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Editorial

The Northwestern Medical Journal’s editorial board takes a moment as 2025 draws to a close to consider a
year that has reshaped the parameters of patient care, medical practice, and research. This year has been a
celebration of human ingenuity and resiliency, from the busy clinics of urban hubs to the remote outreach
initiatives addressing global health inequities. We invite our readers—clinicians, researchers, educators,
and policymakers—to join us in this time of reflection in this last issue of Volume 5, as we celebrate
accomplishments and map out new paths.

Significant developments over the last nine months highlight the progress of medicine. In addition to
increasing early detection rates for diseases like sepsis and cancer, the broad use of Al in diagnostics has
made high-fidelity imaging more accessible to those in situations with limited resources. We especially
uphold the following ethical imperatives throughout our publication journey: protecting patient privacy,
guaranteeing algorithmic equity, and encouraging interdisciplinary collaboration to stop the digital gap
from escalating health disparities.

We see the full potential of precision medicine shining on the horizon in 2026. Gene-editing treatments,
such as CRISPR-based treatments for uncommon genetic illnesses, are about to make the leap from
research to clinical use. As wearable biosensors usher in an era of proactive, patient-empowered wellness,
the development of telemedicine will further dissolve geographic borders. We promise to give these views
more weight, and we are looking for proposals that consider “for whom and why” in addition to “what
works.” Our request is clear: send us your most audacious concepts, your most meticulous statistics, and
your impactful anecdotes. We can turn evidence into equity if we work together.

As we celebrate this season, we would want to express our sincere gratitude to all of our readers, reviewers,
and writers who help to make Northwestern Medical Journal an essential platform for medical discussion.
May the year’s end encourage us to move forward with bravery, kindness, and inquiry.

Sincerely,
Prof. Ahmet Ural, M.D.
Editor-in-chief
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RESEARCH ARTICLE

HPV status and colposcopy: key predictors in cervical
cancer and precancerous lesion diagnosis
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precancerous lesion diagnosis. Northwestern Med ). 2025;5(4):201-208.

ABSTRACT

Objective: This study aims to evaluate the diagnostic value of high-risk human papillomavirus (HR-HPV) positivity—
particularly HPV type 16—together with cytological findings and colposcopic assessment in detecting cervical
intraepithelial neoplasia (CIN) and cervical cancer.

Materials and Methods: We retrospectively analyzed 781 women who underwent colposcopic examination at a tertiary
healthcare center between January 2020 and April 2024. HPV DNA results and cytological evaluations prior to colposcopy
were reviewed. Histopathological outcomes from cervical biopsy, endocervical curettage (ECC), and probe curettage (P/C)
were examined. Multivariate logistic regression was used to determine the predictors of CIN 2 or more severe lesions.

Results: HPV type 16 was found to be a significant independent predictor of CIN2+ lesions, with an odds ratio of 22.36
(p=0.002) compared to HPV-negative individuals. The model demonstrated statistical significance, and the area under the
curve (AUC) was calculated as 0.679, indicating moderate diagnostic performance. Other HPV genotypes and unknown
HPV status also showed a significant association with higher-grade lesions.

Conclusion: HR-HPV, and particularly HPV 16, is strongly associated with the presence of advanced cervical lesions.
Women testing positive for HPV 16 should undergo close surveillance and timely colposcopic evaluation by specialists to
enable early diagnosis and prevent progression to invasive cervical cancer.

Keywords: HPV 16, cervical cancer, colposcopy, CIN2+, precancerous lesion
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INTRODUCTION

Cervical cancer remains one of the most common
malignancies affecting women worldwide and ranks
fourth among all cancers in terms of incidence (1).
What makes this disease unique is that it has a well-
defined and preventable cause—persistent infection
with high-risk human papillomavirus (HR-HPV) (2).
Thanks to advancements in vaccination and screening
programs, the burden of cervical cancer has decreased
in many countries; however, it continues to be a serious
public health issue, especially in regions with limited
access to preventive care (3).

The early stages of cervical cancer and precancerous
lesions often present no symptoms, complicating
timely detection. Symptoms such as abnormal vaginal
discharge or postcoital bleeding typically appear in
more advanced stages (4,5). Therefore, early detection
methods are vital to identify and treat lesions before
they progress (6).

Among the established risk factors, persistent HR-
HPV infection—especially with types such as HPV 16
and 18—has been recognized as the principal cause of
high-grade cervical intraepithelial neoplasia (CIN) and
cervical cancer (7-10). Although most HPV infections
resolve spontaneously, a small proportion may persist
and eventually lead to malignant transformation
(11,12). This underlines the importance of HPV-based
screening strategies, in addition to traditional cytology
(13-15).

