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Morphometric analysis of anatomical reference points
in hip surgery: A study on cadaveric and radiographic
images

Ayse Giil Kabake1'®, Omer Sunkar Bicer?®, Memduha Giilhal Bozkir'®

'Department of Anatomy, Cukurova University, Faculty of Medicine, Adana, Tiirkiye; *Department of Orthopaedics and Traumatology,
Cukurova University, Faculty of Medicine, Adana, Tiirkiye

ABSTRACT

Objectives: This study aims to evaluate the accuracy of morphometric measurements obtained from cadavers
and anteroposterior (AP) pelvic radiographs.

Methods: A total of 15 cadavers from the anatomical collection of Cukurova University and 217 AP pelvic
radiographs from individuals aged 65-80 years with no orthopedic conditions were analyzed. Morphometric
measurements were taken from cadavers using Kirschner wires placed at anatomical reference points: the spina
iliaca anterior superior (SIAS), the highest point of the crista iliaca (CI), and the trochanter major (TM). Dis-
tances were measured with a non-elastic tape, and angular measurements were conducted using ImageJ soft-
ware. These were compared with radiographic data analyzed via the PACS system. Statistical analysis was
performed using SPSS 20 with One-Way ANOVA to assess group differences.

Results: The mean age was 70.98+4.70 years for radiograph individuals and 80.36+5.13 years for cadavers.
Significant differences were found between cadaveric, dissected cadaver, and radiological measurements. The
SIAS-TM distance was longest in cadavers (113.82+7.46 mm) and shortest in radiographs (92.73+14.36 mm).
The CI-TM distance was greatest in radiographs (147.81+12.02 mm), while the SIAS-CI distance was longest
in cadavers (78.95+6.48 mm). Differences in SIAS-TM (P<0.001), CI-TM (P=0.007), and SIAS-CI (P=0.029)
distances were statistically significant. Angular measurements also varied, with radiographs showing higher
SIAS angles and cadavers showing greater TM and CI angles, especially on the right side.

Conclusions: The study reveals notable discrepancies between cadaveric and radiological morphometric meas-
urements. These cadaver-based findings may serve as valuable resources for surgical training and anatomical
education, especially in hip arthroplasty planning.

Keywords: Arthroplasty, cadaver, hip, morphometry, radiography

otal hip arthroplasty (THA) is a significant neck fractures and hip prosthesis applications are com-
surgical procedure performed to improve monly addressed using various techniques, including
joint stability, mobility, gait function, and the anterolateral approach. In recent years, the use of
overall quality of life. In orthopedic practice, femoral minimally invasive techniques in THA has led to no-
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table improvements in surgical outcomes. Neverthe-
less, standard surgical approaches remain widely used
and continue to yield generally favorable results [1].
The preference for minimally invasive techniques ac-
celerates the recovery process and enhances soft tissue
healing in various surgical procedures such as chole-
cystectomy, meniscectomy, and anterior cruciate lig-
ament reconstruction. These positive developments
have also made an impact in hip surgery and are in-
creasingly being adopted in total hip arthroplasty pro-
cedures. Studies in the literature emphasize that
minimally invasive techniques are associated with
fewer complications and faster recovery processes [2-
4]. However, interindividual anatomical variations and
the technical diversity of orthopedic surgery make it
important to accurately determine the distances be-
tween anatomical reference points during surgical
planning. Aligning incision lines determined through
clinical experience with precise anatomical measure-
ments may enhance both the accuracy and safety of
surgical procedures. Moreover, well-positioned and
minimally sized incisions can accelerate recovery, re-
duce postoperative pain, and help patients regain func-
tional mobility and return to daily life more quickly.
Accordingly, the study sought to answer the following
key questions: What is the degree of similarity be-
tween morphometric measurements obtained using
Kirschner wires on cadavers and anthropometric data
derived from anteroposterior (AP) pelvic radiographs?
To what extent do the distances between anatomical
reference points identified on radiological images cor-
respond with the incision lines subjectively deter-
mined by orthopedic surgeons on cadavers?
Furthermore, can morphometric measurements per-
formed on cadavers, when compared with AP pelvic
radiographic data, lead to more precise and safer ap-
proaches in surgical practice? Based on these ques-
tions, the study was designed around the following
hypotheses:

(1) There is a significant difference between
Kirschner wire measurements performed on cadavers
and anthropometric measurements obtained from AP
pelvic radiographs.

(2) Kirschner wire measurements made on cadavers
are similar to measurements obtained after dissection.

Morphometric analyses in the literature are mostly
based on computed tomography (CT) images [5, 6]
and dry bone models [7, 8]. However, these methods

have limitations in reflecting soft tissue relationships,
which may reduce their clinical applicability. Further-
more, many cadaver-based morphometric studies in
the literature primarily focus on the proximal femur,
particularly the femoral head, neck, and trochanteric
region which are directly involved in prosthesis place-
ment [9, 10]. However, effective surgical incision
planning also requires precise knowledge of the upper
anatomical boundaries of the pelvis, including palpa-
ble and clinically relevant landmarks such as the spina
iliaca anterior superior (SIAS), the highest point of the
crista iliaca (CI), and the trochanter major (TM).

Despite their importance, cadaveric measurements
involving these pelvic landmarks remain limited in the
current literature. This study aims to address this gap
by providing a comparative analysis of morphometric
data obtained from both cadavers and anteroposterior
pelvic radiographs, focusing specifically on these
anatomical reference points. In doing so, the study not
only contributes to the academic body of knowledge
but also supports the development of safer and more
reliable incision strategies in surgical practice. More-
over, another aim of this study is to contribute to sur-
gical training programs focused on hip arthroplasty by
providing detailed cadaveric measurements and
anatomical images of the pelvic region. Cadaver-based
training plays a critical role in enhancing surgeons’
confidence and offering a safe environment for prac-
ticing complex surgical procedures [11-13]. These ma-
terials, which reflect real tissue characteristics, help
reinforce anatomical knowledge and improve techni-
cal skills, thereby facilitating a more effective transi-
tion from theoretical education to clinical practice.

In this context, our study aimed to evaluate mor-
phometric measurements performed on cadavers in
conjunction with radiological image analysis, to con-
tribute to the development of anatomical standards that
can be applied in clinical practice. Moreover, by pro-
viding measurable data that can support minimally in-
vasive hip prosthesis approaches, this research lays a
foundation for the refinement of surgical techniques.

METHODS

Study Population
In this study, 15 cadavers from the anatomical collec-
tion of the Department of Anatomy, Faculty of Medi-
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cine, Cukurova University, and 217 anteroposterior
(AP) pelvic radiographs were analyzed. Both the ca-
davers and the radiographic images belonged to indi-
viduals aged between 65 and 80 years. To minimize
the confounding effect of age, we specifically selected
radiographic images from individuals in the same age
range as the cadavers (average age of cadavers:
80.36+5.13 years; radiograph group: 70.98+4.70
years). This approach ensured age homogeneity across
groups, thereby eliminating the need for stratified
analysis by age decades. This methodological decision
was made to focus the analysis on anatomical and
measurement technique differences, rather than demo-
graphic variability. The selected individuals had no
history of orthopedic diagnosis or surgical intervention
involving the lower extremities. Radiological data
were obtained from the archives of the Department of
Orthopedics and Traumatology at Faculty of Medi-
cine, Cukurova University, following the necessary in-
stitutional approvals. Ethical approval for the use of

cadavers was granted by the relevant institutional au-
thorities, and the entire study was approved by the
Non-Invasive Clinical Research Ethics Committee of
Cukurova University Faculty of Medicine on Novem-
ber 8, 2024 (Decision No: 149/7). All experimental
procedures were conducted in accordance with the
principles of the Declaration of Helsinki.

Study Design

This study aims to determine the morphometric
values of anatomical reference points important for hip
arthroplasty. To enhance the clarity and reproducibility
of the methodology, a structured summary of the step-
by-step measurement protocol is presented in Table 1.
This protocol encompasses both cadaveric and radi-
ographic procedures, including details on subject
preparation, anatomical reference point identification,
measurement techniques, and the comparison of col-
lected data. Cadaveric measurements involving the use
of Kirschner wires were performed by a professor of

Table 1. Summary of morphometric measurement protocol

Step Procedure

Details

Study objective

methods

Cadaver preparation

and marking points on cadavers

(Figs. 1 and 2)

Determination of anatomical distances
and comparison of measurement

Identification and marking of reference

Focus on SIAS, CI, and TM points relevant for
hip arthroplasty

Kirschner wires placed by an orthopedic
surgeon at SIAS, CI, and TM according to the
hip incision line

Cadaveric Measurement of distances on cadavers Non-elastic tape used to measure:
measurements (Figs. 1 and 2) - SIAS-T™M

- CI-TM

- SIAS-CI

Radiographic image

acquisition pelvic radiographs
Radiographic Digital measurement on radiographs
measurements

Data comparison Cross-method analysis

Retrieval and standardization of AP

Performed before and after dissection
- Supine patient positioning
- Neutral lower limb alignment
- 100 cm source-to-image distance (SID)
- Radiopaque calibration marker placed at TM
level

DICOM images analyzed using PACS system
tools; same anatomical points measured
digitally
Comparison of cadaveric and radiographic data
to assess correlation, accuracy, and
reproducibility

SIAS=spina iliaca anterior superior, TM=trochanter major, Cl=crista iliaca, PACS=Picture Archiving and Communication
System, DICOM=Digital Imaging and Communication in Medicine
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Fig. 1. Representation of the reference points (spina iliaca anaterior superior (SIAS), trochanter major (TM), and crista iliaca

(CI)) and length measurements on cadaveric specimens.

orthopedics. The dissections of the cadavers were con-
ducted by an experienced anatomist, who also carried
out the post-dissection measurements as well as all ra-
diographic measurements. As each type of measure-
ment was performed by a single expert observer,
interobserver reliability (e.g., Intraclass Correlation
Coefticients) was not calculated. While this may limit
the assessment of reproducibility across multiple raters,
it ensures internal consistency by avoiding interob-
server variability. Furthermore, the advanced qualifi-
cations and relevant expertise of both observers support
the methodological reliability of the measurements.

Anatomical Reference Points and Measurements
In this study, the SIAS, the highest point of the CI,
and the TM were identified as anatomical reference

points. Length and angular measurements were con-
ducted between these landmarks.

Cadaveric Morphometric Measurements

The distances between anatomical reference
points were determined on cadavers using Kirschner
wires placed by an orthopedic specialist. The wires
were inserted by palpating the relevant anatomical
landmarks - SIAS, the highest point of CI, and TM -
with consideration of the planned incision line (Figs.
1 and 2). Following the placement of the wires, length
measurements were performed between the reference
points. In addition to these initial assessments, the
same morphometric parameters were re-measured on
the same cadavers after dissection, allowing for com-
parison between pre- and post-dissection values.

Fig. 2. Representation of the reference points (spina iliaca anterior superior [SIAS], trochanter major [TM], and crista iliaca

[CI]) and angle measurements on cadaveric specimens.
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Length Measurements

The distances between SIAS and TM, CI and TM,
and SIAS and CI were measured using a non-elastic
measuring tape to ensure consistency and accuracy

(Fig. 1).

Angular Measurements

After transferring cadaveric images to a computer
environment, angular measurements were digitally
performed using Imagel software (version 1.52a),
which offers a precision of 1/100 mm. Using the angle
measurement tool within the software, the distal point
of the angle was first selected. A line was then drawn
toward the vertex of the angle, followed by a second
line extending to the third point, thus completing the
angular configuration. The resulting angle values were
recorded in degrees. This digital method enabled
highly precise and repeatable angular assessments.
Angular measurements were taken at the SIAS, CI,
and TM points, as illustrated in Fig. 2.

Radiological Imaging and Morphometric Measure-
ments

The same anatomical reference points - SIAS, the
highest point of CI, and TM - were evaluated on an-
teroposterior (AP) pelvic radiographs using anthropo-
metric measurements (Fig. 3). Radiographic images
were acquired with patients in a supine position, with
the lower limbs positioned neutrally and parallel to
avoid rotation artifacts. A standard source-to-image
distance (SID) of 100 cm was used during image ac-
quisition, consistent with conventional pelvic radiog-
raphy protocols. To ensure measurement accuracy, a
radiopaque calibration marker (metallic ball of known
diameter) was included at the level of the greater
trochanter in each image field. This reference object
allowed proper scaling and adjustment of digital meas-
urements. Morphometric distances between SIAS and
TM, CI and TM, and SIAS and CI were digitally
measured using radiographic imaging software. Pa-
tient radiographs were retrieved from the Mergentech

Fig. 3. Radiological representation of the reference points (spina iliaca anaterior superior [SIAS], trochanter major [TM],
and crista iliaca [CI]) along with length and angle measurements
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Hospital Information Management System (HIMS)
and analyzed via the PACS (Picture Archiving and
Communication System). All measurements were per-
formed directly within the PACS environment on
DICOM (Digital Imaging and Communication in
Medicine)-format images, using its built-in measure-
ment tools. PACS ensured high reliability and repro-
ducibility through secure data handling, image fidelity,
and measurement standardization. Morphometric data
obtained from Kirschner wire placements on cadavers
were compared with the corresponding radiological
measurements to assess correlation and structural con-
sistency between both methods. The imaging protocol
and digital analysis tools used in this study are consis-
tent with current best practices reported in radiologic
morphometry literature.

Statistical Analysis

In our study, statistical analysis was performed on the
morphometric data obtained from cadaveric and radi-
ological images. Using SPSS version 20.0, the De-
scriptive Statistics function was utilized to calculate
the mean and standard deviation of the morphometric
parameters.

Prior to the application of parametric tests, the dis-
tribution of the data was evaluated using the Shapiro-
Wilk test. The results indicated that the data were
normally distributed across all measurement variables
(e.g., SIAS-TM, CI-TM, SIAS—CI). For example, the
Shapiro—Wilk test yielded the following P-values: (1)
SIAS-TM (cadaveric) (P=0.421); (2) CI-TM (cadav-

eric) (P=0.386); (3) SIAS-CI (cadaveric) (P=0.537);
(4) SIAS-TM (radiographic) (P=0.452); (5) CI-TM
(radiographic) (P=0.496); and (6) SIAS-CI (radi-
ographic) (P=0.478). As all P-values were greater than
0.05, the assumption of normality was met. Therefore,
a One-Way Analysis of Variance (ANOVA) was con-
ducted to compare the morphometric values between
cadaveric and radiological measurements. This analy-
sis revealed whether the differences between the two
imaging modalities were statistically significant.
Given the normal distribution of the data and fulfill-
ment of test assumptions, the use of ANOVA was con-
sidered statistically valid and reliable.

RESULTS

A total of 15 cadavers (30 lower extremities; 11 males,
3 females) and 217 AP pelvic radiographs (434 lower
extremities; 97 males, 120 females) were evaluated.
The mean age of radiographic cases was 70.98+4.70
years, while cadavers averaged 80.36+5.13 years.
Morphometric comparisons revealed statistically
significant differences across cadaveric, dissected ca-
daveric, and radiographic groups (Table 2) (Fig. 4).
Notably, the SIAS-TM distance showed a progressive
decrease from cadavers to radiographic images
(F=31.66, P<0.001), with cadavers exhibiting the
highest values and radiographs the lowest. Conversely,
the CI-TM distance was longest in radiographs
(F=5.40, P=0.007). The SIAS-CI distance was shortest

Table 2. The comparison of measurements taken with the Kischner wire on cadavers,
measurements taken after dissection, and measurements made on AP pelvic images according to

side

Parameters Cadavers Total Dissected Total AP pelvic Total

(mm) (n=15) (n=30) cadavers (n=30) images (n=434)
(n=15) (n=217)

SIAS-TM (R) 114.00+£5.51 113.82+7.46 104.20+4.92 104.1746.59 93.79+14.76  92.73+£14.36

SIAS-TM (L) 113.63+9.29 104.13+£8.11 91.59+13.88

CI-TM (R) 137.64+£6.27 136.05+£7.16 138.80+6.06 137.43+6.84 147.04+£12.47 147.81+12.02

CI-TM (L) 134.46+7.92 136.07+7.51 148.62+11.51

SIAS-CI (R) 78.00£8.12  78.95+6.48  79.80+£7.91  80.13+6.49  70.05+11.28  71.93%£12.22

SIAS-CI (L) 79.91+4.50 80.53+4.84 73.91£12.86

Data are shown as meantstandard deviation. SIAS=spina iliaca anterior superior, TM=trochanter major, Cl=crista iliaca,
R=right, L=left, mm=millimeter, AP= anteroposterior
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Fig. 4. Comparison of morphometric distances by metod

in radiographs and differed significantly between
groups (F=3.76, P=0.029). These findings suggest that
radiographic imaging may systematically alter linear
measurements due to soft tissue compression or pro-
jection variability.

Laterality analysis revealed consistent patterns
across all three groups. In cadaveric and dissected ca-
daveric specimens, the right-side measurements (e.g.,
SIAS-TM and CI-TM) were generally longer than the
left, whereas in radiographic images, the difference
between right and left was less pronounced and did
not reach statistical significance. Interestingly, the
SIAS-CI distance was consistently longer on the left
side in all three groups, and this asymmetry was sta-

tistically significant. Moreover, angular evaluations at
SIAS, TM, and CI landmarks also exhibited method-
ological variation. Radiographs yielded higher angular
values at the SIAS, while TM and CI angles tended to
be greater in cadaveric measurements, especially on
the right side (Table 3, 4) (Fig. 5). These angular dif-
ferences underline the influence of measurement
modality on anatomical interpretation and may have
clinical implications for surgical planning. When com-
paring the two methods, it was observed that radiolog-
ical measurements tended to yield slightly higher
angular values at the SIAS, whereas cadaveric meas-
urements presented greater values at the TM and CI
points, particularly on the right side. Moreover, Fig. 6

Table 3. Similarity between measurements marked with kischner wire, measurements taken post-

dissection, and radiographic measurements

Parameters Cadavers Dissected cadavers AP pelvic images F P value
(mm) (n=30) (n=30) (n=434)

SIAS-TM 113.82+7.46 104.16+6.58 95.83+14.66 31.66 <0.001
CI-TM 136.05+7.16 137.43+6.84 155.13+£13.89 5.40 0.007
SIAS-CI 78.95+6.48 80.13+6.48 74.58+12.34 3.76 0.029

Data are shown as mean+standard deviation. SIAS=spina iliaca anterior superior, TM=trochanter major, Cl=crista iliaca,

mm=millimeter, AP= anteroposterior

F=between-group variance; P=significance level (One-Way ANOVA)
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Table 4. The angles at the measurement locations in cadavers and AP pelvic images

Parameters (mm) Cadavers Total AP pelvic images Total
(n=15) (n=30) (n=217) (n=434)

SIAS (R) 121.27+9.13 119.04+7.46 130.38+4.58 126.53+6.20
SIAS (L) 116.43+4.28 120.77£1.07

CI(R) 31.4445.46 32.51+4.53 27.88+6.22 30.42+5.61
CI(L) 33.7543.14 34.24+0.08

™ (R) 28.77+4.70 28.47+3.88 24.70+2.03 25.80+2.58
™ (L) 28.12+3.06 27.45+3.04

Data are shown as mean+standard deviation. SIAS=spina iliaca anterior superior, TM=trochanter major, CI=crista iliaca,

R=right, L=left, mm=millimeter, AP= anteroposterior

presents 3D scatter plots illustrating the relationship
among three key anatomical distances (CI-TM, SIAS-
CI, and SIAS-TM) in radiological (A) and cadaveric
(B) datasets. In the radiological group (A), data points
are densely clustered and form a relatively linear dis-
tribution, indicating strong internal consistency and
positive correlation among the three measured dis-
tances across a larger sample size. In contrast, the ca-
daveric group (B) displays a more dispersed and less
densely packed pattern, reflecting greater interindivid-
ual variability likely due to anatomical diversity, post-
mortem changes, and lower sample size. Notably,
while overall trends are preserved in both datasets, the
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cadaveric values occupy a relatively narrower CI-TM
range and a higher SIAS-CI span, suggesting modal-
ity-specific influences on spatial relationships between
anatomical landmarks.

DISCUSSION

The primary aim of this study is to contribute to the
establishment of surgical standards by evaluating key
anatomical reference points relevant to the incision
line used in the minimally invasive anterolateral ap-
proach, through morphometric measurements per-
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Fig. 5. Comparison of angular measurements by metod and side
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SIAS-TM
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Fig. 6. Distribution of length measurements compared between radiological measurements (A) and cadaveric specimens (B)

formed on both cadavers and radiological images. In
the literature, studies describing the minimally inva-
sive anterolateral approach emphasize that the patient
is positioned in the lateral decubitus position, and
SIAS and TM are identified as critical anatomical
landmarks. The incision is typically made approxi-
mately 10 cm in length, extending between the middle
and posterior thirds of the line connecting these two
points. In standard THA, the incision length typically
ranges between 15 and 25 cm, whereas in minimally
invasive techniques, this length is reduced to approx-
imately 10 cm. This reduction in incision size high-
lights the importance of accurately identifying
anatomical landmarks such as SIAS and TM to ensure
both surgical efficacy and safety in limited surgical
fields. Accordingly, our study focused on morphomet-
ric evaluation of the distances between these reference
points on cadavers and anteroposterior pelvic radi-
ographs, with the aim of providing objective data that
can serve as reliable references in surgical practice.
The first hypothesis of this study stated that “there
is a significant difference between Kirschner wire
measurements performed on cadavers and anthropo-
metric measurements obtained from AP pelvic radi-
ographs.” The findings of the study clearly support this
hypothesis. Statistical analyses revealed significant
differences among the cadaveric, dissected cadaver,
and radiological measurements for the distances be-
tween SIAS-TM, CI-TM, and SIAS-CI (P<0.05; see
Table 2 and Table 3). Notably, the SIAS-TM and
SIAS-CI distances were consistently shorter in radio-

logical measurements, which may be attributed to fac-
tors such as soft tissue compression, differences in po-
sitioning, and the limitations of two-dimensional
imaging. These results confirm that the measurement
method has a direct impact on the observed morpho-
metric values, thereby validating the first hypothesis.
The second hypothesis proposed that “Kirschner wire
measurements made on cadavers are similar to meas-
urements obtained after dissection.” The results of this
study also support this assumption. Comparisons be-
tween cadaveric and dissected cadaver data revealed
no statistically significant differences for most of the
morphometric parameters, and overall measurement
trends were consistent. For instance, the CI-TM and
SIAS-CI distances remained nearly identical before
and after dissection, indicating that the dissection
process did not substantially alter the spatial relation-
ships of key anatomical landmarks. This finding is
consistent with previous studies by Verma et al. [7]
and Solomon et al. 8], which suggested that radiolog-
ical images may underestimate anatomical distances,
especially in complex regions like the hip. Such dis-
crepancies highlight the potential limitations of relying
solely on radiographic data for surgical planning, par-
ticularly in minimally invasive procedures. Therefore,
cadaveric measurements, being more directly reflec-
tive of anatomical reality, are essential for ensuring
precise surgical planning. On the other hand, other
studies, such as those by Austin et al. [14], Vanrusselt
et al. [15], Cantrell et al. [16], and Heinz et al. [17],
have emphasized the importance of radiological eval-
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uations, particularly in postoperative assessments.
They argue that radiological morphometric measure-
ments are crucial tools in evaluating the success of hip
arthroplasty, providing vital insights into the position-
ing and alignment of the prosthesis post-surgery.
Given these perspectives, it is clear that both cadaveric
and radiological measurements offer valuable contri-
butions to different stages of surgical planning and
evaluation. Therefore, in our study, we integrated both
types of measurements to ensure a comprehensive ap-
proach. By combining the accuracy of cadaveric meas-
urements with the clinical relevance of radiological
assessments, we aimed to provide a balanced and re-
liable framework for surgical planning, ensuring both
precision in preoperative measurements and practical
applicability in postoperative evaluations. This dual
approach enhances the robustness of our findings and
ensures that both anatomical accuracy and clinical fea-
sibility are accounted for in the surgical process. Ad-
ditionally, the study found differences in the
side-to-side measurements, particularly in the SIAS-
TM distance, where the right side was consistently
longer in cadavers. In contrast, no significant side-to-
side difference was found in radiological images. This
mirrors findings from Sugano et al. [5], and Zhai et
al. [6], who highlighted that anatomical asymmetries
are common but often underrepresented in radiologi-
cal imaging. This suggests that when planning surger-
ies, particularly in minimally invasive approaches,
surgeons should account for potential anatomical vari-
ations between the sides, which may not be captured
accurately in radiographs. Another noteworthy obser-
vation is the similarity between the measurements ob-
tained from cadavers and dissected cadavers. The
close alignment of these two measurement methods
emphasizes the reliability of cadaveric measurements
in surgical applications. As noted by Verma ef al. [7],
dissected cadavers provide an invaluable source of
precise anatomical data that can be directly applied to
surgical planning. This study further confirms that dis-
sected cadavers are useful models for obtaining meas-
urements with a high degree of accuracy, supporting
their use in surgical training and preoperative planning.

Our study also revealed that the distances between
anatomical points, such as the SIAS-TM and SIAS-
CI, differed significantly between cadavers, dissected
cadavers, and radiological images. Specifically, while
the SIAS-TM and SIAS-CI distances were shorter in

radiographs compared to cadaveric measurements, the
CI-TM distance was longer in radiological images.
This finding reinforces the importance of using accu-
rate anatomical measurements when planning mini-
mally invasive surgeries. Furthermore, angular
measurements at anatomical landmarks such as the
SIAS, TM, and CI showed significant differences be-
tween cadaveric and radiological measurements. In ca-
davers, the average angle at the SIAS was 121.27° on
the right side, whereas in radiological assessments, the
angle was 130.38°. These angular data provide more
detailed information about the spatial configurations
of bony structures, going beyond mere linear morpho-
metric comparisons. Particularly in orthopedic surgical
planning, applications such as implant placement,
guidance of incision lines, and positioning of pros-
thetic components benefit from these angular meas-
urements by providing surgeons with a more
comprehensive anatomical insight. Moreover, identi-
fying angular inconsistencies between different meas-
urement methods (cadaveric vs. radiographic) allows
for questioning which methods are more reliable in
clinical practice. Also, including angular measure-
ments alongside linear dimensions in this study con-
tributed to a more holistic understanding of the
three-dimensional relationships of anatomical struc-
tures and enabled strengthening of educational and
clinical inferences applicable to practice.

The discrepancies observed between cadaveric
and radiological measurements are best understood as
reflections of inherent methodological differences
rather than measurement errors. Cadaveric assess-
ments, conducted through direct physical manipula-
tion, are susceptible to postmortem tissue changes,
loss of soft tissue elasticity, and potential distortion
during dissection. Conversely, radiological measure-
ments especially those obtained via PACS benefit
from high-resolution imaging, digital precision, and
standardized positioning that better reflects in vivo
anatomy. These technical advantages enable more
consistent identification of bony landmarks in radi-
ographs. As such, the differences between the two
modalities underscore their complementary strengths.
Integrating both approaches can enhance the accuracy,
depth, and contextual relevance of morphometric
analyses, ultimately contributing to more robust
anatomical and clinical insights.

On the other hand, cadaver-based education has
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become an essential component of modern surgical
training, offering high-fidelity simulations that closely
mimic real-life anatomical structures. This approach
allows trainees to practice complex procedures such
as hip arthroplasty in a safe and controlled environ-
ment, improving both technical skills and surgical con-
fidence. Systematic reviews and participant feedback
consistently emphasize its short-term effectiveness in
skill acquisition and its perceived realism compared
to live surgery [18-20]. For instance, hands-on cadav-
eric models have demonstrated clear benefits in pro-
cedures like transobturator tape surgery and trauma
interventions, confirming their value in surgical skill
development [21]. Despite limitations such as ethical
concerns, high costs, and limited specimen availabil-
ity, the consensus remains that cadaveric simulation
bridges the gap between theoretical instruction and
clinical practice, enhancing surgical competence and
patient safety [18]. In this context, the anatomical
measurements and visuals presented in our study offer
practical value. By providing accurate reference points
and morphometric data, these materials can further
support cadaver-based training, contributing to the re-
finement of surgical techniques and the standardiza-
tion of training protocols.

Limitations

One of the primary limitations of this study is the
absence of radiological evaluation of cadaveric spec-
imens. Ideally, the findings should have been corre-
lated with radiological assessments conducted directly
on cadavers to enhance the anatomical accuracy and
clinical relevance of the results. However, due to in-
stitutional and administrative constraints, it was not
feasible to transport cadavers to a hospital-based radi-
ology center, where imaging is typically performed for
clinical purposes only. As a result, radiological imag-
ing of cadaveric specimens could not be incorporated
into the methodology, which may have limited the
comprehensive interpretation of morphometric find-
ings. Additionally, the study was conducted on a lim-
ited number of cadaveric samples, which may restrict
the generalizability of the results. Future studies in-
volving a larger cadaver sample size are recommended
to improve the statistical power and allow for broader
anatomical variability to be assessed more accurately.
Another limitation is the small number of female ca-

davers, which precluded sex-based comparisons. The
unequal sex distribution in the cadaver sample (11
males, 3 females) posed a limitation in performing sta-
tistically valid comparisons between male and female
specimens. Due to the small number of female cadav-
ers, sex-specific analyses were not conducted. Instead,
radiographic and cadaveric measurements were ana-
lyzed collectively, regardless of sex, and general mean
values were calculated. This approach was adopted to
ensure statistical feasibility and internal consistency.
However, the lack of sex-stratified analysis may re-
duce the applicability of the findings to sex-specific
anatomical variations. Therefore, this limitation
should be acknowledged, and future studies should
aim for a more balanced sex distribution to enable
comparative analyses between male and female
anatomy.

CONCLUSION

The findings of this study make a significant and orig-
inal contribution by establishing standardized morpho-
metric measurement protocols for key reference points
in hip anatomy, based on data obtained through both
cadaveric and radiological methods. To our knowl-
edge, this is the first study to quantitatively compare
morphometric measurements obtained through both
cadaveric and radiological methods within the context
of hip anatomy.

Our results support the hypothesis that standard-
ized morphometric measurements enhance consis-
tency and reliability in surgical applications. The first
hypothesis of our study, stating that there are signifi-
cant differences between Kirschner wire measure-
ments on cadavers and anthropometric measurements
from pelvic radiographs, was supported by our find-
ings. The second hypothesis, proposing that Kirschner
wire measurements before and after dissection are
similar, was also confirmed. These results highlight
the impact of measurement method on morphometric
values while demonstrating that dissection does not
significantly alter the spatial relationships of anatom-
ical reference points. Moreover, the cadaveric meas-
urements and anatomical visuals generated in this
study provide students and residents with invaluable
hands-on learning opportunities that reinforce theoret-
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ical knowledge through practical experience, thereby
boosting surgical confidence and competence in a con-
trolled and safe environment. However, limitations
such as the inability to perform radiological imaging
directly on cadaveric specimens and the relatively
small sample size, especially the limited number of fe-
male cadavers, may restrict the generalizability of our
findings and necessitate cautious interpretation.

In conclusion, this study underscores the impor-
tance of integrating both cadaveric and radiological
data for precise and safe surgical outcomes. The es-
tablished morphometric standards have the potential
to improve the accuracy of minimally invasive hip
procedures and enhance the overall quality of hip
arthroplasty surgeries. These findings lay important
groundwork for future research aimed at refining
anatomical reference points and advancing orthopedic
surgical practices, ultimately contributing to improved
patient safety and surgical success.
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ABSTRACT

Objectives: This study aimed to compare five early warning scores - Quick Sequential Organ Failure Assess-
ment (QSOFA), National Early Warning Score 2 (NEWS2), Modified Early Warning Score (MEWS), Hospital
Alert Severity Index (HASI), and Shock Index-Lactate (SIL) - in predicting 30-day mortality in elderly patients
presenting to the emergency department (ED) with acute dyspnea.

Methods: This was a single-center, retrospective observational study. A total of 764 patients aged 65 years or
older presenting to the emergency department with acute dyspnea over a five-year period were included in this
study. The predictive accuracy of each score was evaluated using AUROC analysis and logistic regression.
Results: Our findings demonstrated that the qSOFA score had the highest accuracy in predicting 30-day mor-
tality (AUROC: 0.768). Among these scores, qSOFA showed the best performance in predicting mortality with
a sensitivity of 72.9% and specificity of 74.6%. In logistic regression analysis, the qSOFA score demonstrated
the strongest independent association with 30-day mortality (odds ratio [OR]: 5.23, P<0.001). The SIL score
also showed a significant association with mortality (OR: 1.29, P=0.035). However, the HASI (P=0.092),
MEWS (P=0.726), and NEWS2 (P=0.344) scores were not independently significant in multivariable analysis.
Regarding mortality timing, qSOFA was identified as the most robust predictor for early death (within the first
3 days) with an AUROC of 0.801. It also demonstrated superior performance in predicting late in-hospital
death (after 3 days) with an AUROC of 0.632 and post-discharge mortality within 30 days with an AUROC of
0.788. Other scores (HASI, MEWS, NEWS2, SIL) demonstrated lower performance in predicting mortality
across different time intervals.

Conclusions: gSOFA demonstrated the most consistent and accurate performance among the evaluated scores.
It may serve as a practical tool for early risk stratification in elderly patients with acute dyspnea in ED settings.
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symptom in emergency medicine, being one

of the most frequent reasons for presentation
to the emergency department (ED). In the United
States alone, dyspnea accounts for approximately
three to four million ED visits annually. Similarly, in
the Asia-Pacific region, it constitutes around 5% of all
ED presentations [1, 2]. In the ED setting, dyspnea is
not only associated with high rates of admission to
both general wards and intensive care units (ICU) but
also serves as an independent predictor of poor clinical
outcomes, including hospital readmissions, intubation,
and increased mortality [3-5]. This high morbidity and
mortality risk necessitates prompt diagnosis and effi-
cient management by emergency physicians (EPs) [6].

For EPs, the primary goal when managing patients
presenting with acute dyspnea in the ED is to rapidly
optimize arterial oxygenation, assess the need for
emergency airway management and respiratory sup-
port, and promptly identify life-threatening condi-
tions[7, 8]. Additionally, it is essential to establish the
most likely etiology of dyspnea, initiate appropriate
treatment, and stabilize the patient if they are critically
ill [7, 9-12]. However, achieving these objectives
poses a significant challenge, given the often-limited
clinical data available upon initial assessment. Accu-
rate and timely triage and management decisions are
crucial for improving patient outcomes, particularly in
the elderly, who represent a significant proportion of
patients presenting with acute dyspnea.

Epidemiological data indicate that the demo-
graphic profile of ED visits is shifting, with a growing
proportion of elderly patients. In 2022, approximately
one in ten ED visits involved patients aged 65 years
or older, a figure projected to rise to one in six by 2050
[13]. Age-related deterioration in pulmonary and car-
diovascular function complicates dyspnea manage-
ment in the elderly [14]. Age-related physiological
changes can obscure the clinical presentation, affect-
ing physical examination findings, vital signs, and lab-
oratory parameters, thereby increasing diagnostic
complexity [15, 16].

Given the diagnostic challenges associated with
acute dyspnea, particularly among older adults, the use
of clinical and biochemical scoring systems has been
advocated to aid EPs in risk stratification and manage-
ment decisions. Several scoring systems, including the
quick Sequential Organ Failure Assessment (QSOFA),

ﬂcute dyspnea is a prevalent and concerning

National Early Warning Score 2 (NEWS2), Modified
Early Warning Score (MEWS), Hospital Alert Sever-
ity Index (HASI), and the Shock Index-Lactate (SIL)
score, have been evaluated for their prognostic utility
in predicting mortality in critically ill patients present-
ing to the emergency department [17-19]. However,
evidence remains limited regarding the comparative
effectiveness of these scoring systems, particularly in
elderly populations in acute dyspnea case.

This study aims to evaluate the prognostic accu-
racy of these five scoring systems in predicting 30-day
mortality among elderly patients presenting to the ED
with acute dyspnea.

METHODS

Study Design and Setting

This study was a retrospective, single-center observa-
tional analysis conducted in the ED of a tertiary care
hospital. This study was approved by the Memorial
Sisli Hospital Ethics Committee (Decision No: 004,
Date: 26.12.2024). The primary objective of this study
was to compare the prognostic accuracy of five com-
monly used risk assessment and decision-making tools
(qSOFA, NEWS2, MEWS, HASI, and SIL) in predict-
ing 30-day mortality among elderly patients presenting
to the ED with acute dyspnea. The study specifically
focused on assessing early death, late in-hospital
death, and post-discharge death, aiming to determine
the most reliable scoring system for mortality predic-
tion in this vulnerable population.

Definition of Acute Dyspnea

Acute dyspnea was defined as "a subjective expe-
rience of breathing discomfort that consists of quali-
tatively distinct sensations that vary in intensity", in
accordance with the consensus statement by the Amer-
ican Thoracic Society [20]. Acute dyspnea was de-
fined as the sudden onset or worsening of breathing
difficulty within the past 96 hours, based on institu-
tional clinical protocols, differentiating it from chronic
dyspnea, which persists for more than four to eight
weeks. Patients with known chronic dyspnea (e.g.,
Chronic obstructive pulmonary disease [COPD], Con-
jestive heart failure) were included only if there was a
documented acute deterioration in symptoms within
this period, accompanied by clinical signs of respira-
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tory distress. Patients with missing data essential for
the calculation of any of the five scores or for outcome
analysis were excluded from the study

Missing Data Management

Patients with missing data essential for the calcu-
lation of any of the five scores or for outcome analysis
(e.g., 30-day mortality) were excluded from the study.
No data imputation techniques were applied due to the
retrospective nature of the study.

Study Population:

Patients aged 65 years and older who presented to
the ED with a chief complaint of acute dyspnea be-
tween January 1, 2019, and December 31, 2024, were
eligible for inclusion in the study, and a total of 764
patients met the inclusion criteria. Exclusion criteria
included patients who had experienced dyspnea symp-
toms for more than four days prior to admission, those
with incomplete or missing medical records, and pa-
tients whose dyspnea was attributable to non-respira-
tory causes, such as traumatic injuries. Additionally,
patients who were transferred from other healthcare
facilities and those with documented palliative care
status or end-of-life directives that limited aggressive
treatment were also excluded. Data for the study were
retrospectively collected from the hospital’s electronic
medical record (EMR) system, encompassing relevant
demographic, clinical, and laboratory variables.

The following variables were extracted:

(a) Demographic data: Age, sex;

(b) Vital signs on ED admission: Systolic blood
pressure (SBP) and diastolic blood pressure (DBP),
respiratory rate (RR), heart rate (HR), peripheral oxy-
gen saturation (SpO5), and temperature;

(c) Neurological status: Glasgow Coma Scale
(GCS);

(d) Laboratory data: Lactate levels, arterial blood
gas (ABQG) analysis, serum creatinine, estimated
glomerular filtration rate (¢GFR), B-type natriuretic
peptide (BNP), C-reactive protein (CRP), and partial
pressure of carbon dioxide (pCO,);

(e) Comorbidities: Congestive heart failure,
chronic kidney disease, diabetes mellitus;

(f) Medication history: Use of anticoagulants, di-
uretics, and home oxygen therapy;

(g) Outcomes: 30-day mortality, early death

(within 3 days), late in-hospital death (after 3 days but
before discharge), and post-discharge death (within 30
days after discharge);

(h) Intervention data: Requirement for oxygen
therapy, mechanical ventilation, intensive care unit
(ICU) admission, and vasopressor support.

Risk Assessment Scores

Five commonly used scoring systems were calcu-
lated for each patient upon ED admission:

(1) qSOFA: Systolic blood pressure, respiratory
rate, and altered mental status [21].

(2) NEWS2: Respiratory rate, oxygen saturation,
supplemental oxygen, systolic blood pressure, heart
rate, consciousness (ACVPU=Alert, Confusion, Ver-
bal, Pain, and Unresponsive), temperature [22].

(3) MEWS: Systolic blood pressure, heart rate, res-
piratory rate, temperature, consciousness (AVPU) [23].

(4) HASI: The HASI score is calculated using the
formula: SpO, / (age x shock index), where shock
index = heart rate / systolic blood pressure [24].

(5) SIL: The SIL score is calculated as: serum lac-
tate level x shock index where shock index = heart rate
/ systolic blood pressure [17].

Statistical Analysis

All statistical analyses were performed using R
version 4.4.2 (R Foundation for Statistical Computing,
Vienna, Austria). Continuous variables were summa-
rized using mean + standard deviation or median with
interquartile ranges, based on visual assessment of dis-
tribution. Categorical variables were reported as
counts and percentages. Between-group comparisons
for continuous variables were conducted using Stu-
dent’s t-test or the Wilcoxon rank-sum test, as appro-
priate. Categorical variables were compared using
Pearson’s chi-squared test or Fisher’s exact test when
expected counts were low. To assess the prognostic ac-
curacy of five scoring systems AUROC values with
95% confidence intervals were calculated. Optimal
thresholds were identified using Youden’s index, and
corresponding sensitivity, specificity, and positive and
negative likelihood ratios were reported. Pairwise
comparisons between AUROCs were conducted using
DeLong’s test for correlated ROC curves. A multivari-
able logistic regression model was built to evaluate the
independent association of each scoring system with
30-day mortality. All five scores were included in the
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model simultaneously. Model performance was inter-
nally validated using 10-fold cross-validation on the
training dataset (80% of the sample), and tested on a
hold-out test dataset (20%). Discriminative perform-
ance was summarized using AUROC. Model calibra-
tion was assessed using the Hosmer-Lemeshow
goodness-of-fit test, Brier score, calibration intercept
and slope, Emax, and Eavg statistics. To investigate as-
sociations between scoring systems and the timing of
mortality, a multinomial logistic regression model was
fitted with “Survived” as the reference category. The
dependent outcome included three mortality subtypes:

early death, late in-hospital death, and post-discharge
death. Adjusted odds ratios with 95% confidence inter-
vals were reported. Additionally, AUROC values for
each score were calculated using one-vs-rest binary
ROC analyses for each outcome subtype.

Post-hoc power and effect size analyses were con-
ducted to evaluate the adequacy of the sample. For the
primary comparison between survivors and deceased
patients, standardized mean differences (Cohen’s d)
were calculated for each score. The qSOFA score
yielded a Cohen’s d of 0.77, indicating a large effect
size. The NEWS2, MEWS, and HASI scores demon-

Table 1. Baseline characteristics of patients stratified by 30-day mortality status

Variable 30-day survivors 30-day deceased Mean difference P value
(n=657) (n=107) OR (95% CI)
Age (years) 76.6+7.4 81.0£7.8 4.35 (2.76-5.95) <0.001
Female sex, n (%) 295 (44.9%) 57 (53.3%) 0.132
Systolic blood pressure 146.3+29.2 128.1+£33.7 18.15(11.33-24.97)  <0.001
(mm Hg)
Diastolic blood 75.4£15.1 71.1£17.7 4.39 (0.84-7.94) 0.017
pressure (mm Hg)
Heart rate (beats/min) 97.7+1.2 99.6+23.4 0.420
Respiratory rate 16.0 [16.0-18.0] 18.0 [16.0-22.0] <0.001
(breaths/min)
Peripheral oxygen 93.0[90.0-96.0] 91.0 [87.5-96.0] 0.134
saturation (%)
Body temperature (°C) 36.3 [36.0-37.0] 36.3 [36.1-36.8] 0.705
Shock index 0.7 [0.6-0.8] 0.8[0.6-1.0] <0.001
GCS 15.0 [15.0-15.0] 14.0 [12.0-15.0] <0.001
Lactate, mmol/L 1.6 [1.3-2.3] 2.1[1.3-3.2] 0.003
Serum creatinine 1.2 [1.0-1.5] 1.7 [1.4-2.2] <0.001
(mg/dL)
eGFR (mL/min/1.73m?) 56.6+18.3 36.7£15.2 19.82 (16.61-23.02)  <0.001
BNP (pg/mL) 1189.0 [710.0-2502.0] 1957.0 [1021.0-3300.5] <0.001
CRP (mg/L) 34.3[22.2-50.2] 93.4 [52.5-162.4] <0.001
Arterial pH 7.4[7.3-7.4] 7.3[7.2-7.3] <0.001
Arterial pCO: (mm Hg) 42.1+£7.9 49.8+12.0 7.76 (5.40-10.11) <0.001
Urine output on arrival 49.6+£14.8 25.149.3 24.44 (22.34-26.54)  <0.001
(mL/h)
Charlson comorbidity 4.0+2.1 6.0£2.7 1.97 (1.44-2.50) <0.001

index

Data are shown as mean+standard deviation or median [interquartile range] or n (%). BNP=B-type natriuretic peptide, CRP=C-
reactive protein; eGFR=estimated glomerular filtration rate; GCS=Glasgow Coma Scale, pCO>=partial pressure of carbon

dioxide, OR=o0dds ratio
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strated moderate-to-large effect sizes (Cohen’s d rang-
ing from 0.45 to 0.70). For subgroup comparisons, the
largest and smallest diagnostic categories were acute
heart failure (n=218) and pulmonary embolism
(n=41). Assuming a two-sided alpha of 0.05 and a
power of 80%, the study had sufficient power to detect
an absolute mortality difference of 20% between these
groups.

RESULTS

A total of 764 elderly patients presenting to the emer-
gency department with dyspnea were included in the
final analysis. Of these, 107 (14.0%) died within 30
days, and 657 (86.0%) survived. Based on available

discharge diagnoses, 218 patients (28.5%) were clas-
sified as having acute heart failure, 165 (21.6%) had
pneumonia, 112 (14.7%) had COPD exacerbation, 41
(5.4%) had pulmonary embolism, and 86 (11.3%) had
other or mixed causes. In 142 patients (18.5%), no de-
finitive etiology could be identified. The correspon-
ding 30-day mortality rates were 14.2%, 12.1%,
11.7%, 15.8%, 12.8%, and 13.4%, respectively. No
subgroup showed a markedly different mortality pro-
file (P>0.05). Table 1 presents the baseline character-
istics stratified by 30-day mortality status. Deceased
patients were older and exhibited lower blood pres-
sures, lower urine output, higher lactate and creatinine
levels, and greater comorbidity burden compared to
survivors. Significant differences were also observed
in mental status, respiratory rate, Glasgow Coma Scale

Table 2. Clinical status, risk scores, and outcomes by 30-day mortality status

Variable 30-day survivors 30-day deceased Mean difference OR P value
(n=657) (n=107) (95% CI)

Clinical frailty scale 4.7+1.1 6.1+0.6 1.39 (1.25-1.53) <0.001
HASI score 1.5+0.6 2.0£0.9 0.47 (0.31-0.64) <0.001
NEWS?2 score 3.1+2.3 4.8+£2.8 1.77 (1.20-2.34) <0.001
MEWS score 1.9+1.5 2.8£1.6 0.94 (0.62-1.27) <0.001
qSOFA score 0.0 [0.0-1.0] 1.0 [0.0-2.0] <0.001
SIL score 6.1+1.3 6.5£1.5 0.38 (0.07-0.69) 0.017
Congestive heart failure 242 (36.8%) 68 (63.6%) <0.001
Chronic kidney disease 413 (62.9%) 101 (94.4%) <0.001
Diabetes mellitus 221 (33.6%) 31 (29.0%) 0.400
Dependent mobility 202 (30.7%) 91 (85.0%) <0.001
Delirium at presentation 74 (11.3%) 37 (34.6%) <0.001
Home oxygen therapy 56 (8.5%) 22 (20.6%) <0.001
Diuretic use 416 (63.3%) 85 (79.4%) 0.002
Anticoagulant use 165 (25.1%) 38 (35.5%) 0.032
Oxygen use in ED 47 (7.2%) 17 (15.9%) 0.005
Oxygen delivery 13 (2.0%) 25 (23.4%) <0.001
(mechanical)

ICU admission 191 (29.1%) 45 (42.1%) 0.010
Oliguria 57 (8.7%) 74 (69.2%) <0.001
Discharged from ED 434 (66.1%) 26 (24.3%) <0.001

Data are shown as meantstandard deviation or n (%). ED=Emergency department, HASI=Hospital Alert Severity Index,
ICU=intensive care unit, MEWS=Modified Early Warning Score, NEWS2=National Early Warning Score 2, qSOFA=Quick
Sequential Organ Failure Assessment, SIL=Shock Index-Lactate score, GCS=Glasgow Coma Scale, CI=Confidence interval,

OR=0dds ratio
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scores, and key laboratory markers such as BNP, CRP,
and pCO..

As summarized in Table 2, all five risk scores were
significantly higher in the deceased group. The median
[interquartile ranges] qSOFA score was 1.0 [0.0-2.0]
in deceased patients versus 0.0 [0.0-1.0] among sur-
vivors (P<0.001). Similar differences were seen across
HASI, MEWS, NEWS2, and SIL scores, as well as in
frailty, mobility status, and the frequency of acute in-
terventions.

Table 3 outlines the diagnostic performance of
each scoring system for predicting 30-day mortality.
The qSOFA score showed the highest discriminative
ability with an AUROC of 0.768 (95% confidence in-
terval [CI]: 0.720-0.817), followed by NEWS2
(0.687), MEWS (0.671), HASI (0.650), and SIL
(0.566). Cut-off values based on the Youden index,
corresponding sensitivities, specificities, and likeli-
hood ratios are also provided.

Fig. 1 displays the ROC curves with 95% confi-
dence bands for all scores. Pairwise comparisons using
the DeLong test are shown in Table 4. gSOFA outper-
formed all other scores except NEWS2 (P=0.010).
MEWS and NEWS2 did not differ significantly
(P=0.520), while HASI and SIL demonstrated signif-
icantly lower AUROCSs than gSOFA and MEWS.

In the multivariable logistic regression analysis in-
cluding all five scoring systems, only the qSOFA score
and the SIL score were independently associated with
30-day mortality. Prior to modeling, collinearity was
assessed; all variance inflation factors (VIFs) ranged
from 1.3 to 2.1, indicating low collinearity and sup-
porting the simultaneous inclusion of all scores. The
gSOFA score demonstrated the strongest independent
association with mortality, with an adjusted odds ratio
(OR) of 5.23 (95% (I, 3.30-8.47;P<0.001), followed
by the SIL score with an OR of 1.29 (95% CI, 1.02-
1.63; P=0.035). The HASI score showed a borderline
association (OR, 1.60; 95% CI, 0.93-2.77; P=0.092),
while MEWS and NEWS2 were not statistically sig-
nificant predictors in the adjusted model (P=0.726 and
P=0.344, respectively) (Table 5).

The logistic model demonstrated strong discrimi-
native ability, with an AUROC of 0.808 in the training
set (10-fold cross-validation) and 0.833 in the test set.
Calibration was satisfactory: the Brier score was 0.084
in the test set, the Hosmer-Lemeshow test was non-
significant (%*> = 6.79, P=0.559), and the calibration

LR
OR (95% CT)
0.78 (0.70-0.87)
0.48 (0.34-0.67)
0.36 (0.27-0.50)
0.82 (0.73-0.93)
0.50 (0.38-0.66)

Shock Index-Lactate,

Positive likelihood ratio, -LR=Negative likelihood ratio,

8.87 (5.04-15.61)
1.54 (1.35-1.76)
2.87 (2.41-3.42)
2.22 (1.54-3.19)
1.94 (1.64-2.30)

+LR
OR (95% CI)

Specificity
95% CI)
97.3% (95.7-98.4%)

65.3% (61.5-68.9%)
Quick Sequential Organ Failure Assessment, SIL

87.4% (84.6-89.8%)
Area under the receiver operating characteristic curve; +LR:

51.0% (47.1-54.9%)
74.6% (71.1-77.9%)

Sensitivity
95% CI)
24.3% (16.5-33.5%)
67.3% (57.5-76.0%)

Modified Early Warning Score, gSOFA

National Early Warning Score 2, AUROC

Confidence interval, OR=o0dds ratio

75.7% (66.5-83.5%)
72.9% (63.4-81.0%)
28.0% (19.8-37.5%)

>3.0
>2.0
>1.0
>7.47
>4.0

Cut-off

AUROC
(95% CI)
0.650 (0.594-0.707)
0.671 (0.621-0.722)
0.768 (0.720-0.817)
0.566 (0.503-0.628)
0.687 (0.631-0.743)

Hospital Alert Severity Index, MEWS

NEWS2
CI

Table 3. Performance metrics of scoring systems for predicting 30-day mortality

Score
HASI
MEWS
qSOFA
SIL score
NEWS2
HASI

850



Eur Res J. 2025;11(5):845-857

Ergiin Stizer et al

1.00

0.75

0.50

Sensitivity

0.25

0.00 0.25 0.50

Scoring System

— HASI
— MEWS
— NEWS2
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SIL

0.75 1.00

1 — Specificity

Fig. 1. Receiver Operating Characteristic (ROC) curves with 95% confidence interval for each scoring system.

slope and intercept were 1.22 and 0.32, respectively.
Model calibration was assessed also using a LOESS-
smoothed calibration curve comparing predicted prob-
abilities with observed 30-day mortality. Visual
inspection demonstrated good agreement with the
ideal diagonal line, particularly in the low- and mid-

risk ranges (Fig. 2). The model's maximum calibration
error (Emax) was 0.263, with an average error (Eavg)
of 0.025. The discrimination index (Dxy) was 0.666,
and the Nagelkerke R? was 0.403, indicating moderate
explanatory power.

To assess the relationship between each score and

Table 4. Pairwise comparisons of AUROC values for scoring systems (DeLong test)

Comparison AUROC difference (95% CI) P value
HASI vs MEWS —0.021 (—0.089 to 0.047) 0.546
HASI vs qSOFA —0.118 (—0.182 to —0.053) <0.001
HASI vs SIL 0.085 (0.011 to 0.158) 0.024
HASI vs NEWS2 —0.036 (—0.080 to 0.008) 0.106
MEWS vs qSOFA —0.097 (-0.154 to —0.040) <0.001
MEWS vs SIL 0.105 (0.046 to 0.165) <0.001
MEWS vs NEWS2 —0.015 (—0.062 to 0.031) 0.520
qSOFA vs SIL 0.203 (0.118 to 0.287) <0.001
qSOFA vs NEWS2 0.082 (0.019 to 0.144) 0.010
SIL vs NEWS2 —0.121 (0.182 to —0.060) <0.001

AUROC=Area under the receiver operating characteristic curve, HASI=Hospital Alert Severity Index, MEWS=Modified
Early Warning Score, qSOFA=Quick Sequential Organ Failure Assessment, SIL=Shock Index-Lactate, NEWS2=National

Early Warning Score 2, CI=Confidence interval
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Table 5. Independent association of each score with 30-day mortality in multivariable logistic

regression

Scores Adjusted Odds Ratio (95% CI) P value
HASI 1.60 (0.93-2.77) 0.092
MEWS 1.05 (0.81-1.36) 0.726
qSOFA 5.23 (3.30-8.47) <0.001
SIL score 1.29 (1.02-1.63) 0.035
NEWS2 0.91 (0.75-1.10) 0.344

HASI=Hospital Alert Severity Index, MEWS=Modified Early Warning Score, gSOFA=Quick Sequential Organ Failure
Assessment, SIL=Shock Index-Lactate, NEWS20=National Early Warning Score 2, CI=Confidence interval

the timing of death, a multinomial logistic regression
model was fitted using “Survived” as the reference
category. Table 6 combines the adjusted odds ratios
for early, late in-hospital, and post-discharge mortality
for each score with their corresponding AUROC val-
ues based on one-vs-rest ROC analyses. The gSOFA
score showed the strongest and most consistent pre-
dictive value across all mortality timing categories:
early death (OR: 4.57, AUROC: 0.801), late in-hospi-

1.00

0.75

0.50

Observed Mortality Rate

0.25

e

tal death (OR: 4.39, AUROC: 0.632), and post-dis-
charge death (OR: 7.78, AUROC: 0.788). Other scores
showed modest performance, and no additional score
maintained independent significance across cate-
gories. To visualize these findings, Fig. 3 displays the
distribution of survival outcomes across tertiles of
each scoring system, allowing a visual assessment of
how each score stratifies patients by mortality timing.

0.50 0.75

Predicted Probability

Fig. 2. Calibration plot of the multivariable logistic regression model including gSOFA, MEWS, NEWS2, HASI, and SIL

scores.
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DISCUSSION
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= N|c o 3 S|8E tients [26]. These parameters are closely associated
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§ = 8 S S S <SS 20% pnea. Therefore, the use of gSOFA in the ED setting
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; Zls 3 £ S S %2 ment and identifying patients requiring urgent inter-
2 5 2 vention[27]. Recent literature on the use of gSOFA in
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=l -V i i R and infections [28-31]. Given the intersection of our
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& P e E = successfully identified mortality risk, proving to be a
§ ® T g = |2 § practical, cost-effective, and efficient tool for patient
S g E E ) 5 E 3 (;3'; management. In contrast, the relatively lower perform-

ance of NEWS2 and MEWS may result from their re-
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Fig. 3. Distribution of mortality timing across tertiles of each scoring system.

liance on parameters that may be chronically altered
in the elderly, such as heart rate or baseline oxygen
saturation, potentially limiting their discriminative
power. Similarly, the HASI and SIL scores incorporate
indices such as the shock index and lactate levels,
which may fluctuate due to age-related physiological
changes or chronic comorbidities, reducing their
specificity in this patient group.

Our study revealed that SIL and HASI scores were
inadequate for predicting mortality in elderly patients
presenting with acute dyspnea. One of the main com-
ponents of the SIL score, lactate level, can be elevated
in conditions such as heart failure or chronic respira-
tory failure, even without sepsis or shock [32, 33].
This may lead to an inaccurate reflection of hemody-
namic instability in elderly patients, thus compromis-
ing the reliability of the SIL score in this population.
Similarly, the HASI score did not perform adequately
in predicting mortality. The lower prognostic power
of HASI, particularly in complex clinical scenarios
such as acute dyspnea, limits its applicability in elderly
patients [34]. Increased comorbidities and hemody-
namic fluctuations in the elderly population may have

contributed to HASI's limited predictive accuracy.

NEWS2 and MEWS scores also showed insuffi-
cient performance in predicting mortality related to
acute dyspnea in elderly patients. The single parame-
ters used in these scores may not adequately capture
the multifactorial causes of dyspnea in the elderly,
thereby limiting their prognostic accuracy. Frequent
physiological changes and comorbid conditions en-
countered in elderly patients further restrict the utility
of these scoring systems in clinical decision-making
processes [35]. Therefore, when using NEWS2 and
MEWS for managing acute dyspnea, it is crucial to
take into account the unique clinical characteristics of
elderly patients.

From a clinical perspective, the findings of this
study suggest that incorporating qSOFA into the rou-
tine evaluation of elderly patients with acute dyspnea
can enhance early identification of individuals at high
risk of mortality. This is particularly relevant in re-
source-limited ED, where rapid and cost-effective
tools are essential for prioritizing care. The simplicity
of qSOFA - relying solely on systolic blood pressure,
respiratory rate, and mental status - makes it a practical
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triage tool even in settings with limited access to lab-
oratory or imaging resources. By enabling faster de-
cisions regarding the need for ICU admission,
escalation of care, or early discharge planning, qSOFA
can serve as a valuable aid in streamlining clinical
workflows and improving patient outcomes in strained
healthcare environments.

This study contributes to the existing literature by
specifically focusing on elderly patients with acute dys-
pnea - a subgroup with unique physiological vulnera-
bilities and complex comorbid profiles often
underrepresented in emergency risk stratification re-
search. By evaluating multiple scoring systems in this
context, our findings emphasize the utility of gSOFA
as a simple, rapid, and cost-effective tool that can sup-
port clinical decision-making, particularly in emer-
gency departments with limited resources. The results
suggest that gSSOFA may aid physicians in early iden-
tification of high-risk elderly patients, facilitate timely
interventions, and optimize ICU triage pathways.

