leib-
nizstrafe 7, 97204 Hoechberg, Germany).
Electroencephalography (EEG), electrooculography
(EOG), and submental electromyography (EMG)
recordings were obtained to evaluate sleep. Respira-
tion was monitored using an oro-nasal flowmeter and
a thermistor placed in the nose. Thoracic and abdom-

inal movements were recorded with a thoracoabdom-
inal motion sensor. Oxyhemoglobin saturation and
heart rate were monitored using a pulse oximeter. Leg
motions were recorded by an EMG sensor placed on
the anterior tibial muscle of one leg. Scoring of sleep
stages was performed manually according to the
AASM scoring criteria [11, 12].

Obstructive apnea was defined as a reduction in
airflow by >90% for a duration of >10 seconds with
ongoing respiratory effort. Hypopnea, on the other
hand, was defined as a reduction in airflow by >30%
for a duration of >10 seconds, accompanied by an oxy-

Table 1. Demographic, clinical, and polysomnography features of the OSAS patients and the

control group

Parameter OSAS Control P value*
(n=99) (n=42)

Demographic and clinical features
Age (years) 48.41+10.37 44.33+12.66 0.048
Height (cm) 169.41+9.83 167.38+10.59 0.274
Weight (kg) 93.89+16.48 83.14+20.01 0.001
BMI (kg/m?) 33.64+9.88 29.93+8.84 0.038
Neck circumference (cm) 44.02+13.34 38.78+3.17 0.013
Waist circumference (cm) 106.54+12.76 97.04+9.10 <0.001
Systolic blood pressure (mm Hg) 133.23+£19.42 121.43+£10.94 <0.001
Diastolic blood pressure (mm Hg) 73.74+12.74 64.29+11.07 <0.001
Hemoglobin (g/dl) 14.64+1.58 13.90+1.72 0.014
Hematocrit (%) 44.43+4.56 42.1943.77 0.006

PSG results
AHI total 36.60+24.97 2.24+1.55 <0.001
AHI side 26.20+25.29 2.83+5.94 <0.001
AHI supine 50.06+30.59 3.49+3.51 <0.001
Total apnea 26.40+23.38 0.81£0.97 <0.001
Total hypopnea 10.5548.75 1.42+1.14 <0.001
Minimum SaO; (%) 73.74+12.10 87.85+3.30 <0.001
Mean Sa0; (%) 88.91+5.08 93.42+1.98 <0.001
Duration of <90% SaO; 40.91+35.69 5.68+13.02 <0.001
Duration of REM (%) 10.18+6.91 5.65+6.28 <0.001
Sleep efficiency 78.15+13.63 73.58+15.90 0.085

Data are shown as meantstandard deviation. OSAS=Obstructive sleep apnea syndrome, PSG=Polysomnography,
AHI=Apnea hypopnea index, Mean SaO,=Mean oxygen saturation, Min SaO,=Minimum oxygen saturation,

REM=Rapid eye movement.
*Mann-Whitney U test
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gen desaturation of >3% or arousal.

The Apnea-Hypopnea Index (AHI) value was cal-
culated by dividing the total number of apnea and hy-
popnea episodes by the total sleep duration (in hours).
When the AHI was between 5 and 15, it was classified
as mild OSAS, 16-30 as moderate OSAS, and >30 as
severe OSAS [4]. The diagnosis of OSAS was estab-
lished by considering both symptoms and polysomno-
graphic results together.

From the full-night standard polysomnography
(PSG) reports of the patients, the following parameters
were recorded: total AHI, AHI during the rapid eye
movement (REM) sleep stage (AHI REM), AHI in the
supine position (AHI supine), total apneas, minimum
oxygen saturation (min Sa0:), the lowest value of oxy-
gen saturation during sleep, mean oxygen saturation
(mean Sa0:) recorded night long, the mean of oxygen
saturation during sleep, and the ratio of the duration
with oxygen saturation below 90% to the duration of
full-night sleep (ratio of duration of <90% Sa0O,) were
recorded. Additionally, for all patients, sleep efficiency
(SE), defined as the ratio of total sleep duration to the
total time spent in bed, and the ratio of the REM sleep
stage duration to the total sleep duration (ratio of du-
ration of REM) were also recorded.

Pulmonary Function Test

PFT was performed in the sitting position using a
computerized system (Vmax 22, Sensormedics, USA).
The patients exhaled into the mouthpiece at normal
tidal volume for spirometric maneuvers, followed by
deep inhalation and exhalation. The exhalation dura-
tion was at least 6 seconds without interruption. Pul-
monary function tests were conducted in accordance
with the American Thoracic Society/European Respi-
ratory Society (ATS/ERS) guidelines [13]. A techni-
cian instructed each patient to perform at least three
maneuvers, and the best values were recorded. PFT
data were recorded in liters and as a percentage of the
expected values based on age, gender, weight, and
height.

From the PFT results of the patients, the following
parameters were recorded: forced vital capacity
(FVC), forced expiratory volume in the 1st second
(FEV1), peak expiratory flow (PEF), FEV1/FVC ratio
(Tiffeneau ratio), expiratory flow rates (FEF), maxi-
mal mid-expiratory flow rate (FEF %25-75), and max-
imal expiratory flow rates measured at 25% (FEF

25%), 50% (FEF 50%), and 75% (FEF 75%) of FVC
exhaled. From the inspiratory curve, the following pa-
rameters were estimated and recorded: forced inspira-
tory volume at 1 second (FIV1), peak inspiratory flow
(PIF), forced inspiratory flow at 50% (FIF 50%), and
FEFS50/FIF50 ratio. The FEF25-75/FVC ratio was de-
rived by dividing the FEF25-75 value by FVC.

Maximal inspiratory and expiratory flow-volume
curves were examined for the presence of a sawtooth
sign. According to the definition by Sanders and col-
leagues, the sawtooth sign was determined by the pres-
ence of at least three consecutive, periodic fluctuations
in the inspiratory and/or expiratory flow-volume curve
[14].

Statistical Analysis

Continuous variables were expressed as
meantstandard deviation (SD), whereas categorical
variables were expressed as numbers and percentages.
Normally distributed variables were compared using
the Independent Samples t-test, while non-normally
distributed variables were compared using the Mann-
Whitney U test. Pearson’s chi-squared test and Fisher’s
exact test were used to compare categorical variables.
The relationships between PSG parameters and PFT
values were analyzed using Spearman correlation
analysis. Statistical analyses were performed using
SPSS version 16.0 (SPSS Inc., Chicago, IL, USA). A
P-value < 0.05 was considered statistically significant.

RESULTS

Demographic, Clinical, and Polysomnography Results
A total of 141 patients who underwent PSG due to sus-
pected OSAS and whose PFT results were obtained
were included in the study. Of these patients, 99 were
diagnosed with OSAS, while 42 were considered nor-
mal. Among the OSAS patients, 80 (80.8%) were
male, whereas 22 (52.4%) of the control group were
male (P=0.001). OSAS patients had significantly
higher age, weight, neck circumference, waist circum-
ference, and BMI compared to the control group
(Table 1). There were no significant differences be-
tween the groups in terms of the ratio of ex-smokers,
smokers, and smoking-naive individuals.

PSG findings were within normal limits in the
control group, while the OSAS group showed signif-
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Table 2. PFT parameters of the OSAS patients and the control group

PFT parameters OSAS Control P value
(n=99) (n=42)
FEV1 (L) 3.40+1.10 3.41£1.10 0.946
FVC (L) 4.19+1.34 4.17+1.47 0.940
FIV1 (L) 3.38+1.19 3.2241.02 0.456
FEF50 (L/sec) 4.33+1.74 4.40+1.25 0.834
FIF50 (L/sec) 4.41£1.73 3.96+1.70 0.155
PEF (L/sec) 8.16+6.48 7.1442.60 0.324
PIF (L/sec) 4.73+£1.74 4.31+1.67 0.188
FEV1/FVC (%) 81.10+7.90 83.14+5.44 0.129
FEF50/FIF50 ratio 1.15+£0.92 1.21+0.37 0.721
FEF25-75/FVC ratio 0.87+0.30 2.55+1.62 <0.001

Data are shown as mean+tstandard deviation. OSAS=Obstructive sleep apnea syndrome, PFT=Pulmonary function
test, FEV1=Forced expiratory volume in the 1st second, FVC=Forced vital capacity, FIV1=Forced inspiratory
volume in the 1st second, FEF50=Maximal expiratory flow rates 50%, FIF50=Maximal inspiratory flow rates 50%,
PEF=Peak expiratory flow, PIF=Peak inspiratory flow, FEF25-75=Maximal mid-expiratory flow rate

*Mann-Whitney U test

icant abnormalities. Group differences in PSG param-
eters are summarized in Table 1.

Pulmonary Function Test Results

In Table 2, PFT parameters were compared be-
tween the two groups. The FEF25-75/FVC ratio was
significantly lower in the OSAS patients compared to
the control group (P<0.001). Sawtooth signs were ob-
served in 4 OSAS patients and 2 controls; however,
this difference was not statistically significant due to
the small sample size.

Correlation Between PSG Parameters and Spirometry
Results

In OSAS patients, correlation analysis revealed
that total hypopnea count was significantly negatively
associated with FEV1, FVC, FIV1, FEF50, FIF50, and
PEF (P<0.05). Total apnea count showed a significant
positive correlation with PEF (P<0.05). Minimum
Sa0; levels correlated positively with FEV1, FVC,
FIV1, and FEF50, whereas mean SaO, was only pos-
itively correlated with FEF50 (P<0.05). Additionally,
the duration of time with oxygen saturation below
90% was negatively correlated with FEV1, FVC,
FIV1, and FEF50 values. These results are summa-
rized in Table 3.

Comparison of OSAS Patients with and without Saw-
tooth Sign

In OSAS patients with a sawtooth sign, AHI total,
AHI REM, AHI side, and total apnea were higher
compared to those without a sawtooth sign. Mean
Sa0,, however, was significantly lower in OSAS pa-
tients with a sawtooth sign than in those without
(Table 4).

Comparison of OSAS Patients with and without
FEF50/FIF50> 1

Forty-six (46.5%) of the OSAS patients had an
FEF50/FIF50 > 1, whereas 30 out of 42 individuals
(71.4%) in the control group had this value. A com-
parison between OSAS patients with and without an
FEF50/FIF50 > 1 is summarized in Table 5.

DISCUSSION

In this study, no significant differences were observed
in PFT parameters between OSAS patients and the
control group, except for the FEF25-75/FVC ratio,
which was significantly lower in OSAS patients
(0.87+0.30) compared to controls (2.55+1.62). AHI,
AHI REM, AHI side, and total apnea values of the
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Table 3. Correlation between PSG parameters and PFT values in patients with OSAS

PFT values
PEF (L/sec) PIF (L/sec) FEV1/FVC (%) FEF50/FIF50 ratio FEF25-75/FVC ratio

FIF50 (L/sec)

FEV1 (L) FVC(L) FIV1(L) FEF50 (L/sec)

PSG results

0.017

0.041

0.035

-0.024
-0.075
-0.040
0.004
-0.177
0.173
0.103
-0.104

0.065

0.117
-0.003
0.168
0.208*
-0.244*
0.121

-0.069
-0.104
-0.078
-0.022
-0.210*

0.009
-0.075

-0.028
-0.129

0.077

-0.019
-0.127

0.098

-0.028
-0.129

0.077

AHI total

0.008

0.007
0.110
0.038

0.027
0.044

0.031

AHI side

0.044
0.017

0.094
0.077
-0.237*
0.236*
0.225*
-0.203*

AHI supine

0.052
-0.295*
0.307*

0.054

-0.269*

0.052

Total apnea

0.017

0.005

0.009

-0.295%*
0.307*
0.188
-0.214*
0.130
0.046

Obstructive sleep apnea syndrome, PFT

expiratory volume in the 1st second, FEF50

Total hypopnea
Min Sa0: (%)
Mean SaO2 (%)

0.032

0.066
0.108
-0.074
0.090
0.003

0.021

0.170

0.092
-0.100

0.291*
0.149
-0.183
0.120
0.040

0.139
-0.112

0.117

0.035

0.188
-0.214%*

-0.098
0.112

-0.079
0.165

0.075

Duration of <90% SaO>
Duration of REM (%)

0.105
0.058

0.066

0.161

0.130

0.046
Pulmonary function test, PSG

0.059

-0.008

0.012
Polysomnography, FEV1

0.073

Sleep efticiency

OSAS

Forced vital capacity, FEV1: Forced

Forced expiratory volume in the 1st second, FVC

=Maximal mid-expiratory flow

Peak expiratory flow, FEF25-75

Maximal expiratory flow rates 50%, FIF50=Maximal inspiratory flow rates 50%, PEF=

Apnea hypopnea index, REM:

Rapid eye movement, Mean SaO>=Mean oxygen saturation, Min SaO>=Minimum oxygen saturation

Peak inspiratory flow, AHI=

*r=Spearman correlation coefficient; P<0.05

rate, PIF

OSAS patients with sawtooth signs were determined
to be significantly higher than those without sawtooth
signs. The presence of sawtooth signs in the OSAS pa-
tients was found to be beneficial in indicating severe
OSAS. Furthermore, correlation analysis also demon-
strated significant associations between specific PFT
parameters and hypopnea and desaturation indices in
OSAS patients.

Alterations in the URT seen in OSAS may be re-
flected in PFTs performed while awake. A previous
study showed that the quantitative flow-volume curve
standard has high sensitivity and specificity in detect-
ing upper airway obstruction [15]. Notably, a
FEF50/FIF50 ratio >1 and the sawtooth pattern ob-
served in the flow-volume curve were both strongly
associated with OSAS, indicating URT obstruction
and tissue vibration [6, 16]. In a study of 138 OSAS
patients, 26.1% had a FEF50/FIF50 ratio >1. No sig-
nificant differences in age, BMI, AHI, desaturation, or
standard PFT parameters were found between patients
with and without a FEF50/FIF50 ratio >1 [7]. In our
study, while the FEF50/FIF50 ratio did not differ sig-
nificantly between OSAS patients and controls, a note-
worthy distinction emerged within the OSAS group
itself. OSAS patients with a ratio >1 exhibited signif-
icantly lower inspiratory flow values (PIF and FIV1)
compared to those with a ratio <1. Additionally, pa-
tients with a lower FEF50/FIF50 ratio <I had signifi-
cantly reduced FEF25-75/FVC and FEV1/FVC ratios,
suggesting both small airway dysfunction and poten-
tially greater upper airway resistance. These findings
indicate that while the FEF50/FIF50 ratio may offer
insights into upper airway resistance, its utility as a
predictor of OSAS severity remains limited.

The FEF25-75/FVC ratio has been suggested to
reflect small airway function and possibly dispropor-
tionate development between the pulmonary
parenchyma and airways, which may be associated
with increased upper airway resistance [17]. Previous
studies have linked a low FEF25-75/FVC ratio to air-
way hypersensitivity and to a higher prevalence of
OSAS in patients with unstable asthma or obesity [8,
18]. While some reports have found no direct correla-
tion between this ratio and PSG parameters [19], our
findings demonstrated a significant decrease in the
FEF25-75/FVC ratio among OSAS patients compared
to controls. This reduction may reflect elevated upper
airway collapsibility or resistance, potentially related
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Table 4. Demographic features, PFT parameters, and PSG results of the OSAS patients with and

without the sawtooth sign

Variables Those with the sawtooth sign Those without the sawtooth sign P value*
(n=4) (n=95)
Age (years) 49.50+£4.45 48.37+10.55 0.832
BMI (kg/m?) 32.77£5.15 33.61£10.04 0.859
FEV1 (L) 2.95+0.98 3.42+1.11 0.378
FVC (L) 3.45+1.08 4.22+1.35 0.263
FEV1/FVC ratio 84.00+6.61 80.97+7.95 0.457
PEF (L/sec) 6.16+1.18 8.23+6.60 0.531
FEF50 (L/sec) 3.85£1.60 4.36+1.75 0.557
FIF50 (L/sec) 3.05+1.31 4.40+1.73 0.110
FEF50/FIF50 ratio 1.44+0.97 1.19+0.92 0.524
FEF25-75/FVC ratio 0.97+0.27 0.86+0.30 0.492
AHI total 64.27+29.84 35.43+24.24 0.023
AHI REM 78.47+£30.37 32.66+25.09 0.001
AHI supine 69.65+39.67 49.24+30.14 0.193
AHI side 60.954+37.83 24.74+23.82 0.004
Total apnea 56.37+27.73 25.114£22.46 0.008
Mean SaO; (%) 84.00+8.40 89.12+4.85 0.048
Min Sa0:; (%) 64.75+15.84 74.12+11.87 0.130

OSAS=0Obstructive sleep apnea syndrome, PFT=Pulmonary function test, PSG=Polysomnography, BMI=Body
mass index, FEV1=Forced expiratory volume in the 1st second, FVC=Forced vital capacity, PEF=Peak expiratory
flow, FEF50=Maximal expiratory flow rates 50%, FIF50=Maximal inspiratory flow rates 50%, FEF25-
75=Maximal mid-expiratory flow rate, AHI=Apnea hypopnea index, REM=Rapid eye movement, Mean
SaO’=Mean oxygen saturation, Min SaO,=Minimum oxygen saturation

*Mann-Whitney U test

to increased BMI and reduced pharyngeal muscle
tone, both of which are commonly observed in OSAS
patients. These findings support the potential utility of
this ratio as a supportive indicator of upper airway in-
stability in the context of OSAS.

In this study, correlation analysis revealed signif-
icant relationships between total hypopnea and oxygen
saturation parameters and spirometric indices that re-
flect inspiratory and expiratory flow limitations in
OSAS patients. Total hypopnea count showed nega-
tive correlations with FEV1, FVC, FIV1, FEF50,
FIF50, and PEF, suggesting that increased hypopnea
burden may be associated with notable impairments
in respiratory function. While minimum and mean
Sa0, values showed positive correlations with PFT
parameters, the duration of <90% SaO, was nega-

tively correlated. These findings support the notion
that individuals with better respiratory function may
experience less desaturation in the context of OSAS.
However, the lack of a significant correlation between
AHI and spirometric parameters suggests that PFT
may not directly indicate the presence of OSAS but
may instead reflect URT instability. Similar findings
have been reported in previous studies, where no sig-
nificant correlation was found between AHI severity
and spirometric values such as FEV1 or FVC, despite
the presence of pulmonary function abnormalities in
OSAS patients [20].

In a previous study, among patients undergoing
spirometry for any indication, those with the sawtooth
sign were found to have a higher likelihood of being
diagnosed with OSA compared to those without the
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Table 5. Comparison of demographic features, PFT parameters, and PSG results of the OSAS

patients with and without a FEF50/FIF50 >1

Variables FEF50/FIF50 >1 FEFS50/FIF50 <1 P value
(n=46) (n=53)
Age (years) 48.15+10.66 48.65+10.21 0.810
BMI (kg/m?) 33.03+6.62 34.19+12.14 0.564
FEV1 (L) 3.52+1.07 3.29+1.13 0.292
FVC (L) 4.13+1.32 4.25+1.37 0.640
FEV1/FVC ratio 85.78+4.97 76.86+7.69 <0.001
PEF (L/sec) 7.57+2.56 8.70+8.62 0.391
PIF (L/sec) 4.08+1.54 5.31£1.71 <0.001
FIV1 (L) 3.09+1.16 3.64+1.17 0.021
FEF25-75/FVC ratio 1.06+0.24 0.70+0.24 <0.001
AHI total 37.88+£25.62 35.43+£24.57 0.628
AHI REM 36.38+28.81 32.854+24.86 0.519
AHI supine 53.55+31.35 46.91+29.84 0.283
AHI side 26.27+£25.18 26.14+25.62 0.981
Total apnea 27.02+23.43 25.83+23.55 0.804
Mean SaO; (%) 89.00+5.41 88.84+4.80 0.881
Min Sa0O; (%) 73.51+12.98 73.96£11.36 0.854

OSAS=0bstructive sleep apnea syndrome, PFT=Pulmonary function test, PSG=Polysomnography, BMI=Body
mass index, FEV1=Forced expiratory volume in the 1st second, FVC=Forced vital capacity, PEF=Peak expiratory
flow, PIF=Peak inspiratory flow, FIV1=Forced inspiratory volume in the Ist second, FEF25-75=Maximal mid-
expiratory flow rate, AHI=Apnea hypopnea index, MeanSaO,=Mean oxygen saturation, MinSaO,=Minimum

oxygen saturation
*Mann-Whitney U test

sign [10]. Several studies have since explored this as-
sociation in more detail. In a study examining flow-
volume curves of 401 patients who presented with
snoring and were investigated for OSAS, apnea was
found to be more severe in patients with a sawtooth
sign during both inspiration and expiration. Sensitivity
and specificity of the sawtooth sign in identifying
OSAS have been reported to vary widely, ranging
from 29% to 85% and 56% to 95%, respectively [10].
In another study, the FEF50/FIF50 ratio >1 and/or
sawtooth sign was observed in 40% of OSAS patients,
while these features were absent in the control group.
OSAS patients with a sawtooth sign had significantly
larger height, weight, and neck circumference, and
worse PSG results. However, there were no differ-
ences in spirometric parameters between OSAS pa-
tients with and without the sawtooth sign [19]. In a

study investigating the diagnostic value of the flow-
volume curve for OSAS, sawtooth signs were signif-
icantly more prevalent in OSAS patients compared to
other groups (P <0.01). OSAS patients with sawtooth
signs had a higher apnea index and more significant
reductions in SaO; [21]. Another study found that
12.3% of 138 OSAS patients exhibited sawtooth signs,
but no significant differences were observed in age,
BMI, AHI, desaturation index, or spirometric param-
eters between those with and without sawtooth signs
[7]. In this study, sawtooth signs were present in 4
OSAS patients and 2 controls. While no significant
differences were found between these groups regard-
ing demographic or PFT parameters, OSAS patients
with sawtooth signs had significantly higher AHI val-
ues, AHI REM, AHI side, and total apnea values, as
well as lower mean SaO». The small sample size of the
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subgroup with sawtooth signs (n=4) limits the statis-
tical power and generalizability of these findings.
Therefore, the results should be interpreted with cau-
tion, and further studies with larger cohorts are needed
to validate these observations.

Flow-volume curves and PFT parameters are not
reliable screening tools for differentiating OSAS pa-
tients, as features like the sawtooth sign and
FEF50/FIF50 ratio >1 were also observed in the con-
trol group. However, the lower FEF25—75/FVC ratio
observed in OSAS patients may reflect increased
upper airway resistance or instability. This spiromet-
ric finding may be associated with OSAS; however,
further prospective studies are required to evaluate its
diagnostic utility. Notably, the sawtooth sign appeared
to be useful in identifying more severe cases of
OSAS.

Strengths and Limitations

This study addresses a relatively underexplored
area by investigating the relationship between spiro-
metric parameters and OSAS. Additionally, the use of
correlation analyses between PSG findings and PFT
parameters strengthens the clinical relevance of our
results. Finally, by focusing on commonly used and
cost-effective spirometric measurements, this study
highlights a potentially accessible adjunct tool in the
evaluation of OSAS. However, several limitations
should be considered, including the small control
group and single-center design, which may affect gen-
eralizability. Additionally, the lack of a detailed eval-
uation of confounding factors and the retrospective
nature of the study may influence data accuracy. Al-
though the study had a retrospective design, the rela-
tionship between flow-volume curve abnormalities
and OSAS remains an underexplored area in the liter-
ature. To our knowledge, few studies have evaluated
whether these PFT patterns can help predict the sever-
ity of OSAS. Therefore, we believe that our findings
still provide relevant clinical insight. Further prospec-
tive studies with standardized methods are necessary
to better understand the relationship between PFT ab-
normalities and OSAS.

CONCLUSION

Given the complex pathophysiology of OSAS, identi

fying abnormalities in flow-volume curves may serve
as an early indicator of disorders leading to OSAS. This
approach can help in determining which patients
should undergo PSG, which is time-consuming and
costly. We suggest that multi-center studies, involving
a larger number of cases and identifying modifying fac-
tors, are needed to assess the reliability of changes in
flow-volume curves for predicting OSAS in patients.
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ABSTRACT

Objectives: This study aimed to assess the effectiveness of different vaccination regimens using two distinct
SARS-CoV-2 vaccines against mortality risk and the need for intensive care unit (ICU) admission among hos-
pitalised patients.

Methods: The single-centre hospital-based retrospective cohort study was performed with adult COVID-19
patients in a tertiary-level hospital between March 2020 and September 2022. The associations between pa-
tients’ demographics and clinical features, vaccine status and regimens, in-hospital mortality, and need for I[CU
admission were evaluated using multivariable regression analyses.

Results: During the study period, 2,373 patients were included. Mortality among unvaccinated patients was
85.0%, which was significantly lower in vaccinated groups (P<0.001), particularly with BNT162b2 than with
Sinovac. Vaccination reduced mortality and ICU admission rates, with higher efficacy observed with increased
vaccine doses and BNT162b2 regimens. Multivariable analyses confirmed age as a significant determinant
and various vaccination schedules showed consistent reductions in mortality and ICU admissions.
Conclusions: A two-dose initial plus one or more-dose booster BNT162b2 regimen effectively reduced mor-
tality risks and ICU admission.

Keywords: COVID-19, vaccine, mortality, intensive care unit

terised by a respiratory syndrome that can vary
in severity, ranging from mild effects to life-
threatening consequences. Its fatality rate is approxi-
mately 2.3%, lower than SARS-CoV and MERS-CoV
infections [1]. It is noteworthy that COVID-19 has

SARS—COV—Z infection (COVID-19) is charac-

caused significantly more deaths globally because
SARS-CoV-2 is widely transmitted within the com-
munity, whereas SARS-CoV and MERS-CoV are pri-
marily transmitted among hospitalised patients [2].
Previous studies have demonstrated that both antici-
pated annual viral respiratory infections and unfore-
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Effectiveness of Sinovac and BNT162b2 vaccines

seen pandemic outbreaks result in three to five million
cases of severe disease and up to half a million deaths
worldwide [3, 4].

The unprecedented pace of vaccine development
against COVID-19 and robust global vaccination ef-
forts play critical roles in controlling the pandemic [5].
Few studies have investigated the effectiveness of var-
ious vaccine doses and schedules, including the use of
different vaccines and complementary administration
of a booster dose from another vaccine, in preventing
disease severity and mortality during the COVID-19
pandemic. Numerous studies have sought to delineate
the number of applications of the same vaccine
deemed a full dose and the number of doses consid-
ered insufficient within this context [6, 7]. However,
the production processes and availability of vaccines
have varied across countries during the COVID-19
pandemic, leading to the implementation of mixed
vaccination regimens involving different vaccines in
many regions. A limited number of studies compared
the incidence of severe infections among unvacci-
nated, partially vaccinated, and fully vaccinated indi-
viduals. Therefore, this study aimed to evaluate the
efficacy of various vaccines and, more critically, to as-
certain which specific vaccines and vaccination regi-
mens are most effective in mitigating the progression
to severe disease and reducing mortality rates.