Colposcopy serves as a bridge between screening
and definitive diagnosis. It allows targeted biopsy of
suspicious areas, increasing the diagnostic yield in
patients with abnormal cytology or positive HPV tests.
However, the accuracy of colposcopic evaluation can
vary depending on the examiner’s experience and
the nature of the lesion, which makes it essential to
combine clinical findings with objective markers like
HPV status (16-18).

In this study, we aim to explore the diagnostic value
of HR-HPV positivity—especially HPV 16—and its
correlation with cytological results and colposcopic
findings. We also investigate their collective utility
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in predicting high-grade lesions (CIN2+), which are
crucial for timely intervention.

MATERIALS AND METHODS

A total of 781 patients who underwent colposcopy
in the gynecological oncology clinic of a tertiary
hospital between January 2020 and April 2024 were
included in this study. Considering the cytological
evaluation and HPV status of these patients prior
to the colposcopy procedure, the results of their
cervical biopsy, endocervical canal curettage, and
probe curettage performed during colposcopy were
statistically evaluated. The pathological diagnoses
based on cervical biopsy were categorized as CIN |
(mild dysplasia; 170 cases), CIN Il (moderate dysplasia;
16 cases), CIN Il (severe dysplasia and carcinoma in
situ; 73 cases), and cervical cancer (6 cases) (19).

The patients who met the following criteria were
included in this research:

« Detection of HR-HPV DNA and colposcopy;

« Subjective symptoms such as bleeding after sexual
intercourse or increased vaginal discharge;

« Comprehensive clinical and imaging data;
« Age of 18 years or older and sexual experience;

- Patient agreement to participate in the current
research.

The following criteria were used to exclude patients

from the study:
« Administration of and/or

chemotherapy;

radiotherapy

« Pregnancy or lactation;

« Previous cervical surgery;

« Other gynecological malignancies;

« Infections caused by other viruses;

« Infectious lesions in the vagina;

« Autoimmune disorders;

« History of hysterectomy;

« Less than 24 hours since last sexual intercourse;
« Within 48 hours of using vaginal medication;

» Ongoing menstruation.



In this study, SPSS 26 was used for statistical
analysis of the data. For continuous variables, the
mean * standard deviation was used to describe the
distribution. Categorical variables were expressed as
frequencies and percentages. The performance of age,
HPV status, and single or multiple HPV infections in
predicting the presence of CIN 2 and higher lesions on
cervical biopsy was analyzed using logistic regression.
The model's performance in predicting CIN 2 and
above lesions was visualized by the area under the ROC
curve (AUC). The statistical significance level was set
at p <0.05 and two-tailed.

This study was conducted in accordance with the
ethical principles of the Declaration of Helsinki. Ethical
approval was obtained from the Ethics Committee of
Necmettin Erbakan University Faculty of Medicine
(Approval No: 19293, Date: 17.05.2024). Since the
study was retrospective in nature, all data were
collected anonymously, and informed consent was
deemed not required as per the ethics board’s decision.

RESULTS

In this study, 781 patients who underwent colposcopy
were analyzed. The mean age of the patients was
42.7 + 9.48 years. The distribution of HPV positivity,
additional HPV presence, smear results, cervical biopsy
results, Endocervical Canal Curettage (ECC) results and
Probe Curettage (P/C) results is presented in Table 1.

In Table 2, the distribution of cervical smear results
according to HPV status is presented. The striking
situation here is that HPV DNA positivity increases the
cytological ASCUS status.

In Table 3, the distribution of cervical biopsy results
according to HPV status is presented. It is noteworthy
that HPV 16 DNA-positive patients constitute 20.3% of
the CIN 2 and above lesions in cervical biopsy results.

In Table 4, the distribution of endocervical curettage
(ECC) results according to HPV status is presented.
Again, the association of HPV DNA 16 with lesions of
CIN 2 and above was observed to increase.

In Table 5, the distribution of probe curettage (PC)
results according to HPV status is presented.

Northwestern Med J. 2025;5(4):201-208

Table 1. Clinical features and histopathological findings
in a cohort of patients undergoing colposcopy

Variable (n=781)

Mean = SD, n (%)

Age (year) 42.7 +9.48
HPV
HPV 16 277 (35.5%)
HPV18 72(9.2%)
Unknown 56 (7.2%)
Other 283 (36.2%)
Negative 93 (11.9%)
Presence of additional HPV
HPV18 18 (2.7%)
Other 78 (11.9%)
None 560 (85.4%)
Smear Results
AGC 1(0.1%)
ASC-H 13(1.7%)
ASCUS 199 (25.5%)
Unknown 81(10.4%)
Inflammation 20 (2.6%)
HSIL 2(0.3%)
LSIL 76 (9.7%)
Negative 378 (48.4%)
Insufficient 11(1.4%)