In summary, our study demonstrated that the
qSOFA score is a robust tool for predicting mortality
risk in elderly patients presenting to the ED with acute
dyspnea. In particular, gSSOFA showed clear superiority
over other Early Warning Scores (EWS) in predicting
critical outcomes, such as early death. In contrast, the
SIL score, which relies heavily on lactate, proved to be
less effective in this patient group. HASI, NEWS2, and
MEWS also showed lower performance among elderly
patients. Based on these results, it may be recom-
mended to use qSOFA for rapid risk assessment and
decision-making processes in elderly patients present-
ing with acute dyspnea in the ED. Performing quick
and accurate risk stratification in this population can
play a vital role in reducing mortality.

Limitations

This study has several limitations: (1) The study
was conducted in a single tertiary care hospital and de-
signed retrospectively, which may limit the generaliz-
ability of the findings; (2) The study did not stratify
patients by the underlying etiology of dyspnea (e.g.,
acute heart failure, COPD exacerbation, pulmonary
embolism), which may have influenced the perform-
ance of the evaluated scoring systems. Future research
should consider diagnostic subgroup analyses to en-
hance the specificity and clinical applicability of early
warning scores in heterogeneous dyspnea populations;

(3) We also acknowledge the potential risk of missing
data due to the retrospective nature of the study. To mit-
igate this, patients with incomplete data essential for
score calculation or outcome assessment were excluded.
Moreover, 30-day mortality follow-up was conducted
using hospital electronic medical records, which are in-
tegrated with national death notification systems to cap-
ture out-of-hospital deaths as well; (4) Mortality data in
the study were directly obtained from medical records,
introducing the potential for subjective interpretation,
which may affect the results; and (5) The study only as-
sessed 30-day mortality; therefore, longer follow-up
data are needed to provide more comprehensive insights
into long-term survival and prognosis.

While our study underscores the prognostic utility
of early warning scores - particularly Qsofa - in elderly
patients presenting with acute dyspnea, its findings
also have implications for improving clinical decision-
making processes in emergency departments. Integrat-
ing validated scoring systems such as qSOFA into
routine triage may support early identification of high-
risk patients, allowing emergency physicians to prior-
itize resource allocation, determine the need for ICU
admission, and initiate timely interventions. However,
to enhance the external validity and generalizability
of these results, future studies should adopt prospec-
tive, multicenter designs involving broader popula-
tions across different healthcare systems. Moreover,
incorporating longer follow-up periods could provide
additional insight into long-term mortality and mor-
bidity outcomes, thereby strengthening the evidence
base for integrating these tools into structured clinical
algorithms and institutional protocols.

CONCLUSION

Among elderly patients presenting to the ED with
acute dyspnea, qSOFA demonstrated the highest pre-
dictive accuracy for 30-day mortality compared to
SIL, HASI, NEWS2, and MEWS. While it showed
strong performance in identifying patients at risk of
rapid deterioration and post-discharge events, further
validation in more homogeneous diagnostic subgroups
is warranted.
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Evaluating the role of HER2-low versus HER2-0 status in
predicting response to neoadjuvant chemotherapy in
hormone receptor-positive breast cancer
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ABSTRACT

Objectives: The classification of human epidermal growth factor receptor 2 (HER2)-low breast cancer has
gained clinical relevance following the success of antibody-drug conjugates in this subgroup. However, its
prognostic and predictive role, particularly in hormone receptor-positive (HR+) early breast cancer treated
with neoadjuvant chemotherapy (NACT), remains unclear. This study aimed to evaluate the impact of HER2-
low versus HER2-0 status on pathological complete response (pCR) and disease-free survival (DFS) in HR+
breast cancer patients undergoing NACT.

Methods: A total of 216 HR+ and HER2-negative early breast cancer patients treated with NACT at Tokat
Gaziosmanpasa University Hospital between January 2014 and January 2024 were retrospectively analyzed.
HER2-low was defined as IHC 1+ or 2+ without gene amplification by FISH. pCR was assessed via the Miller-
Payne grading system. Survival analyses were conducted using the Kaplan-Meier method; multivariate analyses
were performed using Cox regression.

Results: Of the 216 patients, 30 (13.9%) achieved pCR. There was no statistically significant difference in
pCR (P=0.83) or DFS (P=0.12) between HER2-0 and HER2-low groups. However, patients with ER <10%
had significantly higher pCR rates (P=0.005). Achieving pCR was associated with longer DFS (P=0.045).
Conclusions: HER2-0 and HER2-low subgroups exhibited similar responses to NACT in HR+ breast cancer.
Low ER expression was independently associated with higher pCR. Larger prospective studies are warranted
to further define the biological and clinical implications of HER2 expression levels in early-stage HR+ breast
cancer.

Keywords: Neoadjuvant chemotherapy, HER2-low, breast cancer, pathologic complete response

he second leading cause of mortality for
women and the most frequent type of cancer
overall is breast cancer (BC) [1]. Conse-
quently, a large proportion of patients are detected at
an early stage thanks to early screening programmes
in many countries [2]. Hormone receptor-positive

(HR+) BC, defined by the expression of immunohis-
tochemical positivity for the estrogen (ER) and/or
progesterone (PR) receptor, is the most common sub-
type. It accounts for approximately 70% of all breast
cancer patients [3, 4]. Neoadjuvant chemotherapy
(NACT) is used primarily in individuals with biolog-
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ically aggressive tumours, including triple-negative
breast cancer (TNBC), human epidermal growth factor
receptor 2 (HER2)-positive BC, and in individuals
having ER (+)/HER2 (-) BC diagnosed with high-risk
clinicopathological features. NACT reduces the stage
of the tumour and allows breast and axillary surgery
to be reduced. It is increasingly being used to enable
breast-conserving surgery (BCS) to be performed, thus
avoiding mastectomy [5].

Although response to NACT is prognostic in all
tumour types, TNBC and HER2 (+) BC had notably
greater pathological complete response (pCR) rates
than luminal subtypes [6]. pCR rates are much lower
in ER (+)/HER2 (-) breast cancer. It is linked to a
pathological full reaction, improved survival and
lower recurrence rates [7]. Therefore, pCR is a surro-
gate marker.

In the light of information from anti-HER2 anti-
body-drug conjugate (trastuzumab deruxtecan) re-
search studies, new subsets such as HER2-low and
HER2-ultra-low have emerged [8-10]. There are stud-
ies in the literature suggesting that the biology, histo-
logical, and proliferative values of HER2-low and
HER2-0 tumors vary [11, 12]. The effect of HER2-
low/HER2-0 status in reaction to neoadjuvant treat-
ment is of interest. In our research, our aim was to
investigate the effect of HER2-0/HER2-lowistatus on
pCR and disease-free survival (DFS) after NACT in
HR (+) BC.

METHODS

Patient Selection
The data of patients who were identified and handled
for BC at Tokat Gaziosmanpasa University Hospital
between January 2014 and January 2024 were retro-
spectively evaluated. ER, PR, HER2 and Ki67 values
were analysed immunohistochemically. Patients with
HER2 immunohistochemistry (IHC) values of 0, 1+
and 2+ and no amplification of genes determined by
fluorescent situ hybridisation (FISH) were considered
HER2-negative. Individuals having HER2 values of
1+ and 2+ were categorised as ‘HER2-low’. All pa-
tients underwent clinical staging with ultrasound and
mammography preoperatively.

BC individuals determined as PRipositive or neg-
ative, ER positive, HER2 negative or low expression,

and who received neoadjuvant chemotherapy (NACT)
were analyzed in the research. Individuals having bilat-
eral BC, male gender and distant metastatic disease
were excluded. Variables such as tumour size,
menopausal status, age, pathological axillary lymph
node (ALN) count, clinical stage, receptor status, HER2
status, Ki67 level, and histological grade were analysed.

Neoadjuvant Chemotherapy (NACT)

A standard taxane and anthracycline-based
chemotherapy regimen was applied in the study. The
treatment protocol was four courses of doxorubicin
(60 mg/m?) and cyclophosphamide (600 mg/m?) fol-
lowed by weekly paclitaxel (80 mg/m?) or four courses
of docetaxel (75-100 mg/m?) for 12 weeks. Postoper-
atively, all patients had adjuvant endocrine treatment,
and all individuals who had BCS were advised to get
adjuvant radiation.

Evaluation of NACT Response

Response to chemotherapy was evaluated with the
routinely used Miller-Payne grading system. The
Miller-Payne system is given in the following:

(1) Grade 1: No change or some alteration to in-
dividual malignant cells but no reduction in overall
cellularity.

(2) Grade 2: A minor loss of tumour cells but over-
all cellularity still high; up to 30% loss.

(3) Grade 3: Between an estimated 30% and 90%
reduction in tumour cells.

(4) Grade 4: A marked disappearance of tumour
cells such that only small clusters or widely dispersed
individual cell remain; more than 90% loss of tumour
cells.

(5) Grade 5: No malignant cells identifiable in sec-
tions from the site of the tumour; only vascular fibro-
elastic stroma remains often containing macrophages.
However, ductal carcinoma in situ (DCIS) may be
present [12].

In the postoperative histopathological evaluation,
tumour stage (ypT), lymph node stage (ypN), residual
tumour size, surgical margins, number of removed and
metastatic ALNs were analysed after NACT. pCR has
been described as a lack of invasive tumor in breast
tissue and metastasis in lymph nodes (ypTO0, ypNO).

Statistical Analysis
SPSS 22.0 software was used for the statistical an-
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alyze of the data (SPSSilnc., Chicago, Illinois). For com-
parative data, Fisher's exact test and chi-square tests
were employed. Amongst the numerical parameters
across two independent conditions, those with normal
distribution were analysed by Student's t-test, and those
without normal distribution were analysed by the Mann-
Whitney U test. The univariate log-rank test was used to
assess the impact of prognostic variables on pathological
complete response. The 95% confidence interval (CI)
was used to compute the hazard ratio (HR). The Cox

proportional hazards model was used for multivariate
analysis to assess the impact of prognostic variables on
pathological complete response. To make an assessment
regarding the prognostic variables influencing patholog-
ical complete response, both univariate and multivariate
analyses were conducted using a logistic regression
model. Survival studies were conducted using the Ka-
plan-Meier technique. DFS was defined as the interval
between the first diagnosis and the death or recurrence
of the disease. The significance level was set as < 0.05.

Table 1. Data on pathological and clinical characteristics

HER?2 status
Total HER2-0 HER2-Low P value
(n=216) (n=63) (n=153)

Diagnosis age (year) Median (min-max) 50 (28-87)
<50 years, n (%) 113 (52.3) 27 (42.9) 86 (56.2) 0.099
>50 years, n (%) 103 (47.6) 36 (57.1) 67 (43.8)

Menopausal status, n (%) Premenopausal 112 (51.8) 23 (36.5) 89 (58.2) 0.004
Postmenopausal 104 (48.2) 40 (63.5) 64 (41.8)

N stage, n (%) NX and NO 18 (8.3) 7 (11.7) 11 (7.5) 0.414
NI1-N2-N3 189 (87.5) 53 (88.3) 136 (92.5)

T stage, n (%) TX and T1 62 (28.7) 19 (31.1) 43 (29.3) 0.868
T2-T3-T4 146 (67.5) 42 (68.9) 104 (70.7)

Clinical stage, n (%) I 4(1.8) 2(3.4) 2(1.4) 0.631
II 125 (57.8) 35(59.3) 90 (62.1)
I 75 (34.7) 22 (37.3) 53 (36.5)

Grade (n=189), n (%) Grade 1 and 2 154 (71.2) 43 (79.6) 111 (75.5) 0.579
Grade 3 47 (21.7) 11 (20.4) 36 (24.5)

ER Status 1-9% 52.3) 3(4.8) 2(1.3) 0.307
10-40% 11 (5.2) 3(4.8) 8(5.2)
>40% 200 (92.5) 57 (90.4) 143 (93.5)

PR Status Positive 186 (86.1) 55 (88.7) 131 (86.2) 0.823
Negative 28 (12.9) 7 (11.3) 21 (13.8)

Ki-67 (n=199), n (%) <20 % 79 (36.5) 26 (45.6) 53 (37.3) 0.337
>20 % 120 (55.5) 31 (54.4) 89 (62.7)

Surgery type, n (%) Mastectomy 136 (62.9) 42 (66.7) 94 (61.4) 0.536
Breast conserving 80 (37.1) 21 (33.3) 59 (38.6)

pCR Yes 30(13.9) 8(12.7) 22 (14.4) 0.831
No 186 (86.1) 55 (87.3) 131 (85.6)

Data are shown as median (minimum-maximum) or n (%). ER=estrogen receptor, PR=progesterone receptor, HER2=human

epidermal growth factor receptor 2
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RESULTS

The study included 216 patients. The median follow-
up (mFU) time was 37 months. The median age of the
participants was 50 years (min-max: 28-87). The num-
ber of premenopausal patients was 112 (51.8%). The

number of patients with positive lymph nodes (N1-2-
3) was 189 (87.5%). The clinical and pathological
characteristics are presented in Table 1. There were
5(2.3%) patients with ER 1-9%, 11 patients (5.2%)
with ER 10-40%, and 200 (92.5%) patients with ER
over 40%. PR was negative in 28 (12.9%) patients.

Table 2. Clinicopathological characteristics and oncological outcome with respect to pathologic

complete response achievement

PCR achievement

Total Yes No P value
(n=216) (n=30) (n=186)

Diagnosis age (year) <50 years 113 18 (15.9) 95 (84.1) 0.433
>50 years 103 12 (11.7) 91 (88.3)

Menopausal status, n (%) Premenopausal 112 17 (15.2) 95 (84.8) 0.694
Postmenopausal 104 13 (12.5) 91 (87.5)

N stage, n (%) NX and NO 18 1(5.6) 17 (94.4) 0.478
N1-N2-N3 189 27 (14.4) 162 (85.7)

T stage, n (%) TX and T1 62 6(9.7) 56 (90.3) 0.377
T2-T3-T4 146 22 (15.1) 124 (84.9)

Clinical stage, n (%) I 4 0(0) 4 (100) 0.651
II 125 18 (18.4) 107 (85.6)
i 75 9 (12.0) 66 (88.0)

Grade (n=189), n (%) Grade 1 and 2 154 16 (10.4) 138 (89.6) 0.029
Grade 3 47 11 (23.4) 36 (76.6)

ER positivity, n (%) 1-9% 5 3 (60) 2 (40) 0.001
10-40% 11 4(36.4) 7 (63.6)
>40% 200 23 (11.5) 177 (88.5)

PR status Positive 186 27 (14.5) 159 (85.5) 0.385
Negative 28 2(7.1) 26 (92.9)

HER2 score HER2-0 63 8 (12.7) 55 (87.3) 0.831
HER2-Low 153 22 (14.4) 131 (85.6)

Ki-67 (n=212), n (%) <20 % 79 5(6.3) 74 (93.7) 0.047
>20 % 120 20 (16.7) 100 (83.3)

Surgery type, n (%) Mastectomy 136 19 (14.0) 117 (86.0) 0.99
Breast 80 11 (13.8) 69 (86.2)
conserving

Relaps Yes 34 2(5.9 32 (94.1) 0.182
No 182 28 (15.4) 154 (84.6)

DFS (months), median (SE, 95%CI) NR 91.9 (81.81-101.95) 0.045

ER=estrogen receptor, PR=progesterone receptor, HER2=human epidermal growth factor receptor 2, pCR=pathologic

complete response
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One hundred and twenty patients (55.5%) had Ki67 >
20% (Table 1).

Regarding the type of surgery performed, 136
(62.9%) patients underwent mastectomy and 80
(37.1%) patients underwent breast-conserving surgery.
While 30 (13.9%) patients had pathological complete
response, 186 (86.1%) patients did not achieve pCR.

When we looked at the distribution of clinical and
pathological characteristics of HER2-0 and HER2-
Low groups, only the number of premenopausal pa-
tients was not normally distributed (P=0.004). The rate
of premenopausal patients was higher in the HER2-

low group (58.2%).
According to the results of univariate analysis, tumour
grade, ER and Ki67 percentages were seen to be the
elements affecting pCR (P=0.029, P=0.001 and
P=0.047, respectively). According to the results of
multivariate analysis, only low ER receptor percentage
was found to be a factor affecting pCR (P=0.005). Pa-
tients with ER receptor percentage less than 10% had
3.7 times more pCR (Table 2).

When analysing DFS according to pCR, the me-
dian DFS of pCR participants was not reached,
whereas the median DFS of non-pCR patients was

Table 3. Variables influencing pathologic complete response

Univariate Multivariate
OR, 95%CI P value OR, 95% CI P value
Diagnosis age (year) <50 years 0.69 (0.31-1.52) 0.365
>50 years
Menopausal status Premenopausal 0.79 (0.36-1.739 0.573
Postmenopausal
N stage NX and NO 2.83 (0.36-22.17) 0.321
NI1-N2-N3
T stage TX and T1 1.65 (0.63-4.30) 0.30
T2-T3-T4
Clinical stage I 0.93 (0.42-2.06) 0.87
I
11
Grade (n=189) Grade 1 and 2 2.63 (1-12-6.17) 0.02 0.98 (0.32-2.99) 0.97
Grade 3
ER positivity 1-9% 0.27 (0.12-0.60) <0.001 0.27 (0.11-1.67) 0.005
10-40%
>40%
PR Status Positive 0.45 (0.10-2.02) 0.29
Negative
HER2 score Her2-0 0.86 (0.36-2.06) 0.74
Her2-Low
Ki-67 (n=212) >20 % 2.96 (1.06-8.25) 0.03 2.48 (0.74-8.33) 0.13
<20 %
Surgery type Mastectomy 0.98 (0.44-2.18) 0.96

Breast conserving

ER=estrogen receptor, PR=progesterone receptor, HER2=human epidermal growth factor receptor 2, pCR=pathologic

complete response, OR=0dds ratio, CI=confidence interval
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Fig. 1. Associations between pathological complete response and disease-free survival.

91.9 (81.81-101.95) months, which was statistically cally better in the HER2-0 group. The 3-year and 5-

significant (P=0.045, Table 3 and Fig. 1). year DFS of HER2-0 patients were 88.7% and 86%,
There was no variation in pCR (P=0.83) or DFS respectively, while those of HER2-Low patients were

(P=0.12) between the HER2-0 and HER2-low groups 83.2% and 69.6% (Table 4).
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Fig. 2. Associations between HER2 status and disease-free survival.
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DISCUSSION

HER2 low BC is a popular topic. Concern in HER2
low subgroups has grown after trastuzumab-deruxte-
can's effectiveness in the HER2 low and extreme low
subgroups was demonstrated [10]. We shared this in-
terest and investigated the status influence of HER2
on complete response in HR (+) BC patients receiving
NACT. It was shown that there was no varitation
among HER2-0 and low subgroups regarding pCR
and DFS. The DFS was longer for individuals who at-
tained pCR than for those who could not. When the
factors influencing pCR were analysed, low ER was
found to be the factor influencing pCR.

pCR rates with neoadjuvant chemotherapy are
lower in HR(+) tumours compared to HER2(+) and
TNBC tumours [12, 13]. Complete response rates do
not exceed 20% in the literature [12]. In our study,
there was a pCR rate of 13% in accordance with the
literature.

Zhou et al. [14] showed that HER2-0 and HER2-
low groups had similar pCR values in a study of 325
patients receiving NACT. Similar results were found
in another study of 855 patients conducted in Brazil
[15]. In the meta-analysis of 2310 patients by Denkert
et al. [16], the relationship between HER2-0 and
HER2-low pCR in individuals with HR(+) and TNBC
was analysed. It was seen that individuals with HER2-
low in the general population and HR(+) had lower
pCR rates. Baez-Navarro ef al. [17] showed the same
results in a study of 11721 individuals. de Moraes et
al. [18] performed one of the largest meta-analyses on
this topic. In this study, which included 70104 patients,
it was shown that HER2-0 patients had a better pCR
than HER2-low individuals. This was also true in the
HR(+) subgroup. Although there are investigations in
the literature showing no variation in pCR among

Table 4. Disease-free survival outcomes

HER2-0 and HER2-low patients [19, 20], large meta-
analyses suggest that HER2-0 patients have better pCR
rates. The fact that there was no difference in pCR
among the two groups in our study may be explained
by the relatively small size of our patient population.

It is known that HR (+) BC has a lower response
rate to neoadjuvant treatment compared to TNBC [21,
22]. Dieci et al. [23] showed that ER-negative (<1%)
and ER-low (1-9%) TNBC patients had similar pCR
rates and emphasised that the ER-low group should be
classified as TNBC. Similarly, another study showed
that patients with ER-low and ER(-) TNBC had simi-
lar pCR rates [24]. Fuji et al. [25] showed in a study
of 3055 patients that the pCR probability of patients
with ER <10% tumours was notably greater than that
of patients with ER>10% tumours. In the study of
PAMS0 testing to predict NACT response, it was
found that individuals with ER-low had TNBC like
behaviour and should be treated with chemotherapy.
It was shown that pCR rates were greater in individu-
als with ER-low [26]. Similarly, in our study, pCR
scores were significantly greater in the ER-low group.

There are many studies in the literature that have
investigated the relation among Ki67 levels and pCR.
Rapoport et al. [27] showed in a research of 208 indi-
viduals that pCR rates were notably better in individ-
uals with Ki67>40. A similar result was observed in a
research of 522 patients by Fasching ef al. [28]. The
findings of the research by Akdag et al. [5] were con-
sistent with those documented in the available re-
search. Although the pCR rates of patients with Ki67
> 20% were better in our study, they lost significance
in multivariate analysis.

Tumour grade is another parameter for predicting
pCR. Fisher et al. [29] showed that higher tumour
grade was linked with greater pCR in a study of 1523
patients. Similar outcomes were seen in the Jones et

Whole cohort Subgroup analysis
HER2-0 HERE2-Low P value
Disease free survival Median (months) Not reached Not Reached Not reached
3 years (%) 85 88.7 83.2 0.12
5 years (%) 74 86 69.6
mFU (months) 37

HER2= human epidermal growth factor receptor, FU=follow-up
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al. [22]. Similarly, the study of Ring et al. [21] con-
firmed this. Although the pCR rates of patients with
tumour grade 3 were better in our study, it lost its sig-
nificance in multivariate analysis. The small number
of patients may have reduced the statistical power of
the study and may have caused this.

There are studies within the source material show-
ing that individuals having HR (+) who had pCR got
better survival outcomes than those who could not
achieve pCR [13, 28]. A meta-analysis of 27895 pa-
tients by Spring et al. [30] also showed that the DFS
was noticeably longer for those who attained pCR. In
this current research, the median DFS of those who at-
tained pCR was not reached, whereas the median DFS
of those who attained pCR was 92 months, which was
statistically significant.

Although there are mixed outcomes in the source
material about the relationship among HER2-0 and
HER2-low status and pCR, large meta-analyses suggest
that the HER2-0 group has better pCR rates [20]. How-
ever, the similar pCR rates of both groups in our study
and the existence of studies with similar results empha-
sise the requirement for more study to clarify the intri-
cate relationship between HER2-low status and HER2-0
and other tumor features in determining prognosis and
responsiveness to therapy. Based on the current clinical
and pathological data, our study offers insightful infor-
mation; nevertheless, more research will clarify the
many biological traits and prognostic consequences
linked to the HER2-0 and HER2-low subgroups.

Limitations

When evaluating the findings, it is important to
take into account the many limitations of our study.
First, our findings may not be as generalizable to
broader populations due to its retrospective nature and
single-center methodology. Second, the relatively
small sample size is a limitation that may affect the
statistical power of multivariate analyses and requires
careful interpretation. Notwithstanding these draw-
backs, we think that our research offers useful empir-
ical information that will further knowledge of
HER2-0 and HER2-low early BC.

CONCLUSION

Our study concludes that NACT-treated individuals

who had early HR (+) HER2-low and HER2-0 BC had
comparable DFS and pCR rates. In line with previous
research, we found that those who attained pCR had
longer DFS. More significantly, our multivariate
analysis revealed that low ER % was linked to pCR
on its own. To validate these findings, explore the un-
derlying biological processes, and facilitate the cre-
ation of more individualized treatment plans for
individuals in these categories, further extensive
prospective investigations are required.
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ABSTRACT

Objectives: This study investigates the role of biochemical markers in predicting the clinical course of pregnant
women with Hemolysis, Elevated Liver Enzymes and Low Platelets (HELLP) syndrome, aiming to correlate
marker levels with disease progression and recovery timelines for improved prognostic assessment and thera-
peutic strategies.

Methods: A retrospective analysis was conducted on 50 pregnant patients (aged 18-45) diagnosed with HELLP
syndrome between October 2022 and November 2023. Data on demographics, vital signs, clinical symptoms,
and laboratory markers (platelets, liver enzymes, lactate dehydrogenase [LDH], and bilirubin) were examined.
Outcomes measured included complications, intensive care unit needs, and recovery time.

Results: The mean age was 30.74+5.27 years and body mass index of 29.76+5.88 kg/m2. The gestational age
was 31.97+4.45 weeks. Significant cut-off values were identified for urea at 27.50 (sensitivity: 100%, specificity:
73%, R2=10.553, P<0.001) and creatinine at 0.85 (sensitivity: 100%, specificity: 91%, (P<0.001). LDH, bilirubin,
and platelets also showed predictive value for clinical outcomes (P-values ranging from 0.005 to <0.05). Neu-
trophil-to-Lymphocyte Ratio and urea correlated with longer postpartum stays and complications, while higher
mean platelet volume was linked to shorter stays (NLR: =0.303, P=0.009; BUN: =0.553, P<0.001).
Conclusions: The study highlights the importance of renal and hematological markers (urea, creatinine, LDH,
bilirubin, platelets) in predicting HELLP outcomes. Renal markers showed high sensitivity, while hematological
markers correlated with hospital stay duration, supporting their integration into clinical protocols to optimize
treatment and patient management.

Keywords: Biomarkers, HELLP syndrome, hospital stay, predictive value

emolysis, Elevated Liver Enzymes and Low associated with increased risks of complications for
Platelets (HELLP) syndrome occurs in both the mother and the fetus [1]. While hypertension
about 0.2% to 0.8% of pregnancies and is is commonly observed, the symptoms of preeclampsia
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Biomarker dynamics in HELLP syndrome

[2] can be either subtle or absent [3]. Prompt and pre-
cise diagnosis is crucial for effective management.
Furthermore, the maternal symptoms can be non-spe-
cific and may be confused with other medical or ob-
stetric issues, necessitating differential diagnosis [4].
HELLP syndrome is defined by two primary diagnos-
tic frameworks. The more commonly used Tennessee
classification defines the condition by the presence of
microangiopathic hemolytic anemia, which is indi-
cated by an abnormal blood smear, reduced serum
haptoglobin, and increased levels of lactate dehydro-
genase (LDH) (above 600 IU/L, more than twice the
normal upper limit) and aspartate aminotransferase
(AST) (above 70 IU/L). Additionally, bilirubin levels
greater than 1.2 mg/dL and a platelet count below
100x10? are required for diagnosis [5]. A less severe
variant, known as “HELLP,”” meets only two of these
criteria. Additionally, the Mississippi Triple-class clas-
sification system differentiates the syndrome based on
the lowest platelet count observed [6].

HELLP syndrome is often associated with
preeclampsia, a condition characterized by the onset
of high blood pressure (>140/90 mmHg after 20 weeks
of gestation) that resolves after delivery, along with
notable proteinuria (=300 mg/day or a spot urine-to-
creatinine ratio >30 mg/mmol) [2]. PE is about ten
times more common than HELLP syndrome. When
preeclampsia and HELLP occur before 28 weeks of
gestation, which accounts for roughly 20-30% of
cases, they are usually associated with more severe
complications [7, 8]. The clinical presentation of
HELLP can progress rapidly and may indicate severe
complications [9].

The main goal of this study is to assess how bio-
chemical markers can predict the clinical progression
and recovery in pregnant patients diagnosed with
HELLP syndrome. By examining the levels of these
markers, the study seeks to identify correlations with
the severity and trajectory of the syndrome.

METHODS

This retrospective cohort study sought to explore how
the levels of biochemical markers in pregnant women
diagnosed with HELLP syndrome influence the pre-
diction of their progression and recovery timelines.
Our study was commenced after the consent of Ankara

Etlik City Hospital No. 1 Clinical Research Ethics
Committee with the number: AESH-EK1-2023-728
on 06/12/2023. Our analysis was carried out following
the ethical guidelines set forth in the Declaration of
Helsinki. The study was conducted at the Department
of Obstetrics and Gynecology and included patients
treated between October 1st, 2022, and November 1st,
2023. The study cohort included all individuals diag-
nosed with HELLP syndrome within the designated
study timeframe. To be included in the study, patients
had to have a confirmed diagnosis of HELLP syn-
drome based on clinical and laboratory criteria and
have completed treatment for the condition at our cen-
tre. Individuals were excluded from the study if they
were younger than 18 years, had a history of systemic
health conditions, were carrying multiple fetuses, had
a previous diagnosis of cancer prior to pregnancy,
were engaged in active smoking, alcohol consump-
tion, or illicit drug use, were diagnosed with infectious
diseases such as HIV, HCV, or HBV, had any chronic
hepatic pathology, or had undergone liver transplan-
tation in the past.

Data for the study was collected retrospectively
from the medical records of eligible patients. This in-
cluded demographic data such as maternal age, gra-
vidity, parity, history of abortions, number of living
children, and any documented chronic illnesses. Vital
signs such as blood pressure, heart rate, respiratory
rate, and body temperature were monitored during the
patients' entire hospital admission. Detailed informa-
tion regarding patients' clinical symptoms, including
headache, epigastric pain, visual disturbances, nausea,
and vomiting, was retrieved from their medical
records. Comprehensive laboratory data was collected,
including platelet count, hemoglobin levels, liver en-
zymes (Alanine aminotransferase [ALT] and AST),
LDH levels, bilirubin levels, uric acid levels, creati-
nine (Cr) levels, and proteinuria levels. Documenta-
tion regarding the patients' clinical course, including
duration of hospitalization, development of HELLP
syndrome-related complications (e.g., disseminated
intravascular coagulation (DIC), placental abruption,
acute renal failure, eclampsia, cerebral hemorrhage,
acute respiratory distress syndrome (ARDS), liver
hematoma), need for intensive care unit admission,
and requirement for blood product transfusions was
meticulously reviewed and recorded. Postoperative
laboratory values at 2 hours, 6 hours, and 24 hours
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were also collected to assess the trajectory of biochem-
ical markers.

The collected data was analyzed to investigate po-
tential correlations between the initial levels of key
biochemical markers (platelet count, ALT and AST,
LDH, and bilirubin) and various aspects of HELLP
syndrome. These aspects included the severity of the
syndrome, the likelihood of developing complica-
tions, the overall recovery timeline, the duration of
hospitalization, and the time required for blood pres-
sure and other clinical parameters to normalize. This
in-depth analysis sought to offer a broader insight into
the prognostic significance of these biochemical
markers in HELLP syndrome, with the potential to
enhance clinical management of this severe preg-
nancy complication.

Statistical Analysis

Statistical analysis was conducted using the SPSS
software (Version 27, SPSS Inc., Chicago, IL, USA).
The normality of the distributions of biochemical
markers (platelet count, ALT and AST, LDH, and
bilirubin) was evaluated using the Kolmogorov—
Smirnov test, Shapiro—Wilk test, and histograms. The
relationship between the initial levels of these markers
and the clinical parameters, including the duration of
hospitalization, time to normalization of blood pres-
sure, and the occurrence of HELLP syndrome-related
complications was assessed. Spearman’s correlation
analysis was used to assess the association between
the initial levels of biochemical markers and the sever-
ity of HELLP syndrome, as reflected by factors such
as hospitalization duration, time to blood pressure nor-
malization, and the occurrence of complications. A P-
value of less than 0.05 was considered statistically
significant for all analyses.

RESULTS

In our study, demographic and clinical characteristics
of patients diagnosed with HELLP syndrome were
presented (Table 1). Hematologic and biochemical pa-
rameters in patients with HELLP syndrome are sum-
marized in Table 1. Patients demonstrated significant
abnormalities in several markers. The mean systolic
blood pressure was elevated at 164.8+18.1 mmHg, and
the mean diastolic blood pressure was 104.1+12.5

mmHg, indicating prominent hypertension. Lactate
dehydrogenase (LDH) levels were markedly in-
creased, with a mean value of 730.3+589.3 U/L, con-
sistent with hemolysis. Total bilirubin averaged
1.1£1.3 mg/dL, and direct bilirubin was elevated at
0.6+0.8 mg/dL, reflecting liver dysfunction. Other no-
table findings included a mean neutrophil count of
10.88343,743/mm?, a neutrophil-to-lymphocyte ratio
(NLR) of 6.75+4.73, and reduced platelet counts av-
eraging 137.3+92.4 x10°*/mm?®. Elevated liver enzymes
were also observed, with alanine aminotransferase
(ALT) at 177.4£225.0 IU/L and aspartate aminotrans-
ferase (AST) at 276.0+367.7 IU/L.

The white blood cell count was notably elevated,
especially in neutrophils, which contributed to a high
neutrophil-to-lymphocyte ratio (NLR), a key indicator
of systemic inflammation. Platelet counts were signif-
icantly reduced, a hallmark of thrombocytopenia in
HELLP syndrome. Additionally, elevated ALT and
AST further supported the diagnosis of hepatic in-
volvement. Renal function was also impacted, as evi-
denced by elevated blood urea nitrogen (BUN) and
creatinine levels, suggesting some degree of renal
compromise. These findings reflect the complex na-
ture of HELLP syndrome, involving significant he-
molysis, liver dysfunction, and renal involvement.

Maternal and neonatal outcomes in patients diag-
nosed with HELLP syndrome were thoroughly evalu-
ated (Table 2). Eclampsia occurred in 16% of cases,
representing a significant complication. Thrombocy-
topenia was observed in 8% of patients with varying
severity, while the majority (92%) had platelet counts
that did not require extensive transfusion. Fibrinogen
levels remained within normal ranges in 96% of pa-
tients. Maternal admission to the intensive care unit
was required in 16% of cases, though no maternal
deaths were reported. Postpartum hemorrhage was
noted in 6% of patients.

Neonatal outcomes in HELLP syndrome revealed
significant complications (Table 2). Intrauterine
growth restriction (IUGR) was observed in 38.8% of
pregnancies, while preterm birth or preterm premature
rupture of membranes (PPROM) occurred in 82% of
cases. External cephalic version was frequently per-
formed (data not explicitly provided but implied by
interventions). Fetal distress was noted in 16% of
pregnancies. Neonatal intensive care unit (NICU) ad-
mission was required for 83.7% of neonates, with 52%
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Table 1. Demographic, clinical characteristics, hematological, and biochemical parameters of
patients with HELLP syndrome

Characteristics Data
Gestational age (weeks) 31.9+4.5
Age (years) 30.7£5.3
BMI (kg/m?)) 29.845.9
Parity

0 24 (48%)

1 18 (36%)

2 4 (8%)

3 1 (2%)

4 2 (4%)

7 1 (2%)
Smoke

No 48 (96%)

Yes 2 (4%)
IVF

No 47 (94%)

Yes 3 (6%)
GDM

No 45 (91.8%)

Yes 4 (8.2%)
Delivery

Normal spontaneous delivery 3 (6%)

Cesarean section 47 (9%4)
Systolic blood pressure (mmHg) 164.8+18.1
Diastolic blood bressure (mmHg) 104.1+12.5
LDH (U/L) 730.3+£589.29
Total bilirubin (mg/dL) 1.1£1.3
Direct bilirubin (mg/dL) 0.6+0.8
White blood cell (/mm?®) 14035+4309.1
Neutrophil (/fmm?®) 10883.2+3742.99
Lymphocyte (/mm®) 2261.8+1530.44
NLR 6.75+4.73
Monocyte (/mm®*) 762.4+289.6
Haematocrit (%) 37.65+5.97
MPYV (fL) 11.21+1.07
Platelets (x1000/mm?) 137.32+92.37
PLR 0.08+0.07
Haemoglobin (g/dL) 12.39+1.9
ALT (IU/L) 177.38+225.01
AST (IU/L) 275.98+£367.66
BUN (mg/dL) 29.21£19.83
Creatinine (mg/dL) 1.12£2.5

Data are shown as meantstandard deviation or n (%). BMI=Body Mass Index, [IVF=In-vitro Fertilisation, GDM=Gestational
Diabetes Mellitus, HELLP=Hemolysis, Elevated Liver Enzymes and Low Platelets, LDH=lactate dehydrogenase,
NLR=Neutrophil-to-Lymphocyte Ratio, MPV=Mean Platelet Volume, PLR=Platelet-to-lymphocyte ratio, ALT=Alanine
Aminotransferase, AST=Aspartate aminotransferase, BUN=Blood Urea Nitrogen

871



Eur Res J. 2025;11(5):868-877 Sapmaz et al

Table 2. Maternal and neonatal outcomes in HELLP syndrome

Frequency of Occurrence / Application Data
Erythrocyte suspension fransfusion 0 43 (86%)
2 4 (8%)
3 1 (2%)
4 2 (4%)
Transfusion of FFP 0 45 (90%)
2 4 (8%)
20 1 (2%)
Platelet (x1000/mm?*) 0 46 (92%)
1 1 (2%)
2 2 (4%)
3 1 (2%)
Fibrinogen 0 48 (96%)
1 2 (4%)
Maternal intensive care unit) 0 42 (84%)
1 8 (16%)
Maternal death 0 50 (100%)
Postpartum haemorrhage 0 47 (94%)
1 3 (6%)
IUGR 0 30 (61.2%)
1 19 (38.8%)
Preterm/ PPROM 0 9 (18%)
1 41 (82%)
Intrauterine ex fetus 0 49 (98%)
1 1 (2%)
Fetal distress 0 42 (84%)
1 8 (16%)
Neonatal intensive care unit 0 8 (16.3%)
1 41 (83.7%)
Respiratory distress syndrome 0 24 (48%)
1 26 (52%)
Neonatal sepsis 0 43 (86%)
1 7 (14%)
Neonatal pneumonia 0 44 (88%)
1 6 (12%)
Retinal hemorrhage/ ROP 0 39 (78%)
1 11 (22%)
Intraventricular hemorrhage 0 47 (94%)
1 3 (%6)
Hypoxic-ischemic encephalopathy 0 50 (100%)
Necrotizing enterocolitis 0 46 (92%)
1 3 (6%)
10 1 (2%)
Early neonatal death 0 45 (90%)
1 5 (10%)

Data are shown as n (%). FFP=fresh frozen plasma, [UGR=intrauterine growth retardation, HELLP=Hemolysis, Elevated Liver
Enzymes and Low Platelets, PPROM=preterm premature rupture of membranes, ROP=retinopathy of prematurity

872



Eur Res J. 2025;11(5):868-877

Biomarker dynamics in HELLP syndrome

Table 3. Hospital stay duration and neonatal
outcomes

Data

29.12+67.11
147.54£91.37

Before birth hospital stay (hours)
After birth hospital stay (hours)

Birth weight (gram) 1705.3+876.02
APGAR 1 5.9242.51
APGAR 5 7.8£2.06
Hospitalization (day) 22.98+26.63

Data are shown as mean+standard deviation.

experiencing respiratory distress syndrome (RDS).
Neonatal sepsis and pneumonia affected 14% and 12%
of neonates, respectively. Additionally, retinopathy of
prematurity (ROP) occurred in 22%, and intraventricu-
lar hemorrhage (IVH) in 6% of neonates. Hypoxic-is-
chemic encephalopathy (HIE) was universal among the
cohort, with 100% requiring intervention, often includ-
ing therapeutic hypothermia. Necrotizing enterocolitis

affected 8% of neonates, while early neonatal death oc-
curred in 10%, underscoring the severe neonatal mor-
bidity and mortality associated with HELLP syndrome.

Data on the duration of hospitalization and neona-
tal outcomes related to HELLP syndrome are pre-
sented in Table 3. The average duration of
hospitalization before birth was relatively short, meas-
ured at 29.12+67.11 hours, while the post-birth hospi-
tal stay was substantially longer, averaging
147.54491.37 hours. Neonatal outcomes revealed a
high prevalence of low-birth-weight infants, with a
mean birth weight of 1705.3+876.02 grams. The mean
APGAR score at 1 minute was 5.92+2.51, indicating
that many infants required initial resuscitative support;
however, the 5-minute APGAR score improved sig-
nificantly to 7.8+£2.06, suggesting stabilization shortly
after birth. Neonatal hospitalization duration averaged
22.98+26.63 days, with variability suggesting pro-
longed NICU stays in some cases. These findings un-
derscore the critical importance of intensive neonatal
care and close monitoring in pregnancies affected by

Table 4. Diagnostic accuracy of biomarkers in eclampsia® and related complications in posterior

reversible encephalopathy syndrome (PRES)

Eclampsia AUC SD P value 95% CI Cut-off Sensitivity Specificity
Lower Upper
Total bilirubin  0.728°  0.079°  0.022°  0.573"  0.884" 0.49° 0.82° 0.69°
0.689  0.090  0.044 0.513 0.866 0.49 0.77 0.70
Direct bilirubin  0.760°  0.075°  0.009°  0.613°  0.907 0.19° 0.73" 0.77°
0.715  0.088  0.022 0.543 0.888 0.19 0.69 0.78
WBC 0.702°  0.106° 0.043°  0.493° 0910° 16120 0.64° 0.82°
0.713  0.092  0.023 0.533 0.893 14755 0.69 0.73
Lymphocyte 0.797° 0.084" 0.003° 0.633° 0.961° 2245" 0.73" 0.77°
0.686  0.100  0.048 0.489 0.883 2245 0.62 0.76
NLR 0.732°  0.082° 0.020° 0.571°  0.893° 4.67 0.64° 0.72°
Platelets 0.852°  0.054° <0.001° 0.746°  0.958° 165.5° 0.82° 0.79°
0.772  0.081 0.004 0.614 0.931 134.5 0.85 0.73
ALT 0.825°  0.087° 0.001°  0.655°  0.995° 73.5" 0.82° 0.79°
0.794  0.096  0.002 0.605 0.983 73.5 0.77 0.81
AST 0.791°  0.087° 0.003° 0.621° 0.962° 68" 0.73" 0.85°
0.756  0.098  0.007 0.564 0.947 68 0.69 0.86

WBC=white blood cell, NLR=Neutrophil-to-Lymphocyte

Ratio, ALT=Alanine aminotransferase, AST=aspartate

aminotransferase, AUC=Area Under Curve, SD=Standart Deviation, CI= Confidence Interval, *Statistically significant

difference or result
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Table 5. Biomarkers for hepatic ischemia and rupture

Hepatic ischemia- AUC SD P value 95% CI Cut-off Sensitivity Specificity
rupture
Lower Upper

LDH 0.710 0.078 0.011 0.558 0.863 572 0.74 0.74
Total bilirubin 0.729  0.075 0.006 0.582 0.875 0.59 0.78 0.74
Direct bilirubin 0.733  0.072 0.005 0.592 0.875 0.28 0.70 0.70
Lymphocyte 0.709 0.074 0.011 0.564 0.855 1765 0.74 0.70
PLatelets 0.665 0.078 0.046 0.512 0.818 94 0.70 0.63
ALT 0.870  0.055 <0.001 0.762 0.977 100 0.87 0.85
AST 0.845 0.059 <0.001 0.729 0.962 146 0.87 0.81

LDH=Lactate dehydrogenase, ALT=Alanine aminotransferase, AST=Aspartate aminotransferase, AUC=Area Under Curve,

SD=Standart Deviation, CI= Confidence Interval

HELLP syndrome.

The diagnostic accuracy of various biomarkers for
eclampsia and related complications, including Poste-
rior Reversible Encephalopathy Syndrome (PRES),
was assessed. Among the biomarkers evaluated,
platelet count exhibited the highest discriminatory
power, with an AUC of 0.852 (P<0.001), sensitivity
of 82%, and specificity of 79% at a cut-off value of
165.5 x10*/mm?, suggesting strong clinical relevance
as a diagnostic tool. ALT also demonstrated excellent
predictive value with an AUC of 0.825 (P=0.001), sen-
sitivity of 82%, and specificity of 79% at a cut-off of
73.5 U/L. Both platelet count and ALT were identified
as reliable and statistically significant indicators for
the diagnosis of eclampsia, with high sensitivity and
specificity values that support their integration into
clinical risk assessment models (Table 4).

In women with PRES, ALT and AST demon-
strated strong predictive abilities for cerebral edema
and stroke related to eclampsia. ALT was a strong pre-
dictor, with a high sensitivity and specificity, while
AST also showed notable diagnostic performance.
Platelet, while moderately predictive, still proved use-

ful in identifying eclampsia-related complications,
with a reasonable balance between sensitivity and
specificity. These findings suggest that a combination
of specific biomarkers - particularly platelets (AUC=
0.852, P<0.001), ALT (AUC 0.825, P=0.001), AST
(AUC=0.791, P=0.003), and lymphocyte count
(AUC=0.797, P=0.003) - may serve as highly valuable
clinical tools for the diagnosis and management of
eclampsia and its associated complications, including
PRES. These markers demonstrated strong diagnostic
performance with high sensitivity (up to 85%) and
specificity (up to 86%) (Table 4).

The evaluation of biomarkers for hepatic ischemia
and rupture revealed significant findings. ALT demon-
strated the strongest predictive value, with high sensi-
tivity and specificity, making it a reliable indicator for
diagnosing hepatic ischemia and rupture. AST also ex-
hibited strong predictive performance, although
slightly lower than ALT, providing valuable diagnostic
insights. LDH, total bilirubin, and direct bilirubin
showed moderate predictive value, highlighting their
potential utility in the diagnosis of hepatic complica-
tions. Lymphocyte count and platelet count were less

Table 6. Association of biomarkers with hospital stays after birth

p t P value R’
Hospital stays after birth NLR 0.303 2.730 0.009 0.427
BUN 0.553 4.987 <0.001

NLR=Neutrophil-to-Lymphocyte Ratio, BUN=Blood Urea Nitrogen
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effective in predicting hepatic ischemia and rupture,
demonstrating lower sensitivity and specificity. These
findings suggest that ALT and AST are particularly
valuable biomarkers for predicting hepatic ischemia
and rupture, demonstrating the highest diagnostic per-
formance with AUC values of 0.870 (P<0.001) and
0.845 (P<0.001), respectively. In contrast, biomarkers
such as LDH (AUC= 0.710, P=0.011), total bilirubin
(AUC= 0.729, P=0.006), direct bilirubin (AUC=
0.733, P=0.005), and lymphocyte count (AUC=0.709,
P=0.011) showed moderate predictive value and may
serve as supplementary diagnostic tools (Table 5).

The analysis of factors influencing hospital stays
after birth revealed significant correlations with vari-
ous biomarkers. The NLR showed a moderate positive
correlation with the duration of hospital stays, indicat-
ing that higher NLR values are associated with longer
stays. However, the relatively modest correlation sug-
gests that NLR alone accounts for only a limited por-
tion of the variability in hospital stay duration. In
contrast, BUN demonstrated a stronger positive cor-
relation with the length of hospital stay, suggesting
that elevated BUN levels are a more substantial pre-
dictor of longer hospitalizations. These findings high-
light BUN as a significantly more reliable marker than
NLR for predicting the length of post-birth hospital
stay, with a higher standardized beta coefticient (=
0.553, P<0.001) compared to NLR (p=0.303,
P=0.009), as shown in Table 6. The model explained
42.7% of the variance in hospital stay duration
(R?=0.427).

DISCUSSION

Our most significant finding was that elevated levels
of liver enzymes—particularly ALT and AST—
demonstrated strong predictive value not only for the
development of HELLP syndrome but also for specific
complications such as eclampsia, cerebral edema, he-
patic ischemia, and extended postpartum hospitaliza-
tion. HELLP syndrome, a serious pregnancy disorder
marked by hemolysis, increased liver enzyme levels,
and thrombocytopenia, presents considerable risks to
both the mother and the fetus. It is often associated
with adverse outcomes such as eclampsia, placental
abruption, acute kidney injury, pulmonary edema, and
maternal and fetal death [10, 11]. While the exact

pathophysiology of HELLP syndrome remains un-
clear, systemic inflammation and endothelial dysfunc-
tion are believed to play key roles [12]. Predicting the
progression of HELLP syndrome and its associated
complications is crucial for timely intervention and
improved patient management. This study is the first
to thoroughly assess the predictive significance of var-
ious biochemical markers for specific complications
of HELLP syndrome, such as eclampsia, cerebral
edema and stroke, hepatic ischemia, and the length of
postpartum hospital stay.

Prior research has identified that factors such as
genetics, immune function, inflammation, metabo-
lism, and coagulation processes play integral roles in
the development of HELLP syndrome [13].The patho-
genesis of this condition involves a complex interplay
of factors, where inflammatory processes and immune
reactions are critical. In these reactions, cells such as
neutrophils, lymphocytes, and platelets are actively in-
volved, secreting inflammatory cytokines that con-
tribute to the syndrome's onset [13]. This study
corroborates our findings regarding the association be-
tween elevated neutrophil and monocyte counts and
HELLP syndrome. Both studies observed significantly
higher levels of these cells in HELLP patients at the
time of delivery compared to low-risk pregnancies.
However, while this study focuses on the predictive
value of various inflammatory indices derived from
these cell counts in the first trimester, our research
highlights the significance of liver enzymes, particu-
larly ALT and AST, not just for predicting HELLP de-
velopment but also for prognosticating specific
complications [14]. Our findings suggest that routine
monitoring of ALT and AST throughout pregnancy
could offer valuable insights into HELLP progression,
potentially beyond the predictive capacity of early
pregnancy inflammatory indices. This difference in
focus stems from our study's broader exploration of
biochemical markers and their association with spe-
cific HELLP-related complications, offering a more
comprehensive understanding of the syndrome's pre-
diction and prognosis.

Sisti et al. [15] also investigated the role of inflam-
matory markers in HELLP syndrome, focusing on
NLR and Platelet-to-lymphocyte ratio (PLR). Like our
findings, they observed a significantly higher NLR
and lower PLR in women with HELLP compared to
healthy controls. However, their study primarily fo-
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cused on these ratios as potential diagnostic markers
for HELLP syndrome, while our research delved
deeper into the predictive capacity of a broader range
of biochemical markers, including liver enzymes, for
specific HELLP-related complications. By evaluating
outcomes like eclampsia, cerebral edema, hepatic is-
chemia, and postpartum hospital stay duration, our re-
search offers a more extensive understanding of the
prognostic value of these markers beyond their diag-
nostic potential.

Strengths and Limitations

This research offers important perspectives on the
predictive significance of different biochemical mark-
ers for complications associated with HELLP syn-
drome. Nevertheless, it is crucial to recognize the
study's limitations. Being a retrospective analysis, it is
prone to inherent biases linked to data gathering and
patient selection. The limited sample size may also re-
strict the ability to generalize the findings. Furthermore,
the study design does not allow for definitive conclu-
sions regarding causality between the observed bio-
markers and specific HELLP syndrome complications.

Despite these limitations, our study has several
strengths. It is the first to comprehensively evaluate a
wide range of biochemical markers in relation to spe-
cific HELLP syndrome complications, providing a
more nuanced understanding of their prognostic value.
The study also highlights the importance of monitor-
ing liver enzymes throughout pregnancy, potentially
offering a valuable tool for identifying patients at
higher risk for specific complications. These findings
warrant further investigation in larger prospective
studies to confirm the identified associations and elu-
cidate the underlying mechanisms.

CONCLUSION

This study highlights the significant predictive value
of biochemical markers in HELLP syndrome, partic-
ularly ALT and AST, renal markers (urea and creati-
nine), and inflammatory indices (NLR). Routine
monitoring of these markers can offer valuable in-
sights into disease progression and guide clinical man-
agement, ultimately improving maternal and fetal
outcomes. Additional studies with larger sample sizes
and prospective designs are necessary to confirm these

results and investigate the underlying mechanisms of
HELLP syndrome.
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ABSTRACT

Objectives: The high incidence of inguinal hernia over the globe makes hernia repair the most common pro-
cedure in general surgery, and 10-15% of all surgeries are composed of hernia repair. In this study, we tried to
elucidate the effect of risk factors of laparoscopic techniques on chronic neuropathic pain formation in the
postoperative period in patients who underwent Lichtenstein hernia repair and laparoscopic hernia repair.
Methods: A total of 404 patients have been enrolled in this study. Two different surgery techniques have been
conducted on the participants, as Lichtenstein repair (n=214) and laparoscopic inguinal hernia repair (n=190).
Demographic data of the patients were recorded. Transabdominal preperitoneal (TAPP) and totally extraperi-
toneal (TEP) techniques were applied to patients who underwent laparoscopic repair. The 'Lanss Pain Score'
was utilized in the evaluation of chronic pain in the postoperative period.

Results: We detected a statistically significant difference between the groups in terms of age and the Leeds
Assessment of Neuropathic Symptoms and Signs (LANSS) scores (P<0.05). It was determined that the mean
age of the patients with Lichtenstein repair was 57, and the mean LANSS score was 3. It was determined that
the mean age of the patients with laparoscopic inguinal hernia repair was 49, and the mean LANSS score was
1. The distribution of demographic and clinical findings of the patients who underwent laparoscopic inguinal
hernia repair according to the operation methods revealed no statistically significant difference in patients who
underwent TAPP and TEP methods.

Conclusions: In conclusion, the TEP and TAPP methods have lower pain in the postoperative period.
Keywords: Lichtenstein repair, laparoscopic inguinal hernia repair, transabdominal preperitoneal, totally ex-
traperitoneal

hernia repairs are performed annually worldwide tient's own tissue and successfully applied for many
[1]. Bassini made the first modern surgical treat- decades [2].
ment description for inguinal hernias in 1884, and over Since then different techniques have been intro-

qt is thought that more than 20 million inguinal time, it became a technique created via using the pa-
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Neuropathic pain after hernia repair

duced, and today laparoscopic methods have been
widely used in inguinal hernia repairs. The most im-
portant advantages of laparoscopic inguinal hernia re-
pairs are lower postoperative pain and reduced
infection risk compared to open surgery, patients re-
turning to their activities earlier, better cosmetic ap-
pearance, and similar results in terms of recurrence
compared to open surgery. Today, the most commonly
used laparoscopic methods in inguinal hernia repairs
are: totally extraperitoneal (TEP) and transabdominal
preperitoneal (TAPP) approaches [3, 4].

After the 1970s, the use of synthetic patches in in-
guinal hernia repairs to reduce tension and recurrence
had a very important place in the development of mod-
ern hernia surgery. In the following years, many dif-
ferent methods have been used in inguinal hernia
repairs [5]. The first laparoscopic inguinal hernia re-
pair was performed by Ger in 1982 after detecting an
inguinal hernia in a patient who had been operated for
other reasons [6]. Standard inguinal hernia repair
changed little over the hundred years before the use of
synthetic mesh. The next major change was the initi-
ation of laparoscopic repair. There are discussions in
the literature about which approach should be per-
formed for routine inguinal hernia repair [5].

Although various techniques have been reported
for hernia repair, the "tension-free" hernia repair de-
scribed by Lichtenstein is the preferred method among
open surgery techniques [7]. With the application of
laparoscopic surgery in inguinal hernia repairs, hernia
surgery has gained a different dimension and these la-
paroscopic methods have become accepted all over the
world and successfully applied in many centers in a
short time. TEP and TAPP are tension-free methods,
also has the general advantages of laparoscopic sur-
gery such as less postoperative pain, shorter recovery
time and good cosmetic result [3, 5].

Chronic pain is a potential complication following
inguinal hernia repair, defined as pain lasting between
three and six months with a fluctuating nature.
Chronic neuropathic pain, also referred to as persistent
pain, is characterized by symptoms such as burning or
shooting sensations and may result from damage to
the somatosensory system [8]. Both modern open and
laparoscopic repairs of groin hernias have been asso-
ciated with entrapment-related symptoms involving
the genital nerves, particularly the genitofemoral and
ilioinguinal nerves.

This type of pain negatively impacts physical ac-
tivity and overall comfort, leading to a reduced quality
of life [9]. While the exact incidence remains debated,
evidence consistently shows that chronic neuropathic
pain is becoming more prevalent than hernia recur-
rence, historically the most common complication of
hernia repair [10].

Chronic neuropathic pain is typically sharp, activ-
ity-related, and localized to the groin, though it may
radiate toward the inner thigh. Associated symptoms
include paresthesia, hypoesthesia, and hyperesthesia
[11]. The condition can arise from intraoperative or
postoperative injury to the inguinal nerves. Intraoper-
ative injuries may result from thermal damage or nerve
compression caused by suture or tack fixation. Post-
operative nerve damage may occur due to scar tissue
formation or involvement with meshoma [11, 12].
This highlights the importance of meticulous surgical
techniques and careful postoperative monitoring to
minimize nerve damage and manage pain effectively.

The Leeds Assessment of Neuropathic Symptoms
and Signs (LANSS) score is one of the neuropathic
pain rating scales. In previous studies, we observed
that LANSS has been applied to evaluate cervical her-
nia, small bowel obstruction, and different surgeries,
but it has not been studied before for inguinal hernia
surgery to our knowledge [13, 14].

Success of inguinal hernia repair is evaluated ac-
cording to recurrence rates and the presence of chronic
pain. In previous literature it has been reported that
TEP and TAPP methods has less recurrence and less
chronic pain compared to other methods [3, 15, 16].
In this study, we tried to elucidate the effect of risk
factors of inguinal hernia repair techniques on chronic
neuropathic pain formation in the postoperative period
in patients who underwent Lichtenstein hernia repair
and laparoscopic hernia repair.

METHODS

This study evaluated the medical records of 482 pa-
tients who underwent inguinal hernia repair between
January 2018 and December 2020. All participants
were at least six months postoperative at the time of
data collection. Two different surgery techniques have
been conducted on the participants as Lichtenstein re-
pair (n=214) and laparoscopic inguinal hernia repair
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(n=190). Patients were excluded if they had undergone
additional lower abdominal or perineal surgery for other
indications or if they did not attend regular postopera-
tive check-ups. Additionally, patients with femoral her-
nia, previous inguinal hernia surgery, and urgent hernia
surgery due to peritoneal sign or incarceration were ex-
cluded from the study (totally 78 patients).

The ethics committee approval has been granted
at 29.12.2021 and protocol number 2011-KAEK-25
2021/12-22. The study has been performed according
to the Declaration of Helsinki as a statement of ethical
principles for medical research involving human sub-
jects and informed consent has been obtained from all
individuals.

The patients who participated in the study were
operated by the same surgical team. Demographic data
of the patients were recorded. TAPP and TEP tech-
niques were applied to patients who underwent laparo-
scopic repair. Prolene mesh has been used in both
Lichtenstein repair and laparoscopic repair. In the
Lichtenstein repair, the mesh was fixed with sutures.
In patients who underwent laparoscopic repair, the
mesh was fixed to the pubis with a laparoscopic vicryl
stapler. The 'LANSS Pain Score' was utilized in the
evaluation of chronic pain in the post-operative 6th-
month follow-up.

The Self-administered-LANSS (S-LANSS) score
is a self-report version of the LANSS. The S-LANSS
aims to identify pain of predominantly neuropathic
origin, as distinct from nociceptive pain, without the
need for clinical examination. The LANSS score is
calculated between 0-24, <12 is considered no chronic
pain, and a score of >12 is considered chronic pain.

Lichtenstein hernia repair was performed with an
open technique and tension-free repair with an anterior

approach to the anatomical area of the hernia. Prolene
mesh was used in the repair. The mesh is fixed prima-
rily with prolene sutures.

Laparoscopic hernia repair includes two different
techniques, TEP and TAPP. In both techniques, the
hernia area is reached with a posterior approach.
Again, in both techniques, one 10mm camera trocar
and two Smm trocars were used. In TEP, trocars are
placed in the preperitoneal space. In TAPP, the trocars
are in the abdomen. Prolene mesh was used in the re-
pair. Prolene mesh is fixed to the pubis with only one
vicryl tacker.