METHODS

This single-centre hospital-based retrospective cohort
study included patients with COVID-19 admitted to a
tertiary-level hospital. The Clinical Research Ethics
Committee approved this study (Approval date:
20.04.2022, Approval number: 2011-KAEK-25
2022/04-18). The study followed the ethical principles
outlined in the Declaration of Helsinki and the guide-
lines for Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) Statement. In-
formed written consent was not obtained because of
the study's retrospective design.

The cohort was defined as "patients aged 18 years
and older who were admitted with a diagnosis of
COVID-19 between March 2020 and September
2022.” According to the cohort definition, the inclu-
sion criteria for the study population were (1) being

18 years or older, (2) having a microbiologically con-
firmed diagnosis of COVID-19, and (3) being admit-
ted to the hospital. Patients for whom vaccination
information, the primary independent variable of the
study, was not accessible were excluded from the
study. Patients vaccinated with any vaccine other than
Sinovac or BNT162b2 were also excluded from the
study. However, patients with missing data for other
variables were not excluded to provide different types
of analyses involving more variables.

Data, including patients’ demographics (age and
sex), vaccination status, blood group, COVID-19 Re-
porting and Data System (CO-RADS) stage, Acute
Physiology and Chronic Health Evaluation Mortality
Prediction Rate (APACHE II-MPR), acute phase re-
actants [ferritin (ng/mL), procalcitonin (ng/mL), and
C-Reactive Protein (CRP) (mg/L)], D-dimer (mg/L
FEU), troponin (ng/mL), white blood cell (WBC)
count (x109/L), and platelet (x109/L) levels were ob-
tained from electronic medical records.

The vaccination status of the patients was cate-
gorised as follows: (1) unvaccinated, (2) one- or two-
dose vaccination with Sinovac, (3) two initial doses
plus one-dose booster Sinovac, (3) two initial doses
plus two- or more-dose booster Sinovac, (4) one- or
two-dose BioNTech (BNT162b2), (5) two initial doses
plus one-dose booster BNT162b2, (6) two initial doses
plus two- or more-dose booster BNT162b2, (7) two
initial doses Sinovac plus one-dose booster
BNT162b2, and (8) two initial doses Sinovac plus
two- or more-dose booster BNT162b2.The underlying
rationale behind this categorisation is to consider those
who received one or two doses of any vaccine as “in-
adequately vaccinated.” In contrast, individuals who
received two initial doses and one booster dose are re-
garded as “fully vaccinated.”

The CO-RADS was used to include the radiolog-
ical disease status of patients in the analysis [8]. The
APACHE II comprises 12 physiological variables: age
and previous disease status. The APACHE II score was
converted into a percentage to derive the Mortality
Prediction Rate (MPR) variable [9]. This approach al-
lowed for the integration and standardised evaluation
of multiple variables as a single independent variable.

There were two primary outcomes of the study.
These are “in-hospital mortality” and “the need for an
intensive care unit (ICU)”. “Mortality” was defined as
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“all-cause mortality during the stay in the hospital.”
“The need for ICU” was described as “a need for hos-
pitalization in the intensive care unit for any reason
during the stay in the hospital.”

Statistical Analysis

No prior sample size was calculated. All eligible
patients' data were included in the analysis. Statistical
analyses were performed using SPSS version 23 (IBM
Corp., Armonk, NY, USA). Descriptive statistics are
presented as median with interquartile range (IQR) for
numerical data and frequency (n) and percentage (%)
for categorical data. Pearson Chi-square Test was used
to analyse mortality and ICU admission rates among
the study groups with different vaccination statuses.
Univariable Logistic Regression Analyses with the
Enter Method were employed for univariable analysis
to estimate the effects of variables and potential co-
variates on mortality risk and the need for ICU risk.
Several multivariable models were constructed with
statistically significant variables from the univariable
analyses while avoiding highly correlated independent
variables. Odds Ratios (ORs) with a 95% confidence
interval (CI) were used to evaluate the risk. Statistical
significance was set at P<0.05.

RESULTS

The data of 2373 patients were included in the analysis
based on the inclusion and exclusion criteria of the
study. The number of patients included in the analysis
decreased to 916 for some variables. Patients with
missing data were not excluded from the analysis to
present more comprehensive findings. The median age
was 74 years, and 56.9% were male. The median body
mass index (BMI) was 26.6 kg/m2, and 48.5% were
unvaccinated. Although 5.5% of patients were classi-
fied as CO-RADS stage 1, 20.1% as stage 2, 20.2% as
stage 3, 24.3% as stage 4, and 29.9% as stage 5, the
median APACHE MPR score was 42.8%. Sepsis de-
veloped in 13 patients, and the median length of stay
was 6.0 days. Notably, the levels of acute-phase reac-
tants were elevated in all patients (Table 1).
Mortality was 85.0% (n=979) among unvacci-
nated patients, whereas it significantly decreased in all
vaccinated groups (P<0.001 for the comparisons be-

tween the unvaccinated group and all vaccination reg-
imens). Mortality rates were 66.9% in patients vacci-
nated with one or two-dose Sinovac, 55.9% with
two-dose plus one-dose booster Sinovac, 26.1% with
two-dose plus two or more-dose boosters of Sinovac,
27.3% with one or two-dose of BNT162b2, 3.3% with
two-dose plus one-dose booster of BNT162b2, 3.6%
with two-dose plus two or more-dose booster
BNT162b2, 47.1% with two-dose Sinovac plus one-
dose booster BNT162b2, and 21.7% two-dose Sinovac
plus two or more-dose booster BNT162b2. The need
for ICU admission followed a similar trend. Among un-
vaccinated patients, 81.3% (n=937) required ICU care,
which was significantly higher compared to vaccinated
groups (P<0.001 for the comparisons between the un-
vaccinated group and all vaccination regimens). The
ICU admission rates 65.2% in patients vaccinated with
one or two-dose Sinovac, 54.0% with two-dose plus
one-dose booster Sinovac, 37.7% with two-dose plus
two or more-dose boosters of Sinovac, 29.7% with one
or two-dose of BNT162b2, 9.8% with two-dose plus
one-dose booster of BNT162b2, 17.9% with two-dose
plus two or more-dose booster BNT162b2, 49.6% with
two-dose Sinovac plus one-dose booster BNT162b2,
and 30.2% two-dose Sinovac plus two or more-dose
booster BNT162b2. Overall mortality and ICU admis-
sion rates for the entire cohort were 64.0% (n=1519)
and 63.3% (n=1502), respectively (data not shown).
Age was a statistically significant determinant of
mortality and the need for ICU. Compared to unvac-
cinated individuals, all vaccination schedules were as-
sociated with reduced mortality risk. Moreover, as the
number of booster doses increased, both the mortality
and ICU admission risks decreased. When evaluating
between vaccines, the regimen that most significantly
reduced the mortality and ICU admission was the
BNT162b2 vaccine at both the initial and booster
doses, followed by the Sinovac initial regimen with
BNT162b2 boosters. The slightest reduction in mor-
tality was observed with the Sinovac regimen for both
the initial and booster doses (Table 2). This trend was
also the same for the need for an ICU (Table 3).
Three different models were employed to evaluate
mortality risk for significant variables in the univari-
able analyses. The findings from the univariable analy-
ses were preserved across all the models (Table 2).
Similar results were obtained in the modelling of ICU
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Table 1. Demographics, clinical features and laboratory findings of the patients

Characteristics

Data

Age (years), (n=2373)
Sex, n (%) (n=2373)
Female
Male
BMI (kg/m?), (n=916)
Blood group, n (%) (n=2146)

74.0 (64.0-82.0)

1022 (43.1)
1351 (56.9)

26.6 (23.4-31.1)

0 Rh (-) 105 (4.9)

0 Rh (+) 551 (25.7)

ARh(-) 101 (4.7)

A Rh (+) 864 (40.3)

B Rh (-) 42 (2.0)

B Rh (+) 320 (14.9)

AB Rh (-) 14 (0.7)

AB Rh (+) 149 (6.9)

Vaccine status, n (%) (n=2373)

Unvaccinated 1152 (48.5)

One or two-dose Sinovac 408 (17.2)

Two-dose plus one-dose booster Sinovac 202 (8.5)

Two-dose plus two or more-dose booster Sinovac 69 (2.9)

One or two-dose BNT162b2 172 (7.2)

Two-dose plus one-dose booster BNT162b2 92 (3.9)

Two-dose plus two or more-dose booster BNT162b2 28 (1.2)

Two-dose plus one-dose booster mix 121 (5.1)

Two-dose plus two or more-dose booster mix 129 (5.4)

CO-RADS, n (%) (n=2108)

1 115 (5.5)

2 423 (20.1)

3 426 (20.2)

4 513 (24.3)

5 631 (29.9)
APACHE MPR (%), (n=1557) 42.8 (26.2-70.5)
Occurrence of sepsis, n (%) (n=1427) 13 (0.9)

LOS (days), (n=2373) 6.0 (2.0-11.0)
Ferritin (ng/mL), (n=1916) 602.70 (280.62-1407.41)
Procalcitonin (ng/mL), (n=593) 0.23 (0.10-0.62)
CRP (mg/L), (n=2301) 79.20 (16.20-176.00)
D-Dimer (mg/L FEU), (n=2214) 2.08 (0.95-5.72)
Troponin (ng/mL), (n=2287) 50.90 (10.94-269.60)
WBC count (x10°/L), (n=2361) 11.36 (7.62-17.42)
Platelet (x10°/L), (n=1916) 199.00 (123.50-282.00)

Data are shown as median (IQR-Interquartile range) or n (%). BMI=Body mass index, CO-RADS=COVID-19 Reporting and
Data System, APACHE MPR=Acute Physiology, Age, and Chronic Health Evaluation-Mortality Prediction Rate,
LOS=Length of stay, CRP=C-Reactive Protein, WBC=White blood cell.
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admission needs. While effect modifications were ob-
served for other variables across the six different mod-
els, the trends in the findings related to vaccination
regimens remained consistent (Table 3).

DISCUSSION

Our study revealed that all vaccinated groups, includ-
ing those receiving only one dose of the Sinovac or
BNT162b2 regimen, had lower rates of ICU admis-
sion during hospitalisation and lower mortality rates
than unvaccinated patients. Specifically, ICU admis-
sions and mortality rates were lower in the BNT162b2
vaccinated group compared to the Sinovac-vaccinated
group. Moreover, individuals who received a two-dose
regimen of BNT162b2 followed by a booster dose
(BNT162b2d), or two doses of BNT162b2 with two
or more booster doses exhibited the lowest ICU ad-
mission rates (9.8% and 17.9%) and mortality rates
(3.3% and 3.6%) compared to those who received two
doses of Sinovac with one or more booster doses or
two doses of Sinovac followed by one BNT162b2
booster dose. Conversely, the most significant reduc-
tions in mortality risk and ICU admission were ob-
served in individuals who received BNT162b2 at both
the initial and booster doses. Our study also identified
age, CO-RADS stage, and APACHE MPR score as
statistically significant determinants of mortality and
ICU admission.

Individuals of different age groups can be affected
by this highly transmissible disease. However, people
aged >60 years and those with comorbidities such as
diabetes, cardiovascular disease, obesity, and chronic
lung disease are particularly vulnerable to severe clin-
ical illness and mortality [10]. Additionally, numerous
studies indicate that this disease tends to be more se-
vere in men and is associated with higher mortality
rates [11, 12]. Our study cohort had a higher median
age, and 56.9% were male and considered at high risk
for severe infection [7].

The virulence of the virus and the host immune re-
sponse determine the severity of SARS-CoV-2-in-
duced illness. At the same time, a controlled immune
response in mild infections leads to viral clearance, an
excessive and uncontrolled immune response, charac-
terised by aberrant cytokine and chemokine activity,
results in the infiltration of inflammatory cells, de-

struction of the respiratory epithelial layer, and conse-
quently respiratory failure in severe cases [13, 14]. El-
evated levels of CRP, ferritin, D-dimer, and troponin
have been identified as risk factors associated with the
severity of the clinical course in patients with COVID-
19 [7, 15].

Like other respiratory RNA viruses, SARS-CoV-

2 undergoes various mutations as it adapts to its new
host, leading to differences from the original strain [5].
Many studies have demonstrated that mRNA and in-
activated vaccines are effective against several vari-
ants, including Alpha, Beta, Gamma, and Delta, albeit
in varying degrees [16, 17]. A population-based study
encompassing over seven thousand COVID-19-asso-
ciated hospitalisations of adults 65 years and older
showed that 75% of the cases were unvaccinated, 12%
were partially vaccinated, and only 5% were fully vac-
cinated [18]. In the present study, 50% of the patients
were unvaccinated, 40% were partially vaccinated,
and 10% were fully vaccinated. A vaccine schedule
consisting of two doses plus one or two booster doses
was considered fully vaccinated in patients with ad-
vanced age and additional comorbidities [7, 19].
A multicentre historical control study investigating the
severity and outcomes of COVID-19 among vacci-
nated compared to unvaccinated patients found that
unvaccinated or partially vaccinated individuals expe-
rienced more in-hospital complications, severe dis-
ease, and death than fully vaccinated individuals [7].
Unvaccinated individuals more frequently show ab-
normal findings on chest imaging, with more wide-
spread involvement observed at the onset of
COVID-19 infection [7, 20]. In addition, these patients
were more likely to require ICU admission and expe-
rienced a higher death rate than vaccinated individu-
als. Our experience with the current pandemic
indicates that advanced age is a significant risk factor
for severe clinical course and disease-related mortality
[21, 22].

The severity of the current pandemic was lowest
in the fully vaccinated group and highest in the unvac-
cinated group, and it was between these two groups in
partially unvaccinated people, remarking the protec-
tive role of mRNA vaccines against severe COVID-
19 disease [7]. Heterologous prime-booster and a third
dose vaccination induced a robust humoral response
in all adult age groups [16, 23]. Our study underscores
the importance of delineating effective vaccines and
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optimal vaccination schedules, particularly in elderly
cohorts. Our findings highlight the potential need for
tailored full-dose vaccination protocols based on the
specific vaccine in specific patient groups.

Limitations

Since our study was a single-centre hospital-based
retrospective analysis, the generalisability of the study
is limited. Another potential limitation of the study is
the possibility of data source errors, as the study data
were obtained from electronic medical records. Some
patient characteristics, such as comorbidities, and their
potential impact on the outcomes were not assessed.
Additionally, the treatment modalities administered
before admission and during hospitalisation with dis-
cussions on their accessibility and efficacy were not
detailed. Readers should keep these limitations in
mind when interpreting the results.

CONCLUSION

As a result, a two-dose initial plus one or more-dose
booster BNT162b2 regimen showed the highest effec-
tiveness in reducing the risks of mortality and ICU ad-
mission compared to partially vaccinated regimens
and the unvaccinated group. Our study group con-
sisted of very elderly patients who presented with a
severe clinical course, which may explain the high
mortality rates.
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ABSTRACT

Objectives: During Ramadan, lifestyle changes may affect thyroid function not only in fasting individuals but
also in those who do not fast. This study examined the impact of Ramadan-related behavioral shifts on thy-
roid-stimulating hormone (TSH) levels in patients receiving stable levothyroxine therapy.

Methods: This observational before-and-after study, conducted between January 2023 and January 2024, in-
cluded 116 hypothyroid patients on stable levothyroxine (LT4) therapy. Serum TSH, free thyroxine (fT4), and
free trilodothyronine (fT3) levels were measured one month before and within one week after Ramadan. Pa-
tients were categorized as fasting or non-fasting, and completed a structured questionnaire regarding medication
timing, fasting behavior, and lifestyle changes. Linear regression analysis was used to identify predictors of
post-Ramadan TSH changes.

Results: TSH levels significantly increased after Ramadan in the overall cohort (mean+SD: 3.03+3.24 vs.
4.77+7.83 mU/L; P=0.028), while fT3 and fT4 levels remained unchanged (P=0.14 and P=0.72, respectively).
Among fasting patients (n=72), TSH rose from 3.26+3.26 to 4.80+8.58 mU/L (P=0.47), whereas non-fasting
patients (n=44) showed a significant increase from 2.65+3.21 to 4.73+6.51 mU/L (P=0.006). Polypharmacy
was associated with increased odds of post-Ramadan TSH elevation (OR=2.67, 95% CI: 1.25-5.73, P=0.01).
Among non-fasting patients, those who reported changes in sleep or meal patterns during Ramadan (n=28)
experienced a significantly higher increase in TSH compared to those without such changes (ATSH: 2.47+3.88
vs. 0.81+£2.12 mU/L, P=0.02).

Conclusions: Patients receiving LT4 therapy who do not fast during Ramadan may still exhibit significant
TSH variability, likely due to behavioral and circadian disruptions. These findings emphasize the importance
of proactive monitoring and targeted education for all hypothyroid patients during Ramadan, irrespective of
fasting status.
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TSH changes during Ramadan

in the treatment of hypothyroidism and neces-

sitates rigorous compliance with timing proto-
cols to ensure optimal bioavailability. It is generally
recommended to be consumed 30-60 minutes before
breakfast or at bedtime, ensuring at least three hours
have elapsed since the last meal [1]. Differences from
this routine may reduce absorption, especially when
meal timing and sleep cycles are altered. Ramadan is
characterized by a daily fast from dawn to sunset. Re-
ligious practices and social norms often cause people
to change their dietary habits, cycles of sleep and
wakefulness, and medication regimens during this
month [2-4]. These changes could cause particular dif-
ficulties for patients receiving long-term therapies like
LT4.

Food intake is restricted to specific times (Iftar and

Suhoor), and patients frequently adjust their medica-
tion schedules accordingly, which might affect thera-
peutic consistency [3]. Fasting has been linked to a
number of physiological changes, such as changes in
circadian rhythm, changes in melatonin secretion, and
more activity at night. These changes have the poten-
tial to affect the hypothalamic pituitary-thyroid axis.
Furthermore, psychological stress, disrupted sleep ar-
chitecture, and reduced medication adherence during
Ramadan may all have an impact on thyroid hormone
dynamics [5-7]. Previous research examining the ef-
fects of Ramadan on thyroid function in LT4-treated
individuals showed inconsistent results. Some studies
indicate significant elevations in serum TSH following
Ramadan, frequently ascribed to inappropriate dosing
intervals or food-drug interactions [8-9]. Others argue
that LT4's extended half-life and physiological buffer-
ing mechanisms may safeguard against short-term
variations [7-11]. Significantly, the majority of current
research concentrates solely on fasting individuals,
creating a void in comprehension regarding the impact
of Ramadan-related lifestyle disruptions on those who
do not fast but live in fasting households [12]. These
individuals might experience indirect behavioral and
environmental factors, such as disrupted sleep, de-
layed meals, or irregular medication adherence, which
could affect thyroid hormone levels.
T his study aimed to assess the impact of Ramadan-
related changes in lifestyle on TSH levels in patients
undergoing stable LT4 replacement, specifically fo-
cusing on those not fasting.

[ evothyroxine (LT4) is still the standard of care

METHODS

Study Design and Setting

This was a prospective, observational, pre-post (be-
fore-after), non-randomized cohort study conducted
between January 2023 and January 2024 in general
surgery and endocrinology outpatient clinics. The
study aimed to evaluate the effects of thyroid hormone
replacement intake variations on the management of
hypothyroidism in patients with Ramadan fasting. Eth-
ical approval was obtained from the relevant institu-
tional review board, and all participants provided
written informed consent before participation.

Study Population

The study included 116 patients receiving levothy-
roxine treatment, regardless of fasting status. The
study included 72 fasting patients and 44 non-fasting
patients. The criteria for inclusion were as follows: In-
dividuals aged 18 and above, diagnosed with primary
hypothyroidism and undergoing stable levothyroxine
therapy for a minimum of six months, who are willing
to participate and complete the questionnaire. Individ-
uals with a history of central hypothyroidism, malig-
nancy, or disorders impacting thyroid metabolism
were excluded. Participants were categorized into two
groups: individuals who fasted during Ramadan and
those who did not.

Data Collection

Data were gathered utilizing a structured 17-item
questionnaire aimed at evaluating sociodemographic
characteristics, fasting behaviors, medication compli-
ance, and dietary patterns. A supplementary question-
naire was administered to non-fasting patients to assess
changes in sleep and dietary patterns, including
whether they woke for Suhoor, had fasting family
members, or altered eating, sleep schedules. Binary
categorical variables were created based on responses
and used for subgroup comparisons of TSH change.
This questionnaire was adapted from previously vali-
dated Ramadan-related behavioral studies. [2, 3]. Pa-
tients’ medication timing was recorded and categorized
as “before Suhoor,” “before Iftar,” “after Iftar,” or “at
variable times.” Individuals who reported irregular or
inconsistent levothyroxine intake (n=4) were excluded
from statistical analysis to ensure reliability. No ran-
domization or intervention was performed.

1M77

The European Research Journal | Volume 11

Issue 6 | November 2025



Aytekin et al

Eur Res J. 2025;11(6):1176-1183

6 11 ySiH
VA 4% 9JBIPON
I'SIT 12 MO SNJE)S J[WOU0dY
S¢Cl 81 <
iy 8 o[ 618 S6 pakojdwisun
'St 0S I PIsn SUONBIIPIU JO IIqUINN] 1'81 12 pakordwyg smye)s JudwAorduy
9LL 06 SEHIERPN Y]
8y 9¢ Aw030ap1oIAy) [0, (uonsanb s 10300p) 8¢l 91 wmsia
LIS 09 wsiprotAyodAy Arewnig JUIX0IAY)JOAI] SUISN .10 UOSEIY 9] 01 oFeqIA BIIY [EUIPISNY
7’6 11 ON 791 6l o[3urg
$'06 S01 SO 2sdn-y29yd 1e[n3ax puapye noAoqd 9¢8 L6 PpoLLRIA snje)s [eILIBIAl
L'l 7 Joy3iy 10 92139p S I9)SeIN
€1 1 own Aue 3y L0 v drenpeld AJNSIoAIUN)
Q€T 01 JeyJ, 210J0q yoewols Aydwe ue uQ I've ST ojenpeisd [ooyds YSIy
LT 4 JeY], J9)je sInoy {-¢ 8L 6 syenpels [00yds J[PPIA
€1 I Jey, Ioye sImoy -1 ;Sunsey oIym '€y 0SS  91enpeid [ooyos Arewrd
S08 ]S Jooyng, 1e yoewols A)Jdwd ue Q)  UOHBIIPIW INOA XB) NOA 0P WAYA, 9T € reINN[] [9A3] uoneINpPy
6'81 11 S1B9A G < I'Le ¢ I9p[0 10 plo s1edk |G
9'LT (44 s1e3k GT-01 9°LT ¢ s1834 0G-T
v'8¢ €e S1eK 01-§ £IUIUI) ALY SUIXO0.IAYI0AS] Suisn bgr 1z STe3k Op-1¢€
INS% 0S sIeak G- U933 NOA dARY SIBIL Auvl MO TLI 0Z 193unoX 10 p[o sIedA (¢ dnoa3 a3y
6'LE 12474 ON 6Tl Sl 9[eIN
29 L SOA (sej nok o I'L8 101 oewo 1Ppud)
% u suondQ sa9joueaed A9AaIng % u suondQ s193oweaed A9AIng

sjudned Jo sdnsLd)dILIRY [eIUId pue diydeidowdponog ‘1 d[qe .

1178



Eur Res J. 2025;11(6):1176-1183

TSH changes during Ramadan

Assessment of Thyroid Function

Thyroid function tests, comprising serum TSH,
free T4 (fT4), and free T3 (fT3) levels, were assessed
utilizing standard chemiluminescent immunoassay
techniques. Blood samples were obtained one month
before and again within one week following Ramadan.
The primary outcome was altered serum TSH levels
during Ramadan fasting compared with baseline
measurements.

Medication Adherence and Timing

Participants were questioned about their compli-
ance with medication and the exact period of levothy-
roxine administration during Ramadan. The
administration timing of levothyroxine was classified
as follows: Medication timing was recorded a priori
and classified as “before Suhoor,” “before Iftar,” “after
Iftar,” or “variable.” Individuals reporting irregular or
inconsistent LT4 intake were excluded from analyses.

Ethical Considerations

This study was approved by the Gaziantep Uni-
versity Clinical Research Ethics Committee (Decision
No: 2023/118; date: 07.06.2023). All procedures were
conducted in accordance with the ethical standards of
the institutional and national research committee and
with the 1964 Helsinki Declaration and its later

amendments. Written informed consent was obtained
from all participants.

Statistical Analysis

The variables were analyzed using SPSS 25.0
(IBM Corporation, Armonk, New York, USA) and
Medcalc 14 (Acacialaan 22, B-8400 Ostend, Belgium)
software. The adherence of the data to a normal dis-
tribution was assessed using the Shapiro-Wilk test,
while the homogeneity of variance was examined
through Levene's test. The Monte Carlo method,
Mann-Whitney U test, Bootstrap results, and Inde-
pendent Samples T Test were employed to compare
two independent groups based on quantitative vari-
ables. A Linear Mixed Model (LMM) analysis was uti-
lized to assess the factors influencing the variation in
TSH levels in regression analysis. A P value of less
than 0.05 was considered significant.

RESULTS

A total of 116 patients were included in the analysis,
of whom 101 (87.1%) were female and 15 (12.9%)
were male. Seventy-two patients (62.0%) reported
fasting during Ramadan, while 44 (37.9%) did not.
Educational status was predominantly at the primary

Table 2. Comparison of thyroid function tests before and after Ramadan by fasting status and

polypharmacy
TSH (mU/L) T4 (ng/dL) T3 (ng/L) P value

(0.34-5.6) (0.61-1.45) (2.5-4.2) (TSH/fT4/fT3)
All patients Before Ramadan 3.0313.24) 1.02+0.29 3.26+0.57  0.028%/0.72/0.14
(n=116) After Ramadan 4.77+7.83 140.22 3.35+0.59
Fasting patients Before Ramadan 3.26+3.26 0.98+0.22 3.27+0.44 0.47/0.43/0.35
(n=72) After Ramadan 4.8048.58 0.99+0.22  3.3240.53
Non-fasting patients Before Ramadan 2.65+3.21 1.094+0.36 3.25+0.75) 0.006%/0.59/0.30
(n=44) After Ramadan 4.7346.51 1.03+0.23 3.3+0.68
Single mediacation Before Ramadan 3.30+3.35 0.96+0.22 3.224+0.42 0.51/0.24/0.016*
(n=50) After Ramadan 4.7048.65 1+0.24 3.43+0.58
Multiple medications Before Ramadan 2.8243.16 1.06+0.33 3.30+0.67 0.016%/0.57/0.82
(n=66) After Ramadan 4.82+7.20 1.00£0.21  3.28+0.59

Data are shown as meantstandard deviation. TSH=Thyroid-Stimulating Hormone, fT4=Free Thyroxine, fT3=Free

Triiodothyronine

*P<0.05 is considered significant
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school level (43.1%), and a considerable number were
either unemployed (81.9%) or residing in urban areas
(77.6%). Of clinical relevance, nearly half of the pa-
tients were being treated following total thyroidec-
tomy (48.2%), indicating a significant post-surgical
hypothyroidism cohort. Among the patients, 62.0%
(n=72) were fasting and 37.9% (n=44) were not fast-
ing. In terms of the duration of levothyroxine treat-
ment, 43.1% had been using levothyroxine for 0-5
years, 28.4% for 5-10 years, 27.6% for 10-15 years
and 18.9% for more than 15 years. In terms of the time
of use, 80.6% took the drug on an empty stomach at
suhoor, 1.4% 1-2 hours after iftar, 2.8% 2-4 hours after
iftar, 13.9% on an empty stomach before iftar, and
1.4% at any time. 90.5% of the participants stated that
they had regular check-ups during Ramadan (n=105),
while 9.5% stated that they did not have regular check-
ups (n=11). In the section filled by the physician,
51.7% of the patients were using levothyroxine due to
primary hypothyroidism, and 48.3% due to total thy-
roidectomy. When the number of drugs used was an-
alyzed, 43.1% were using a single drug, 41.5% were
using 1-5 drugs, and 15.5% were using more than 5
drugs (Table 1).