Cervical Biopsy Results

Not Taken

115 (14.7%)

Benign 401(51.3%)
CIN1 170 (21.8%)
CIN2 16 (2.0%)
CIN3 73(9.3%)
Malignant 6 (0.8%)
ECC
Not Taken 309 (39.6%)
Benign 435 (55.7%)
CIN1 14 (1.8%)
CIN2 1(0.1%)
CIN3 20 (2.6%)
Malignant 2(0.3%)
PC
Not Taken 700 (89.6%)
Benign 76 (9.7%)
Premalignant 4(0.5%)
Malignant 1(0.1%)

AGC: Atypical Glandular Cells; ASC-H: Atypical Squamous Cells-High;
ASCUS: Atypical Squamous Cells Undetermined Significance; HSIL: High
Grade Squamous Intraepithelial Lesion; LSIL: Low Grade Squamous
Intraepithelial Lesion; CIN: Cervical Intraepithelial Neoplasia; ECC:
Endocervical Canal Curettage; PC: Probe Curettage.
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Table 2. Distribution of cervical smear results according to HPV status

HPV Status
Smear
HPV Negative HPV 16 HPV 18 HPV Other HPV Unknown

Inadequate 2(2.2%) 7 (2.5%) 1(1.4%) 1(0.4%) 0(0.0%)
Negative 54 (58.1%) 149 (53.8%) 44 (61.1%) 123 (43.5%) 8 (14.3%)
Inflammation 1(1.1%) 10 (3.6%) 2(2.8%) 7 (2.5%) 0(0.0%)
AGC 0(0.0%) 1(0.4%) 0(0.0%) 0(0.0%) 0(0.0%)
ASCUS 15(16.1%) 55 (19.9%) 18(25.0%) 107 (37.8%) 4(7.1%)
LSIL 17 (18.3%) 23(8.3%) 2(2.8%) 2(11.3%) 2(3.6%)
ASC-H 3(3.2%) 6(2.2%) 0(0.0%) 4(1.4%) 0(0.0%)
HSIL 0(0.0%) 1(0.4%) 0(0.0%) 1(0.4%) 0(0.0%)
Unknown 1(1.1%) 25(9.0%) 5(6.9%) 8(2.8%) 42 (75.0%)

AGC: Atypical Glandular Cells, ASC-H: Atypical Squamous Cells-High, ASCUS: Atypical Squamous Cells Undetermined Significance, HSIL: High Grade
Squamous Intraepithelial Lesion, LSIL: Low Grade Squamous Intraepithelial Lesion.

Table 3. Distribution of cervical biopsy results according to HPV status

Cervical Bx HPV Status

HPV Negative HPV 16 HPV 18 HPV Other HPV Unknown
Not received 13 (14.0%) 32 (11.6%) 12 (16.7%) 56 (19.8%) 2(3.6%)
Benign 9(63.4%) 123 (44.4%) 38 (52.8%) 143 (50.5%) 38(67.9%)
CIN1 0(21.5%) 66 (23.8%) 16 (22.2%) 58 (20.5%) 10 (17.9%)
CIN 2 0(0.0%) 6 (2.2%) 2 (2.8%) 7 (2.5%) 1(1.8%)
CIN3 1(1.1%) 47 (17.0%) 3(4.2%) 18 (6.4%) 4(7.1%)
Malignant 0(0.0%) 3(1.1%) 1(1.4%) 1(0.4%) 1(1.8%)
Bx: Biopsy, CIN: Cervical intraepithelial neoplasia.
Table 4. Distribution of endocervical curettage results according to HPV status

HPV Status

ECC

HPV Negative HPV 16 HPV 18 HPV Other HPV Unknown
Not received 38 (40.9%) 117 (42.2%) 11 (15.3%) 120 (42.4%) 23 (41.1%)
Benign 4(58.1%) 140 (50.5%) 59 (81.9%) 151 (53.4%) 31(55.4%)
CIN1 0 (0.0%) 4(1.4%) 1(1.4%) 8(2.8%) 1(1.8%)
CIN 2 0(0.0%) 0(0.0%) 0(0.0%) 1(0.4%) 0(0.0%)
CIN3 1(1.1%) 16 (5.8%) 0(0.0%) 3(1.1%) 0 (0.0%)
Malignant 0(0.0%) 0(0.0%) 1(1.4%) 0(0.0%) 1(1.8%)

ECC: Endocervical curettage, CIN: Cervical intraepithelial neoplasia.
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Table 5. Distribution of probe curettage results according to HPV status