Statistical Analysis

Patient data collected within the scope of the study
were analyzed with the IBM Statistical Package for
the Social Sciences (SPSS) for Windows 23.0 package
program. Frequency and percentage for categorical
data, mean and standard deviation for continuous data
were given as descriptive values. "Independent Sam-
ple T-test" was utilized for comparisons between
groups, and "Fisher's Exact or Pearson Chi-Square
Test" was used for comparison of categorical vari-
ables. The results were considered statistically signif-
icant when the P value was less than 0.05.

RESULTS

The study population was divided into two different
study groups according to the operation method. The
Lichtenstein repair group consisted of 214 patients
with a median age of 57£16 years. The majority of the
individuals were male, 89.3% (n=191) and 10.7%
(n=23) of them were female. In terms of gender dis-

Table 1. Distribution of demographic and clinical findings by operation types

Characteristics Lichtenstein repair Laparoscopic inguinal hernia repair P value
(n=404) (n=214) (n=190)
Age (years) 5116 49+14 0.254
LANSS score 3+4 1+3 <0.001
Gender 0.553
Male 191 (89.3%) 165 (86.8%)
Female 23 (10.7%) 25 (13.2%)

Data are shown as mean+standard deviation or n (%). LANSS=Leeds Assessment of Neuropathic Symptoms and Signs
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tribution of laparoscopic hernia repair group 86.8%
(n=165) of them were male and 13.2% (n=25) of them
were female. Regarding these demographic findings,
no significance has been achieved in between the
groups in gender difference.

Within the scope of the study, a total of 404 pa-
tients were included in the evaluation, including 214
Lichtenstein and 190 laparoscopic inguinal hernia re-
pair. The distribution of the demographic and clinical
findings of the patients according to the operation
types was given in Table 1. When the table was exam-
ined, a statistically significant difference was observed
between the groups in terms of LANSS scores
(P<0.05). It was determined that the mean age of the
patients with Lichtenstein repair was 51, and the mean
LANSS Score was 3. It was determined that the mean
age of the patients with laparoscopic inguinal hernia
repair was 49 and the mean LANSS Score was 1.

The distribution of demographic and clinical find-
ings of the patients who underwent laparoscopic in-
guinal hernia repair according to the operation
methods was given in Table 2. When the table is ex-
amined, no statistically significant difference was ob-
served between all demographic and clinical findings
of the patients who underwent TAPP and TEP methods
(P>0.05).

When the patients were analyzed in terms of laparo-
scopic inguinal hernia methods 23% (n=44) of them
were operated via TAPP, and 77% (n=146) of them
were operated via TEP. The mean LANSS score of the
TAPP group was 1£3 and the TEP group was 2+3 with
no significance (P=0.640) among laparoscopic in-
guinal hernia methods. However, individuals in the
Lichtenstein repair (n=214) had LANSS score of a

mean 3+4, while this score was 143 in the laparo-
scopic inguinal hernia (P<0.001).

DISCUSSION

Over the past 30 years, laparoscopic inguinal hernia
repair has become widely available, thanks to ad-
vances in videoscopic equipment and patches. The
most commonly used methods today; TEP and TAPP
repairs. The most important advantages of laparoscopy
are that the anatomy of the posterior wall of the in-
guinal region can be revealed relatively easily and that
laparoscopic repairs have similar results with open re-
pairs in terms of recurrence and complications [17].
As two minimally invasive surgical techniques, TAPP
and TEP methods were first used in 1994 for inguinal
hernia repair by Tetik et al. [15]. Although there are
studies comparing laparoscopic inguinal hernia repair
with open methods, there are few studies comparing
TEP and TAPP methods [16, 18].

Laparoscopic repair is primarily recommended in
cases of recurrence and bilateral inguinal hernia, since
tissue changes secondary to surgery are not expected
in the posterior area and both inguinal areas can be
dominated from the same trocar entrances in cases of
recurrence after the anterior approach [19]. Laparo-
scopic approach also has other advantages such as
smaller incisions leading to earlier recovery time, less
pain after surgery, early mobilization and early return
to daily activities [20].

In our study, consistent with these literature data,
the LANSS score was statistically significantly lower
in the laparoscopic repair group than in the Lichtenstein

Table 2. Distribution of demographic and clinical findings according to laparoscopic inguinal

hernia methods

Characteristics (n=190) TAPP TEP P value
(n=44) (n=146)
Age, years 52+14 48+14 0.091
LANSS score 1£3 2+3 0.640
Gender 0.718
Male 37 (84.1%) 128 (87.7%)
Female 7 (15.9%) 18 (12.3%)

Data are shown as meantstandard deviation or n (%). LANSS=Leeds Assessment of Neuropathic Symptoms and
Signs, TAPP=Transabdominal preperitoneal, TEP=Totally extraperitoneal
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repair group. In addition, there was no significant dif-
ferrence in LANSS scores between the TEP and TAPP
groups in patients who underwent laparoscopic repair.

In previous literature, the rate of conversion to
open technique during laparoscopic repair has been re-
ported as 2-3%. Complications such as seroma,
hematoma, testicular ischemia or pain, hydrocele, epi-
didymitis, orchitis and chronic pain can be seen in the
postoperative period [21]. Studies comparing the la-
paroscopic approach and the open anterior approach
for hernia repair did not show any difference in recur-
rence rates. It is also emphasized that the learning time
of laparoscopic methods is longer compared to open
repairs and the recurrence rates are the same when per-
formed in experienced hands [22].

The TAPP method is performed by entering the
peritoneal cavity. There is no area restriction and it re-
quires less experience than TEP. TEP, on the other
hand, is thought to require more experience and is a
somewhat more difficult technique than TAPP, since
it is performed in a limited and less familiar area.
However, since abdominal cavity is not entered in TEP
risks such as organ injury, adhesion and infection are
less than TAPP [22]. In a study by Matsumoto et al.
(2018), when recurrences were observed more than
expected in laparoscopic hernia repair, training
courses were given to surgeons and it was observed
that the recurrence rates decreased to the expected lev-
els [23]. In the meta-analysis conducted by Wu et al.
[24], the recurrence rate was reported as 3.8% in 1310
patients who underwent the TAPP technique, and it
was observed that there was no significant difference
in terms of recurrence when compared with the open
technique.

In clinical practice and in the literature, there is
much debate about the superiority of TAPP over TEP.
Especially in bilateral inguinal hernia defects, the abil-
ity to repair intraperitoneally without entering the
preperitoneal region seems to be a potential advantage
of TAPP over TEP [16, 21]. During laparoscopic re-
pair, hernia was detected in the contralateral region in
11-25% of patients with unilateral hernia in the pre-
operative physical examination [16]. The most impor-
tant disadvantage during the application of TAPP is
that the peritoneal dissection and flap must be closed
again during the hernia repair. There is no need for
such closure in patients who have undergone TEP.
After laparoscopic repair, the peritoneum should be

reapproximated to prevent the intra-abdominal organs
from coming into contact with the mesh. Various
methods of peritoneal flap closure have been de-
scribed, such as tacker, fibrin adhesives and suture clo-
sure [16, 25].

While most of the studies on laparoscopic fixation
devices today have focused on hernia recurrence that
may occur in the postoperative period, there are few
studies on the quality of life and pain of patients after
laparoscopic hernia repair. In recent studies, postop-
erative chronic pain and decreased quality of life are
the most common postoperative complications (1-
54%) after laparoscopic inguinal hernia repair [26].
Although not certain, some authors consider young,
female patients, recurrent and bilateral hernias, pres-
ence of preoperative pain, operation time and the num-
ber of tackers used during laparoscopic surgery as risk
factors for postoperative pain and quality of life [27].

Laparoscopic hernia repair is recommended in
case of recurrence after bilateral inguinal hernias and
anterior approach repair [28]. TAPP and TEP methods
are two important laparoscopic repair methods of in-
guinal hernia. The main difference between the TAPP
and TEP method is the access route to the preperi-
toneal space. Although the results of TAPP and TEP
procedures are similar in many respects, some results
may differ. These differences may affect the technique
preference in patient subgroups. TEP method is more
suitable in patients with intra-abdominal adhesions be-
cause of not entering the abdomen. Because of the ad-
vantage of abdominal exploration, the TAPP method
may be more suitable for laparoscopic repair of stran-
gulated hernias [19, 29, 30].

It has been reported that the learning curve for the
laparoscopic TEP method is completed after 60 cases
[19]. The long learning curve is one of the main rea-
sons why some surgeons avoid using the TEP method
and prefer the TAPP method [22]. The results obtained
by two physicians who achieved success in inguinal
hernia repair is associated with the recurrence rates ob-
served in the long-term, and these rates have been re-
ported in the range of 1-2% for the TEP method and
0-3% for the TAPP method [25]. Recurrence was ob-
served in 2 of our patients during follow-ups. Varcus
et al. [16] reported length of hospital stay was 2 days
for patients who underwent surgery using the TAPP &
TEP method. In the study of Sagiroglu et al. [26], all
patients were discharged on the 1st postoperative day.
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In our study all patients were discharged on the 1st
post-operative day.

Several tackers are used in laparoscopic hernia
surgeries. On the contrary, we have used only one
tacker in each patient and this might be elaborated as
the reason for the less chronic pain in our cases.

Strengths and Limitations

The strengths of our study include the use of a sin-
gle surgical and anesthesia team and the large number
of patients. However, the limitation of our study can
be identified as the preoperative database not defining
the subgroups of patients with inguinal hernia (direct,
indirect, mixed, and femoral) and the size of the de-
fect. If the study continues with more comprehensive
data, it may allow for determining the most appropri-
ate surgical procedure for patients during the preoper-
ative assessment.

CONCLUSION

In conclusion, the use of TEP and TAPP methods in
laparoscopic hernia repair was compared with Licht-
enstein repair within the scope of this study. The TEP
and TAPP methods have lower pain in the postopera-
tive period.
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ABSTRACT

Objectives: This study aimed to compare the prenatal ultrasound characteristics, pregnancy outcomes, and
neonatal prognosis of early- and late-onset fetal ventriculomegaly (VM).

Methods: A retrospective analysis was conducted on 102 pregnant women diagnosed with fetal VM, categorized
into early-onset (<24 weeks) and late-onset (>24 weeks) groups. Maternal characteristics, ventricular dimensions,
associated anomalies, pregnancy outcomes, and neonatal parameters were compared between the groups.
Results: Early-onset VM was significantly associated with progressive ventricular enlargement, bilateral in-
volvement, and a higher prevalence of additional anomalies detected via ultrasonography (70.4% vs. 29.2%,
P<0.001) and Magnetic resonance imaging (MRI) (35.4% vs. 16.7%, P=0.030). Prenatal ultrasound findings
differed significantly between the groups; early-onset VM cases more frequently exhibited bilateral (72.2%
vs. 39.6%, P=0.002) and asymmetric (46.3% vs. 31.2%, P=0.037) ventricular enlargement, while late-onset
VM was more commonly isolated (70.8% vs. 29.6%, P<0.001) and unilateral (60.4% vs. 27.8%). Live birth
rates were lower (55.6% vs. 85.4%, P=0.001), pregnancy termination rates were higher (44.4% vs. 14.6%,
P=0.001) and chromosomal abnormalities were higher (16.7% vs. 8.3%, P=0.246) in early-onset cases. Addi-
tionally, Apgar scores at 1 and 5 minutes were significantly lower in the early-onset group (P=0.028 and
P=0.042, respectively).

Conclusions: Early-onset VM is more frequently associated with ventricular progression and structural anom-
alies, leading to poorer pregnancy and neonatal outcomes. These findings highlight the importance of close
prenatal monitoring, including detailed ultrasound, fetal MRI, and genetic evaluation, to guide clinical man-
agement and parental counseling. Future studies with long-term neurodevelopmental follow-up are needed to
further refine risk stratification and optimize patient care.

Keywords: Fetal cerebral ventriculomegaly, prenatal ultrasound, fetal MRI, pregnancy outcome, congenital
anomalies, isolated ventriculomegaly

the central nervous system anomalies charac- most common neurological pathologies detected pre-

Tetal cerebral ventriculomegaly (VM) is one of during prenatal ultrasonography and is among the
terized by enlargement of the lateral ventricles natally [1]. The incidence in the general population is
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approximately 1.5-2/1000 pregnancies and is classi-
fied as mild, moderate, and severe [2]. A lateral cere-
bral ventricular atrium diameter of 10 mm or more is
accepted as the diagnostic criterion. VM may occur as
an isolated finding or may be associated with genetic
anomalies, intrauterine infections, congenital central
nervous system malformations or vascular events [3].
The prognosis of VM identified in the prenatal period
varies depending on the degree of ventricular enlarge-
ment, time of onset, and associated anomalies [2].
Fetal VM cases are divided into two categories as
early-onset and late-onset in the prenatal period. Early-
onset VM refers to cases detected before 24 weeks of
gestation, while late-onset VM refers to cases detected
after 24 weeks [2]. In the literature, it is reported that
there are significant differences between early and late
onset VM cases in terms of clinical course, prenatal fol-
low-up, and postnatal outcomes. Early-onset cases have
a higher incidence of genetic abnormalities and associ-
ated structural anomalies, and more unfavorable out-
comes in terms of neurodevelopmental prognosis. In
contrast, late-onset VM cases are reported to have a
milder course and may spontaneously regress in some
cases [4]. However, it is also known that severe neurode-
velopmental effects may occur in the postnatal period in
cases with progressive ventricular enlargement [1].
The long-term prognosis of fetal VM in the post-
natal period depends on the degree of ventricular en-
largement, associated neurologic abnormalities and
whether the ventricular enlargement is progressive [5].
Most cases of mild VM have a favorable neurodevel-
opmental prognosis, whereas severe VM is associated
with a higher risk of neurodevelopmental problems
such as cerebral palsy, motor and cognitive retarda-
tion. Therefore, cases of fetal VM should be carefully
followed up both prenatally and postnatally [6]. Al-
though early- and late-onset fetal VM differ in clinical
course and prognosis, comparative data remain lim-
ited. Existing studies often have small sample sizes,
inconsistent definitions, and lack detailed evaluation
of ventricular dynamics. This study addresses these
gaps by systematically comparing early- and late-onset
VM in a single well-defined cohort, integrating ultra-
sound, Magnetic resonance imaging (MRI), and
neonatal outcomes to inform prenatal counseling and
management. This study aims to compare the prenatal
sonographic spectrum and neonatal outcomes of early
and late onset fetal cerebral VM cases. Identifying dif-

ferences between early and late onset cases will con-
tribute to improving prenatal counseling processes and
optimizing clinical management strategies.

METHODS

This retrospective cohort study included pregnant
women admitted to the Perinatology Clinic of Ankara
Etlik City Hospital between December 2022 and De-
cember 2024 and diagnosed with fetal VM. Diagnosis
and follow-up information were obtained retrospec-
tively from the hospital information management sys-
tem and prenatal and neonatal outcomes were
evaluated. The diagnosis of fetal VM was based on
prenatal ultrasonography with a lateral ventricular
atrial diameter >10 mm. All ultrasound examinations
had been performed as part of routine prenatal care
using a Voluson E10 system (GE Healthcare, Chicago,
IL, USA) equipped with a 2-5 MHz convex trans-
ducer. Measurements were obtained transabdominally
at the level of the lateral ventricular atrium in a stan-
dard coronal plane. The inclusion criteria for the study
were singleton pregnancies diagnosed with VM based
on an atrial width of 10 mm or greater, and with at
least one follow-up ultrasound examination available
in the records. Pregnancies were excluded if they were
multiple gestations, lacked follow-up data, or were
complicated by major maternal systemic diseases such
as pregestational diabetes or chronic hypertension. The
diagnosed cases were classified as early or late onset
VM according to gestational week. Prenatal findings,
neonatal outcomes and perinatal morbidity and mor-
tality rates were compared between the groups.

A total of 102 pregnant women were included in
the study. Patients were divided into two groups ac-
cording to the gestational week at which fetal VM was
diagnosed. The early onset group (n=54) consisted of
patients diagnosed before 24 weeks of gestation, and
the late onset group (n=48) consisted of patients diag-
nosed after 24 weeks of gestation.

Within the scope of detailed ultrasound evaluation,
whether VM was symmetric or asymmetric, whether
it showed unilateral or bilateral enlargement, and dy-
namic changes in ventricular width were recorded.
Asymmetry was defined as a >2 mm difference in
width between the lateral ventricles. Unilateral VM
was defined as >10 mm diameter of only one lateral
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ventricle, whereas bilateral VM was defined as >10
mm diameter of both lateral ventricles.

It was also monitored whether the VM was tran-
sient or permanent (progressive). Transient VM was
defined as a decrease in ventricular width to <10 mm
during follow-up. In contrast, persistence of ventricu-
lar width >10 mm on multiple ultrasound assessments
during follow-up was classified as persistent VM. A
change of <2 mm in ventricular diameter compared
with the initial measurement indicates stability, an in-
crease of >2 mm indicates progression, and a decrease
in ventricular diameter to <10 mm is considered spon-
taneous regression. Isolated VM (IVM) was defined
as a special category and diagnosed in the absence of
associated structural anomalies, chromosomal abnor-
malities or intrauterine infections. Cases with associ-
ated anomalies are classified as non-isolated VM
(non-IVM).

In the prenatal period, the isolated VM, presence
of additional structural anomalies, bilateral or unilat-
eral enlargement, ventricular enlargement dynamics
(progression, regression, or stability) and TORCH test
results were analyzed. In the neonatal period, preg-
nancy outcomes, birth week, birth weight, Apgar
scores, need for neonatal intensive care, perinatal mor-
bidity and mortality rates were evaluated. Composite
adverse perinatal outcomes (CAPOs) include the pres-
ence of at least one of the following adverse outcomes:
transient tachypnea of the newborn, respiratory dis-
tress syndrome, need for continuous positive airway
pressure, need for mechanical ventilation, need for
phototherapy, neonatal hypoglycemia, intraventricular
hemorrhage, necrotizing enterocolitis, neonatal sepsis,
5th minute APGAR score <7, neonatal intensive care
unit (NICU) admission, placental abruption, and
preterm birth.

This study was conducted in compliance with the
Declaration of Helsinki and was approved by the
Ankara Etlik City Hospital Scientific Research Eval-
uation and Ethics Committee (decision number:
AESH-BADEK-2025-0259). In this study, due to its
retrospective nature, informed consent was waived
with the approval of the Ethics Committee. All data
were anonymized, and participant confidentiality was
strictly maintained.

Statistical Analysis
Statistical analysis was performed using IBM Cor-

poration SPSS version 22.0 (IBM Corporation, Ar-
monk, NY, USA). The Kolmogorov-Smirnov test was
used to analyze conformity to normal distribution. De-
scriptive statistics of continuous variables are shown
as "mean + standard deviation" for those with a normal
distribution. and as “median (interquartile range)” for
those that do not. Continuous variables that were and
were not normally distributed were compared using
the Mann-Whitney U test. Normally distributed data
were compared using the independent sample t-test.
Statistical significance for the tests was defined as a
P-value of less than 0.05.

RESULTS

A total of 102 pregnant women were included in the
study, and the cases were divided into two groups as
early onset (<24 weeks) and late onset (>24 weeks)
according to the gestational week at which fetal VM
was detected. There was no significant difference be-
tween the groups in terms of maternal age and body
mass index (BMI), but the number of gravida was
higher in the early-onset group (P=0.036). TORCH
test results were similar, but the rate of additional
anomaly detection by MRI was significantly higher in
the early-onset group (35.4% vs. 16.7 %, P=0.030).
The diagnosis was made at a median of 21 weeks in
the early-onset group and 28 weeks in the late-onset
group, and this difference was statistically significant
(P<0.001). There was no significant difference be-
tween the groups in terms of ventricular width
(P=0.443). Cytogenetic testing was performed in
53.7% of the early-onset group and 29.2% of the late-
onset group, with a statistically significant difference
between the groups (P=0.021). Regarding chromoso-
mal abnormalities, 16.7% of cases in the early-onset
group tested positive, compared to 8.3% in the late-
onset group. However, this difference was not statis-
tically significant (P=0.246) (Table 1).

The perinatal ultrasound characteristics of VM dif-
fered significantly between the early-onset and late-
onset groups. The incidence of isolated VM was
significantly higher in the late-onset group compared
to the early-onset group (70.8% vs. 29.6%, P<0.001).
Conversely, non-isolated VM was more prevalent in
the early-onset group (70.4% vs. 29.2%). Laterality
also demonstrated a significant difference between the
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Table 1. Characteristics of the study population

Early-onset group Late-onset group P value
(n=54) (n=48)
Maternal age (year) 0.178*
<35 6 (11.1%) 10 (20.8%)
>35 48 (88.9%) 38 (79.2%)
BMI (kg/m? 31.4+17.2 29.846.3 0.528°
Gravida 2(3) 2(2) 0.036°
Parity 1(2) 1(D) 0.058°
Nulliparous 17 (31.5%) 24 (50%) 0.057°
In vitro fertilization 0 (0%) 0 (0%) NA
Gestational age at initial diagnosis 21 (3) 28 (5) <0.001°¢
(weeks)
Ventricular size (mm) 13.6+6.1 12.9+4.1 0.443°
Additional abnormalities on MRI 17 (35.4%) 9 (16.7%) 0.030"
Cytogenetic testing 0.021°
Absent 25 (46.3%) 34 (70.8%)
Present 29 (53.7%) 14 (29.2%)
Chromosomal abnormalities 0.246°
Negative 45 (83.3%) 44 (91.7)
Positive 9 (16.7%) 4(8.3)
TORCH 0.552°
Negative 52 (96.3%) 45 (93.8%)
Positive 2 (3.7%) 3 (6.3%)

Data are shown as meantstandard deviation or median (interquartile range) or n (%) where appropriate. BMI=Body mass
index, TORCH=Toxoplasma gondii, other, rubella virus, cytomegalovirus and herpes simplex virus, MRI=Magnetic resonance

imaging, NA=Not applicable.

P<0.05 indicates a significant difference and statistically significant P-values are in bold

3Pearson chi-square, ®Student t-test, “Mann Whitney-U test, “Fisher’s exact test

groups, with unilateral VM being more frequent in the
late-onset group (60.4% vs. 27.8%), while bilateral
VM was more common in the early-onset group
(72.2% vs. 39.6%, P=0.002). Similarly, asymmetric
VM was more prevalent in the late-onset group
(68.8% vs. 46.3%), whereas the early-onset group had
a higher proportion of symmetric VM (53.7% vs.
31.2%, P=0.037). Regarding intrauterine changes, in-
trauterine regression was more commonly observed in
the late-onset group (29.2% vs. 16.7%), while in-
trauterine progression was higher in the early-onset
group (46.3% vs. 60.4%). Additionally, intrauterine
stabilization was significantly more frequent in the
early-onset group (37% vs. 10.4%, P=0.007). No sig-

nificant differences were found between the groups in
terms of transience (P=0.092), severity of VM
(P=0.547), or amniotic fluid status (P=1.000). These
findings suggest that early-onset VM is more frequently
associated with non-isolated, bilateral, and symmetric
forms, whereas late-onset VM is more likely to be iso-
lated, unilateral, and asymmetric (Table 2).

Within the scope of the study, a total of 31 preg-
nant women accepted pregnancy termination. In terms
of pregnancy outcomes, the termination rate was sig-
nificantly higher in the early-onset group (44.4% vs.
14.6%, P=0.001), while the live birth rate was signif-
icantly higher in the late-onset group (85.4% vs.
55.6%). Although there was no significant difference
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Table 2. Perinatal ultrasound characteristics of VM in the early-onset and late-onset groups

Early-onset group Late-onset group P value
(n=54) (n=48)

Isolated or not <0.001°
Isolated 16 (29.6%) 34 (70.8%)
Non-isolated 38 (70.4%) 14 (29.2%)

Laterality 0.002°
Unilateral 15 (27.8%) 29 (60.4%)
Bilateral 39 (72.2%) 19 (39.6%)

Symmetry 0.037°
Symmetric 29 (53.7%) 15 (31.2%)
Asymmetric 25 (46.3%) 33 (68.8%)
Transience 0.092*
Transient 13 (24.1%) 19 (39.6%)
Non-transient 41 (75.9%) 29 (60.4%)

Intrauterine changes 0.007*
Intrauterine regression 9 (16.7%) 14 (29.2%)
Intrauterine progression 25 (46.3%) 29 (60.4%)
Intrauterine stabilization 20 (37%) 5(10.4%)

Severity of VM 0.547°
Mild 28 (51.9%) 30 (62.5%)
Moderate 8 (14.8%) 6 (12.5%)
Severe 18 (33.3%) 12 (25%)

Amnion fluid 1?
Normal 48 (88.9%) 44 (91.7%)
Oligohydramnios 1 (1.9%) 0 (0%)
Polyhydramnios 5(9.3%) 4 (8.3%)

Data are shown as n (%). VM=Ventriculomegaly

P<0.05 indicates a significant difference and statistically significant P-values are in bold.

?Pearson chi-square

between the groups in terms of gestational week, pre-
maturity rate, birth weight and cesarean section rates
(P>0.05). Apgar scores at the 1st and 5th minute were
significantly higher in the late-onset group (P=0.028
and P=0.042) (Table 3).

When additional anomalies detected by prenatal
ultrasonography were compared, the proportion of
cases without additional anomalies was significantly
higher in the late-onset group (70.8% vs. 29.6%,
P<0.001). Central nervous system (CNS) anomalies
were more common in the early-onset group (44.4%
vs. 18.8%), but there was no significant difference be-

tween the groups in terms of non-CNS anomalies
(7.4% vs. 6.3%, P>0.05). However, multisystem
anomalies were more common in the early-onset
group (18.5% vs. 4.2%), suggesting that early-onset
cases may be associated with more complex fetal
anomalies (Table 4).

DISCUSSION

In this study, the effects of fetal VM on prenatal ultra-
sonographic findings, neonatal outcomes and perinatal
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Table 3. Pregnancy outcomes

Early-onset group Late-onset group P value
(n=54) (n=48)
Pregnancy outcomes 0.001*
Live birth 30 (55.6%) 41 (85.4%)
Termination of pregnancy 24 (44.4%) 7 (14.6%)

Live birth analysis n= 30 n=41
Gestational age at delivery (week) 38 (2) 38 (2) 0.421°
Prematurity (<37 weeks) 5 (16.7%) 5 (12.2%) 0.512°
Birth weight (gram) 2720+966 3014+£555 0.111°
Cesarean section 20 (66.7%) 27 (65.9%) 0.943?
Apgar score at 1* minute 8(3) 9(1) 0.028"
Apgar score at 5™ minute 9(2) 10 (1) 0.042"
CAPO 9 (30%) 10 (24.4%) 0.538*
NICU admission 8 (26.7%) 9 (22%) 0.531%
Transient tachypnea of the newborn 4 (13.3%) 1(2.4%) 0.151¢
Neonatal sepsis 0 (0%) 0 (0%) NA
Respiratory distress syndrome 5(16.7%) 4 (9.8%) 0.471¢
Continuous positive airway pressure 4 (13.3%) 3 (7.3%) 0.4359
Mechanical ventilation 2 (6.7%) 2 (4.9%) 14
Phototherapy for neonates 4 (13.3%) 1(2.4%) 0.1519
Necrotizing enterocolitis 0 (0%) 1 (2.4%) 14
Intraventricular hemorrhage 0 (0%) 0 (0%) NA
Seizure history 1 (3.3%) 0 (0%) 0.412¢

Data are shown as meantstandard deviation or median (interquartile range) or n (%) where appropriate. CAPO=Composite
adverse perinatal outcome, NICU=Neonatal intensive care unit, NA=Not applicable.

P<0.05 indicates a significant difference and statistically significant P-values are in bold
aPearson chi-square, *Student t-test, ‘Mann Whitney-U test, “Fisher’s exact test

prognosis were compared between early and late onset
groups. In this study, we found that early-onset fetal
VM was more frequently associated with additional
anomalies, bilateral, symmetric involvement, and pro-
gressive ventricular enlargement, whereas late-onset
VM was more commonly isolated, unilateral, asym-
metric and had a higher likelihood of spontaneous re-
gression. The higher rate of chromosomal
abnormalities and MRI-detected additional anomalies
in the early-onset group supports the hypothesis that
early-onset VM is often part of a broader pathological
process rather than an isolated finding. Furthermore,
pregnancy termination was significantly more com-
mon in the early-onset group, while live birth rates

were higher in late-onset cases, suggesting a better
perinatal prognosis for late-onset VM. Additionally,
Apgar scores at both the 1st and 5th minutes were sig-
nificantly higher in the late-onset group, reinforcing
the association between early-onset VM and poorer
neonatal outcomes. These findings highlight the im-
portance of distinguishing between early- and late-
onset VM in clinical practice to better predict prenatal
progression and neonatal prognosis.

Previous studies suggest that early- and late-onset
VM have distinct etiological and clinical courses.
Early-onset fetal VM has been associated with a
higher prevalence of structural and chromosomal
anomalies, contributing to a less favorable perinatal
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Table 4. Associated abnormalities found on prenatal ultrasound

Early-onset group Late-onset group P value
(n=54) (n=48)
Absent 16 (29.6%) 34 (70.8%) <0.001"
CNS 24 (44.4%) 9 (18.8%)
Agenesis of the corpus callosum (n=5) Agenesis of the corpus
Dysgenesis of the corpus callosum (n=2) callosum (n=4)
Open spina bfida (n=11) Open spina bfida (n=4)
Z-shaped brain stem (n=1) Intraventricular hemorrhage
Dandy Walker malformation (n=1) (n=1)
Vein of Galen aneurysmal (n=1)
Dural sinus thrombosis (n=1)
Interhemispheric cyst (n=1)
Hypoplastic cerebellum (n=1)
Non-CNS 4 (7.4%) 3 (6.3%)
Right aortic arch (n=1) HL-FL shortening (n=1)
Single umbilical artery (n=1) Diaphragmatic hernia (n=1)
Diaphragmatic hernia (n=1) Bilateral pyelectasis (n=1)
ARSA (n=1)
Multiple 10 (18.5%) 2 (4.2%)
systems

Bilateral renal agenesis and diastematomyelia (n=1)
Midline syndactyly and cranial irregularities (n=1)
Megacystis, thombencephalosynapsis and single
umbilical artery (n=1)

Bilateral pelviectasis+cleft lip and palate (n=1)
Unilateral pyelectasis+ inlet VSD+ right aortic arch
(n=1)

Cleft lip, absent stomach, hypoplastic cerebellum,
pericardial effusion, low-set ears (n=1)
Lymphatic drainage disorder, Rocker bottom,
syndactyly (n=1)

Corpus callosum dysgenesis, VSD, Mitral atresia,
persistent left superior vena cava, aortic hypoplasia
(n=1)

Bilateral pes equinovarus, small bladder, pericardial
effusion (n=1)

Absent CSP, cystic hygroma, skin edema,
microphthalmia, pleural effusion, two arteries
observed, absent stomach, clenched hands, bilateral
pes equinovarus (n=1)

Diaphragmatic hernia,
Tetralogy of Fallot, right atrial
aneurysm, cleft lip/palate (n=1)
Dysmorphic corpus callosum,

cleft lip, hypertelorism,

congenital hepatic fibrosis,
generalized ascites, autosomal
recessive polycystic kidney
disease, severe micromelia,
fetal dextrocardia, inlet VSD,
hypoplastic aorta (n=1)

Data are expressed as n (%). ARSA=Aberrant right subclavian artery, CNS=Central nervous system, CSP=Cavum septi
pellucidi, FL=femur length, HL=humerus length, VSD=ventricular septal defect
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prognosis [4]. Consistent with this, our study found
that additional anomalies were significantly more
prevalent in early-onset cases compared to late-onset
cases (70.4% vs. 29.2%, P<0.001). In a large-scale
study, Bhatia et al. reported that aneuploidy, agenesis
of the corpus callosum, spina bifida, and Dandy-
Walker malformation were among the most common
anomalies in early-onset VM, whereas late-onset cases
were more often isolated and associated with aqueduc-
tal stenosis, cerebral hemorrhage, and porencephaly
[2]. In another study examining the etiology of fetal
VM in detail, Pappas et al. [7] reported that early-
onset cases were generally associated with neurode-
velopmental malformations and chromosomal
anomalies, whereas late-onset VM was mostly isolated
and had a better prognosis. Our findings align with
these results, reinforcing that early-onset VM is fre-
quently part of a broader pathological process,
whereas late-onset VM is more likely to be an isolated,
potentially regressive condition.

Wang et al. [4] conducted a study comparing the
ultrasonographic characteristics of early- and late-
onset VM cases and reported significant differences
between the two groups. According to their findings,
isolated, unilateral, asymmetric involvement is more
common in late-onset VM, whereas bilateral, symmet-
ric involvement and additional structural anomalies
are more common in early-onset cases. Our study is
largely consistent with these results. The rate of bilat-
eral and symmetric involvement was significantly
higher in early-onset cases (P=0.037), whereas late-
onset VM cases were more often unilateral and asym-
metric. Furthermore, Wang et al. [4] showed that the
rate of intrauterine progression was significantly
higher (P=0.03) in early-onset mild VM cases. It has
also been reported in the literature that early-onset VM
is more likely to progress and may have a more unfa-
vorable neurodevelopmental prognosis [8]. Similarly,
in our study, it was found that ventricular enlargement
tended to progress in early-onset VM, and this in-
creased poor pregnancy outcomes.

In our study, the rates of additional anomalies in
the early-onset VM group were significantly higher by
both ultrasonography (70.4% vs. 29.2%, P<0.001) and
MRI (35.4% vs. 16.7%, P=0.030). As reported in the
literature, MRI is a superior method compared to ul-
trasonography in detecting corpus callosum anom-
alies, posterior fossa defects, and migration disorders

[9, 10]. The most common CNS anomalies in early-
onset cases were agenesis of the corpus callosum,
open spina bifida, and brainstem anomalies, suggest-
ing that early-onset VM may be part of a broader spec-
trum of neurodevelopmental disorders rather than an
isolated finding. Similarly, multisystem anomalies af-
fecting the renal, cardiac, and skeletal systems were
more frequent in early-onset cases, with severe struc-
tural abnormalities such as bilateral renal agenesis, di-
astematomyelia, and megacystis, further supporting
the poor fetal prognosis in this group. Consistent with
our findings, Wang et al. [4] also reported that CNS
and multisystem anomalies were significantly more
prevalent in the early-onset VM group compared to
late-onset cases. These similarities between studies
further emphasize the importance of comprehensive
prenatal evaluation, including MRI and genetic test-
ing, in early-onset VM cases to better predict progno-
sis and optimize perinatal management.

In addition, in a large-scale study by Carta et al.
[11], it was emphasized that neurodevelopmental
prognosis was generally favorable in isolated cases of
VM, but cases with large ventricular diameter (>15
mm) or progression carried a higher risk. Another im-
portant study by Ali et al. [12] examined the long-term
neurodevelopmental outcomes of fetal VM cases. In
this study, it was reported that the majority of isolated
and mild VM cases had normal neurodevelopmental
outcomes, but progressive VM was associated with se-
vere motor and cognitive sequelae. Similarly, our
study demonstrated that early-onset VM cases exhib-
ited a greater tendency for ventricular enlargement and
progression over time. This progressive nature of
early-onset VM was associated with poorer pregnancy
outcomes, including significantly lower live birth rates
(55.6% vs. 85.4%, P=0.001) and a higher frequency
of pregnancy termination compared to late-onset
cases. Furthermore, neonatal outcomes were also
worse in the early-onset group, as reflected by signif-
icantly lower Apgar scores at both the 1st and 5th min-
utes. These findings highlight the importance of
monitoring ventricular dynamics in early-onset VM,
as progressive ventricular dilation may influence clin-
ical decision-making and pregnancy management.
These data suggest that, especially late-onset and iso-
lated cases, offer a better prognosis, and follow-up
protocols should be individualized accordingly.

VM is associated with most common chromoso-
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mal abnormalities, particularly trisomy 21, trisomy 18,
and sex chromosome anomalies [13]. The frequency
of chromosomal anomaly in cases of fetal VM varies
depending on factors including the degree of ventric-
ular enlargement, the presence of additional structural
anomalies, and the onset time of VM. In the literature,
while the rate of chromosomal anomaly varies be-
tween 3-5% in isolated cases of VM, this rate increases
up to 17-20% in cases accompanied by additional
anomalies [14]. Bhatia et al. [2] reported that chromo-
somal abnormalities were more common in the early-
onset VM group and the aneuploidy rate in this group
was 13.4%. Wang et al. [4] also supported these find-
ings and reported that early-onset VM was generally
associated with genetic syndromes, whereas late-onset
VM cases had mostly normal chromosomal structure.
In our study, the rate of chromosomal anomaly was
found to be higher in the early-onset VM group
(16.7% vs. 8.3%), but the difference was not statisti-
cally significant (P=0.246). In terms of prenatal ge-
netic evaluation, cytogenetic testing and other genetic
tests are recommended, especially in cases of VM ac-
companied by additional anomalies or showing pro-
gression. In our study, the rate of cytogenetic testing
was found to be significantly higher in the early-onset
VM group (53.7% vs. 29.2%, P=0.021), suggesting
that this group should be evaluated more in terms of
genetic analysis.

The decision to terminate pregnancies with fetal
VM varies depending on the degree of ventricular en-
largement, progression, presence of additional anom-
alies and chromosomal abnormalities [15]. In the
literature, it has been reported that pregnancy termi-
nation rates are higher in cases of severe VM (>15
mm) and progressive VM, whereas isolated and mild
cases are more frequently continued [16]. In a study
by Chervenak et al. [17], 26% of pregnancies diag-
nosed with VM resulted in elective abortion. In an-
other study by Vintzileos et al. [18], 20% induced
abortion was reported in similar cases. It has been em-
phasized that termination rates are higher, especially
in cases of VM associated with early onset and multi-
system anomalies. In our study, the termination rate
was significantly higher in the early-onset VM group
(44.4% vs. 14.6%, P=0.001). This finding suggests
that early-onset VM is usually associated with more
severe fetal pathologies and families may be more
prone to termination decision in this situation. Simi-

larly, Wang et al. [4] reported that pregnancy termina-
tion rates were higher in the early-onset VM group,
whereas late-onset and isolated cases were more fre-
quently continued. These findings emphasize that the
decision for termination should be based not only on
ventricular size but also on the presence of additional
anomalies, progression in ventricular diameter, and
genetic outcomes. It is especially important to evaluate
VM cases with early onset and associated with multi-
system anomalies more carefully and to inform fami-
lies in detail during prenatal counseling.

The less favorable prognosis observed in early-
onset VM may be explained by its occurrence during
critical stages of fetal neurodevelopment, when neu-
ronal proliferation, migration, and cortical organiza-
tion are highly active. Disruption of these processes in
the first half of gestation is often linked to underlying
genetic or complex structural anomalies, which may af-
fect multiple organ systems [11]. In contrast, late-onset
VM generally develops after key neurodevelopmental
milestones, frequently due to mechanical obstruction of
cerebrospinal fluid pathways or mild intraventricular
hemorrhage, and is therefore more likely to be isolated,
non-progressive, and associated with a favorable prog-
nosis [2]. These mechanistic differences have direct im-
plications for prenatal counseling and management. In
early-onset VM, the higher likelihood of associated
anomalies and ventricular progression justifies a more
intensive monitoring strategy, including comprehensive
neurosonography, fetal MRI, and genetic evaluation.
Conversely, late-onset isolated cases, particularly those
showing stability or regression, can be managed with
less intensive surveillance, and counseling can empha-
size their generally favorable outlook. By tailoring fol-
low-up and counseling strategies to the timing of onset,
ventricular dynamics, and associated findings, clini-
cians can provide more accurate prognostic information
and optimize perinatal outcomes.

Strengths and Limitations

Building on these observations, our study provides
a comprehensive evaluation of early- and late-onset
fetal VM, comparing their prenatal ultrasound charac-
teristics, pregnancy outcomes, and neonatal prognosis.
One of the key strengths of our study is its detailed as-
sessment of ventricular dynamics, emphasizing the
progressive nature of early-onset VM, which has been
less frequently highlighted in previous research. The
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use of both prenatal ultrasonography and fetal MRI al-
lowed for a more precise evaluation of associated
anomalies, enhancing the reliability of our findings.
Furthermore, by comparing pregnancy outcomes be-
tween the two groups, our study contributes valuable
clinical insights into the management of VM, particu-
larly in cases with progressive ventricular enlarge-
ment.

However, some limitations should be acknowl-
edged. First, this study was conducted in a single cen-
ter, which may limit the generalizability of the
findings to broader populations. Additionally, while
we analyzed the association between VM and chro-
mosomal abnormalities, not all cases underwent inva-
sive genetic testing, which may have affected the
identification of underlying genetic conditions. An-
other limitation is that our study primarily focuses on
prenatal findings and short-term neonatal outcomes;
therefore, long-term neurodevelopmental follow-up is
needed to further assess the prognostic implications of
early- versus late-onset VM. Despite these limitations,
our study provides clinically significant findings that
reinforce the importance of differentiating early- and
late-onset VM in prenatal counseling and pregnancy
management. Future studies with larger, multi-center
cohorts and long-term follow-up data would further
clarify the impact of ventricular progression on neu-
rodevelopmental outcomes and refine clinical man-
agement strategies.

CONCLUSION

This study highlights the clinical differences between
early- and late-onset fetal VM. Early-onset VM was
more frequently associated with progressive ventric-
ular enlargement, bilateral involvement, and additional
anomalies, whereas late-onset VM was more com-
monly isolated with a higher likelihood of sponta-
neous resolution. Pregnancy outcomes were also
poorer in early-onset cases, emphasizing the need for
closer prenatal monitoring, including detailed ultra-
sound, fetal MRI, and genetic evaluation. Future stud-
ies with long-term follow-up are needed to further
refine clinical management strategies.
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ABSTRACT

Objectives: This study was conducted to determine the association between anxiety, depression, and sleep
problems in women during the COVID-19 pandemic.

Methods: This cross-sectional study included 686 women via a web survey between February 20, 2021, and
April 9, 2021. In this study, participants' anxiety scores were evaluated with the Beck Anxiety Inventory (BAI),
depression findings with the Beck Depression Inventory (BDI), and sleep quality scores with the Pittsburgh
Sleep Quality Index (PSQI). Cut-off points: PSQI >5 indicates poor sleep quality, BAI 16-25 indicates mod-
erate, and >26 indicates severe anxiety; BDI 17-29 indicates moderate, and >30 indicates severe depression.
Statistical analyses included t-test, ANOVA, Pearson correlation, and multiple linear regression.

Results: The younger age group, students, singles, smokers, and alcohol users were at higher risk for increased
anxiety, depression, and poor sleep quality during the COVID-19 pandemic. Participants exhibited high levels
of anxiety (moderate anxiety in 20.12%, severe anxiety in 20.70%), depression (moderate depression in 25.22%,
severe depression in 12.53%), and poor sleep quality (58.6%). A moderate positive correlation was found be-
tween sleep quality and anxiety (r=0.517, P<0.01) and depression (r=0.513, P< 0.01). A strong positive corre-
lation was observed between anxiety and depression (r=0.647, P<0.01). Multiple linear regression analysis
revealed that anxiety (f=0.071, P<0.001) and depression ($=0.075, P<0.001) were significant predictors of
sleep quality.

Conclusions: The findings show that the COVID-19 pandemic negatively affected women's mental health and
sleep quality. Anxiety and depression significantly impact sleep quality, and early intervention, long-term fol-
low-up, and national-level measures are necessary to prevent the complications of psychological issues and
sleep disorders.

Keywords: Anxiety, depression, sleep, pandemic, women

he COVID-19 pandemic, which originated in Health Emergency" on January 30, 2020 [1], and a
China and spread quickly throughout the "Global Outbreak (pandemic)" on March 11, 2020 [2].
world, was announced a "International Public The COVID-19 virus, which has a very high transmis-
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sion rate, has affected the whole world and caused
many people to die [3].

With the spread of the pandemic all over the world,
countries have started to take their own measures. To
control the spread of the pandemic; many more meas-
ures have been taken, such as social isolation, home
quarantine, partial or complete lockdown [4].

Some measures have also been taken in Tiirkiye
to prevent and control the spread of the epidemic.
Some of these measures: such as closing schools and
continuing education online [5], curfews for people
under the age of 20 and above the age of 65 [6], travel
restrictions, closure of shopping centers, and the pub-
lic and private sector working from home [7]. With
similar measures taken around the world, people
began to spend more time at home, and accordingly, a
major change in their lifestyle occurred [8, 9].

In addition, these changes have had negative ef-
fects on psychological health and sleep/wake patterns
[10]. The new lifestyle that emerged in this process
and the measures taken to control the pandemic caused
an increase in anxiety and depression levels in indi-
viduals and led to sleep problems [11]. Maintaining
homeostasis and a high standard of living in humans
depends heavily on the process of sleep [12].

The incidence of disorders such as anxiety, depres-
sion, and stress is higher in individuals with sleep dis-
orders. Especially in women, poor sleep is associated
with some adverse health outcomes [13]. These are re-
lated to increases in comorbid conditions such as va-
somotor symptoms, hormonal changes, age-related
changes, and depression [14].

The likelihood of experiencing depression is also
approximately twice as high in women as in men. This
difference starts from adolescence and continues until
the mid-50s. Therefore, women appear to be at greater
risk of depression during their reproductive years [15].

During the COVID-19 pandemic, there was an in-
crease in anxiety, depression, and stress levels due to
the impact of lifestyle changes [3]. It is essential to
recognize the psychological disorders and factors
causing insomnia during the pandemic phase to pre-
vent these problems. The purpose of this study was to
evaluate the association between anxiety, depression,
and sleep problems among women during the
COVID-19 pandemic. To address the gaps mentioned
above, this study has been conducted in line with the
following research questions.

Research question 1: How has the COVID-19 pan-
demic affected women's anxiety, depression, and sleep
quality levels?

Research question 2: Is there a statistically signif-
icant relationship between women's anxiety and de-
pression levels and sleep problems?

Research question 3: How do demographic factors
affect women's anxiety, depression, and sleep quality?

METHODS

Study Design

The data of this cross-sectional descriptive study was
gathered from women who volunteered to participate
in the research using the snowball sampling method
across Tirkiye between February 20, 2021 and April
9, 2021. Study questions were sent to women via
Google Forms.

Inclusion Criteria
All women aged 18-65 years who gave electronic

informed consent to participate in the study were in-
cluded.

Exclusion Criteria

Women who had mental or sleep-related illnesses
and were taking medication for these disorders and
who gave logically incorrect answers to the study
questions were excluded from the study.

Sample and Data Collection

The research universe is made up of 27974887
women between the ages of 18 and 65 in Tiirkiye [16].
The sample of the study was 686 women between the
ages of 18 and 65 who voluntarily participated in the
study from various parts of Tiirkiye. Introductory Fea-
tures Information Form, Beck Anxiety Inventory
(BAI), Beck Depression Inventory (BDI), and Pitts-
burgh Sleep Quality Index (PSQI) were used as meas-
urement tools in the study.

The OpenEpi program Version 3 was used to de-
termine the sample size. To determine the sample size,
the following formula for descriptive research was
used: Sample size (n)=[DEFFxNp(1-p)] / [(d2/Z221-
a/2x(N-1)+px(1-p)]. The minimum number of sam-
ples to be taken was calculated as 385 with 0.95
confidence and 0.05 margin of error with the sample
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formula. To increase the efficiency of the study and
the reliability of its results, 686 volunteer women were
reached, and research data were collected. Answering
every question was mandatory, and in the electronic
form, unanswered questions could not be skipped.
Therefore, there was no missing data. However, thirty
participants were excluded from the analysis due to
inconsistent responses.

Questionnaires

The Pittsburgh Sleep Quality Index, Beck Anxiety
Inventory, and Beck Depression Inventory are the
scales used in the study, and the information form cre-
ated for the study was used to collect research data.

Information Form

The researchers developed 20 questions for the
data collection form utilized in the study to assess the
sociodemographic characteristics and sleep issues of
women.

Pittsburgh Sleep Quality Index

The Pittsburgh Sleep Quality Index (PSQI) was
developed by Buysse et al. [17] and adapted into Turk-
ish by Agargiin ef al. [18]. The total score is between
0 and 21. PSQI score >5 indicates poor sleep quality,
while a PSQI score < of 5 indicates good sleep quality.
In this study, the coefficient of the scale in Cronbach's
a was determined as 0.807.

Beck Anxiety Inventory

The Beck Anxiety Inventory (BAI), developed by
Beck et al. [19], is a 21-item self-report inventory de-
signed to assess the severity of anxiety symptoms
using a 4-point Likert scale (0 = none/minimal,
1=mild, 2=moderate, 3=severe). The Turkish validity
and reliability of the inventory were established by
Ulusoy et al. [20]. Total scores range from 0 to 63,
with 0-7 indicating minimal anxiety, 8-15 mild anxi-
ety, 16-25 moderate anxiety, and 26-63 severe anxiety
symptoms. In the current study, the Cronbach’s alpha
for the BAI was found to be 0.941.

Beck Depression Inventory

The Beck Depression Inventory (BDI) was devel-
oped by Beck et al. [21] to assess the risk and severity
of depressive symptoms. The Turkish adaptation and
validation were conducted by Hisli [22]. The scale's

total score ranges from 0-63. In line with the corre-
sponding score ranges, the scale includes 0-9 minimal,
10-16 mild mood disorders, 17-29 moderate depres-
sion, and between 30-63, which is considered severe
depression. In this study, the Cronbach's a coefficient
of the scale was determined as 0.922.

Statistical Analysis

The data obtained in the study were analyzed
using the SPSS (Statistical Package for Social Sci-
ences) for Windows 25.0 program. The assumption of
normality was assessed statistically using the Kol-
mogorov-Smirnov test, and visually and descriptively
through Q-Q plots and skewness-kurtosis values. The
results of the Kolmogorov-Smirnov test indicated no
significant deviation from normality. The difference
between the two independent groups was assessed
using an independent t-test. One-way analysis of Vari-
ance (ANOVA) was utilized to compare more than

Table 1. Socio-demographic characteristics of
participants (n=686)

n %

Age

18-25 444 64.7

26-35 137 20.0

36-45 52 7.6

46 and above 53 7.7
Marital Status

Unmarried 480 70.0

Married 206 30.0
Education Level

High college and lower 162 23.6

University 489 71.3

Post Graduate 35 5.1
Employment Status

Student 171 24.9

Employed 281 41.0

Unemployed 234 34.1
Smoker

Yes 189 27.6

No 497 72.4
Alcohol Consumption

Yes 551 19.7

No 135 80.3
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two independent groups, and the Bonferroni test was
employed to identify the group from which the differ-
ence originated. To examine the relationships between
the variables, Pearson correlation coefficients were
calculated. This analysis was used to evaluate the lin-
ear associations between PSQI, BAI, and BDI scores.

To identify the factors affecting sleep quality
among participants, a multiple linear regression analy-
sis was conducted. In this analysis, the dependent vari-
able was the PSQI score, and the independent
variables were the BAI and BDI scores. This model

was used to evaluate the predictive effects of anxiety
and depression levels on sleep quality. P<0.05 was
deemed to be statistically significant.

RESULTS

Information on the descriptive characteristics of the
participants is provided in Table 1. In this study, 64.7%
of the participants were between the ages of 18-25,
70.0% were single, 71.3% were university graduates,

Table 2. Sleep characteristics of participants during the pandemic period

n %
Have you had any changes in your waking hours during the pandemic?
No change 280 40.8
I started waking up later than usual. 341 49.7
I'm waking up earlier than usual 65 9.5
Has there been a change in your sleep time compared to the pre-pandemic period?
No change 287 41.8
I sleep less than before the pandemic 121 17.6
I sleep a lot compared to the pre-pandemic period. 278 40.5
How was your sleep quality during the pandemic period?
Very good 40 5.8
Good 205 29.9
Middle 291 42.4
Bad 119 17.3
Very bad 31 4.5
How long are you exposed to sunlight during the day?
None 103 15.0
1 hour or less 313 45.6
1-2 hours 147 21.4
2-3 hours 57 8.3
3-4 hours 32 4.7
4 hours or more 34 5.0
How much screens are you exposed to during the day compared to the pre-
pandemic period?
1 hour or less 64 9.3
1-2 hours 49 7.1
2-3 hours 84 12.2
3-4 hours 113 16.5
4 hours or more 376 54.8
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41.0% were employed, 27.6% smoked, and 19.7%
drank alcohol.

The distribution of the participants according to
their sleep characteristics during the pandemic period
is presented in (Table 2). In our study, 49.7% of the
participants reported waking up later than before the
pandemic, 40.5% reported an increase in their sleep
duration during the pandemic, 21.8% reported poor
sleep quality, 45.6% reported being exposed to sun-
light for one hour or less during the day compared to
before the pandemic, and 54.8% reported being ex-
posed to screens for four hours or more during the day.
When examining the differences in sleep quality, anx-
iety, and depression scores (Table 3), significant dif-
ferences were found between sleep quality and marital
status, education, smoking, and alcohol consumption.
The sleep quality of single individuals was worse than
that of married individuals (P<0.05), and the sleep
quality of postgraduate students was worse than that
of individuals with a high school education or lower
(P<0.05). Smokers and alcohol users had worse sleep
quality compared to non-smokers and non-drinkers
(P<0.05).

Significant differences were found in anxiety
scores based on marital status, employment status, and
tobacco and alcohol use. The anxiety scores of single
individuals were higher than those of married individ-
uals (P<0.05), and students had higher anxiety scores

than working individuals (P<0.05). Smokers and al-
cohol users had higher anxiety scores compared to
non-smokers and non-drinkers (P<0.05). Significant
differences in depression scores were found based on
age, marital status, smoking, and alcohol use. The de-
pression scores of individuals in the 18-25 age group
were higher than those in other age groups (P<0.05).
Additionally, singles had higher depression scores
compared to married individuals (P<0.05). Smokers
and alcohol users also had higher depression scores
compared to non-smokers and non-drinkers (P<0.05).
The mean scores of the PSQI, BAI, and BDI scales
used in the study were as follows: PSQI: 6.38+2.87,
BAI: 15.08+11.73, and BDI: 15.10+12.85.

The relationship between sleep quality and anxiety
and depression scores was found to be statistically sig-
nificant (Table 4). As a result of the Bonferroni test, it
was determined that the group with severe anxiety and
depression had worse sleep quality than the other
groups (P<0.05).

The results showing the relationship between the
PSQI, BAI, and BDI scales used in the study are pre-
sented in (Table 5). The results show a moderate pos-
itive and significant relationship between sleep quality
and anxiety (r=0.517; P<0.01), a moderate positive
and significant relationship between sleep quality and
depression (r=0.513; P<0.01), and a strong positive
and significant relationship between anxiety and de-

Tablo 4. Sleep quality scores by anxiety and depression scores of the participants

n % Mean+SD F* P value
Anxiety
Minimal 250 36.44 4.73+£2.12 78.274 <0.001*
Mild 156 22.74 6.31£2.75
Moderate 138 20.12 7.26+2.65
Severe 142 20.70 8.5242.58
Total 686 100
Depression
Minimal 268 39.07 4.90+2.40 70.926 <0.001*
Mild 159 23.18 6.40+2.58
Moderate 173 25.22 7.40+2.60
Severe 86 12.53 8.97+2.51
Total 686 100

SD=standard deviation. *Tested by one-way ANOVA with post-hoc Bonferroni test. *P<(.05
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Table 5. Correlations between pittsburgh sleep quality index, beck anxiety inventory and beck

depression inventory scores

Variables PSQI BAI BDI
PSQI -

BAI 0.517%* -

BDI 0.513** 0.647** -

BAI=Beck Anxiety Inventory, BDI=Beck Depression Inventory, PSQI=Pittsburgh Sleep Quality Index

**P<0.01

pression (r=0.647; P<0.01).

The results of the multiple linear regression analy-
sis show that anxiety (8=0.071) and depression
(B=0.075) have a significant effect on sleep quality
(P<0.05) (Table 6). With these effects, it is observed
that 32% of the change in sleep quality is explained
by anxiety and depression (Adjusted R*=0.320). Ad-
ditionally, the effect of anxiety on sleep quality was
found to be higher than that of depression
(Beta=0.318).

DISCUSSION

This study examined the anxiety, depression, and sleep
problems experienced by women during the COVID-
19 pandemic and the relationships between these prob-
lems. It was found that high anxiety and depression
during the pandemic were significantly associated
with poor sleep quality. Mandatory changes such as
home quarantine, restriction of recreational activities,
and transition to working from home led to significant
changes in participants' mental health and sleep pat-
terns [23]. In our study, various factors that may affect
sleep quality were investigated and participants' re-

sponses to these factors were evaluated. It was deter-
mined that 49.7% of the participants woke up later
during the pandemic compared to before the pan-
demic, 40.5% of them reported that their sleep dura-
tion increased compared to before the pandemic, and
45% were exposed to less than one hour of sunlight
per day. Similarly, Raman and Coogan [24] reported
that the participants in their study woke up later during
the pandemic, and Rezaei and Grandner [25] reported
that participants' sleep duration increased during
COVID-19. Low exposure to sunlight can affect sleep
quality by causing circadian rhythm disorders [26]. In
our study, it was determined that 54.8% of the partic-
ipants spent more than four hours in front of a screen.
Majumdar et al. [27] also found that screen exposure
increased during the pandemic. According to our study
results, it is seen that women's sleep problems in-
creased during the pandemic period.

In our study, it was found that 58.6% of women had
poor sleep quality. Similar findings were obtained in
other studies. Especially during the COVID-19 pan-
demic, women's PSQI scores were found to be high and
their sleep quality was reported to be low [28-30]. It is
seen that women have higher PSQI scores compared to
men and sleep problems are more common [30-32].

Table 6. Multiple linear regression analysis of variables affecting participants' Pittsburgh Sleep

Quality Index values

Dependent Independent [§] t P value VIF  Beta F Model Adjusted
Variable Variables P) R?
PSQI Constant 4.181 27.416 <0.001*
BAI 0.071 7.683  <0.001* 1.721 0.318 162.298 <0.001* 0.320
BDI 0.075 7.446  <0.001* 1.721 0.308

BAI=Beck Anxiety Inventory, BDI=Beck Depression Inventory, PSQI=Pittsburgh Sleep Quality Index

Durbin Watson=1.869 *P<0.05
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The mean BAI score of the participants was de-
termined as 15.08+11.73. Smith et al. [34] found the
mean BAI score of women as 14.1 + 12.2. Massad et
al. [35] reported that the mean BAI score of women
in Jordan was 9.67. The high anxiety scores obtained
in our study are not directly comparable because there
are several differences between different populations.
The mean BDI score of the participants in the current
study was determined as 15.10 + 12.85. Guadagni et
al. [36] reported that the mean BDI score in women
was 14.0 = 9.9. Cellini et al. [10] reported that the
mean BDI score in women students in their study in
Italy was 9.93 + 8.36. These differences may be due
to differences in the age groups and sample size of the
participants.

According to the findings obtained from our study,
a significant relationship was found between sleep
quality and some sociodemographic characteristics
such as marital status, education level, smoking and
alcohol use. It was observed that single participants
had worse sleep quality than married participants. The
results of the study by Deo ef al. [37] are also consis-
tent with these findings. It was observed that individ-
uals who smoke and drink alcohol had higher sleep
quality scores and that individuals in this group had
poor sleep quality. These findings, in line with previ-
ous epidemiological studies, show that smoking and
alcohol use have negative effects on sleep quality [38-
40]. In our study, a significant relationship was found
between the sociodemographic variables of age, mar-
ital status, smoking and alcohol use and the mean BDI
scores. Similarly, a significant relationship was found
between the sociodemographic variables of marital
status, employment status, smoking and alcohol use
and the mean BAI scores. When looking at age cate-
gories, it was found that women between the ages of
18-25 had higher depression scores than other age
groups. Solomou and Constantinidou [41] stated that
depression scores were higher in young individuals. It
has been reported that young adults have poor sleep
quality and high anxiety and depression risk [42]. In
our study, it was determined that anxiety scores were
higher in students. Wang et al. [43] found that stu-
dents’ anxiety levels were higher than other profes-
sional groups. Distance education in universities in
Tiirkiye is thought to increase anxiety [44].