Across the entire study population, a statistically

significant increase in serum TSH concentrations was
observed following Ramadan (pre-Ramadan:
3.03+£3.24 mU/L vs. post-Ramadan: 4.77+7.83 mU/L;
P=0.028). In contrast, mean serum fT4 and T3 levels
did not differ significantly across the same time inter-
val (P=0.72 and P=0.14, respectively). Subgroup
analysis revealed that non-fasting individuals exhib-
ited a statistically significant increase in TSH levels
after Ramadan (2.65+3.21 vs. 4.73+6.51 mU/L;
P=0.006), whereas the change observed among fasting
participants did not reach statistical significance
(3.263.26 vs. 4.80+£8.58 mU/L; P=0.47). Neither group
demonstrated significant alterations in fT4 or fT3 con-
centrations. The distribution of patients' medication
timing was recorded and categorized as “before
Suhoor,” “before Iftar,” “after Iftar,” or “at variable
times.” Individuals who reported irregular or incon-
sistent levothyroxine intake (n=4) were excluded from
statistical analysis to ensure reliabilition of medication
timing categories (“before Suhoor,” “before Iftar,”
“after Iftar,” “variable”) was statistically similar be-
tween fasting and non-fasting groups suggesting that
medication timing alone did not account for observed
group differences (P=0.41). Patients receiving more
than one medication (n=66) experienced a statistically

Table 3. Analysis of TSH changes by fasting and medication use

Fasting status Number of Variables Before Ramadan After Ramadan P value
medications used
Fasting patients  Single medication TSH (mU/L) 3.5143.02 4.7049.69 0.39
(n=72) (n=38) fT4 (ng/dL) 0.97+0.22 1.01£0.25 0.22
fT3 (ng/L) 3.25+0.44 3.4540.62 0.02
Multiple medications TSH (mU/L) 2.98+3.53 4.90+7.28 0.06
(n=34) T4 (ng/dL) 1.000.23 0.97+0.18 0.79
fT3 (ng/L) 3.29+0.45 3.1740.33 0.33
Non-fasting Single medication TSH (mU/L) 2.6614.33 4.70+4.25 0.03*
patients (n=44)  (n=12) T4 (ng/dL) 0.9620.21 0.99+0.23 0.84
fT3 (ng/L) 3.1240.35 3.3240.45 0.43
Multiple medications TSH (mU/L) 2.65+2.76 4.74+7 .24 0.10
=2 fT4 (ng/dL) 1.13£0.40 1.04+0.23 0.58
fT3 (ng/L) 3.31£0.85 3.41£0.75 0.48

Data are shown as mean+standard deviation. TSH=Thyroid-Stimulating Hormone, fT4=Free Thyroxine, fT3=Free

Triiodothyronine
*P<0.05 is considered significant
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significant elevation in TSH post-Ramadan (2.823.16
vs. 4.82+7.20 mU/L; P=0.016), in contrast to those on
monotherapy with levothyroxine (n=50), where the
TSH change was not statistically significant (P=0.51).
Notably, a modest yet significant increase in fT3 levels
was observed among monotherapy users (3.22+0.42
vs. 3.43+0.58 ng/L; P=0.016) (Table 2).

In a stratified analysis based on both fasting status
and polypharmacy, only the subgroup of non-fasting
patients receiving levothyroxine monotherapy exhib-
ited a significant post-Ramadan increase in TSH
(2.66+4.33 vs. 4.70 £ 4.25 mU/L; P=0.03). Although
numerically elevated TSH values were also observed
in other subgroups, including fasting individuals and
those on multiple medications, these differences did
not reach statistical significance (Table 3).

DISCUSSION

In this study, a significant increase in serum TSH was
observed in all patients receiving LT4 replacement
after Ramadan, but the most striking finding was that
this increase occurred predominantly in individuals
who did not fast and that most of these individuals
shared behavioural and environmental changes spe-
cific to Ramadan. These results may provide important
insights into the interaction between behavioural
rhythms, medication compliance, and thyroid home-
ostasis. Studies have been conducted to investigate the
effects of fasting during Ramadan on levothyroxine
absorption and TSH dynamics, but the findings are in-
consistent. Some suggest that changes in timing and
taking the medication with food may impair levothy-
roxine bioavailability and lead to elevated TSH levels,
while others propose that levothyroxine's long half-
life and peripheral conversion to T3 may act as a
buffer against short-term fluctuations [3, 8-10]. Our
findings appear consistent with recent evidence sug-
gesting that circadian rhythm disruption, including
changes in sleep-wake cycles, late-night eating, and
irregular meal times, may independently affect hypo-
thalamic-pituitary-thyroid (HPT) axis regulation [4,
5]. In this cohort, non-fasting individuals frequently
reported shared household schedules, late meals, and
sleep disturbances; these factors may have contributed
to changes in TSH secretion through alterations in hy-

pothalamic TRH stimulation or impaired medication
adherence. Additionally, the significant association be-
tween polypharmacy and increased TSH further sup-
ports the hypothesis that concomitant medications
may impair LT4 absorption [13]. These findings may
have clinical significance, as individuals may require
personalised counselling and timing adjustments dur-
ing Ramadan to maintain euthyroidism, regardless of
whether they fast or not.

Unlike some previous studies, in our study, the
timing of LT4 administration (before suhoor, after
iftar, or before bedtime) did not significantly affect
TSH dynamics in our population [2]. This suggests
that compliance and behavioural routine changes may
be more important than dosing time. For example,
Mahzari et al. [11] also found that TSH increased sig-
nificantly after Ramadan, independent of administra-
tion timing. These observations may highlight that
lifestyle changes could be multifactorial determinants
of thyroid hormone regulation.

A novel contribution of this study is its emphasis
on non-fasting individuals, who are often underrepre-
sented in research on Ramadan and thyroid hormone
replacement success. While most previous studies
have focused solely on fasting individuals, our find-
ings suggest that even non-fasting individuals may ex-
hibit significant biochemical changes due to shared
social and environmental factors. This concept is also
supported by a recent observational study by Al-Qah-
tani et al. [12].

There was a significant increase in TSH in indi-
viduals who did not fast. This situation can be ex-
plained by indirect behavioral and environmental
effects among individuals who do not fast living in
households where fasting occurs. Although they did
not fast themselves, these patients frequently reported
sleep disturbances and delayed meal timing, which
may be due to circadian misalignment without the
adaptive hormonal mechanisms found in fasting indi-
viduals. This model may reflect environmental adap-
tation effects rather than direct fasting physiology.
Similar circadian effects on hypothalamic TRH stim-
ulation and TSH dynamics have been previously de-
scribed in the literature [5].

Strengths and Limitations
This study has several strengths. It is one of the
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few that evaluated thyroid hormone changes during
Ramadan in both fasting and non-fasting individuals
living in the same environment. This approach pro-
vides a realistic view of how behavioral and lifestyle
factors affect thyroid function. The prospective be-
fore—after design and standardized laboratory timing
improve the reliability of the results. In addition, med-
ication adherence and timing were carefully docu-
mented, and inconsistent users were excluded to
ensure data accuracy.

This study has several limitations. First, its obser-
vational design limits causal inferences. Second, be-
havioural data such as compliance, sleep patterns, and
food intake are self-reported, which may introduce po-
tential recall bias. Third, we did not assess serum
markers or chronobiological parameters of LT4 ab-
sorption, which could provide mechanistic insights.
Finally, while our sample size was sufficient for pri-
mary analyses, some subgroup comparisons were un-
derpowered. Additionally, although patients with
inconsistent LT4 intake were excluded, residual con-
founding due to unmeasured variations in adherence
or timing cannot be completely ruled out.

CONCLUSION

Lifestyle changes associated with Ramadan may affect
thyroid function in patients taking L'T4; however, such
changes are heterogeneous and not universal. In this
study, the most pronounced TSH variability was ob-
served among non-fasting individuals who reported
sleep and meal-schedule disruptions. Considering be-
havioral, pharmacological, and environmental factors
that may disrupt treatment stability regardless of fast-
ing during Ramadan, it may be prudent to recommend
personalized follow-up for all patients with hypothy-
roidism receiving LT4 replacement.
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ABSTRACT

Objectives: Diabetic neuropathy, significantly impacts patients' quality of life and may lead to severe morbidity
in the long term. Early detection of diabetic neuropathy is crucial in preventing or delaying irreversible damage.
In this study, we aimed to evaluate the role of medial plantar nerve conduction studies in the early diagnosis
of diabetic polyneuropathy and to determine which of the examined nerve conduction studies demonstrates
higher sensitivity.

Methods: Sixty patients with suspected diabetic polyneuropathy and 30 healthy controls were included. Dia-
betic neuropathy symptoms were assessed using the Diabetic Neuropathy Symptom (DNS) score. Sensory and
motor nerve conduction studies, including median, ulnar, posterior tibial, medial plantar, and sural nerves,
were performed.

Results: Sensory response amplitudes of both medial plantar and sural nerves were significantly lower in pa-
tients compared to controls. Abnormal sensory responses were detected in 23 (38.33%) patients for the sural
nerve and 39 (65%) for the medial plantar nerve.

Conclusions: Both nerve conduction studies are valuable in diagnosing diabetic polyneuropathy, but medial
plantar nerve conduction studies demonstrated higher sensitivity. Including medial plantar nerve assessments
in routine evaluations may improve diagnostic accuracy.

Keywords: Diabetic polyneuropathy, medial plantar nerve, sural nerve

iabetic neuropathy, a common and chronic
@complica‘[ion of Diabetes Mellitus (DM), can

significantly impact patients' quality of life
and lead to serious long-term morbidity. Detecting di-
abetic neuropathy at an early stage is crucial to prevent
or delay irreversible damage [1].

Patients with diabetic neuropathy may experience
dysesthetic and paresthetic symptoms, along with sen-

sory, motor, and autonomic deficits. Beyond clinical
symptoms and findings, electrophysiological studies
play a key role in diagnosing diabetic neuropathy. In
polyneuropathy (PNP), sensory nerves in the feet are
frequently affected in the early stages [2, 3].
However, routine nerve conduction studies, which
assess the sural and superficial peroneal nerves, do not
effectively evaluate the distal regions of the foot [4].
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Since the medial plantar nerve is one of the most dis-
tally located nerves in the foot, it may be affected in
the early stages of PNP. In studies comparing medial
plantar and sural nerve conduction studies, it has been
shown that in some patients clinically suspected of
neuropathy, sural nerve conduction findings may re-
main within normal limits, while medial plantar sen-
sory response amplitudes are reduced or unrecordable
during electrophysiological assessment. These find-
ings highlight that medial plantar nerve conduction
studies may represent a more sensitive method for the
electrophysiological diagnosis of neuropathy [5, 6].
In this study, we aimed to evaluate the role of me-
dial plantar nerve conduction studies in the early di-
agnosis of diabetic PNP in patients with clinically
suspected diabetic PNP and to determine which of the
examined nerve conduction studies—sural or medial
plantar—demonstrates higher sensitivity.

METHODS

Between September and November 2011, a total of 60
patients who visited the Neurology outpatient clinics
at Istanbul Training and Research Hospital and were
referred to the Electrophysiology Laboratory with a
suspected diagnosis of diabetic PNP were included in

medial
plantar nerve

the study. The control group consisted of 30 healthy
volunteers with no history of diabetes or neuropathic
symptoms. Ethical approval for the study was obtained
from the Medical Resaerch Ethics Committee of Is-
tanbul Training and Research Hospital upon its dated
June 15%, 2012, No: 148. Informed consent forms
were obtained from all patients and healthy volunteers.

The study included patients aged 18 to 70 who had
been clinically diagnosed with diabetes for at least six
months and had a diabetic neuropathy symptom score
of 1 or higher. Those with conditions, medications, or
substance use that could cause neuropathy as well as
pregnant women and individuals with entrapment neu-
ropathy, were excluded.

Evaluation of Cases

Clinical assessment tests, patient history, physical
examination findings, age, gender, disease duration,
and medications used were recorded.

Patient symptoms were evaluated using the Dia-
betic Neuropathy Symptom (DNS) Score, a four-vari-
able symptom scoring system. Each symptom is
assigned one point, and a score of one or higher is con-
sidered indicative of diabetic PNP [7].

The control group consisted of healthy volunteers
with no history of diabetes, neuropathic symptoms,
medication use, or exposure to toxic substances. Their

flexor
retinaculum

lateral plantar
nerve

Fig. 1. Medial plantar nerve conduction technique (S=stimulating electrode, R=recording electrode, G=ground electrode
(Adapted with modifications from: Oh SJ. Clinical Electromyography: Nerve Conduction Studies. 2nd ed. Baltimore: Williams

& Wilkins; 1993; p. 245. [8]).

1185

The European Research Journal | Volume 11

Issue 6 | November 2025



Eur Res J. 2025;11(6):1184-1191

Kog¢ Yamanyar and Aslan

neurological examinations were completely normal.
The control group underwent the same nerve conduc-
tion studies as the patient group.

Nerve Conduction Studies

Electrophysiological examinations were per-
formed using a Dantec Keypoint Portable EMG de-
vice. Throughout the nerve conduction studies, the
room temperature was maintained between 22-24°C.
Before the examination, the skin was cleansed with al-
cohol in all cases to minimize skin resistance. Bipolar
surface and ring electrodes were used for stimulation
and recording during the nerve conduction studies.

In both the patient and control groups, motor and
sensory responses of the median and ulnar nerves, pos-
terior tibial motor response, and bilateral medial plan-
tar and sural sensory responses were recorded. The
orthodromic method was preferred for sensory nerve
conduction studies.

For medial plantar nerve conduction studies, the
recording electrode was placed over the flexor retinac-
ulum, while the stimulation electrode was positioned
medially on the sole of the foot, between the
metatarsal bones. The nerve was stimulated at this site,
and responses were recorded over the flexor retinacu-
lum. Distal latency, amplitude, and conduction veloc-
ity of the nerve were measured (Fig. 1).

For sural nerve conduction studies, the recording
electrode was placed behind the lateral malleolus. The

nerve was stimulated 12-15 cm proximally, and re-
sponses were recorded. Distal latency, amplitude, and
conduction velocity of the nerve were measured (Fig. 2).

Statistical Analysis

Statistical analyses were conducted using the
NCSS 2007 & PASS 2008 Statistical Software. In ad-
dition to descriptive statistical methods (mean, stan-
dard deviation, median, frequency, and ratio), different
tests were applied based on the data distribution. For
normally distributed parameters, one-way ANOVA
was used for comparisons between groups, and Tukey
HSD was applied to identify the source of significant
differences. For non-normally distributed parameters,
Kruskal-Wallis test was used for group comparisons,
and Mann-Whitney U test was applied to determine
which group caused the difference. For categorical
variables, the Yates-corrected Chi-square test was
used. A P-value <0.05 was considered statistically sig-
nificant.

RESULTS

The average age of the patients in the study group was
54.25+8.53 years, while it was 52.9348.09 years in the
control group. There was no significant difference be-
tween the two groups in terms of age and gender.
Among the patients in the study group, 30% (n=18)

Sural nerve

R

Lateral malleclus

Fig. 2. Sural nerve conduction technique (S=stimulating electrode, R=recording electrode, G=ground electrode) (Adapted
with modifications from: Ricciardi D, Galiero R, Todisco V; et al. Neurophysiological assessment of peripheral neuropathy through
whole plantar nerve conduction in type 2 diabetes mellitus and healthy control subjects. Metab Target Organ Damage. 2024;4:24.

d0i:10.20517/mtod.2024.20. [9]).
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Table 1. Demographic and clinical characteristics of participants

Patient group Control group P value
(n=60) (n=30)
Age (years) 54.2548.53 52.93+8.09 0.484
Sex
Male 24 (40%) 12 (40%)
Female 36 (60%) 18 (60%)
Duration of DM (years)
<5 18 (30%)
5-9 14 (23.30%)
>10 28 (46.70%)

Data are shown as mean+standard deviation or n (%). DM=Diabetes Mellitus.

Student t Test, *Yates test

had been living with diabetes for less than 5 years,
23.3% (n=14) for 5-9 years, and 46.7% (n=28) for 10
years or more (Table 1).

In sural nerve conduction studies, sensory nerve
action potentials could not be recorded in 9 patients.
In patients with measurable sural responses, sural
nerve distal latency was found to be significantly
longer compared to the control group (P<0.01). Addi-
tionally, there was a notable decrease in sural nerve
sensory response amplitude and conduction velocity
(P<0.01) (Table 2).

In medial plantar nerve conduction studies, sensory

Table 2. Results of sural nerve conduction studies

nerve action potentials could not be recorded in 35 pa-
tients. In the 25 patients for whom medial plantar nerve
sensory action potentials could be recorded, sensory
nerve amplitudes were found to be significantly lower
compared to the control group. (P<0.01). However, no
significant difference was found in conduction velocity
and distal latency measurements (Table 3).

In the nerve conduction studies conducted on
healthy controls, bilateral sural nerve and medial plan-
tar sensory responses were successfully recorded in all
individuals.

Among the 60 patients in the study group, 23

Sural nerve Patient group Control group P value
(n=60) (n=30)

Right

Latency (msec) 2.33+0.49 2.03+0.28 0.001**

Amplitude (nV) 11.56+6.81 18.13+6.40 0.001***

(median) (11) (16)

Velocity (m/s) 53.27+7.95 60.15+5.55 0.001%**

Left

Latency (msec) 2.27+0.41 2.09+0.28 0.034*

Amplitude (nV) 10.68+5.77 16.90+5.61 0.00"**

(median) (11) (14.5)

Velocity (m/s) 53.44+7.56 59.524+4.27 0.001%**

Number of no response 9 0

Data are shown as meanztstandard deviation or median
Student-t test, *Mann Whitney U Test, *P<0.05, **P<0.01
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Table 3. Results of medial plantar nerve conduction studies

Medial plantar nerve Patient group Control group P value
(n=60) (n=30)

Right

Latency (msec) 2.08+0.37 2.16+0.35 0.451

Amplitude (uV) 3.45+1.27 11.09+6.10 0.001%**

(median) (3.50) (8.25)

Velocity (m/s) 60.08+6.26 58.72+6.95 0.456

Left

Latency (msec) 2.03+0.33 2.05+0.28 0.754

Amplitude (uV) 3.37+1.27 10.71+5.02 0.001%**

(median) (3.00) (8.70)

Velocity (m/s) 59.88+6.40 59.87+6.51 0.996

Number of no response 35 0

Data are shown as meantstandard deviation or median
Student-t test, *Mann Whitney U Test, *P<0.05, **P<0.01

(38.33%) had abnormal sural nerve sensory responses,
while 39 (65%) had abnormal medial plantar nerve
sensory responses (Table 4).

When comparing diabetes duration with nerve
conduction findings, a statistically significant relation-
ship was found between diabetes duration and motor
and sensory responses of the median nerve, as well as
motor responses of the posterior tibial nerve.

However, no significant correlation was found be-
tween sural and medial plantar sensory responses and
disease duration.

DISCUSSION

In this study, we aimed to investigate the role of me-
dial plantar nerve sensory conduction studies in the
early detection of diabetic PNP by comparing sural

nerve and medial plantar nerve sensory conduction
measurements in patients clinically suspected of hav-
ing diabetic PNP.

We found that the amplitudes of both the medial
plantar and sural nerves were significantly lower in di-
abetic patients compared to healthy controls. While
sural responses were absent in 9 patients, medial plan-
tar sensory responses could not be recorded in 35 pa-
tients. In contrast, all healthy controls exhibited
normal sensory responses in both the sural and medial
plantar nerves.

A study by An ef al. [8] reported that medial plan-
tar nerve sensory response amplitudes and conduction
velocities were significantly lower in diabetic patients
compared to healthy controls [10].

In a study conducted by Altun et al. [11], medial
plantar responses were absent in 19 out of 40 diabetic
patients. Notably, in 10 out of 19 of these patients,

Table 4. Sensitivity of bilateral assessment of medial plantar and sural nerves

Abnormal NCS Sensitivity
(n=60)
Medial plantar nerve 39 65%
Sural nerve 23 38.3%

NCS=nerve conduction studies
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sural nerve conduction studies were found to be nor-
mal. Among the remaining patients, sural responses
were absent in 7, while reduced sural sensory ampli-
tudes were observed in 2 [11].

Similarly, Uluc ef al. [12] found that among 30 di-
abetic patients, 9 had absent medial plantar nerve re-
sponses, while 11 had absent sural sensory responses.
However, in cases where responses were recordable,
they observed a significant reduction in medial plantar
sensory response amplitudes, consistent with our find-
ings [12].

It is well known that sensory nerve action poten-
tials in the lower extremities tend to diminish and may
become unrecordable in individuals over 60 years of
age, making it difficult to distinguish between age-re-
lated changes and neuropathy in elderly diabetic pa-
tients [13]. However, several studies have shown that
medial plantar sensory responses remain recordable in
healthy controls under the age of 70 [14, 15]. Simi-
larly, in a study by Keskin ef al. [16] evaluating the
reliability of medial plantar nerve conduction studies
in healthy elderly individuals over the age of 65, me-
dial plantar responses could not be recorded in only 2
cases, both over the age of 72, among a total of 81 par-
ticipants. These results emphasize that medial plantar
nerve conduction studies are reliable in healthy elderly
individuals under the age of 72 [16].

In our study, the oldest patient was 66 years old,
and the absence of sensory responses in some patients
was attributed to the severity of diabetic PNP rather
than aging. Further studies with larger patient cohorts
are needed to better understand the impact of age, but
it is important to note that age affects nerve conduction
studies in both diabetic and healthy individuals. In our
study, all healthy controls exhibited normal medial
plantar and sural sensory responses, supporting this
perspective.

While there was a statistically significant differ-
ence between patient and control groups in terms of
medial plantar sensory response amplitudes, there was
no significant difference in distal latency and conduc-
tion velocity values. This could be explained by the
predominant axonal degeneration in diabetic polyneu-
ropathy, which primarily affects sensory amplitudes
rather than conduction velocities. However, since me-
dial plantar sensory responses were absent in 35 pa-
tients, statistical comparisons were only possible in

the 25 patients with measurable responses. When con-
sidering the entire patient group, it is evident that me-
dial plantar nerve conduction is significantly impaired.

In the patient group, isolated impairment of medial
plantar nerve sensory conduction was observed in 15
patients, whereas 24 patients exhibited abnormalities
in multiple nerve conduction studies. Without medial
plantar nerve conduction studies, the rate of electro-
physiologically detected neuropathy in the patient
group would be 40%, but when medial plantar nerve
conduction is included, this rate increases to 65%.

When comparing sural and medial plantar nerve
conduction studies, sural sensory conduction abnor-
malities were observed in 23 (38.3%) out of 60 dia-
betic patients, whereas medial plantar nerve
abnormalities were detected in 39 (65%) patients. Im-
portantly, all patients with abnormal sural sensory re-
sponses also had abnormal medial plantar nerve
responses. However, 15 patients with abnormal medial
plantar responses had normal sural nerve conduction
studies, suggesting that medial plantar nerve abnor-
malities may be an earlier indicator of diabetic
polyneuropathy.

Similarly, a study by Leseth et al. [15] reported
that 59% of diabetic patients had abnormal medial
plantar nerve conduction studies, while only 24% ex-
hibited sural nerve abnormalities. Another study by An
et al. [10] found that 46.7% of symptomatic diabetic
patients and 14.3% of asymptomatic patients had ab-
normal medial plantar sensory action potentials, high-
lighting the predominant axonal degeneration in the
medial plantar nerve in diabetic PNP.

These findings suggest that medial plantar nerve
conduction studies are more sensitive for the electro-
physiological diagnosis of diabetic PNP. This in-
creased sensitivity may be due to the early
involvement of the medial plantar nerve, which can be
affected even when other sensory nerves remain intact.
The early vulnerability of this nerve might be ex-
plained by its distal localization.

In light of these findings, we believe that including
medial plantar nerve conduction studies in routine
nerve conduction assessments for diabetic PNP can
significantly improve diagnostic sensitivity.

Limitations
This study has several limitations. First, it was con-
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ducted in a single center, which may limit the generaliz-
ability of the findings to broader clinical settings. Second,
the study was conducted on a relatively small patient
group. Future studies involving larger cohorts may pro-
vide more robust statistical results and help validate our
findings. Third, the findings were not confirmed with
skin biopsy, which might have provided additional in-
sight into small fiber involvement. Finally, the cross-sec-
tional design of the study precludes any conclusions
about the progression or longitudinal changes in nerve
conduction in diabetic patients over time.

CONCLUSION

This study highlights the importance of medial plantar
nerve conduction studies in the early diagnosis of di-
abetic PNP. Our findings indicate that medial plantar
nerve conduction studies are more sensitive than sural
nerve conduction studies in detecting early neuro-
pathic changes in diabetic patients. While both tests
are valuable in the electrophysiological assessment of
diabetic PNP, the medial plantar nerve was found to
be more frequently affected.

Given the increased sensitivity, integrating medial
plantar nerve conduction studies into routine diagnos-
tic protocols may enhance the detection of diabetic
neuropathy, particularly in cases where standard as-
sessments yield normal results.

Future studies with larger patient cohorts are
needed to further validate these findings and explore
potential age-related influences on nerve conduction
studies. However, our results suggest that including
medial plantar nerve conduction studies in standard
evaluations can significantly improve diagnostic ac-
curacy of diabetic PNP.
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ABSTRACT

Objectives: While earthquakes impact the future expectations of entire societies, adolescents bear a hefty bur-
den due to their transitional stage of life and the intricacies of adolescence itself. Our study examined the
factors influencing the future expectations of adolescents residing in the region six months after the earthquake.
Methods: A face-to-face survey was conducted involving 385 individuals aged 11 to 17 affected by the Feb-
ruary 6 earthquake in Turkey. The survey included sociodemographic inquiries, questions regarding earthquake
experiences, and the administration of the Future Expectation scale to all participants.

Results: Participants who lost their family members, who were trapped under the debris, and whose family
members were trapped under the debris had significantly lower future expectations. Moreover, happier indi-
viduals, who perceived themselves as healthier and more socialized, had significantly higher future expecta-
tions. Female individuals had significantly lower future expectations in all subdimensions of the scale. Lastly,
adolescents who changed their career aspirations post-earthquake exhibited higher scores in all subdimensions
of the scale compared to those who did not undergo such changes.