HPV Status
Probe curettage .
HPV Negative HPV 16 HPV 18 HPV Other HPV Unknown
Not Taken 76 (81,7%) 254 (91,7%) 68 (94,4%) 253 (89,4%) 49 (87,5%)
Benign 16 (17,2%) 22 (7,9%) 3(4,2%) 29 (10,2%) 6(10,7%)
Premalignant 1(1,1%) 1(0,4%) 0(0,0%) 1(0,4%) 1(1,8%)
Malignant 0(0,0%) 0(0,0%) 1(1,4%) 0(0,0%) 0(0,0%)

Table 6. Logistic multivariate regression analysis to predict CIN2 and above lesions

Predictors Estimate SE z p Odds Ratio = 95% Cl Lower | 95% Cl Upper
Intercept -3.83 1.11 -3.42 0.001 0.02 0.002 0.194
Age -0.01 0.01 -1.37 0.169 0.98 0.960 1.007
HPV status
HPV 16- Negative 3.10 1.02 3.04 0.002 22.36 3.024 165.361
HPV18- Negative 2.08 1.09 1.90 0.057 8.07 0.940 69.346
Unknown- Negative 2.41 1.09 2.20 0.027 11.21 1.311 95.820
Other HPV- Negative 2.24 1.02 2.18 0.029 9.45 1.265 70.721
Multiple HPV inf. status
Multi HPV inf. - Single HPV inf. 0.17 0.30 0.55 0.580 1.18 0.647 2.178
Logistic multivariate regression analysis to predict -
CIN2 and above lesions revealed several important '
predictors. Several model fit measures were used to
assess the overall fit of the model. The deviation value
was 541, the AIC (Akaike Information Criterion) value e
was 555 and the BIC (Bayesian Information Criterion) s
value was 587. Cox & Snell R? value was 0.0648 and g
Nagelkerke R? value was 0.0896. The chi-square (x?) g m
value testing the overall goodness of fit of the model @
was 37.5 with 6 degrees of freedom and a p-value
less than 0.001. These results show that the model ad
is statistically significant and explains the data well AUC: 0.679
(N=781). Age was not a significant predictor, with an
odds ratio of 0.98 (95% Cl: 0.960 to 1.007, p=0.169). 000/ i , , ,
Regarding HPV status, HPV 16 was a significant 0.00 025 0.50 0.75 1.00
predictor with an odds ratio of 22.36 (95% Cl: 3.024 1 - Specificity

to 165.361, p=0.002) compared to HPV Negative.
Compared to HPV Negative, HPV 18 approached
significance with an odds ratio of 8.07 (95% Cl: 0.940
to 69.346, p=0.057). Compared to HPV Negative,
unknown HPV was significant with an odds ratio of
11.21 (95% Cl: 1.311 to 95.820, p=0.027). Other HPV
types were also significant, with an odds ratio of 9.45
(95% Cl: 1.265 to 70.721, p=0.029) compared to HPV
Negative. Multiple HPV infections, compared to single
HPV infection, were not significant with an odds ratio

Figure 1. Performance of the logistic regression
analysis model in predicting CIN2 and above lesions
by ROC Curve

of 1.18 (95% Cl: 0.647 to 2.178, p = 0.580) (Table 6).
The model's performance in detecting CIN2 and above
lesions is illustrated in Figure 1, with an AUC (Area
Under the Curve) of 0.679, indicating a moderate
level of diagnostic accuracy. The results of the logistic
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regression analysis show that the model is statistically
significant (p<0.05) and the AUC value for detecting
CIN2 and above lesions is 0.679. This value indicates a
moderate level of diagnostic accuracy.

DISCUSSION

Previous studies have consistently demonstrated
that high-risk HPV infections are closely linked to the
development of cervical precancerous changes and
invasive cervical cancer. Moreover, nearly all cervical
cancer specimens have been found to contain high-risk
HPV DNA, reinforcing its pivotal role in the carcinogenic
process (20). Therefore, the present study focused on
evaluating the prevalence of HR-HPV positivity across
different categories of cervical lesions. Our findings
revealed that HR-HPV positivity was significantly
more frequent in CIN2+ lesions compared to CIN1
and benign biopsy outcomes. This observation aligns
with findings reported in a previous study, which
demonstrated a similar distribution of HR-HPV among
high-grade lesions (21).

Notably, patients who tested positive for HPV 16 DNA
had a 22.36-fold increased risk of developing CIN2 or
more severe lesions compared to those without HPV
infection.

Interestingly, individuals with unknown HPV DNA
status were also found to have an 11.21 times greater
likelihood of harboring CIN2+ lesions compared to
HPV-negative counterparts. Salvadé et al. reported
that HPV 16 infection, along with a history of
HSIL cytology, were significant predictors for the
persistence or advancement of CIN2 lesions (22). This
finding is in agreement with the results of our study.