In our study, anxiety and depression scores were
found to be higher in single participants than in mar-

ried participants. Similarly, Gualano et al. [45] re-
ported that anxiety and depression scores were higher
in single participants in their study. Anxiety and de-
pression scores were found to be higher in participants
who smoked and drank alcohol. This finding is con-
sistent with previous studies showing that individuals
who smoked and drank alcohol are at higher risk for
anxiety and depression [40, 46]. The pandemic period
may pose potential risks for smoking and alcohol
abuse and requires public health measures to protect
vulnerable individuals. In this study, it was found that
participants with severe depression and anxiety had
higher sleep quality scores than other groups and that
there was a significant relationship between sleep
quality and anxiety and depression. In addition, it was
found that the effect of anxiety on sleep quality was
more pronounced than depression. Decreased sleep
quality is strongly associated with poor mood [26].
Sleep problems are an important factor that can nega-
tively affect psychological health [23].

Limitations

Among the limitations of the study, the sample
size being restricted to a specific geographical area
and the participants consisting solely of women can
be mentioned. These limitations should be taken into
account as they may restrict the generalizability of the
findings. In future research, it is thought that studies
conducted with large-scale and more heterogeneous
samples, including individuals from different age
groups as well as male participants, may provide more
comprehensive results. Additionally, it would be ben-
eficial to conduct studies that track the long-term psy-
chological effects post-COVID-19 and evaluate the
effectiveness of intervention strategies.

The study focused only on women, so the findings
may not be generalizable to other populations. Future
research should consider longitudinal studies and more
diverse participant samples to understand these rela-
tionships in more depth.

CONCLUSION

This study reveals that the increased levels of anxiety
and depression during the COVID-19 pandemic are
significantly associated with poor sleep quality. The
younger age group, students, singles, smokers, and al-
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cohol users were at higher risk of increased anxiety, de-
pression, and poor sleep quality during the pandemic.

According to our results, it is important to develop
more targeted strategies for women, young people, and
other vulnerable groups when creating health policies,
to minimize the impacts of the pandemic. These strate-
gies may include interventions such as ensuring easy
access to psychological support services, increasing
online therapy and support groups. Additionally, it is
emphasized that early interventions and long-term
monitoring for sleep disorders and psychological is-
sues should be implemented. In this process, the adop-
tion of community-based solutions through the
collaboration of mental health professionals and
healthcare institutions can alleviate the long-term psy-
chological burden of the pandemic.
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ABSTRACT

Objectives: Pneumonia ranks among the infections and presents a considerable health threat, especially in
certain age groups and developing countries. The accurate diagnosis of the disease and prompt identification
are crucial for treatment purposes. This study aimed to develope a convolutional deep neural network model
that can detect pneumonia using a sufficient number of chest X-ray images that have been verified with a "def-
inite diagnosis" clinically.

Methods: This study uses a dataset that includes 1000 chest X-ray images from a variety of age groups taken
as part of patient care at Ko¢ University Faculty of Medicine Hospital Clinics. The dataset sample includes
two sets of pictures called normal and pneumonia infected. Various preprocessing techniques were used on
the obtained images, thus enabling the training and testing of our developed prediction model.

Results: We improved the accuracy of the model's decisions by applying image processing techniques, suc-
cessfully achieving high levels of decision accuracy with our model We have elevated the precision of deci-
sion-making in our model to outstanding levels and achieved impressive F1 Score and AUC (Area Under the
Curve) values (F1 Score: 0.94 and AUC Score: 0.98).

Conclusions: Our model was trained using X-ray images produced from the same devices of the same hospital
and achieved very high prediction results, but using images produced from different countries, different hos-
pitals and different devices, especially training and testing the model with much larger data sets, is a necessary
need for this study and the model we developed to become more universal, and in this sense, there is a need to
develop and expand the study.

Keywords: Pneumonia, convolutional neural network, chest X-ray, deep neural network, machine learning,
deep learning, artificial intelligence

hospital admissions in people of all ages and can
be a serious health concern for the elderly popu-
lation as it may result in severe illness and even death.
A research investigation, into the number of deaths as-
sociated with pneumonia has revealed that national

Studies have shown that pneumonia is a reason for

mortality statistics from 14 years of 19 european union
countries were analysed and reported to be the most
common cause of infection-related deaths, especially
among the elderly and individuals with comorbidities.
[1]. Children under 5 ages and individuals over 65
ages are, at risk of pneumonia related complications.
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In 2019 2.5 million deaths globally were linked to
pneumonia [2].

Lung infection known as pneumonia can be
caused by microorganisms like bacteria or viruses and
is identified by respiratory symptoms and lung abnor-
malities on imaging tests such as infiltrations or con-
solidations in lung tissue or pleural effusion [3, 4].

The diverse range of infections across societies
and age groups highlights a need to understand poten-
tial causes for effective treatment strategies. Identify-
ing pathogens that cause lower respiratory tract
infections, especially in childhood, is a challenging
process because disease indicators may overlap with
respiratory pathogens not related to infection, and ex-
isting routine tests may often lead to false-negative re-
sults or detect randomly transmitted pathogens [5].
Commonly seen in viral pneumonia are similar symp-
toms that can be observed by the doctor during a phys-
ical checkup to evaluate the patient’s general
well-being including respiratory difficulties and men-
tal alertness. The doctor also checks the signs such as
temperature and pulse rate along, with examining lung
abnormalities by inspecting the rib cage and listening
to the patients’ breathing sounds. The results provide
clues that suggest pneumonia may be present but to
confirm the diagnosis definitively a chest X ray is nec-
essary [6].

Alveolar infiltration seen on a chest X ray is
described as the buildup of cells and fluid within the
alveoli (air sacs). This pattern is frequently seen in
pneumonia caused by bacteria such, as Streptococcus
pneumoniae. On an X ray image alveolar infiltration

appears as a dense opacity.

A common feature of pneumonia is the presence of
boundaries usually limited to a specific part of the lung
(referred to as lobar pneumonia).

Another characteristic is infiltration which occurs
when inflammation and fluid buildup happen in the
connective tissue between the air sacs that support
lung structure. Known as the interstitium. This type of
infiltration is often seen in cases of pneumonia or
pneumonia caused by less common microorganisms
like Mycoplasma pneumoniae. X ray images show in-
filtration as a broader and more spread-out pattern,
with fine reticular or nodular features; however, this
distinction may not always be clear cut. Some bacter-
ial pneumonias like Staphylococcus aureus pneumonia
can show infiltration while certain viral pneumonias
may display alveolar infiltration as well. It's important
to consider the findings along, with clinical observa-
tions and lab tests to determine the cause of pneumo-
nia correctly [7].

Getting a chest X ray is a radiographic procedure
used for screening purposes. Diagnosing lung condi-
tions is commonly done using chest X ray imaging due
to its cost effectiveness and ease of access without in-
vasive procedures involved in the process of identifi-
cation from the images relies heavily on skilled and
seasoned doctors’ knowledge and training " This chal-
lenge becomes particularly significant in regions, with
limited healthcare resources where both the frequency
and severity of these disorders are higher.

Pediatric pneumonia rates are much higher than
the global average figures suggest. Automated diag-

Fig. 1. Chest X-ray of a) normal patient and b) pneumonia infected patient.
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nostic tools using chest X rays are seen as a way to
improve radiologists’ productivity and cut down on
healthcare costs while speeding up the detection and
treatment of pneumonia in kids.

METHODS

Experimental Dataset

This research study uses a dataset that includes 1000
chest X-ray images from a variety of age groups taken
as part of patient care at Ko¢ University Faculty of
Medicine Hospital Clinics. The sample includes two
sets of pictures called normal and pneumonia infected
as shown in Fig. 1. Pneumonia is divided into bacterial
and viral pneumonia. Qualified radiologists assigned
labels during the data preparation process for patients,
with a confirmed diagnosis based on chest X-ray im-
ages and advanced imaging methods as necessary.
Backed up by laboratory tests and further validated
through pathological examinations when needed and
ultimately decided upon by the physicians.

The council's viewpoint was taken into consider-
ation when organizing the imaging process and con-
ducting laboratory procedures on samples from both
healthy individuals and those with pneumonia infec-
tion for Convolutional Neural Network (CNN) train-
ing purposes later on; the images, in these sample
subsets were then shuffled randomly for analysis as
outlined in Table 1. Examining smaller portions, for
analysis and evaluation.

Our approach to identifying pneumonia is based

Table 1. Splitting of the dataset

Category Training sample Test sample
Normal images 190 60
Pneumonia 565 185
infected images

Total images 755 245
Percentage of 75% 25%

total images

on the predictions we make. In order to guarantee the
reliability and accuracy of the predictions made by our
CNN model we have incorporated measures, into the
image preprocessing stage. One, after the other algo-
rithms are executed in sequence.

Resize Pictures

The X-ray images of patients’ chests can vary de-
pending on factors like age and health status well as
body type. In order to create a model, we meticulously
adjusted all the images to ensure the lung, to image
ratio is optimized. This manual adjustment led to im-
ages of sizes after cropping each one, as illustrated in
Fig. 2. Therefore, we included the tactics mentioned
below in our approach.

Preparing Images, for Analysis

After using the picture cropping method, we ap-
plied three processing steps to each image before in-
cluding them in the training phase. Firstly, we adjusted
all images to 512 x 512 size to match the CNN models

Fig. 2. Histogram equalized and cropped versions of the images shown in Fig. 1.
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input requirements. We used bilinear interpolation to
decrease the image sizes, for uniformity. In this step,
we performed histogram equalization on the images
to improve their overall quality and clarity.

Fig. 2 of the report is where you can see the effects of
histogram equalization clearly shown in comparison
to methods used in image processing tasks like nor-
malizing pixel values within a specific range of 1 to
255 for better data scaling, in the third layer adjust-
ment process.

Enhancing Data

We improved our sample by rotating it at an angle
selected from a uniform range of [-10, 10] degrees.
After the enhancement process was completed, we
also doubled the size of the training sample set. Ro-
tating images randomly boosts the model's robustness
in accommodating the positioning of young patients
and others. Severe illnesses can show images, on X-
rays naturally.

Training at CNN

Many studies have shown results with various net-
works like ResNetl18 [8], DenseNet121 [9], Xception
[10], MobileNet [11]. However, these networks are de-
signed for datasets. They have tens of millions of param-
eters for training A network with too many parameters
trained with a small sample like ours often results in sig-
nificant fluctuations, in loss values affecting accuracy
values. Therefore the model cannot be considered.

Our study utilized a CNN design showcased in

ConvZD
= relu
ut_shape = null, 512, 512, 1

groups =1
karnel_size = 2, 2
padding = same
strides = 2, 2

512x512=1

AveragePooling2D

padding = same
poal_size = 2, 2
strides = 1, 1

Fig. 3 for analysis purposes. During the training phase
of the model development process running over 100
epochs with a batch size of 32. We opted for employ-
ing the square error (MSE) loss function paired with
the Adam optimizer and maintained a learning rate set
at 0.0001, during the training session.

Assessing Performance

The balanced datasets play a role in enhancing the
predictive accuracy of both the Diagnostic and Diag-
nostic models in comparison to imbalanced datasets
that require more complex neural network structures
to effectively handle the data distribution disparities
observed within the dataset where normal instances
occur roughly four times less frequently than infected
cases.

There seems to be a difference and inconsistency
in the model predictions output observed here; how-
ever, if the model can maintain stability and accuracy
even when trained under such conditions, at higher
levels, it would give a significant edge in adjusting the
model for various data sets broadly. The dataset com-
prises 93% of the information used for analysis pur-
poses in this model's network configuration. When the
number of layers and nodes increases, in the network
model it tends to lead to a risk of overfitting, which
can make the accuracy of the prediction algorithm
more complex to achieve effectively.

Generating Grad-CAM Visualizations
In the realm of visual recognition tasks within

AveragePooling2D

padding = same
pool_size = 2, 2

kernel_size = 4, 4
padding = same
strides = 2, 2

AveragePooling20

groups =1
kernel_size = 4, 4
padding = same
strides = 2, 2

padding = same
pool_size =2, 2
strides = 2, 2

groups =1
kernel_size = 4, 4
padding = same
strides = 2, 2

AveragePooling2D

padding = valid
pool_size =2, 2
strides = 2, 2

Flatten

Activation

activation = sigmaid

Sigmoid

Fig. 3. Layer structure of Convolutional Neural networks with hyperparameters.
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Fig. 4. When the model renders a judgment, the pixels it emphasizes are depicted in red.

deep learning models have achieved notable advance-
ments over time. However understanding how these
models make decisions proves to be a challenging en-
deavor. Shedding light on the characteristics that drive
the model's decisions is crucial, for enhancing its reli-
ability and pinpointing any shortcomings in this con-
text.

Methods such as Grad CAM (Gradient weighted
Class Activation Mapping) have emerged as a tool, for
understanding how deep learning models work [12].
When applied to a model designed to detect pneumo-
nia in chest X-rays, Grad CAM has demonstrated the
model's ability to accurately identify pneumonia le-
sions [12]. We improved the clarity of the model's de-
cisions for healthcare providers. Boosted its
dependability, with Grad CAM technology that reveals
which pixels the model focuses on most intensely in
its decision-making process. This helps us better un-
derstand and improve the model's capabilities and
weaknesses. We tested our model using a selected
chest X-ray image and after it classified the image as
either normal or abnormal.

The Grad CAM method was applied to analyze the
image in Fig. 4 showcasing the areas where our model
focused on while making decisions. The highlighted
red regions indicate the key areas emphasized during
the decision-making process.

Statistical Analysis

McNemar test was applied to evaluate the statisti-
cal significance of the classification performance of
our model in pneumonia detection. As a result of the

test using the number of false positives and false neg-
atives in the test set, the test statistic was found to be
1.000 and the P-value was found to be 0.317.

This result shows that there is no statistically sig-
nificant difference between the errors of the model
(P>0.05). This shows that the performance of the
model is balanced and not excessively biased towards
a particular class. Therefore, the classification per-
formance of the model is balanced and reliable.

RESULTS

In the sections for training and testing data sets the
model accuracy results for both datasets are shown

Loss
os — g
04 = validation
o3
02-
(<1
o 20 a0 50 o0 100
epochs
Accuracy
10
o8
0.8 — i

= validation

o 20 40 B0 B 100

Fig. 5. Loss and accuracy curves for both training and vali-
dation sets during 100 epochs.
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Fig. 6. CNN output distribution for normal images in the
training sample (blue shaded), for the normal images in the
test sample (blue dots), for pneumonia infected in the training
sample (red shaded) and for pneumonia infected in the test
sample (red dots).

below. The model attains 100% accuracy in the train-
ing set with its accuracy, in the test set being reached.
The top part of Fig. 5 shows how the loss values
change over training sessions. Fig. 6 shows the nor-
malized output distributions of CNN for pneumonia-
infected images, in both training and test sets are
shown separately for each image type.

Table 2 displays the precision metrics for the
model's performance assessment on the test sample
using recall and F1 score values as well as the area
under the Receiver Operating Characteristic (ROC)
curve to quantify the obtained scores, in Fig. 7 left and
right panels respectively.

DISCUSSION

Throughout the training phase of our model develop-
ment, it's important to check for signs of overfitting to
ensure performance. Taking a look at the distribution
of model outputs for training and test data separately

can help us assess whether the model is overfitting or
not. Noticing a difference in the distributions of certain
class labels can indicate potential issues with overfit-
ting.

Inconsistencies between the training and test data
could suggest that the model is overfitting the data for
pneumonia detection. During the study period both
pneumonia images from training and testing sets did
not show any notable variances in results. The accu-
racy measure alone could have effectively assessed the
performance of a model without overfitting had there
existed a distribution of sample classes utilized in the
training process. However, due to the absence of bal-
ance in our case, further metrics, like precision, recov-
ery, F1 score, and AUC score have been incorporated
for evaluation purposes.

The importance of the F-Score, especially in stud-
ies with dataset imbalances, is described in the study
"A Survey of Evaluation Metrics for Classification
Performance" [13]. The F-Score is important in areas
such as medical diagnoses where the consequences of
false negatives (for example, a cancer-positive case
being described as cancer-negative) are crucial.

Limitations

In addition to all these, the limitations of the F1
score are discussed in one of the most important jour-
nals, the study titled "A Review of the F-Measure: Its
History, Properties, Criticism, and Alternatives",
which is one of the current studies published in ACM
Computing Surveys (CSUR). For example, it is men-
tioned that it ignores the performance of the negative
class while evaluating the performance of the positive
class, and this situation can be problematic especially
in multi-class classification problems [14].

CONCLUSION

In order to build a reliable and quantitative CNN model,
we used an appropriate amount of data from chest X-
ray images with a high-test accuracy of (93.3%) and

Table 2. Precision, recall, F1 score and AUC Score obtained for the test sample.

Pressicion Recall F1 Score AUC Score
0.93 0.95 0.94 0.98
912 The European Research Journal | Volume 11 | Issue 5 | September 2025
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Fig. 7. Confusion Matrix obtained for the test sample. TN, TP, FN, FP stand for True Negative, True Positive, False Negative,
False Positive respectively (left). ROC curve of the CNN model. The area under this curve gives the AUC score (right).

AUC score of (98.1%), using an adequate quantity of
chest X-ray image data. The CNN model predictions
are meant to expand the information available to clini-
cians during the decision-making process, especially in
the case of pediatric triage. The purpose of presenting a
prediction generated by artificial intelligence is to pro-
vide additional information for the radiologist in the de-
cision-making process. The diagnosis has to be made
by a specialist. On the other hand, there are places in
the world where there are not enough doctors who can
correctly identify pneumonia from chest X-ray images.
A simple application on a smartphone can be used to
gather better diagnostic information in these regions
using the CNN model we have developed.

However, our model was trained using X-ray im-
ages produced from the same devices of the same hos-
pital and achieved very high prediction results, but
using images produced from different countries, dif-
ferent hospitals and different devices, especially train-
ing and testing the model with much larger data sets,
is a necessary need for this study and the model we
developed to become more universal, and in this sense,
there is a need to develop and expand the study.
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ABSTRACT

Objectives: This study evaluates the performance of a commercially available deep learning tool in detecting
chest nodules on X-rays, with findings validated by radiologist and confirmatory Computed Tomography (CT)
scans.

Methods: In this retrospective analysis, the data of 299 consecutive patients who underwent both chest X-
rays and CT scans within two weeks from June 2024 to December 2024 were analyzed. The performance of
the deep learning tool was compared against the radiologist reports and CT scan reports, which were considered
the gold standard. Performance parameters such as accuracy, sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) were calculated and compared using McNemar's test.

Results: In 299 patients (43.8% female, mean age 58.78 years), CT scans showed nodules in 122 (40.8%) pa-
tients. Nodules were identified by the deep learning system in 53 patients, missing five cases identified by ra-
diologist, but also identifying an additional 37 (30.3%) missed cases. The deep learning tool was 72% accurate
(95% confidence interval: 0.66-0.77), higher than the 63% of the radiologist (P=0.02). Sensitivity was higher
for artificial intelligence (37%) than for radiologist (10%; P<0.001) but lower in terms of specificity (95% vs.
100%; P=0.004).

Conclusions: The deep learning algorithm showed improved sensitivity and accuracy for the detection of pul-
monary nodules but lower specificity, with reservations about false positives. The synergy of artificial intelli-
gence and human experience has the potential to enhance the diagnosis of lung cancer. Further research is
needed to validate these findings in diverse populations.

Keywords: Artificial intelligence, chest X-ray, chest nodiile, chest CT

f arly detection of nodules in the lung is critical

to early diagnosis and treatment of lung can-

cer, which remains one of the leading killer

cancers worldwide [1]. Lung cancer is particularly in-

sidious since it is often asymptomatic in its early

stages, and therefore, early detection of nodules is cru-
cial if survival is to be improved [2].

Traditional nodular detection with chest X-rays is

greatly relies on radiologists' expertise. The mecha-
nism, however, can be susceptible to various factors,
including the tiredness of the radiologist, experience,
as well as variation in human observation [3]. With the
continued escalation in medical imaging exponen-
tially, a greater demand for novel technologies able to
increase efficiency and accuracy during diagnosis is
felt. The amount of data generated by medical imaging
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itself may be enormous and can be overwhelming
even for the most skilled radiologists so that they may
miss detection of a nodule [4]. To counter such set-
backs, advancements in recent artificial intelligence
have provided avenues for developing automated so-
lutions capable of analyzing medical images with un-
paralleled precision [5].

Artificial intelligence (Al)-powered nodule detec-
tion software applies sophisticated deep learning al-
gorithms to identify and classify chest X-ray
abnormalities. These algorithms are trained on large
datasets, allowing them to recognize patterns and fea-
tures that may be pathognomonic [6]. By doing so,
these programs have the potential to reduce the work-
load of radiologists, enhance diagnostic accuracy, and
ultimately result in improved patient outcomes [7].
Yet, the clinical integration of these Al technologies
requires strict validation compared to accepted diag-
nostic standards. It is important, as noted by a review
performed by Najjar, that Al systems be thoroughly
tested across various clinical environments to guaran-
tee their robustness and performance in operational
settings [8]. The effective deployment of Al for the de-
tection of nodules can potentially revolutionize the

June 2024

discipline of lung cancer diagnosis by offering a sup-
plement to human knowledge with the promise of
quicker and more precise diagnoses [9].

The aim of this study is to assess the diagnostic
accuracy and clinical utility of a commercially avail-
able deep learning tool in detecting pulmonary nodules
on chest X-rays. The performance of the Al tool will
be rigorously evaluated by comparing its findings with
radiologist-confirmed detections on both chest X-rays
and corresponding confirmatory Computed Tomogra-
phy (CT) scans. This validation process seeks to es-
tablish the reliability of Al-driven nodule detection as
a supportive tool in clinical practice, ensuring its po-
tential to enhance early diagnosis and reduce oversight
in chest radiography interpretation.

METHODS

Study Design and Sample

The review board approved this retrospective study
and granted a waiver for informed consent regarding
the collection, analysis, and presentation of
anonymized medical data. This study follows the

December 2024

(. J
T
Patients with chest X-Ray and
CT scans (within 2 weeks)
included
A
All 299 patients included in the
study.
None of patients were excluded.
I
X-Ray Scans CT Scans
v v \
Radiologist Gold Standard
9 DL System Radiologist
Evaluation i
Evaluation

Fig. 1. Patient inclusion-exclusion and study design flowchart.
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STROBE guideline [10].

We retrospectively reviewed consecutive patients
who underwent chest X-ray scans and had CT scans
within 2 weeks between June 2024 and December
2024. A total of 299 patients underwent chest X-ray
scans and CT scans within 2 weeks. All 299 patients
were included in the study. Patient inclusion-exclusion
and study design were further described in Fig. 1.

Data Collection

All the scanning images were done in one center.
The same X-ray (Siemens, Ysio, Munich, Germany)
and CT (Siemens, NAEOTOM Alpha, Munich, Ger-
many) units were used during the research. European
Medical Device Regulation (MDR) CE-marked com-
mercially available deep learning tool hChestXR
(v1.0, Hevi Al, Istanbul, Turkey) was used to analyze
nodules in chest X-rays. hChestXR tool was directly
installed in the hospital's Picture Archiving and Com-
munication System (PACS). hChestXR directly ana-
lyzed images from hospital PACS. Results were noted.
A single radiologist with 20 years of experience in
chest imaging interpreted all the X-ray and CT scan
images. CT scans were used as a gold standard. None
of the images used were used in the deep learning
model development.

100
80
5
L]
2 60
@
=)
<
40
20
Female
(n=131)

Statistical Analysis

All the analysis was done by R statistical software
(Austria, R Core Team, version 4.1.0). Statistically
significant was taken as a 0.95 confidence interval.
Descriptive analysis was done on patient age and sex.
The deep learning system and radiologist chest X-ray
reading evaluation were measured with a confusion
matrix. Accuracy, sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive value
(NPV) were calculated and compared with the McNe-
mar test.

RESULTS

From all patients 131 (43.8%) of them were female
and 168 (56.2%) of them were male. Mean age was
58.78 (£18.9). Further information was given in Fig.
2. CT examinations revealed 122 (40.8%) patients had
chest nodules. Radiologist found chest nodules in 12
(12/122, 9.8%) patients from chest X-rays of those pa-
tients without any false positive cases. deep learning
system able to detect chest nodules in 53 patients. The
deep learning system missed five (5/12, 41.6%) cases
that radiologist found. Of 53 patients that deep learn-
ing assessed nodule, 8 (8/53, 15%) of them were false

Male
(n = 168)

Sex

Fig. 2. Age and sex distribution of the study.
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Table 1. Diagnostic metrics for pathologies

NPV
0.62
(95% CI: 0.56-0.67)

Sensitivity Specificity PPV

Accuracy

1.00
(95% CI: 0.74-1.00)

1.00
(95% CI: 0.98-1.00)

0.10
(95% CI: 0.05-0.17)

0.63

(95% CI: 0.57-0.69)

Radiologist X-

ray assessment

Al

0.69
(95% CI: 0.63-0.74)

0.85
(95% CI: 0.72-0.93)

0.95
(95% CI: 0.91-0.98)

0.37

(95% CI: 0.28-0.46)

0.72
(95% CI: 0.66-0.77)

<0.001

0.005
Confidence Interval.

0.004

<0.001

0.02
PPV=Positive predictive value, NPV=Negative predictive value, Al=Artificial intelligence, CI

P value

positives. Deep learning system able to detect extra 38
(38/122, 31.1%) different patients that radiologist un-
able to detect nodule in X-ray. The deep learning sys-
tem achieved an accuracy of 0.72 (95% confidence
interval [CI]: 0.66-0.77), which was statistically sig-
nificantly higher than the radiologist's accuracy of
0.63 (95% CI: 0.57-0.69; P=0.02). Sensitivity was sta-
tistically significantly higher for deep learning, reach-
ing 0.37 (95% CI: 0.28-0.46), compared to the
radiologist's sensitivity of 0.10 (95% CI: 0.05-0.17;
P<0.001). Specificity was statistically significantly
lower for deep learning at 0.95 (95% CI: 0.91-0.98),
radiologist demonstrated specificity of 1.00 (95% CI:
0.98-1.00; P=0.004). PPV was statistically signifi-
cantly higher for radiologist with 1.00 (95% CI: 0.74-
1.00) and deep learning with 0.85 (95% CI: 0.72-0.9;
(P=0.005), while NPV was statistically significantly
higher for DL (0.69, 95% CI: 0.63-0.74) than radiolo-
gist (0.62, 95% CI: 0.56-0.67) (P<0.001). Further in-
formation can be found in Table 1.

DISCUSSION

In the study research, the performance of a commer-
cially deployed deep learning system in the detection
of chest nodules on X-rays evaluated with all the re-
sults validated by radiologist through X-rays and con-
firmatory CTs. Study highlights the potential use of
deep learning-based detection of nodules in chest X-
rays, with its potential for enhancing diagnostic accu-
racy in the detection of pulmonary nodules. The deep
learning model achieved a statistically significant ac-
curacy of 72%, compared to 63% by the radiologist,
and achieved significantly higher sensitivity, which is
the ratio of correctly detected nodules by the model.
Specifically, better accuracy for hard-to-detect nodules
on X-ray. But the specificity of the deep learning was
lower than that of the radiologist, which means a
higher rate of false positives. The results of the current
study support previous studies highlighting the role of
Al in increasing the diagnostic correctness of pul-
monary nodule detection from chest X-rays.

For instance, a systematic review by Ramli et al.
[11] showed that Al algorithms were capable of gen-
erating wide ranges of sensitivity in identifying lung
nodules based on the assessment strategy. Gold stan-
dard modality was the key determinant whether it is
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CT or X-ray based [11]. In our study demonstrated
comparable sensitivity with CT scans, gold standard.
Where deep learning tool had a statistically signifi-
cantly lower specificity of 0.95 while being compared
to the specificity of the radiologist at 1.00. Deep learn-
ing tool did equally better for literature [12-15]. Ad-
ditionally, the deep learning ability to detect more
nodules not identified by the radiologist (30.3%) is in
agreement with prior studies by Ardila et al. [16] on
CTs, which indicated deep learning’s utility in assist-
ing radiologists by detecting difficult-to-detect abnor-
malities. Ahmad et al. [17] compared a number of
studies on the use of Al in radiology and found that
while Al algorithms were extremely sensitive in the
detection of lung nodules, specificity was often less
than ideal. Such a difference can lead to more false
positives, and this could result in more biopsies or fur-
ther imaging workup. The authors concluded that
while Al could prove to be a helpful ally to traditional
radiological practice, it should never replace the clin-
ical expertise of the radiologist [17]. Together, these
reports underscore the adjunctive role of Al in radiol-
ogy as suggesting the potential of Al to add to nodule
detection, but with caution in the implementation to
avoid the dangers of false positives. The increasing
burden of the interpretation of chest X-rays is a sig-
nificant issue for radiologists, particularly against the
backdrop of today's exploding volume of medical im-
ages and the complexity of the identification of pul-
monary nodules [18]. Regular radiological
assessments are usually marred by human errors, suf-
fering from the effects of fatigue and unevenness in
expertise, which consequently can generate diagnostic
and tardy treatment errors [19]. Integration of Al into
this process has proven to be a good method for en-
hancing accuracy and the effectiveness of the diagnos-
tic process [20]. While Al has the ability to alleviate
some burden in relation to chest X-ray interpretation,
its application must be pursued with care in the at-
tempt to restrict the opportunities of inappropriate in-
tervention due to false positives [11].

Limitations

Despite the encouraging results of this study, cer-
tain limitations should be noted. First, the retrospec-
tive design might lead to bias. Second, the study was
done at a single center, which could limit the ability
to generalize the findings to larger groups or other

clinical settings. Third, use of a single radiologist to
interpret all images may introduce some level of sub-
jectivity, potentially skewing the consistency of the
readings. Finally, the deep learning tool was evaluated
for its performance with a small dataset, and further
research must be done to establish its effectiveness on
heterogeneous populations and imaging scenarios to
show its resilience in clinical practice.

CONCLUSION

In conclusion, this research suggests the potential for
deep learning -augmented nodule detection software
to improve chest X-ray diagnostic precision in pul-
monary nodules. The lower specificity does present
the issue of false positives, which might cause patient
anxiety and unnecessary interventions. Future studies
need to replicate these findings in different popula-
tions and settings. Ultimately, the synergy between Al
and human expertise might enhance lung cancer diag-
nostics, and thereby management.

Ethical Statement

All procedures conducted in studies involving
human participants complied with the ethical stan-
dards of the institutional and/or national research com-
mittee, as well as the 1964 Helsinki Declaration and
its subsequent amendments or equivalent ethical
guidelines. The local ethics committee (Acibadem
Mehmet Ali Aydinlar University Medical Research
Evaluation Board - ATADEK) approved this retro-
spective study and waived the requirement for in-
formed consent for the retrospective analysis of
anonymized medical data (Decision number: 2025-
07/52 and date: 08.05.2025).

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: YB; Study Design: YB; Super-
vision: YB; Funding: YB; Materials: YB; Data Col-
lection and/or Processing: YB; Statistical Analysis

The European Research Journal | Volume 11

Issue 5 | September 2025

919



Eur Res J. 2025;11(5):915-921

Al nodule detection with radiologist-validated CT and X-ray

and/or Data Interpretation: YB; Literature Review:
YB; Manuscript Preparation: YB; and Critical Re-
view: YB.

Conflict of interest
The author disclosed no conflict of interest during
the preparation or publication of this manuscript.

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

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.

Generative Artificial Intelligence Statement

The author(s) declare that artificial intelligence
tools were used in accordance with academic ethical
standards during the preparation of this manuscript.
European Medical Device Regulation (MDR) CE-
marked commercially available deep learning tool
hChestXR (v1.0, Hevi Al, Istanbul, Turkey) was used
to analyze nodules in chest X-rays. hChestXR tool was
directly installed in the hospital's Picture Archiving
and Communication System (PACS). hChestXR di-
rectly analyzed images from hospital PACS. The all
content of the study was produced by the author(s) in
accordance with scientific research methods and aca-
demic ethical principles.

Editor's note

All statements made in this article are solely those
of the author(s) 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. Hendriks LEL, Remon J, Faivre-Finn C, et al. Non-small-cell
lung cancer. Nat Rev Dis Primers. 2024;10(1):71. doi:
10.1038/s41572-024-00551-9.

3. Cheng PM, Montagnon E, Yamashita R, et al. Deep Learning:
An Update for Radiologists. Radiographics. 2021;41(5):1427-
1445. doi: 10.1148/rg.2021200210.

4. Huang S, Yang J, Shen N, Xu Q, Zhao Q. Artificial intelligence
in lung cancer diagnosis and prognosis: Current application and
future perspective. Semin Cancer Biol. 2023;89:30-37. doi:
10.1016/j.semcancer.2023.01.006.

5. Esteva A, Robicquet A, Ramsundar B, et al. A guide to deep
learning in healthcare. Nat Med. 2019;25(1):24-29. doi:
10.1038/s41591-018-0316-z.

6. Lakhani P, Sundaram B. Deep Learning at Chest Radiography:
Automated Classification of Pulmonary Tuberculosis by Using
Convolutional Neural Networks. Radiology. 2017;284(2):574-
582. doi: 10.1148/radiol.2017162326.

7. Bramley R, Broadhurst P, Sharman A, et al. Prevalence of Al
findings on chest X-ray in patients with lung cancer: A cross-sec-
tional cohort study. medRxiv.2024.12.20.24319410. [Preprint].
doi: 10.1101/2024.12.20.24319410.

8. Najjar R. Redefining Radiology: A Review of Artificial Intel-
ligence Integration in Medical Imaging. Diagnostics (Basel).
2023;13(17):2760. doi: 10.3390/diagnostics13172760.

9. Anderson PG, Tarder-Stoll H, Alpaslan M, et al. Deep learning
improves physician accuracy in the comprehensive detection of
abnormalities on chest X-rays. Sci Rep. 2024;14(1):25151. doi:
10.1038/s41598-024-76608-2.

10. von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC,
Vandenbroucke JP; STROBE Initiative. The Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational
studies. J Clin Epidemiol. 2008;61(4):344-3449. doi:
10.1016/j.jclinepi.2007.11.008.

11. Megat Ramli PN, Aizuddin AN, Ahmad N, Abdul Hamid Z,
Ismail KI. A Systematic Review: The Role of Artificial Intelli-
gence in Lung Cancer Screening in Detecting Lung Nodules on
Chest X-Rays. Diagnostics (Basel). 2025;15(3):246. doi:
10.3390/diagnostics15030246.

12. Peters AA, Decasper A, Munz J, et al. Performance of an Al
based CAD system in solid lung nodule detection on chest phan-
tom radiographs compared to radiology residents and fellow ra-
diologists. J Thorac Dis. 2021;13(5):2728-2737. doi:
10.21037/jtd-20-3522.

13. Govindarajan A, Govindarajan A, Tanamala S, et al. Role of
an Automated Deep Learning Algorithm for Reliable Screening
of Abnormality in Chest Radiographs: A Prospective Multicenter
Quality  Improvement  Study. Diagnostics  (Basel).
2022;12(11):2724. doi: 10.3390/diagnostics12112724.

14. Ahn JS, Ebrahimian S, McDermott S, et al. Association of Ar-
tificial Intelligence-Aided Chest Radiograph Interpretation With
Reader Performance and Efficiency. JAMA Netw Open.
2022;5(8):€2229289. doi: 10.1001/jamanetworkopen.2022.29289.
15. Koo YH, Shin KE, Park JS, Lee JW, Byun S, Lee H. Extraval-
idation and reproducibility results of a commercial deep learn-
ing-based automatic detection algorithm for pulmonary nodules
on chest radiographs at tertiary hospital. ] Med Imaging Radiat

920

The European Research Journal | Volume 11

Issue 5 | September 2025


https://doi.org/10.1038/s41572-024-00551-9
https://doi.org/10.1148/rg.2021200210
https://doi.org/10.1016/j.semcancer.2023.01.006
https://doi.org/10.1038/s41591-018-0316-z
https://doi.org/10.1148/radiol.2017162326
https://doi.org/10.1101/2024.12.20.24319410
https://doi.org/10.3390/diagnostics13172760
https://doi.org/10.1038/s41598-024-76608-2
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.3390/diagnostics15030246
https://doi.org/10.21037/jtd-20-3522
https://doi.org/10.3390/diagnostics12112724
https://doi.org/10.1001/jamanetworkopen.2022.29289

Eur Res J. 2025;11(5):915-921

Basar

Oncol. 2021;65(1):15-22. doi: 10.1111/1754-9485.13105.

16. Ardila D, Kiraly AP, Bharadwa; S, et al. End-to-end lung can-
cer screening with three-dimensional deep learning on low-dose
chest computed tomography. Nat Med. 2019;25(6):954-961. doi:
10.1038/s41591-019-0447-x.

17. Ahmad HK, Milne MR, Buchlak QD, et al. Machine Learning
Augmented Interpretation of Chest X-rays: A Systematic Review.
Diagnostics (Basel). 2023;13(4):743. doi: 10.3390/diagnos-

In: Coche E, Ghaye B, de Mey J, Duyck P. Editors. Comparative
Interpretation of CT and Standard Radiography of the Chest.
Springer, Berlin, Heidelberg. 2011: pp. 27-49.

19. Mazzone PJ, Lam L. Evaluating the Patient With a Pulmonary
Nodule: A Review. JAMA. 2022;327(3):264-273. doi:
10.1001/jama.2021.24287.

20. Nam JG, Hwang EJ, Kim J, et al. Al Improves Nodule De-
tection on Chest Radiographs in a Health Screening Population:

tics13040743. A Randomized Controlled Trial. Radiology.
18. Delrue L, Gosselin R, Ilsen B, Van Landeghem A, de Mey J, 2023;307(2):¢221894. doi: 10.1148/radiol.221894.

Duyck P. Difficulties in the Interpretation of Chest Radiography.

The European Research Journal | Volume 11 | Issue 5 | September 2025 921


https://doi.org/10.1111/1754-9485.13105
https://doi.org/10.1038/s41591-019-0447-x
https://doi.org/10.3390/diagnostics13040743
https://doi.org/10.3390/diagnostics13040743
https://doi.org/10.1001/jama.2021.24287
https://doi.org/10.1148/radiol.221894

The European Research Journal 2025;11(5):922-933 Original Article

DOI: https://doi.org/10.18621/eurj.1684936 Public Health and Artificial Intelligence

Assessing Al-based chatbots accuracy in caloric
estimation: A focus on traditional Turkish foods

Hiisna Kaya Kacar®, Buse Sarikaya®

Department of Nutrition and Dietetics, Faculty of Health Sciences, Amasya University, Amasya, Tiirkiye

ABSTRACT

Objectives: To evaluate the accuracy of three widely used Al-based chatbots - ChatGPT 4.0, Microsoft Copilot,
and Gemini - in estimating the caloric values of traditional Turkish foods.

Methods: The accuracy of caloric information provided by the chatbots for 71 traditional Turkish foods selected
from the Tiirkomp National Food Composition Database was assessed. Each chatbot was queried in Turkish
using the standardised prompt: "What is the caloric content of [food name] per 100 grams?" Responses were
recorded and, when necessary, converted to a per-100-gram basis to ensure consistency. Accuracy percentages
were calculated by comparing chatbot responses to Tiirkomp reference values, and extreme deviations were
adjusted to 0%. Mean accuracy scores and distribution across predefined accuracy intervals were analysed for
each chatbot. Statistical analysis was conducted to determine the mean accuracy percentages and identify dif-
ferences among the chatbots.

Results: ChatGPT 4.0 achieved the highest mean accuracy (81.62%+20.6%), followed closely by Microsoft
Copilot (81.23%+20.7%), while Gemini demonstrated lower accuracy (70.99%+30.2) (P<0.05). A one-way
ANOVA showed a statistically significant difference in the mean accuracy percentages among the chatbots
(F(2, 210)=4.39, P=0.0136). Foods such as kefir, tahini halva, and walnut baklava were estimated with over
90% accuracy by all three chatbots, suggesting strengths in their training datasets and the relatively simple or
standardised nutrient composition of these foods. However, significant discrepancies in caloric estimations
were observed across the chatbots, likely due to differences in algorithms and database integrations.
Conclusions: The findings suggest that Al-based chatbots have the potential to serve as culturally relevant
tools for dietary assessment. However, the results also emphasise the need for careful use and further devel-
opment. While ChatGPT 4.0 and Microsoft Copilot performed better than Gemini, the study shows the need
for improved algorithms and expanded training datasets to enhance the accuracy and reliability of chatbots in
nutritional evaluation. This study contributes to the growing body of research on Al applications in dietetics
and public health; however, addressing these limitations is crucial to ensure their practical utility. Optimising
chatbot design for real-world use will require interdisciplinary collaboration among Al developers, nutritional
scientists, and healthcare professionals.

Keywords: Artificial intelligence, caloric estimation, chatbot accuracy, dietary assessment, nutrition technol-
ogy, traditional Turkish foods
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rapidly integrated into various domains, offer-

ing tools for information access and decision
support [1-3]. In the field of health and nutrition, these
tools are increasingly being employed to provide di-
etary recommendations and nutritional information in-
cluding the caloric content of foods [4, 5]. Their
growing prevalence in everyday life highlights their
potential to transform health and nutrition practices [6-
8]. However, despite their convenience, questions
about the accuracy and reliability of the nutritional
data they provide, particularly in culturally specific
contexts, persist as a significant concern [9-11].

Previous research has identified significant dis-
crepancies in chatbot-generated dietary information,
emphasising the need for systematic evaluations of
their accuracy [12]. There is a growing body of liter-
ature recognised that chatbots often provide inconsis-
tent nutritional advice, especially when trained on
diverse, unverified data sources, which can compro-
mise their reliability [13, 14]. These inconsistencies
can arise from the diverse range of sources that chat-
bots rely on for nutritional data, including both com-
mercial and open-access databases [15, 16]. Their
responses often exhibit notable limitations and incon-
sistencies while large language models (LLMs)
demonstrate potential in providing nutritional infor-
mation [17]. These challenges may appear from fac-
tors such as the quality and scope of their training data,
the architecture of the models, and the strategies used
to frame user prompts [10, 11, 18]. Therefore, the pre-
cision of energy content in food data is a critical aspect
that needs closer examination in the context of Al-
based dietary tools.

Recent advances in LLMs have transformed nat-
ural language processing (NLP) [19]. This enables
powerful general-purpose tools such as ChatGPT, Mi-
crosoft Copilot, and Gemini to generate fluent, con-
textually appropriate responses across a wide range of
domains [20, 21]. While general performance has been
well studied [22-24], there remains a critical gap in
understanding how LLMs perform in domain-specific
factual estimation tasks, such as calculating the caloric
content of traditional food items. These tasks demand
not only linguistic fluency but also factual grounding
in nutritional science and region-specific culinary
knowledge. Evaluating the ability of LLMs to accu-
rately respond to structured, factual queries in spe-

ﬂrﬁﬁcial intelligence (Al)-based chatbots have

cialised domains is an unfold challenge for NLP [25-
27]. Previous work has largely focused on medical
question answering [28, 29], legal reasoning [30-32],
and financial forecasting [33, 34]; however, the nutri-
tional domain remains underexplored, especially con-
cerning non-Western food systems. From an NLP
perspective, this evaluation contributes to ongoing dis-
cussions around trustworthy Al, model grounding, and
bias in domain transfer. By systematically comparing
outputs from three widely used LLMs, this research
provides evidence on the models' factual accuracy, re-
vealing the limits of their current training data and in-
ference strategies when confronted with culturally
embedded, non-standardised inputs. Findings of this
study are critical for developing stronger, domain-
aware models and for informing the responsible use
of Al in health-related decision-making.

From a health perspective, accurate caloric infor-
mation is essential for individuals managing their
weight, following specific dietary plans, or making in-
formed food choices [35, 36]. Traditional Turkish cui-
sine, renowned for its rich cultural heritage and diverse
range of dishes, presents distinct challenges for accu-
rate caloric estimation due to its unique ingredients,
varied preparation methods, and portion size variabil-
ity [37, 38]. These dishes often lack standardised por-
tion sizes and are influenced by home-cooking
practices, such as the use of oils, spices, and prepara-
tion methods like frying, boiling, or baking, all of
which significantly affect energy content and nutrient
composition [39, 40]. These complexities often lead
to nutritional profiles that are not fully captured by
generalised food databases, resulting in difficulties for
Al systems trained on such data [11, 41, 42]. Al-based
tools and chatbots, typically trained on Western-cen-
tric or generalised food databases, struggle to interpret
such culturally specific foods with accuracy [43, 44].
Additionally, these systems often lack the contextual
understanding necessary to estimate portion sizes vi-
sually or account for preparation techniques that im-
pact the final caloric value [45-48]. As reliance on Al
chatbots for nutrition-related queries continues to
grow [11, 13, 16], assessing their performance in esti-
mating the caloric content of culturally specific foods,
such as those from Turkish cuisine, becomes increas-
ingly important.

This study aims to address these gaps by assessing
the calorie estimation accuracy of three widely used
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Al chatbots-ChatGPT 4.0, Microsoft Copilot, and
Gemini-specifically for traditional Turkish foods [49-
51]. These chatbots were selected based on their sig-
nificant market presence, accessibility to consumers,
and underlying technological distinctions. ChatGPT
4.0, developed by OpenAl, is known for its natural
language understanding and multimodal capabilities,
making it one of the most widely adopted Al tools for
general-purpose queries, including nutrition-related
advice [21, 52]. Microsoft Copilot incorporates Ope-
nAI’s models within Microsoft’s platform, providing
users with easy access to Al functions through com-
monly used applications such as Bing and Microsoft
Office [53, 54]. Gemini, previously known as Bard Al,
developed by Google DeepMind, represents a differ-
ent lineage of LLMs and is deeply integrated into
Google’s search and mobile infrastructure, positioning
it as a major competitor in the generative Al space
[55]. By comparing the chatbots' responses against the
reference data provided by the Tirkomp National
Food Composition Database [56], this research seeks
to interpret their performance and reliability. This
study addresses a foundational question: To what ex-
tent can current LLMs accurately estimate caloric val-
ues for culturally specific foods? The findings of this
study will not only inform the development of more
precise Al-driven nutrition tools but also contribute to
the broader discourse on integrating cultural speci-
ficity into Al applications.

METHODS

Study Design and Data Collection

This study aimed to evaluate the accuracy of calorie
information provided by three widely used chatbots-
ChatGPT 4.0, Microsoft Copilot, and Gemini-for tra-
ditional Turkish foods [49-51]. A total of 71 foods
were selected from the Tiirkomp National Food Com-
position Database [56], where they are specifically
categorised as Traditional Turkish Foods (Table 1).
The caloric content of each food item was obtained by
individually querying each chatbot. The standardised
question presented to the chatbots was: "What is the
caloric content of [food name] per100 grams?”. This
question was presented to each chatbot in Turkish to
ensure consistency across platforms. The decision to
use Turkish as the input language was intentional, as

it matches the native language context of the foods in
question. Since these traditional dishes originate from
Turkey, it was anticipated that chatbots might return
more accurate and culturally relevant responses when
prompted in Turkish. The calorie values returned by
each chatbot were systematically recorded and com-
pared against the reference values provided in the
Tiirkomp database.

The prompt explicitly asked for the caloric content
of each food per 100 grams only. However, some chat-
bots still provided answers in different formats such
as per serving. In these cases, the responses were care-
fully reviewed and converted to a standard "per 100
grams" format to ensure accurate comparison with the
Tiirkomp reference.

To keep the method consistent, all chatbot queries
were performed on the same day and in the same order
for each platform. This approach helped avoid issues
such as internet interruptions or variation in chatbot
responses over time, as chatbots may give different an-
swers to the same question on different days.

This study did not involve human or animal subjects
and used publicly accessible data. Therefore, ethical
approval was not required.

Data Analysis

For each food item, the calorie accuracy percent-
age was calculated for each chatbot using the formula:
Calorie Accuracy Percentage (%) = (1 - (|Chatbot
Value - Reference Value| / Reference Value)) x 100
This formula expresses how closely the calorie values
provided by each chatbot approached the reference
value. A result of 100% indicates a perfect match,
while lower percentages reflect increasing deviation.
The subtraction from 1 ensures that the value repre-
sents accuracy rather than error. In cases where the cal-
culated accuracy exceeded 100% or resulted in a
negative value (indicating extreme overestimation or
underestimation), the score was adjusted and recorded
as 0%, based on the assumption that such large devi-
ations represent inaccurate estimations. For example,
the reference caloric value of Afyon pastirmasi is 209
kcal, but one chatbot returned a value of 600 kcal, re-
sulting in an accuracy of —187%, which was thus re-
coded as 0%.

The calorie accuracy percentages were analysed
using two key methods. Firstly, the mean accuracy
percentage was calculated independently for each
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Table 1. Traditional Turkish foods selected from the Tiirkomp National Food Composition
Database for caloric accuracy analysis (n=71)

Food item (Turkish)

Culinary description (English)

Afyon pastirmasi
Antep baklavasi, fistikli
Asure

Ayran, yayik

Badem ezmesi
Baklava, cevizli
Baklava, fistikli

Boza

Bozdag kestane sekeri
Bulgur, pilavhik
Cokelek

Cubuk tursusu, salatalik
Dondurma, yaniksi
Doner, et, pismis
Edirne beyaz peyniri
Erzincan tulum peyniri
Eski kasar, Kars

Ezine peyniri

Giillag, yaprak

Giimiishane dut pestili
Hardaliye

iskilip tursusu, salatahk
Izmit pismaniyesi
Karnavas dut pekmezi
Kavurma et

Kayseri pastirmasi
Kayseri sucugu
Kazandibi

Kefir

Keskiil

Kestane sekeri

Kuru incir

Leblebi

Lokum, kaymakl
Lokum, sade

Lokum, safranl, antep fistikli
Manti, ¢ig

A regional variety of pastirma (cured beef) from Afyon, known for its rich
flavour and thick ¢emen layer.

Pistachio baklava from Gaziantep, recognised for its superior quality and
rich taste.

A sweet pudding made from grains, legumes, dried fruits, and nuts; also
known as Noah’s Pudding.

A salty yogurt-based drink, churned using traditional methods for a foamy
texture.

Almond paste, often sweetened and shaped into small treats.
Baklava made with walnuts instead of pistachios.
A rich dessert made of filo layers, filled with pistachios and syrup.
A thick, slightly sour fermented drink made from bulgur or millet.
Candied chestnuts from the Bozdag region.

Coarse bulgur used for making pilaf, a staple grain in Turkish cuisine.
A crumbly, low-fat fresh cheese made from fermented or boiled yogurt.
Famous cucumber pickles from Cubuk district.

Slightly burnt-flavoured traditional Turkish ice cream with a smoky taste.
Cooked vertical rotisserie meat (usually lamb or beef), shaved for serving.
White cheese from Edirne, softer and saltier than feta.

A sharp, aged cheese from Erzincan, ripened in animal skin bags.
Aged hard yellow cheese from Kars, strong in flavour.

A white brined cheese from Ezine, known for its creamy texture.

Thin, starchy sheets soaked in milk and rose water, typically served during
Ramadan.

Mulberry fruit leather from Giimiishane, famous for its natural sweetness.

A fermented non-alcoholic drink made from grape juice, mustard seeds, and
cherry leaves.

Traditional cucumber pickles from Iskilip, with a unique regional flavour.
Flossy candy made of sugar and flour, similar to cotton candy.
Mulberry molasses from Karnavas, known for its deep flavour.
Preserved cooked meat, usually fried and stored in its own fat.

Famous cured beef from Kayseri, thinner and with a distinct spicy coating.

Famous spiced sausage from Kayseri.
A caramelised milk pudding with a burnt bottom layer.
A fermented milk drink rich in probiotics.
A creamy almond-based milk pudding, often garnished with nuts.
Candied chestnuts, especially popular in Bursa.

Dried figs, often eaten as a snack or used in desserts.
Roasted chickpeas, often served as a snack.

Turkish delight filled with clotted cream (kaymak).

Plain Turkish delight, typically dusted with powdered sugar.

Turkish delight with saffron and pistachios.

Raw Turkish dumplings typically filled with ground meat and onions, to be
boiled or steamed.
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Table 1 continued. Traditional Turkish foods selected from the Tiirkomp National Food
Composition Database for caloric accuracy analysis (n=71)

Food item (Turkish)

Culinary description (English)

Maras dondurmasi

Maras tarhanasi

Mersin cezeryesi, cevizli
Muhallebi

Nar eksisi

Oltu cag kebabi (doner, et,
pismis)

Pastirma

Pastirma ¢emeni

Pekmez, andiz
Pekmez, dut
Pekmez, harnup (keciboynuzu)
Pekmez, incir
Pekmez, iiziim
Pestil, dut

Pestil, iiziim
Peynir, otlu
Peynir, tulum
Recel, giil
Salatalik tursusu
Salep, toz

Simit

Sucuk

Siitlac

Tahin

Tahin helvasi

Tarhana, kuru

Tavsanh leblebisi

Tel kadayif, ¢ig

Yaprak sarma, etli
Yaprak sarma, zeytinyagh
Yaz helvasi, cevizli
Yogurt

Yogurt, siizme

Zile pekmezi (beyaz, sert, iiziim
pekmezi)

Stretchy, chewy ice cream from Maras, made with salep and goat milk.

A fermented dried soup base made of yogurt, wheat, and spices from Maras.
A sweet made from carrots and nuts (especially walnuts), typical in Mersin.
A silky, sweet milk pudding, often served plain or with rose water.
Pomegranate molasses; a tangy-sweet syrup used as a condiment or dressing.
Horizontally grilled meat skewers from Oltu, a regional doner variant.

Air-dried cured beef, seasoned with spices; a traditional delicacy.

A spicy garlic-based paste (usually with fenugreek) that coats pastirma
(cured beef).

Molasses made from the fruit of the wild terebinth tree (and1z).
Mulberry molasses, a natural syrup with a deep flavour.
Carob molasses; thick, sweet, and rich in minerals.

Fig molasses, made by boiling fig juice into a thick syrup.
Grape molasses; a natural sweetener made by boiling grape juice.
Thin fruit leather made from mulberries, dried into sheets.
Grape fruit leather, made by boiling and drying grape must.
Herb cheese from Eastern Anatolia, made with local herbs.
Aged cheese typically matured in goat skin (tulum).
Rose petal jam, known for its floral aroma and vibrant colour.
Pickled cucumber.

Powder made from orchid tubers, used to prepare a warm, thick, sweet
drink.

Circular sesame-crusted bread, commonly eaten as a street food.
Spicy, dry fermented sausage made with beef and garlic.
Baked rice pudding made with milk, sugar, and rice.
Sesame paste used in savoury and sweet dishes.

Dense sweet made from tahini and sugar, often eaten with bread.
Dried fermented soup powder made from yogurt, flour, and vegetables.
Roasted chickpeas from Tavsanli, known for their crunch and golden colour.
Raw shredded dough used for making sweet layered desserts.
Stuffed vine leaves with ground meat and rice.

Vine leaves stuffed with rice, pine nuts, and currants, cooked in olive oil.
A summer-style helva with walnuts, lighter and more crumbly.
Plain yogurt, a staple in Turkish cuisine and used in many dishes.
Strained yogurt, thicker and creamier than regular yogurt.

White, firm grape molasses from Zile, eaten as a sweet.

79.9%-70%, 69.9%-60%, 59.9%-50%, and <49.9%.
This categorisation allowed for a more detailed assess-
ment of the distribution and variability in the chatbots’
accuracy levels. For each chatbot, the frequency of

chatbot to provide a comprehensive overview of their
performance in estimating caloric values. Secondly,
the accuracy percentages for all food items were clas-
sified into predefined intervals: >90%, 89.9%-80%,
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food items within each predefined accuracy range was
determined and summarised to identify patterns in per-
formance and precision. Additionally, foods for which
all chatbots achieved a calorie accuracy of >90% were
identified and reported.

Statistical Analysis

Statistical analysis was conducted to determine the
mean accuracy percentages and identify differences
among the chatbots. To evaluate differences in per-
formance across the chatbots, a one-way Analysis of
Variance (ANOVA) was conducted, comparing the
mean accuracy percentages of the chatbots using the
latest version (30.0.0) of IBM SPSS Statistics soft-
ware. Statistical significance was set at P< 0.05.

RESULTS

The calorie accuracy of the three chatbots was as-
sessed specifically for traditional Turkish foods, pro-
ducing the following findings: ChatGPT 4.0
demonstrated a mean accuracy of 81.62%+20.6%,
with a range of 12.50% to 99.78%. Similarly, Mi-
crosoft Copilot achieved a mean accuracy of
81.23%+20.7%, with estimates ranging from 0% to
100%. In comparison, Gemini exhibited a slightly
lower mean accuracy of 70.99%=+30.2%, ranging from
0% to0 99.78%. A one-way ANOVA was conducted to
examine whether there were significant differences in
the mean accuracy percentages of the chatbots. The
results revealed a statistically significant difference be-
tween the chatbots, F (2, 210) = 4.39, P=0.0136.
Tukey’s HSD test was used to perform pairwise com-
parisons between the three chatbots. The results
showed that the differences in mean accuracy between
ChatGPT 4.0 and Microsoft Copilot, ChatGPT 4.0 and
Gemini, as well as Microsoft Copilot and Gemini,
were all statistically significant (P<0.05). This indi-
cates that each chatbot’s mean accuracy was signifi-

cantly different from the others.

The percentage of items with an accuracy equal to
or greater than 90% varied significantly among the
three chatbots. Gemini demonstrated a 90% or higher
accuracy for 22 (30.9%) foods, while both Microsoft
Copilot and ChatGPT 4.0 achieved this level of accu-
racy for 33 foods (46.5% each). Foods with an accu-
racy percentage equal to or less than 49.9% were more
prevalent for Gemini, with 13 (18.3%) foods falling
into this category, compared to 8 foods (11.3%) for
Microsoft Copilot and 7 (9.8%) foods for ChatGPT
4.0. These findings illustrate significant variations in
performance among the chatbots, with Gemini show-
ing a higher proportion of low-accuracy estimates,
while ChatGPT 4.0 and Microsoft Copilot demon-
strated relatively better consistency in estimating
caloric values with greater precision (Table 2, Fig. 1).

Eleven traditional Turkish foods achieved calorie
accuracy percentages exceeding 90% across all three
chatbots, underscoring their consistent performance in
estimating caloric values for these items. These foods
included kefir (fermented milk drink), Bozdag chest-
nut candy, tahini halva (a sesame-based sweet), Eski
Kasar (aged cheese from Kars), Turkish delight
flavoured with saffron and pistachios, summer halva
with walnuts, Karnavas mulberry molasses, Zile mo-
lasses (white, hard, grape-based), mulberry molasses,
pilaf-style bulgur wheat, and walnut baklava. Notably,
five foods (buttermilk-style ayran, pomegranate mo-
lasses, uncooked Turkish dumplings, caramelised milk
pudding, and giillag sheets) were consistently identi-
fied among the chatbots as having low caloric estima-
tion accuracy, with all three models reporting values
below 49.9%.