Conclusions: Adolescents confronted with traumatic events like earthquakes, particularly those who have lost
relatives, often experience a negative impact on their future expectations. However, during subsequent phases,
adolescents who report happiness, improved health, and increased socialization tend to harbor more positive
outlooks for the future. This underscores the significance of implementing psychosocial rehabilitation efforts
following earthquakes.

Keywords: Adolescent, disaster, earthquake, future expectation, psychosocial impact

disasters, profoundly impact both the physical
infrastructure and inhabitants of affected re-
gions, resulting in building collapses, structural dam-
age, injuries, and fatalities. In one of the world's most
active earthquake zones, Turkey has endured numer-

farthquakes, among the most frequent natural

ous devastating tremors throughout its history [1]. The
most recent of these occurred on February 6, 2023,
when seismic events measuring 7.7 and 7.6 magni-
tudes struck Kahramanmaras in southeastern Turkey
and the adjacent territories of northern Syria [2]. These
earthquakes left an indelible mark on the affected
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communities, comprising approximately 15 million in-
habitants. The resultant devastation led to the loss of
over 50 thousand lives and left more than 115 thou-
sand individuals injured [3]. Moreover, the psycholog-
ical toll on survivors, grappling with the trauma of the
catastrophe and the loss of loved ones, remains pro-
found. Adolescents, in particular, constitute a vulner-
able demographic profoundly impacted by these
adversities.

According to the World Health Organization, ado-
lescence encompasses the transitional phase between
childhood and adulthood, typically spanning from
ages 10 to 19. This developmental stage is character-
ized by ongoing cognitive, emotional, physical, and
psychological growth [4]. Adolescents shift from con-
crete to abstract thinking, grapple with concerns about
the future, seek autonomy from their families, and
begin to formulate life plans [5, 6].

Future expectations denote an individual's antici-
pation of forthcoming events and their likelihood of
occurrence, shaping their behavior and developmental
trajectory [7-9]. This anticipation is particularly salient
during adolescence, characterized by heightened focus
on the future. When contemplating the future, adoles-
cents predominantly ponder aspects such as education,
career, family, material possessions, and lifestyle
choices [10]. While many adolescents maintain a pos-
itive outlook, socioeconomically disadvantaged
groups, individuals facing stressors, and those grap-
pling with mental health issues tend to harbor more
pessimistic views [10-12]. Moreover, future expecta-
tions exhibit associations with variables such as race
and gender [12]. Notably, adolescents harboring pos-
itive future expectations tend to perceive life as more
meaningful, demonstrate greater internal locus of con-
trol in decision-making, and cultivate warmer inter-
personal relationships [13]. Conversely, negative
future expectations can precipitate adverse outcomes,
including heightened engagement in risky behaviors
such as substance abuse and suicidal tendencies
among adolescents [14].

Positive experiences can increase individuals' lev-
els of future expectations [15]. However, traumatic ex-
periences with wide-ranging effects, such as war,
disasters, and pandemics, can damage adolescents' ex-
pectations for the future [16]. Additionally, it is possi-
ble to have positive expectations due to the desire to
minimize the effects of the experienced event. Con-

versely, some adolescents may cultivate positive ex-
pectations as a coping mechanism to mitigate the im-
pact of such adversities. Consequently, following
catastrophic events like earthquakes, there arises a per-
tinent need to scrutinize adolescents' outlook on the
future and explore its associated factors.

In this study, we aim to assess the future expecta-
tions of adolescents residing in the Adiyaman
province, which bore the brunt of the earthquakes that
struck on February 6, 2023, centered in Kahraman-
maras. This study hypothesizes that the future aspira-
tions and outlooks of adolescents are significantly
influenced by the multifaceted impact of seismic
events, particularly on their social environments, de-
mographic characteristics, and the extent to which
they were personally affected by the earthquake.

METHODS

Study Design and Sampling

This cross-sectional study was conducted from August
to October 2023 in Adiyaman province, in the South-
eastern Anatolia region of Turkey. The study popula-
tion comprised adolescents aged 11-17 who had
experienced the earthquake in Adiyaman city center
or surrounding districts. The sample size was calcu-
lated as 384 using the Epi Info program (version 7.2.5)
with a 95% confidence interval, 5% margin of error,
50% expected frequency, 1.0 design effect and un-
known population. The inclusion criteria encompassed
individuals residing in tents or containers and those
present in Adiyaman at the time of the earthquake.
However, individuals absent from Adiyaman during
the earthquake were excluded. In the study, 420 indi-
viduals were interviewed to achieve the required sam-
ple size, and 385 participants agreed to participate.
Once the necessary sample size was reached, the in-
terviews were concluded. 29 individuals were ex-
cluded from the study due to their absence from
Adiyaman at the time of the earthquake, while an ad-
ditional six individuals withdrew their consent to par-
ticipate. No other exclusion criteria were applied. Data
collection took place in the residences of earthquake
survivors whose homes sustained minimal or no dam-
age in Adiyaman city center and districts and in tem-
porary settlement areas housing individuals whose
homes were destroyed or severely damaged. Addition-
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ally, adolescents seeking assistance from health units
or family health centers in temporary settlement areas
were included.

Questionnaire Design, Validity, and Reliability

Before starting the study, participants are first
given verbal information about the study and then their
written consent is obtained. Following obtaining writ-
ten consent from participating earthquake survivors,
survey forms were administered via face-to-face in-
terviews. These forms, covered sociodemographic
characteristics (such as age, gender, parental education
and employment status, household income, marital
status of parents, number of siblings, and current res-
idence), earthquake-related experiences (including
being inside during the earthquake, being trapped in
debris, experiencing the loss of a family member,
changing residence post-earthquake, alterations in ca-
reer aspirations, and emotional responses), and other
factors (such as social interactions, monetary and in-
kind social support, and perceived health status). Ad-
ditionally, the survey included the Future Expectations
Scale for Adolescents (FESA) to assess participants'
outlook on the future.

The Future Expectations Scale for Adolescents
(FESA), developed by McWhirter et al. in 2008, is a
Likert-type scale comprising 25 items. It encompasses
four sub-dimensions: 'Work and Education', 'Marriage
and Family', 'Religion and Society', 'Health and Life'.
Responses to scale items range from 'l definitely do
not believe' (scored 1 point) to 'l definitely believe'
(scored 7 points). [17] The Turkish adaptation of the
scale, validated by Tuncer in 2011, also comprises 25
items organized into four sub-dimensions. Specifi-
cally, "Work and Education' encompasses 11 items,
'Marriage and Family' includes seven items, 'Religion
and Society' comprises three, and 'Health and Life'
contains four items. The Cronbach's alpha coefficient
for the Turkish adaptation of the scale was calculated
to be 0.925. [15]. An increase in the score obtained
from the scale reflects a more optimistic outlook to-
wards the future.

Ethical Approval

Ethics committee approval was obtained from
Non-Interventional Research Ethics Committee of
Firat University, with a decision dated 27.07.2023 and
numbered 2023/10-27. Written consent was obtained

from all participants, and the study followed the prin-
ciples outlined in the Declaration of Helsinki.

Statistical Analysis

Data analyses were performed using SPSS (Sta-
tistical Package for the Social Sciences; SPSS Inc.,
Chicago, IL) version 22. Descriptive statistics are pre-
sented as frequencies and percentages for categorical
variables, and as meantstandard deviation
(Mean£SD) for continuous variables. The normality
of continuous variables was assessed using the Kol-
mogorov-Smirnov test. Group comparisons were con-
ducted using the Mann-Whitney U-test for two groups
and the Kruskal-Wallis test for more than two groups.
The Spearman correlation test was utilized to explore
relationships between continuous variables. Statistical
significance was set at <0.05 for all analyses.

RESULTS

The study included a total of 385 participants, com-
prising 158 (41%) female and 227 (59%) male, with
an average age of 14.2+1.9 years (range: 11 to 17
years). During the earthquake, 95.1% of the adoles-
cents were inside a building, while 7% were trapped
under debris. Additionally, 58.4% of participants ex-
perienced the loss of a family member. Regarding
housing, 52.2% of adolescents resided in their own
homes, 28.1% rented accommodation, and 19.7%
lived in containers. Further participant characteristics
are outlined in Table 1.

The predominant emotion reported by adolescents
in the past month was stress, with 29.6% indicating this
feeling, while the least common emotion expressed
was excitement, reported by only 2.6% (Fig. 1).

Significant gender differences were observed,
with girls scoring lower than boys in the domains of
marriage and family (P=0.011), health and life
(P=0.001), and total score (P=0.016). Additionally,
adolescents with mothers educated up to secondary
school level or below exhibited higher health and life
scores compared to those with mothers educated to
high school level or above (P=0.005). Scores in reli-
gion and society (P=0.02) and health and life
(P=0.002) were significantly lower for adolescents
with working mothers than those with nonworking
mothers. A disparity was also noted based on income
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Table 1. All characteristics of participants

Data
Age (years) 14.2+1.9
Gender Female 158 (41.0)
Male 227 (59.0)
Mothers’ education status Middle school and below 181 (47.0)
High school and above 204 (53.0)
Fathers’ education status Middle school and below 106 (27.5)
High school and above 279 (72.5)
Mothers’ employment Yes 103 (26.8)
No 282 (73.2)
Fathers’ employment Yes 322 (83.6)
No 63 (16.4)
Income Less than expenses 126 (32.7)
Equal to expenses 184 (47.8)
More than expenses 75 (19.5)
Parents’ marital status Married 363 (94.3)
Seperated 22 (5.7)
Number of siblings None 7 (1.8)
1 32 88.3)
2 103 (26.8)
3 138 (35.8)
>4 105 (27.3)
Place of presence during earthquake Inside 366 (95.1)
Outside 19 (4.9)
Being trapped under the debris Yes 27 (7.0)
No 358 (93.0)
Family member being trapped under the debris Yes 190 (49.4)
No 195 (50.6)
Loss of family member due to earthquake Yes 225 (58.4)
No 160 (41.6)
Change of residence after the earthquake Yes 171 (44.4)
No 214 (55.6)
Current place of residence Owner 201 (52.2)
Rental 108 (28.1)
Container 76 (19.7)
Level of fear during earthquake Not afraid 11(2.9)
Little afraid 23 (6.0)
Afraid 37 (9.6)
Very afraid 65 (16.9)
Extremely afraid 249 (64.7)
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Table 1 contunied. All characteristics of participants

Data
Change of career aspirations Yes 89 (23.1)
No 296 (76.9)
Frequency of socializing with friends or family None 72 (18.7)
1-2 times a week 244 (63.4)
3-4 times a week 50 (13.0)
5-6 times a week 12 (3.1)
Every day 7 (1.8)
Perception of good health status Very bad 20 (5.2)
Bad 30(7.8)
Not good or bad 98 (25.5)
Good 121 (31.4)
Very good 116 (30.1)
Social support Yes 69 (17.9)
No 316 (82.1)
Work and Education 57.5+17.8
Marriage and Family 32.9+10.6
Religion and Society 15.745.7
Health and Life 20.3+6.1
Total score 126.3+35.2
Data are shown as mean+standard deviation or number (percent).
35
29.6
30
25
20
15.1 14.8
A3 12,5
10.9
10 8.8
5.7
5 26 I
o 1
Depressed  Worried Nervous Excited Confident Scared Happy Stressed
Fig. 1. Mood perception in the last month.
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level, with those experiencing income deficits scoring

2l - [~ = ©
© T; = S § K higher in health and life (P=0.029). Furthermore, sig-
s &|° = v < nificant differences were found concerning parental
3 2 § ; o g g S g e marital status, with higher scores observed in work
= -'é A4 A HLHdd N and education (P=0.047), marriage and family
=[Z838 35988 (P=0.006), health and life (P=0.046), and total score
o o _ “ - (P=0.016) for adolescents whose parents were married
b 5;" S 3 S 3 compared to those with separated parents.
T | = < < Adolescents who were present inside buildings
sl v e -0~ during the earthquake reported higher scores in mar-
= non ) . . .. .
é‘; % 4 J1a & & riage and family (P=0.049), religion and society
s[28&822=2&8218 (P=0.005), and total scores (P=0.016) compared to
e those outside. Conversely, those trapped under debris
g Elg = S I |= exhibited lower scores in work and education
(%] . Q q . . o .
S al° e i ° 2 (P=0.003), marriage and family (P=0.001), religion
E a g and society (P=0.001), health and life (P=0.001), and
£ < E E 5 5 E § 5 % 5 2 total score (P=0.001) compared to their counterparts.
-%” § ANl s T Hhoe i Al I Similarly, family members trapped under debris
gE- - - T 5 were associated with lower scores in work and educa-
> *o 5 tion (P<0.001), marriage and family (P=0.016), health
= x® on — N R
E 73 = o = Q 8 and life (P=0.002), and total score (P=0.002) com-
. Q ) . .
o0l g = = < 3 pared to those with untrapped family members. Fur-
E alo o o o - N .. - thermore, adolescents who lost relatives in the
& ﬁ % % % % % 2 % 5 % g earthquake reported lower scores in work and educa-
Sl gl d @ d = 2% S x| tion (P<0.001), marriage and family (P<0.001), reli-
5 NN I T gion and society (P<0.001), health and life (P<0.001),
Sle g~ N = m g and total score (P<0.001) compared to those without
£fle =2 ) S o = )
sz g|2 = = S = such losses. Lastly, adolescents who changed their ca-
= -§ a § reer aspirations post-earthquake exhibited higher
g 'E % ; ; g g § g ; g ; é scores in work and education (P<0.001), marriage and
le Sl H H M A HE family (P=0.001), religion and society (P=0.002),
=1 B EH BHE health and life (P=0.005), and total score (P<0.001)
§ S compared to those who did not undergo such changes
; E (Table 2).
§ é Significant variations in emotional experiences
2 ¥ over the last month were observed, particularly about
8 g Z the total score of future expectations (P<0.001). No-
1] o e . « . . . .
= 5 = 2 > tably, individuals reporting excitement and happiness
§ ;‘3 2 g E) é é 2 é 2 2 exhibited the highest scores, with a disparity between
E P " s this group and others (Fig. 2).
? b 3 5 g A significant positive correlation was observed be-
7] = . .
S b= 5 % = tween the subdimensions of the scale scores and the
o g $ s § total score. Additionally, age showed a significant neg-
E s B E‘g - % ative correlation between the health and life sub-di-
- 7] D S = . . .
£ 2 S S o i mensions and the total score. Moreover, a significant
(=] Q Ll = — i
e E E ;‘ E s |2 positive correlation was found between the number of
= %’Jg = %‘J § ‘% siblings and the health and life sub-dimension. No-
L] . . . .
= S5 & 5 3 2 tably, an increase in the fear experienced during the
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Fig. 2. Distribution of the total scores according to the mood perception in the last month.

Table 3. Correlation of scale scores

Work and Marriage Religion  Health Total
education and family and society and life score

Marriage and family r .638
P value .000
Religion and society r 599 725
P value 000 000
Health and life r .694 J11 .624
P value .000 .000 .000
Total score r .889 .880 792 827
P value .000 .000 .000 .000
Age r -.083 -.087 -.030 -.138 -101
P value .104 .090 .559 .007 049
Number of siblings r .065 .085 .063 110 .071
P value 201 .097 220 .031 162
Level of fear during earthquake r .030 .077 .090 118 .078
P value 557 134 .077 .020 127
Frequency of socializing with friends r 147 196 119 159 178
or family
P value 004 .000 019 .002 .000
Perception of good health status r 434 323 213 279 392
P value .000 .000 .000 .000 .000
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earthquake was associated with a significant increase
in the health and life subscale score. Furthermore, an
increase in the frequency of socializing with friends
or family was linked to significant increases in the
scale subscale and total score. Finally, an enhanced
perception of good health status corresponded to sig-
nificant increases in the scale sub-dimension and total
score (Table 3).

DISCUSSION

This study assessed the future expectations of adoles-
cents living in Adiyaman after the February 6 earth-
quake. It was observed that adolescents exposed to the
earthquake had lower levels of future expectations
compared to studies conducted in Turkey using the
same scale but not related to earthquakes [18-20]. This
situation could be evidence that the earthquake nega-
tively impacts adolescents' expectations for the future
in this country.

A literature review reveals no direct studies exam-
ining the impact of earthquakes on adolescents' future
expectations. However, there are studies examining
the relationship between earthquakes and hopeless-
ness. For example, a study conducted in a different
city affected by the same earthquake observed a dom-
inant sense of hopelessness among adolescents [21].
Another study found that hopelessness regarding the
future increased after the earthquake [22]. In another
study involving earthquake exposure, it was found that
individuals' trauma levels were positively correlated
with their levels of hopelessness [23]. According to
these findings, hopelessness and lack of expectations
for the future in adolescents are significant issues that
can arise from traumatic life events.

The February 6 earthquakes predominantly struck
at night, catching most individuals indoors. Those out-
side during the earthquake exhibited lower expecta-
tions regarding marriage, children, overall health, and
life, and general future prospects compared to those
inside buildings at the time of the event. Furthermore,
individuals who found themselves trapped under de-
bris experienced even lower levels of future expecta-
tions than those who avoided entrapment. This trend
is unsurprising, given the traumatic experiences en-
dured by those trapped, including fear of death and
panic. Contrary to expectations, individuals not inside

buildings during the earthquake also reported dimin-
ished future expectations. Factors such as being in
chaotic post-earthquake environments, witnessing
search and rescue efforts, and severely injured or de-
ceased individuals may have contributed to a height-
ened sense of hopelessness regarding the future among
this group. Additionally, individuals with family mem-
bers trapped under debris, those who lost relatives in
the earthquake, and those compelled to relocate their
residences afterward also expressed lower future ex-
pectations. It is plausible that these individuals, facing
the insecurity of their safety and that of their loved
ones, harbored pessimistic outlooks on the future. In
a study conducted on adolescents affected by the Mar-
mara earthquake, it was found that those who had fam-
ily members who died or were injured due to the
earthquake had higher levels of hopelessness com-
pared to those who did not have such experiences.
However, no difference was observed in hopelessness
levels based on the damage to the house [24]. A qual-
itative study reported that losing relatives and one's
home harmed future expectations [21]. Another study
found that those who were trapped under rubble, lost
a family member, witnessed the collapse of buildings,
or saw someone severely injured during the earth-
quake had higher levels of trauma post-earthquake
[25]. Exposure to trauma negatively affects individu-
als' expectations for the future [26].

In this study, conducted within 6 to 8 months after
the earthquake, the majority of adolescents reported
feeling stressed in the past month. Those who felt
stressed, depressed, tense, anxious, or scared had
lower levels of future expectations compared to those
who felt happy or excited. The negative emotions felt
by adolescents are likely symptoms of mental health
issues. According to the literature, mental health prob-
lems such as depression and post-traumatic stress dis-
order (PTSD) can increase in adolescents after an
earthquake, affecting their psychological functioning,
perceptions, and expectations for the future [18, 27,
28]. Another study conducted on university students
in Turkey who were exposed to a different earthquake
also reported that those with higher levels of hopeless-
ness about the future experienced higher levels of
stress [29].

In this study, experiencing intense fear during the
earthquake was associated with higher expectations
for a healthy and long life. Consistent with this result,
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the literature also shows that fear of death is related to
the desire for a long life [30]. Additionally, in the cur-
rent study, spending time outside with close friends
and family, socializing, and perceiving oneself as
healthier were associated with higher future expecta-
tions. Similarly, the literature indicates that social sup-
port from friends is related to higher hopes for the
future [31]. Improving adolescents' socialization and
peer relationships in the school environment, where
they spend a significant portion of their day, and en-
couraging the social support they provide will play an
important role in enhancing adolescents' future expec-
tations. Socializing and spending quality time with
parents positively affect the well-being of children and
adolescents [32]. Well-being is a condition that en-
hances hope for the future [33]. Therefore, spending
more time outside with close ones and high self-rated
health scores is expected to be associated with higher
future expectations in the present study.

Gender disparities were evident in the total future
expectation score, as well as in the marriage and fam-
ily, and health and life sub-dimensions, with lower
scores observed among girls. This suggests that girls
have lower expectations regarding marriage, family,
and overall health and life than boys. Previous litera-
ture presents conflicting findings on gender-based fu-
ture expectations [17, 34]. While some studies indicate
that young women prioritize family-oriented goals. In
contrast, young men focus more on career aspirations,
while others suggest that girls may have lower expec-
tations regarding marriage and family than boys [7,
17, 35, 36]. Such discrepancies may stem from varia-
tions in gender roles across different communities.
When examining the relationship between age and fu-
ture expectations, it was found that general future ex-
pectations and the expectation of a long and healthy
life increase as age decreases. Similarly, a study con-
ducted during the pandemic found that younger ado-
lescents had higher overall future expectations and
expectations for a long and healthy life [37]. Another
study highlighted that older adolescents prioritize fu-
ture goals related to education, career, and family more
than younger adolescents.7 In the current study, more
siblings were also associated with the expectation of
a healthy and long life. However, another study found
that, although not statistically significant, those with
siblings had lower future expectation levels [18].
While siblings can be a source of support or conflict,

they are mostly considered supportive family mem-
bers [34].

In the current study, the education and employment
status of the mother influenced adolescents' levels of
future expectations. At the same time, no difference
was found based on the father's education and employ-
ment status. A study using the same scale found no dif-
ference based on the mother's education status [18].
Another study found that adolescents with working
parents had higher future goals and educational plan-
ning [38]. In this study, those with lower household
income had higher health and life expectations. Eco-
nomic difficulties did not hinder adolescents' hopes for
a healthy and long life. However, other studies have
shown that lower socio-economic status of families
led adolescents to view the future more fatalistically
and pessimistically [15, 39]. In the present study, a dif-
ference was observed based on the parents' marital sta-
tus, with those having married parents showing higher
future expectations, except in the religion and com-
munity sub-dimension. Although no direct study ex-
amines this relationship, the literature shows that
adolescents with both parents are more resilient and
optimistic than those with separated parents [40, 41].

Limitations

Although there are studies in the literature evalu-
ating the hopelessness levels of adolescents after
earthquakes, this study is the first to assess future ex-
pectations directly. Because the face-to-face interview
method was used, issues such as skipping questions or
not understanding them were avoided. However, the
study's cross-sectional design limits the ability to de-
termine the direction of causality. Since the study was
conducted in a single province, the results cannot be
generalized to all adolescents nationwide.

CONCLUSION

Plans, goals, and expectations for the future are essen-
tial concepts during an adolescent's developmental
stages. Positive future expectations encourage high re-
silience and a successful transition into adulthood.
Conversely, negative future expectations are associ-
ated with risky behaviors in adolescents. Therefore,
interventions are necessary to improve the future ex-
pectations of adolescents affected by earthquakes.
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School guidance and psychological counselors can be
beneficial by helping adolescents replace negative
emotions with positive ones and increasing their hope
for the future. Based on the findings of this study, in-
terventions can prioritize those more affected by the
earthquake (those experiencing negative emotions like
stress, those who have lost family members, or those
who were trapped under rubble) and girls. Addition-
ally, future studies should evaluate the future expec-
tations of adolescents at later stages after the
earthquake to assess changes over time.
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ABSTRACT

Objectives: The aim of this study is to evaluate the effectiveness of the Gradient Boosting algorithm in pre-
dicting mortality risk among emergency department patients and to identify the most critical demographic,
clinical, and physiological data for these predictions. This study is designed to support early identification and
enhance clinical decision support systems.

Methods: This retrospective study analyzed data from 1,500 patients who visited a state hospital's emergency
department between January 1 and August 31, 2024. Data were collected based on multidimensional features
such as demographic information, vital signs, laboratory results, and clinical history. The Gradient Boosting
algorithm was used to develop the model, and its performance was evaluated using metrics such as accuracy,
sensitivity, specificity, and F1 score.

Results: The Gradient Boosting model identified oxygen saturation, age, and heart rate as the most significant
predictors of mortality. The CatBoost algorithm demonstrated the highest performance with an accuracy of
88.8% and an F1 score of 85%. The model was proven to be highly accurate in predicting mortality risk.
Conclusions: Gradient Boosting algorithms, particularly CatBoost, emerged as a reliable and effective tool
for predicting mortality risk. This model can contribute to the development of clinical decision support systems
in emergency department settings.

Keywords: Emergency Department, gradient boosting, mortality prediction, machine learning, clinical decision
support

of healthcare systems and conduct evaluations

and treatment for patients with high mortality
risk in a short period of time. The timely implementa-
tion of appropriate treatment strategies is crucial for
improving clinical outcomes and optimizing resource
management; therefore, early identification of such
patients is vital [1]. Identifying those patients at risk

fmergency departments are critical components

of mortality is not without its challenges in the emer-
gency setting, where the diversity of patients, complex
clinical presentations, and rapid data flow place further
demands on earlier identification [2]. Here, data sci-
ence and machine learning techniques offer useful
methods for extracting the knowledge hidden in
healthcare data and generating prescriptive decision
support systems [3].
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However, there is a machine learning method that
outperforms the rest - the Gradient Boosting algorithm
for classification and regression problems. It is widely
used in healthcare data analytics because it can capture
complex relationships within a dataset and provide high
prediction accuracy [4]. Gradient Boosting also has
strong generalization ability and flexibility, which makes
it a particularly competitive modeling tool for predicting
mortality risk in the emergency department [5].

This study has two main objectives: to prepare
clinical data for use with the Gradient Boosting algo-
rithm in order to build a model able to predict risk of
mortality from patients who attended the emergency
department, and to assess the performance of such a
predictive model. This is accomplished through the
use of multidimensional data features such as demo-
graphic details, vital signs, lab values, and clinical his-
tory [6]. Metrics such as accuracy, sensitivity,
specificity, and F1 score will be used to assess model
performance, and results will be compared with simi-
lar studies in the literature [7].

This study aims to evaluate the effectiveness of
the Gradient Boosting algorithm in predicting mortal-
ity risk among emergency department patients and to
identify the most critical demographic, clinical, and
physiological data used in these predictions [8]. The
results obtained will support early intervention
processes and contribute to the development of clinical
decision support systems [9].

This study investigates whether the Gradient
Boosting algorithm can be effectively used to predict
mortality risk in emergency department patients and
which demographic, clinical, and physiological data
are most critical for mortality prediction. The hypothe-
ses tested in this study are as follows: the Gradient
Boosting algorithm can achieve high accuracy in pre-
dicting the mortality risk of emergency department pa-
tients; physiological factors such as low oxygen
saturation, low blood pressure, and high respiratory
rate are strongly associated with mortality risk; and
demographic data and clinical history can improve the
accuracy of prediction models. Based on these ques-
tions and hypotheses, the aim of this study is to de-
velop a model using the Gradient Boosting algorithm
to predict mortality risk and to evaluate the perform-
ance of this model. The results obtained will contribute
to improving clinical decision support systems in the
emergency department setting.

METHODS

This study has a retrospective design and analyzes data
from 1,500 patients who visited the Emergency De-
partment of State Hospital between January 1, 2024,
and August 31, 2024. The primary aim of the study is
to develop a model using the Gradient Boosting algo-
rithm to predict the mortality risk of these patients and
to evaluate the performance of the model.

Patients aged 18 years and older with complete
datasets, including demographic information, vital
signs, laboratory results, and clinical history, were in-
cluded in the study. Patients with incomplete or erro-
neous data, missing treatment or clinical evaluation
records, and those under 18 years of age were ex-
cluded.