In another study by Tian et al., HPV status, somatic
mutations, and copy number variations were used as
important biomarkers for risk classification of CIN2+
lesions. Machine learning algorithms successfully
classified the risk of lesions using these biomarkers
(23). These findings support the approach of our study,
which also utilized predictive modeling to estimate the
risk of CIN2+ lesions prior to diagnostic procedures.
The AUC value (0.679) calculated from our logistic
regression model indicates a moderate diagnostic
capability for identifying CIN2 and more advanced
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lesions. This result underscores the clinical relevance
of HPV genotyping, especially in the context of triaging
patients for further evaluation. It also highlights the
need for close monitoring of patients with HPV 16
positivity, given the elevated risk levels associated
with this genotype.

In a study by Quint et al., it was observed that most
CIN lesions were linked to a single HPV genotype, even
in the presence of multiple infections. This suggests
that individual lesions may be driven predominantly
by one high-risk type, which is consistent with our
findings (24). The strong association between HPV
16 and CIN2+ lesions observed in our cohort further
reinforces this conclusion.

This relationship holds particular significance
for family physicians managing primary care and
gynecologists working in secondary care settings.
Identifying HPV 16-positive patients should prompt
referral for colposcopic evaluation by experienced
gynecologic oncology specialists. Our findings confirm
that HPV 16 is strongly correlated with higher-grade
cervical lesions (OR: 22.36, p=0.002). This highlights
its importance as a clinical marker and underscores
the necessity for vigilant follow-up strategies in this
population.

Since cervical precancerous lesions are often
asymptomatic and lack distinct visual features, early
detection is particularly challenging. Colposcopy
remains a valuable, non-invasive diagnostic tool that
enhances biopsy precision and reduces the likelihood
of diagnostic errors (25). When performed by trained
specialists, colposcopy allows magnified visualization
of cervical surface changes, facilitating targeted
biopsies based on vascular and epithelial morphology.
Previous research has shown that, despite its utility,
colposcopy may sometimes yield inaccurate results due
to variability in operator experience and interpretation
(26-28). The subjective nature of the procedure
can influence diagnostic accuracy, emphasizing the
importance of integrating objective markers such as
HPV typing into clinical workflows (29-31).

HR-HPV testing has become increasingly vital
in cervical cancer screening due to its improved
sensitivity compared to cytology. It also allows for risk



stratification in patients with ambiguous cytological
findings, reduces the testing burden in HPV-negative
individuals, and contributes to a more efficient
screening process overall (32-34).

CONCLUSION

The combination of HR-HPV testing and colposcopy
contributes significantly to the early detection of
cervical cancer and its precancerous stages. Moreover,
a higher HR-HPV positivity rate appears to correlate
with increased lesion severity. A limitation of this
study is its retrospective design and the variability in
colposcopic assessment due to different gynecologic
oncologists performing the procedures.
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ABSTRACT

Aim: Patients undergoing orthognathic surgery frequently seek online resources to better understand the procedure, risks,
and outcomes. As generative artificial intelligence (Al) models are increasingly integrated into healthcare communication,
it is essential to evaluate their ability to deliver accurate, comprehensive, and readable patient information.

Methods: This study conducted a comparative assessment of two large language models (LLMs)—ChatGPT-4.5 and
DeepSeek-V3-R1—in answering frequently asked orthognathic patient questions, analyzing accuracy, completeness,
readability, and quality across English (EN) and Turkish (TR). Twenty-five patient-centered questions categorized
into five clinical domains yielded 200 Al-generated responses, independently evaluated by two oral and maxillofacial
surgeons (OMFSs) using a multidimensional framework. Statistical analyses included non-parametric tests and inter-
rater reliability assessments (Intraclass Correlation Coefficient (ICC), and Cohen’s Kappa).

Results: Significant differences emerged across clinical categories in difficulty and accuracy scores (p <0.05). Questions
in the “Postoperative Complications & Rehabilitation” category were least difficult, while those in “Diagnosis &
Indication” category were rated most difficult but achieved the highest accuracy and quality ratings. English (EN)
responses significantly outperformed Turkish (TR) responses in readability, word count, and accuracy (p <0.05), though
completeness and quality did not differ significantly by language. No significant performance differences were found
between the two chatbots. Inter-observer agreement was generally high, except for completeness (p = 0.001), where
Observer-1 assigned higher scores.

Conclusion: Both LLMs effectively generated clinically relevant responses, demonstrating substantial potential as
supplemental tools for patient education, although the superior performance of EN responses emphasizes the need for
further multilingual optimization.