DISCUSSION

The findings of this study reveal statistically signifi-
cant differences in the performance of the evaluated

Table 2. Distribution of caloric value estimation accuracy across the three chatbots

>90% 89.9-80%  79.9-70%  69.9-60%  59.9-50% <49.9%
ChatGPT 4.0 n=33 (46.4%) n=21(29.5%) n=3 (42%) n=2(2.8%) 0n=5(7.0%) n=7(9.8%)
Microsoft Copilot n=33 (46.4%) n=18 (25.3%) n=3 (42%) 1n=5(7.0%) n=4(5.6%) n=8 (11.2%)
Gemini n=22 (30.9%) n=20(28.1%) n=6(8.4%) n=4(5.6%) n=6(8.4%) n=13 (18.3%)
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ChatGPT 4.0

290% 89.9-80 % 79.9-70 %

Microsoft Copilot

9 P

Gemini

[
69.9-60% | 59.9-50% | <499 |

Fig. 1. Percentage distribution of food items by accuracy levels for ChatGPT 4.0, Microsoft Copilot, and Gemini.

chatbots in estimating caloric values. While ChatGPT
4.0 and Microsoft Copilot demonstrated higher con-
sistency and precision, Gemini showed a higher per-
centage of low-accuracy estimates. These findings
suggest that discrepancies in the underlying database
quality or algorithmic capabilities may exist among
the chatbots. Potential contributing factors may in-
clude differences in commercial agreements, the use
of proprietary versus open-source datasets, and vary-
ing levels of access to specialised training data. Eleven
traditional Turkish foods achieved calorie accuracy
percentages exceeding 90% across all chatbots. The
high agreement among chatbots for these foods sug-
gests that their caloric values are well-represented in
existing nutritional databases and demonstrates the po-
tential reliability of chatbot-generated estimates for
certain food categories. Another important factor may
be the relatively simple or standardised nutrient com-
position of these foods, which likely facilitates more
accurate caloric predictions. Compared to more com-
plex dishes with variable recipes and portion sizes,
foods with consistent ingredients and preparation
methods may be easier for Al models to evaluate reli-
ably. Consistently, the persistent misestimation of
caloric values for five specific foods may present
unique challenges for chatbot algorithms due to factors
such as recipe variability, limited international expo-
sure, and underrepresentation in global food compo-
sition databases. Additionally, the structural
complexity or niche nature of some items (e.g., giillag
sheets used only in certain contexts) may contribute
to inaccurate estimations.

Comparable accuracy levels of ChatGPT 4.0 and
Microsoft Copilot may suggest potential similarities

in their algorithms or access to diverse and compre-
hensive nutritional datasets. However, Gemini demon-
strated slightly lower overall performance, with a
mean accuracy of 70.99%. This discrepancy in accu-
racy among the Al tool may originate several factors,
including differences in the underlying database qual-
ity (e.g., less comprehensive or outdated nutritional
data), algorithmic capabilities (such as the use of less
sophisticated learning architectures), and the fre-
quency of model updates. Additionally, reliance on
publicly available or regionally biased data sources
could further limit effectiveness of chatbots in accu-
rately identifying or categorising certain food items.

The high accuracy (=90%) observed for several
traditional Turkish foods across all chatbots might be
explained by the presence of these items in widely ac-
cessible and detailed food composition databases.
Foods such as kefir, tahini halva, and aged cheese
from Kars (Eski Kasar) are well-documented and pop-
ular both within and beyond Tiirkiye, making them
more likely to be included in the datasets used to train
these chatbots.

Previous studies have shown that Al systems, in-
cluding chatbots, exhibit varying levels of accuracy
depending on the complexity of the food item and the
comprehensiveness of the underlying datasets [57-59].
In a study evaluating the performance of four chatbots
(ChatGPT-3.5, ChatGPT-4.0, Bard Al, and Bing Chat)
in categorising foods based on their oxalate content,
the accuracy of the chatbots was found to decrease
with a higher degree of dietary oxalate content cate-
gories [57]. Specifically, the study found that the ac-
curacy of Bard Al, which had the highest overall
accuracy, was 84% for low oxalate content foods, 79%
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for moderate oxalate content foods, and 79% for high
oxalate content foods [57]. These findings suggest that
chatbots may struggle with more complex food items,
such as those with high oxalate content [57]. Recent
studies found that the chatbots' accuracy was also af-
fected by the complexity of the food item, with some
foods being more accurately identified by certain chat-
bots than others [60]. For example, the study found
that ChatGPT-3.5 was more accurate in identifying
foods with high phosphorus content, while Bard Al
was more accurate in identifying foods with high
potassium content [60]. Another research has demon-
strated that chatbots, such as ChatGPT and Bard, can
generate meal plans that are appropriate according to
dietary reference intakes but often fail to achieve com-
plete nutritional adequacy, particularly for restrictive
dietary patterns like vegan diets [61]. In addition, a
study evaluating the performance of chatbots in dif-
ferentiating between medical emergency and non-
emergency scenarios found that the chatbots tended to
overclassify the scenarios as emergencies and under-
classify them as non-emergencies [62]. This suggests
that chatbots may also struggle with complex and nu-
anced scenarios, and that their accuracy may vary de-
pending on the specific context. Overall, these
findings suggest that Al systems, including chatbots,
exhibit varying levels of accuracy depending on the
complexity of the food item [6], and that their accu-
racy may vary depending on the specific food item and
context [62, 63].

Al-based nutrition applications have reported sim-
ilar challenges in accurately estimating the nutritional
content of culturally specific or complex dishes [11,
47, 64-66]. These challenges include difficulties in
identifying individual components within mixed
dishes, variability of food appearance, type, and shape,
and the inability to detect ingredients added in cooking
or sauces and condiments [10, 65, 67, 68]. Addition-
ally, Al models can struggle to accurately estimate por-
tion sizes or volume, which can compound the
inaccuracies associated with energy estimations [65,
69-71]. To address these challenges, researchers have
proposed the use of multimodal foundation models,
such as GPT-4V, which have demonstrated remarkable
generalist intelligence and accuracy in dietary assess-
ment tasks [72]. These models can use surrounding
objects as scale references to estimate the portion sizes
of food items and can be directed with specific lan-

guage prompts to accurately identify regional dishes
[72]. However, even with these advancements, Al-
based nutrition applications still require improvement
in their ability to generalise across a diverse range of
food categories, dietary behaviours, and cultural con-
texts [6, 12, 14, 72, 73]. It is important to train models
on diverse and region-specific datasets to improve
their applicability in global contexts. The strong accu-
racy observed for widely recognised traditional Turk-
ish foods, such as kefir and tahini halva, further
supports existing literature indicating that Al tools
tend to perform better with well-documented foods
that are included in multiple international food com-
position databases. This study contributes to the grow-
ing body of evidence supporting the development of
Al models that are both globally informed and locally
adaptable, particularly for use in nutrition-related ap-
plications.

Strengths and Limitations

This study has several strengths that significantly
enhance its contribution to the fields of nutrition sci-
ence and artificial intelligence. First, it provides a fo-
cused evaluation of chatbot accuracy in estimating the
caloric values of traditional Turkish foods, an under-
explored area. By examining the performance of chat-
bots with region-specific foods, this research
addresses an important gap and provides essential in-
formation for the development of culturally sensitive
dietary assessment tools. Secondly, the study utilises
a reliable and standardised food composition database,
Tiirkomp, ensuring consistency and credibility in the
reference values employed for comparison. Further-
more, the inclusion of three distinct chatbots-ChatGPT
4.0, Microsoft Copilot, and Gemini-allows for a com-
parative analysis of their performance, clarifying po-
tential strengths and weaknesses in their algorithms
and training datasets.

However, this study also has several limitations
that should be acknowledged. First, the sample size of
71 foods, while adequate for providing initial under-
standing, is relatively small. This may limit the gen-
eralisability of the findings to other food items that
differ in composition. Second, the use of a single ref-
erence database, Tirkomp, as the gold standard for
caloric values may have influenced the results. While
Tiirkomp is a reliable and comprehensive resource for
Turkish food composition data, the use of alternative
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databases could produce different outcomes, espe-
cially for foods with varying preparation methods or
regional variations. Third, parameters influencing
LLM output variability such as temperature, maxi-
mum token length, and sampling strategies were not
standardised across platforms, potentially contributing
to inconsistencies in the generated responses. Lastly,
this evaluation did not include a qualitative or quanti-
tative analysis of hallucination phenomena, nor did it
assess whether the chatbot responses were based on
verifiable sources or referenced nutritional data, which
limits interpretability in terms of factual grounding.
The suboptimal performance observed in this study
raises an important question: are these limitations in-
herent to the language models themselves, or do they
reflect a fundamental mismatch between the task and
the capabilities for which LLMs are designed? LLMs
are optimised for language generation and reasoning
based on patterns in large-scale text corpora, rather
than precise quantitative estimations grounded in sci-
entific data. LLMs might lack true understanding of
the factual world, operating instead on statistical cor-
relations rather than structured knowledge [74, 75].
This becomes particularly problematic in domains like
nutrition, where accurate caloric estimation requires
not just textual fluency but access to verifiable, do-
main-specific databases [76]. Moreover, prompt sen-
sitivity and model behaviour can vary drastically
depending on input phrasing and hidden inference pa-
rameters, which complicates reproducibility and reli-
ability [77, 78]. Our results thus reflect both a
limitation of current LLM architectures and a task mis-
alignment and highlight the need for hybrid ap-
proaches that combine LLMs with structured,
domain-specific knowledge bases.

Building on these findings, future research should
explore a larger and more diverse dataset encompass-
ing foods from multiple cuisines and preparation
styles. This would enable a more comprehensive as-
sessment of chatbot performance across global dietary
contexts. Additionally, expanding the scope of evalu-
ation to include macronutrient and micronutrient esti-
mation would provide a deeper understanding of
chatbot utility in nutritional science. Furthermore, re-
search on user experience, trust, and the perceived re-
liability of chatbot-generated nutritional information
is essential to understanding the broader implications
of using these tools in real-world settings.

CONCLUSION

By evaluating the performance of ChatGPT 4.0, Mi-
crosoft Copilot, and Gemini in estimating the caloric
values of traditional Turkish foods, the findings con-
tribute to the growing body of research on Al applica-
tions in nutrition. The results demonstrate both the
potential and challenges of current chatbot technolo-
gies and emphasise the need for improved algorithms
and culturally diverse food databases. This research
serves as a stepping stone for further studies, con-
tributing to the development of more accurate and re-
liable Al-driven tools in dietary assessment and public
health nutrition. However, it is important to acknowl-
edge the ongoing role of human expertise in interpret-
ing and validating these tools, as human judgment is
essential for addressing the complex, context-specific
factors that Al systems may not fully capture. Looking
ahead, this work offers a wider perspective for future
research by providing a foundation for the responsible
integration of chatbot technologies into clinical nutri-
tion practice and public health initiatives. Interdisci-
plinary collaboration between Al developers,
nutritional scientists, and healthcare practitioners will
be crucial for optimising chatbot design and function-
ality to meet the diverse demands of real world appli-
cations.
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The role of lipid profile and inflammotry markers in
diffrentiating between focal and generalized types of
seizures in pediatric epilepsy patients
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ABSTRACT

Objectives: Seizures result from excessive and abnormal neuronal excitation, accompanied by pathophysio-
logical processes such as inflammation, oxidative stress, and apoptotic cell death. Previous studies have demon-
strated that patients with epilepsy often exhibit dysregulated inflammatory, vascular, and metabolic pathways,
with certain seizure types associated with high pro-inflammatory cytokines. We aimed to investigate whether
lipid profile parameters and inflammatory markers can be used to differentiate between focal and generalized
seizures in pediatric epilepsy patients.

Methods: A total of 100 pediatric epilepsy patients and 100 age- and sex-matched healthy controls were re-
cruited at Diyarbakir Children's Hospital between December 2021 and March 2023. Ethical approval was ob-
tained from the institutional review board, and informed consent was secured from parents/guardians. Lipid
levels (triglycerides, total cholesterol, low-density lipoprotein [LDL] cholesterol, high-density lipoprotein
[HDLY]) cholesterol) and inflammatory markers (ferritin, glucose, white blood cell count [WBC], C-reactive
protein [CRP]) were analyzed using standard laboratory methods.

Results: The mean age was 9.2+4.4 years in the epilepsy group and 8.9+4.9 years in controls. Triglycerides,
LDL, and total cholesterol levels were significantly higher in epilepsy patients compared to controls (P<0.05).
Similarly, ferritin, glucose, WBC count, and CRP were elevated in the epilepsy group. Among seizure subtypes,
patients with generalized seizures demonstrated significantly higher triglyceride, LDL, and total cholesterol
levels compared with those with focal seizures (P<0.05). The WBC count was the only inflammatory marker
that was elevated considerably in the generalized seizure group.

Conclusions: Pediatric patients with epilepsy, particularly those with generalized seizures, exhibit higher lipid
and inflammatory marker levels compared to controls and patients with focal seizures. These findings suggest
potential diagnostic and prognostic roles for metabolic and inflammatory markers in seizure classification.
Keywords: Epilepsy, seizures, lipid profile, inflammatory markers, pediatrics

sive neuronal activity and can be brought on by species, inflammation, and apoptotic cell death. Peo-

Seizures are characterized by abnormal and exces- including increased production of reactive oxygen
a complex web of pathophysiological processes, ple with persistent epilepsy have dysregulated vascu-
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Lipid profile in pediatric epilepsy

lar, metabolic, and inflammatory systems, according
to earlier research. Interestingly, pro-inflammatory cy-
tokine levels have been explicitly associated with spe-
cific seizure types, suggesting that distinct
inflammatory pathways may contribute to seizure
semiology [1-2].

In line with this, recent studies have demonstrated
that lipid profiles and systemic inflammatory markers
are interrelated, with dyslipidemia often accompanied
by heightened inflammatory responses, thereby rein-
forcing the biological plausibility of our findings in
pediatric epilepsy patients [1-4]. The objective of our
study is to evaluate the relationship among lipid pro-
files, inflammatory markers, and seizures.

METHODS

A retrospective analysis of medical data from Decem-
ber 2021 to March 2023 at Diyarbakir Children's Hos-
pital, revealing the following ICD-10 codes: G40.0
epilepsy, G40.1 epilepsy, G41.2 complex partial
epilepsy, G41.8 other epilepsy, G41.9 unspecified
epilepsy, and G40.7 optimal and generalized tonic-
clonic seizures, was conducted. Data were collected
regarding age, gender, weight, body mass index

(BMI), seizure type (as determined by semiology and
EEG findings), cause (if known), magnetic resonance
imaging (MRI), electroencephalogram (EEG), he-
mogram, biochemical test, and lipid profile. Signifi-
cant exclusion criteria included a history of
autoimmune, liver, kidney, or inflammatory diseases,
allergic reactions, immune deficiencies, diabetes, psy-
chiatric disorders, cancer, smoking, systemic, meta-
bolic, or central nervous system (CNS) infection
within two weeks of sample collection, and elevated
lipid levels 4-6 months after the first seizure. Further-
more, patients having a BMI of more than 25 or less
than 18 were excluded from the study.

Seizure type and etiology were assessed using In-
ternational League Against Epilepsy (ILAE) criteria.
Written informed consent was obtained from all par-
ticipants and their legal guardians. The study was con-
ducted in accordance with the ethical principles
outlined in the Declaration of Helsinki and was ap-
proved by the Ethics Committee of Health Sciences
University Gazi Yasargil Training and Research Hos-
pital on August 4, 2023, with approval number 492.

Epilepsy Group
The seizure type for the epilepsy group (n=100)
was confirmed through interviews with the patients

Table 1. The clinical and demographic profile of the patients and control group

Epilepsy group Control group P value
(n=100) (n=100)
Age (years) 9.2+4 .4 8.9+4.9 0.605
9 (6-12.5) 9 (4-13)
Gender, n (%) 0.572
Male 53 (53%) 49 (%49%)
Female 47 (47%) 51 (51%)
Weight (kg) 39.3+16.4 36.2+14.4 0.157
40.5 (25.5-52.5) 37.5(21.5-45.5)
Height (cm) 133.5+29.2 126+27.3 0.063
139 (109-158) 128 (101.5-146.5)
BMI (kg/m?) 21.142.6 21.941.9 0.061
20.3 (19.2-22.7) 22.2 (20.2-23.8)
Epilepsy type, n (%)
Focalized 46 (%46)
Generalized 54 (%54)

Data are shown as meantstandard deviation or median (IQR) where appropriate. BMI=Body mass index
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and their relatives (cell phone videos), as well as EEG
analysis. Patients were only included in the study
when EEG findings were consistent with epilepsy.
Specifically, EEG demonstrated focal epileptic activ-
ity in patients with focal seizures and generalized
epileptic activity in those with generalized seizures.
MRI was conducted in all patients, and only those with
normal MRI findings were included to avoid the in-
fluence of other factors on the results. Furthermore,
all patients had no identified etiology (genetic tests
were not performed because the seizures were con-
trolled with one or two medications).

Control Group
The control group consisted of 100 healthy volun-
teers with the same gender, BMI, and age.

Laboratory Analyses

Blood tests for glucose, CRP, and WBC were per-
formed soon after admission. Total cholesterol (TC),
low-density lipoprotein (LDL) cholesterol, high-den-
sity lipoprotein (HDL) cholesterol, triglycerides

(TGL), and ferritin levels were all measured at least
seven days after the first seizure, following an 8-12
hour overnight fast [5]. These values were collected
from the patients' medical records. According to our
treatment protocol, all patients who have their first
seizure are thoroughly checked for any underlying
metabolic issues.

Statistical Analysis

Categorical variables were expressed as numbers
and percentages, whereas continuous variables were
summarized as mean and standard deviation, and me-
dian and IQR where appropriate. To compare the dis-
tribution of gender between the groups and epilepsy
types, the Pearson Chi-Square Test or Fisher's Exact
Test was used, depending on whether the expected
value problem arises or not. The normality of distri-
bution for continuous variables was confirmed with
the Shapiro-Wilk test. For comparison of continuous
variables (age, BMI, lipid levels, and WBC, CRP, fer-
ritin, and glucose) between the groups and the epilepsy
types, the Student's t-test or Mann-Whitney U test was

Table 2. Lipid profile/ inflammatory markers differences between pediatric epilepsy patients and

healthy controls

Epilepsy group Control group P value
(n=100) (n=100)
TC (mg/dL) 183.1+£54.7 128.1£14.8 <0.001
169.5 (135.5-216.5) 125 (117-141)
TGL (mg/dL) 205.2+77.3 159.3+21.1 <0.001
169 (143-267) 159 (145-176)
LDL (mg/dL) 130.9+£22.9 94.3+6.5 <0.001
127 (111-145) 95 (88.5-98)
HDL (mg/dL) 43.9+3.4 48.5+12.6 <0.001
43 (42-46) 45 (45-46)
WBC (x10%/uL) 12.4+1.1 6.842.3 <0.001
12 (12-13) 6.7 (5.7-6.8)
CRP (mg/dL) 8.5+3.1 3.9+1 <0.001
8 (6-11) 3 (3-5)
Ferritin (ng/mL) 163.1+46 48.5£9.9 <0.001
156 (143-176) 53 (43-56)
Glucose (mg/dL) 82.3+£9.7 83.4+4.7 0.284
84 (76-89) 85 (79-87)

Data are shown as meanzstandard deviation or median (IQR) where appropriate. TC=Total cholesterol, TGL=Triglycerides,
LDL=Low-density lipoprotein, HDL=High-density lipoprotein cholesterol, WBC=White blood cell, CRP=C reactive protein
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used depending on whether the statistical hypotheses
were fulfilled or not. All analyses were performed
using the IBM SPSS Statistics Version 20.0 statistical
software package. The statistical level of significance
for all tests was considered to be 0.05.

RESULTS

A total of 100 pediatric epilepsy patients (54 with gen-
eralized seizures and 46 with focal seizures) and 100
healthy controls were included. The mean age, gender
distribution, weight, height, and BMI did not differ
significantly between the epilepsy and control groups
(Table 1). Within the epilepsy cohort, demographic
and anthropometric variables were also similar be-
tween the focal and generalized subgroups (Table 3).

Epilepsy patients exhibited significantly higher
serum TC, TGL, and LDL levels compared with
healthy controls, whereas HDL levels were signifi-
cantly lower (all P<0.001) (Table 2; Figs. 1A-D).
Specifically, total cholesterol (Fig. 1A), triglycerides
(Fig. 1B), and LDL (Fig. 1D) were elevated, while
HDL values (Fig. 1C) were reduced in the epilepsy
group.

Markers of systemic inflammation were elevated
in the epilepsy group compared with controls. Specif-

ically, WBC count (Fig. 2A), CRP (Fig. 2B), and fer-
ritin (Fig. 2C) levels were significantly higher in
epilepsy patients (P<0.001 for all), while glucose lev-
els (Fig. 2D) did not differ significantly between
groups (P=0.284) (Table 2).

Children with generalized seizures had signifi-
cantly higher TC (Fig. 3A), TGL (Fig. 3B), and LDL
(Fig. 3D) levels compared with those with focal
seizures (P<0.001), whereas HDL values (Fig. 3C)
were similar across groups (Table 4). Among inflam-
matory markers, only WBC count (Fig. 4A) was sig-
nificantly higher in the generalized group (P=0.031),
while CRP (Fig. 4C), ferritin (Fig. 4D), and glucose
levels (Fig. 4B) did not differ significantly between
patients with focal and generalized seizures (Table 4).

DISCUSSION

In this research, it was noticed that the patients with
seizures had increased levels of inflammation and gly-
colipids, particularly in the case of generalized
seizures. The development and progression of seizures
and epilepsy are more associated with such underlying
oxidative and inflammatory processes in the brain [1].
To the best of our knowledge, this is the first research
highlighting the importance of ongoing monitoring of

Table 3. Comparison of clinical variables between pediatric epilepsy patients with focal and

generalized seizures

Seizure type P value
Focal Generalized
(n=46) (n=54)
Age (years) 8.7+4.5 9.7+4.3 0.227
9.5 (4-12) 9 (6-14)
Gender, n (%) 0.579
Male 23 (%50) 30 (%56)
Female 23 (%50) 24 (%44)
Weight (kg) 37.2+15.6 41.1£17 0.232
41 (19-51) 40.5 (26-54)
Height (cm) 130+30.2 136.5+£28.2 0.272
139.5 (95-152) 137 (110-165)
BMI (kg/m?) 21£2.3 21.1+2.9 0.881

20.5 (19.2-22.7)

20.3 (19.1-22.6)

Data are shown as mean+standard deviation or median (IQR) where appropriate. BMI=Body mass index
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Table 4. Comparison of lipid profile and inflammatory markers in pediatric epilepsy patients with

generalized versus focal seizures

Seizure type P value
Focal Generalized
(n=46) (n=54)
TC (mg/dL) 136.3+£17.7 222.9+42.5 <0.001
135 (119-153) 211 (199-254)
TRG (mg/dL) 143.5+£25.7 258.8+66.3 <0.001
143 (128-154) 265 (211-293)
LDL (mg/dL) 111£7.5 147.8+£17.2 <0.001
110.5 (105-116) 145 (136-156)
HDL (mg/dL) 43.8+2.8 43.9+3.8 0.884
43 (42-45) 44 (42-46)
WBC (x10°/uL) 12.2+0.8 12.6+1.2 0.031
12 (12-13) 13 (12-13)
CRP (mg/dL) 8+2.5 8.8+3.5 0.227
8 (6-9) 9 (6-12)
Ferritin (ng/mL) 169.4+46.6 157.7+£45.2 0.209
165 (145-187) 155.5 (143-176)
Glucose (mg/dL) 83.7£9.3 81.1£9.9 0.183
86 (78-89) 78.5 (73-89)

Data are shown as meantstandard deviation or median (IQR) where appropriate. TC=Total cholesterol, TGL=Triglycerides,
LDL=Low-density lipoprotein, HDL=High-density lipoprotein cholesterol, WBC=White blood cell, CRP=C reactive protein

metabolic parameters in the clinical workup of pedi-
atric epilepsy patients. Experimental and clinical stud-
ies have shown that major inflammatory mediators,
particularly cytokines, are produced during epilepti-
form activity in the regions of the brain where seizures
initiate and spread [6]. Moreover, certain cytokines
like Interleukin-1 beta (IL-1B) and Tumor Necrosis
Factor-alpha (TNF-a) are also present in the cere-
brospinal fluid (CSF), as well as peripheral blood
mononuclear cells in the plasma of patients with
epilepsy [7]. Conversely, oxidative stress and elevated
pro-inflammatory cytokines have been noted in the pe-
ripheral blood of patients with epilepsy [8-10]. Our
observations vouch for the same, with elevated inflam-
matory and lipid profiles; these processes can lead to
increased lipid peroxidation, protein carbonylation,
and even DNA damage [11]. As seizure types vary and
are associated with varying patterns of brain activity,
and there is evidence that inflammatory responses are
more diffusely distributed in generalized than in focal

seizures [8], the present study also explored the poten-
tial relationships between selected inflammatory and
oxidative markers, and glycolipid parameters, and
seizure types (focal vs. generalized) within the
epilepsy group. There was also a positive correlation
between elevated levels of WBC and generalized
seizures. No such correlations were seen in patients
with focal seizures or in controls. Additionally, meta-
bolic parameters such as TC, TGL, and LDL showed
significant correlations with generalized seizures in
pediatric epilepsy patients. One of the possible reasons
for the observations is that seizures affect the microen-
vironment of the neuronal tissue, and as a conse-
quence, cytokine [12] as well as Reactive Oxygen
Species (ROS) secretion by glial cells may occur [2].
This leads to activation of caspase pathways [13] and
damage to DNA [14]. In generalized seizures, these
alterations are more extensive in the nervous system
than in partial seizures and therefore lead to a higher
rise of such parameters in the peripheral circulation.
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These findings collectively suggest that these param-
eters can be valuable indices to assess the severity of
damage caused by convulsive seizures because the
range was wider in those patients with generalized
seizures than in those with partial seizures.

In adult patients, cardiovascular diseases (CVD)
and CVD events are known to be associated with
epilepsy [15-17]. Population-based studies have
shown that mortality among people with epilepsy is
elevated. CVD has also been demonstrated to be a sig-
nificant contributor to premature mortality in this pop-
ulation [18, 19]. Within this framework, neuronal
injury that disrupts cerebral cholesterol homeostasis
may play a significant role in the pathophysiology of
epileptic seizures [20]. In this process, oxidized LDL,
through the generation of reactive oxygen species, can
induce endothelial dysfunction and promote foam cell
formation [21-22]. Our results are consistent with Her-
mann et al. [23], who reported the reduction of HDL
in epileptic patients. Although HDL is most notably
recognized for its health-promoting effects in keeping
endothelial channels healthy by a variety of compli-
cated mechanisms [23], HDL can't so readily be la-
beled as good cholesterol [24-26]. Both compositional
modification in HDL, metabolism, and inflammation
may reduce its anti-inflammatory and anti-oxidant ac-
tivity, as well as functional alteration such that HDL
can promote a pro-inflammatory and pro-oxidant im-
pact by facilitating the oxidation of LDL [27-30].

Although patients with generalized seizures gen-
erally exhibited higher TC, TGL, and LDL levels,
some individuals with this seizure type had normal
lipid and inflammatory parameters. These findings
suggest that factors such as seizure duration, severity,
and the timing of blood sampling may influence the
results. Therefore, further research is warranted to
clarify these associations.

Taken together, our findings indicate that routine
monitoring of lipid and inflammatory markers in pe-
diatric epilepsy patients, particularly those with gen-
eralized seizures, may provide valuable diagnostic and
prognostic insights. Such biomarkers could support
clinical decision-making in addition to traditional EEG
and neuroimaging, offering a more comprehensive un-
derstanding of disease burden. Future prospective
studies with larger, multi-center cohorts are needed to
confirm these findings. Combining metabolic and in-

flammatory profiling with genetic and neuroimaging
data may help establish reliable biomarker panels for
early differentiation of seizure types and prediction of
clinical outcomes.

Limitations

Because this is a retrospective study involving a
relatively small group of patients, the results should
be interpreted with caution. Additional limitations in-
clude the absence of genetic analysis, which prevented
evaluation of potential genotype-phenotype correla-
tions, and the inability to assess seizure duration or
frequency and medication effects because the cohort
consisted of newly diagnosed patients.

CONCLUSION

Pediatric patients with epilepsy, particularly those with
generalized seizures, exhibit higher lipid and inflam-
matory marker levels compared to controls and pa-
tients with focal seizures. These findings suggest
potential diagnostic and prognostic roles for metabolic
and inflammatory markers in seizure classification.
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ABSTRACT

Objectives: This study aims to investigate the workers' general health, psychological status, and quality of life
perception on presenteeism after the major earthquakes on Tiirkiye in the relationship between health and labor.
Methods: This study was conducted at Baykan Denim Company, which manufactures in Malatya, with the
participation of 327 employees. Data were collected using the socio-demographic questionnaire form, the At-
titude Scale for Determining the Psychological Status of Individuals Exposed to Earthquakes, the General
Health Questionnaire-12, the Quality of Life Scale and the Presenteeism Scale.

Results: The findings showed that the Attitude Scale for Determining the Psychological Status of Individuals
Exposed to Earthquakes scores had a positive statistically significant effect on Presenteeism (1=0.443;
P=0.001) and General Health (1=0.495; P=0.001) scores and a negative statistically significant effect on the
Quality of Life (B1=-0.145; P=0.001) scores. Presenteeism scores had a positive and statistically significant
effect on general health (B1=0.183; P=0.001) and Quality of Life (31=0.131; P=0.009) scores. Presenteeism
scores increased as general health and the Quality of Life scores increased.

Conclusions: This study concluded that individuals were mentally impacted by the earthquake. This impact
was seen in individuals’ overall health perception and quality of life, leading to elevated presenteeism rates.
Keywords: Earthquake, health, quality of life, presenteeism

with sizes of 7.8 Mw and 7.5 Mw happened in

progression, nine hours separated, within the
Kahramanmaras area of Tiirkiye. At slightest 50 thou-
sand individuals lost their lives, and more than 100
thousand individuals were injured in Tiirkiye after the
earthquakes. After the seismic tremor, more than 40
thousand post-quake tremors with sizes of up to 6.7
Mw happened. This earthquake was recorded as the

On February 6, 2023, two major seismic tremors

longest, biggest, and most serious seismic tremor in
the history of the Republic of Tiirkiye [1].

Natural events, such as earthquakes, hurricanes,
and volcanic eruptions, are uncontrollable natural
processes. These natural events may cause significant
human and economic losses in settlements, infrastruc-
ture elements, and agricultural areas in societies that
cannot be adequately prepared for disasters for various
reasons [2]. In addition to these losses, earthquakes
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can also profoundly affect social life and are disasters
that have the potential to cause severe psychological
effects on people [3]. Studies show that people are af-
fected in various ways after an earthquake. It was de-
termined that people were psychologically affected by
the 8.0 magnitude earthquake in Wenchuan in 2008.
There was a significant correlation between variables
such as job satisfaction, life satisfaction and personal
health perception [4]. A study by Oishi ef al. found that
those whose homes were damaged in the Hanshin-
Awaji Earthquake reported lower life satisfaction, more
negative emotions, and more health problems than
those whose homes were not damaged, even 16 years
after the earthquake [5]. Tiirkan and Hatipoglu con-
cluded that individuals who experienced the 2023
Tiirkiye earthquake and participated in voluntary aid
activities had higher depression and anxiety scores than
those who were not exposed to the earthquake [6].
Individuals physically and psychologically af-
fected by disasters, such as earthquakes, may experi-
ence a loss of productivity in their working lives. This
loss of productivity can occur in two ways. The first
is the employee's physical inability to be at work (ab-
senteeism). The second is the inability to fully devote
oneself to work despite being at work. The inability of
an individual to fully devote oneself to work despite
being at work, that is, being present at work, is ex-
pressed in English as the word presenteeism. The word
“Presenteeism” is derived from the word “presence.”
“Presence” as a word means being present, being
ready, being there, and appearing there. Based on the
meaning of the word, “Presenteeism” is used for the
loss of productivity due to the inability of the person
to fully devote himself/herself to the work for various
reasons although he/she is apparently present [7].
There are various definitions of presenteeism. Accord-
ing to Schultz and Edington, presenteeism is defined
as "the reduction in the ability of employees to work
due to a physical or health-related illness and is meas-
ured by costs related to loss of productivity, work er-
rors, and falling below production standards" [8].
According to Martinez and Ferreira, presenteeism is
"the fact that employees are at work despite not being
able to work at full efficiency due to illness or health
conditions" [9]. In these definitions, the concept of
“health” comes to the fore. The World Health Organ-
ization (WHO) defined health as “not merely the ab-
sence of disease but a state of complete physical,

mental and social well-being.” After this definition,
the concept of quality of life in measuring “well-
being” has gained increasing importance in health
services research and practice [10].

Although the concept of quality of life is often as-
sociated with health, it is actually a multi-dimensional
concept. This concept is affected by many elements,
such as health, education, the economy, and the envi-
ronment. In this context, quality of life is defined as a
state of well-being that includes material and spiritual
conditions directly affecting an individual's life [11].
Health-workforce interaction is among the crucial fac-
tors in the development of societies.

Health is one of the fundamental elements of eco-
nomic development and has an important place in re-
ducing poverty and inequalities. Spending on health
services to improve the health of individuals and so-
ciety develops human capital and contributes to eco-
nomic growth. With economic growth, human capital
investments increase, which leads to chain growth
[12]. Individuals and societies need to be healthy. De-
structive earthquakes have a significant place in
human life, and determining the stress experienced
after an earthquake, the perception of quality of life,
and its impact on working life are critical in develop-
ing socio-economic policies for the effective manage-
ment of the post-disaster period. To our knowledge,
no study was found examining the effects of destruc-
tive earthquakes on the general and mental health of
individuals, the quality of life, and the presenteeism
of workers in their working lives, and conducting a
study on this subject is important in terms of filling an
important gap in the literature.

This study aims to investigate the workers' general
health, psychological status, and quality of life percep-
tion on presenteeism after the major earthquakes on
Tiirkiye in the relationship between health and labor.

METHODS

Type and Hypotheses of this Research
This study used a relational screening model. The
main hypothesis of this study is stated below:

>»H1: The Psychological Status scores of those ex-
posed to the earthquake influence General Health,
WHOQOL, and presenteeism scores.

>»H2: The General Health Questionnaire scores
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mediate the association between the psychological
state of individuals exposed to the earthquake and pre-
senteeism.

>»H3: WHOQOL ratings mediate the link between
the psychological state of individuals exposed to an
earthquake and presenteeism.

Place and Time of this Research

The data were gathered online and in person from
Baykan Denim Company employees in Malatya be-
tween February 19, 2024, and May 10, 2024. The
company is among the foremost enterprises in
Malatya's textile industry, employing roughly 1,000
individuals.

Sample Selection and Number of Samples
Although there is no clear expression for the
Structural Equation Model (SEM)), it is reported that
studies are using 250-500 sample sizes [13]. Kline
[14] suggests that the sample size should be 200 or
more in analyses conducted with SEM. In line with
these views, n=327 participants were included in the
present study. Participants were chosen by voluntary
sampling and snowball sampling techniques, both of
which are non-probability sampling approaches.

Data Collection Tools
Personal Information Form

A 10-question questionnaire was applied to deter-
mine the socio-demographic characteristics of the par-
ticipants in this study.

General Health Questionnaire

This is a scale developed by Goldberg [15] in the
1970s. After the 60-question form, short forms with
30, 28, and 12 questions were also developed and
found to be equally reliable. The General Health Ques-
tionnaire-12 (GHQ-12) comprises 12 items. The Cron-
bach's alpha coefticient for internal consistency of the
scale was 0.78 [15]. It has been adapted to Turkish by
Kili¢ [16]. The scale is designed as a 4-point Likert
type and is scored as 0-1-2-3 or, as advised in the GSA
handbook, as 0-0-1-1. Elevated scores on this scale in-
dicate a heightened prevalence of psychological is-
sues, specifically anxiety and sadness [16].

Attitude Scale to Determine the Psychological States
of Individuals Exposed to an Earthquake (ASDPSIEE)

It was created by Filiz ef al. [17] to assess the psy-
chological conditions of individuals affected by an
earthquake. The scale was developed using a 5-point
Likert format and comprises six dimensions and 41
statements categorized as "Detachment from Life, So-
cial Health, Spiritual Change, Trauma Anxiety, Matu-
ration, and Avoidance." The scale lacks a reverse
expression. A high score signifies that the pertinent di-
mension is regarded at an elevated degree. The Cron-
bach's alpha coefficient for the scale created by Filiz
etal. [17] was 0.96.

Quality of Life Scale (EUROHIS WHOQOL-8.Tr)

The “Quality of Life Scale” is a general-purpose
Health Quality of Life (HQOL) scale created by se-
lecting specific questions from the EUROHIS-QOL.8
(WHOQOL- 8) WHOQOL-Bref scale produced from
the World Health Organization Quality of Life Scale
(WHOQOL) [18]. The scale consists of 8 questions.
It was prepared in a 5-point Likert type. As the scores
obtained from the scale increase, the quality of life
also improves [19, 20]. The Turkish validity and reli-
ability assessment of the scale was performed by Eser
et al. [21]. Two questions of the WHOQOL scale are
aimed at determining general health and general qual-
ity of life, and the remaining six questions are aimed
at determining physical, mental, social, and environ-
mental dimensions [21].

Presenteeism Scale

The "Stanford Presenteeism Scale (SP 6)," created
by Koopman ef al. [22] and comprising six items, was
utilized. The scale consists of two sub-dimensions:
distraction avoidance (items 1, 3, and 4) and task com-
pletion (items 2, 5, and 6). The reliability investigation
yielded a Cronbach’s alpha value of 0.80 [22]. A study
on the validity and reliability of the Turkish adaptation
of the scale has been undertaken by several authors
[23-25]. The Stanford Presenteeism Scale is a 5-point
Likert-type scale. While items 1, 3, and 4 in the scale
are scored directly, questions 2, 5, and 6 are scored re-
versely. The total score varies from 6 to 30. High
scores indicate a high level of presenteeism.

Ethical Aspects of this Research

Ethics committee approval was received for the
study from Malatya Turgut Ozal University Non-in-
terventional Clinical Research Ethics Committee with
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the decision dated 15.02.2024 and numbered E-
30785963-020-208770. This study was done in con-
formity with the Declaration of Helsinki, and consent
was acquired from the participants.

Statistical Analysis
Data analysis in the study was performed using

SPSS (Statistical Program in Social Sciences) 28 and
AMOS 24 statistical software programs. Kolmogorov-
Smirnov technique was used to control normal distri-
bution. The significance level (p) was taken as 0.05
for comparison tests. Mann-Whitney U test with Bon-
ferroni correction was used for independent two-group
variables, and the Kruskal-Wallis test was used for in-

Table 1. Demographic information

Variable Data
Age (years) 34.86+8.24
(18-60)
Gender, n (%) Female 116 (35.5)
Male 211 (64.5)
Age group, n (%) 18-30 years old 114 (34.9)
31-40 years old 122 (37.3)
Ages 41 and above 91 (27.8)
Educational status, n (%) Primary education 123 (37.6)
High school 152 (46.5)
University and above 52 (15.9)
Marital status, n (%) Married 187 (57.2)
Single 140 (42.8)
Having children, n (%) Yes 182 (55.7)
No 145 (44.3)
Disabled person responsible for caring for family, n (%) Yes 64 (19.6)
No 263 (80.4)
Working hours in the factory, n (%) Less than 1 year 36 (11.0)
1-3 years 106 (32.4)
4-10 years 163 (49.8)
11-20 years 22 (6.7)
Residence during an earthquake, n (%) Homeowner 178 (54.4)
Tenant 149 (45.6)
Condition of the residence during the earthquake, n (%)  Undamaged 56 (17.1)
Slightly damaged 163 (49.8)
Medium damaged 22 (6.7)
Severely damaged 54 (16.5)
Ruined 32 (9.8)
Current place of stay, n (%) In my current home 209 (63.9)
In the container 77 (23.5)
With my relatives 21 (6.4)
Other 20 (6.1)

Data are shown as mean+standard deviation (minimum-maximum) or n (%)
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dependent multi-group variables. Numbers and per-
centages were preferred as descriptive values for cat-
egorical data, and mean and standard deviation were
preferred for quantitative data.

For the multiple normal distribution control, the "Ob-
servations farthest from the centroid (Mahalonobis Dis-
tance) Menu" in the AMOS program was checked, and
the skewness value was calculated as 2.998. Since this
value is less than 8, it was assumed to provide a multi-
variate normal distribution [26]. Since the normal distri-
bution was provided, the Pearson correlation coefficient
was used to compare quantitative variables. Structural
Equation Modelling (SEM), a mediation analysis method
based on the bootstrap method, was preferred to examine
the mediation effect between the scales.

The SEM method has been reported to be more re-
liable than the classical method and the results were
obtained with the Sobel test. We reloaded five thou-
sand samples to apply the bootstrap method. The
lower and upper limits of the 95% confidence interval
(CI) found by the bootstrap method were interpreted
by seeing if they included zero (0) values. The model
fit indices were used to see if the models were signif-
icant [27].

RESULTS

Demographic information about the participants in-
cluded in this study is given in Table 1, and descriptive
statistics of scale scores are in Table 2 below.

Of the participants, 64.5% (n=211) were male,
37.3% (n=122) were between the ages of 31-40,
46.5% (n=152) were high school graduates, 57.2%
(n=187) were married, 55.7% (n=182) had children,
and 80.4% (n=263) had no dependent disabled person
in the family, 49.8% (n=163) had been working in the
factory for 4-10 years, 54.4% (n=178) stated that the

Table 2. Descriptive statistics of scale scores

house they were residing in at the time of the earth-
quake belonged to them and 63.9% (n=209) stated that
they were currently residing in their own house. The
average age of the study participants was calculated
as 34.86.

Cronbach's a values of the scales used were higher
than 0.70, indicating high reliability [28]. In our study,
Cronbach's a values of the scales were between 0.78 and
0.86 (Table 2). A comparison of scale scores according
to demographic variables is presented in Table 3.

A statistical difference was found in the Presen-
teeism Scale scores for gender (P<0.05), but no differ-
ence was found in the Psychological Status of
Individuals Exposed to the Earthquake, General
Health, and WHOQOL Scales (P>0.05). No difference
was found in Psychological Status, General Health,
WHOQOL and Presenteeism Scales of Individuals
Exposed to Earthquake according to age, educational
status and marital status (P>0.05).

A statistical difference was found between those
with and without children, those with and without dis-
abled dependents in the family, and those who owned
or did not own the house where they lived during the
earthquake in the scale scores of Psychological Status
of Individuals Exposed to Earthquake (P<0.05), but
no difference was found in Presenteeism, General
Health and WHOQOL Scales (P>0.05).

A statistical difference was found in the Psycho-
logical Status of Individuals Exposed to an Earthquake
scale scores according to the conditions of the resi-
dence (P<0.05), but no difference was found in the
Presenteeism, General Health, WHOQOL Scales
(P>0.05). According to the conditions of the residence,
there was a difference between houses with severe
damage and undamaged houses (P=0.001). There was
a difference between houses with moderate damage
and undamaged houses (P=0.002). There was a differ-
ence between houses with moderate damage and

Scale Mean+SD (Min-Max) Cronbach's
ASDPSIEE 130.39+43.27 41-205 0.78
General health 14.5+8.13 0-36 0.86
WHOQOL 24.07+£7.5 8-40 0.82
Presenteeism 16.9+6.19 6-30 0.82

SD=standart deviation, Min-Max=minimum-maximum
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houses with severe damage (P=0.004).

A statistical difference was found in the Psycho-
logical Status and General Health Scale scores of in-
dividuals exposed to the earthquake according to their
working hours in the factory (P<0.05), but no differ-
ence was found in the Presenteeism and WHOQOL
Scales (P>0.05).

According to the working hours in the factory, in
the Psychological Status of Individuals Exposed to the
Earthquake Scale scores, there was a difference be-
tween the 1-3 year and 11-20 year groups (P=0.008).
There was a difference between the 4-10 year and 11-
20 year groups (P=0.002). In the General Health Ques-
tionnaire Scale scores, there was a difference between
the 4-10 year and 11-20 year groups (P=0.001).

A statistical difference was found in the Psycho-
logical Status of Individuals Exposed to Earthquake,
General Health, and WHOQOL Scale scores among
individuals according to their current place of resi-
dence (P<0.05), but no difference was found in the

Presenteeism Scales (P>0.05).

In the scale scores of the Psychological Status of
Individuals Exposed to the Earthquake, there was a
difference between those who stayed in their current
homes and those who stayed in containers (P=0.004).
In the General Health questionnaire scale scores, there
was a difference between those who stayed in their
current homes and those who stayed in containers
(P=0.000).

In the WHOQOL Scale scores, there was a differ-
ence between those who stayed with their relatives and
those who stayed in other places (P=0.004).

Results of SEM Analysis

SEM was established with observed variables to ex-
amine the relationship between the Psychological Sta-
tus, General Health, WHOQOL and Presentecism
Scales of Individuals Exposed to Earthquake. The es-
tablished model is given in Fig. 1. The coefficients of
the model are given in Table 4.

25

General Health

ASDPSIEE

31

Presenteeism

WHOQOL

Fig. 1. Model Diagram of the Relationship between the Psychological Status, General Health, WHOQOL and Presenteeism

Scales of Individuals Exposed to the Earthquake.
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In structural equation modeling analyses where

more than one regression model is analyzed simulta-
neously, a variable can be both a dependent and inde-
pendent variable simultaneously. Structural equation
modeling analyses provide researchers with more in-
terpretation opportunities [29].
ASDPSIEE scores had a positive statistically signifi-
cant effect on Presenteeism (B1=0.443; P=0.001) and
General Health (B1=0.495; P=0.001) scores and a neg-
ative statistically significant effect on WHOQOL
(B1=-0.145; P=0.001) scores. As ASDPSIEE scores
increase, Presenteeism and General Health scores will
increase, and WHOQOL scores will decrease. Presen-
teeism scores had a positive statistically significant ef-
fect on General Health (B1=0.183; P=0.001) and
WHOQOL (B1=0.131; P=0.009) scores. As General
Health and WHOQOL scores increase, Presenteeism
scores will increase.

ASDPSIEE scores explained 3% of WHOQOL
scores (R2=0.03) and 25% of General Health scores
(R2=0.25). The effect of ASDPSIEE scores on Gen-
eral Health was higher than its effect on WHOQOL.
ASDPSIEE, WHOQOL and General Health Scores to-
gether explained 31% (R2=0.31) of Presenteeism
scores. 65.3% of hyperarousal scores and 58.8% of
avoidance scores were explained by reliving scores.
55.1% of negative change scores were explained by
avoidance and reliving scores.

In structural equation modeling, which use many
fit indices rather than a singular fit index, the accuracy
of the established model is evaluated based on the fac-
tors identified in the research. Within the newly made
model, according to the analysis results, the goodness
of fit index value y2/df (Chi-Square Goodness of Fit;
x2, df; degree of freedom) was found to be 4.372. The
RMSEA (Root Mean Square Error of Approximation)

Table 4. Descriptive values of model coefficients

value of 0.075 (RMSEA<O0.80), which is the index
showing the adequacy of the sample size, shows that
the sample size is sufficient for the model used. The
GFI (Goodness of Fit Index) value was 0.939, CFI
(Comparative Fit Index) was 0.926, IFI (Incremental
Fit Index) was 0.927, and NFI (Normed Fit Index) was
0.924. In terms of fit indices, the model fit was seen
to be very good [29, 30].

In the mediation model established for general
health and WHOQOL, the new approach Bootstrap re-
sults found that the indirect effects of ASDPSIEE
scores on presenteeism were statistically significant
(B=0.072, CI[0.019-0.129]). It was observed that the
Bootstrap lower confidence interval (0.019) and upper
confidence interval (0.129) obtained using the percent-
age method did not include the value zero (0). The me-
diator model was statistically significant [31, 32]. The
indirect effect of general health and WHOQOL in ex-
plaining the indirect effect of ASDPSIEE scores on
Presenteeism was 0.72.

DISCUSSION

According to the International Disaster Database (EM-
DAT) developed by the Disasters Epidemiology Re-
search Center, in 2021, 432 catastrophic events
worldwide caused 10,492 deaths and economic losses
of approximately 252.1 billion USD [33]. In Tirkiye,
the approximate cost of the Kahramanmaras earthquakes
in 2023 is estimated to be 103.6 billion dollars [34].
The deterioration of the health of individuals neg-
atively affects all areas together with economic sys-
tems. Because the capacity of the labor force is one of
the essential elements of production, doing business
decreases when health deteriorates [35]. While it is

Dependent Variable Independent variable P1 B2 P value R?
Presenteeism ASDPSIEE 0.443 0.064 0.001* 0.31
WHOQOL_8 0.131 0.108 0.009*
General health 0.183 0.14 0.001*
WHOQOL_8 ASDPSIEE -0.145 -0.025 0.008* 0.03
General health ASDPSIEE 0.495 0.093 0.001* 0.25

Bi=Standardized regression coefficients, fz=Unstandardized regression coefficients, R?=Explanatory coefficients
*P<0.05; t test result for the significance of the regression coefficients
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easier to measure the loss of productivity when indi-
viduals are not directly at work (absenteeism), it is
more challenging to measure the loss of productivity
due to presenteeism. However, according to calcula-
tions, it is stated that the loss due to presenteeism is
greater than the loss due to absenteeism [7, 36, 37].
Stewart et al. [38] reported that the loss of productive
time due to widespread pain in a study conducted
among active workers in the United States reached ap-
proximately $61.2 billion per year and found that the
vast majority of the lost productive time (76.6%) was
due to poor performance while at work, not absen-
teeism [38]. Hemp [39] reported that 63% of the fi-
nancial loss was due to presenteeism, which cost
$311.8 million.

In this study, a statistically significant difference
was found in the presenteeism scale scores for gender.
There are different results in the studies conducted in
the literature [40-43]. Bulan and Soytik [44] examined
46 theses on presenteeism in our country between
2007 and 2022 and determined that women generally
have higher levels of presenteeism than men. They
stated that women are at higher risk of stress and de-
pression than men and that this increases presenteeism
behavior in the workplace [22, 45]. No relationship
was found between presenteeism and age, marital sta-
tus, education level, and length of service at the work-
place. This result is consistent with the results of the
study conducted by Yilmaz [40] in 2019 with employ-
ees of a textile company in Edirne [40].

ASDPSIEE scores have a positive statistically sig-
nificant effect on Presenteeism (B1= 0.443; P=0.001)
and General Health (B1=0.495; P=0.001) scores and a
negative statistically significant effect on WHOQOL
(B1=-0.145; P=0.001) scores. As ASDPSIEE scores
increase, Presenteeism and General Health scores will
increase, and WHOQOL scores will decrease. The first
hypothesis of this study, "H1: The Psychological Sta-
tus scores of those exposed to the earthquake influence
General Health, WHOQOL, and Presenteeism scores."
hypothesis was accepted.

Presenteeism scores have a positive statistically
significant effect on General Health (B1=0.183;
P=0.001) and WHOQOL (B1=10.131; P=0.009) scores.
ASDPSIEE scores explain 3% of WHOQOL scores
(R2=0.03) and 25% of General Health scores
(R2=0.25). This result has determined that individuals'
psychology is affected after major traumas, affecting

their perception of health and life and increasing pre-
senteeism in working life. Howard et al. [46] found in
their study that occupational and health factors medi-
ate stress, and stress contributes significantly to pre-
senteeism at work.

In a study conducted by Li et al. [47] on Chinese
nurses, it was determined that health was significantly
associated with absenteeism and loss of productivity
in nurses and had a mediating effect. It was determined
that health played a fully mediating role between
nurses' presence at work and loss of productivity, and
the indirect effect explained 36% of the total effect
[47]. This study determined that ASDPSIEE, WHO-
QOL and General Health scores together explained
31% (R2=0.31) of Presenteeism scores.

The mediator model established in this study was
statistically significant. In explaining the indirect ef-
fect of ASDPSIEE scores on Presenteeism, the indirect
effect of General Health and WHOQOL was calcu-
lated as 0.72. In the light of these data, the research
hypotheses “H2: The General Health Questionnaire
scores mediate the association between the psycholog-
ical state of individuals exposed to the earthquake and
presenteeism.” and “H3: WHOQOL ratings mediate
the link between the psychological state of individuals
exposed to an earthquake and presenteeism.” were ac-
cepted. It is stated that those who evaluate their own
health as poor may be more likely to experience pre-
senteeism [48]. Magalhaes ef al. [49] found in their
study that quality of life is significantly correlated with
presenteeism. Aronsson ef al. [50] also determined in
their study that health and motivation are correlated
with presenteeism and absenteeism. Studies show that
people are directly affected by events that directly af-
fect their lives, and this influence is reflected in their
daily lives.

Limitations

he study results are limited to the factory where
the study was conducted. There may be limitations
arising from the sampling method of the study.

CONCLUSION

This study concluded that individuals were mentally
impacted by the earthquake. This effect was evident in
individuals' overall health perception and quality of life,
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leading to elevated presenteeism rates. It was estab-
lished that general health perception scores and quality
of life scores mediated the relationship between the psy-
chological attitudes of those affected by the earthquake
and presenteeism. The combined ASDPSIEE, WHO-
QOL, and General Health scores accounted for 31% of
the variance in Presenteeism scores.

Protecting the health and work-life balance of the
workforce is essential for the advancement of nations
and enterprises, and it is vital for persons impacted by
severe disasters, such as earthquakes, to expedite their
recovery from their circumstances. The outcomes of
this study suggest that implementing economic and
psychological policies at both micro and macro levels
would be advantageous for individuals.
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ABSTRACT

Objectives: This study aimed to compare fixed-loop and adjustable-loop femoral fixation systems in anterior
cruciate ligament (ACL) reconstruction to determine whether one provides superior short-term clinical out-
comes.

Methods: This retrospective cohort study included 88 patients who underwent anatomic ACL reconstruction
by the same surgical team at Diizce University Faculty of Medicine between January 01, 2018 and December
31, 2023. Patients were divided into two groups as those with a fixed-loop (n=39) and those with an adjustable-
loop (n=49). A standard postoperative rehabilitation program was applied to all patients. Lysholm knee score,
International Knee Documentation Committee (IKDC) score, Visual Analog Scale (VAS), and range of motion
(ROM) were evaluated preoperatively and 6 months postoperatively as clinical evaluation parameters.
Results: Both groups demonstrated significant improvement in VAS, Lysholm, and IKDC scores during the
postoperative period (P<0.001). Postoperative Lysholm score was 77.5+14.8 and IKDC score was 64.4+10.7
in the fixed-loop group, while these values were 78.4+4.1 and 66.7+10.3 in the adjustable-loop group, respec-
tively. There was no significant difference in postoperative scores between the groups (P>0.05).
Conclusions: Fixed and adjustable-loop femoral fixation systems used in ACL reconstruction show similar
performance in terms of short-term clinical outcomes. Both methods can be safely preferred; the final choice
of method should be based on the surgeon's experience and patient-specific factors. Further studies evaluating
long-term outcomes are needed.

Keywords: Anterior cruciate ligament, reconstruction, orthopedic fixation devices, treatment outcome,
arthroscopy, range of motion

one of the most frequently encountered knee reconstruction (ACLR) is a surgical method that is
pathologies, particularly in physically active widely used today, especially in athletes to return to
and younger populations, posing a significant threat their former activity level. In these surgeries, fixation

ﬂnterior cruciate ligament (ACL) tears represent  to joint stability and functional performance [1]. ACL

Received: May 29, 2025 Accepted: August 22, 2025 Available Online: August 25, 2025 Published: September 4, 2025

How to cite this article: Yiicel MO, Dalaslan RE, Saglam S, Karaduman ZO, Arican M. Fixed- versus adjustable-loop femoral fixation
in anterior cruciate ligament surgery: Is one method clinically superior? Eur Res J. 2025;11(5):957-965. doi: 10.18621/eurj.1707845

Corresponding author: Micahid Osman Ylcel, MD., Assist. Prof., Phone: +90 380 542 13 90 ext. 6555, E-mail:
mucahidosmanyucel@gmail.com

© 2025 The Author(s). This is an open-access article distributed under the terms of a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not
have permission under this licence to share adapted material derived from this article or parts of it.

Available Online at https://dergipark.org.tr/en/pub/eur]j

The European Research Journal | Volume 11 | Issue 5 | September 2025 957


http://orcid.org/0000-0002-0649-2339
http://orcid.org/0000-0002-9405-2367
http://orcid.org/0000-0001-5068-8024
http://orcid.org/0000-0003-2651-8003
http://orcid.org/0000-0002-6719-3666
https://doi.org/10.18621/eurj.1707845
https://doi.org/10.18621/eurj.1707845
mailto:mucahidosmanyucel@gmail.com
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://dergipark.org.tr/en/pub/eurj

Eur Res J. 2025;11(5):957-965

Femoral fixation and ACL outcomes

of the graft with adequate stability on the femoral and
tibial sides is critical to ensure biological integration
of the graft with bone during the healing process [2].
One of the most preferred fixation methods on the
femoral side is cortical suspension systems [3, 4].
These systems are divided into two main groups:
fixed-loop and adjustable-loop [5, 6].

Although fixed-loop systems have high load-bear-
ing capacity and good biomechanical properties, they
do not always provide complete placement of the graft
in the tunnel, which may lead to movement of the graft
in the tunnel and synovial fluid leakage, increasing the
risk of tunnel enlargement [7, 8]. In contrast, ad-
justable-loop systems offer the advantage of accom-
modating various tunnel lengths and are designed to
minimize micromotion by ensuring a tighter fit of the
graft within the tunnel [9, 10]. However, some biome-
chanical studies have suggested an increased risk of
loop loosening and graft slippage after use in these
systems [11].

Clinical studies in recent years have focused on
comparing fixed and adjustable-loop systems in terms
of functional outcomes. In these studies, clinical eval-
uation criteria such as Lysholm, IKDC and VAS scores
were generally used and no significant difference was
found between the two systems in most studies [12].
However, some studies have reported differences, es-
pecially in terms of radiologic parameters. It has been
shown that postoperative complications, especially
bone tunnel widening, may vary according to the fix-
ation technique [13, 14].

Although both fixed and adjustable fixation sys-
tems are widely used in ACLR, their comparative ef-
fectiveness regarding clinical outcomes remains
insufficiently clarified. Therefore, our study aimed to
evaluate the clinical outcome of patients treated with
fixed-loop versus adjustable-loop devices and to as-
sess how the choice of fixation method may influence
functional recovery.

METHODS

In the retrospective cohort study, patients who under-
went anatomic ACLR at Diizce University Faculty of
Medicine between January 01, 2018 and December
31, 2023 was evaluated. Ethics committee approval
was granted by Diizce University Medical Faculty

Clinical Research Ethics Committee with decision
number 2024/128 dated 21.04.2025. Owing to the ret-
rospective nature of the study, the need for informed
consent was waived. All surgical procedures were per-
formed by the same surgical team using standard sur-
gical technique, and the same postoperative
rehabilitation protocol was applied to all patients.

In the study, patients were classified into two
groups: fixed-loop fixation system (Loopfix Button Ti
Femoral Fixation Devices) and adjustable-loop fixa-
tion system (Liftfix Button Ti Femoral Fixation De-
vices) (Fig. 1). Visual Analog Scale (VAS),
International Knee Documentation Committee
(IKDC) score, Lysholm knee score, and range of mo-
tion were evaluated preoperatively and 6 months post-
operatively as clinical evaluation parameters.

Statistical Analysis

All analyses were conducted using IBM SPSS Sta-
tistics v20.0. The Shapiro-Wilk test assessed normal-
ity. Depending on distribution, Independent Samples
t-test or Mann-Whitney U test was used for intergroup
comparisons, and Paired Samples t-test or Wilcoxon
signed-rank test for pre—post comparisons. Data were
summarized as meantstandard deviation or median
(minimum-maximum). Statistical significance was set
at P<0.05, and effect sizes were calculated using
Cohen’s d. A post-hoc power analysis was performed
for the primary between-group comparisons (postop-
erative Lysholm and IKDC scores) using a two-sample
t-test with a two-sided 0=0.05. The observed effect
sizes were small (Lysholm d=0.09; IKDC d=0.22),
corresponding to differences of less than 2-3 points
between groups. With the current sample size (n=39
vs. n=49), the power to detect such small effects was
limited (6.9% for Lysholm; 17.3% for IKDC). How-
ever, the study had adequate sensitivity to detect mod-
erate or larger differences (d>0.61, = 6 points),
suggesting that clinically meaningful moderate-to-
large effects are unlikely to have been missed.