Patient data were retrospectively collected from
the hospital information management system (HIMS)
and categorized into the following groups: demo-
graphic data (age, gender), vital signs (heart rate,
blood pressure, oxygen saturation, body temperature,
respiratory rate), laboratory results (complete blood
count, electrolyte levels, liver and kidney function
tests, inflammatory markers, blood gas analyses), clin-
ical history (comorbidities, current diagnoses, previ-
ous hospitalizations, surgical histories), treatment
information (treatments administered and medications
given in the emergency department), and outcome data
(discharge status, discharge duration, and mortality
within 24 hours, 48 hours, or 30 days).

Missing data were handled using median imputa-
tion. Outliers were detected and managed using Z-
scores and interquartile range (IQR) methods.
Continuous variables were normalized, and categori-
cal variables were processed using one-hot encoding.

For model development, the dataset was randomly
split into 70% training and 30% test subsets. The Gra-
dient Boosting algorithm was employed, and hyperpa-
rameter optimization was performed using
GridSearchCV. The tested hyperparameters included
the learning rate (0.01, 0.1, 0.2), the number of weak
learners (100, 200, 300), the maximum depth of trees
(3, 5, 7), subsample ratio (0.5, 0.7, 1.0), and the pro-
portion of features used for each tree (0.5, 1.0). The op-
timal combination was determined to be a learning rate
of 0.1, 200 weak learners, a maximum depth of 5, a
subsample ratio of 0.7, and a colsample_bytree of 0.8.

This study was conducted in accordance with the
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Declaration of Helsinki and approved by the Ethics
Committee of Medipol University. All data were
anonymized and used solely for scientific purposes.

Statistical Analysis

Statistical analysis included exploratory data
analysis (EDA) to examine the general characteristics
of the dataset and its relationship with the target vari-
able. Chi-square tests were used for categorical vari-
ables, while T-tests or Mann-Whitney U tests were
applied for continuous variables. The performance of
the model was evaluated using metrics such as accu-
racy, sensitivity, specificity, F1 score, and the area
under the ROC curve (AUC).

RESULTS

The dataset analysis revealed no missing data or out-
liers in key variables such as age, oxygen saturation
level, and heart rate. Normality tests showed that these
variables did not follow a normal distribution

(P<0.05). Descriptive statistics indicated a mean age
of 52.87+20.86 years, a mean oxygen saturation level
of 83.22+8.84%, and a mean heart rate of 89.66+17.16
beat/min. The mortality rate was 52.40%, with 47.60%
of patients surviving (Fig. 1).

Statistical tests found significant differences in
oxygen saturation levels between survivors and de-
ceased patients (P<0.05), while age and heart rate
showed no significant differences. Categorical vari-
ables such as low oxygen saturation, low blood pres-
sure, and high respiratory rate were significantly
associated with mortality (P<0.05). Correlation analy-
sis revealed a strong negative correlation between oxy-
gen saturation and mortality, while high respiratory
rate and heart rate showed moderate positive correla-
tions with mortality.

The most significant predictors of mortality in the
Gradient Boosting model were oxygen saturation, age,
and heart rate. Among Gradient Boosting algorithms,
CatBoost demonstrated the highest performance,
achieving an accuracy of 88.8%, an F1 score of 85%,
and a ROC-AUC of 0.911. Hyperparameter optimiza-

Feature Importance (SHAP Analysis)

Blood Pressure |

Heart Rate [

Features

Age

Oxygen Saturation

0.00 0.05 0.10 0.15

0.20 0.25 0.30 0.35

Importance Score

Fig. 1. Feature importance (SHAP analysis). The horizontal bar chart displays the importance of various features in predicting
mortality. Oxygen saturation was the most significant factor, followed by age, heart rate, and blood pressure. These features

significantly influenced the model's predictions.
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Fig. 2. Model performance metrics. The bar chart illustrates the performance of various machine learning algorithms used
for mortality prediction. CatBoost outperformed other models with an accuracy of 88.8%, an F1 score of 85.0%, and a ROC-
AUC of 0.911. Random Forest and Neural Networks also performed well, while SVM had comparatively lower metrics.

tion improved performance by 1-3%. SHAP analysis Additional machine learning algorithms, includ-
confirmed that low oxygen saturation had the greatest ing Random Forest, Neural Networks, and Support
impact on mortality prediction, followed by age and Vector Machines (SVM), were compared. CatBoost
low blood pressure. outperformed these models with superior accuracy,

Mortality Rate by Age Group
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Fig. 3. Mortality rate by age group. This bar chart highlights the distribution of mortality rates across different age groups.
The mortality rate increases with age, starting from 31.97% in the 18-40 age group to 61.11% in the 81-90 age group.
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Fig. 4. Correlation matrix. The heatmap shows the correlations between key variables. There is a strong negative correlation
between oxygen saturation and mortality, while heart rate and respiratory rate have moderate positive correlations with
mortality. This provides insight into the relationships among variables influencing mortality risk.

sensitivity, specificity, and ROC-AUC. Random For-
est and Neural Networks also exhibited strong per-
formance but required longer training times, while
SVM showed comparatively lower accuracy and sen-
sitivity (Fig. 2).

Subgroup analysis revealed that mortality rates in-
creased with age, rising from 31.97% in the 18-40 age
group to 61.11% in the 81-90 age group. Low oxygen
saturation, low blood pressure, and high respiratory rate
were critical predictors across all age groups (Fig. 3).

The dataset comprised 1,500 patients, with a mean
age of 52.87+20.86 years. Among these, the overall
mortality rate was 52.40%, with survivors accounting
for 47.60%. A detailed analysis of mortality rates by
age groups and patient diagnoses was performed to
provide more context to the results.

Mortality Rates by Age Groups

*18-40 years: Mortality rate of 31.97%.

*41-60 years: Mortality rate of 45.12%.

*61-80 years: Mortality rate of 57.83%.

+81-90 years: Mortality rate of 61.11%.

The results indicate a significant increase in mor-
tality rates with advancing age, demonstrating the age-
related risk factors in emergency department settings

(Fig. 4).

Mortality Rates by Patient Diagnoses

Patient diagnoses were categorized into the fol-
lowing groups:

1. Cardiovascular diseases: Mortality rate of
65.4%.

2. Respiratory diseases: Mortality rate of 58.7%.

3. Infectious diseases: Mortality rate of 42.3%.

4. Trauma-related cases: Mortality rate of 28.9%.

These categories highlight the variation in mortal-
ity risks across different clinical conditions (Fig. 5).

Key Predictors of Mortality

The Gradient Boosting model identified the fol-
lowing variables as the most significant predictors:

1. Oxygen saturation (low levels strongly corre-
lated with mortality).

2. Age (higher age groups associated with in-
creased mortality risk).

3. Heart rate (elevated rates showed moderate pos-
itive correlation with mortality).

The CatBoost algorithm demonstrated superior
performance compared to other models, achieving an
accuracy of 88.8%, an F1 score of 85.0%, and a ROC-
AUC of 0.911. Subgroup analysis further validated the
model’s reliability in predicting mortality across vari-
ous demographics and clinical presentations.
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Fig. 5. Mortality rates by patient diagnoses.

Enhanced Data Presentation

To support the findings, additional tables and vi-
sualizations summarizing patient characteristics, age
groups, and diagnoses with their corresponding mor-
tality rates have been included. This approach narrows
the broad term "mortality," providing a clear connec-
tion between patient profiles and model predictions.

The CatBoost model demonstrated high reliability and
accuracy in predicting mortality risk, particularly high-
lighting the importance of oxygen saturation, blood
pressure, and respiratory rate. These findings provide
a strong foundation for the implementation of predic-
tive models to enhance clinical decision support sys-
tems in emergency department settings (Fig. 6).

Correlation Matrix

Oxygen Saturation

Age

Oxygen Saturation

Age

Heart Rate [

Mortality

Mortality

- - Heart Rate
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10.4

10.2

Fig. 6. Correlation matrix.
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DISCUSSION

This study demonstrated the effectiveness of Gradient
Boosting algorithms, particularly CatBoost, in predict-
ing mortality risk in emergency department patients.
The CatBoost model achieved a high F1 score (85.0%)
and AUC (0.911), consistent with previous findings
that underscore the strong performance of Gradient
Boosting in healthcare prediction tasks [10, 11].

The model identified low oxygen saturation, low
blood pressure, and high respiratory rate as the most
significant predictors of mortality. These results align
with prior studies that emphasized the prognostic im-
portance of hypoxia and respiratory compromise in
critically ill patients [12, 13]. For example, Topol [13]
emphasized the role of key physiological indicators
such as oxygen saturation and respiratory rate in en-
hancing predictive performance in emergency care
through artificial intelligence applications.

Among the evaluated algorithms, CatBoost out-
performed Random Forest and Neural Networks, con-
firming previous literature suggesting that Gradient
Boosting methods offer superior generalization and
accuracy in complex, high-dimensional clinical
datasets [11, 14]. While Neural Networks demon-
strated competitive performance, their interpretability
and training demands remain limitations in emergency
settings [15].

A key challenge in the study was class imbalance,
with a mortality prevalence of 52.4%. To mitigate this,
we applied synthetic oversampling and weighted loss
functions, improving the model's sensitivity and F1
score. These findings are supported by broader litera-
ture emphasizing the necessity of addressing imbal-
ance for reliable healthcare prediction [16, 17].

The study also revealed limitations associated
with false negative predictions. These misclassifica-
tions often stem from borderline physiological values
or multivariate complexities not fully captured by the
model. Such errors could delay critical interventions,
echoing concerns raised in previous studies that em-
phasized the risks of delayed care and the importance
of transparency and reliability in clinical Al applica-
tions [10, 18].

In terms of clinical implications, integrating such
predictive models into triage systems could enhance
early risk identification, resource allocation, and pa-
tient management. However, the model’s dependence

on retrospective data and its single-center design limit
its generalizability. Therefore, external validation on
multicenter datasets is needed to strengthen confi-
dence in model applicability [19].

Future directions should prioritize real-time inte-
gration of models into hospital information manage-
ment systems (HIMS), requiring robust APIs,
low-latency data pipelines, and adaptive imputation
strategies for missing data. Developing clinician-
friendly dashboards that present predictions with
SHAP-based explanations would also enhance usabil-
ity and trust [20, 21].

Interdisciplinary collaboration is essential for
aligning ML developments with clinical workflows.
Moreover, ensuring privacy via federated learning and
regulatory-compliant encryption protocols will be crit-
ical for ethical deployment [22]. Ethical concerns, such
as algorithmic bias and accountability, must also be
proactively addressed to prevent unintended harm [23].

Pilot studies in real-world clinical environments
should be conducted to assess operational feasibility
and collect clinician feedback. This iterative evalua-
tion process will ensure that models are not only tech-
nically accurate but also practically beneficial for
emergency department decision-making.

Limitations

This study is limited by its retrospective, single-
center design, which may affect the generalizability of
the findings. The dataset, although large, represents a
specific patient population, and external validation is
necessary to ensure broader applicability. Another lim-
itation is the potential for bias in the training data,
which may influence model predictions. Additionally,
the performance of the model in real-time clinical set-
tings remains untested. Integration into HIMS and as-
sessment in prospective studies are required to
evaluate its true clinical utility.

CONCLUSION

This study demonstrated that Gradient Boosting algo-
rithms, particularly CatBoost, can serve as effective
tools for predicting mortality risk in emergency de-
partment patients. The model showed high accuracy
and reliability, highlighting the importance of key pre-
dictors such as oxygen saturation, age, and heart rate.
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These findings support the potential integration of ma-
chine learning-based models into clinical decision sup-
port systems to aid early risk identification and
optimize patient management. However, challenges
such as false negative predictions and data imbalance
remain critical areas for improvement. Future research
should focus on real-time implementation, interdisci-
plinary collaboration, and iterative validation to ensure
clinical applicability and ethical deployment of such
predictive tools.
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ABSTRACT

Objectives: Multiple sclerosis (MS) is a chronic central nervous system disorder that causes demyelination,
inflammation, and axonal damage, leading to permanent disabilities in motor, sensory, visual, and balance
functions. This study aimed to develop an artificial intelligence (Al)-based, non-invasive diagnostic approach
for MS detection using handwriting analysis, leveraging deep learning methods to identify disease-specific
handwriting patterns.

Methods: A classification model was designed using a convolutional neural network (CNN) based on the
VGG16 architecture with transfer learning. The dataset consisted of 426 handwriting samples, including 213
from MS patients and 213 from healthy individuals. Data augmentation and early stopping techniques were
employed to improve model generalization capability.

Results: The proposed model achieved a validation accuracy of 83.72% and a test accuracy of 85%, indicating
its robustness in distinguishing MS patients from healthy subjects. The confusion matrix analysis demonstrated
a sensitivity of 86% and a specificity of 84%, indicating moderate discriminatory performance.
Conclusions: The findings suggest that the developed Al-based model offers an effective, non-invasive diag-
nostic tool for MS detection. This approach provides a promising foundation for future research on monitoring
disease progression and developing clinically applicable Al-supported diagnostic systems.

Keywords: Multiple sclerosis, handwriting, VGG16, Transfer learning, convolutional neural network

ultiple sclerosis (MS) is a chronic, autoim-
Mmune, demyelinating disease affecting the
central nervous system (CNS) [1-9]. The
disease is characterized by inflammation and neurode-

[13]. Common clinical symptoms of MS include limb
weakness, optic neuritis, sensory deficits, double vi-
sion, dizziness, bladder dysfunction, chronic fatigue,
balance and coordination disturbances, gait difficulties,

generation processes [10-12], with diverse clinical out-
comes based on the location and severity of the damage

cognitive impairment, and depression [14].
Accurate diagnosis of MS is critical as it provides
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opportunities for early intervention [15], which can
significantly influence the disease's progression [16].
Since there is no definitive laboratory parameter for
diagnosing MS [17, 18], the 2017 McDonald criteria
[19, 20] are widely utilized in the diagnostic process.
These criteria integrate clinical evaluations, imaging
findings, and laboratory data to standardize the diag-
nostic procedure [21, 16]. Magnetic Resonance Imag-
ing (MRI) is particularly prominent in MS diagnosis
and monitoring its progression, being one of the most
effective methods available [22-25]. However, similar
lesions caused by other diseases can sometimes appear
in MRI scans, and errors in MRI interpretation are
possible. For this reason, artificial intelligence (AI)-
based methods have been proposed to identify early
signs of MS and perform differential diagnoses of sim-
ilar neurological conditions [26-29]. Despite the grow-
ing use of imaging and clinical data in MS diagnosis,
a critical gap remains in the development of non-in-
vasive, Al-powered biomarkers tailored specifically
for MS. The question of whether Al, particularly
through machine learning and its subfield deep learn-
ing, can accelerate the MS diagnostic process has be-
come increasingly relevant [2, 30-33]. In recent years,
transfer learning, a method that adapts pre-trained
deep learning models to new tasks, has gained wide-
spread adoption. This approach allows for high per-
formance with less data and shorter training times.
While AI studies have made significant progress in
MS diagnosis, a review of the literature reveals no
studies employing handwriting analysis as a basis for
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MS detection.

In addition to imaging-based approaches, motor
performance and fine motor coordination are increas-
ingly recognized as potential biomarkers of neurolog-
ical dysfunction. Since MS affects both central motor
pathways and visual feedback mechanisms, subtle im-
pairments in handwriting can reflect disease-related
motor, sensory, or cognitive changes. Studies on
Parkinson’s and Alzheimer’s diseases have already
shown that handwriting Dynamics - such as tremor
amplitude, irregular stroke pressure, or inconsistent
spacing - can serve as sensitive indicators of neural
impairment. These findings from related neurological
conditions provide a meaningful foundation to inves-
tigate whether handwriting dynamics could also reflect
MS-related neurophysiological changes. Therefore,
exploring handwriting as a non-invasive and quantifi-
able marker of MS-related motor dysfunction provides
a logical and clinically relevant extension of Al-based
diagnostic research.

In this study, we aimed to propose an innovative
approach to MS diagnosis by developing a deep learn-
ing model based on handwriting image analysis.

METHODS

This cross-sectional study was conducted at the MS
center of Bursa Yiiksek ihtisas Training and Research
Hospital, focusing on patients diagnosed with MS (Re-
lapsing-Remitting Multiple Sclerosis [RRMS], Sec-

transfer learning(V6G16) model training U';JstP(U;):
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Fig. 1. Proposed model architecture.
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Fig. 2. Handwriting samples from healthy individuals in the MSHaW dataset.

ondary Progressive Multiple Sclerosis [SPMS], Pri-
mary Progressive Multiple Sclerosis [PPMS]) accord-
ing to the 2017 McDonald criteria. The study was
conducted from November to December 2024, involv-
ing consecutive patients and healthy controls aged 18
to 75 years who provided informed consent. Ethical
approval was obtained from the local ethics committee
(approval number: 2024-TBEK 2024/11-12), ensuring
compliance with the Helsinki Declaration guidelines.
All participants provided informed consent before in-
clusion, confirming their understanding and willing-
ness to participate under clearly defined conditions.
[lliterate individuals and those with an Expanded Dis-
ability Status Scale (EDSS) score of 7 or higher, pa-
tients with cognitive impairments that hindered the
capacity to provide consent, uncontrolled psychiatric
conditions were excluded from the study. Comprehen-
sive data collection included participants' demo-
graphic, clinical data collected, including education,
age, sex, EDSS score, and clinical subtype.

The dataset was created using handwriting sam-
ples collected from MS patients and healthy individu-
als. For model training, a transfer learning approach
was employed, leveraging a VGG16-based convolu-
tional neural network (CNN) architecture.

Fig. 1 provides an overview of the experimental
methodology. As shown in Fig. 1, the model utilized
handwriting data and incorporated transfer learning
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and data augmentation techniques for MS diagnosis.
The VGG16-based CNN architecture produces a bi-
nary classification output, where "0" indicates a
healthy individual, and "1" indicates MS. The steps in-
volved in model development are outlined below.

Data Preparation and Preprocessing

After obtaining informed consent from patients
monitored in the MS clinic, they were asked to copy a
provided paragraph of text onto a plain white sheet of
paper on a flat surface. Similarly, healthy volunteers
who agreed to participate in the study were asked to
write the same text. As a result, a dataset comprising
426 handwriting images was created, including 213
samples from healthy individuals and 213 from MS
patients.

This dataset, named MSHaW (Multiple Sclerosis
Handwriting Analysis and Writing dataset), serves as
the primary data source for this study. Only handwrit-
ing images served as the foundation for developing
deep learning models for MS diagnosis.

Fig. 2 shows handwriting samples from healthy in-
dividuals in the MSHaW dataset, while Fig. 3 presents
handwriting samples from MS patients. The handwrit-
ing images in the MSHaW dataset, as shown in Figs. 2
and 3, underwent several steps of data preparation and
preprocessing before being fed into the model.

First, the images in the dataset were divided into
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Fig. 3. Handwriting samples from multiple sclerosis patients in the MSHaW dataset.
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two classes: those of patients with MS and those of
healthy individuals. These classes were further subdi-
vided into training and test subsets. In creating the
dataset, 80% of the images were allocated for training
and 20% for testing. During model training, 20% of
the training data was reserved as a validation set for
hyperparameter tuning and early stopping, resulting in
an effective split of 64% training, 16% validation, and
20% test data. This procedure ensured that the model
was trained and validated on distinct subsets to prevent
data leakage and enhance generalizability. To facilitate
accurate classification and processing, images belong-
ing to each class were organized into appropriate di-
rectories.

After data preparation, the preprocessing phase
began. One of the key steps in this process was image
resizing. Since images of varying dimensions cannot
be processed by the same model, all images needed to
be resized to a fixed dimension compatible with the
model's input layer. Accordingly, all images were re-
sized to 128x128 pixels.

Moreover, data augmentation was a crucial part of
the preprocessing phase. Due to the relatively small
size of the dataset used for model development, the
training dataset was enriched using techniques such as
rotation, zooming, shifting, and horizontal flipping. To
prevent overfitting, transformations were applied ran-
domly rather than all at once, ensuring that each image
underwent a unique combination of augmentations.
Specific augmentations included rotation (up to 40 de-
grees), horizontal and vertical shifting (up to 30%),
zooming (up to 30%), and shearing. Additionally,
pixel values were normalized to the range of 0-1 to
facilitate more effective model training.

To further enhance generalization, data augmen-
tation was applied dynamically during each epoch, ex-
posing the model to varying transformations in every
iteration. This approach allowed the model to learn the
underlying structure of the data rather than memoriz-
ing fixed patterns. By ensuring a diverse range of aug-
mented samples throughout training, the model's
robustness and adaptability were improved. These data
preparation and augmentation processes were imple-
mented as a critical preprocessing stage to enhance the
model’s performance and generalization capacity.

Implementation Details
The model was implemented in Python 3.12 using

TensorFlow and Keras deep learning frameworks. The
following Python libraries were employed for data
preprocessing, augmentation, and model training: os,
shutil, TensorFlow, Keras, scikit-learn, NumPy, Mat-
plotlib, and glob. Model training and evaluation were
performed on a workstation equipped with an Intel
Core 15-1235U CPU (1.40 GHz, 10 cores), 16 GB
DDR4 RAM, an NVIDIA GeForce MX550 GPU (2
GB VRAM), and running Windows 11 Pro 64-bit op-
erating system.

Utilizing the VGG16 Transfer Learning Model

The model used in this study is based on the
VGG16 architecture, one of the transfer learning
methods. VGG16 is an advanced deep learning model
pre-trained on the ImageNet dataset. Its core feature
is being a CNN capable of extracting meaningful fea-
tures from images. With a deep network structure con-
sisting of 16 layers, VGG16 exhibits a high ability to
learn various visual features due to its training on a
large dataset [1].

In this study, the core feature extraction layers of
VGG16 were retained while its classification layers
were redesigned. The base layers (convolutional and
pooling layers) were frozen, halting their training to
preserve the pre-learned visual features. On this foun-
dational structure, a flatten layer was first added. The
flatten layer converted the multidimensional tensor
data from the convolutional and pooling layers into a
one-dimensional vector suitable for fully connected
layers. Subsequently, two fully connected layers with
256 and 128 neurons were added. To improve the gen-
eralization ability of the model and prevent overfit-
ting, a dropout layer with a 60% dropout rate and an
L2 regularization method were applied. Finally, a sig-
moid activation function was added to the output
layer, enabling binary classification into 0 (healthy)
and 1 (diseased).

For this study, images were resized to 128x128
pixels to match the input layer requirements of the
VGG16 model. The model was optimized using the
Adam optimization algorithm with a learning rate of
0.00005. The loss function was set to binary crossen-
tropy, which is suitable for binary classification tasks.
During training, the early stopping method was em-
ployed to terminate the training process if validation
loss did not improve for 10 consecutive epochs. To im-
prove convergence and avoid local minima, the num-
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vgg16 (Functional)

Input shape: (None, 128, 128, 3) | Output shape: (None, 4. 4, 512)

flatten (Flatten)

Input shape: (None, 4, 4. 512) | Output shape: (None, 8192)

dense (Dense)

Input shape: (None, 8192) | Output shape: (None, 256)

dropout (Dropout)

Input shape: (None, 256) | Output shape: (None, 256)

dense_1 (Dense)

Input shape: (None, 256) | Output shape: (None, 128)

dense_2 (Dense)

Input shape: (None, 128) | Output shape: (None, 1)

Fig. 4. Architecture of the VGG16-based CNN model.

ber of training epochs was increased from 100 to 150,
and the early stopping patience value was adjusted
from 10 to 15. These adjustments allowed the model
to continue learning for a longer period while prevent-
ing overfitting. As a result, the model achieved a val-
idation accuracy of 83.72% and a test accuracy of
85%, demonstrating its effectiveness of this approach.
This structure allowed the VGG16 model to adapt its
robust pre-learned visual features for detecting MS,
achieving effective classification.

Training and Validation Accuracy
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The architectural structure of the VGG16-based
CNN model developed in this study is presented in
Fig. 4.

Statistical Analysis

Accuracy, sensitivity, specificity, precision, F1-
score, and area under the ROC curve (AUC) metrics
were used to assess model performance. Sensitivity
was calculated as the ratio of true positives (TP) to the
total number of patients: Sensitivity = TP/(TP+FN),
where FN represents false negatives. Specificity was
calculated as the ratio of true negatives (TN) to the
total number of healthy individuals: Specificity=
TN/(TN+FP), where FP represents false positives. Pre-
cision (TP/[TP+FP]) and F1-score (harmonic mean of
sensitivity and precision) were used for balanced per-
formance evaluation. The 95% confidence intervals
for binary classification metrics were calculated using
the Wilson score method. Standard deviations for
training and validation accuracies and missing values
were obtained from epoch-to-epoch variations. The
statistical significance of the difference between sen-
sitivity and specificity was assessed using the McNe-
mar test.

RESULTS

The sociodemographic and clinical information of the
individuals from whom handwriting samples were
taken were analysed. Among the patient group, 52%
(n=111) were female and 48% (n=102) were male.
Their age ranged from 17 to 71 years (median=40.54).

\

Training and Validation Loss Graph
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Fig. 5. Accuracy and loss curves of the model.
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The educational levels were distributed as follows:
34.8% (n=74) primary school, 30.1% (n=64) high
school, 31.4% (n=67) undergraduate, and 3.7% (n=8)
postgraduate. The average EDSS score of the patient
group was 2.37. The distribution of EDSS scores was
as follows: 46.4% (n=99) had scores between 0-1.5,
30% (n=64) between 2-3.5, 23% (n=49) between 4-
6.5, and 0.5% (n=1) scored 7 or higher. Among the pa-
tients, 87.8% (n=187) had RRMS, 6.6% (n=14) had
PPMS, and 5.6% (n=12) had SPMS. In the healthy
control group, 54% were female (n=115) and 46%
were male (n=98). Their age ranged from 18 to 60
years (median=32.53). The educational levels were
distributed as follows: 4.7% (n=10) primary school,
14.1% (n=30) high school, 73.2% (n=156) undergrad-
uate, and 8% (n=17) postgraduate.

Model Performance

The performance of the model was thoroughly
evaluated using both visual and numerical analyses
obtained during the training and testing processes. Fig.
5 provides insights into the model's learning behavior
through accuracy and loss curves, while Figs. 6 and 7
illustrate its classification capability via the confusion

matrix and the receiver operating characteristic (ROC)
curve, respectively. These combined visual and quan-
titative assessments allowed for a comprehensive eval-
uation of the model’s effectiveness.

The progression of accuracy and loss values in the
training and validation phases, as shown in Fig. 5,
strongly indicates that the model underwent an effec-
tive learning process. The continuous increase in
training accuracy, along with a parallel increase in val-
idation accuracy, demonstrates the model's ability to
generalize successfully not only to the training data
but also to the validation data. This indicates a high
generalization capacity and resilience against undesir-
able issues such as overfitting or underfitting.

Similarly, the consistent decrease in training and
validation loss values illustrates the model's ability to
optimize its performance by reducing error rates dur-
ing the learning process. The early stopping method
applied during training effectively identified the points
where the model exhibited a tendency toward overfit-
ting, allowing the training process to terminate at the
appropriate time. Statistical analysis using Wilson
score intervals revealed that the training accuracy was
82.71% + 1.50% and validation accuracy was 83.72%

Confusion Matrix
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Fig. 6. Confusion matrix of the model.
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+2.40% (95% CI: 75.84%, 90.95%), while training
loss was 0.8901+0.0450 and validation loss was
0.8618+0.0520.