Keywords: ChatGPT, DeepSeek, large language models, orthognathic surgery, patient education
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INTRODUCTION

The use of the internet for accessing health-related
information has markedly increased in past three years
(1). Orthognathic surgery, essential for managing
dentofacial deformities, prompts many patients
to seek information online due to limited access
to specialists and the complexity of the treatment
process. Patients typically investigate the surgical
procedure, recovery timeline, associated risks, costs,
and expected outcomes (2). Research shows that
this information-seeking behavior intensifies during
the decision-making period and preoperative phase,
primarily via medical websites, blogs, and forums (3).
Postoperative information needs also persist and are
often addressed through professional communication
and support networks (4). This trend highlights both
the procedure’s growing prevalence and the critical
need for reliable, accessible information.

Findings over the past two years highlight Al’s
growing effectiveness and reliability in medical
contexts, underscoring its expanding role in patient
counselling and information dissemination. Recent
studies have assessed how LLMs—including ChatGPT,
DeepSeek—respond to patient queries in healthcare
(5-9). ChatGPT-4.5 (developed by OpenAl, USA) and
DeepSeek-V3-R1 (developed by DeepSeek-Al, China)
are increasingly used in healthcare for responding
to patient queries, owing to their advanced natural
language processing capabilities. ChatGPT-4.5 is the
latest model in OpenAl’s GPT series, while DeepSeek-
V3-R1 is the latest interactive model trained on
large-scale datasets in DeepSeek-Al models. Both
models stand out for their ability to generate fast
and comprehensive responses to complex medical
questions (10).

This study aimed to compare ChatGPT-4.5 and
DeepSeek-V3-R1 in terms of response accuracy,
comprehensiveness,  readability, and  overall
quality for frequently asked patient questions on
orthognathic surgery. It also evaluated the effects of
language (EN vs. TR) and question difficulty on model
performance. As the first study to provide a cross-
linguistic comparison of LLM outputs in this context, it
underscores the potential of these models to enhance

210

access to trustworthy health information and reduce
language-based communication barriers. Supporting
standardized, multilingual communication in global
healthcare was a key motivation for this research.

MATERIAL AND METHODS

Study design

Since this research did not involve human subjects or
personal health data, formal ethical approval was not
required. Nonetheless, all testing was conducted in
a neutral setting to uphold the integrity of the study.
To enhance transparency and ensure methodological
consistency, the METRICS framework (Model,
Evaluation, Timing, Range/Randomization, Individual
factors, Count, and Specificity of prompts and
language) was adopted (11). This structured approach
also contributes to standardizing Al evaluations
in healthcare and minimizing potential sources of
bias. The methodological workflow of the study is
summarized in Figure 1.

To simulate an average user experience and reduce
potential bias, both models were accessed via a newly
created Google account using the “Continue with
Google” option. Prior to testing, all browsing history,
cookies, and cache were deleted by selecting the “Clear
Browsing Data” option with the time range set to “All
Time”.
Question development,
sampling

categorization and

The sample of patient-centered questions was derived
using a purposive sampling strategy, specifically
combining expert clinical input with a structured
review of existing patient education materials. The
authors created a preliminary question pool by
adapting content from published literature (2,12-
14) and reviewing patient guidelines issued by
professional bodies, such as the American Association
of Oral and Maxillofacial Surgeons (AAOMS) and the
British Association of Oral and Maxillofacial Surgeons
(BAOMS). Additional questions were identified
through a targeted Google search using keywords such

as “orthognathic surgery”, “patient FAQs (frequently
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Figure 1. Flowchart of the study.

asked questions)”, and “patient guide”, focusing on the
top-ranking results from reputable hospital and clinical
websites, including large academic medical centers
and national surgical institutes.

Northwestern Med J. 2025;5(4):209-221

The  emphasis was placed on thematic
representativeness and content saturation, rather than
statistical generalizability, aligning with the principles
of purposive sampling as outlined by Etikan et al.
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(15). This approach ensured the inclusion of clinically
relevant, high-frequency, and informative questions
for comparative evaluation across Al models.

The final set of 25 patient-centered questions
was selected after excluding those with financial
content and removing duplicates (Table 1). To
enhance analytical consistency, the questions were
ontologically categorized according to the medical

process-based framework proposed by Chong et
al. (16), which classifies patient inquiries into five
distinct domains: (1) Diagnosis & Indication, (2)
Treatment & Planning, (3) Surgical Process & Timing,
(4) Postoperative Complications & Rehabilitation, and
(5) Long-Term Outcomes. This classification facilitated
a structured analysis of Al model performance across
different stages of the orthognathic surgery care
continuum (Figure 2).