RESULTS

A total of 88 patients (n=39/49) were included in the
study. Six of the patients were female. The study eval-
uated the effect of fixed-loop fixation systems and ad-
justable-loop fixation systems on clinical parameters
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Fig. 1. (A) Fixed-loop (Loopfix Button Ti) and (B) adjustable-loop (Liftfix Button Ti) femoral fixation devices used in

the study.

in patients undergoing ACLR.

As shown in Table 1, when preoperative and post-
operative values were compared in all patients, statis-
tically significant improvements were observed in
VAS, Lysholm, and IKDC scores in the postoperative
period (P<0.001; Wilcoxon, Paired Samples t-Test, re-
spectively). A significant increase in range of motion
(ROM) flexion values was also found (P<0.001),

while the improvement in ROM extension was not sta-
tistically significant (P=0.131).

These findings suggest that the surgical interven-
tion was clinically and functionally effective. In addi-
tion to the statistical significance, effect size analysis
revealed a large effect for IKDC (d= —1.88) and a
moderate-to-large effect for Lysholm (d= —0.76). A
large effect size was also observed for the reduction

Table 1. Comparison of preoperative and postoperative scores within the entire study group

Parameter Preoperative Postoperative P value Effect size
VAS 1.8+1.7 0.5+0.9 <0.001> -0.597¢
Lysholm 62.7+18.1 78.0+10.3 <0.001¢ -0,755"
IKDC 41.4+7.5 65.7+£10.5 <0.001¢ -1,883"
ROM (flexion) 112.1£19.4 120.8+£10.0 <0.001» -0.379¢
ROM (extension) 1.5£1.9 1.1£1.3 <0.1312 -0.1618

Data are shown as meantstandard deviation. VAS=Visual Analog Scale, IKDC=International Knee Documentation Committee,

ROM=Range of Motion

*Wilcoxon Signed-Rank Test, “Paired Samples t-Test, ‘Cohen’s d, ®Rank-biserial r
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Table 2. Comparison of postoperative values between fixed-loop and adjustable-loop groups

Parameter Fixed-Loop Adjustable-Loop P-value Effect size
Postoperative Postoperative

VAS 0.6+1.0 0.5+0.8 0.460° -0.079¢

Lysholm 77.5£14.8 78.4+4.1 0.736¢ -0.077"

IKDC 64.4+10.7 66.7+10.3 0.3214 -0.215"

ROM (flexion) 118.7+11.0 122.5+8.8 0.146° -0.155¢

ROM (extension) 1.4+1.4 0.9+1.2 0.072b -0.192¢

Data are shown as mean+standard deviation. VAS=Visual Analog Scale, IKDC=International Knee Documentation Committee,

ROM=Range of Motion

®Mann-Whitney U Test, {Independent Samples t-Test, {Cohen’s d, ERank-biserial r

in VAS scores (r= —0.60). ROM flexion showed a
moderate effect (r=—-0.38), while ROM extension ex-
hibited only a small effect size (r=—0.16).

Table 2 compares the postoperative values be-
tween the fixed-loop and adjustable-loop groups.
There was no statistically significant difference be-
tween the groups in postoperative VAS (P=0.460),
Lysholm (P=0.736), and IKDC (P=0.321) scores. Sim-
ilarly, no significant difference was observed in post-
operative ROM flexion (P=0.146) and ROM extension
(P=0.072) values (Kruskal-Wallis test).

Although none of the comparisons reached statis-

tical significance, the effect size analysis revealed
small effect sizes across all parameters. According to
the effect size measures, Cohen’s d values were small
for Lysholm (d=-0.077) and IKDC (d=-0.215), while
rank-biserial r values also indicated small effects for
VAS (r=-0.079), ROM flexion (r=-0.155), and ROM
extension (r=—0.192).

The findings show that both fixation methods re-
sulted in significant improvements in clinical and
functional outcomes compared to the preoperative pe-
riod (Fig. 2). However, there was no statistically sig-
nificant difference in postoperative scores between the

CLINICAL SCORE COMPARISON

B Preoperative (All)

Postop Fixed-Loop

B Postoperative (All)

M Postop Adjustable-Loop

o r~ 1
o e~ ot
g = 4 -
i
Ty 'ﬂ'
o) ~ ]
™~ ~ r~ : = ;‘
] I 8 § =
LYSHOLM IKDC ROM FLEXiON

Fig 2. Comparison of preoperative and postoperative clinical scores between all patients, fixed-loop, and adjustable-loop
groups. Lysholm Knee Score, International Knee Documentation Committee (IKDC) score, and range of motion (ROM) flex-

ion values are shown. Postop=postoperative.
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groups. These results suggest that both fixed and ad-
justable-loop systems are effective methods and pref-
erences should be shaped according to surgical
experience and patient characteristics.

DISCUSSION

The clinical outcomes of fixed-loop and adjustable-loop
femoral fixation systems in ACLR were compared. The
findings revealed that both systems provide similar suc-
cess in terms of postoperative functional outcomes.

The differences between fixed and adjustable-loop
systems are important not only clinically but also in
terms of biomechanical and radiologic parameters.
There are several studies showing the advantages of
fixed-loop systems. Choi et al. [15] reported that
ACLRs performed with loop systems allowed less tun-
nel widening and better graft integration. Similarly,
some other studies in the literature reported that fixed-
loop devices caused less graft loosening and main-
tained knee stability better [16, 17]. These findings
suggest that fixed systems can provide mechanical sta-
bility more effectively.

On the other hand, some advantages of adjustable-
loop systems have also been emphasized in the litera-
ture. Studies by Eichinger et al. [7] and Hyodo et al.
[18] showed that adjustable systems can limit tunnel
expansion and may positively affect graft healing by
filling the femoral tunnel better. In contrast, Bach-
maier et al. [19] reported that adjustable-loop systems
tend to loosen over time, which may have negative ef-
fects on clinical performance. Smith et al. [20] stated
that both systems provide similar biomechanical sta-
bility, but some adjustable systems may require re-ten-
sioning and loss of force depending on the design. In
Kocazeybek et al.'s [21] prospective study, it was ob-
served that the application of the adjustable system
with different surgical techniques did not make a sig-
nificant difference on knee stability and objective
measurements. In addition, Kyriakidis et al’s [22]
study in a group of young patients reported that the
double adjustable system achieved successful radio-
logic and functional results. This is thought to be re-
lated to the inability of the graft to completely fill the
femoral tunnel in fixed-loop systems and to allow
micro-movement of the graft within the tunnel. In par-

ticular, it is suggested that the mechanisms of intra-
graft mobility defined as “bungee effect” and “wind-
shield wiper effect” contribute to this expansion.

In conclusion, fixed and adjustable cortical sus-
pension systems each have their own advantages.
Studies comparing these two systems in the literature
are still current and research is ongoing to strengthen
these comparisons based on different patient groups,
surgical techniques and follow-up periods. In our
study, we found that these two systems were not su-
perior to each other in terms of clinical outcomes.

Previous studies have reported a wide range of
Lysholm scores following ACL reconstruction, with
variability depending on the fixation method. For ex-
ample, Onggo et al. [4] found fixed-loop systems
yielded scores between 82.3 and 93.9, while ad-
justable-loop systems ranged from 85.7 to 94.7, and
Mohamed et al. [23] reported almost identical results
(90.15 vs. 90.62). Similarly, Choi et al. [15] and Sheth
et al. [17] found no significant difference between the
two systems, whereas Hyodo et al. [18] observed sub-
stantial improvement with adjustable fixation. IKDC
score comparisons also revealed similar trends; studies
by Sheth et al. [17], Kocazeybek et al. [21], and
Eichinger et al. [7] consistently showed no significant
difference, while Ahn ef al. [24] and Kaya et al. [25]
reported variable baseline values but comparable post-
operative improvements. A summary of these results
is provided in Table 3, illustrating the consistent find-
ing of equivalent short-term functional outcomes be-
tween fixed-loop and adjustable-loop femoral fixation
methods across multiple studies.

In this study, there was no significant difference
between fixed and adjustable systems in terms of
Lysholm and IKDC scores. This finding suggests that
both techniques are effective in providing functional
stability of the knee and increasing patient satisfaction.
In this direction, it can be said that fixed and adjustable
systems give similar results in terms of clinical effi-
cacy, and the preferred method should be shaped ac-
cording to the surgeon's experience and
patient-specific factors.

From a clinical perspective, the absence of signifi-
cant differences between the two femoral fixation meth-
ods suggests that surgeons can choose either system
without compromising short-term patient outcomes. For
the patient, this means that functional recovery and pain
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relief are likely to be similar regardless of the chosen
device, allowing other factors such as graft availability,
cost, surgical familiarity, and intraoperative considera-
tions to guide decision-making. This flexibility may be
particularly valuable in settings where device availabil-
ity or budget constraints limit options.

In our study, the improvement in ROM extension
was small and did not reach statistical significance.
This finding may be related to multiple factors rather
than the fixation method itself. Variations in patient
compliance with postoperative rehabilitation protocols
could influence the degree of extension recovery.
Minor measurement inaccuracies, especially when as-
sessing small extension deficits, may also contribute
to variability.

Limitations

One of the most important limitations of our study
is that the evaluations were limited to subjective clin-
ical scores and objective knee stability measurements
(e.g., arthrometer) were not performed. Furthermore,
control of variables such as graft quality, biological
factors such as individual bone density, and individual
compliance with rehabilitation programs is limited.
Future research should focus on long-term follow-up
to determine whether the absence of significant differ-
ences between fixed-loop and adjustable-loop femoral
fixation persists over time. Prospective multicenter tri-
als with larger sample sizes and inclusion of objective
stability measurements (e.g., arthrometer testing, ra-
diologic assessment of tunnel widening) would pro-
vide more robust evidence to guide clinical
decision-making.

CONCLUSION

In conclusion, fixed and adjustable femoral fixation
systems used in ACLR demonstrate comparable short-
term clinical outcomes. Both techniques are consid-
ered safe and effective, and the final choice should be
guided by the surgeon's experience and the specific
needs of the patient.
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Posterior calcaneal spur length and angle are
predictors of pain and functional limitation in
insertional Achilles tendinopathy
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ABSTRACT

Objectives: This study aimed to quantitatively evaluate the clinical impact of posterior calcaneal spur (PoCS)
morphology, specifically spur length and inclination angle, in patients with insertional Achilles tendinopathy
(IAT).

Methods: This retrospective study analyzed 200 patients with symptomatic IAT who underwent standardized
weight-bearing lateral ankle radiographs. Spur length and inclination angle were measured, and patients were
stratified into nine subgroups based on three length categories (<5 mm, 5-10 mm, >10 mm) and three angle
categories (<10°, 10-20°, >20°). Clinical outcomes were assessed using the Visual Analog Scale (VAS), Amer-
ican Orthopaedic Foot and Ankle Society (AOFAS) score, and Victorian Institute of Sport Assessment-Achilles
(VISA-A) score. Kruskal-Wallis tests and multivariate linear regression analyses were used to evaluate asso-
ciations between spur morphology and outcomes.

Results: Both longer spurs (>10 mm) and steeper inclination angles (>20°) were significantly associated with
worse clinical scores including higher VAS scores and lower AOFAS and VISA-A scores (P<0.001). Patients
with spur lengths >10 mm and angles >20° had a mean VAS score of 7.22+0.65, VISA-A score of 49.72+2.54,
and AOFAS score of 60.00+4.24, indicating greater pain and functional limitation. In contrast, patients with
spur lengths <5 mm and angles <10° had lower VAS scores (5.184+0.82) and higher VISA-A (63.43+3.92) and
AOFAS (72.57+4.33) scores, reflecting lower pain intensity and higher functional capacity (P <0.001 for all).
Regression analysis confirmed that spur length and angle were independent predictors of clinical outcome
(P<0.001), while age, sex, and BMI were not statistically significant contributors (P>0.05).

Conclusions: Spur morphology - specifically length and angle - has a measurable impact on symptom severity
in IAT. Radiographic evaluation of PoCS morphology should be integrated into clinical decision-making for
more tailored management.

Keywords: Posterior calcaneal spur, insertional Achilles tendinopathy, spur angle, spur length

osterior heel pain is a common musculoskeletal adults [1]. It accounts for up to 15% of all foot and
?complaint, affecting a significant portion of the ankle complaints in clinical practice [2, 3]. Among the
population, particularly middle-aged and older various etiologies, insertional Achilles tendinopathy
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Spur morphology predicts Achilles tendinopathy severity

(IAT) and posterior calcaneal spur (PoCS) formation
are frequently implicated [3]. Studies estimate that
PoCS is present in 65%-80% of patients with IAT but
also occurs in 25%-35% of asymptomatic individuals
[3-5]. This raises the critical question of whether spur
morphology influences clinical symptoms or if these
bony outgrowths are simply incidental findings.

PoCS forms at the Achilles tendon insertion, often
due to chronic traction, calcification, and degenerative
changes within the tendon [5, 6]. In contrast,
Haglund’s deformity is a bony prominence at the pos-
terosuperior calcaneus that leads to impingement of
the Achilles tendon and retrocalcaneal bursitis [7, §].
While Haglund’s deformity is primarily a mechanical
compression issue, PoCS is more closely associated
with insertional Achilles tendinopathy and enthesopa-
thy [7, 8]. These differences necessitate distinct treat-
ment approaches, yet both conditions may coexist and
contribute to posterior heel pain.

Despite the high prevalence of PoCS in IAT, there
is a lack of studies examining how the size and orien-
tation of the spur affect clinical outcomes. Previous
research on plantar calcaneal spurs (PCS) has demon-
strated that spur length and slope correlate with pain
severity and functional impairment, yet no study has
systematically evaluated these factors for posterior
calcaneal spurs [9-11].

This study aims to investigate the relationship be-
tween posterior calcaneal spur morphology (length
and slope) and clinical outcomes in patients with in-
sertional Achilles tendinopathy. To our knowledge,
this is the first study to classify PoCS based on its mor-
phological characteristics and assess its impact on
pain, function, and Achilles tendon pathology. By es-
tablishing objective measurement criteria for PoCS,
we aim to improve diagnostic accuracy, treatment de-
cision-making, and patient outcomes in posterior heel
pain syndromes.

METHODS

Study Design

The study was designed as a retrospective cohort in-
vestigation and performed at Bursa City Hospital, De-
partment of Orthopedics and Traumatology. It adhered
to the ethical principles outlined in the Declaration of
Helsinki and received approval from the institutional

ethics committee (approval number: 2025-5/3; date:
05.03.2025).

Patient Selection

This study included adult patients aged 18 years
or older who presented to the Orthopedics and Trau-
matology outpatient clinic at Bursa City Hospital be-
tween January 2021 and December 2023 with
posterior heel pain. Additional demographic and clin-
ical variables - such as age, sex, body mass index
(BMI), symptom duration, and physical activity level
- were documented and included in the statistical mod-
els to control for potential confounding factors. All
outcome measures were recorded during the same
clinical visit as radiographic assessment to maintain
temporal consistency.

Eligible patients were required to have a clinical
diagnosis of AT, supported by symptoms of chronic
pain localized to the Achilles tendon insertion, tender-
ness upon palpation, and functional limitation during
dorsiflexion or tiptoe walking [4, 5]. Radiographic
confirmation of PoCS was mandatory, based on lateral
weight-bearing ankle radiographs. Patients were in-
cluded only if both clinical and radiographic criteria
were met, and high-quality imaging was available for
morphological analysis.

Patients were excluded if they exhibited radi-
ographic signs of Haglund’s deformity, defined as a
prominent posterosuperior calcaneal exostosis, in
order to isolate the effect of PoCS on IAT. Additional
exclusion criteria included the presence of pre-inser-
tional or non-insertional Achilles tendinopathy, a his-
tory of Achilles tendon rupture or previous surgery in
the region, retrocalcaneal bursitis, or systemic inflam-
matory disorders such as rheumatoid arthritis or anky-
losing spondylitis. Patients with diabetes mellitus,
gout, neurological disorders, or peripheral neu-
ropathies were also excluded due to their potential im-
pact on tendon pathology. Furthermore, individuals
with a history of corticosteroid injections or other in-
vasive interventions targeting the Achilles tendon
within the preceding six months were not included.
After applying these criteria, a total of 200 patients
were selected for the final cohort, ensuring that the
study population represented isolated cases of inser-
tional Achilles tendinopathy associated with posterior
calcaneal spur formation, free from confounding me-
chanical or systemic influences.
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Radiographic Evaluation and Spur Morphology
Classification

All patients underwent standard lateral weight-bear-
ing ankle radiographs to assess bony morphology at the
Achilles tendon insertion. The radiographs were inde-
pendently reviewed by two orthopedic surgeons who
were blinded to clinical data and had at least five years
of experience in musculoskeletal imaging interpretation.

PoCS were defined as osseous protrusions ema-
nating from the posterior aspect of the calcaneus at the
insertion site of the Achilles tendon. Special attention
was given to distinguish PoCS from Haglund’s defor-
mity, which is characterized by a posterosuperior cal-
caneal prominence located superior and lateral to the
Achilles insertion [6-8, 12].

Two morphological features of PoCS were evalu-
ated: spur length and spur angle. Spur length was meas-
ured as the linear distance from the posterior cortical
base of the calcaneus to the distal tip of the posterior
calcaneal spur. For subgroup analysis, spur length was
stratified into three categories: short (<5 mm), inter-
mediate (5-10 mm), and long (>10 mm) (Fig. 1).

PoCS angle was defined as the angle formed be-
tween a line drawn from the tip of the spur to its base
at the posterior calcaneal cortex and a second line tan-
gent to the posterior surface of the calcaneus, repre-
senting the longitudinal axis of the calcaneal body.
This angle was further classified into three groups
based on inclination severity: mild (<20°), moderate
(20°-30°), and severe (>30°) (Fig. 2). These thresholds
were adapted from previous studies on PCS morphol-

ogy, which used similar groupings to evaluate spur-re-
lated mechanical effects [9, 11]. All radiographic
measurements were performed using calibrated digital
software (Fonet DICOM Viewer, Version 4.1; Fonet
Information Technologies, Ankara, Turkey), and inter-
observer reliability was assessed to ensure consistency,
with high agreement achieved through consensus in
cases of discrepancy.

Outcome Measures

Clinical evaluation focused on both pain severity
and functional impairment associated with insertional
Achilles tendinopathy. To ensure a comprehensive as-
sessment, three validated instruments were employed:
the Visual Analog Scale (VAS) for pain intensity [13],
the American Orthopaedic Foot and Ankle Society
(AOFAS) Hindfoot Score for functional performance
[14], and the Victorian Institute of Sport Assessment-
Achilles (VISA-A) Questionnaire, which is specific to
Achilles tendon-related disorders [15].

Pain intensity was measured using the VAS, a 10-
cm horizontal line where patients marked their average
pain experienced over the previous week. The score
ranged from 0 (no pain) to 10 (worst imaginable pain),
allowing for a simple yet reliable quantification of
symptom severity.

The AOFAS Hindfoot Score was used to assess
foot and ankle function, incorporating components of
pain (40 points), function (50 points), and alignment
(10 points) for a maximum of 100 points. This com-
posite score captures both subjective patient feedback

8.47 mm

Fig. 1. Representative lateral radiographs illustrating posterior calcaneal spurs of varying lengths. A) Short spur (<5 mm),
B) Intermediate spur (5-10 mm), C) Long spur (>10 mm). Spur length was measured from the calcaneal cortex to the tip of
the bony outgrowth using standardized radiographic tools under weight-bearing conditions.
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Fig. 2. Representative lateral radiographs demonstrating posterior calcaneal spur angles categorized by severity. A) Mild
angle (<10°), B) Moderate angle (10-20°), C) Steep angle (>20°). Spur angle was measured as the angle between a line drawn
from the spur tip to its base and a line tangent to the posterior surface of the calcaneus. All measurements were performed

under standardized weight-bearing radiographic conditions.

and objective clinical findings. All clinical examina-
tions contributing to the AOFAS were performed by
two independent orthopedic specialists blinded to the
radiographic spur morphology.

The VISA-A questionnaire was utilized to specif-
ically evaluate symptoms and functional limitations
due to Achilles tendinopathy. This validated tool con-
sists of eight items assessing domains such as pain,
function during daily living, and physical activity. The
total VISA-A score ranges from 0 to 100, with higher
scores indicating better Achilles tendon function and
lower symptom burden. The VISA-A is especially sen-
sitive in detecting clinical changes in both athletic and
non-athletic populations suffering from insertional or
midportion Achilles tendinopathy.

Statistical Analysis

All statistical analyses were conducted using IBM
SPSS Statistics for Windows, Version 26.0 (IBM
Corp., Armonk, NY, USA), with the level of statistical
significance set at P<(.05. Descriptive statistics were
expressed as means and standard deviations (SD) for
continuous variables and as frequencies and percent-
ages for categorical variables. The normality of con-
tinuous variables, including VAS, AOFAS, and
VISA-A scores, was evaluated using the Shapiro—Wilk
test and Q—Q plots. Since the normality assumption
was not fully satisfied for several outcome variables,
non-parametric tests were employed for group com-

parisons where appropriate. To determine independent
predictors of pain intensity and functional limitation,
multiple linear regression analyses were performed
using VAS and AOFAS scores as dependent variables.
Independent variables entered into the model included
age, sex, BMI, symptom duration, spur length, spur
angle. Multicollinearity was checked using the vari-
ance inflation factor (VIF), with all values remaining
below 2.0, indicating acceptable levels. Additionally,
to evaluate the interaction between spur size and
angle, patients were stratified into nine morphological
subgroups based on combinations of spur length (<5
mm, 5-10 mm, >10 mm) and spur angle (<20°, 20°-
30°,>30°). The Kruskal-Wallis test was used to com-
pare VAS, AOFAS, and VISA-A scores across these
subgroups due to the non-parametric nature of the
data. Post hoc pairwise comparisons were adjusted
using Bonferroni correction to control for Type I error.
All subgroup results were graphically displayed as
boxplots for visual inspection of score distributions
and potential outliers.

RESULTS

Table 1 displays the demographic and clinical charac-
teristics of patients stratified into nine subgroups based
on PoCS length (<5 mm, 5-10 mm, >10 mm) and spur
angle (<10°, 10°-20°, >20°). For each subgroup, av-
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Table 1. Combined distribution of posterior calcaneal spur (PoCS) length and angle categories with
clinical and demographic parameters

Groups Variables <10° 10-20° >20°
<5 mm Age 43.93+9.02 45.58+9.83 42.33+3.66
BMI 26.15+2.74 24.80+2.72 27.20+2.78
Duration 13.89+1.93 13.50+1.41 13.89+1.64
Spur length 3.96+0.47 4.36+0.31 3.88+0.68
Spur angle 8.26+1.24 17.34+1.47 30.12+1.46
VISA-A 63.43+£3.92 61.00+3.68 62.11+£3.34
AOFAS 72.57+4.33 73.42+3.11 72.44+3.60
VAS 5.18+0.82 5.58+0.50 5.89+0.32
5-10 mm Age 43.08+8.65 42.67+6.81 44.80+9.95
BMI 25.31+£2.90 25.90+2.54 26.09+1.98
Duration 14.15+1.43 14.67+1.27 14.30+1.53
Spur length 8.80+0.71 8.88+0.73 8.78+0.85
Spur angle 7.80+1.17 16.58+1.18 30.63+1.57
VISA-A 63.23+2.27 60.67+1.83 60.70+2.98
AOFAS 71.85+£3.32 73.13£3.97 70.35+3.50
VAS 5.54+0.51 5.67£0.56 5.75+0.55
>10 mm Age 46.77+5.24 44.45+11.25 47.00+10.85
BMI 25.25+2.27 26.54+2.65 24.95+2.32
Duration 14.00+1.63 14.70+1.89 17.33+1.61
Spur length 13.69+0.74 13.74+0.72 13.80+0.70
Spur angle 8.09+1.34 17.46+1.40 31.13+1.83
VISA-A 62.14+3.03 60.20+4.53 49.72+2.54
AOFAS 69.86+5.48 66.90+7.06 60.00+4.24
VAS 6.14+0.64 6.35+0.67 7.22+0.65

Data are shown as meantstandard deviation. Spur length was stratified into three categories: short (<5 mm), intermediate (5-
10 mm), and long (>10 mm). Spur angle was classified into mild (<10°), moderate (10-20°), and severe (>20°) inclination.
Clinical outcomes assessed include the Visual Analog Scale (VAS), Victorian Institute of Sports Assessment-Achilles
questionnaire (VISA-A), and American Orthopaedic Foot & Ankle Society (AOFAS) hindfoot scores, BMI=Body Mass Index.

erage values are provided for age, BMI, symptom du-
ration, spur length, and spur angle. Additionally, clin-
ical outcome scores including VISA-A, AOFAS, and
VAS are reported.

Multiple linear regression analyses were con-
ducted to evaluate the relationship between PoCS mor-
phology and clinical outcomes, including VAS,
VISA-A, and AOFAS scores. For the VAS score, spur
length (P<0.001) and spur angle (P<0.001) were found
to be statistically significant positive predictors of pain
severity. In contrast, patient age (P=0.112), BMI

(P=0.525), and sex (P=0.963) had no significant influ-
ence (Table 2).

In the VISA-A score regression, spur length
(P<0.001) and spur angle (P<0.001) were again sig-
nificant, demonstrating a negative correlation with
functional status. Neither age (P=0.560), BMI
(P=0.453), nor sex (P=0.114) had a statistically signif-
icant effect (Table 3).

Similarly, for AOFAS scores, longer spur length
(P<0.001) and larger spur angles (P=0.001) were as-
sociated with significantly lower functional outcomes.
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Table 2. Multivariate linear regression analysis identifying predictors of VAS score

Variables t value P value 95% Confidence Interval
Age -1.596 0.112 -0.018-0.002
BMI -0.636 0.525 -0.045-0.023
Spur angle 5.846 0.0 0.046-0.092
Spur angle 5.746 0.0 0.019-0.038
Sex -0.046 0.963 -0.183-0.175

Values are based on multivariate linear regression analysis. VAS=Visual Analog Scale, BMI=Body Mass Index. Significant
predictors of pain severity include spur length and spur angle (P<0.001), while age, BMI, and sex were not statistically

significant.

Age (P=0.503), BMI (P=0.133), and sex (P=0.917) did
not exhibit a meaningful relationship with AOFAS
scores (Table 4).

Subgroup analyses by Spur Morphology, patients
were stratified into nine subgroups based on spur
length (<5 mm, 5-10 mm, >10 mm) and spur angle
(<10°, 10°-20°, >20°) to further explore morphologi-
cal effects on outcomes. Group-wise comparisons
using the Kruskal-Wallis test revealed significant dif-

ferences in VAS, VISA-A, and AOFAS scores across
the subgroups. Patients with spur lengths >10 mm and
angles >20 exhibited the most severe symptoms, with
VAS scores reaching a median of 7.5-8.0, VISA-A
scores decreasing to around 50, and AOFAS scores
falling to approximately 60. In contrast, those with
spurs <5 mm and angles <10 showed milder symp-
toms, with VAS scores near 5.0, VISA-A scores of 65-
70, and AOFAS scores of 75-80 (Fig. 3).

Table 3. Multivariate linear regression analysis for predictors of VISA-A score

Variables t value P value 95% Confidence Interval
Age -0.584 0.56 -0.079-0.043
BMI -0.752 0.453 -0.282-0.127
Spur angle -4.499 0.0 -0.463-0.181
Spur angle -6.295 0.0 -0.249-0.130
Sex 1.587 0.114 -0.212-1.956

VISA-A=Victorian Institute of Sports Assessment-Achilles questionnaire, BMI=Body Mass Index. Increased spur length and
angle were independently associated with lower VISA-A scores (P<0.001), indicating worse symptom severity and reduced
tendon function. Age, BMI, and sex were not statistically significant predictors

Table 4. Multivariate linear regression analysis for predictors of AOFAS score

Variables t value P value 95% Confidence Interval
Age 0.67 0.503 -0.051-0.103
BMI -1.509 0.133 -0.457-0.061
Spur length -6.717 0.0 -0.787-0.429
Spur angle -3.322 0.001 -0.202-0.051
Sex 0.104 0.917 -1.299-1.444

AOFAS=American Orthopaedic Foot & Ankle Society Hindfoot Score, BMI=Body Mass Index. Both increased spur length
and angle were independently associated with significantly lower AOFAS scores (P<0.01), reflecting reduced ankle-hindfoot

function. Age, BMI, and sex were not significant predictors.
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Fig. 3. Comparison of clinical outcome scores across posterior
calcaneal spur morphology subgroups. Box plots depicting
AOFAS, VISA-A, and VAS scores stratified by posterior cal-
caneal spur length (<5 mm, 5-10 mm, >10 mm) and angle
(<10°, 10-20°, >20°). The Kruskal-Wallis test indicated sta-
tistically significant differences among groups for all three
clinical outcomes. Patients with spur lengths >10 mm and an-
gles >20° had the lowest AOFAS and VISA-A scores and the
highest VAS scores, reflecting worse function and greater
pain severity. Medians are shown by horizontal lines, boxes
represent interquartile ranges, whiskers indicate full ranges,
and circles/asterisks denote outliers.

DISCUSSION

Our analysis revealed that both spur length and spur
angle were significant independent predictors of pain
and function. Specifically, multiple linear regression
results demonstrated a positive correlation between
VAS scores and both spur length and angle, indicating
that patients with longer and more vertically inclined
spurs experience greater pain severity. In contrast, de-
mographic factors such as age, BMI, or sex did not
show a significant association with pain levels.
Similarly, the VISA-A and AOFAS functional
scores exhibited a significant inverse relationship with
spur length and angle. As the size and inclination of
the PoCS increased, functional scores decreased, sug-
gesting that more prominent spurs compromise tendon
insertion mechanics and contribute to functional lim-
itations. These trends remained consistent across both
scoring systems. Again, demographic parameters had
no statistically significant influence on outcomes.
The subgroup analysis, stratifying patients into
nine morphological categories based on combined
spur length and angle, further confirmed these associ-
ations. Patients with extreme morphology (>10 mm
length and >20° angle) consistently showed the high-
est VAS scores and the lowest VISA-A and AOFAS
scores, highlighting the additive impact of both vari-
ables. Conversely, those with small (<5 mm) and shal-
low (<10°) spurs had better clinical outcomes.
These findings are reinforced by existing biomechan-
ical insights. These relationships can be explained
through established biomechanical mechanisms. Chi-
menti ef al. [5, 16] emphasized the complex loading
patterns at the Achilles enthesis, where the superficial
fibers are subjected to tensile stress while the deep
fibers experience compressive forces from the calca-
neus. A steeply inclined PoCS (>30°) may amplify
these compressive forces, creating a sharper mechan-
ical interface at the deep tendon insertion. This inten-
sified contact area can promote localized stress
accumulation, microtears, inflammation, and collagen
disorganization. In contrast, milder angles may permit
more uniform load transmission, potentially reducing
focal mechanical irritation. Thus, our observation that
steeper angles are linked to more severe symptoms
supports the hypothesis that specific angular mor-
phologies critically disrupt enthesis mechanics and ex-
acerbate degenerative changes.
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Although not directly focused on posterior cal-
caneal spurs or insertional Achilles tendinopathy, two
recent studies have evaluated plantar calcaneal spur
morphology and its clinical relevance. Kaya et al. [17]
demonstrated that the mere presence of a calcaneal
spur is not necessarily a primary determinant of heel
pain, implying that spur morphology - such as length
and angle -may be more clinically meaningful. Simi-
larly, Tuncer et al. [18] found that larger plantar cal-
caneal spurs and greater spur—calcaneus angles were
significantly correlated with higher pain levels and
worse functional scores in patients with plantar heel
pain treated with ESWT. Although these studies pri-
marily addressed plantar spurs and plantar fasciitis, the
mechanistic insights they provide regarding the role
of spur morphology in symptom severity are consis-
tent with and indirectly support our findings in poste-
rior calcaneal spurs.

In addition to angular effects, spur size appears to
play a mechanical role. Larger PoCS (>10 mm) may
project deeper into the tendon’s insertional zone, in-
creasing mechanical impingement and friction during
ankle dorsiflexion - especially under load-bearing con-
ditions. Chimenti et al. [5, 16] reported that sympto-
matic heels exhibit significantly longer spurs
compared to asymptomatic ones, reinforcing the link
between increased spur length and pathological me-
chanical interactions. This chronic mechanical inter-
ference likely contributes to enthesis overload and a
failed healing response, leading to degenerative fea-
tures such as neovascularization, fatty infiltration, and
tendon thickening - hallmarks of chronic tendinopathy.
As noted by Krishna Sayana and Maffulli [6] and
Boberg and Anania [12], such enthesophytes may ini-
tially arise as adaptive responses to repetitive tensile
stress but may evolve into pathological bony projec-
tions when combined with altered joint mechanics.

The anatomical concept of a calcaneal “step,” in-
troduced by Fiamengo et al [19]., may offer further in-
sight. This bony protrusion, situated at the tendon
insertion, may function as a fulcrum that modifies the
tendon’s line of pull and increases mechanical tension
during motion. Although its morphology was not
specifically analyzed in terms of length or angle, its
frequent appearance in symptomatic individuals high-
lights the clinical relevance of posterior calcaneal mor-
phology. Additionally, Grambart et a/ [7]. and Caudell
et al [8]. emphasized the importance of distinguishing

PoCS from Haglund’s deformity, noting that PoCS is
more directly implicated in intratendinous degenera-
tion and tendon entrapment, whereas Haglund’s defor-
mity primarily affects the retrocalcaneal bursa.
Although previous studies have examined the
presence of posterior calcaneal spurs and their rela-
tionship with Achilles tendinopathy, no prior research
has directly investigated the correlation between PoCS
length and angle in relation to clinical outcomes. Kang
et al. [4] reported that calcification width ranged from
1.0 to 10.4 mm and length from 3.5 to 16.2 mm in in-
sertional Achilles tendinopathy, suggesting that a
broader and longer calcific deposit may increase me-
chanical irritation. However, they did not directly an-
alyze the correlation between width, length, and
clinical symptoms, making it unclear whether larger
calcifications necessarily lead to worse functional im-
pairment. Furthermore, they found that Haglund’s de-
formity was not indicative of insertional Achilles
tendinopathy and was equally present in asymptomatic
patients. Their study also confirmed that a majority of
insertional Achilles tendinopathy patients had calcifi-
cation at the tendon insertion, reinforcing the associa-
tion between calcification and IAT but not providing
a detailed assessment of how size impacts symptom
severity. Lu et al. [20] analyzed posterior calcaneal
step spurs and Achilles tendon calcifications in
Haglund syndrome, showing that 56.8% of sympto-
matic patients had a posterior calcaneal step spur,
compared to only 5% in the control group. Their study
reinforces the importance of osseous variations in pos-
terior heel pain, but it did not assess the impact of
PoCS length or angle on clinical outcomes, which is
the focus of our study. Fiamengo et al. [19] introduced
the concept of the calcaneal step, an anatomical vari-
ation at the Achilles tendon insertion observed in
symptomatic patients with posterior heel pain. Their
findings indicated that a calcaneal step was present in
75% of symptomatic cases, suggesting that this
anatomical feature may contribute to Achilles-related
pathology. However, their study did not specifically
assess the correlation between posterior calcaneal spur
length, width, or angle and clinical outcomes, nor did
it provide a biomechanical explanation for how the
calcaneal step influences pain and function. Our study
expands upon these findings by demonstrating the di-
rect impact of PoCS on clinical outcomes, emphasiz-
ing the importance of spur morphology beyond simple
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anatomical variations. Nakajima [21] conducted a ra-
diographic comparison of symptomatic and asympto-
matic heels in patients with insertional Achilles
tendinopathy and examined both calcification length
and width. Their study primarily focused on differen-
tiating calcifications seen in symptomatic patients
from those in asymptomatic individuals, rather than
directly correlating spur dimensions with pain and
function. Notably, they did not find a clear association
between PoCS width and Achilles tendinopathy sever-
ity, nor did they analyze spur angles. Their research
was more focused on distinguishing Haglund’s defor-
mity measurements, rather than assessing the detailed
impact of PoCS morphology on clinical outcomes. Jo-
hansson et al. [22] analyzed posterior calcaneal spur
size and surgical outcomes, finding that while spur
size was a key anatomical feature, it did not correlate
with surgical success rates. However, their study did
not examine the direct correlation between spur mor-
phology and clinical symptoms, which our study ad-
dresses. Grambart et al. [7] distinguished Achilles
insertional calcific tendinosis (AICT) from Haglund’s
deformity, emphasizing that AICT involves intratendi-
nous calcifications at the Achilles insertion, whereas
Haglund’s deformity is a separate mechanical com-
pression issue. However, they did not analyze PoCS
morphology or its impact on clinical outcomes, a gap
that our study fills. Caudell [8] highlighted the impor-
tance of radiographic imaging in distinguishing PoCS
from Haglund’s deformity, emphasizing that IAT is
frequently misdiagnosed. Their study confirmed that
PoCS often presents alongside Achilles tendon thick-
ening and intratendinous calcifications, yet their analy-
sis did not explore how PoCS morphology influences
clinical symptoms. In contrast, our study provides a
quantitative analysis of PoCS length and angle, di-
rectly correlating these parameters with patient-re-
ported outcomes.

Taken together, these mechanistic insights align
with our findings and support the notion that not only
the presence but the detailed morphology of posterior
calcaneal spurs plays a pivotal role in the pathophysi-
ology and clinical severity of IAT. Recognizing the in-
fluence of both spur length and inclination angle may
be essential in clinical evaluation, guiding prognosis,
and informing surgical decision-making, particularly in
patients who do not respond to conservative treatment.

Strengths and Limitations

This study has several strengths that enhance the
robustness and clinical relevance of its findings. First,
to our knowledge, it is the first to quantitatively assess
the impact of PoCS length and angle on clinical out-
comes using validated patient-reported outcome meas-
ures (VAS, VISA-A, AOFAS). The incorporation of
detailed radiographic measurements allows for objec-
tive stratification of spur morphology, moving beyond
simple presence or absence toward a more nuanced
understanding of structural contribution to symptoms.
Second, the subgroup analysis offers granular insight
by exploring the additive effects of combined spur
length and angle variations on pain and function.

However, several limitations should be acknowl-
edged. The retrospective design may introduce selec-
tion bias and limit causal inference. While
radiographic measurements were standardized, inter-
observer variability in angle and length assessment is
a potential source of measurement error. Furthermore,
although patient-reported outcome measures provide
valuable information, they are inherently subjective
and may be influenced by external psychosocial fac-
tors. Advanced imaging modalities such as MRI or ul-
trasound were not routinely employed, which could
have offered complementary insight into soft tissue
pathology such as tendon degeneration, neovascular-
ization, or bursal inflammation. Additionally, routine
assessments of lower extremity alignment (genu
varus/valgus) and additional foot deformities (e.g., pes
planus, hallux valgus) were not investigated; thus,
their potential role as confounding factors influencing
clinical outcomes remains unknown and warrants in-
vestigation in future prospective studies. Lastly, the
study population was drawn from a single tertiary cen-
ter, which may limit generalizability to broader patient
populations.

The present findings underscore the importance of
incorporating detailed PoCS morphological assess-
ment into the diagnostic and therapeutic algorithm for
IAT. Clinicians often focus on tendon pathology or
generalized bony abnormalities; however, this study
shows that specific morphologic traits - particularly
spur length >10 mm and angle >30° are significantly
associated with greater symptom burden. Radi-
ographic identification of such features may help in
stratifying patients likely to respond poorly to conser-
vative treatment and potentially benefit from early sur-
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gical intervention. Additionally, recognition of mod-
erate-to-severe angular deformities could guide surgi-
cal planning, including decisions about whether to
resect the spur or modify the tendon’s insertion angle
to restore favorable biomechanics.

Future prospective studies with larger, multicenter
cohorts are needed to validate these findings and ex-
plore their prognostic utility. Incorporating advanced
imaging techniques such as high-resolution ultrasound
or MRI could help correlate PoCS morphology with
tendon quality, neovascularization, or peritendinous
inflammation. Additionally, biomechanical modeling
or cadaveric studies may elucidate how different spur
angles and sizes influence Achilles tendon loading, en-
thesis strain, and local tissue remodeling. Another av-
enue worth investigating is the impact of targeted
surgical correction of spur morphology, particularly
angle modification or step resection, on long-term pain
relief and functional recovery. Such research would
further clarify whether these radiographic parameters
are merely markers of severity or modifiable contrib-
utors to disease progression.

CONCLUSION

In conclusion, this study demonstrates that both the
length and inclination angle of posterior calcaneal
spurs are independent predictors of clinical severity in
insertional Achilles tendinopathy. Patients with longer
and steeper spurs experience higher pain levels and re-
duced function, likely due to increased mechanical
stress and tendon impingement at the enthesis. These
results suggest that detailed radiographic assessment
of PoCS morphology should be an integral part of
clinical evaluation and may help guide individualized
treatment strategies. By shifting the focus from pres-
ence to morphologic characterization, clinicians can
more accurately predict outcomes and tailor interven-
tions for patients with IAT.
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Impact of simplified transcatheter aortic valve
implantation approach on procedural and clinical
outcomes

Murat Can Giiney®

Department of Cardiology, Atilim University, Faculty of Medicine, Medicana International Ankara Hospital, Ankara, Tiirkiye

ABSTRACT

Objectives: Increased operator experience and development of techniques have reduced complication rates,
and the new trend is the simplified approach (SA) in transcatheter aortic valve implantation (TAVI). The aim
of this study is to compare the safety, efficacy, and outcomes of the SA with the standard non-simplified ap-
proach (NSA).

Methods: We retrospectively included 517 consecutive symptomatic severe aortic stenosis (AS) patients un-
dergoing TAVI. The procedure is performed under general anesthesia accompanied by TEE and with predi-
latation in the NSA group. Whereas sedation and local anesthesia, removal of the routine use of transesophageal
echocardiography (TEE), skipping the predilatation step in appropriate patients is adopted in SA group.
Results: Among 517 patients, 144 underwent TAVI with SA and 363 with NSA. The NSA group was treated
with the most Sapien XT valve (69.4% vs. 92.8; P<0.001). There were no significant differences in post-pro-
cedural complications between the groups as defined by the Valve Academic Research Consortium (VARC)-
2 criteria. Although there was a trend toward lower mortality at 30-day favoring SA group, this finding did not
differ significantly between the groups (0% vs. 2.9%, respectively for SA and NSA groups, P=0.058). However,
total cumulative mortality at the end of the follow-up period was found to be significantly reduced in the SA
group (7.6% vs. 35.7; P<0.001). The multivariate logistic regression analysis revealed that predilatation, general
anesthesia, TEE guidance, and simplified approach were independent predictors of total mortality.
Conclusions: Our study showed that simplified TAVI procedure was safe and was no related to adverse events.
Compared to the NSA group, SA-TAVI had statistically significant lower total mortality rates.

Keywords: Transcatheter aortic valve implantation, minimal invasive, aortic stenosis, clinical outcomes

scatheter aortic valve implantation (TAVI) pro-
cedure was quickly implemented and accepted
throughout the world [1]. TAVI is the preferred way
of treatment for patients with moderate to high-risk
symptomatic severe aortic stenosis (AS), mainly

ﬂfter its first introduction in 2002, the tran-

where a transfemoral approach is possible [2, 4]. In-
creased operator experience, meticulous pre-proce-
dural multimodality planning, development of
vascular closure techniques have reduced complica-
tion rates, and the new trend is the simplified approach
in TAVI [5].
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With the expansion of TAVI indications and the
increase in the elderly population, operators shifted to
simplified approaches without sacrificing safety and
efficacy. Although simplified TAVI approaches have
shown promising results in terms of safety and effi-
ciency, current evidence is largely based on small-
scale studies, and there remains a lack of sufficiently
powered studies with large patient populations in the
literature. In the simplified TAVI procedure, the tran-
sition from general anesthesia to sedation and local
anesthesia, removal of the routine use of trans-
esophageal echocardiography (TEE), skipping the
predilatation step in appropriate patients and prefer-
ence of the transfemoral access with percutaneous clo-
sure devices are the most critical steps. Although the
first procedures were performed under general anes-
thesia and TEE, this is associated with the need for
more positive inotropic agents, hemodynamic insta-
bility, a higher likelihood of pulmonary infections,
challenges in extubation among patients with chronic
lung disease, and extended duration of hospitalization
[5]. Predilatation was considered as a crucial step in
the development of the TAVI procedure. However, al-
though predilatation has advantages such as reducing
the radial forces and providing optimal device expan-
sion, it should be remembered that it may cause com-
plications such as the need for a permanent pacemaker,
conduction disturbances, stroke, severe aortic regur-
gitation, and even annular rupture [6]. Furthermore,
rapid pacing during predilatation leads to severe short-
term hemodynamic instability at the procedure, which
may lead to catastrophic outcomes in patients with de-
pressed systolic functions [7]. Finally, incompatible
with the simplified approach conventional technique
may prolong the procedure time and increase the
amount of contrast agent use.

Our study aimed to compare the safety, efficacy,
and outcomes of the simplified approach (SA) with
the standard non-simplified approach (NSA).

METHODS

Patient Population and Pre-procedural Planning

We retrospectively included 517 consecutive severe
symptomatic AS patients undergoing TAVI using Ed-
wards SAPIEN XT (Edwards Lifesciences, Irvine,

CA, USA), SAPIEN S3 transcatheter heart valve (S3-
THV) or The Lotus™ valve system (Boston Scientific,
MA, USA) between July 2011 and June 2024. The
heart team, consisting of one clinical cardiologist, one
interventional cardiologist, one cardiovascular sur-
geon, discussed all patients and decided on treatment
options. Baseline characteristics, laboratory and
echocardiographic findings, procedural details, and out-
come measures were retrospectively obtained. For all
patients, aortic annulus size and vascular access site
evaluated by multislice computerized tomographic an-
giography (MSCT) and echocardiography. Follow-up
assessments were conducted post-procedure, at 30 days,
and at 12 months. Final survival data were collected in
June 2024. Written informed consent was obtained from
all patients prior to the procedure, and the study was ap-
proved by the institutional ethics committee.

Procedure

The decision of the access site was made by indi-
vidualized assessment in each patient, and the majority
of patients underwent transfemoral access, while a
smaller proportion were treated via the transaxillary
route. Patients who underwent trans-axillary, trans-
subclavian access and valve-in-valve TAVI were ex-
cluded from the study. TAVI performed under general
anesthesia accompanied by TEE and with predilation
were included in the NSA group. None of the patients
in the SA group had predilatation, and the procedure
was performed with sedation, local anesthesia, and
without TEE guidance. The vast majority of proce-
dures were performed under deep sedation and local
anesthesia. Predilatation decision before valve implan-
tation was made by an experienced operator consider-
ing various factors. Routine predilatation involved the
use of 20 mm, 23 mm, and 25 mm valvuloplasty bal-
loons for the 23 mm, 26 mm, and 29 mm Edwards
valves, and 22 mm and 24 mm balloons for the 25 mm
and 27 mm Lotus valves, respectively. Predilatation
balloon size in patients with Lotus valve implantation
was decided not to exceed the minor axis length of the
aortic annulus. In patients who underwent predilata-
tion, a suitably sized Edwards or Lotus valvuloplasty
balloon was advanced and inflated during rapid ven-
tricular pacing. The balloon-expandable Edwards
valve was then placed under rapid pacing, and fluoro-
scopic guidance, whereas the mechanically expand-
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Table 1. Baseline characteristics and laboratory parameters

Parameters All SA group NSA group P value
(n=517) (n=144) (n=373)
Age (years) 77.6+£7.8 77.0+8.0 77.8+7.8 0.285
Female, n (%) 288 (55.7) 75 (52.1) 213 (57.1) 0.303
BMI (kg/m?) 27.6£6.1 28.5+6.2 27.546.0 0.455
NYHA, n (%)
2 138 (26.7) 44 (30.6) 94 (25.2)
3 291 (56.3) 84 (58.3) 207 (55.35) 0.146
4 76 (14.7) 14 (9.7) 62 (16.6)
Pulmonary edema 12 (2.3) 2(1.4) 10 (2.7)
DM, n (%) 154 (29.8) 50 (34.7) 104 (27.9) 0.127
HT, n (%) 426 (82.4) 122 (84.7) 304 (81.5) 0.389
HL, n (%) 258 (49.9) 79 (54.9) 179 (48.0) 0.161
CABG, n (%) 117 (22.6) 34 (23.6) 83 (22.3) 0.741
AF, n (%) 124 (24.0) 32(22.2) 92 (24.7) 0.560
Stroke, n (%) 29 (5.6) 7 (4.9) 22 (5.9) 0.806
Previous MVR, n (%) 17 (3.2) 534 12 (3.2) 0.831
Moderate to severe COPD, n (%) 218 (42.1) 64 (44.4) 154 (41.2) 0.010
Renal replacement therapy, n (%) 12 (2.3) 7 (4.9) 5(1.3) 0.017
STS score (%) 6.0+£3.4 5.3£2.6 6.0+£3.4 0.421
EuroSCORE 1II (%) 8.9+5.8 8.44+4 4 8.9+5.8 0.751
LogisticEUROSCORE (%) 23.6+£9.3 22.6£10.8 25.4+7.8 0.788
CAD, n (%)
Normal 169 (32.7) 42 (29.2) 127 (34.1) 0.223
Non-obstructive 220 (42.6) 50 (48.6) 70 (40.2)
Obstructive 198 (24.8) 32 (22.2) 96 (25.7)
Laboratory parameters
Serum glucose (mg/dL) 127.2+54.6  132.4+61.9 125.2+51.4 0.179
Total cholesterol (mg/dL) 169.1+444.0  168.1+42.8 169.5+44.5 0.752
Triglyceride (mg/dL) 121.4+64.0 131.5+69.5 117.5+61.4 0.027
LDL cholesterol (mg/dL) 100.5+£35.8  98.9+36.7 101.2+£35.4 0.524
HDL cholesterol (mg/dL) 45.0+13.6 43.3£11.1 45.6+14.5 0.087
Creatinine (mg/dL) 1.0£0.53 1.0£0.36 1.1+0.58 0.547
Hemoglobin (mg/dL) 11.6£1.9 11.5£2.1 11.7+1.8 0.311
Platelet count (x10%/L) 240.5+83.3 248.1+81.7  237.6+83.8 0.198
Troponin (pg/mL) 84.6£113.5 82.7£122.6  85.1+111.3 0.896
CK-MB (ng/mL) 4.4+11.0 3.543.6 4.6+12.3 0.493
Baseline echocardiographic parameters
LVEF (%) 51.9+13.2 52.5¢13.4 51.5+14.3 0.498
Bicuspid n (%) 69 (13.6) 14 (10.1) 55(14.9) 0.156
Aortic velocity (cm/s) 4.4+0.61 4.2+0.58 4.5+0.61 <0.001
Aortic max gradient (mmHg) 82.3+23.1 74.8+20.0 85.2+23.6 <0.001
Aortic mean gradient (mm Hg) 50.6+15.1 45.5+12.4 52.5¢15.6 <0.001
AVA (cm?) 0.67+0.16 0.69+0.16 0.66+0.16 0.036
Aortic Annulus (cm) 2.15+0.2 2.13+0.2 2.15+0.2 0.343
sPAP (mmHg) 44.1£16.7 44.4+17.7 44.0£16.3 0.784
Aortic regurgitation (moderate to severe), n (%) 21 (4.1) 6(4.3) 15 (4.1) 0.058
Mitral regurgitation (moderate to severe), n (%) 63 (12.3) 24 (17.0) 39 (10.5) 0.018
MSCT Annulus (mm) 24.7£2.4 23.842.2 24.3+1.6 0.373
MSCT Annulus area (cm?) 483.5496.6  477.1£96.3  486.8+96.8 0.378
MSCT Annulus perimeter (mm) 77.5£7.5 77.0£7.5 77.8£7.6 0.371
MSCT Mean CFA size (mm) 7.2+0.9 6.4+0.8 7.6+1.1 <0.001

Data are shown as meantstandard deviation or n (%) where appropriate, SA=simplified approach, NSA=non-simplified
approach, BMI=Body Mass Index, NYHA=New York Heart Association, DM=Diabetes Mellitus, HT=Hypertension,
CABG=Coronary artery Bypass Grafting, MVR=Mitral Valve Replacement, COPD=Chronic Obstructive Pulmonary Disease,
AF=Atrial Fibrillation, STS=Society of Thoracic Surgeons, CAD=Coronary Artery Disease, LDL=Low-density lipoprotein,
HDL=High-density lipoprotein, CK-MD=Creatine kinase-MB, LVEF=Left Ventricular Ejection Fraction, AVA=Aortic Valve
Area, sPAP=systolic Pulmonary Artery Pressure, MSCT=Multi-slice Computed Tomography, CFA=Common femoral artery
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able Lotus valve, was placed without rapid pacing.
Following valve deployment, TTE and aortography
were utilized to evaluate the extent of perivalvular leak
(PVL). Percutaneous closure devices (Perclose
ProGlide and Prostar XL Abbott Laboratories, Abbott
Park, IL) were used the majority of patients who pre-
ferred transfemoral access. Since the number of cases
with surgical cutdown performed in the transfemoral
access site was small, it was not excluded from the
study, considering that it did not present statistical sig-
nificance. Mortality, stroke, bleeding, vascular com-
plications, device success, and adverse events were
assessed due to Valve Academic Research Consortium
(VARC)-2 definitions [8].

The decision to perform simplified versus non-
simplified TAVI was made by experienced operators
based on anatomical and clinical characteristics, in-
cluding frailty, vascular access quality, comorbidities,
and hemodynamic stability. While this reflects real-
world practice, it may introduce selection bias due to
the non-randomized nature of the study. However, to
maximize standardization, institutional protocols were
established for key procedural elements such as anes-
thesia type, use of TEE, and predilatation. These pro-
tocols were aligned with current guideline
recommendations and regularly updated based on
multidisciplinary team evaluations. Heart team fol-
lowed a standardized workflow for pre-procedural im-
aging, device sizing, and post-implantation
assessment, ensuring procedural consistency. Further-
more, periodic inter-site meetings were conducted to
review and harmonize procedural strategies.

Statistical Analysis

All statistical analyses were applied in SPSS ver-
sion 22.0. Categorical variables were reported as
counts and percentages, and compared using the chi-
squared test. Continuous variables were expressed as
mean + standard deviation. Depending on the distri-
bution, comparisons between two groups were per-
formed using either the Student’s t-test or the
Mann-Whitney U test. Stepwise multivariate logistic
regression analysis was conducted to evaluate the as-
sociation between total mortality and variables such
as gender, STS score, predilatation, general anesthesia,
TEE guidance, sapien 3 THV and simplified approach
in the study population. The Kaplan—Meier method
and the log-rank test were performed to estimate the

cumulative incidences of mortality. A two-tailed P
value <0.05 was considered statistically significant.

RESULTS

Of the 517 patients included in this retrospective study,
TAVI was performed under SA in 144 patients and
under NSA in 363 patients. There was no statistically
significant difference between the groups in terms of
age, gender, body mass index (BMI), functional ca-
pacity, and comorbidities except moderate to severe
COPD and renal replacement therapy (44.4% vs.
41.2%; P=0.010, 4.9% vs. 1.3%; P=0.017; respec-
tively). Therefore, no difference was found between
surgical risk scores. Based on the STS score, both
groups were included, intermediate-risk patients.
Table 1 outlines the baseline demographics and clini-
cal features of the study population. Baseline echocar-
diographic parameters were not similar between
groups. The valve area was smaller (0.69+0.16 cm2
vs. 0.66+0.16 cm2; P=0.036), aortic mean gradient,
and peak velocity were significantly higher in the NSA
group (P<0.001). In contrast, moderate-severe mitral
regurgitation was more prevelant in the SA group
(17.0% vs. 10.5; P=0.018, respectively). Table 2 pres-
ents the procedural outcomes. No significant differ-
ences were observed between the groups regarding
valve size, post-dilatation, or device success. Percuta-
neous transfemoral closure device was preferred in
99.3 % of the SA group and 97.1 % of the NSA group.
Perclose ProGlide ™ Suture-Mediated Closure Sys-
tem was used in 80% of the SA group and 56% of the
NSA group. The NSA group was treated with the most
Sapien XT valve (69.4% vs. 92.8; P: <0.001). 18.8%
of the valves in the SA group were S3, and 9.0% were
Lotus valves.

Table 3 demonstrated the clinical outcomes of all
patients. The average follow-up duration for the entire
cohort was 15.7 = 15 months. Post-procedural com-
plications based on VARC-2 criteria - including pace-
maker implantation, pericardial effusion, stroke, major
vascular complications, and newly developed arrhyth-
mias - did not differ significantly between the groups.
Additionally, no significant changes were observed in
laboratory parameters before and after the procedure.
In-hospital mortality was 2.1% in the SA group vs.
4.3% in the NSA group (P=0.232). In the SA group,
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Table 2. Procedure details, related complications and outcomes
Parameters All SA group NSA group P value
(n=517) (n=144) (m=373)

Closure method, n (%)

Prostar 177 (34.2) 20 (18.8) 157 (40.2) <0.001

Proglide 328 (63.4) 116 (80.6) 212 (56.8)

Cut-down 12 (2.3) 1(0.7) 11 (2.9)
Valve size (mm), n (%)

20 1(0.2) - 1(0.3) 0.067

23 215 (41.7) 61 (42.4) 154 (41.4)

25 14 (2.7) 6(4.2) 8(2.2)

26 213 (41.3) 52 (36.1) 161 (43.3)

27 5(1.0) 4 (2.8) 1(0.3)

29 68 (13.2) 21 (14.6) 47 (12.6)
Edwards SAPIEN XT, n (%) 446 (86.3) 100 (69.4) 346 (92.8) <0.001
Edwards SAPIEN 3, n (%) 41 (7.9) 27 (18.8) 14 (3.8) <0.001
LOTUS, n (%) 22 (4.3) 13 (9.0) 924 0.002
Predilatation, n (%) 373 (72.1) 0.0 373 (100.0) <0.001
Postdilatation, (%) 17 (3.3) 5.5 12 (3.2) 0.874
PostTAVI creatinine (mg/dL) 0.97+0.40 1.01+0.39 0.95+0.40 0.145
PostTAVI hemoglobin (mg/dL) 10.6+1.7 10.6+1.7 10.4+2.1 0.308
PostTAVI troponin (pg/mL) 309.1+812.1 309.1+812.1 212.84+431.0 0.122
PostTAVI CK-MB (ng/mL) 7.5£5.9 7.5£5.9 14.3+98.8 0.591
Device success, n (%) 501 (96.9) 141 (97.9) 360 (96.5) 0.409

Data are shown as meantstandard deviation or n (%) where appropriate, SA=simplified approach, NSA=non-simplified
approach, TAVI=Transcatheter Aortic Valve Implantation, CK-MD=Creatine kinase-MB,

there was no 30-day mortality. Although there was a
trend toward lower mortality at 30-day, it was not sta-
tistically significant (0% vs. 2.9%, respectively,
P=0.058), while the rate of in-hospital, six months, and
1-year mortality was similar. However, total cumula-
tive mortality at the end of the follow-up period was
statistically significantly lower in the SA group (7.6%
vs. 35.7; P<0.001) (Fig. 1).

Both groups demonstrated favorable bioprosthetic
valve performance, with comparable final mean gra-
dients. Follow-up echocardiographic parameters are
presented in Table 4, with no significant differences
observed between the groups when PVL was com-
pared on the post-TAVI, 30-day, and Ist year. The in-
crease in the AVA and the decrease in mean aortic
gradient continued steadily for 30-day and 1st year.