Fig. 5 illustrates the training and validation accu-
racy as well as the training and validation loss. The ac-
curacy graph shows a stable increase in both training
and validation accuracy, confirming that the model is
learning effectively without overfitting. The log-scale
loss graph demonstrates a consistent decrease in loss,
highlighting the model's ability to steadily optimize its
parameters and avoid local minima. The smooth de-
cline in loss values further supports the model's con-
vergence without instability.

The confusion matrix in Fig. 6 shows that the
model has a strong discrimination capacity between
healthy individuals and MS patients. The balanced
rates of correctly classifying both classes indicate that
the model does not focus on only one class and works
equally effectively between the two classes. The low
false positive and false negative rates are evidence that
the model performs well in terms of both specificity
and sensitivity.

Based on the confusion matrix, the model
achieved a sensitivity of 86.05% (95% confidence in-
terval [CI]: 72.74%, 93.44%) and specificity of
83.72% (95% CI: 70.03%, 91.88%), with precision of
84.09% (95% CI: 70.63%, 92.07%) and F1-score of
85.06% (95% CI: 76.04%, 91.08%).

To comprehensively evaluate the model’s classifi-
cation performance, multiple metrics were used, in-
cluding accuracy, precision, recall (sensitivity),
F1-score, specificity, and the area under the ROC curve
(AUC). Accuracy represents the overall proportion of
correctly classified instances. Precision measures the
proportion of true positive predictions among all posi-
tive predictions, while recall (sensitivity) indicates the
proportion of actual positive cases correctly identified
by the model. The F1-score is the harmonic mean of
precision and recall, providing a balanced measure
when there is class imbalance. Specificity measures the
proportion of true negative cases correctly identified,
highlighting the model’s ability to avoid false positives.
Finally, the AUC value reflects the model’s overall
ability to discriminate between MS patients and healthy
individuals, with higher values indicating better per-
formance. These metrics provide a comprehensive un-
derstanding of the model’s strengths and potential
limitations in detecting MS from handwriting samples.

As seen in Fig. 7, the ROC curve and AUC analy-
sis present the details of the model’s classification ca-
pacity. The ROC curve visualizes the model’s true
positive rates against false positive rates, clearly
demonstrating its ability to distinguish between
classes. A curve that approaches the top-left corner in-
dicates a high accuracy rate and low error rate, which
can be readily observed visually. The AUC value rep-
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Fig. 7. ROC curve and AUC score of the model.
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Table 1. Training and validation results

Metric Training Validation
Accuracy 82.71% 83.72%
Loss 0.8901 0.8618

resents the area under the ROC curve and serves as a
measure of the model’s overall classification capacity.
The closer the AUC value is to 1, the better the
model’s ability to correctly distinguish between posi-
tive and negative classes. The ROC curve is also use-
ful for understanding the impact of threshold values
on model performance. Lower threshold values in-
crease the detection of positive instances (higher sen-
sitivity) but may result in a higher false positive rate.
Conversely, higher threshold values reduce the false
positive rate, thereby increasing specificity, but can
lead to a risk of lower sensitivity. These analyses help
determine the most suitable threshold value for spe-
cific applications while emphasizing that the model
provides a reliable approach to diagnosing MS with
precision and sensitivity. The ROC curve was gener-
ated using the validation dataset, ensuring that the per-
formance assessment reflects the model’s ability to
generalize to unseen data.

Experimental Results

The results obtained from various metrics and vi-
sualizations in this study are shared in detail. Tables
1, 2, and 3 provide an in-depth analysis of the model’s
performance based on key evaluation metrics, includ-
ing accuracy and loss values, the confusion matrix,
and the ROC curve.

As shown in Table 1, the metrics from the model's
training and validation processes indicate a well-bal-
anced performance. The training accuracy was
recorded at 82.71%=+1.50%, while the validation ac-
curacy reached 83.72%=+2.40% (95% CI: 75.84%,
90.95%). These results demonstrate the ability of the
model to effectively generalize what it learned from
the training set to the validation set. The close align-
ment between training and validation accuracies high-
lights the absence of overfitting or underfitting,
emphasizing the model’s strong generalization capa-
bility and robust performance. When examining loss
values, the training loss was calculated as 0.8901, and
the validation loss was 0.8618. These low loss values

indicate that the model effectively minimized errors
across both datasets. These low loss values indicate
that the model effectively minimized errors across
both datasets. Validation accuracy is often considered
a better metric for assessing how the model will per-
form in real-world scenarios, as it measures the
model’s effectiveness on unseen data. The alignment
between training and validation accuracies also indi-
cates the model’s resilience to undesirable outcomes.
For instance, if the training accuracy were signifi-
cantly lower than the validation accuracy, it would
suggest that the model was either insufficiently pow-
erful or using inappropriate parameters, causing it to
struggle even with the training data. Conversely, if the
training accuracy were much higher than the valida-
tion accuracy, it would indicate overfitting, where the
model adapts too closely to the training data at the ex-
pense of its generalization ability. However, our model
appears to avoid both scenarios, demonstrating con-
sistent performance. In this context, the obtained ac-
curacy and loss values clearly indicate that the model
underwent an effective learning process and possesses
strong generalization capabilities.

Table 2 details the model's classification perform-
ance. The results presented in Table 2 were obtained
using the validation dataset, ensuring that the reported
performance reflects the model’s ability to generalize
to unseen data. The model correctly identified 37 MS
patients but incorrectly classified 6 MS patients as
healthy. Similarly, it accurately classified 36 healthy
individuals as NOT MS but misclassified 7 healthy in-
dividuals as MS. These results suggest that the model
performs effectively overall, demonstrating a balanced
performance in detecting MS patients (recall) and dis-
tinguishing healthy individuals (specificity). However,
further reduction of false positive and false negative
rates is essential to prevent missed diagnoses of MS
patients and to avoid unnecessary misdiagnoses. This

Table 2. Prediction results

Predictions
MS Not MS Total
MS 37 6 43
True Not MS 7 36 43
Total 44 42 86

MS=Multiple sclerosis
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Table 3. Classification report

Precision Recall F1-Score
Healthy 0.86 0.84 0.85
MS 0.84 0.86 0.85
Accuracy - - 0.85
Macro Avg 0.85 0.85 0.85
Weighted Avg 0.85 0.85 0.85

MS=Multiple sclerosis, Avg=Average

highlights the need for optimizing the model with
larger and more diverse datasets to further enhance its
performance. Recall and specificity were directly
computed from Table 2. The model achieved a sensi-
tivity of 86.05% (95% CI: 72.74%, 93.44%), meaning
that it correctly identified 86% of actual MS patients.
Similarly, the specificity was 83.72% (95% CI:
70.03%, 91.88%), indicating that the model correctly
classified 84% of healthy individuals without mistak-
enly labeling them as MS patients. These results con-
firm the model’s high capability in distinguishing
between MS and healthy individuals and further vali-
date its effectiveness in clinical applications.

Table 3 provides a detailed evaluation of the
model's classification performance using various met-
rics. For healthy individuals, precision was calculated
as 86%, recall as 84%, and the F1-score as 85%. Sim-

ilarly, for MS patients, precision was 84%, recall 86%,
and the F1-score also 85%.

Fig. 8 shows the composite performance metric
graph of the model, illustrating its overall performance
and generalization capacity across datasets of varying
sizes.

The composite metric analysis, referred to as the
composite performance metric graph, shown in Fig. 8,
evaluates the model's overall performance across dif-
ferent datasets from a broader perspective. The com-
posite performance metric graph was constructed by
computing a composite metric score based on the
weighted combination of accuracy, precision, recall,
and F1-score for datasets of varying sizes. This analy-
sis reveals that the model consistently achieves high
performance and exhibits strong generalization capa-
bilities across various datasets. The datasets contain
50, 100, 150, 200, and 213 samples, respectively, and
the composite metric score increases steadily across
these datasets, reaching a maximum score of 0.77.
However, a performance dip is observed between 150
and 200 samples. This decline suggests that the model
may have experienced temporary difficulty adapting
to the diversity within the data groups or that the het-
erogeneity of the dataset challenged its generalization
capacity. Despite this, the model's performance re-
bounded as the dataset size increased to 213 samples,
ultimately achieving the maximum score. This im-

Model Performance: Composite Metric

Composite Metric Score

—8— Composite Metric
——- Max Score (0.77)

T T
4 5

Dataset Parts

Fig. 8. Composite performance metric graph of the model.
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provement highlights the model's ability to adapt to
data diversity and optimize its overall performance.
The findings from the composite metric analysis con-
firm that the model not only excels in terms of accu-
racy and Fl-score but also effectively reflects its
generalization capacity.

Considering the ROC curve in Fig. 7, the model's
AUC value was determined to be 0.90 (95% CI: 0.83,
0.97). An AUC value of 0.90 indicates that the model
has a 90% probability of correctly ranking a positive
instance higher than a randomly chosen negative in-
stance. This high AUC score underscores the model's
balanced performance in terms of both sensitivity and
specificity. The trajectory of the ROC curve that is
near the top-left corner demonstrates a high true pos-
itive rate and a low false positive rate, providing clear
evidence of the model's reliable and consistent classi-
fication ability.

DISCUSSION

Al techniques have become a vital tool in supporting
physicians in disease diagnosis [34, 35]. Numerous
studies have been conducted on Al applications in
medicine and healthcare, offering opportunities to
make disease diagnosis and management processes
faster and more accurate [36-39]. In recent years, the
use of machine learning and deep learning algorithms
for detecting neurological diseases, such as MS, has
seen significant growth [40-48]. Machine learning is
a branch of Al that enables computers to make data-
driven predictions and decisions without explicit pro-
gramming. Deep learning, a subfield of machine
learning, analyzes large datasets and solves more com-
plex problems through layered artificial neural net-
works. Al models, especially those applied to clinical
data such as MRI and cerebrospinal fluid (CSF) analy-
ses, have become critical in medical processes by of-
fering faster and more accurate diagnostic capabilities.
Additionally, advanced techniques such as transfer
learning, which allows for high performance even with
limited datasets, have been widely adopted in the di-
agnosis of neurological diseases. Moreover, innova-
tive approaches such as handwriting analysis [49] for
diagnosing neurological disorders have also attracted
growing attention in recent research.

Al-based MS diagnosis yields significant results

using various data types. MRI-based studies achieve
high accuracy rates, with Daqqaq et al. [50] reporting
98.81% accuracy using 2D and 3D CNN models with
T2-weighted and FLAIR imaging, though the Dice
Similarity Coefficient for segmentation remained at
63.78%. Lopatina ef al. [51] achieved 95% accuracy
using Susceptibility-Weighted Imaging and CNN,
with explainable Al methods identifying critical brain
regions, though limited dataset size challenged gener-
alization. Vazquez-Marrufo et al. [52] comprehen-
sively explored machine learning applications in MS,
evaluating CNN, Support Vector Machine (SVM),
Random Forest, and k-NN models, achieving 70.6-
96% accuracy in MRI analyses and 61.8-92.9% for
predicting disease progression, while highlighting that
dataset heterogeneity limits generalizability. Montolio
et al. [53] combined clinical data and Optical Coher-
ence Tomography (OCT) images, achieving 87.7% ac-
curacy with Ensemble Classifier and 81.7% for
disease progression prediction using Long Short-Term
Memory (LSTM), demonstrating effective integration
of clinical data with deep learning algorithms.
Transfer learning has emerged as a powerful method
for handling limited datasets. Jannat et al. [54]
achieved 98.24% accuracy using VGG16-based trans-
fer learning, while Shoeibi et al. [2] reported 96.88%
accuracy with 2D-CNN-based transfer learning.
Wahlig et al. [3] employed 3D U-Net with transfer
learning for automatic MS lesion detection, achieving
74% sensitivity and 69% positive predictive value for
active demyelination segmentation, demonstrating ef-
fectiveness with small datasets while revealing that
dataset diversity and overfitting risk can limit gener-
alization.

Handwriting analysis has gained attention as a non-
invasive, cost-effective diagnostic method for neuro-
logical diseases [55, 56]. By assessing motor skill
impacts through kinematic, mechanical, and visual fea-
tures, this approach shows promise for early diagnosis
and progression prediction. Ocal [57] achieved 97.14%
accuracy for Alzheimer's diagnosis using handwriting-
based ensemble models. Aouraghe et al. [58] and
Huang et al. [59] analyzed handwriting data from
Parkinson's patients using digital tablets and biometric
pens, examining kinematic features (speed, accelera-
tion), mechanical features (pressure), and visual fea-
tures via CNNs with SVM classification, achieving
83% accuracy. However, limited dataset diversity and
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task variation constrain generalization capacity.

We leveraged transfer learning to overcome small
dataset challenges, extracting meaningful features
from handwriting data and improving generalization.
Data augmentation techniques (rotation, shifting,
zooming) enhanced dataset diversity and model ro-
bustness. The model achieved 83.72% validation ac-
curacy, 86.05% sensitivity, and 83.72% specificity,
successfully distinguishing MS patients from healthy
individuals. The model’s accuracy, sensitivity, and
specificity had 95% confidence intervals of 75.84—
90.95%, 72.74-93.44%, and 70.03-91.88%, respec-
tively. The area under the ROC curve (AUC) was 0.90
(95% CI: 0.83-0.97), confirming the model’s high dis-
criminative ability. Advancements in deep learning ar-
chitectures and hyperparameter optimization could
further enhance model performance, supporting wide-
spread clinical application.

Strengths and Limitations

This study presents several notable strengths. To
the best of our knowledge, the application of handwrit-
ing analysis to MS diagnosis has not been systemati-
cally investigated. Our study addresses this gap by
developing a novel, non-invasive, and low-cost Al bio-
marker for MS detection through handwriting pattern
analysis. We leveraged transfer learning to overcome
challenges with small datasets, extracting meaningful
features from handwriting data, and improving gener-
alization. Data augmentation techniques (rotation,
shifting, zooming) enhanced dataset diversity and
model robustness. The model achieved 83.72% vali-
dation accuracy, 86.05% sensitivity, and 83.72%
specificity, successfully distinguishing MS patients
from healthy individuals. The 95% confidence inter-
vals for accuracy, sensitivity, and specificity were
75.84-90.95%, 72.74-93.44%, and 70.03-91.88%, re-
spectively. No significant difference was found be-
tween sensitivity and specificity (P = 0.76), and
balanced accuracy was approximately 85%. This per-
formance is comparable to MRI-based methods while
offering significant advantages: handwriting analysis
1s non-invasive, requires no specialized equipment, in-
curs minimal cost, and can be easily conducted in pa-
tients' daily lives, making it particularly valuable for
rural and resource-limited regions. Our findings
demonstrate that handwriting analysis-based models

can serve as reliable, accessible, and cost-effective
tools for MS diagnosis, making a unique contribution
as non-invasive Al biomarkers. This model could be
utilized as a supportive system in initial evaluation,
screening, and follow-up processes, accelerating clin-
ical decision-making and promoting efficient use of
healthcare resources.

However, this study also has limitations. Only
handwriting images were included in the study; clini-
cal and sociodemographic information, such as age,
gender, educational level, EDSS scores, and MS types
were not included in the evaluation. This decision was
made to focus the model solely on handwriting clas-
sification and to adopt an approach that aligns with
other studies. The small size of the dataset may have
restricted the model's generalization capacity. This is
particularly significant due to the limited diversity of
handwriting samples collected from different individ-
uals, which may hinder the model's ability to fully rep-
resent the complex variations encountered in
real-world scenarios. A larger, more diverse dataset is
anticipated to enhance the model's generalization and
yield more robust, reliable results. Additionally, the
large datasets used in transfer learning methods are
often composed of natural images, which may be ir-
relevant to the domain of handwriting analysis. This
mismatch can lead to the inadequacy of certain fea-
tures when applied to handwriting analysis, particu-
larly in capturing subtle motor variations. For instance,
handwriting analysis focuses on features such as writ-
ing style, patterns, and disease-specific indicators,
whereas natural images typically exhibit broader, more
general visual patterns. This discrepancy may be a fac-
tor limiting the model's performance. Because our
dataset came from a single centre in Turkey and uses
only the Turkish alphabet, the handwriting styles and
MS subtypes represented here may not generalise to
other populations; multi-centre, multi-lingual external
validation studies are therefore essential before clini-
cal use. Although ImageNet-pretrained VGG16 pro-
vides a baseline, its features may not capture
handwriting-specific nuances. Future work should in-
vestigate models trained from scratch on large hand-
written datasets or pretrained on handwriting
recognition tasks (e.g., Optical Character Recogni-
tion), which may yield more relevant representations.
Future studies are encouraged to use larger, more di-
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verse datasets. Enriching the dataset with samples
from various age groups, cultures, and handwriting
habits could enhance the model's generalization and
increase its sensitivity to disease-specific features,
such as those in MS.

CONCLUSION

Our study presents a preliminary study of an Al and
deep learning-based approach for the diagnosis of MS.
This proof-of-concept study demonstrates the feasibil-
ity of using handwriting analysis for MS detection,
achieving 83.72% accuracy. However, validation in
larger, multi-center cohorts is essential before clinical
application can be considered. The study offers a non-
invasive, cost-effective, and easily applicable diagnos-
tic and monitoring method. The model's success was
validated by results obtained during the training and
validation processes, where it exhibited balanced per-
formance across metrics such as sensitivity and speci-
ficity. Additionally, analyses of the confusion matrix
and ROC curve confirmed the model’s strong ability
to distinguish between healthy individuals and MS pa-
tients. In the future, the use of larger and more diverse
datasets, as well as the exploration of alternative deep
learning architectures, could further enhance the
model’s performance.
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ABSTRACT

Objectives: Despite advancements in medical science, existing methodologies for predicting placental invasion
in patients with previa remain insufficient. Systemic inflammatory markers have emerged as potential prog-
nostic indicators in oncology. This study aims to explore whether systemic inflammatory parameters can predict
placenta accreta spectrum (PAS) in patients with previa, given the analogous mechanisms between PAS and
cancer cell invasion.

Methods: This retrospective case-control study encompassed patients diagnosed with placenta previa who un-
derwent cesarean section procedures between 2010 and 2024. The case group (PAS+) comprised patients who
underwent hysterectomy, segmental resection (with histopathologically confirmed PAS), or had in situ placenta.
Conversely, the control group (PAS-) included other patients. The systemic immune-inflammatory index (SII),
platelet-to-lymphocyte ratio (PLR), and neutrophil-to-lymphocyte ratio (NLR) were calculated from the most
recent preoperative complete blood count. A comparative analysis of demographic data, clinical findings, and
systemic inflammatory markers was conducted between the groups.

Results: A total of 487 patients were analyzed, with 146 (30%) classified as PAS (+) and 341 (70%) as PAS
(-). The PAS (+) group exhibited significantly higher values in terms of age, gravidity, parity, and the number
of prior cesarean sections (P=0.004, P<0.001, P=0.018, and P<0.001; respectively). However, no significant
correlation was identified between the two groups concerning systemic inflammatory markers.

Conclusions: Systemic inflammatory markers do not appear to be reliable for predicting placental invasion in
previa patients.

Keywords: Placenta previa, placenta accreta spectrum, systemic immune-inflammatory index, inflammatory
biomarkers

hemorrhage, continues to be a significant intervention when alternative measures, such as utero-

global health concern, resulting in the death of  tonic agents, balloon tamponade, uterine compression
one mother every minute [1]. In instances of postpar- sutures, and arterial ligation, prove ineffective [2].
tum hemorrhage, peripartum hysterectomy frequently Placenta Accreta Spectrum (PAS) and placenta

Obstetric hemorrhage, particularly postpartum emerges as the most efficacious life-saving surgical
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Placenta accreata spectrum and systemic inflammatory markers

previa are important causes of postpartum hemorrhage
[3]. In cases of placenta previa, the incidence of hys-
terectomy due to postpartum hemorrhage is increased
by a factor of 33.26 compared to cases with normally
positioned placentas [4]. The rising rates of cesarean
sections have led to a gradual increase in the incidence
of placenta previa and PAS, resulting in more frequent
occurrences of associated mortality and morbidities.
[5]. It is important to recognize PAS cases prenatally
in patients with placenta previa to provide optimal
conditions for maternal and fetal care by referring pa-
tients to specialized centers, organizing the surgical-
anesthesia team and to prevent possible complications.
It is regrettably not always feasible to identify cases
of PAS prenatally. Diagnostic methods such as ultra-
sound and magnetic resonance imaging (MRI) are not
infallible, as they are subject to interobserver variabil-
ity and can be complicated by factors such as a poste-
rior placenta, patient obesity, and the quality of the
imaging device [6]. Recent meta-analyses indicate that
the diagnosis of PAS is established during labor in ap-
proximately 50% of patients. Even with the implemen-
tation of MRI screening, which is costly and not
universally accessible, 25% of patients will still be di-
agnosed with PAS at the time of delivery [7].

Recent research has identified similarities between
the invasive characteristics of trophoblast cells in pa-
tients with PAS and the metastatic properties of cancer
cells [8]. Systemic inflammation markers, derived
from complete blood count parameters, are widely rec-
ognized as indicators of inflammatory response and
serve as prognostic factors in various cancers [9, 10].
These markers can be obtained by proportioning some
parameters in the complete blood count and they are
cost-effective, straightforward to interpret, and readily
accessible.

This study aims to determine whether systemic in-
flammation markers, known for their prognostic value
in cancer, can also predict invasion in patients with
placenta previa, who exhibit characteristics similar to
cancer invasion.

METHODS

In this retrospective case-control study, patients with
placenta previa who underwent surgery at our univer-
sity hospital, a referral center for high-risk pregnancies

in southern Turkey, between 2010 and 2024, were in-
cluded. Ethics committee approval was obtained (de-
cision dated 20/11/2024, numbered 36). Informed
consent was received from patients before surgeries.
The study was conducted under the Declaration of
Helsinki.

Singleton pregnant women diagnosed with pla-
centa previa via transvaginal ultrasound and who sub-
sequently underwent cesarean delivery at our clinic
were included in the study. Exclusion criteria encom-
passed patients with chronic systemic diseases, active
infections, anticoagulant use, or those who received
blood transfusions during pregnancy. Additionally, in-
dividuals undergoing steroid therapy within the pre-
ceding three months, smokers, and those with multiple
pregnancies were excluded. Pregnant women experi-
encing obstetric complications such as preeclampsia,
intrauterine growth restriction (IUGR), or premature
rupture of membranes were also excluded due to their
potential impact on blood parameters. PAS was diag-
nosed in patients who had histopathological confirma-
tion following surgical procedures such as hysterectomy
or partial uterine resection. Additionally, patients whose
placentas were left in situ due to intraoperative obser-
vation of complete placental invasion were classified as
PAS (+). Both patients with histopathological confir-
mation and those with retained in situ placenta were in-
cluded in the case group. The control group consisted
of patients who underwent cesarean section for placenta
previa but did not undergo hysterectomy/segmental
uterine resection/placenta in situ.

Demographic data, operative reports, and he-
mogram results were collected from patient files and
the hospital registration system. Complete blood count
data from the last blood sample taken from the patient
before surgery were used in the calculation of inflam-
mation marker parameters. Systemic immune-inflam-
matory index (SII), platelet to lymphocyte ratio (PLR),
and neutrophil to lymphocyte ratio (NLR) were ana-
lyzed. SII was calculated by the formula: platelet
count X neutrophil count/lymphocyte count; NLR,
neutrophil count/lymphocyte count; PLR, platelet
count/lymphocyte count.

Statistical Analysis

Descriptive statistics included mean, standard de-
viation, median, minimum, maximum, frequency, and
ratios. The distribution of variables was assessed using
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the Kolmogorov-Smirnov and Shapiro-Wilk tests.
Non-normally distributed quantitative data were ana-
lyzed using the Mann-Whitney U test. Qualitative in-

Table 1. Demographic, obstetric and surgical data of patients

dependent data were evaluated using the chi-square
test or Fisher's exact test, as appropriate. Statistical
analyses were performed using SPSS 28.0.

Data
Age (years) 32.245.3
32 (19-44)
Gravidy 4.2+1.8
4 (1-14)
Parity 2.6+1.3
2 (0-9)
Prior cesarean ) 101 (20.7%)
(+) 386 (79.3%)
Number of cesarean 2.4+1.0
2 (1-6)
Gestational week during labor (weeks) 36.4+2.1
37 (24-40)
Placenta Accreata Spectrum (PAS) ) 341 (70.0%)
(+) 146 (30.0%)
Placental Invasion ) 341 (70.0%)
Accreata 23 (4.7%)
Increata 49 (10.1%)
Percreata 74 (15.2%)
Surgical Intervention ) 341 (70.0%)
Hysterectomy 115 (23.6%)

Artery Ligation

Complication

Mortality

Segmental resection
In situ placenta
Hysterectomy-+packing
Q)
Hypogastric artery
Uterine artery
Hypogastrict+uterine arteries
Q)

(+)

Ureter injury
Bladder injury
Intestinal serosal defect
)

(+)

20 (4.1%)
2 (0.4%)
9 (1.8%)
295 (60.6%)
98 (20.1%)
54 (11.1%)
40 (8.2%)
440 (90.3%)
47 (9.7%)
12 (25.5%)
33 (70.2%)
2 (4.2%)
485 (99.6%)
2 (0.4%)

Data are shown as mean+standard deviation or median (minimum-maximum) or n (%)
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RESULTS

During the study period, a total of 487 patients met the
criteria and underwent surgical intervention for pla-
centa previa at our hospital. The mean age of these pa-
tients was 32.2+5.3 years. The average number of
pregnancies was 4.2+1.8, and the mean parity was
2.6+1.3. Additionally, the mean number of cesarean
sections was 2.4=+1, with 101 (20.7%) patients having
no prior history of cesarean section.

In the study, 146 (30%) pregnant women were cat-
egorized into the PAS (+) group, while 341 (70%)
were classified into the PAS (-) group. Among the hys-
terectomy specimens from the PAS group, 23 (4.7%)
patients exhibited placenta accreta, 49 (10.1%) had
placenta increta, and 74 (15.2%) had placenta percreta.

Hysterectomy was performed on 115 (23.6%) patients,
and segmental resection was conducted on 20 (4.1%)
patients within the PAS group. In two (0.4%) cases,
the placentas were left in situ, whereas 9 (1.8%) pa-
tients underwent a packing procedure in addition to
hysterectomy. A total of 192 (39.4%) patients under-
went arterial ligation, specifically of the hypogastric
artery and/or uterine artery. Surgical complications
(bladder injury, ureter injury, intestinal serosal defect)
were observed in 47 (9.7%) patients, and there were 2
(0.4%) fatalities. Demographic, obstetric, and previous
surgery-related data are presented in Table 1.