Table 1. Patient questions and the categories

ID | Question

Category

What exactly is orthognathic surgery?

Who needs orthognathic surgery?

Which conditions can orthognathic surgery address?

Can this surgery be done purely for cosmetic reasons, even if there’s no functional issue? | Diagnosis & Indication

At what age is orthognathic surgery performed?

How do I know if | need orthognathic surgery vs. just orthodontic treatment?

How do | find or choose a qualified surgeon and orthodontist for my treatment?

Do | need braces before orthognathic surgery?

Treatment & Planning

O | 0 N oo U | b W N

How should | prepare for jaw surgery and how?

=
o

How is orthognathic surgery performed?

—
=

How long does orthognathic surgery take?

Operation Process & Time

=
N

What type of anesthesia is used?

=
w

Will I need to have my jaws wired shut, and for how long?

=
D

What is the typical recovery time after orthognathic surgery?

15 | Is the procedure painful, and what can | expect in terms of post-operative discomfort?

Postoperative Complications
& Rehabilitation

16 | How do I manage swelling and other potential side effects after surgery?

17 | Is numbness or loss of sensation normal after surgery, and will it go away over time?

18 | What are the potential risks and complications of orthognathic surgery?

19 | How soon can | return to work or school after surgery?

20 Does having this surgery improve facial appearance as well as jaw function?

21 | Will orthognathic surgery affect speech or eating in the long run?

22 Arethere any long-term lifestyle changes required after orthognathic surgery?

23 | Can | have symmetry disorder in my face after surgery?

Long-Term Results

24 Does this surgery correct breathing or snoring problems?

25 | After orthognathic surgery, may | need to have another operation in the future?
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Diagnosis & Indication
Long-Term Results

Treatment & Planning

Postoperative Complications & Rehab

Operation Process & Time

Figure 2. Question distrubution according to the
categories.

Questioning

Access to ChatGPT (OpenAl) and DeepSeek Al was
obtained through active subscriptions to ChatGPT-4.5
and DeepSeek-V3-R1, which offerimproved processing
power, priority usage, and increased accuracy through
the latest updates. To systematically evaluate the
models, two independent researchers conducted the
questioning sessions. One researcher interacted with
the models in Turkish (TR), while the other did so in
English (EN).

All interactions were carried out using newly created
user accounts in a clean browsing environment (with
cleared cookies, cache, and history) to minimize
contextual bias. Each session was conducted on a
different day to reduce potential carry-over effects,
and every question was submitted in a distinct
conversation thread to ensure isolated contextual
modeling using newly created accounts and a clear
browsing environment.

Response collection

Model outputs were systematically collected across
four distinct language-model pairings: ChatGPT (TR),
ChatGPT (EN), DeepSeek (TR), and DeepSeek (EN).
All responses were preserved in their entirety and
archived in a structured format to ensure consistency
and enable comparative evaluation.

Response evaluation

Model-generated answers were assessed using a
multi-dimensional framework incorporating both
quantitative and qualitative indicators (2,14). The

Northwestern Med ). 2025;5(4):209-221

evaluation was conducted by two board-certified
OMFSs, who independently and blindly scored all
200 responses. The responses—randomized across
both models—were anonymized such that evaluators
were unaware of the originating model. Both raters
possessed advanced proficiency in English and native-
level fluency in Turkish, ensuring reliable linguistic
judgment across both language sets.

Question difficulty was categorized as easy, medium,
or hard based on Goodman et al. (17). Accuracy was
rated on a 6-point Likert scale, and completeness on
a 3-point scale, with intermediate scores reflecting
partial correctness. Readability was assessed using
language-specific tools: the Flesch-Kincaid Grade Level
(FKGL) for English (7,18) and the Atesman Formula for
Turkish (19-21). Overall answer quality was evaluated
using the 5-point Global Quality Score (GQS), reflecting
scientific accuracy, clarity, and informativeness (22).
Text length was calculated as total word count using
Microsoft Word (Microsoft Corporation, Redmond,
WA, USA) (see Table 2 for detailed scoring criteria).

The FKGL score is derived from average sentence
length and syllables per word, with lower scores
indicating simpler, more accessible language (18).
For TR responses, readability was evaluated using
the Atesman Formula, a well-established metric
adapted from the Flesch Reading Ease Index (FREI) for
the TR language. The formula incorporates average
word and sentence lengths to generate a numerical
readability score, where higher values indicate
easier comprehension (19,23). In addition, Microsoft
Word’s built-in readability analysis was used as a
supplementary tool to validate the scoring consistency.