Multivariate logistic regression analyses were per-
formed to identify independent predictors of total mor-
tality following the TAVI procedure. The analysis
revealed that gender, STS score, predilatation, use of
general anesthesia, TEE guidance, and the simplified
approach independently predicted overall mortality
(Table 5). The use of Sapien 3 THV, which differed
between the two groups, was not one of the independ-
ent predictors of total mortality. Fig. 2 illustrates the
Kaplan-Meier survival curves for patients in the SA
and NSA groups. A statistically significant difference
in overall survival probability was observed between
the two groups. (Overall: 41.14+1.8 month, 95%CI:
37.6-44.7; P:0.019; SA Group: 43.7+1.3 month, 95%
CI: 41.1-46.4 month; NSA Group: 40.1£1.8 month;
95% CI: 36.4-43.7).
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Table 3. Follow up outcomes

Parameters All SA group NSA group P value
(n=517) (n=144) (n=373)

30-day NYHA, n (%)

1 131 (41.8) 95 (46.1) 36 (40.2) 0.393

2 162 (50.9) 44 (49.4) 118 (51.5)

3 23(7.2) 4 (4.5) 19 (8.3)
Pacemaker, n (%) 39 (7.5) 11 (7.6) 28 (7.5) 0.959
Stroke, n (%) 2(0.4) 0.0 2 (0.5) 0.379
Pericardial effusion, n (%) 9 (1.8) 1(0.7) 8(2.1) 0.488
Emerging arrhythmia n (%)

AF 19 (3.7) 5(@.5) 14 (3.8) 0.499

VT 3 (0.6) 0(0.0) 3(0.8)

LBBB 13 (2.5) 6(4.2) 7(1.9)
Major vascular complication, n (%) 32 (6.1) 12 (8.4) 20 (5.4) 0.180
Closure device failure, n (%) 11.0 (2.1) 3(2.1) 8(2.1) 0.987
Acute renal failure, n (%) 4(0.8) 2 (1.4) 2 (0.5) 0.587
Discharge time (day) 4.5+2.4 4.6+2.4 4.5+2.2 0.740
In-hospital mortality, n (%) 19 (3.7) 3(2.1) 16 (4.3) 0.232
30-day mortality, n (%) 10 (2.1) 0.0 10 (2.9) 0.058
6™ month mortality, n (%) 7(1.7) 2(2.4) 5(1.5) 0.590
1* year mortality, n (%) 48 (12.1) 5(6.6) 43 (13.4) 0.100
Total mortality, n (%) 144 (27.9) 11 (7.6) 133 (35.7) <0.001

Data are shown as n (%). SA=simplified approach, NSA=non-simplified approach, AF=Atrial Fibrillation, LBBB=Left Bundle
Branch Block, VT=Ventricular tachycardia, NYHA=New York Heart Association

CENTRAL ILLUSTRATION: Simplified Transcatheter Aortic Valve Implantation

144 Patients
Simplified Group

Without Predilatation,
Sedation, TEE

The predictors of the total mortality multivariate logistic regression analysis

Compare of Mortality Rates

(Odds ratio 95% CI p value
Male 1.66 1.11-2.47 0.012
STS 1:11 1.04-1.19 0.002

Predilatation 0.14 0.07-0.28 <0.001

General anesthesia 0.26 0.15-044 <0.001

Simplificd approach | 6.70 349-12.84 <0.00L

e \\//// TFF guidance 0.26 0.15-044 <0001
T R C T Sapien 3 TIV 071 0.33-152 0382

Fig. 1. Although there was no significant difference in mortality in post-procedural, first-month, and first-year follow-up, a
significant difference was found in favor of the Simplified group in total mortality.
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Table 4. Follow up echocardiographic parameters

Parameters All SA group NSA group P value
(n=517) (n=144) (n=373)
PostTAVI LVEF (%) 54.2+12.8 54.5+£12.8 54.1+12.8 0.770
PostTAVI aortic mean gradient (mm Hg) 10.3+3.6 10.543.8 10.3+3.6 0.593
PostTAVI sPAP (mmHg) 36.9+£13.0 37.5¢€14.7 36.7£12.3 0.536
PostTAVI PVL, n (%)
Mild 92 (18.5) 17 (12.6) 75 (20.8) 0.238
Moderate 5(1.0) 2(1.4) 3 (0.8)
30-day LVEF (%) 55.4+£11.4 55.2+11.2 55.4+11.5 0.862
30-day Aortic mean gradient (mm Hg) 10.9+4.3 10.9+3.8 10.84+4.5 0.908
30-day sPAP (mmHg) 36.7£13.8 35.4+£15.1 37.2+£13.3 0.329
30-day PVL, n (%)
Mild 51 (17.5) 12 (14.5) 39 (18.7) 0.735
Moderate 6 (2.1) 2(24) 4(1.9)
1* year LVEF (%) 58.5+8.7 58.6+8.6 58.5+8.8 0.978
1* year aortic mean gradient (mm Hg) 12.2+4.4 12.745.1 12.1+4.4 0.688
1* year sPAP (mmHg) 35.9+£14.0 38.0£16.0 35.6£13.8 0.596

Data are shown as meantstandard deviation or n (%) where appropriate. TAVI=Transcatheter Aortic Valve Implantation,
SA=simplified approach, NSA=non-simplified approach, LVEF=Left Ventricular Ejection Fraction, sPAP=systolic

Pulmonary Artery Pressure, PVL=Paravalvular Leakage

DISCUSSION

In this retrospective study with the largest simplified
approach group, we aimed to demonstrate the safety
and feasibility of TAVI without predilatation, general
anesthesia, and TEE guidance. Our research found sig-
nificant differences between SA and no NSA groups.

The major findings are: (1) there were no differ-

ences in baseline demographic characteristics and co-
morbidities between the two groups, but aortic valve
stenosis was more severe in the NSA group. (2) The
device success rates were high in both groups, and
similar peri-procedural and mid-term major complica-
tion rates were found. (3) There was no difference be-
tween the short and mid-term performance of the
transcatheter valve between the two groups. (4) Al-

Table 5. The predictors of the total mortality multivariate logistic regression analysis

Odds ratio 95% CI P value
Male 1.66 1.11-2.47 0.012
STS 1.11 1.04-1.19 0.002
Predilatation 0.14 0.07-0.28 <0.001
General anesthesia 0.26 0.15-0.44 <0.001
Simplified approach 6.70 3.49-12.84 <0.001
TEE guidance 0.26 0.15-0.44 <0.001
Sapien 3 THV 0.71 0.33-1.52 0.382

STS=Society of Thoracic Surgeons, TEE=Transesophageal Echocardiography, THV=Transcatheter Heart Valve,

CI=Confidence Interval
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Fig. 2. Kaplan-Meier analysis of survival curves in patients with all Simplified and No Simplified groups. Overall survival
probability was significantly different in those patients (Overall: 41.1+1.8 month, 95%CI: 37.6-44.7; P=0.019; SA Group:
43.7+1.3 month, 95% CI: 41.1-46.4 month,; NSA Group: 40.1+1.8 month; 95% CI: 36.4-43.7).

though there was no difference at mortality rates post
TAVI, 30-day, Ist-year mortality between the two
groups, total cumulative mortality at the end of the fol-
low-up period was lower in the SA group, and the sim-
plified approach was found to be an independent risk
factor for total mortality.

With the rapid increase in the TAVI procedure, the
nature of the procedure has transformed, becoming
less surgical and more comparable to PCI. There is a
trend around the world towards the minimalist ap-
proach in the pre-procedural, procedural, and post-pro-
cedural steps [9]. To minimize the procedure during
the TAVI, we switch from general anesthesia to con-
scious anesthesia, from surgical cut-down to percuta-
neous access, from contralateral femoral access to
radial access, from predilatation to no predilatation.

According to the results of the UK TAVI registry
[10], between 2007 and 2014, especially at experi-

enced centers, predilatation decreased by up to 50%.
The no predilatation TAVI procedure was first evalu-
ated by Griibe et al. [11] in 2011, and its safety and
feasibility were assessed on non-randomized retro-
spective studies and meta-analyses. One of the most
critical advantages of predilatation is that it reduces
the device malposition in patients with inadequate
anatomical features and thus eliminates the need for a
second device. Kim et al. [12] reported device malpo-
sition in two patients with severe calcific valve, which
showed us the importance of patient selection before
deciding no-predilatation. Similarly, Chan et al. [13]
reported two cases where predilatation was not ini-
tially planned but was ultimately required to facilitate
device crossing and implantation. In contrast to other
studies [12, 14], similar to Spaziano et al. [15] previ-
ously reported, device success rates were similar and
high between the two groups in our study. These find-
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ings may be due to the reduced crossing profile of S3-
THYV and the predilatation of patients with very com-
plex anatomies or highly calcified valves. In the case
of under expansion, post dilatation can be performed
readily. In our study, there was no difference in the
number of post dilatation between the two groups, and
no patient had severe PVL. In our clinical practice, the
decision of predilatation was made by an experienced
operator based on the bicuspid aortic valve, horizontal
aorta, asymmetric valve configuration, disproportion-
ate excess calcification in native non-coronary cuspis.
Another situation where predilation may be advanta-
geous is when the exact valve size cannot be deter-
mined or in the case of low coronary origins. But since
the pre-procedural multimodality approach has be-
come widespread, this benefit has now become histor-
ical.

Predilatation has many damaging severe effects;
fracture and embolization of calcific nodules by bal-
loon valvuloplasty, separating fused commissures, and
distortion of the native aortic valve ring. Thus, stroke
and annular rupture are one of the feared and cata-
strophic consequences of predilatation. Also, over-
stretching of the annulus with balloon dilatation may
disrupt valve sizing and cause post-procedural PVL
[16]. The second most crucial disadvantage is that he-
modynamic deterioration with rapid pacing, especially
in patients with reduced systolic function, leads to
worse outcomes in this fragile patient group. Second-
ary to rapid pacing, bradycardia, AV block, and severe
aortic insufficiency may occur and may require posi-
tive inotropic support. However, there are conflicting
results in studies related to rapid pacing. In the EASE-
IT transfemoral multicenter registry [17], this rate was
very low (1.0% overall), while it was found to be quite
high in the EASE-IT transapical recording study
(22.2%) [18]. Third, predilatation to the severe bulky
calcific native aortic valve may increase the risk of
coronary embolism, pre-procedural myocardial infarc-
tion, and stroke. However, Bijuklic et al. [19] sug-
gested that the incidence and number of cerebral
lesions were numerically higher, though not statisti-
cally significant, in patients undergoing TAVI without
predilatation. Similarly, in another study with self-ex-
pandable valve implantation, 30-day stroke rates were
higher in the predilatation group [20]. But this finding
is thought to be irrational. The homogeneous disinte-
gration of calcific debris can only explain this situation

during predilatation. But similar to the results of many
studies, stroke rates were non-significantly different
between the two groups in our study. Finally, predi-
latation, especially with large-sized balloons, can lead
to conduction disturbances and the need for permanent
pacemakers. Lange et al. showed that predilatation
with small valvuloplasty balloon in CoreValve im-
planted patients reduced permanent pacemaker rates
[21]. In contrast, pacemaker rates were similar be-
tween the two groups in our study. In the abovemen-
tioned UK TAVI registry, which has the most
significant number of patients (n=5,887), patients with
and without predilatation were evaluated. Consistent
with our findings, the skipping predilatation step did
not correlate with an increased incidence of short-term
adverse outcomes, particularly when the balloon-ex-
pandable SAPIEN (Edwards Lifesciences Inc., Irvine,
CA) valve [10]. At most recently published prospec-
tive EASE-IT multicentre registry17 transfemoral bal-
loon-expandable THV was implanted in 196 patients,
56 of which underwent predilatation, and 140 without
predilatation. The EASE-IT TF registry demonstrated
that omitting predilatation in transfemoral TAVI using
balloon-expandable valves did not adversely affect
short-term clinical outcomes, aligning with our obser-
vation that predilatation was not an independent pre-
dictor of procedural success or mortality. However,
omitting predilatation is linked to shorter procedural
times, which may be advantageous in selected patient
populations.

Although there is a tendency to perform TAVI
under general anesthesia and with TEE, until the learn-
ing curve is complete, the first step of the simplified
approach is to perform TAVI under conscious sedation
and without TEE guidance. Albeit there is no differ-
ence in the duration of hospital stay between the two
groups in our study, there are disadvantages such as
prolonging the procedure time, cost, and length of hos-
pital stay of general anesthesia. The fact that general
anesthesia is an independent predictor of total mortal-
ity may be related to anesthesia-related pulmonary in-
fections, extubation difficulty, respiratory distress,
catecholamine requirement, and transfusion need in
this fragile patient group [22].

Fava et al. [23] evaluated the impact of the mini-
malist approach (MA) on clinical outcomes of the
TAVI procedure. To investigate this, the authors ana-
lyzed 229 consecutive patients who underwent mini-
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malist approach TAVI (MA-TAVI), compared to 74
patients treated with the standard approach. Their find-
ings confirmed that MA-TAVI is both feasible and
safe, resulting in shorter procedure times and reduced
hospital stays, while maintaining comparable 30-day
outcomes and offering improved patient comfort [23].
Babaliaros ef al. [24] reported the first analysis of mid-
term mortality outcomes and associated costs of a min-
imalist approach to TAVI in the United States. In the
study in which 142 patients were evaluated (MA-TF
TAVI, n=70 and standart approach-TF TAVI, n=72), it
was shown that MA-TF resulted in lower costs due to
a shorter hospital stay and limited resource use. More-
over, 30-day mortality did not differ significantly be-
tween the MA-TF TAVR group and the standard
approach group (0% vs. 6%, P=0.12), and the inci-
dence of stroke or transient ischemic attack at 30 days
was also comparable (4.3% vs. 1.4%, P=0.35). Rates
of moderate or severe paravalvular leak and device
success at 30 days were similar between the MA-TF
TAVR and standard TF-TAVR groups (3% vs. 5.8%,
P=0.4 and 90% vs. 88%, P=0.79, respectively).In the
FAST trial published by Lefevre ef al. [25] reviewed
all TF-TAVR retrospectively. The FAST strategy com-
promise of local anesthesia with conscious sedation,
ultrasonographic guided access site puncture, radial
approach for secondary arterial access, and left ven-
tricular guidewire rapid pacing. In a study comparing
76 patients treated with the FAST protocol to 209 pa-
tients managed with the standard approach, the pri-
mary endpoint - an early safety composite including
all-cause mortality, stroke, life-threatening bleeding,
acute kidney injury, coronary obstruction, major vas-
cular complications, and valve-related dysfunction -
was significantly lower in the FAST group (1.3% vs.
14.3%; P<0.001). The FAST protocol was also asso-
ciated with reductions in major bleeding (1.3% vs.
10.1%; P=0.01), blood transfusion requirements (2.6%
vs. 14.3%; P<0.01), and vascular complications re-
lated to secondary access (0.0% vs. 5.3%; P=0.04).
The primary aim of this study was to assess the feasi-
bility and safety of the minimally invasive FAST pro-
tocol compared to the standard approach. Building
upon these trials, our study contributes new insights
by including a larger and more diverse patient popu-
lation, with both simplified and non-simplified ap-
proaches evaluated in parallel. This allowed for a
robust comparison of procedural elements and long-

term mortality, reinforcing the clinical value of sim-
plification strategies in real-world practice.

Interestingly, in the multivariate logistic regression
analysis, variables such as TEE guidance, general
anesthesia, and predilatation were associated with
lower odds ratios (OR<1) for total mortality, suggest-
ing a potential protective effect. However, these prac-
tices were not utilized in the simplified approach
group, which paradoxically demonstrated significantly
lower overall mortality. This apparent discrepancy
may be explained by the collinearity between these
procedural variables and the broader clinical context
in which they were applied. Specifically, general anes-
thesia, TEE guidance, and predilatation were often re-
served for more complex or high-risk anatomies,
potentially introducing confounding by indication.
Furthermore, while these individual elements may ap-
pear protective in isolation, their combined omission
within a structured and streamlined simplified protocol
- alongside careful patient selection and standardized
peri-procedural management - may offset the need for
such interventions and ultimately contribute to im-
proved outcomes.

Limitations

In our study compared to the NSA group, SA-
TAVTI had statistically significant lower total mortality
rates. Although there is no statistical difference in
post-TAVI pacemaker need, stroke and PVL rates be-
tween the two groups, the positive synergistic effect
of avoiding general anesthesia, TEE guidance, and
predilatation may have caused a reduction in total
mortality. Because of the retrospective nature of our
study, patients could not be randomized. This could be
considered a limitation of this research. In our center,
the decision of predilatation and balloon size was left
to the conclusion of an experienced operator.

CONCLUSION

In conclusion, given the results of our study, we
showed the feasibility and safety of SA-TAVI inde-
pendent of anatomic selection criteria on an all-com-
ers. It was safe to skip the predilatation step, transition
to conscious sedation and not using routine TEE guid-
ance during the TAVI procedure, and wasn't related to
adverse events. Besides this, the implantation of the
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transcatheter aortic valve with a simplified approach
was associated with lower total mortality.

Ethics Approval and Consent to Participate

This study was approved by the Gazi University
Rectorate's Office Ethics Commission (Decision No:
2025-1207/11; date: 08.07.2025). 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 individual participants included in the study.

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

Conflict of Interest
The author disclosed no conflict of interest during
the preparation or publication of this manuscript.

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

Acknowledgments

The author extends profound gratitude to
Dog¢.Dr.Burak Sezenoz for his esteemed guidance and
contributions to this study

Generative Artificial Intelligence Statement

The author declare that no artificial intelligence-
based tools or applications were used during the prepa-
ration process of this manuscript. The all content of
the study was produced by the author in accordance
with scientific research methods and academic ethical
principles.

Editor's Note

All statements made in this article are solely those
of the author(s) 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. Cribier A, Eltchaninoff H, Bash A, et al. Percutaneous transcatheter
implantation of an aortic valve prosthesis for calcific aortic stenosis:
first human case description. Circulation. 2002;106(24):3006-3008.
doi: 10.1161/01.cir.0000047200.36165.b8.

2. Kodali SK, Williams MR, Smith CR, kar RR, et al; PARTNER
Trial Investigators. Two-year outcomes after transcatheter or sur-
gical aortic-valve replacement. N Engl J Med.
2012;366(18):1686-1695. doi: 10.1056/NEJMo0al200384.

3. Makkar RR, Fontana GP, Jilaihawi H, et al; PARTNER Trial
Investigators. Transcatheter aortic-valve replacement for inoper-
able severe aortic stenosis. N Engl J Med. 2012;366(18):1696-
1704. doi: 10.1056/NEJMo0al202277.

4. Popma JJ, Deeb GM, Yakubov SJ, et al; Evolut Low Risk Trial
Investigators. Transcatheter Aortic-Valve Replacement with a
Self-Expanding Valve in Low-Risk Patients. N Engl J Med.
2019;380(18):1706-1715. doi: 10.1056/NEJMoal816885.

5. Akodad M, Lefevre T. TAVI: Simplification Is the Ultimate
Sophistication. Front Cardiovasc Med. 2018;5:96. doi:
10.3389/fcvm.2018.00096.

6. Pagnesi M, Baldetti L, Del Sole P, et al. Predilatation Prior to
Transcatheter Aortic Valve Implantation: Is it Still a Prerequisite?
Interv Cardiol. 2017;12(2):116-125. doi: 10.15420/icr.2017:17:2.
7. Selle A, Figulla HR, Ferrari M, et al. Impact of rapid ventric-
ular pacing during TAVI on microvascular tissue perfusion. Clin
Res Cardiol. 2014;103(11):902-911. doi: 10.1007/s00392-014-
0728-9.

8. Kappetein AP, Head SJ, Généreux P, et al. Updated standard-
ized endpoint definitions for transcatheter aortic valve implanta-
tion: the Valve Academic Research Consortium-2 consensus
document. Eur Heart J. 2012;33(19):2403-2418. doi: 10.1093/eu-
rheartj/ehs255.

9. Wood DA, Lauck SB, Cairns JA, et al. The Vancouver 3M
(Multidisciplinary, Multimodality, But Minimalist) Clinical Path-
way Facilitates Safe Next-Day Discharge Home at Low-,
Medium-, and High-Volume Transfemoral Transcatheter Aortic
Valve Replacement Centers: The 3M TAVR Study. JACC Cardio-
vasc Interv. 2019;12(5):459-469. doi: 10.1016/j.jcin.2018.12.020.
10. Martin GP, Sperrin M, Bagur R, et al. Pre-Implantation Bal-
loon Aortic Valvuloplasty and Clinical Outcomes Following
Transcatheter Aortic Valve Implantation: A Propensity Score
Analysis of the UK Registry. J Am Heart Assoc.
2017;6(2):¢004695. doi: 10.1161/JAHA.116.004695.

11. Grube E, Naber C, Abizaid A, et al. Feasibility of tran-
scatheter aortic valve implantation without balloon pre-dilation:

The European Research Journal | Volume 11

Issue 5 | September 2025

987


https://doi.org/10.1161/01.cir.0000047200.36165.b8
https://doi.org/10.1056/nejmoa1200384
https://doi.org/10.1056/nejmoa1202277
https://doi.org/10.1056/nejmoa1816885
https://doi.org/10.3389/fcvm.2018.00096
https://doi.org/10.15420/icr.2017:17:2
https://doi.org/10.1007/s00392-014-0728-9
https://doi.org/10.1007/s00392-014-0728-9
https://doi.org/10.1093/eurheartj/ehs255
https://doi.org/10.1093/eurheartj/ehs255
https://doi.org/10.1016/j.injury.2019.04.010
https://doi.org/10.1161/jaha.116.004695

Eur Res J. 2025;11(5):977-988

Simplified transcatheter aortic valve implantation

a pilot study. JACC Cardiovasc Interv. 2011;4(7):751-757. doi:
10.1016/j.jcin.2011.03.015.

12. Kim WK, Praz F, Blumenstein J, et al. Transfemoral aortic
valve implantation of Edwards SAPIEN 3 without predilatation.
Catheter Cardiovasc Interv. 2017;89(1):E38-E43. doi:
10.1002/ccd.26464.

13. Chan PH, Mario CD, Moat N. Transcatheter aortic valve im-
plantation without balloon predilatation: not always feasible.
Catheter Cardiovasc Interv. 2013;82(2):328-332. doi:
10.1002/ccd.24381.

14. Mollmann H, Kim WK, Kempfert J, et al. Transfemoral aortic
valve implantation of Edwards SAPIEN XT without predilatation
is feasible. Clin Cardiol. 2014;37(11):667-671. doi:
10.1002/cle.22318.

15. Spaziano M, Sawaya F, Chevalier B, et al. Comparison of
Systematic Predilation, Selective Predilation, and Direct Tran-
scatheter Aortic Valve Implantation With the SAPIEN S3 Valve.
Can J Cardiol. 2017;33(2):260-268. doi:
10.1016/j.¢jca.2016.09.007.

16. Kempfert J, Meyer A, Kim WK, et al. First experience with-
out pre-ballooning in transapical aortic valve implantation: a
propensity score-matched analysis. Eur J Cardiothorac Surg.
2015:;47(1):31-38; discussion 38. doi: 10.1093/ejcts/ezu097.

17. Schymik G, Rudolph T, Jacobshagen C, et al. Balloon-ex-
pandable transfemoral transcatheter aortic valve implantation
with or without predilation: findings from the prospective EASE-
IT TF multicentre registry. Open Heart. 2019;6(2):¢001082. doi:
10.1136/0openhrt-2019-001082.

18. Strauch J, Wendt D, Diegeler A, et al. Balloon-expandable
transapical transcatheter aortic valve implantation with or without
predilation of the aortic valve: results of a multicentre registry.
Eur J Cardiothorac Surg. 2018;53(4):771-777. doi:
10.1093/ejcts/ezx397.

19. Bijuklic K, Haselbach T, Witt J, et al. Increased Risk of Cerebral
Embolization After Implantation of a Balloon-Expandable Aortic
Valve Without Prior Balloon Valvuloplasty. JACC Cardiovasc In-
terv. 2015;8(12):1608-1613. doi: 10.1016/j.jcin.2015.07.013.

20. Pagnesi M, Jabbour RJ, Latib A, et al. Usefulness of Predila-
tion Before Transcatheter Aortic Valve Implantation. Am J Car-
diol. 2016;118(1):107-112. doi: 10.1016/j.amjcard.2016.04.018.
21. Lange P, Greif M, Vogel A, et al. Reduction of pacemaker im-
plantation rates after CoreValve® implantation by moderate
predilatation. Eurolntervention. 2014;9(10):1151-1157. doi:
10.4244/E1JVII10A195.

22. Barbanti M, Gulino S, Costa G, Tamburino C. Optimization
and simplification of transcatheter aortic valve implantation ther-
apy. Expert Rev Cardiovasc Ther. 2018;16(4):287-296. doi:
10.1080/14779072.2018.1449644.

23. Fava C, Gamboa P, Caponi G, G.mez C, Salmo F, Guevara
E, et al. Minimalist Approach for Percutaneous Aortic Valve Im-
plantation. Rev Argent Cardiol 2019;87(4):265-270. doi:
10.7775/rac.v87.14.12015.

24. Babaliaros V, Devireddy C, Lerakis S, et al. Comparison of
transfemoral transcatheter aortic valve replacement performed in
the catheterization laboratory (minimalist approach) versus hy-
brid operating room (standard approach): outcomes and cost
analysis. JACC Cardiovasc Interv. 2014;7(8):898-904. doi:
10.1016/j.jcin.2014.04.005.

25. Lefevre G, Jégou A, Dambrin G, et al. Comparison of Trans-
Femoral Transcatheter Aortic Valve Replacement Performed
With a Minimally Invasive Simplified Technique: "FAST" Versus
a Standard Approach. J Invasive Cardiol. 2019;31(10):300-306.
26. Fiorina C, Maffeo D, Curello S, et al. Direct transcatheter
aortic valve implantation with self-expandable bioprosthesis: fea-
sibility and safety. Cardiovasc Revasc Med. 2014;15(4):200-203.
doi: 10.1016/j.carrev.2014.03.005.

988

The European Research Journal | Volume 11

Issue 5 | September 2025


https://doi.org/10.1016/j.jcin.2011.03.015
https://doi.org/10.1002/ccd.26464
https://doi.org/10.1002/ccd.24381
https://doi.org/10.1002/clc.22318
https://doi.org/10.1016/j.jbspin.2017.03.006
https://doi.org/10.1093/ejcts/ezu097
https://doi.org/10.1136/openhrt-2019-001082
https://doi.org/10.1093/ejcts/ezx397
https://doi.org/10.1016/j.jcin.2015.07.013
https://doi.org/10.1016/j.amjcard.2016.04.018
https://doi.org/10.1016/j.amjcard.2016.04.018
https://doi.org/10.4244/eijv9i10a195
https://doi.org/10.1080/14779072.2018.1449644
https://pure.mederi.com.co/en/publications/minimalist-approach-for-percutaneous-aortic-valve-implantation
https://doi.org/10.1016/j.jcin.2014.04.005
https://doi.org/10.1016/j.carrev.2014.03.005

The European Research Journal 2025;11(5):989-1000 Original Article

Psychology

DOI: https://doi.org/10.18621/eurj.1742863

Attachment representations in individuals diagnosed
with schizophrenia: A projective study through the
bird’s nest drawing

Volkan Demir®

Department of Psychology, Istanbul Gelisim University, Faculty of Economics, Administrative and Social Sciences, Istanbul, Tiirkiye

ABSTRACT

Objectives: This study aims to explore the attachment representations of individuals diagnosed with schizo-
phrenia through the Bird’s Nest Drawing, a projective technique. It also seeks to compare the findings with
those of individuals without a schizophrenia diagnosis to identify potential differences in attachment-related
imagery and narrative themes.

Methods: A total of 100 participants took part in the study: 50 individuals diagnosed with schizophrenia and
50 without any psychiatric diagnosis. Each participant was asked to draw a bird’s nest and write a brief narrative
about their drawing. Quantitative data were analyzed using chi-square tests. Qualitative analysis was conducted
through thematic evaluation of narratives from 15 randomly selected participants from each group.

Results: Quantitative analysis showed statistically significant group differences in several aspects of the draw-
ings, including the presence of parent bird and chick/egg, use of appropriately colored figures, frequent use of
green, and whether the nest touched a surface. Qualitative analysis revealed that narratives of individuals with
schizophrenia included themes of loneliness, mistrust, unmet basic needs, and disconnection from the nest.
Conversely, narratives of individuals without schizophrenia reflected familial closeness, caregiving, and emo-
tional security.

Conclusions: The results suggest that individuals with schizophrenia project attachment-related difficulties -
such as distrust, disconnection, and impaired bonding - more prominently in both their drawings and written
narratives. The BND test appears to be a meaningful tool for exploring attachment dynamics at the projective
level in clinical populations.

Keywords: Schizophrenia, attachment, projective drawing, bird’s nest drawing

bonds formed between an individual and their
primary caregiver during early childhood leave
lasting impacts on interpersonal relationships, emotion
regulation capacity, and self-perception throughout life

ﬂttachment theory posits that the emotional

[1, 2]. According to this perspective, secure attach-
ment developed in early childhood contributes to
healthier social relationships, more effective coping
with stress, and greater psychological resilience [3].
On the other hand, insecure or avoidant attachment
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patterns can lead to a decrease in the individual's basic
sense of trust, difficulties in social interactions, and
impaired psychological functioning [4]. Recent studies
have shown that attachment styles are an important fac-
tor that affects not only social adjustment but also the
development of psychopathological processes [5, 6].

Although Bowlby [2] originally developed attach-
ment theory to explain childhood development, it has
since evolved into a valuable framework for under-
standing adult psychopathology as well [7, 8]. Attach-
ment representations are known to influence various
psychological functions, particularly emotional regu-
lation, self-image, and interpersonal relationships. Dis-
ruptions in these areas may contribute to the onset of
psychiatric disorders. Among these, schizophrenia is
considered a complex and heterogeneous mental con-
dition, believed to result from abnormalities in brain
development shaped by the interplay of genetic pre-
dispositions and psychosocial influences [9]. The dis-
order is commonly characterized by impaired social
functioning; individuals may experience difficulty in
engaging with others or maintaining social support
[10]. Interestingly, researchers emphasize that attach-
ment styles not only influence how psychological
disorders begin, but also how they progress over time
[11]. It is believed that these attachment dynamics
affect both the severity of symptoms and the individ-
ual's level of daily functioning [8]. In this context,
the possible links between attachment process dis-
ruptions and psychotic disorders such as schizophre-
nia are increasingly being investigated. Indeed,
numerous studies have shown that individuals diag-
nosed with schizophrenia often exhibit insecure at-
tachment styles [7, 12].

Evaluating attachment styles in individuals diag-
nosed with schizophrenia provides a more comprehen-
sive understanding of psychopathological symptoms
and contributes to the development of tailored inter-
vention plans [7]. Assessment tools used in this con-
text range from self-report measures that evaluate
insight into past attachment experiences and relational
patterns to semi-structured clinical interviews that ad-
dress deeper psychodynamic structures [5]. However,
in cases such as schizophrenia, where disturbances in
thought processes and reality testing are observed, in-
dividuals may have limitations in verbal expression.
Thus, projective assessment methods gain importance

as complementary tools for understanding attachment
representations [13].

One such projective assessment tool is the Bird’s
Nest Drawing (BND) test, which enables individuals
to symbolically and creatively express emotional
traces related to early caregiver-child relationships
[14]. In this task, individuals are asked to first draw a
bird’s nest and then write a brief story about their
drawing. The number of birds, contents of the nest, its
location, environmental features, and overall organi-
zation offer projective cues regarding the individual’s
sense of emotional security and their relational repre-
sentations of caregiving figures [14, 15]. Because the
test includes both visual and narrative elements, it al-
lows for the simultaneous assessment of verbal and vi-
sual expression while providing rich material for
psychodynamic interpretations based on attachment
theory. The nest - symbolizing safety, shelter, protec-
tion, and relational bonding—facilitates the symbolic
reflection of unconscious dynamics related to the in-
dividual’s attachment system [16, 17].

A review of the existing literature reveals that
most studies examining attachment representations in
individuals with schizophrenia rely primarily on self-
report measures. This has led to an overly surface-
level and verbal exploration of attachment processes.
However, the cognitive impairments, attention diffi-
culties, and limited insight commonly observed in
schizophrenia may pose challenges and limitations in
administering such instruments. In an effort to over-
come these limitations and explore attachment repre-
sentations in a more in-depth manner, the present
study employed a projective technique - the BND test.

In this study, both quantitative and qualitative data
derived from the BND test were analyzed, and the fol-
lowing hypotheses were tested:

H1: The frequency of visual elements in the BND
test that indicate attachment representations (e.g., pres-
ence of chick/parent figures, contact with a surface,
appropriate use of color) will differ significantly be-
tween individuals diagnosed with schizophrenia and
those without a diagnosis.

H2: The thematic content emerging in partici-
pants’ narratives about their BNDs will reflect their at-
tachment representations, and there will be significant
differences in these themes between individuals with
and without a diagnosis of schizophrenia.
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METHODS

Research Design

This study was built on a qualitative framework, em-
bracing a multi-method approach that brought together
different ways of gathering insight. In this process,
both the visual expressions found in participants’
drawings and the words they used to describe them
were carefully examined. Drawing on diverse data col-
lection techniques to explore a shared theoretical focus
was seen as a meaningful way to strengthen the cred-
ibility and depth of the findings [18]. Moreover, the
analysis did not rely on a single perspective; instead,
it was enriched through the inclusion of multiple data
sources, allowing the research to rest on a more
grounded and trustworthy foundation [19]. Although
the study incorporates both qualitative and quantitative
analyses, the quantitative data were derived entirely
from the categorical coding of qualitative material ob-
tained through the BND test and accompanying nar-
ratives. Therefore, the methodological orientation of
the research remains within a qualitative framework,
with quantitative analyses serving to complement and
further substantiate the qualitative findings.

Participants

The study sample consisted of a total of 100 par-
ticipants, including 50 individuals diagnosed with
schizophrenia and 50 individuals with no psychiatric
diagnosis. The ages of the schizophrenia group ranged
from 23 to 49 years, with 31 men and 19 women. The
comparison group, composed of individuals without a
diagnosis of schizophrenia, ranged in age from 21 to
46 years, with 29 women and 21 men. Participants in
the schizophrenia group were recruited from volun-
teers receiving inpatient treatment at a private care
center in Istanbul. In terms of clinical characteristics,
all individuals in the schizophrenia group had a
chronic diagnosis of schizophrenia and were undergo-
ing antipsychotic treatment. Most were receiving atyp-
ical antipsychotics, while some were prescribed
typical agents or combination therapy. The duration of
illness varied: 12 participants had been diagnosed for
5 years or less, 15 for 6-10 years, 13 for 11-15 years,
and 10 for more than 15 years. Regarding education,
18 participants had completed primary school, 20 had
completed middle school, 9 had finished high school,
and 3 were university graduates. In terms of marital

status, 40 were single, 8 were married, and 2 were di-
vorced. Individuals in the non-schizophrenia group
were selected from adults with no history of psychi-
atric illness. To determine whether the sample size was
statistically adequate, a power analysis was conducted
using the G*Power 3.1 program. In social sciences, a
statistical power of 80% (1— = 0.80) is generally con-
sidered sufficient. Based on this criterion, with a
medium effect size (Cohen’s w = 0.30) and a signifi-
cance level of a = 0.05, the analysis indicated that a
minimum of 87 participants would be required. Thus,
the inclusion of 100 participants (50 with schizophre-
nia and 50 without psychiatric diagnoses) ensured suf-
ficient statistical power for the study.

Data Collection Procedure

Before beginning the study, the director of the Pri-
vate Karanfil Care Center in Istanbul - where the re-
search would take place - was consulted, and written
permission was kindly granted to carry out the study
at the institution. Following this approval, all required
documents were prepared and submitted to the Ethics
Committee of Istanbul Kent University. Ethical clear-
ance was formally granted with the decision numbered
2025/06, dated 01.07.2025. Participants who volun-
tarily agreed to be part of the study were individually
interviewed. Each was informed in detail about the
study’s purpose, the procedures involved, and how
data would be collected. Their verbal and written con-
sent was respectfully obtained before proceeding. Dur-
ing the session, every participant was offered an
A4-sized sheet of paper and a set of colored pencils.
They were gently encouraged with the following in-
struction: "I’d like you to draw a bird’s nest. Please
feel free to use any colors you wish." After they com-
pleted their drawings, they were asked softly, "Is your
drawing finished? Would you like to add anything
else?" Once the drawing was finalized, participants
were then invited to write a short story describing the
nest they had drawn. All drawings were later reviewed
by the lead researcher and two clinical psychologists.
The researcher holds a doctorate in psychology and
has conducted multiple studies in the areas of art ther-
apy and projective drawing assessments. The other
two professionals are trained clinical psychologists
with established experience in art-based therapeutic
evaluations.
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Data Collection Tools
In order to explore attachment representations
through projective means, two main tools were used

in this study: a Demographic Information Form and
the BND test.

Demographic Information Form

It was designed by the researcher to collect data
on the basic sociodemographic characteristics of the
participants. The form includes questions about the
participants' identifying information, such as gender
and age.

Bird's Nest Drawing (BND) Test

The BNDTest, first introduced by Kaiser in 1996
and later adapted for Turkish populations by Demirbag
(2016), is a projective technique aimed at exploring
individuals’ implicit attachment patterns through vi-
sual symbolism. In its administration, participants re-
ceive a blank A4 sheet and colored pencils, and are
simply invited to “draw a bird’s nest,” with no addi-
tional guidance. This open-ended approach allows for
the free emergence of symbolic themes related to at-
tachment experiences.
For consistent evaluation, the Turkish adaptation ap-
plies the BND Assessment Scale, which consists of 12
dichotomous items scored as 1 (“present’) or 0 (“ab-
sent”’). These items capture both the compositional and
symbolic qualities of the drawing, such as:

1. Presence of a parent bird in or near the nest

2. Presence of a baby bird or eggs in or near the nest

3. Use of green as the dominant color

4. Utilization of more than 20% of the total page area

5. Inclusion of a sun symbol

6. Inclusion of a cloud symbol

7. Presence of “M”-shaped birds in the sky

8. Presence of additional decorative or contextual
elements (e.g., flowers, pets)

9. Use of realistic colors for depicted objects

10. Nest illustrated as trapped inside the tree trunk
(reverse scored)

11. Nest placed on a visible supporting surface
(e.g., branch, leaf, ground)

12. Presence of both a parent bird and a baby bird
or egg.

Higher scores on the scale are interpreted as re-
flecting more secure attachment representations,

whereas the reverse-scored item (nest trapped in the
trunk) is associated with symbolic restriction or con-
finement. The rubric was developed through compar-
ative analysis of drawings from individuals with
differing attachment styles. Reliability analyses indi-
cated inter-rater agreement ranging from .66 to 1.00
for individual items, with overall internal consistency
coefficients of .70 (KR-20) and .73 (split-half). Crite-
rion validity was supported by a statistically signifi-
cant, moderate positive correlation with Kern’s Secure
Attachment Scale (r = .34, P<0.01).

Statistical Analysis

In the qualitative phase of the study, participants’
BNDs and the narratives they produced to accompany
them were examined through a thematic analysis
process. The analysis began with familiarization with
the data, during which the drawings and narratives
were reviewed multiple times to capture initial impres-
sions and recurring elements. Coding was then carried
out, distinguishing between two main categories: pre-
determined themes derived from existing literature
(e.g., security, nurture, isolation) and emergent themes
that arose inductively from the participants’ own ex-
pressions. The thematic framework was refined
through an iterative process of reviewing and grouping
related codes, followed by naming and defining the
themes. The drawings and narratives were independ-
ently evaluated by the lead researcher and two domain
experts, after which evaluations were compared to
identify consensus and discrepancies. Inter-rater reli-
ability was calculated using the formula previously de-
scribed [20]: Reliability = Agreement / (Agreement +
Disagreement), yielding a reliability score of 90%,
which exceeds the commonly accepted threshold of
70% in social research. Additionally, Cohen’s Kappa
coefficient was computed to provide a chance-cor-
rected measure of agreement, with k = 0.88, indicating
a high level of coding consistency. In the quantitative
phase, descriptive statistics were used to compare
drawing-based data between participants diagnosed
with schizophrenia and those without any psychiatric
diagnosis. Group differences in categorical variables
were examined using the Chi-Square Test, as this
method is particularly suitable for assessing the sig-
nificance of associations in qualitative data across in-
dependent groups [21].
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RESULTS

This section presents findings based on the evaluation
of data obtained from the “BND test” for the purpose
of examining the attachment status of 50 participants
diagnosed with schizophrenia and 50 participants
without any psychiatric diagnosis (Table 1).

The evaluation of BND criteria revealed statisti-
cally significant differences in several core drawing
features between individuals diagnosed with schizo-
phrenia and those without such a diagnosis. Signifi-

cant group differences were found for the presence of
a parent bird in or near the nest (%*(1)=4.52, P=0,033,
w=0.21), the inclusion of a chick or egg (y*(1)=4.54,
P=0,033, w= 0,21), green being the dominant color
(¥*(1)=4.40, P=0.036, w= 0.21), the appropriateness
of coloring relative to the nature of the depicted ob-
jects (¥*(1)=21.72, P<0.001, w= 0.47), the nest mak-
ing contact with a visible surface (y*(1)= 22.04,
P<0.001, w=0,47), and the depiction of both a parent
bird and a chick/egg together (%*(1)=11.63, P<0.001,
w= 0,34). In contrast, no significant differences were

Table 1. Comparison of attachment representations between participants with and without a

schizophrenia diagnosis

BND Evaluation Criteria Diagnosed Not Diagnosed 2 P Value Cohen’s w
with with
Schizophrenia Schizophrenia
1. Is there a parent bird in or Yes 28 (56%) 39 (78) 452  0.033* 0.213
near the nest? No 22 (44%) 11 (22%)
2. Is there a chick or egg in or Yes 37 (74%) 46 (92%) 4.54 0.033* 0.213
near the nest? No 13 (26%) 4 (8%)
3. Is green the dominant color? Yes 12 (24%) 23 (46%) 44  0.036* 0.210
No 38 (76%) 27 (54%)
4. Is more than 20% of the paper Yes 48 (96%) 42 (84%) 2.78 0.096 0.167
surface used? No 2 (4%) 8 (16%)
5. Is there a sun figure? Yes 4 (8%) 9 (18%) 1.42  0.234 0.119
No 46 (92%) 41 (82%)
6. Is there a cloud figure? Yes 4 (8%) 6 (12%) 0.11 0.738 0.033
No 46 (92%) 44 (88%)
7. Are birds drawn in an “M” Yes 3 (6%) 5 (10%) 0.14  0.712 0.037
shape? No 47 (94%) 45 (90%)
8. Are there additional figures Yes 18 (36%) 27 (54%) 2.59 0.108 Os161
like flowers or pets? No 32 (64%) 23 (46%)
9. Is the coloring appropriateto  Yes 17 (34%) 41 (82%) 21.72  0.001* 0.466
the nature of the figures? No 33 (66%) 9 (18%)
10. Is the nest enclosed within Yes 0 (0) 2 (4%) 0,51 0.475 0.071
the trunk of a tree (if present)? No 50 (100%) 48 (96%)
11. Is the nest in contact with the Yes 18 (36%) 42 (84%) 22.04 0.001* 0.469
ground (branch, leaf, etc.)? No 32 (64%) 8 (16%)
12. Are parent and chick/egg Yes 18 (36%) 36 (72%) 11.63 0.001* 0.341
birds drawn together? No 32 (64%) 14 (28)

Data are shown as n (%). BND=Bird’s Nest Drawing
*P<0.05.
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Fig. 1. Thematic distribution between the schizophrenia group and the control group.

observed between the groups in the use of more than
20% of the paper surface (P=0.096), inclusion of a sun
figure (P=0.234), presence of clouds (P=0.738), “M”-
shaped birds (P=0.712), additional figures such as
flowers or pets (P=0.108), or nests enclosed within a
tree trunk (P=0.475).

The quantitative findings indicate that significant
differences exist between the two groups in terms of
specific visual criteria related to the BND. However,
in order to gain a deeper understanding of how these
numerical differences reflect individuals’ inner expe-
riences, emotional patterns, and attachment represen-
tations, the written narratives accompanying the
drawings were analyzed qualitatively. In this context,
the narratives of 15 participants diagnosed with schiz-

ophrenia and 15 without a diagnosis were examined
using discourse analysis. The aim was to explore how
attachment representations are shaped through verbal
and metaphorical expressions, and to identify themes
that demonstrate similarities and differences between
the two groups. The discourse themes, along with il-
lustrative excerpts and content patterns from both
groups, are presented below (Fig. 1).

The thematic analysis revealed that themes such
as loneliness, desire for freedom, loss/separation, and
basic needs were more frequently repeated in the sto-
ries of individuals diagnosed with schizophrenia. In
contrast, themes such as family relationships, protec-
tion/security, and positive emotions were more promi-
nent in the narratives of individuals who were not

Table 2. Group frequencies and descriptions by theme

Theme Non-Schizophrenic group Schizophrenic group
Family relationships 12 5
Loss/separation 0 2
Protection/security 2 1
Positive emotions 3 1
Basic needs 4 3
Loneliness 0 1
Desire for freedom 1 2
Connection/support 2 3
994 The European Research Journal | Volume 11 | Issue 5 | September 2025
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Fig. 2. Sample bird’s nest drawings by participants diagnosed with schizophrenia.

diagnosed with schizophrenia.

When examining Table 2, themes such as access
to basic needs, desire for freedom, loneliness, and loss
are prominent in the stories of individuals diagnosed
with schizophrenia. Metaphorical narratives such as
“homelessness,” “not being able to find food,” “lone-
liness,” and “spreading one's wings toward freedom,”
which are frequently encountered in these stories, in-
dicate that the individual may have a weak secure at-
tachment experience and emotional regulation
difficulties. In addition, religious or mystical content
has been observed in some narratives. In the written
narratives of individuals who have not been diag-
nosed, the stories are generally shaped around family
structure, caregiving, cohabitation, protection, and
positive emotions. Motifs such as “the mother bird
feeding her young,” “family nest selection,” and
“spring and living in harmony with nature” provide
clues about secure attachment representations and the
capacity to form sustainable social relationships.

The final part of the findings section presents se-
lected examples of bird’s nest drawings created by
both individuals with and without a schizophrenia di-
agnosis (Figs. 2 and 3).

DISCUSSION

This study examined the attachment representations

of individuals diagnosed with schizophrenia and those
without a diagnosis through the BND test and accom-
panying narratives. Quantitative findings revealed sta-
tistically significant differences between the two
groups in several criteria, including the presence of
parent and chick/egg bird figures, the use of green as
a dominant color, appropriate coloring in line with the
nature of the figures, and whether the nest was de-
picted in contact with a surface. Qualitative analysis
showed that narratives by individuals with schizophre-
nia prominently featured themes such as loneliness,
distrust, and loss. These findings indicate that individ-
uals diagnosed with schizophrenia display more pro-
nounced signs of insecure attachment representations.

In evaluating the drawings, the presence of parent
birds, chick/egg figures, and similar components were
notably less frequent among participants with schizo-
phrenia compared to the non-clinical group, with these
differences being statistically significant. These fig-
ures are often seen as indicators of familial unity and
emotional closeness. Projective depictions of family-
related elements can offer insights into individuals' in-
ternal representations of attachment and family
dynamics. According to Akoglu [22], in family-
themed drawings, the presence, number, and spatial
closeness of figures may reflect emotional bonds
within the family.

Therefore, the significantly reduced inclusion of
parent and chick/egg figures in drawings by partici-

Fig. 3. Sample bird’s nest drawings by participants without a schizophrenia diagnosis.
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pants with schizophrenia suggests possible deficits or
weaknesses in their internalized family representa-
tions. Studies by Ebring ef al. [23] and Karanci [24]
emphasize that individuals diagnosed with schizophre-
nia frequently experience attachment-related traumas,
emotional neglect, and inconsistent caregiving during
childhood. Bowlby [2] argued that the absence of early
secure attachment experiences can negatively impact
the development of self-perception and trust in others.
As aresult, such individuals may perceive the external
world as threatening and withdraw from relationships.
The absence of parent and offspring bird figures in
their drawings may thus be interpreted as a projective
expression of these attachment-based difficulties. Fur-
thermore, Tiizer et al. [25] highlight that families of
individuals with schizophrenia often exhibit negative
interaction patterns, including high expressed emotion,
critical attitudes, and overprotectiveness, which may
disrupt the individual’s sense of safety and attachment
system. Therefore, the lack of family figures in draw-
ings should not be seen merely as an artistic limitation
but rather as a clinically significant indication of re-
stricted cognitive and emotional representations of fa-
milial experiences.

The findings also revealed significant differences
in whether green was used as the dominant color and
whether the coloring was appropriate to the nature of
the figures. Green, symbolizing nature, vitality, and
continuity of life, has been associated with secure at-
tachment patterns in previous research [16, 17, 26]. In
this study, participants with schizophrenia were found
to use green less frequently and to demonstrate less
consistency in coloring the figures appropriately com-
pared to their non-diagnosed peers. This aligns with
the findings of Shen et al. [27], who noted that indi-
viduals with schizophrenia tend to use fewer colors in
projective drawings.

One of the most notable findings in this study was
the frequent depiction of bird nests floating in space -
disconnected from any visible ground - among indi-
viduals diagnosed with schizophrenia. When evalu-
ated within the framework of Bowlby's [2] attachment
theory, this situation shows that an individual's ability
to position themselves on secure ground, emotionally
and physically attached to a “support point,” is based
on early attachment experiences. Therefore, represen-
tations of a groundless home may reflect the individ-

ual's inability to construct a sense of inner security, to
sufficiently internalize a sense of belonging, and to es-
tablish consistent bonds with their social environment.
In this context, Liotti [6] states that early attachment
traumas and unresolved experiences lead to fragmen-
tation, inconsistency, and discontinuity in the individ-
ual's mental representations, deeply affecting their
relationships with the outside world. Similarly, Uzun
and Aslan [28] have shown in their pre-published stud-
ies that despite the desire of individuals diagnosed
with schizophrenia to belong to society, experiences
of exclusion and stigmatization seriously undermine
this feeling. Barut et al. [29] also noted that themes of
lack of belonging, loneliness, and social isolation are
dominant in the lives of individuals on the schizophre-
nia spectrum. The fact that participants frequently de-
scribe themselves as “excluded,” “lonely,” and “not
belonging anywhere” shows that the lack of belonging
plays an important role in their mental structure. All
these findings suggest that the presence of groundless
nests in projective drawings is not merely an aesthetic
choice but also a symbolic expression of the difficul-
ties individuals experience in representing internal se-
curity, belonging, and relational integrity. In this
context, the nests suspended in empty space appear
not as mere artistic elements but as visual metaphors
for emotional dislocation, relational fragmentation,
and an enduring search for stability.

For some drawing criteria, no statistically signifi-
cant differences were found between the groups.
Specifically, the inclusion of elements such as the sun,
clouds, “M”-shaped birds, flowers, or pets, the nest
being enclosed in a tree trunk, and the proportion of
paper used did not differentiate the groups signifi-
cantly. These elements may reflect individual drawing
style, personal expression, or aesthetic preference
rather than attachment-related content. In projective
assessments, the contextual and relational content of
figures is more meaningful for psychodynamic inter-
pretation, whereas elements that lack symbolic depth
or direct relevance to the attachment system may have
limited interpretability [30]. Therefore, the non-signif-
icant differences in these elements may be attributed
to individual stylistic variation or non-attachment-
based representations.

Qualitative findings further support the quantita-
tive results, showing that individuals with schizophre-
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nia expressed themes of unmet basic needs, desire for
freedom, loneliness, and loss. Metaphorical expres-
sions such as “lack of a nest,” “inability to find food,”
“being alone,” and “spreading wings toward freedom”
suggest an unmet need for a secure attachment figure
and underdeveloped emotional regulation mecha-
nisms. According to attachment theory, a lack of trust-
based early relationships with caregivers may lead to
internal representations shaped by themes of distrust,
abandonment, and isolation [31, 32]. In contrast, nar-
ratives from the non-clinical group included more pos-
itive themes such as “mother bird feeding her chicks,”
“building a nest as a family,” and “living in harmony
with spring and nature,” reflecting secure attachment
experiences, a sense of belonging, protection, and sus-
tained social bonds. These contrasting themes suggest
that individuals with schizophrenia exhibit signs of at-
tachment disruptions and psychosocial deprivation,
while the non-clinical group displays more coherent
and positively internalized attachment systems.
Previous research employing various projective
drawing techniques has also identified distinct visual
and structural features associated with schizophrenia,
supporting the present study’s findings. For example,
Kaneda ef al. [33] compared tree-drawing test results
between chronic schizophrenia patients and healthy
controls, reporting significant differences in key struc-
tural indicators such as trunk width, base opening,
branch-end size, and the ratio of tree area to paper
area. These findings parallel the current study’s obser-
vations that spatial organization and structural com-
pleteness in projective drawings may reflect
underlying cognitive and emotional processing differ-
ences. Similarly, Teneycke et al. [34], using the
bridge-drawing task, found that individuals with psy-
chosis differed from control groups in formal art char-
acteristics, including color choice, accuracy, and
symbolic placement of elements such as the “future,”
suggesting that spatial-symbolic decisions in drawings
may reveal altered perceptions and relational schemas.
In a different cultural context, Igbal et al. [35] ana-
lyzed emotional indicators in Draw-a-Person tests and
observed that certain features - such as omission of
key body parts, gross disproportions, and vacant eyes
- occurred more frequently in the drawings of individ-
uals with schizophrenia. Taken together, these studies
align with the present findings by indicating that pro-
jective drawings, across diverse formats and cultural

settings, capture meaningful markers of impaired in-
tegration, diminished symbolic coherence, and dis-
rupted attachment representations in schizophrenia.

Limitations

While the findings contribute valuable insights to
the literature, certain limitations should be acknowl-
edged. First, the relatively small sample size and the
recruitment of participants from a single institution
limit the generalizability of the results. In particular,
selecting participants exclusively from one private
care center may have restricted the diversity of the
sample in terms of socioeconomic background, cul-
tural experiences, and clinical profiles. Second, the
study relied solely on projective visual (BND) and nar-
rative (storytelling) methods without incorporating
standardized psychometric scales to measure attach-
ment. As a result, the conclusions regarding attach-
ment styles were based on indirect, interpretative
analyses rather than objective, measurable data. Al-
though projective techniques offer rich qualitative in-
sights into the individual’s inner world, they are
limited in their ability to yield categorical classifica-
tions for complex constructs such as attachment. A
more robust approach would have involved combining
projective techniques with standardized attachment
scales to enhance both the reliability and validity of
the interpretations. Therefore, conclusions drawn re-
garding attachment representations should be inter-
preted cautiously and within the scope of these
methodological limitations. Additionally, it should be
noted that most participants with schizophrenia were
on antipsychotic or other psychotropic medications,
which may affect cognitive functioning, motor skills,
and expressive behaviors (e.g., drawing performance,
color use, narrative clarity). Thus, the performance ex-
hibited in drawing and storytelling tasks may be influ-
enced not only by psychopathology but also by
medication effects. This presents another methodolog-
ical limitation that complicates attributing projective
findings solely to attachment representations.

Given the limitations noted in this study—such as
single-site sampling, the absence of standardized at-
tachment measures, and the potential influence of
medication effects—future research should adopt
mixed-method designs that integrate projective draw-
ing and narrative techniques with validated attachment
scales. Such an approach would not only strengthen
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the validity and reliability of attachment assessment
in schizophrenia but also bridge the gap between qual-
itative depth and quantitative precision. Longitudinal
studies are particularly warranted to examine how at-
tachment patterns influence clinical course, treatment
adherence, relapse rates, and social reintegration over
time. Future investigations should aim to control for
neurobiological confounders, including the cognitive
and expressive effects of psychotropic medication, by
comparing medicated and non-medicated groups or
statistically adjusting for medication status. Expanding
recruitment to multiple sites with diverse cultural and
socioeconomic backgrounds would improve the gen-
eralizability of findings and facilitate cross-cultural
comparisons of attachment-related imagery. To ensure
cross-cultural applicability, standardized measures
should undergo cultural adaptation and validation
prior to integration with projective techniques. From
a methodological perspective, the symbolic and psy-
chodynamic meanings of visual elements in projective
drawings should be examined alongside thematic and
contextual narrative analyses, potentially supported by
computational tools such as visual content analysis
software. Clinically, embedding attachment-sensitive
principles into psychoeducation, individual therapy,
and family interventions may foster more secure rela-
tional patterns and enhance psychosocial functioning.
Finally, projective drawing techniques should be con-
sidered not only as diagnostic tools but also as thera-
peutic interventions that can promote emotional
expression, strengthen self-awareness, and support the
therapeutic alliance. Embedding these approaches into
rehabilitation programs for individuals with schizo-
phrenia may encourage insight, adaptive coping, and
more holistic treatment outcomes.

CONCLUSION

In conclusion, the findings of this study suggest that
the attachment representations of individuals with
schizophrenia differ significantly from those without
a diagnosis, both in visual drawings and narrative con-
tent. The presence or absence of specific figures in the
BND, structural integrity of the drawings, and color
choices were interpreted as projective reflections of
the internal attachment system. The absence of parent

and offspring bird figures, depiction of nests as float-
ing and ungrounded, and limited use of appropriate
coloring in the drawings of individuals with schizo-
phrenia suggest weakened secure attachment experi-
ences and vulnerabilities in emotional regulation and
relational functioning. These findings were reinforced
by qualitative data, which revealed themes of loneli-
ness, rootlessness, unmet basic needs, and loss in the
schizophrenia group. In contrast, drawings and narra-
tives by the non-clinical group emphasized familial to-
getherness, caregiving, protection, and secure
attachment patterns. Evaluated within the framework
of attachment theory, all findings suggest that the qual-
itatively poor early caregiving experiences of individ-
uals with schizophrenia significantly shape their
internal representations, with implications for both
psychopathology and social functioning.
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ABSTRACT

Objectives: Gestational trophoblastic neoplasia (GTN) is a rare but highly curable group of gestational tumors.
Current risk stratification relies on the International Federation of Gynecology and Obstetrics (FIGO) staging
and WHO scoring systems, yet both have shown limited accuracy in predicting relapse or chemoresistance.
The necessity of routine maintenance chemotherapy following remission - particularly in low-risk patients -
remains controversial.

Methods: We conducted a retrospective cohort study of 25 patients with GTN treated between 2006 and 2022.
Demographic, clinical, and treatment-related data were analyzed. Outcomes of interest included methotrexate
(MTX) resistance, relapse, and the use of maintenance chemotherapy. Follow-up duration and disease outcomes
were assessed descriptively.

Results: The median age at diagnosis was 28 years. Most patients (76%) had FIGO stage I disease; 44% were
classified as high-risk. MTX resistance occurred in two patients (8%), both low-risk. Only one relapse was
observed, occurring five years after remission. Maintenance chemotherapy was given to 64% of patients. No-
tably, none of the eight patients who did not receive maintenance therapy - including four high-risk cases - ex-
perienced relapse. No clear difference in outcomes was observed between stage I and stage III patients.
Conclusions: In this real-world cohort with long-term follow-up, maintenance chemotherapy did not appear
necessary to prevent recurrence, even in select high-risk patients. Additionally, the FIGO/WHO systems showed
limited prognostic discrimination. These findings support the need for individualized, response-adapted man-
agement strategies and underscore the limitations of current risk models in GTN.

Keywords: Maintenance chemotherapy, gestational trophoblastic neoplasia, FIGO stage

estational trophoblastic neoplasia (GTN) is a appropriate treatment, cure rates exceed 90%, even in
rare but highly curable group of gestational tu- metastatic disease [1]. Risk stratification typically re-
mors, characterized by abnormal trophoblastic lies on the International Federation of Gynecology and
profiferation and elevated serum human chorionic go- Obstetrics (FIGO) anatomical staging system and the
nadotropin (hCG) levels. With timely diagnosis and World Health Organization (WHO) prognostic scoring
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system: low-risk patients (WHO score <7; FIGO stage
[-III) are generally treated with single-agent
methotrexate (MTX), while high-risk cases require
multi-agent chemotherapy such as the etoposide-
methotrexate-actinomycin D/cyclophosphamide-vin-
cristine (EMA/CO) regimen [2, 3].