The variables of age, number of pregnancies,
number of deliveries, and number of previous cesarean
sections were significantly elevated in the PAS (+)
group (P=0.004, P<0.001, P=0.018, and P<0.001; re-

Table 2. Comparison of demographic, obstetric, and surgical data between PAS (+) and PAS (-)

groups
PAS (-) PAS (+) P value
(n=341) (n=146)
Age (years) 31.745.5 33.3+4.7 0.004™
(32.0) (34.0)
Gravide 4.0£1.7 4.6£1.8 <0.001™
(4.0) (4.0)
Parity 2.4+1.4 2.9+1.1 0.018™
(2.0) (3.0
Prior Cesarean ) 100 (29.3%) 1 (0.7%) <0.001*
+) 241 (70.7%) 145 (99.3%)
Number of cesarean 2.2+1.0 2.6+1.0 <0.001™
(2.0) (3.0)
Gestational week during 36.5+2.0 36.0+2.4 0.003™
labor (37.0) (37.0)
Artery ligation
() 234 (68.6%) 61 (41.8%) <0.001*
Hypogastric 29 (8.5%) 69 (47.3%)
Uterine 48 (14.1%) 6 (4.1%)
Hypogastrict+uterine 30 (8.8%) 10 (6.8%)
Complication () 333 (97.7%) 107 (73.3%) <0.001*
) 8 (2.3%) 39 (26.7%)
Mortality () 341 (100.0%) 144 (98.6%) 0.089%
) 0 (0.0%) 2 (1.4%)

Data are shown as meantstandard deviation (median) or n (%). PAS= Placenta Accreata Spectrum.

mMann-Whitney U test, X’Ki-kare test (Fischer test)
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spectively). Additionally, the requirement for arterial
ligation was markedly higher in the PAS (+) group
compared to the non-PAS group (P<0.001). A greater
incidence of complications was noted in the surgical
procedures of the PAS (+) group (P<0.001). Notably,
two patients succumbed, both of whom were in the
PAS (+) group. Comparative obstetric, demographic,
and surgical data between the groups are presented in
Table 2.

Table 3 presents the hemogram parameters and
systemic inflammation markers. The data indicate that
inflammation markers do not have a significant impact
on the determination of PAS.

DISCUSSION

Recently, the systemic inflammatory indicators SII,
PLR, and NLR, derived from hemogram parameters,
have garnered significant attention. Numerous studies
have evaluated these markers, particularly in the con-
text of prognostic prediction in cancer patients [11,
12]. Furthermore, within the discipline of obstetrics
and gynecology, research has identified associations

between these markers and the prognosis of patients
experiencing ectopic pregnancy, miscarriage, and
preeclampsia [13-15].

Despite differing in their developmental mecha-
nisms, PAS and cancer exhibit analogous molecular
and cellular processes that enable them to invade and
proliferate within surrounding tissues. The intricate in-
teraction of molecular signals, including growth fac-
tors, cytokines, and components of the extracellular
matrix, is pivotal in regulating cell behavior. In both
processes, it is essential to overcome local immuno-
logical mechanisms and activate angiogenesis [8]. The
observed similarities between these two conditions in-
dicate that systemic inflammatory markers, which are
employed to predict prognosis in cancer patients, may
also be applicable in predicting PAS status in patients
with placenta previa.

Alterations in the maternal immune system are es-
sential for a successful pregnancy and the accommo-
dation of the semi-allogeneic fetus. Individuals with
placenta previa exhibit an exaggerated immune re-
sponse. Elevated levels of IL-1 beta, IL-6, TNF-alpha,
and interferon-gamma are observed in the blood of pa-
tients with placenta previa [16]. The pathogenesis of

Table 3. Comparison of blood count parameters and inflammation markers between PAS (+) and

PAS (-) groups

PAS (-) PAS (+) P value
(n=341) (n=146)
Leukocyte (x10°) 10.2+2.8 10.3£2.9 0.993™
(10.0) 9.7)
Lymphocyte (10°/uL) 2.0£1.0 1.9+0.6 0.740™
(1.9) (1.8)
Neutrophil (10%/uL) 7.6£2.6 7.6+2.6 0.884™
(7.1) (7.2)
Platelet (x10°) 225.5+66.3 235.9+87.1 0.405™
(215.0) (225.0)
PLR 129.4+57.8 135.7+59.3 0.265™
(118.6) (122.4)
NLR 4.5+3.1 4.6+3.0 0.425™
(3.8) (4.0)
SII 1,017.8+708.3 1,046.8+659.1 0.223™
(815.3) (874.0)

Data are shown as mean+tstandard deviation (median) or n (%). NLR=Neutrophil/Lymphocyte ratio, PAS= Placenta Accreata

Spectrum, PLR=Platelet/lymphocyte ratio, SII=Systemic Inflammatory Index

"Mann-Whitney U test
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PAS encompasses processes of angiogenesis, inflam-
mation, and invasion [17]. These findings suggest an
elevated level of inflammation, particularly in patients
with placenta previa and PAS (+). In the laboratory
context, this would typically manifest as increased in-
flammation markers in the complete blood count.
However, our study did not reveal a significant corre-
lation in this regard.

In our study, we determined that markers of sys-
temic inflammation may not reliably predict cases of
PAS. A review of the literature reveals some studies
that contradict our findings. For instance, Kele et al.
[18] conducted a comparison involving 68 histologi-
cally confirmed PAS (+) patients and 205 control pa-
tients who underwent surgery for placenta previa
without any additional procedures. Their results indi-
cated that the parameters SII, NLR, and PLR were sig-
nificantly elevated in the PAS group [18]. In our study,
patients who underwent additional interventions, such
as the Bakri balloon, intrauterine suture, compression
suture, Lynch suture, uterine artery ligation, and hy-
pogastric artery ligation, were included in the PAS (-)
group. In contrast, Keles et al.'s study [18] entirely ex-
cluded patients who underwent additional procedures.
These differences in patient inclusion criteria may ac-
count for the divergent results observed between the
studies. In their study, Abide-Yayla et al. [19] investi-
gated the findings of placental invasion via ultrasound
in a cohort of 146 pregnant women. The research iden-
tified a significant NLR among 46 patients in whom
placental abruption (PAS) was confirmed through
histopathological analysis. Conversely, no significant
association was observed for the PLR [19]. However,
Abide-Yayla conducted this study on patients with pla-
centa previa who were admitted to the hospital due to
bleeding. It is possible that the complete blood count
parameters were influenced by antepartum hemor-
rhage at the time of admission.

Firstly, while contemporary automated hematol-
ogy analyzers are widely utilized, these instruments
may produce inaccurate results, particularly in in-
stances such as platelet aggregation. Furthermore, the
fasting state also influences hemogram parameters. An
elevation in postprandial lipids is manifested as an in-
crease in neutrophil counts in blood values [20]. Sea-
sonal variations and hormonal fluctuations associated
with diurnal stress may influence lymphocyte levels,
potentially altering inflammation parameters [21, 22].

Sometimes, even if there is placental invasion,
hysterectomy or segmental resection is not performed
because bleeding is controlled with methods such as
intracavitary suture and compression sutures. How-
ever, these patients were considered as PAS (-) in our
study because there was no histopathologic evidence
of PAS. Furthermore, patients who underwent in situ
placenta were classified as PAS (+) based on intraop-
erative observations. While these patients are unequiv-
ocally PAS, this method may result in diagnostic
heterogeneity and potential misclassification. These
situations may have introduced a bias in the study.
Nevertheless, the substantial number of patients in-
cluded in the study serves to strengthen its overall con-
clusions. To our knowledge, our study is the study
with the largest number of patients in the literature.

Limitations

One limitation of our study is its retrospective na-
ture. Additionally, the absence of detailed histopatho-
logical information in PAS patients constitutes another
limitation. Furthermore, the lack of intraoperative
data, such as perioperative blood loss, also represents
a constraint.

CONCLUSION

In conclusion, while inflammatory markers present ad-
vantages due to their cost-effectiveness and accessi-
bility, their reliability in predicting PAS is limited.
They may not be dependable in patients with placenta
previa, as they are prone to significant variability. A
more rigorously designed study on this topic is war-
ranted.

Ethics Approval and Consent to Participate

This study was approved by the Hatay Mustafa
Kemal University Non-Interventional Clinical Re-
search Ethics Committee (Decision no.: 36, date:
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mentation complied with the ethical standards of the
institutional and/or national research committee and
with the 1964 Declaration of Helsinki and its subse-
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analysis used anonymous clinical data.
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ABSTRACT

Artificial intelligence (Al) is a broad term that refers to the use of computers to replicate intelligent behavior
with minimal human intervention. Al is rapidly transforming various sectors, including speech and language
pathology, by offering innovative solutions to enhance therapeutic practices and client outcomes. Its application
in speech and language pathology spans several domains, including medical diagnosis, therapeutic planning,
and rehabilitation, utilizing tools such as machine learning and deep learning to enhance data analysis and pattern
recognition. The primary aim of this study is to provide resources for speech and language pathologists on the
topic of artificial intelligence by presenting research findings on the assessment and intervention of speech and
language disorders using Al. Accordingly, Al studies in speech and language pathology found in the literature
were included. The results of these studies were summarized, and information was provided on the use of Al in
assessing and treating speech and language disorders, including swallowing disorders, voice disorders, acquired
language disorders, motor and speech sound disorders, cleft palate speech, and developmental language disorder.
Existing literature acknowledges and supports the growing popularity of Al and Al-based algorithms in speech
and language pathology. Although the current evidence remains insufficient and concerns about ethics and im-
plementation persist, advancing technology offers promise for applying Al in this field.

Keywords: Artificial intelligence, speech and language pathology, speech and language pathologist, voice dis-
orders, speech disorders

refers to the use of computers to replicate in-

telligent behavior with minimal human inter-
vention [1]. It is commonly regarded to have begun
with the development of robots. Officially established
as a field in 1956, artificial intelligence involves the
science and engineering of creating intelligent ma-
chines. Al is applied in various areas, including med-
ical diagnosis, medical statistics, and human biology.
It is also incorporated into rehabilitation practices by
various healthcare professionals, including social

ﬂrtiﬁcial intelligence (Al) is a broad term that

workers, occupational therapists, audiologists, nurses,
and speech and language pathologists (SLPs) [2]. With
rapid advances in technology, Al has established itself
as a transformative force in various fields, including
medical imaging and diagnostics. Through algorithms
such as machine learning and deep learning, it has the
potential to analyze complex data, identify patterns,
and deliver diagnostic and prognostic insights that ex-
ceed human capabilities in terms of both speed and ac-
curacy [3, 4].

Artificial intelligence is posited to significantly
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augment clinical practices within speech-language
pathology by developing innovative tools to enhance
client health and optimize therapeutic outcomes. As
technological advancements progress rapidly, SLPs
must develop a comprehensive understanding of arti-
ficial intelligence clinical tools, acknowledge their in-
herent limitations, and employ them judiciously in
clinical practice as they evolve [5].

This traditional review aims to present research on
the role, significance, and applications of Al in speech
and language pathology. It explores how Al is utilized
in various subtypes of speech and language disorders.
The review has been conducted through a comprehen-
sive examination of current articles in the literature.
The data collection process began by identifying the
following keywords: artificial intelligence in speech
and language disorders, artificial intelligence in speech
and language therapy, artificial intelligence in speech
and language assessment, advantages of artificial in-
telligence for speech and language therapists, disad-
vantages of artificial intelligence for speech and
language therapists, and review. These keywords were
entered into the Google search engine, and related
publications were examined by reviewing American
Speech-Hearing Association (ASHA), ResearchGate,
Google Scholar, YOK Academic, PubMed, and
Anadolu University Library databases. National and
international studies conducted between 2009 and
2025 were included in the study, whereas studies con-
ducted before 2009 were excluded.

ARTIFICIAL INTELLIGENCE IN SPEECH
AND LANGUAGE PATHOLOGY

The ASHA evaluated the advantages of Al for
SLPs, categorizing the findings into four primary do-
mains [6]. Firstly, the assessment revealed that docu-
mentation and reporting—essential components for
tracking and monitoring therapeutic outcomes—can
be significantly streamlined by implementing various
Al algorithms and technologies. This improvement en-
ables pathologists to allocate more time to client in-
teractions during therapy sessions, thereby enhancing
overall productivity. Secondly, the investigation un-
derscored the utility of AI within advanced assistive
technologies specifically designed to aid individuals
with communicative and cognitive disorders. Thirdly,
the findings indicated that SLPs have the capacity to

incorporate objective and validated Al tools within
clinical examinations and evaluations. For instance, a
simple picture identification app on a smartphone can
be used to assess remote language and speech skills.
Lastly, the study highlighted that these technological
advancements could enhance diagnostic and therapeu-
tic processes, tailoring them to fit the genetic, behav-
ioral, social, cultural, and economic profiles of
patients, while also considering their individual re-
sponses to interventions.

A recent study confirmed that Al-based tools re-
duce the workload of SLPs and provide various con-
veniences to enhance their productivity [7].
Speech-to-text translation programs and automated re-
port preparation processes have been shown to de-
crease administrative burdens, allowing SLPs to spend
more time with their clients. Proper session prepara-
tion and planning enable the creation of therapy ma-
terials tailored to each client’s needs, making therapies
more effective and focused. These tools help SLPs uti-
lize their time more efficiently and significantly sup-
port their professional processes. Furthermore, SLPs
view the use of Al with a mix of optimism and caution.
In a survey on the topic, pathologists indicated that
they found Al tools particularly useful for diagnosis
and treatment planning (50%) and rehabilitation
(25%). However, only a small percentage (14.8%) be-
lieved that Al could replace professional services.
Overall, they believe that Al will revolutionize the
field without negatively affecting employment. Many
pathologists also reported that they frequently use plat-
forms such as ChatGPT [8].

Although SLPs have various opinions on the use
of Al, it is preferred in many speech-language disor-
ders, including swallowing disorders, voice disorders,
acquired language disorders, motor and speech sound
disorders, cleft palate speech, and developmental lan-
guage disorder. The following subheadings include
studies on the use of Al in assessment and therapy
processes regarding these disorders.

Al in Swallowing Disorders

In the field of speech and language pathology, sev-
eral studies have utilized Al in therapy and assessment
processes, particularly concerning swallowing disor-
ders. One study focused on the use of Al-supported
video games for swallowing rehabilitation. These
games exhibited a notable enhancement in swallowing
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function among patients suffering from dysphagia
after a stroke. Additionally, they increased oral intake
and boosted patients’ self-confidence by visualizing
their movements during exercises. Moreover, the in-
tegration of Al and video games enhanced nutritional
status by reducing complications such as weight loss
and fatigue, ultimately improving quality of life. In the
initial stages, rapid improvements were noted in the
group using Al-supported video games. However, over
the long term, both interventions resulted in similar
outcomes [9]. In a similar study, surface electromyo-
graphy biofeedback (sSEMG-BF) combined with gam-
ing was found to significantly enhance swallowing
function in individuals with post-stroke dysphagia
[10]. AT and Al-assisted tools have been effectively
utilized not only in dysphagia therapy but also in its
assessment. The results of a study aimed at automating
the diagnosis of dysphagia through the development
of an artificial intelligence-based web application,
which analyzes Videofluoroscopic Swallowing Study
(VFSS) data and offers clinicians more accurate eval-
uation opportunities, demonstrated that the YOLOv7
algorithm used in the study achieved high accuracy
rates in dysphagia classification. This system can pro-
vide significant support to clinicians in patient care
management [11]. A recent study aimed to evaluate
the efficacy of using ultrasound as a quantitative
method for assessing the kinematics of the hyoid bone
during swallowing, with the goal of predicting Pene-
tration-Aspiration Scale (PAS) scores. The researchers
further explored the capabilities of a machine learning
(ML) algorithm in forecasting PAS outcomes. The
findings revealed that manual ultrasound measure-
ments, when employed in isolation, did not provide a
sufficiently accurate prediction of PAS scores. In con-
trast, the ML algorithm demonstrated a notable level
of precision in predicting these results, suggesting its
potential as a more reliable tool for clinical assessment
in this context [12]. Sanjeevi et al. [13] compiled re-
search on the use of Al techniques in VFSS analysis.
They highlighted advancements in several areas, in-
cluding the analysis of swallowing phases, segmenta-
tion of anatomical components, and the detection of
penetration-aspiration events. However, the authors
noted significant limitations in the research within this
field, such as the fact that Al models often operate
under specific assumptions, the lack of transparency
and interpretability, and the absence of comprehensive

and publicly accessible datasets [13]. Kim et al. [14]
utilized convolutional neural networks (CNNs) to de-
termine the presence of aspiration with high accuracy
in 190 participants with dysphagia. Similarly, lida et
al. [15] used CNNs to detect aspiration in nearly
18,000 images, demonstrating that deep learning has
the potential to detect aspiration with precision. Ban-
dini et al. [16] studied specific time points in the pha-
ryngeal phase, focusing on the moments when the
bolus crosses the mandible and when the upper
esophageal sphincter closes. CNN-based methods
demonstrated high accuracy in detecting these mo-
ment measurements [16]. Hsiao et al. [17] developed
a CNN-based algorithm for the automatic tracking and
kinematic analysis of hyoid bone motion during swal-
lowing. This algorithm calculates the precise position-
ing, direction, and velocity of the hyoid bone relative
to the anatomical axis. Consequently, clinicians can
conduct assessments more objectively and efficiently
[17]. Nakamori et al. [ 18] demonstrated that assessing
swallow sounds in patients with amyotrophic lateral
sclerosis (ALS) using an electronic stethoscope and
Al analysis showed a significant correlation with es-
tablished swallow assessment parameters. They sug-
gested that this method could serve as a new
assessment tool suitable for home and remote medical
care [18]. Despite this cutting-edge development in
dysphagia management, there are also some limita-
tions. Girardi et al. [19] emphasized that Al-assisted
analyses have the potential to increase accuracy,
speed, and efficiency in dysphagia diagnosis and treat-
ment, but require large data sets and interdisciplinary
collaborations.

Al in Voice Disorders

Another area where Al is commonly utilized in
speech and language pathology is the management of
voice disorders. A comprehensive review of the exist-
ing literature suggests that Al technologies are prima-
rily used for diagnosing various voice disorders and
for distinguishing between dysphonic and non-dys-
phonic voices. However, there are relatively few stud-
ies that classify the types of voice disorders or evaluate
them using the GRBAS scale [20]. Although it was
emphasized that Al technology has significant poten-
tial in detecting voice pathologies, it was indicated that
clinical validation studies, data standardization, and
consistent reporting methods are necessary to advance
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research in this field. Kojima et al. [21] aimed to de-
velop standardized methods for directly assessing
pathological voice quality using one-dimensional con-
volutional neural network (1D-CNN) models. The
findings revealed that these models were comparable
in reliability to expert assessments using the GRBAS
scale. In another study, a system was presented that
can distinguish between healthy and pathological
voices using machine learning algorithms and perform
reliable voice disorder detection, operating entirely on
a mobile device [22]. A similar study aimed to develop
a reliable mobile health system that can intelligently
classify healthy and pathological voices using machine
learning algorithms and was shown to have the highest
accuracy in detecting voice disorders [23]. In their
study, Constantini ef al. [24] analyzed voice properties
for the early diagnosis of Parkinson's disease (PD)
using ML techniques and identified voice biomarkers
that could differentiate between healthy individuals,
PD patients diagnosed early and not taking medica-
tion, and PD patients in the intermediate-advanced
stage receiving L-Dopa treatment. In their study,
Hegde et al. [25] examined various databases, feature
extraction methods, and machine learning approaches
focused on the automatic detection of voice disorders.
They emphasized that these techniques can signifi-
cantly enhance patients' quality of life by enabling the
early identification of voice disorders [25]. Al-Hussain
et al. [26] evaluated the effectiveness of ML algo-
rithms in screening and diagnosing voice disorders and
found that ML-based systems achieved high accuracy
(93%), sensitivity (96%), and specificity (93%). In a
study focused on detecting various vocal fold disor-
ders through the recognition of pathological voice
types using artificial intelligence, voice samples were
collected from 189 individuals with normal voices and
552 individuals with voice disorders. These disorders
included vocal atrophy, unilateral vocal fold paralysis,
organic vocal fold lesions, and adductor spasmodic
dysphonia. A convolutional neural network model was
developed, achieving a sensitivity of 0.66, a specificity
of 0.91, and an overall accuracy of 66.9% in distin-
guishing between normal voices and the mentioned
disorders. Comparing the accuracy with the judgments
of voice specialists, the overall accuracy rates were
60.1% and 56.1% for the two laryngologists and
51.4% and 43.2% for two general otolaryngologists
[27]. Kim et al. [28] developed a model that distin-

guishes between voice samples of healthy individuals,
patients with laryngeal cancer, and those with other la-
ryngeal diseases using artificial intelligence. They
tested various Mel-Frequency Cepstral Coefficient
(MFCC) transformation methods and machine learn-
ing techniques, achieving an accuracy rate of 85% to
97% in identifying laryngeal diseases compared to
healthy voices [28]. Similarly, another study examined
the role of ML techniques in the diagnosis and moni-
toring of voice disorders and found that PD was the
most frequently studied disease [29]. While the find-
ings reveal a growing interest in ML-based voice
analysis studies, the datasets used are limited and un-
balanced. Research has focused on diagnosis, but in-
sufficient attention has been paid to monitoring the
disease process. The study emphasizes that these
shortcomings should be addressed in future research.

Al in Acquired Language Disorders

Artificial intelligence is increasingly being utilized
in neurological disorders such as aphasia and demen-
tia. One notable study focused on an Al program that
translates text into images for patients with aphasia.
In this study, 189 out of 200 target texts (94.5%) were
successfully visualized to convey the key concepts.
However, many of the visualizations had aesthetic
flaws, which could impact their effectiveness. Nouns
were visualized with the highest efficiency and accu-
racy, followed by verbs, while visualizing complete
sentences proved to be more challenging. Conse-
quently, the ability of Al to quickly generate low-cost,
high-quality images is considered a significant ad-
vancement in the assessment and treatment of aphasia
[30]. Another comprehensive review study on aphasia
examined different methods for an automatic speech
assessment system that classifies the severity of apha-
sia [31]. Both Al and deep learning models were used
for classification. CNN, recurrent neural networks,
and hybrid models were reported to yield better results
than traditional algorithms. In a systematic review of
the use of Al in assessing speech and language skills
to predict cognitive decline in Alzheimer's disease,
promising results were reported in almost all 51 stud-
ies; however, few have been implemented in clinical
research or practice [32].

Grasemann et al. [33] developed a neural network
model called BiLex, which includes two separate pho-
netic maps and a common semantic map, to predict
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the development of language skills in bilingual aphasia
patients. The study revealed that the BiLex model was
able to successfully predict the development of lan-
guage skills in the treated language but had lower pre-
diction accuracy in the untreated language and tended
to underestimate cross-linguistic generalization [33].
Pustina et al. [34] and Kristinsson et al. [35] investi-
gated the predictive power of neuroimaging data for
aphasia symptoms and severity, finding that different
neural networks in Al yielded successful results. Both
studies showed that multimodal imaging data outper-
formed predictions based on a single modality and that
different language abilities were best predicted with
different neural predictors. These studies reveal that
ML approaches can contribute to clinical decision-
making processes in aphasia assessment; however,
clinical validation of the models has not yet been com-
pleted. Themistocleous et al. [36] investigated the
power of acoustic and linguistic features of connected
speech to predict patients with primary progressive
aphasia (PPA) and compared different Al networks.
The models were generally highly accurate, especially
for PPA patients with reduced verbal fluency and flu-
ency difficulties, but less accurate in discriminating
PPA patients with comprehension-related disorders.
Additionally, the study compared the accuracy of the
Al models with the classification performance of three
less-experienced speech-language pathologists. The
results showed that the Al models achieved a higher
overall accuracy. These findings highlight the potential
of Al to assist in clinical decision-making, indicating
that it may surpass pathologists in specific situations
[36]. A systematic review on this topic found that Al
is primarily used for diagnosis and classification in
aphasia rehabilitation. However, there is no evidence
suggesting its integration into augmentative and alter-
native communication (AAC) devices or in direct ther-
apy applications. Some studies have utilized Al to
support aphasia therapy, while others have evaluated
its effectiveness in modeling word production
processes or classifying paraphasic errors [37].

Al in Motor Speech and Speech Sound Disorders
In the examination of Al applications for assessing
and treating speech disorders, significant scholarly in-
vestigations have focused on both motor speech and
speech sound disorders. Researchers have proposed a
new language-based human-computer interaction tool,

as well as a gamified Al-driven tool, specifically de-
signed for individuals with motor speech disorders
[38]. In addition, Frieg et al. [39] developed a digital
training system for individuals with dysarthria. An-
other similar study evaluated the accuracy and thera-
peutic effect of an iPad-based speech therapy
application with automatic speech recognition (ASR)
software for individuals with apraxia of speech and
aphasia after stroke and found that ASR agreed with
expert assessment 80% of the time. Participants
showed lasting improvements in word production ac-
curacy with ASR-based feedback [40]. Ballard et al.
[41] conducted a feasibility study of a tablet-based au-
tomated feedback tool for individuals with apraxia. In
a review study, it was found that Al-based automated
speech therapy tools developed for individuals with
speech sound disorders offer potential benefits, but
there is limited evidence of their effectiveness, and
they cannot fully replace speech-language patholo-
gists; nevertheless, it was emphasized that some time-
consuming tasks of speech pathologists can be
supported by artificial intelligence [42]. Another study
examines how Al systems, specifically Voiceitt, can
enhance AAC technologies for individuals with severe
speech disorders. Voiceitt is an intelligent software ap-
plication that transforms unintelligible speech into
clear, understandable communication in real-time.
This technology enables individuals with motor or
cognitive disabilities to communicate effectively with
caregivers, family members, healthcare professionals,
and the broader society. Facilitating communication
promotes greater participation and allows people with
disabilities to live more independently [43].

Al in Cleft Palate Speech

Another area of focus concerning speech sound
disorders is cleft palate speech. A systematic review
by Zhang et al. [44] evaluated the effectiveness of Al
algorithms in detecting persistent hypernasal speech
that requires revision following primary repair surgery
in individuals with cleft palate. The study found that
these algorithms could detect hypernasality quickly
and independently, achieving a high level of agree-
ment with speech-language pathologists. These find-
ings suggest that Al can enhance clinicians'
capabilities and serve as a valuable complement to ex-
isting gold-standard practices.
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Al in Developmental Language Disorder

Language disorders, particularly Developmental
Language Disorder (DLD), represent significant do-
mains in which Al is increasingly employed within
speech-language pathology. A recent study focused on
the early diagnosis of DLD, addressing the limitations
of traditional risk factors in younger age groups and
bilingual children. Researchers have developed a web-
based tool called MARS, which has shown potential
in distinguishing between children with and without
DLD by analyzing rhythmic vocal production [45].
Studies have shown that Al-based communication de-
vices enhance individuals’ expressive speech by pro-
viding real-time feedback through natural language
processing algorithms. Additionally, Al-supported in-
teractive games and screening tools significantly con-
tribute to language development, encourage social
interaction, and facilitate the early detection of devel-
opmental disabilities. In EIHennawy’s study [46], the
roles of Al and ML in assessing and treating commu-
nication disorders were discussed, highlighting the im-
portance of early and accurate diagnosis. The study
demonstrated that Al can rapidly and accurately ana-
lyze large datasets to create tailored treatment plans
for clients. Furthermore, it provides SLPs with various
tools to enhance therapy processes [46].