However, two aspects of GTN management re-
main controversial. First, the necessity of maintenance
chemotherapy after remission is debated, especially in
low-risk patients with inherently low relapse rates [4,
5]. Second, the prognostic accuracy of the
FIGO/WHO system is increasingly questioned, with
studies showing minimal differences in disease-free
survival (DFS) across stages and relapse occurring
even in low-risk patients [3-6].

Recent reviews have further highlighted the limi-
tations of the FIGO 2000 system, citing methodolog-
ical inconsistencies, ambiguous risk weighting, and
failure to incorporate radiologic or molecular predic-
tors. Jin-Kai et al. [6] proposed replacing this one-
size-fits-all approach with task-specific prognostic
models tailored to distinct clinical goals, such as pre-
dicting chemotherapy resistance or recurrence. These
evolving perspectives support a shift toward more in-
dividualized, response-adapted strategies in GTN
management.

In this study, we analyzed a 16-year cohort of
GTN patients to evaluate relapse, while addressing
two unresolved questions in GTN care - whether
maintenance chemotherapy is essential for preventing
recurrence, and whether FIGO staging accurately re-
flects clinical risk in long-term survivors.

METHODS

Study Design and Data Collection

This retrospective cohort study included all patients
diagnosed with GTN between January 2006 and June
2022. Of 31 identified cases, 25 with complete data
and adequate follow-up were included in the final
analysis.

GTN was diagnosed based on clinical, biochemi-
cal, radiologic, and/or histopathologic findings. In-
cluded cases comprised postmolar GTN - defined by
persistently elevated or rising B-hCG beyond six
months after molar evacuation - and histologically

confirmed choriocarcinoma, invasive mole, placental
site trophoblastic tumor (PSTT), or epithelioid tro-
phoblastic tumor (ETT). No patients with a WHO
score >13 (ultra—high-risk category) were included in
this study.

Demographic, clinical, and treatment-related vari-
ables were retrospectively collected, including patient
characteristics, tumor pathology, treatment modalities,
and outcomes such as MTX resistance, recurrence,
and final disease status.

Low-risk patients were treated with single-agent
MTX, while high-risk patients received multi-agent
EMA/CO chemotherapy. Maintenance chemotherapy
was defined as three additional cycles of the same reg-
imen after complete remission, at the discretion of the
treating physician.

Maintenance chemotherapy decisions were indi-
vidualized, based on the depth and timing of hCG nor-
malization, initial FIGO/WHO score, metastatic
burden, treatment-related toxicity, patient compliance,
and physician judgment. Patients with rapid and sus-
tained hCG decline, minimal metastatic disease, and
high toxicity risk were more likely to forgo mainte-
nance therapy. Patients were monitored weekly with
serum B-hCG until three consecutive values were
below 5 mIU/mL, followed by monthly surveillance
for at least six months. MTX resistance or progression
was defined per FIGO 2002 criteria as a >10% rise
over three values, plateau over four weeks, or persist-
ent elevation beyond six months.

Risk Stratification and Staging Systems

Anatomical staging was performed according to
the International Federation of Gynecology and Ob-
stetrics (FIGO) 2002 criteria, which classifies gesta-
tional trophoblastic neoplasia (GTN) into four stages
based on the anatomical extent of disease:

*Stage I: Disease confined to the uterus.

*Stage II: GTN extending to the genital structures
(adnexa, vagina, or broad ligament).

*Stage I11: Pulmonary metastases, with or without
uterine involvement.

*Stage I'V: Metastases to distant organs such as
liver or brain.

Prognostic scoring was conducted using the
FIGO/WHO 2000 risk scoring system, which inte-
grates clinical, biochemical, and metastatic parameters
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to predict resistance to single-agent chemotherapy. This
composite score assigns numerical values (0, 1, 2, or 4
points) to the following eight prognostic (Table 1):

The cumulative score stratifies patients into risk
groups as follows:

Low-risk: Total score 0-6

High-risk: Total score >7

Ultra-high-risk (optional classification): Score >13
or presence of extensive metastatic disease [2, 4, 5].

Accordingly, in our study, patients with FIGO
stage I-III disease and a WHO score of 0-6 were clas-
sified as low-risk, whereas those with FIGO stage IV
and/or a score >7 were classified as high-risk.

Ethical approval

All procedures involving human participants were
conducted in accordance with the ethical standards of
the institutional and/or national research committee
and with the 1964 Helsinki Declaration and its later
amendments. The study protocol was approved by the
Ethics Committee of Ankara City Hospital (approval
number: E1/2997/2022; date: 02/11/2022).

Statistical Analysis

All analyses were performed using IBM SPSS
Statistics version 26.0 (IBM Corp., Armonk, NY).
Continuous variables were reported as medians with
ranges or interquartile ranges (IQRs), and categorical
variables as counts and percentages. Primary out-
comes included remission, recurrence, and MTX re-
sistance. Follow-up duration was calculated from

Table 1. Prognostic scoring

diagnosis to last clinical contact. Median follow-up
and its 95% confidence interval (CI) were estimated
using the non-parametric bootstrap method with 1,000
resamples. The observed follow-up range was also re-
ported.

RESULTS

Twenty-five patients were included in the study, with
a median age of 28 years. The most common present-
ing symptom was abnormal uterine bleeding, followed
by asymptomatic 3-hCG elevation. GTN developed
after a molar pregnancy in slightly more than half of
the cases. Most patients were diagnosed within four
months of the antecedent pregnancy.

Invasive mole was the predominant histologic
subtype. According to FIGO staging, most patients had
stage I disease, and all metastases (n = 6) were limited
to the lungs. Based on WHO/FIGO criteria, 56% of
patients were classified as low-risk and 44% as high-
risk (Table 2).

Chemotherapy was initiated in all but one patient,
who underwent primary hysterectomy with subsequent
remission. MTX was the first-line treatment in all low-
risk and in selected high-risk patients. MTX resistance
occurred in two cases, both successfully managed with
multi-agent therapy. One relapse was documented five
years after achieving initial remission.

Maintenance chemotherapy was administered in
64% of cases. Importantly, none of the eight patients

Risk Factor Score 0 Score 1 Score 2 Score 4
Age (years) <40 >40 - -
Antecedent pregnancy Mole Abortion Term -
Interval from index pregnancy <4 4-6 7-12 >12
(months)

Pretreatment serum hCG (IU/L) <10? 10°-10* 10*-10° >105
Largest tumor size (including <3 3-5 >5 -
uterus) (cm)

Site of metastases Lung Spleen, kidney  Gastrointestinal tract  Brain or liver
Number of metastases 0 14 5-8 >8
Previous failed chemotherapy None - Single-agent Multi-agent
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Table 2. Baseline characteristics of patients with gestational trophoblastic neoplasia (n=25)

Characteristic Data
Age at diagnosis (years) 28 (19-49)
Gravidity 3 (1-9)
Parity 1 (0-6)

Serum B-hCG at GTN diagnosis (IU/L)
Presenting symptom
Vaginal bleeding
Asymptomatic (elevated hCG only)
Amenorrhea
Abdominal pain
Antecedent pregnancy
Molar pregnancy
Complete mole
Partial mole
Non-molar pregnancy
Abortion
Ectopic pregnancy
Term pregnancy
Histologic subtype
Invasive mole
Choriocarcinoma
FIGO anatomic stage
Stage |
Stage 11
Stage 111
Stage IV
WHO/FIGO prognostic risk score
Low-risk (score <7)
High-risk (score >7)
Site of metastasis
No metastasis

Lung only

8.5%10% (3.4x107 -1.2x107)

12 (48.0%)
9 (36.0%)
2 (8.0%)
2 (8.0%)

13 (52.0%)
7 (28.0%)
6 (24.0%)
12 (48.0%)
3 (12.0%)
2 (8.0%)
7 (28.0%)

23 (92.0%)
2 (8.0%)

19 (76.0%)
0 (0.0%)
6 (24.0%)
0 (0.0%)
5(2-10)
14 (56.0%)

11 (44.0%)

19 (76.0%)
6 (24.0%)

Data are shown as n (%) or median (range)

who did not receive maintenance therapy - including
four classified as high-risk - experienced relapse. This
finding raises questions about the necessity of routine
consolidation therapy in certain patients.

At a median follow-up of 30.7 months (95% CI:
27.7-55.5), all patients were alive and disease-free.

No treatment-related deaths or severe adverse events
were reported (Table 3).

No significant difference in long-term outcomes
was observed between patients with FIGO stage I and
III disease, suggesting limited prognostic discrimina-
tion in this cohort.
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Table 3. Treatment characteristics and outcomes

Parameter Data
First-line treatment

Upfront hysterectomy 1 (4.0%)

Methotrexate 17 (68.0%)

EMA/CO regimen 7 (28.0%)
Maintenance chemotherapy

Yes 16 (64.0%)

No 8 (32.0%)
Methotrexate resistance 2 (8.0%)
Recurrence 1 (4.0%)
Outcome

Alive and disease-free
Follow-up duration (months)

25 (100.0%)
Median: 30.7 (95% CI: 27.7-55.5); range: 4.4-194.9

Data are shown as n (%). Follow-up duration is presented as median with 95% confidence interval and range.

Treatment characteristics and clinical outcomes of patients with gestational trophoblastic neoplasia (GTN). First-line therapies
included single-agent methotrexate (MTX) in weekly or 3-day regimens, multi-agent EMA/CO, or primary surgery.
Maintenance chemotherapy was defined as three additional cycles following remission. All patients were alive and disease-

free at last follow-up.

DISCUSSION

This 16-year retrospective cohort provides real-world
insight into two unresolved questions in GTN man-
agement: whether post-remission maintenance
chemotherapy is essential and how accurately the
FIGO/WHO risk stratification systems predict long-
term outcomes.

Several studies have questioned the discriminatory
power of the FIGO and WHO scoring systems in guid-
ing therapeutic decisions. Powles et al., in a large ret-
rospective series of 1708 cases, identified 60 relapses
and 11 chemoresistant cases, noting that relapses oc-
curred even among low-risk patients and that prognos-
tic scores poorly predicted survival after relapse,
especially in ultra—high-risk disease [6]. Similarly, Os-
borne et al. [7] evaluated 216 low-risk GTN patients
enrolled in a randomized trial and observed methotrex-
ate resistance in patients with WHO scores of 5-6, sug-
gesting inadequate discrimination within the low-risk
group. A meta-analysis including 901 complete respon-
ders by Albright ef al. [8] reported a 4.1% relapse rate,
with markedly higher mortality in patients with ultra—
high-risk scores (>13), despite comparable treatment
regimens [8]. In their comprehensive guideline, Seckl

et al. [9] also noted the limited prognostic performance
of anatomical staging alone and recommended incor-
porating clinical judgment and hCG kinetics.

Our own findings further support these concerns.
No significant difference in long-term outcomes was
observed between patients with FIGO stage I and II1
disease, and both instances of methotrexate resistance
occurred in patients classified as low-risk. These re-
sults challenge the reliability of current staging and
scoring systems in capturing the true biological het-
erogeneity of GTN.

Importantly, recent work by Jin-Kai et al. [6] of-
fers a deeper critique of the FIGO 2000 framework.
The authors argue that the system was originally de-
veloped to describe general prognosis, not to inform
clinical decisions such as predicting resistance or re-
currence. They also demonstrate that the WHO score
relies on arbitrarily assigned weighting and lacks sta-
tistical grounding, which may lead to risk misclassifi-
cation. Their findings highlight the need for
task-specific, biologically informed prognostic models
tailored to discrete clinical endpoints [6]. This aligns
closely with our observations and reinforces the need
for refined stratification tools that integrate clinical,
biochemical, and potentially molecular variables.
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Is maintenance chemotherapy necessary in GTN?

The second area of controversy—maintenance
chemotherapy—remains unsettled. Expert consensus
often favors continued treatment for several weeks
post-remission, particularly in high-risk patients [9].
However, this practice is based largely on retrospec-
tive data rather than prospective validation. Albright
et al. [8] reviewed over 2,100 high-risk patients and
found limited evidence supporting uniform consolida-
tion, despite its widespread adoption. Our study con-
tributes to this debate by showing that none of the
eight patients who did not receive maintenance ther-
apy—including four high-risk cases—developed re-
lapse during long-term follow-up.

This finding is supported by several reports ques-
tioning the need for three-cycle consolidation proto-
cols. In the MITO-9 study, a multicenter retrospective
analysis of 333 low-risk GTN patients treated with
first-line methotrexate across six institutions in Italy.
Following hCG normalization, patients were grouped
according to the number of consolidation cycles re-
ceived—two, three, or more than three—and relapse
rates were assessed. Notably, no relapses occurred
among patients with FIGO scores <2 who received
only two consolidation cycles. In contrast, relapse
rates increased to 2.2% and 10.2% among those re-
ceiving three and more than three cycles, respectively,
regardless of FIGO subscore [10]. Conversely, Mitric
et al.[11] conducted a retrospective analysis of 94 pa-
tients across two Canadian academic centers and
demonstrated excellent outcomes with standardized
three-cycle consolidation following care centralization
in Canada. Several institutions, including Braga et al.
[12], continue to advocate for three consolidation cy-
cles following remission in both low- and high-risk
GTN patients. Lybol et al. [13] also reported lower re-
lapse with three versus two methotrexate cycles (4.0%
vs. 8.3%, P=0.006). However, Couder ef al. [14],in a
large cohort of 465 patients, found that the number of
consolidation cycles was not independently predictive
of recurrence; rather, antecedent term pregnancy and
the need for >5 MTX cycles were stronger indicators.

Taken together, these findings - including those
from our cohort - underscore the need to move beyond
rigid, uniform maintenance protocols. Personalized,
response-adapted strategies based on dynamic treat-
ment indicators may provide safer and more effective
post-remission care. In line with this, Jin-Kai ef al. [6]
proposed integrating innovative tools such as slope

modeling, time-series analysis, and machine learning
into future prognostic models. Similarly, a recent sys-
tematic review protocol highlighted the absence of
high-quality evidence supporting universal consolida-
tion and advocated for individualized management in
postmolar GTN [15].

Limitations

This study has several limitations. Its retrospective
design limits causal inference and introduces potential
selection bias. The small sample—especially in sub-
group analyses—diminishes statistical power. Addi-
tionally, being a single-center study may limit
generalizability. Nonetheless, the findings provide
meaningful real-world insights and raise clinically rel-
evant questions for future prospective research.

CONCLUSION

Our real-world data support two central insights in
GTN management. First, maintenance chemotherapy
may be safely omitted in selected—including some
classified as high-risk—without compromising long-
term outcomes. Second, the FIGO/WHO scoring sys-
tems showed limited prognostic accuracy in predicting
relapse or resistance. These findings emphasize the
need for individualized, response-adapted risk models
that integrate clinical dynamics and data-driven pre-
dictors. Prospective multicenter studies are warranted
to validate these strategies and guide optimal post-re-
mission care.
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ABSTRACT

Objectives: This study aims to compare the clinical outcomes of open surgery (Lichtenstein procedure) with
laparoscopic surgery (Totally Extraperitoneal Repair - TEP) for inguinal hernia repair. The duration of the pro-
cedure, postoperative pain, and occurrence of complications were evaluated.

Methods: A retrospective research including 95 male patients was carried out from June 2023 to January 2025.
Patients were classified into Lichtenstein (n=50) and TEP (n=45) groups. Demographic data, operational du-
rations, postoperative pain evaluations (visual analog scale - VAS), return-to-work intervals, and complications
were analyzed for comparison.

Results: The operating duration was diminished in the TEP group, with 24+3.1 minutes for unilateral patients
and 37+4.2 minutes for bilateral cases, in contrast to 46+5.3 minutes and 72+8.0 minutes in the Lichtenstein
group, respectively (P<0.001). Postoperative pain scores were significantly decreased in the TEP group at all
time intervals (P<0.001). The recurrence rates were low in both cohorts, recorded at 2.0% for the Lichtenstein
group and 2.2% for the TEP group. The complication rates were similar, with wound infection occurring in
6% and hematoma in 4% of the Lichtenstein group, whereas seroma was noted in 4.4% of the TEP group.
Conclusions: The laparoscopic TEP technique surpasses open surgery in terms of operating length and post-
operative pain; yet, both methods are safe therapeutic options with low complication and recurrence rates.
Keywords: Inguinal hernia, Lichtenstein procedure, postoperative pain, totally extraperitoneal repair

practice, with approximately 20 million opera-
tions performed worldwide each year [1, 2]. The
lifetime prevalence is reported to be 27% in males and
3% in females. Tension-free techniques, notably the
Lichtenstein Procedure (LP), an open surgical ap-

q nguinal hernia is a common concern in surgical

proach established in the 1980s, have been regarded
as the gold standard in hernia repair owing to its min-
imal recurrence rates and straightforward implemen-
tation [1, 4]. However, open surgical methods include
disadvantages, such as chronic pain and prolonged re-
covery durations [5].
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Lichtenstein versus laparoscopic TEP

Laparoscopic techniques, including Totally Ex-
traperitoneal Repair (TEP) and Transabdominal
Preperitoneal Repair (TAPP), have arisen as alterna-
tives to open surgery. Laparoscopic treatments offer
advantages in postoperative pain management, cos-
metic results, and the time required to return to normal
activities [3]. Laparoscopic procedures, however, have
disadvantages, such as a prolonged learning curve and
potentially longer operation durations compared to
open techniques [2]. Moreover, data suggest that la-
paroscopic repairs demonstrate reduced recurrence
rates compared to open surgery when performed by
proficient surgeons [6].

Nonetheless, it is underscored that each approach
possesses distinct advantages and disadvantages
across various patient populations. This study is to
evaluate the results of open versus laparoscopic sur-
gical procedures. The study evaluates the effectiveness
of both operations in relation to key criteria such as
operational length, postoperative pain, and recurrence
rates. This study aims to provide new data to guide the
choice of surgical procedures based on current litera-
ture.

METHODS

This retrospective study sought to evaluate 95 inguinal
hernia surgeries performed between June 2023 and
January 2025. The study compared open surgery using
the LP technique with laparoscopic surgery with the
TEP method. The research received approval from the
hospital ethics committee (document number:
2025/023, date: 12 June 2025). The research was per-
formed in compliance with the 1964 Helsinki Decla-
ration and its subsequent revisions or comparable
ethical norms.

Criteria for Patient Selection and Study Cohort
Inclusion criteria included the following: (1) Male
patients diagnosed with inguinal hernia, (2) Aged be-
tween 18 and 72, (3) Eligible for elective surgery, and
(4) Hernia size <3 centimeter. Exclusion criteria also
was (a) Female patients, (b) Surgeries employing the
Zig technique, (c¢) Complicated hernias (incarcerated,
strangulated, recurrent), (d) Scrotal hernia, () Femoral
Hernias, (f) Patients with lung disease, diabetes, and

connective tissue diseases, (g) Smoking patients, and
(h) Patients who wish to discontinue follow-up.

Study population:

A total of 95 patients were operated on in both
groups: 45 patients in the laparoscopic TEP group, and
50 patients in the LP group.

Surgical Techniques

The procedure involves a 14x9 cm polypropylene
mesh placed over the Poupart ligament and conjoined
tendon, secured with 2-0 Prolene, followed by a typi-
cal tension-free mesh repair. The procedures were per-
formed under spinal anesthesia.

In the TEP procedure, a 10 mm blunt trocar was
inserted following a 1 cm infraumbilical incision and
blunt dissection of the rectus muscles to expose the
posterior rectus sheath. Two 5-mm working ports were
inserted in the midline. Blunt dissection of the preperi-
toneal cavity was performed. Following thorough dis-
section down Cooper's ligament to the femoral canal,
the hernia sac was fully dissected and entirely reduced.
The TEP technique entailed the insertion of a 14x9 cm
mesh in the preperitoneal space, affixed with two ab-
sorbable tacks across the Cooper ligament under gen-
eral anesthesia. The insufflation pressure was
sustained at 12 mmHg.

Postoperatively, 500 milligrams (mg) of paraceta-
mol was provided intravenously every 8 hours, along
with 50 mg dexketoprofen every 12 hours. Post-
surgery, patients received slip underwear one size
smaller than their usual fit and were instructed to wear
them for 10 days to mitigate scrotal edema. Further-
more, 3-kilogram weights were applied to the groin
regions of the patients for the initial 4 hours post-
surgery. Following a duration of 4 hours, patients were
mobilized, and oral intake commenced. All patients
were released the day following the procedure. Upon
discharge, a prescription for 50 mg of oral dexketo-
profen was issued.

Assessment Criteria
1. Duration of operation
2. Postoperative pain (VAS= Visual Analog Scale)
3. Incidence of complications (seroma, hematoma,
infection, etc.)
4. Rates of recurrence
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5. Time to return work/day (The patients in each
group were divided into two groups according to job
types. Job type 1 included desk workers, and job type
2 included heavy manual workers)

The Visual Analog Scale (VAS)

VAS is a subjective measurement instrument fre-
quently utilized to determine postoperative pain levels,
and its reliability as a pain assessment tool has been
substantiated in clinical studies [7]. This scale neces-
sitates that patients evaluate their pain on a continuum
from 0 to 10, where "0" signifies the absence of pain
and "10" indicates the most severe pain. It is simple
and readily adaptable nature makes it widely em-
ployed in both surgical clinics and research settings
[8]. In our study, we assessed the scores at 6, and 24
hours post-surgery while the patients remained hospi-
talized. Upon reevaluation during outpatient visits on
the 10th day, we scheduled follow-up sessions for the
patients 6 months later. Patients who failed to attend
their 6-month follow-up appointment were contacted
by telephone to get a VAS score. Unreachable patients
were excluded from the research.

Statistical Analysis
The data were analyzed using SPSS version 25.0.
Continuous data are presented in the form of mean+

standard deviation and compared using an independ-
ent t test, whereas categorical data are presented in fre-
quency (%) and compared using the chi-square test.
Independent sample t-tests and Chi-square testing
were employed, with P<0.05 considered statistically
significant.

RESULTS

The average age of 95 patients was 38.4 years, ranging
from 18 to 72 years. No significant difference was ob-
served between the groups regarding age and body
mass index (BMI) (P>0.05).

The TEP method has attracted interest because to
its shorter operational duration compared to the LP.
The literature suggests that open repairs are typically
shorter. The mean length in the TEP group was 24+3.1
minutes for unilateral instances and 37+4.2 minutes
for bilateral occurrences. In contrast, the durations in
the Lichtenstein group were 46+5.3 minutes and
72+8.0 minutes, respectively. The difference between
the two methods was statistically significant
(P<0.001). The results demonstrate that the TEP ap-
proach surpasses open surgery in terms of operating
speed (Table 1).

Postoperative pain was evaluated by the Visual

Table 1. Demographic details of patients according to groups

Variables LP group TEP group P value
(n=50) (n=45)
Age (years) 39.2+11.3 37.5£10.8 0.421
BMI (kg/m?) 24.73.2 24.94+2.8 0.552
Location
Right side 23 (46%) 14 (31.1%) 0.341
Left side 7 (14%) 11 (24.4%) 0.712
Bilateral 20 (40%) 20 (44.5%) 0.975
Type
Indirect hernia 38 (76%) 32 (71%) 0.162
Direct hernia 12 (24%) 13 (29%) 0.491
Duration
Unilateral (min) 46+5.3 24+ 3.1 0.001
Bilateral (min) 72+8.0 37+4.2 0.001

Data are shown as mean+standard deviation or n (%). BMI=Body mass index, LP=Lichtenstein Procedure, TEP=Totally

Extraperitoneal Repair
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Table 2. VAS pain scores in postoperative follow-up according to groups

Postoperative time (min) LP group TEP group P value
6" hours 6.9+1.2 4.1£0.9 <0.001
24™ hours 5.7+1.1 3.3+0.8 <0.001
10™ days 2.9+0.7 1.4+0.5 <0.001
6™ months 1.5£0.4 0.8+0.3 <0.001

Data are shown as meantstandard deviation. LP=Lichtenstein Procedure, TEP=Totally Extraperitoneal Repair, VAS=Visual

Analog Scale

Analog Scale after 6 hours, 24 hours, 10 days, and 6
months post-surgery. Pain scores were heightened in
the LP at all time intervals. The TEP group exhibited
a significantly decreased level of pain relative to open
surgery across all intervals (Table 2).

In the LP group, wound infection was observed in
3 (6%) patients and hematoma in 2 (4%) patients.
Seroma (4.4%) was identified in two participants in
the TEP cohort. No significant difference was noted
in complication rates (P>0.05).

During the 6-month follow-up period, recurrence
was observed in 1 (2.0%) patient in the LP group and
in 1 (2.2%) patient in the TEP group. Recurrence was
noted at 2 months postoperatively for the LP method
and at 1 month for the TEP procedure. No statistically
significant difference in recurrence rates was observed
between the two methods (P=0.67) (Table 3). The re-
sults demonstrate that both surgical methods offer a
reliable therapeutic option with low recurrence rates.

Return-to-work times are provided in Table 4. The
average time to return to work was considerably
shorter in the TEP group (12.8+7.1 days) compared to
the open group (19.3+4.3; P<0.001). The duration
until return to work was significantly shorter for pa-
tients in both occupational classifications within the
TEP group.

Table 3. Postoperative complications

DISCUSSION

While the Lichtenstein procedure remains the gold
standard for inguinal hernia surgery, the favorable out-
comes associated with laparoscopic techniques have
prompted renewed concerns regarding the optimal sur-
gical approach. The objective of our study was to en-
hance these conversations by contrasting the outcomes
of the laparoscopic technique with those of the gold
standard LP. These data demonstrate the advantages
of laparoscopic surgery and suggest that both proce-
dures are relevant to appropriate patient populations.
Our data demonstrate that the TEP technique offers
significant advantages for operational length, postop-
erative discomfort, and time to return to work.
Assessments of recurrence rates demonstrated di-
versity in both magnitude and direction of effects. The
majority of assessments of primary hernias, recurrent
hernias, and both categories combined were rated as
high to moderate quality, signifying considerable con-
fidence in their conclusions. Supplementary reviews
lacking specification of hernia types produced equivo-
cal results, with four reviews [9-12] of moderate to low
quality indicating statistically significant outcomes fa-
voring open repair approaches; still, the overall low
quality of these reviews raises considerable concern.

Complications LP group TEP group P value
(n=50) (n=45)

Wound infections 3 (6%) 0 0.18

Hematoma 2 (4%) 0 0.32

Seroma 0 2 (4.4%) 0.27

Recurrences 1 (2%) 1(2.2%) 0.67

Data are shown as n (%). LP=Lichtenstein Procedure, TEP=Totally Extraperitoneal Repair
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Table 4. Return of work (days) details according to groups

LP group TEP group
Job type 1 Job type 2 Total Job Job type 1 Job type 2 Total Job
(n=28) (n=22) (n=50) (n=31) (n=14) (n=45)
14.254+4.2 25.52+9.6 19.3+4.3 9.27+3.0 17.57+6.7 12.8+7.1
(7-16) (7-40) (7-40) (5-13) (12-30) (5-30)

Data are shown as mean+standard deviation (range). LP=Lichtenstein Procedure, TEP=Totally Extraperitoneal Repair

The results correspond with those outlined in a recent
clinical guideline [13], in which experienced hernia
surgeons and researchers worldwide offered recom-
mendations based on comparable recurrence rates be-
tween laparoscopic and open surgical procedures. The
recommendation emphasized that recurrence rates re-
main comparable, especially when procedures are con-
ducted by highly proficient surgeons.

A meta-analysis shown that laparoscopic repairs
are consistently associated with decreased pain rela-
tive to open repairs for chronic groin pain, regardless
of the repair technique or hernia type examined [14].
A recent analysis defined both early and late chronic
groin pain, however the conclusions are consistent
with those of other publications in this overview [15].
Two reviews were seen to include identical research
and individuals across many comparisons of hernia
types, whereas their conclusions are consistent with
those of other reviews [16, 17].

In a study conducted by Ulusoy et al. [18], TEP
surgery was found to be superior than LP surgery in
the postoperative period, corroborating our findings
[18]. Numerous contemporary publications have
demonstrated that surgical durations are comparable
or even reduced, with complication rates occurring at
similar frequencies. In their investigation on geriatric
patients, Hernandez-Rosa et al. [19] and Cift¢i [20]
and noted that the durations of open and laparoscopic
surgeries were comparable [19, 20]. Our analysis in-
dicated reduced surgical durations and comparable
complication rates, aligning with contemporary liter-
ature. Reduced surgery durations were likewise noted
in bilateral surgery cohorts. Our study links this vari-
ance to the surgeon's proficiency in laparoscopic meth-
ods. Lower VAS scores in the TEP group across all
follow-up periods indicated the beneficial impact of
laparoscopic techniques on acute and chronic pain

problems. This scenario frequently signifies that the
learning curve for laparoscopic techniques has been
surmounted, resulting in a notable impact on surgical
durations and complication rates.

A significant benefit of laparoscopic techniques is
their facilitation of a prompt return to employment.
Conlflicting articles exist on this subject. Shah et al.
[5] showed in a prospective randomized research that
the return to work following LP was shorter. Numer-
ous studies have demonstrated that laparoscopic tech-
niques facilitate an expedited return to work [21]. This
study further demonstrates that laparoscopic tech-
niques facilitate a more expedited return to employ-
ment.

Limitations

A major limitation of our study is the lack of an
extended follow-up period necessary to detect recur-
rent occurrences. However, since the study primarily
focused on surgical complications and postoperative
comfort, the follow-up duration was shortened. The
investigation of recurrence in these patients may ne-
cessitate a separate study. A notable disadvantage is
that patients in the open group underwent surgery with
spinal anesthesia, while those in the laparoscopic
group received general anesthesia. The variations in
anesthetic techniques among the groups may have im-
pacted the evaluated measures. Investigating the dif-
ferences between these surgical approaches under
uniform anesthesia protocols should yield more reli-
able results.

CONCLUSION

This study compared the efficacy of open surgery vs
laparoscopic surgery in treating inguinal hernia. The
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findings indicated that laparoscopic surgery excelled
in operative duration, return to work duration, and
postoperative discomfort. The complication rates for
both treatments were minimal, and the recurrence rate
was low. These results contribute to the good out-
comes of laparoscopic methods and support laparo-
scopic methods in the debate over the gold standard
treatment method. Subsequent research using bigger
patient cohorts and extended follow-up may enhance
the validity of these results. Additionally, it is advis-
able to do a cost-effectiveness analysis and further ex-
amine the impact on quality of life.
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ABSTRACT

Objectives: Digital twins (DTs) are increasingly recognized as valuable tools in the advancement of person-
alized medicine (PM).

Methods: This systematic review explores the current landscape of DT applications across medical domains,
focusing on their feasibility, benefits, challenges, and potential future roles. Following PRISMA guidelines,
literature was sourced from PubMed and Scopus using clearly defined inclusion and exclusion criteria, resulting
in 14 studies eligible for full-text review.

Results: Findings show that DTs are being utilized in various specialties such as cardiology, geriatrics, radi-
ology, and oncology, offering advantages in cost reduction, treatment precision, and patient outcomes. However,
key challenges remain, including data privacy, technical integration, ethical considerations, and the need for
interdisciplinary collaboration.

Conclusions: This systematic review offers a comprehensive synthesis of how DTs are being integrated into

PM and highlights areas requiring further empirical research to support wider implementation.
Keywords: Digital twin, healthcare, personalized medicine, systematic review

odern medicine is transitioning from a reac-
Mtive treatment-based system to a proactive,

interdisciplinary framework that targets per-
sonalized, systematic, and precise treatment plans [1].
Personalized medicine (PM), emerging conceptually
in the late 20th century, adopts a blend of preventive,
personalized, participatory, and predictive measures
[2]. This approach molds healthcare services to fit the
patient's biological markers, personal preferences, and
environmental and genetic backgrounds, aiding physi-
cians in choosing optimal treatments [3]. This cus-
tomization is facilitated by diagnostics identifying
patient-specific biological indicators, potentially rev-
olutionizing care in areas such as cancer, Alzheimer's,

cardiovascular diseases, and hepatitis [4]. The adop-
tion of PM could significantly decrease healthcare
costs and errors while enhancing the quality of care
[5].

The digital twin (DT) concept was introduced in
2003 and involves using advanced physical models,
sensor updates, and historical data to replicate the life
span of its physical counterparts [6]. DTs consist of
three elements: physical objects, their virtual replicas,
and the interconnected data [7]. In healthcare, DTs
offer a vision for integrating dynamic and consistent
clinical data over time, utilizing statistical and me-
chanical models [8]. These models enhance clinical
decision-making, increase interpretability, and lever-
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age big data for demographic analysis [9]. The appli-
cation of DTs in healthcare is diverse, facilitating dis-
ease monitoring, diagnostic trials, and holistic health
assessments [10, 11]. Despite the vast potential, DT
implementation faces challenges including privacy
concerns, data access, ethical issues, and potential bi-
ases [12]. This paper aims to provide a comprehensive
overview of the utility, application, benefits, risks, and
prospects of DTs in PM, highlighting how they can
revolutionize personalized health monitoring, diagnos-
tics, prognostics, prevention, and treatment [13].

Integrating DTs in PM is considered a natural and
complementary strategy that can lead to pioneering
technologies in the healthcare sector [14]. These tech-
nologies enable personalized healthcare solutions by
leveraging real-time health data, thus enhancing pa-
tient outcomes through tailored treatment and inter-
vention plans. Additionally, DTs facilitate the
performance of virtual trials using computer models,
which can simulate a variety of interventions from
lifestyle changes to pharmaceutical regimens and sur-
gical procedures [15]. This capability allows for the
optimization of health strategies before they are ap-
plied in real-world settings, minimizing risks and max-
imizing effectiveness.

Moreover, comprehensive personalized DTs can
incorporate a wide range of data including physical
activities like sports and hobbies, mental activities
such as thought processes and acquired knowledge, as
well as vital organ metrics [16]. The use of DTs ex-
tends to specific medical fields such as diabetic mod-
eling, pediatric cardiology, and artificial pancreas
systems, demonstrating their broad applicability and
utility [17, 18].

Despite this promise, the implementation of DTs
in healthcare faces grouped sets of critical challenges.
These challenges can be categorized as follows:

1. Technical Limitations: These include insuffi-
cient model fidelity, challenges in integrating real-time
data, and limited validation across different clinical
settings.

2. Medical Uncertainties: Concerns regarding di-
agnostic accuracy, generalizability of simulations, and
lack of standardized clinical protocols.

3. Ethical and Privacy Concerns: Risks related
to data privacy, consent procedures, algorithmic bias,
and potential for discrimination [19].

The future of DTs in personalized medicine is

promising, with ongoing research and advancements
enhancing their accuracy and functionality. Emerging
technologies are improving real-time data processing,
enabling dynamic and precise health monitoring. This
is vital for conditions requiring rapid responses, like
cardiac emergencies or acute infections. Additionally,
DTs are expanding beyond individual care to assist in
population health management by simulating disease
spread, helping public health officials craft more ef-
fective strategies [20].

To address these grouped challenges, several
strategic solutions are proposed:

1. Technological Advancements: Innovations in
data processing, Al integration, and secure communi-
cation frameworks aim to improve the accuracy and
reliability of DTs.

2. Interdisciplinary Collaboration: Cooperation
among clinicians, data scientists, and ethicists is seen
as essential to guide ethical implementation and max-
imize clinical benefit.

3. Education and Awareness: Educating health-
care professionals and the public can help mitigate
skepticism, build trust, and promote informed adop-
tion of DT-based technologies [17, 19].

The primary aim of this research is to thoroughly
explore the capabilities and scope of DTs within the
context of PM. This study intends to assess both the
current applications and the potential future roles of
DTs, analyzing how they can enhance the personaliza-
tion and efficacy of healthcare treatments. By provid-
ing a detailed review of the integration of DTs in PM,
the research seeks to understand how these digital
replicas can optimize health outcomes through indi-
vidualized treatment plans and proactive health man-
agement [20, 21].

The importance of this study lies in its potential to
revolutionize healthcare delivery. DTs offer a promis-
ing avenue for advancing personalized medicine by
enabling a more nuanced understanding of individual
health conditions through the simulation of various
medical interventions and outcomes. This approach
not only helps in refining treatment protocols but also
in anticipating potential complications before they
arise, thus contributing to safer, more effective health-
care practices. Furthermore, as the healthcare industry
continues to evolve towards more data-driven and pa-
tient-centered models, the insights garnered from this
research could significantly influence future health-
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care policies and practices, making the adoption of
DTs a critical area of investigation [22, 23].

METHODS

This study aimed to investigate the role of DTs in PM
through a systematic review. The goal was to evaluate
their feasibility, practical applications, benefits, and
limitations across various medical disciplines. The re-
view covered literature published from 1999 through
April 1, 2024.

The review process adhered to the PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines. Two electronic databases
- PubMed and Scopus - were searched comprehen-
sively. The search approach involved a structured
combination of terms relevant to digital twins and per-
sonalized medicine. No date limits were initially ap-
plied to ensure comprehensive coverage.

Eligibility Criteria

Studies were included if they met the following
criteria: (1) Focused on digital twin technologies ap-
plied within the scope of personalized medicine; (2)
Described human-centered digital twin models; (3) In-
cluded a clearly stated methodology; and (4) Targeted

a specific patient group or disease category.

Excluded works were: (1) Not written in English,
(2) Not freely accessible in full-text format, and (3)
Classified as books, book chapters, letters, editorials,
or conference proceedings.

Screening and Selection Process

An initial pool of 400 articles was identified
through the database searches. After removing dupli-
cates, 315 unique articles remained. Titles and ab-
stracts were screened for relevance to the research
topic. After this initial screening, 60 articles were re-
tained for full-text evaluation. Based on a detailed ap-
plication of the inclusion and exclusion criteria, 14
studies were selected for inclusion in the final synthe-
sis. The PRISMA flowchart (Fig. 1) summarizes this
process.

Data Extraction and Quality Control

Data extraction was independently carried out by
two reviewers. Key details captured from each study
included country of origin, year of publication, med-
ical domain, population characteristics, type of DT
model, and reported outcomes. Any disagreements
during the extraction process were resolved through
discussion or consultation with a third reviewer to en-
sure consistency.

| Identification of studies wvia datab

amd r

!

FReports assessed for sligibiility
{n =80)

Screening

w

Studies imcluded in rewvi=wr
= 14)

—
§ Records identified from™: Records remowved befiore
" Registers (n = 200} ECrESTiTTG:
% Databasas |———» Duplicatse records remowed
Scopus {n = Z223) Fubmed [(n (m = 858)
= =107}
il
—
Records screencesd - Records excluded==
n=315) n =255}
FReports scught for retriewval Reports not retrieved
————
(=80} {n=a)

Reports excluded (n = 48}
Mot imcluding personalfized
meadicine: 7
Mot imcluding digital twin: S
Mot specific to a dizeass: 11
Fot imcluding digital tewin
model: 23

Fig. 1. PRISMA flow diagram.
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Assessment of Bias and Limitations

No formal risk of bias tool was used, due to the
descriptive and exploratory nature of the included
studies. However, any reported methodological limi-
tations within the selected studies were noted and are
discussed in the relevant sections.

This approach provides a transparent and repro-
ducible method for evaluating the current evidence
surrounding digital twins in personalized medicine,
with careful attention to study selection, data handling,
and reporting integrity.

Statistical Analysis

The common themes of the studies were classified
qualitatively, and the findings were analyzed descrip-
tively. The areas of application of digital twin tech-
nologies in personalized medicine, their clinical
contributions, and the challenges encountered were
evaluated based on frequency using the number of
studies. No statistical software was used in this analy-
sis process; basic data editing and analysis were per-
formed using standard methods.

RESULTS

This section synthesizes the findings from 14 studies
that met the inclusion criteria. The review presents a
descriptive analysis of study characteristics, clinical
domains, thematic insights, and implementation
trends, allowing for a consolidated view of how digital
twins (DTs) are being applied across PM (Table 1).

Study Characteristics and Distribution

Studies were conducted between 2019 and 2023,
with an upward trend in recent years—especially in
2022 and 2023. Geographically, Germany contributed
the most individual studies (3), followed by collabo-
rative research involving institutions from the USA,
Canada, UK, and Australia. The international nature
of the studies indicates broad academic interest and
growing investment in DTs across various health sys-
tems.

Clinical Application Areas
The studies addressed diverse medical fields:
1. Cardiology (3 studies): Simulations of atrial

fibrillation, ablation strategies, and cardiac electro-
physiology modeling.

2. Geriatrics (3 studies): Management of demen-
tia, diabetes, and elderly care modeling.

3. Radiology and Oncology (3 studies): Imaging
enhancement and theranostic modeling.

4. Others (5 studies): Neurology, gastroenterol-
ogy, nutrition, diabetes, and surgery.

This distribution highlights the potential scalabil-
ity of DTs across a broad spectrum of clinical needs.

Aggregated Findings and Evidence Patterns

A synthesis of core themes reported across the lit-
erature yielded the following:

1. Adoption Benefits: Improvement in individual-
ized treatment planning and risk prediction (reported
in 12/14 studies). Reduced trial-and-error in treatment
decisions through virtual testing (reported in 10/14
studies). Support for non-invasive, real-time patient
monitoring (reported in 9/14 studies).

2. Challenges Identified: Patient data privacy and
protection were major concerns in 9 studies. Interop-
erability limitations and lack of unified data standards
reported in 7 studies. Algorithmic bias and ethical
transparency concerns were addressed in 6 studies.

3. Technical Innovations: Machine learning and
Al integration to enhance DT model performance
(5/14). Use of cloud-based infrastructure and wearable
devices for real-time feedback (4/14). Multi-scale
modeling to integrate physiological, behavioral, and
genomic data (3/14).

4. Future Directions and Recommendations:
Need for standardized validation frameworks and reg-
ulatory oversight (recommended in 6 studies). Calls
for more clinical trials or pilot programs to demon-
strate real-world feasibility (recommended in 5/14
studies). Emphasis on user-centered design to improve
usability for both clinicians and patients (recom-
mended in 4/14 studies).

Presentation and Synthesis Style

Consistent with systematic review methodology,
all interpretations are based on descriptive aggregation
and thematic coding of reported results. Quantitative
counts reflect frequencies of themes across the in-
cluded studies, offering clarity without over-interpret-
ing underlying evidence.

1018

The European Research Journal | Volume 11

Issue 5 | September 2025



Eur Res J. 2025;11(5):1015-1022 Ugras
Table 1. Overview of analyzed studies
Author Country-Year Population Field of personalized
medicine
Currie et al. [16] USA, Australia - 2023 - Radiology
Thamotharan et al. [24] USA, Italy - 2023 15 patients Geriatrics
Abeltino et al. [25] Italy - 2023 10 users tested Nutrition
Azzolin et al. [26] Germany - 2023 29 patient model Cardiology
Rahmim et al. [27] USA, Canada - 2022 - Oncological radiology
Wickramasinghe et al. [28] Australia - 2022 - Geriatrics/Dementia
Sahal et al. [29] Ireland, Yemen - 2022 - Health sector
Pinton [30] Denmark - 2022 - General surgery and
Gastroenterology
Jung et al. [31] Austria - 2022 7 individuals Cardiology
Barbiero et al. [32] UK - 2021 2 clinical cases Health sector/Whole human
body
Voight et al. [33] Germany - 2021 - Neurology
Geissler et al. [6] Germany - 2021 200 records used Radiology
Corral-Acero et al. [20] UK, Belgium - 2020 - Cardiology
Liu et al. [15] USA, Canada, China - 2019 Case studies Geriatrics

This section provides a cohesive and integrated
overview of the status of digital twin technologies in
personalized medicine, serving as a foundation for dis-
cussion and further exploration in subsequent sections.

DISCUSSION

The studies reviewed indicate that Germany is the sin-
gle country with the highest number of individual
studies, while the United States featured prominently
in multinational studies. The majority of research oc-
curs in developed countries such as the USA, Ger-
many, Italy, and the United Kingdom, suggesting that
these nations are focusing significantly on advancing
technologies in the field of PM using DTs. The surge
in publications in 2022 and 2023 compared to other
years suggests that the use of DTs in PM is a relatively
new and increasingly popular area of study [34].
Most research in the field has been conducted in
cardiology and geriatrics. Considering that 33.42% of
mortality in Turkey is due to circulatory system dis-
eases in 2023, the application of DTs in cardiology is
particularly critical [35]. DTs developed for circula-

tory diseases could potentially reduce or even elimi-
nate mortality caused by these conditions [36]. Addi-
tionally, with the life expectancy in OECD countries
at 80.3 years, 79 years in Turkey, and the global aver-
age at 71 years, the aging population is significant
[37]. In Tiirkiye, the elderly population grew by 22.5%
in five years, reaching over 8 million in 2017. By
2040, this figure is expected to rise to 16.3% and
25.6% by 2080 [35]. DTs could play a transformative
role in reducing age-related ailments, effectively 're-
juvenating' the concept of aging.

One of the studies used a DT approach in a preci-
sion treatment program for 64 patients with type-2 di-
abetes over 90 days, observing significant reductions
in diastolic and systolic blood pressure, glycemic vari-
ability, and body mass index, with nearly all patients
ceasing to use antihypertensive drugs [10].Further-
more, Digital Health Twins (DHTs) can facilitate bed
planning, staff schedules, early disease diagnosis,
treatment trials, surgical simulations, and virtual drug
trials, potentially detecting errors early, identifying
diseases before they occur, reducing risks, and saving
costs [12].

Huang et al. developed an ethical framework to
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examine the ethical issues in using DTs for PM across
four stages: data collection, data management, data
analysis, and information use. Each stage presents
unique challenges, including privacy concerns, auton-
omy, informed consent deficiencies, biases in algorith-
mic decision-making, and potential misuse of data that
could distort healthcare understanding and lead to dis-
crimination or health inequities [38].

The use of internet-connected wearable devices
exposes individuals to the risks of cybersecurity
threats, identity theft, fraud, and data breaches. It also
raises concerns about discrimination against people
with pre-existing health conditions, potentially affect-
ing insurance coverage or job opportunities. More-
over, self-monitoring through these devices could lead
to obsessive behaviors regarding health [39].

Overall, DTs for PM are proving their utility and
effectiveness across various medical fields, including
geriatrics, dementia, radiology, cardiology, oncology,
diabetes, neurology, nutrition, and the broader health
sector. Future research should focus on expanding the
technology and testing environments to overcome the
complexities and ethical challenges posed by this in-
novative approach. The potential benefits for patient
care and health system economics are immense, sug-
gesting a significant shift towards more personalized,
efficient, and preventative healthcare solutions.

Limitations

The fact that digital twin technology is still an
emerging field limits the generalizability of findings
due to the lack of standardized definitions and meas-
urement methods. Therefore, more comprehensive,
controlled, and long-term studies in the future will in-
crease the knowledge base in this field. The fact that
digital twin technology is still an emerging field limits
the generalizability of findings due to the lack of stan-
dardized definitions and measurement methods.
Therefore, more comprehensive, controlled, and long-
term studies in the future will increase the knowledge
base in this field.

CONCLUSION

The systematic review of Digital Twins (DTs) in per-
sonalized medicine (PM) highlights their growing im-

pact across various medical fields, showcasing their
potential to transform healthcare. Our findings reveal
significant DT adoption in developed countries, with
a concentration of research in Germany and the United
States, indicating a close connection between DT de-
velopment and advanced medical research infrastruc-
tures focused on innovative healthcare technologies.
The rise in research publications in 2022 and 2023
highlights the growing importance of Digital Twins
(DTs) in personalized medicine (PM), particularly in
improving diagnostic accuracy and treatment person-
alization. Studies show that DTs effectively address
complex health issues, especially in cardiology and
geriatrics, which are critical as the global population
ages. Additionally, DTs have shown promise in man-
aging chronic diseases like diabetes by reducing key
health indicators such as blood pressure and glycemic
variability, potentially lowering the need for routine
medications and offering cost savings in long-term
management.

The integration of Digital Twins (DTs) into clini-
cal practice faces challenges, especially regarding
ethics, patient autonomy, privacy, and data security.
The handling of large health data raises concerns about
privacy and misuse, requiring strict regulations to pro-
tect patient information. Additionally, unequal access
to DTs may worsen health disparities unless technol-
ogy is more widely accessible. Addressing these issues
demands a collaborative approach from technology,
medicine, ethics, and policy. In conclusion, DTs offer
great potential for personalized medicine, but future
research must address technical and ethical obstacles,
improve system interoperability, and broaden their use
across medical fields to enhance healthcare outcomes
and efficiency.
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A rare disease presenting with acute abdominal pain in
a girl: Solitary cecal diverticulum

Hakan Ozcan'©, Mehmet Ozer*e, Mete Kaya'®

!Department of Pediatric Surgery, University of Health Sciences, Bursa Yiiksek Ihtisas Training and Research Hospital, Bursa, Tiirkiye;
2Department of Medical Patalogy, University of Health Sciences, Bursa Yiiksek Ihtisas Training and Research Hospital, Bursa, Tiirkiye

ABSTRACT

Solitary cecal diverticulum (SCD) is a rare gastrointestinal disease, especially in children, predominantly ob-
served in middle-aged Asian men, and presented with nonspecific symptoms similar to acute appendicitis.
Herein we report a case of SCD in a 15-year-old girl who had acute abdominal pain symptoms, and was diag-
nosed intraoperatively. The SCD, which contained a fecalith, was excised, followed by cecal repair and an ap-
pendectomy. Histopathological examination confirmed the diagnosis of SCD. This case highlights the
importance of considering SCD in the differential diagnosis of acute abdominal pain, particularly in pediatric
patients.

Keywords: Solitary cecal diverticulum, acute abdominal pain, diverticulitis, fecalith

CASE PRESENTATION
by Potier in 1912, is a rare gastrointestinal dis-
ease (1). SCD has been reported to constitute

only 3.6% of all colonic diverticula (2). It has been re-

Solitary cecal diverticulum (SCD), first described

A 15-year-old female patient with no previous medical
history was admitted to the emergency department

ported that the disease typically manifests in the fifth
decade of life and is more commonly observed in
Asian men. SCD often presents with nonspecific
symptoms such as right lower quadrant abdominal
pain, vomiting, and loss of appetite, making its differ-
entiation from acute appendicitis challenging (3). It is
rarely seen in the pediatric population, with only a lim-
ited number of case series or reports available in the
literature (4-7). In this study, we present a case of SCD
in an adolescent girl who presented with acute abdom-
inal pain due to fecalith-induced inflammation.

with the sudden onset of abdominal pain and vomiting
persisting for two days. Vital signs were within normal
limits. Physical examination revealed tenderness,
guarding, and rebound tenderness in the right lower
quadrant of the abdomen. Laboratory results showed
a white blood cell count of 11,510%10%/mL, a left shift
(Neutrophils: 74.3%), and elevated C-reactive protein
(17.4 mg/L). An upright abdominal X-ray did not re-
veal any diagnostic findings. Abdominal ultrasonog-
raphy (USG) demonstrated edema in the ileocecal
loop and adjacent mesentery in the right lower quad-
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Solitary cecal diverticulum in a girl with acute abdominal pain

Fig. 1. A) Inflamed mass (SCD) located on the anterior wall of the cecum adjacent to the ileocecal junction during laparoscopic

examination. B) Normal appearance of the appendix.

rant, along with approximately 1 cm of free fluid in
the Douglas pouch. In addition, a blind-ending luminal
structure containing a fecalith was observed on the an-
terior surface of the cecum. After initial resuscitation,
laparoscopy was performed. On laparoscopy, an in-
flamed, pedunculated mass was identified on the an-

terior wall of the cecum, while the appendix appeared
normal (Fig. 1A and Fig. 1B). When the mass was ex-
cised from its neck, it was noted to be a luminal struc-
ture containing a fecalith. To ensure safer repair,
conversion to laparotomy was performed. Divertic-
ulectomy and bowel wall repair in two layers were

Fig. 2. The connection between the SCD and the cecal lumen is observed during laparotomy.
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Fig. 3. Histopathologic examination revealed that the SCD structure was lined with colonic epithelium and involved all layers
of the bowel, exhibiting vascular dilation, congestion, and acute inflammation within its wall (Hematoxylin-eosin, x40).

performed (Fig. 2). The procedure was concluded after
formal appendectomy. The postoperative course was
uneventful. Histopathologic examination revealed
colonic tissue involving all bowel layers, exhibiting
vascular dilation, congestion, and acute inflammation,
and suggested an SCD association with diverticulitis
(Fig. 3). The patient was followed up for two years
without complications.

DISCUSSION

Colonic diverticula are commonly observed in older
age groups and are rarely symptomatic. The etiology
of the condition has been linked to a sedentary
lifestyle, obesity, and a diet deficient in fiber. It has
been suggested that diverticula are more frequently

observed in the left colon due to increased intraluminal
pressure, and the disease is considered an acquired
pathology (8). On the other hand, the incidence of
right colonic diverticula has been reported to increase
in conditions such as connective tissue disorders (e.g.,
Marfan  syndrome, Ehlers-Danlos syndrome,
Williams-Beuren syndrome) and neuroenteric anom-
alies like intestinal hypoganglionosis (9). These types
of diverticula may be located throughout the colon and
may be numerous. Because they are contained within
the mucosa-submucosa without involvement of the
muscularis layer, it is still debated whether they are
true diverticula. SCD is considered distinct from other
colonic diverticula due to its location and histopatho-
logic properties, which involve all bowel layers (10).
One theory proposes that SCD arises from a persistent
"temporary appendix" structure, which develops dur-
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ing the first six weeks of the embryologic period and
fails to regress as expected. SCDs are typically located
approximately 2-3 cm from the ileocecal valve and are
positioned anteriorly (11). In our case, the diverticu-
lum was found on the anterior surface of the cecum,
attached via a narrow neck similar to the appendix.
The histopathological examination revealed that the
lesion involved all layers of the normal colonic wall,
and we believe this supports the congenital malforma-
tion theory of SCD etiology mentioned above.

Since its first description, up to 1,000 cases of
SCD have been reported in the literature across vari-
ous age groups (12). In a study by Sardi ef al. (2),
which included 881 adult cases, SCD constituted 3.6%
of all colonic diverticula, with an average age of 43.6
years. It was noted that colonic diverticula are more
frequently encountered in men compared to women.
In a systematic review, data were collected from a total
of 988 patients, aged 20 to 73 years. The male-to-fe-
male ratio in this study was reported to be approxi-
mately 1.12:1 (13). In the pediatric population, it is
difficult to estimate the incidence and the male-to-fe-
male ratio due to its rarity. To date, 18 cases have been
reported, with most of them being case reports (4-7).

SCDs remain asymptomatic unless complicated,
and most of them can be detected incidentally during
surgery. Symptomatic cases most commonly present
with acute abdominal symptoms due to diverticulitis,
bleeding, or perforation (14). Diagnosis of SCD, es-
pecially distinguishing it from appendicitis, can be dif-
ficult (2). In a systematic review of adult series, the
most common symptoms of SCD were right lower
quadrant abdominal pain, nausea and/or vomiting, and
fever, with frequencies of 93.2%, 35.4%, and 26.9%,
respectively (13). In our case, the main complaints
were acute abdominal pain, nausea, vomiting, and loss
of appetite, which mimicked acute appendicitis. Even
in symptomatic cases, preoperative diagnosis of SCD
through imaging is challenging (15).

In the literature, 22.8% of SCD patients were di-
agnosed via radiological imaging, while the remainder
were diagnosed during surgery (13). In a study of 19
patients diagnosed with SCD, Wyble et al. (14) re-
ported that only 2 (11%) were diagnosed preopera-
tively with detailed imaging, but these cases had
previously undergone appendectomy, which allowed
for the diagnosis to be made. On the other hand, in a
prospective study by Chou ef al. (16), involving 934

patients presenting with right lower quadrant pain, it
was emphasized that USG is a more effective tech-
nique for differentiating SCD from appendicitis, with
a sensitivity of 91.3% and specificity of 99.5%. In
studies involving adults, the detection of a segmentally
thickened colonic wall with an oval, hypoechoic struc-
ture protruding from the right colon on US has been
suggested as an indicator of uncomplicated right
colonic diverticula (17). Computerized tomography
(CT) has also been used to diagnose SCD. If compli-
cated, some characteristic appearances, such as thick-
ening of the right colon wall, inflammation in the
surrounding fat tissue, abscess formation, and local
free air, may be diagnostic. However, these nonspe-
cific imaging findings may also be seen in other
pathologies, particularly in cecal carcinoma (18).

In pediatric SCD cases and series, no typical find-
ings have been reported, and it is often incidentally
discovered during surgery for acute abdominal condi-
tions, especially appendicitis (4-7). In our case, pre-
operative USG suggested appendicitis with a fecalith.
As is known, when a fecalith is found on imaging
studies, acute appendicitis is typically diagnosed de-
finitively. We also diagnosed our patient with acute
appendicitis. This is the second case report of a pedi-
atric patient presenting with diverticulitis caused by
fecalith-induced inflammation.

Colonic diverticula, commonly encountered in the
adult patient population, have established treatment
standards. In uncomplicated cases, a conservative ap-
proach involving bowel rest and intravenous antibi-
otics is preferred, while in complicated and
symptomatic cases, more aggressive surgeries such as
diverticulectomy, ileocolic resection, and right hemi-
colectomy are performed (19). On the other hand, the
recurrence rates of uncomplicated SCD during follow-
up have been reported to range from 0% to 25%. For
cases with frequent recurrences or complicated SCD,
surgical resection is undoubtedly the most appropriate
treatment option (20). The choice of surgical proce-
dure depends on the location of the diverticulum and
whether it is complicated. In cases with limited in-
flammation around the diverticulum, diverticulectomy
with primary repair and appendectomy is recom-
mended, while ileocolic resection or right hemicolec-
tomy is recommended for complicated cases (21).
Lane et al. (19) have recommended right hemicolec-
tomy as the first-line treatment for adult SCD cases.
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In their study, the mortality rate for those who under-
went right hemicolectomy was found to be 18%, and
they concluded that hemicolectomy should be re-
served for complicated cases. Diverticulectomy can be
performed by laparotomy or laparoscopy depending
on experience. Due to technical difficulties, prolonged
operative time, and increased anesthesia risks, laparo-
scopic surgery may not be suitable for complicated
cases (22, 23).

Because of pediatric SCD series are limited, there
is no established standard of the management of SCD.
In children with SCD, it is reported that, instead of ag-
gressive approaches, the less aggressive surgical meth-
ods for treatment of SCD are preferred (4-7). In our
presented case, due to the limited inflammation around
the diverticulum, diverticulectomy was preferred, and
laparoscopy was converted to open surgery for safe
excision. In seven (39%) of the reported pediatric SCD
cases from four studies, conservative treatment was
performed as the first-line therapy. Among these pa-
tients, conservative management was successful in
four cases, while two patients subsequently required
surgical intervention. Additionally, in one patient with
a fecalith detected within the SCD, diverticulitis was
treated by colonoscopic removal of the fecalith (4-7).

Although conservative management of uncompli-
cated SCD is considered the first-line treatment in
adult series, surgery may be mandatory when treat-
ment failure and recurrence occur. In various studies,
no recurrences or major complications have been re-
ported during follow-up in patients who underwent ei-
ther simple diverticulectomy or hemicolectomy
(19-23). In our case, no recurrences or complications
were observed during the two-year follow-up period.

CONCLUSION

SCD is a rare condition in children. Due to the absence
of typical signs and symptoms or imaging characteris-
tics, it is often detected during acute abdominal surgery.
There is no standardized approach to its treatment.
When symptomatic or incidentally detected, simple ex-
cision is a safe and effective treatment for SCD.
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