Disadvantages, Limitations, and Barriers of Al in
Speech and Language Pathology

Besides the advantages mentioned above, Al also
presents some challenges and disadvantages in the
field of speech and language pathology. Although sev-
eral studies have reported positive outcomes for Al,
significant limitations exist. For instance, researchers
have highlighted that AT models used in swallowing
disorders often operate under specific assumptions and
lack transparency and interpretability. Concurrently,
the absence of comprehensive and publicly available
datasets has been identified as a substantial shortcom-
ing [13]. Moreover, a study on voice disorders re-
vealed that the diagnostic accuracy between Al and
voice experts did not exceed 60.1%. This accuracy
level is relatively low for critically essential conditions
such as voice disorders [27]. Additionally, the re-
searchers pointed out the existence of limited and un-
stable datasets in Al [29]. Another study on aphasia
found that the Al program that converted text to im-
ages successfully transformed 189 out of 200 target

words into images. Yet, the researchers noted that
these images had aesthetic flaws that could impact
their effectiveness. At the same time, while nouns and
verbs can be illustrated with higher proficiency
through the Al program, visualizing complete sen-
tences remains quite challenging [30]. Although stud-
ies on the assessment of aphasia highlight the
importance of Al support in clinical decision-making,
research into the clinical validity of these models re-
mains incomplete [34, 35]. Researchers in the field of
motor speech disorders also emphasize the lack of suf-
ficient evidence [42].

In a study by Suh et al. [7], it was indicated that
SLPs face several key challenges, including keeping
up with technological advancements, time constraints,
resistance to technology, privacy and ethical concerns,
job security concerns, and broader ethical issues such
as artistic expression and intellectual property rights.
In addition, Koenecke et al. [47] emphasized that eth-
ical issues need to be systematically addressed in the
clinical use of Al. These issues are particularly related
to biases in datasets and algorithms, such as unfair rep-
resentation. For instance, automatic speech recogni-
tion systems demonstrate lower accuracy for African
American speakers of English compared to speakers
of General American English, and this difference is
particularly pronounced in children [47]. Since Al sys-
tems are often trained with real-world data, they can
learn and reinforce data imbalances related to under-
represented groups; this is referred to as “algorithmic
bias” and can lead to the exclusion or misclassification
of individuals with age, gender, language differences,
voice characteristics, or neurological disorders in SLP
interventions [48]. Moreover, Kanwah et al. [49] re-
ported that the operation of fully automated Al-based
tools without therapist, caregiver, or parental involve-
ment raises ethical concerns such as data bias, privacy
violations, and the potential to replace speech-lan-
guage pathologists, especially in speech sound disor-
ders. In addition, concerns regarding the data privacy
and security of patient information complicate re-
search processes and hinder the integration of Al into
clinical practice [50]. Furthermore, a recent study by
Birol et al. [51], which aimed to explore the potential
of ChatGPT, found that ChatGPT struggled to gener-
ate materials specific to Turkish; its responses and
generation lacked sufficient depth, particularly regard-
ing specialized terminology and culturally relevant
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stimuli. Additionally, another limitation of ChatGPT
is that it often requires the assistance of an experienced
SLP to address its shortcomings. This study also sug-
gests that tackling the ethical concerns, risks, and prac-
tical challenges associated with integrating Al into
clinical practice is crucial. Al systems require large
amounts of patient data, which raises issues related to
data storage, sharing, protection, and patient privacy.
Moreover, these systems can produce misdiagnoses,
particularly in cases that fall outside their training data.
Overreliance on Al tools may also diminish clinicians’
critical thinking skills. The high costs of developing
and maintaining Al could limit accessibility for some
healthcare providers. To address these concerns,
proper training for clinicians is essential, along with
establishing clear ethical guidelines and standards to
govern the use of Al in healthcare [51].

CONCLUSION

The increasing popularity of Al and Al-based algo-
rithms in speech and language pathology has been ac-
knowledged and backed by existing literature. Al is
now being used not only for assessments but also in
therapies, monitoring, and reporting. Although the cur-
rent evidence remains insufficient and there are ongo-
ing concerns about ethics and implementation, the
advancement of technology offers promise for the ap-
plication of Al in speech and language pathology. Fu-
ture studies will enhance speech-language
pathologists’ understanding and awareness of Al, con-
tribute to a more substantial evidence base, and lead
to improvements in clinical practice.
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A case of acute pancreatitis complicated by acute
coronary syndrome

Alkame AKkgiimiis®~*, Ali Duygu®~x

Department of Cardiology, Bandirma Onyedi Eylul University, Faculty of Medicine, Balikesir, Tiirkiye

ABSTRACT

An inflammatory condition affecting the pancreatic parenchyma is called acute pancreatitis. Alcohol consump-
tion and gallstones are the most frequent etiological factors. Patients with acute pancreatitis can appear clinically
in a variety of ways. While individuals with acute pancreatitis may experience ECG abnormalities that resemble
acute myocardial infarction, it is uncommon for acute pancreatitis to coexist with actual acute myocardial in-
farction. Our goal was to present a case of acute pancreatitis exacerbated by acute coronary syndrome. The
patient arrived at the emergency room with 60 minutes of epigastric abdominal pain that was prominent there

and radiating to the back.

Keywords: Acute pancreatitis, acute coronary syndrome, anjioplasty

the pancreas clinically characterised by ab-

dominal pain accompanied by elevated serum
levels of pancreatic enzymes (amylase and lipase). Pain
is a prominent and distinctive feature of acute pancre-
atitis. It is localised in the epigastric region in more
than 60% of patients [1]. Multiple systems are linked
to a number of acute pancreatitis problems. Acute pan-
creatitis may result in systemic problems such as pul-
monary, cardiovascular, haematological, renal,
metabolic, and central nervous system abnormalities,
as well as local complications such as pancreatic necro-
sis, abscess, or pseudocyst. Cardiovascular complica-
tions of acute pancreatitis include especially
myocardial infarction (MI), shock, hypovolemia and
pericardial effusion [2]. Here, we aimed to emphasise
the effect of early coronary stenting on possible mor-
tality and complications in a case of acute pancreatitis
complicated with acute coronary syndrome (ACS).

ﬂcute pancreatitis is an inflammatory disease of

CASE PRESENTATION

A 57-year-old woman was admitted to the emergency
department with complaints of abdominal pain in the
epigastric region for approximately 60 minutes. Dur-
ing hospitalisation, the temperature was 36.7 °C, blood
pressure 110/70 mmHg and pulse rate 67/min. Physi-
cal examination was unremarkable except for tender-
ness in the epigastric region. The patient had a history
of hypertension. Additionally, she had a 20-year his-
tory of smoking. The medical history obtained re-
vealed no history of malignancy, autoimmune disease,
hepatobiliary or gastrointestinal disease. Body mass
index (BMI) was 33.2 (height: 1.55 m, weight: 80 kg).
A prior myocardial infarction history was discovered.
In the inferior leads, the ECG had abnormal Q waves.
(Fig. 1).

Laboratory examination: leukocyte: 8.29/mm3,
haemoglobin: 12.6 g/dL, hematocrit: 40.1%, platelet:
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Fig. 1. ECG at the time of admission.

283.000/mm3, glucose: 144 mg/dl, urea: 30 mg/dl,
creatinine: 0.98 mg/dl, alanine aminotransferase: 38
IU/L, aspartate aminotransferase: 142 IU/L, sodium:
141 mmol/L, potassium: 3.9 mmol/L, alkaline phos-
phatase 176 U/L and troponin 300 pg/mL (0.1-15.6).
The patient was diagnosed as ACS and emergency
coronary angiography (CAG) was performed. Plaque
in the left anterior descending coronary artery (LAD)
and circumflex coronary artery and thrombus image
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Fig. 2. RCA before stent implantation.

in the mid right coronary artery (RCA) were detected
and stent placement and complete patency was
achieved (Fig. 2). During coronary intensive care unit
follow-up, the patient's complaints and troponin values
increased and control CAG was performed and the
stent in the RCA was found to be patent (Fig. 3).
Noncardiac pathologies were thought to be the
cause of the patient's complaints. Abdominal exami-
nation revealed tenderness in the epigastric region.

Fig. 3. Image of patent RCA after control CAG and im-
planted stent.
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Laboratory tests were re-studied more comprehen-
sively. Amylase value was found to be 1,218 U/L. Ab-
dominal tomography showed heterogeneous and
oedematous pancreatic head corpus and bile sludge in
the gallbladder (Fig. 4). When assessed according to
Ranson criteria, the diagnosis was made with a score
of 3, indicating severe pancreatitis. After 48 hours of
follow-up, the hematocrit was measured at 32.1 (de-
crease >%10), and due to fluid deficit, the score was
5, with a mortality risk of 40%.

In the coronary intensive care unit, acute pancre-
atitis treatment was organised simultaneously with
ACS treatment. Oral intake was stopped and IV hy-
dration treatment was started. In daily follow-up, amy-
lase values normalised and complaints regressed. Vital
values were stable, medical treatment was organised
and the patient was discharged with recommendations.

DISCUSSION

Acute pancreatitis is a clinical picture with high mor-

tality and morbidity that develops as a result of acti-
vation of inactive enzymes in the pancreas due to var-
ious reasons and autodigestion of the pancreas,
manifested by severe abdominal pain and may lead to
local and systemic complications. Although many fac-
tors play a role in the etiology of acute pancreatitis,
biliary gallstones and excessive alcohol consumption
are responsible for 70% of cases. Drugs, hyperlipi-
daemia, pregnancy, endoscopic retrograde cholan-
giopancreatography (ERCP) and trauma are among
other causes. Mortality rate ranging from 1% to 9% is
influenced by the severity of the disease and several
prognostic factors [3, 4].

Many complications of acute pancreatitis are re-
lated to multiple systems. Local complications such as
pancreatic necrosis, abscess or pseudocyst and sys-
temic complications such as pulmonary, cardiovascu-
lar, haematological, renal, metabolic and central
nervous system abnormalities may occur in the course
of acute pancreatitis. While ST segment elevation is
rare among cardiovascular events, other ECG findings
including arrhythmia, conduction anomalies and du-

Fig. 4. Computed tomography image of acute pancreatitis.
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ration changes in T wave or QT period are more com-
mon [2]. Although patients with acute pancreatitis may
exhibit ECG abnormalities that resemble acute my-
ocardial infarction, it is extremely uncommon for
acute pancreatitis to coexist with acute myocardial in-
farction [5]. Cases of acute infarction with elevated
troponin level detected with chest pain despite a nor-
mal ECG have also been described [6]. The mecha-
nism of myocardial involvement observed in the
course of acute pancreatitis is not very clear. Accord-
ing to clinical research, intravenous injections of pan-
creatic proteolytic enzymes into a rabbit model have
been demonstrated to induce acute myocardial necro-
sis, which resolves after two weeks [7]. The existence
of a cardiobiliary reflex is another mechanism that
might harm the heart by changing the flow of blood to
the coronary arteries. Patients with underlying coro-
nary artery disease should pay particular attention to
this mechanism [8]. Furthermore, a third fluid gap is
known to be caused by acute pancreatitis, and this in-
travascular loss might have played a role in coronary
hypoperfusion. More research is still needed in this
area. In our study, we tried to contribute to this aim by
presenting this rare case to the literature.

There are many hypotheses proposed between my-
ocardial disease and ECG abnormalities seen in acute
pancreatitis. These include vagally mediated reflexes
(cardiobiliary reflex), metabolic and electrolyte abnor-
malities, toxic effects of pancreatic enzymes on the
myocardium, coronary artery spasm, haemodynamic
dysregulation and/or systemic inflammatory response
and prothrombotic conditions. It has been reported that
trypsin, which has an important role in the pathophys-
iology of pancreatitis, may alter platelet adhesion, af-
fect the coagulation system and lead to coronary
thrombosis [9]. Under appropriate clinical conditions,
ST-segment elevation on ECG is a prominent feature
of acute myocardial infarction and urgent reperfusion
therapy is recommended. However, other conditions
in which ST-segment elevation on ECG may occur for
reasons other than acute myocardial ischaemia should
be well known [9]. Acute pancreatitis is both an emer-
gency and a clinical entity that must be taken into con-
sideration.

Acute pancreatitis is a challenging disease that can
lead to many complications. Its association with ACS
is rare and our case is an extreme example. Previously
published studies have reported cases of ACS as a

complication of acute pancreatitis. However, cases of
acute pancreatitis secondary to ACS are extremely rare
and there are few examples in the literature. Despite
all these studies, the association of acute pancreatitis
and ACS is still awaiting clarification. In our case, we
think that multidisciplinary evaluation of the patients
can broaden the physician's perspective and it is ex-
tremely important in terms of patient survival by mak-
ing the diagnosis of diseases with similar symptoms
quickly.

CONCLUSION

In conclusion, it should be kept in mind that patients
presenting with ACS may have concurrent cardiac
and/or noncardiac pathologies. It should be kept in
mind that various ECG changes may also occur in
noncardiac patients such as acute pancreatitis. The di-
agnosis of true myocardial infarction and the applica-
tion of appropriate treatment approaches are extremely
important in terms of morbidity and mortality of pa-
tients.
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Cytological misdiagnosis of high-grade medullary
thyroid carcinoma with papillary-like nuclear features:
A case report

Ali Mizrak®
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ABSTRACT

Medullary thyroid carcinoma is an uncommon form of thyroid cancer that arises from the parafollicular C cells.
In this case report, a high-grade medullary thyroid carcinoma is discussed, which was initially diagnosed as pap-
illary carcinoma due to the presence of papillary-like nuclear features in the cytological evaluation. A 65-year-
old female presented to the ear, nose, and throat department with a palpable neck mass. Based on the cytological
features of the fine needle aspiration (FNA), a diagnosis of 'malignant, papillary carcinoma', (Bethesda category
6) was made. After surgery, histological and immunohistochemical results led to a diagnosis of medullary thyroid
carcinoma. Papillary carcinoma-like nuclear features may also be observed in medullary thyroid carcinoma and
some cases could be mistakenly interpreted as papillary carcinoma in cytological examination.

Keywords: Cytology, intranuclear pseudo inclusions, medullary thyroid carcinoma, rearrangement during

transfection (RET) gene mutation

edullary thyroid carcinoma is an uncommon
Mform of thyroid cancer that arises from the

parafollicular C cells. Clinical findings, ul-
trasonographic features of the lesion, aspiration needle
washout fluid, and serum biochemical markers can be
helpful in establishing a diagnosis [1-3]. Immunohis-
tochemical studies, combined with characteristic cy-
tomorphological features observed in FNA samples,
can be used to reach a definitive diagnosis [4-7]. How-
ever, medullary thyroid carcinoma may show various
cytological and histological features that can be con-
fused with many thyroid neoplasms [8, 9]. This case
report discusses a high-grade medullary thyroid car-
cinoma with a rearrangement during transfection
(RET) proto-oncogene mutation, initially misdiag-

nosed as papillary carcinoma in FNA cytology due to
papillary-like nuclear features.

CASE PRESENTATION

A 65-year-old female presented to the ear, nose, and
throat department with a palpable neck mass. Ultra-
sonographic examination revealed a solid mass lesion
measuring 4-3 cm with irregular borders in the right
lobe of the thyroid. A FNA was performed on the iden-
tified lesion. The samples were subsequently stained
using Papanicolaou (PAP) and Giemsa stains. Al-
though the cell block contained insufficient cells, the
smears were cellular. Cytological examination re-
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Papillary-like nuclear features

Fig. 1. Cytological appearance of neoplastic cells (PAP, X400).

vealed nuclear enlargement, irregular borders, nuclear
clearing, grooves, and intranuclear pseudo inclusions.
The cytomorphological features resembled those of
papillary thyroid carcinoma, leading to an initial mis-
diagnosis. The cytological diagnosis was reported as
'malignant, papillary thyroid carcinoma' based on the
Bethesda classification (Fig. 1). The surgeon reviewed
the radiological and cytological findings and decided
to proceed with a total thyroidectomy. During surgery,
it was noted that the lesion was adherent to the trachea,

preventing the performance of a total thyroidectomy.
The surgery was completed with a right thyroidectomy.
Histological examination revealed a neoplastic lesion
invading the surrounding muscle tissue. Acantholytic
pseudopapillary structures were observed in the major-
ity of the lesion. Other areas showed focal solid, fol-
licular, and trabecular arrangements (Figs. 2 and 3).
The cells exhibited nuclear clearing, grooves, and in-
tranuclear pseudoinclusions. Numerous mitoses (15 in
2 mm?) were observed under high magnification. Im-

Fig. 2. Thyroid medullary carcinoma (H&E, x40).
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Fig. 3. Thyroid medullary carcinoma (H&E, x400).

munohistochemical staining showed positivity for
synaptophysin, chromogranin, thyroid transcription
factor 1 (TTF-1), monoclonal carcinoembryonic anti-
gen (m CEA), and calcitonin. The Ki-67 proliferation
index was 50% in focal areas and averaged 20%. After
surgery, histological and immunohistochemical results
led to a diagnosis of medullary thyroid carcinoma.
After the surgery, the patient's serum calcitonin level
was found to be high (1395 ng/L). Molecular testing
was conducted at the oncologist's request. Next-gener-
ation sequencing revealed a RET mutation in exon 16
(M918T) and exon 14 (V804L) of chromosome 10.

DISCUSSION

Medullary thyroid carcinoma represents a small pro-
portion of all thyroid cancers. While not always
achievable, preoperative diagnosis plays a crucial role
in developing appropriate treatment strategies for pa-
tients. Clinicians or pathologists evaluating cytological
samples should consider the possibility of medullary
carcinoma, which could help reduce the risk of misdi-
agnosis. A major cause of misdiagnosis in pathological
examination is the histological spectrum of thyroid
medullary carcinoma, which can mimic nearly all
other thyroid neoplasms [8, 9]. The presence of rare
variants of thyroid medullary carcinoma adds another
layer of complexity [10-12]. Azurophilic cytoplasmic

granules, the presence of amyloid, plasmacytoid or
spindle cells, and salt-and-pepper chromatin are the
key cytologic features of medullary thyroid carci-
noma. Papillary carcinoma-like nuclear features may
also be observed. Cases showing all the features of
‘Indented membrane, and lobulation, ground-glass
chromatin pattern and nuclear grooves' in cytological
examination were accepted as ‘medullary thyroid car-
cinomas with papillary-like nuclear features’ by
Yamao, and in the same study it was observed that
some cases could be mistakenly interpreted as papil-
lary carcinoma in cytological examination [13].
Numerous studies have explored the prognostic
features of medullary thyroid carcinoma [14-17]. Re-
cently, pathological grading has been advocated for
medullary thyroid carcinoma. Different systems have
been proposed for grading [18-20]. Mitosis, necrosis,
and Ki-67 proliferation index are the key parameters
used in these grading systems. In recent publications,
two-grade (high grade-low grade) and three-grade
(low-intermediate-high grade) classification systems
have been suggested for grading thyroid medullary
carcinoma. Based on these classification systems, our
case falls into the high-grade category, with a Ki-67
proliferation index of 20% and 15 mitoses per 2 mm?.
The occurrence of sporadic medullary thyroid carci-
noma is linked to somatic mutations in the RET gene
[21]. In our case, two mutations were identified in the
RET gene: exon 16 (M918T) and exon 14 (V804L).
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CONCLUSION

Although not always indicative of high-grade malig-
nancy, thyroid medullary carcinoma exhibiting papil-
lary-like nuclear features should be considered in the
differential diagnosis of cytological samples. Immuno-
histochemical studies can be conducted on both cell
blocks and smears, yielding reliable results.
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Review of hematuria case-based perspective with
emphasis on vascular cause: Nutcracker syndrome
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ABSTRACT

Hematuria, the presence of erythrocytes in urine, is classified into two main types: macroscopic, visible to the
naked eye, and microscopic hematuria not visible without a microscope. A careful medical history is the best
guide for evaluation. Hematuria accompanied by proteinuria or hypertension is particularly significant in dif-
ferential diagnosis. Treatment options range from regular follow-up to nephrectomy; thus, an accurate and
early diagnosis is essential for managing patients with hematuria. A 52-year-old Caucasian white female pre-
sented with painless hematuria. Cystoscopy was performed following the initial ultrasound evaluation. Urine
cytology and pathological findings were benign. Renal function test results were within normal limits, and
there was no proteinuria. Urinary sediment analysis revealed 10—15 isomorphic erythrocytes per high-power
field. Glomerulonephritis was excluded in the diagnosis. Her medical history revealed a Whipple procedure
performed three years earlier. So, Doppler ultrasound was performed to assess the possibility of renal vein
compression. Doppler imaging revealed that the diameter of the left renal vein was 9.5 mm before the superior
mesenteric artery and 1.8 mm after it, findings consistent with Nutcracker Syndrome. As her renal function
was normal and she was normotensive, clinical follow-up was recommended at six-month intervals. Nutcracker
Syndrome is a rare vascular compression disorder that typically involves entrapment of the left renal vein be-
tween the aorta and superior mesenteric artery. Given the risk of unnecessary interventions, this rare condition
should be considered and excluded in the differential diagnosis of hematuria.

Keywords: Nutcracker syndrome, hematuria, renal vein

ematuria, defined as the presence of blood
in urine, is a common clinical finding that
can indicate a wide spectrum of underlying
conditions, ranging from benign causes to serious ma-
lignancies. Nutcracker syndrome (NCS) is one of the
important causes of hematuria [1-4]. It is broadly clas-
sified into gross hematuria (visible to the naked eye)
and microscopic hematuria (non-visible, detected only
through laboratory analysis, typically with more than

three red blood cells per high-power field on urine mi-
croscopy). It is further distinguished by the morphol-
ogy of red blood cells and presence or absence of
associated proteinuria. Systematic evaluation is essen-
tial to identify the underlying cause and guide appro-
priate management [5].

Current literature emphasizes that all cases of
hematuria warrant investigation to identify the under-
lying etiology, with a particular focus on ruling out ur-
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ological malignancies. The risk of malignancy is
higher in patients with gross hematuria, older age,
male sex, and history of smoking.

CASE PRESENTATION

A 52-year-old Caucasian white female patient was ad-
mitted to the nephrology outpatient clinic with a com-
plaint of persistent hematuria that could not be
diagnosed. Her past medical history was notable for
Whipple surgery (3 years ago). She underwent total
thyroidectomy for multinodular goiter one year ago,
and did not use any chronic medication other than L-
thyroxine. As persistent hematuria was detected during
the polyclinic follow-up, cystoscopy and urine cytol-
ogy were performed. Although renal function tests and
ultrasound findings were within normal limits, she had
mild anemia. There were 10-15 isomorphic erythro-
cytes in the urinary sediment at each magnification
field, but proteinuria and hemoglobinuria were nega-
tive. A renal vein Doppler ultrasound (RVDUS) re-

vealed that the left renal vein (LRV) diameter was 9.5
mm before the superior mesenteric artery (SMA) (red
arrow), and it was 1.8 mm (yellow arrow) after the ar-
tery (Fig. 1).

The patient was diagnosed with NCS of the renal
vein. As the patient was asymptomatic, normotensive,
and had normal renal function with no proteinuria, fol-
low-up at 6-month intervals was recommended. The
decision is mainly made according to the clinical sit-
uation and the severity of LRV hypertension.

DISCUSSION

NCS, caused by extrinsic compression of the LRV,
most commonly between SMA and aorta (anterior
NCS), presents with isolated, painless microscopic
hematuria, often isomorphic, distinguishing it from
glomerular causes [1, 2]. This case is unique due to
LRV compression following pancreatic surgery
(Whipple procedure), a rarely reported etiology in the
literature, where postoperative anatomical changes

Fig. 1. Superior mesenteric artery located area. (1) Renal vein after superior mesenteric artery (yellow arrow), (2) Renal vein

before superior mesenteric artery (red arrow).
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predispose to NCS [3].

The clinical presentation of NCS varies widely,
ranging from asymptomatic microscopic hematuria to
flank pain, orthostatic proteinuria, and pelvic conges-
tion symptoms such as varicocele and fatigue [2, 4].
Our patient was normotensive and asymptomatic aside
from hematuria, consistent with mild NCS cases man-
aged conservatively [5, 6].

Doppler ultrasound (DUS) remains a valuable,
noninvasive screening tool for NCS, with diagnostic
criteria including a peak systolic velocity ratio >4.7
between the aortomesenteric segment and hilar portion
of the LRV or a compression ratio >5 [2]. In this case,
DUS demonstrated marked LRV diameter reduction
after SMA, confirming the diagnosis. However, equiv-
ocal or complex postoperative anatomy cases may re-
quire cross-sectional imaging, such as computed
tomographic urography or magnetic resonance urog-
raphy. Retrograde venography remains the gold stan-
dard, defined by a renocaval pressure gradient greater
than 3 mmHg [2, 7].

Most literature on secondary NCS focuses on
compression by tumors, lymphadenopathy, or vascular
anomalies [3, 8]. Postoperative NCS is scarcely doc-
umented, making this case a notable contribution that
highlights the importance of a detailed surgical history
in evaluating hematuria. This aligns with recommen-
dations from the American Urological Association
guidelines advocating a risk-stratified approach incor-
porating patient history, imaging, and cystoscopy [9].
Management of NCS depends on symptom severity
and renal function impact. Conservative management
with observation and symptom control is appropriate
for mild cases, especially in younger patients where
spontaneous resolution occurs [5]. Surgical options,
including LRV transposition or endovascular stenting,
are reserved for refractory or severe symptoms but
carry risks such as stent migration and thrombosis [10,
11]. Our patient’s asymptomatic status justified con-
servative monitoring.

This case highlights the diagnostic challenge of
NCS due to nonspecific symptoms and rare postoper-
ative etiology. It reinforces the need to consider NCS
in the differential diagnosis of hematuria when com-
mon causes are excluded, particularly in patients with
prior abdominal surgery altering retroperitoneal
anatomy. Early recognition using DUS and appropri-

ate imaging facilitates timely diagnosis and manage-
ment. But sometimes altered postoperative anatomy
may limit the sensitivity of conventional imaging and
DUS alone could miss or underestimate compression
severity. So the cross-sectional imaging or retrograde
venography might be necessary in equivocal cases.
This case differs from typical presentations in the
literature mainly due to its rare postoperative etiology.
While most NCS cases arise from extrinsic compres-
sion of the LRV between the SMA and aorta, this case
involved LRV compression caused byanatomical
changes following pancreatic surgery, which is
scarcely reported in the literature [1, 6]. The case’s
postoperative anatomical cause of LRV compression
after pancreatic surgery is rare and not well covered
in standard NCS management algorithms, which typ-
ically focus on congenital or idiopathic vascular com-
pressions or secondary causes like tumors or
lymphadenopathy. This suggests a need for clinicians
to consider surgical history and altered anatomy when
evaluating hematuria and NCS, potentially expanding
diagnostic vigilance beyond typical risk factors.

CONCLUSION

This case emphasizes the importance of considering
rare vascular causes, such as Nutcracker Syndrome, in
the differential diagnosis of hematuria, especially in
patients with altered abdominal anatomy due to prior
surgeries. Early recognition can prevent unnecessary
interventions such as nephrectomy and guide appro-
priate long-term management.
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