Statistics

All statistical analyses were performed using SPSS
version 26.0 (IBM Corp., Armonk, NY, USA). Descriptive
statistics were used to summarize participant and
response characteristics. The normality of continuous
variables was assessed using the Shapiro-Wilk test
(p <0.001). For variables that did not follow a normal
distribution, non-parametric tests were employed,
including the Mann-Whitney U test and Kruskal-Wallis
test for group comparisons. The inter-rater agreement
between the two evaluators was analyzed using the
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Table 2. Evaluation framework for model responses

Evaluation Dimension | Metric/Tool Scale/Range Description
Easy Classification based on clinical and linguistic
Question difficulty Cathegorical Medium complexit
Hard prexity
1 = Completely incorrect
2 = Mostly incorrect
Accurac 6-Point 1-6 3 = Contains some factual errors
y Likert Scale 4 = Partially correct
5 = Mostly accurate
6 = Completely accurate
. 1 = Inadequate
Completeness 3.—P0|nt 1-3 2 = Moderately complete
Likert Scale
3 = Comprehensive
1-5 = Very easy to read
. 6-8 = Easy to read
Readability (English) tclilseclh(;:f(lglc_?ld Grade (Geradegl%\;el 9-12 = Fairly difficult / Standard
8 - 13-16 = Difficult to read
17+ = Very difficult / Academic or technical material
90-100 = Very easy to read
70-89 = Easy to read
Readability (Turkish) Ateman Formula/ Score 50-69 = Fairly difficult / Standard
Microsoft Word (e.g., 0-100)
oY 30-49 = Difficult to read
0-29 = Very difficult / Academic or technical material
1 =Very poor
Global Quality Score 2 = Poor
Overall quality (GQS) 1-5 3 = Moderate
4 = Good
5 = Excellent quality
Microsoft Word Numeric word .
Text length (Microsoft Corp,, USA) | count Total number of words in the model response

Intraclass Correlation Coefficient (ICC) and Weighted
Cohen's Kappa. Furthermore, the inter-observer
consistency was appraised by means of the Wilcoxon
signed-rank test. All results were interpreted within
a 95% confidence interval, and a p-value <0.05 was
considered statistically significant.

RESULTS

The majority of the questions were categorized
under the headings "Postoperative Complications &
Rehabilitation" and "Long-Term Outcomes," with a
balanced distribution across language groups, chatbots,
and observers. Descriptive statistics for question
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difficulty, word count, accuracy, completeness,
readability, and overall quality are presented in Table
3.

Statistical comparisons revealed significant differences
in difficulty scores based on question category (p
<0.001), with “Diagnosis & Indication” questions rated
as significantly more difficult than those in “Surgical
Process & Timing” and “Postoperative Complications &
Rehabilitation”. Word count did not vary significantly
by category. Despite the higher difficulty scores,
accuracy scores were also significantly higher in the
“Diagnosis & Indication” compared to “Postoperative
Complications & Rehabilitation” category (p = 0.013)
(Table 4).



Table 3. Descriptive statistics about questionnaire

Variables Mean. £ S.D. Median
(Min.Max.)

Difficulty 1.9+0.7 2(1-3)
Word count 289.8 +108.3 279 (81-596)
Accuracy 49+0.9 5(3-6)
Completeness 2.7+0.5 3(2-3)
Readability 39+1.1 4(2-6)
Quality 3.9+0.9 4(2-5)
Category n %
Diagnosis & Indication 40 20
Treatment & Planning 32 16
Operation process & Time 24 12

Postoperative
Complications & 56 28
Rehabilitation

Long term results 48 24
Language n %
TR 100 50
ENG 100 50
Chatbot n %
ChatGPT 100 50
DeepSeek 100 50
Observer n %
Observer-I 100 50
Observer-I| 100 50

Language comparisons showed that EN responses had
significantly higher word counts (p<0.001), higher
accuracy (p = 0.047), and higher readability scores
(p <0.001) compared to TR responses (Table 5). No
statistically significant differences were observed
between ChatGPT and DeepSeek models in terms
of difficulty, word count, accuracy, completeness,
readability, or quality (Table 4). Similarly, completeness
and quality scores did not significantly differ by
language (Table 5).

A comparison of the evaluators' scores revealed
significant discrepancies in the completeness ratings
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(p <0.001), with Observer | assigned higher ratings
than Observer Il. In a similar vein, Observer | provided
substantially higher quality scores. Despite these
differences, the inter-rater reliability was found to
be strong to perfect across all evaluation criteria,
with ICC and weighted Cohen's Kappa values ranging
from 0.374 to 1.000 (p <0.001 for all metrics). These
findings suggest that while subjective interpretation
may influence dimensions, particularly
completeness and quality, the overall scoring
framework demonstrated a high level of consistency
and reliability between evaluators (Table 5).

certain

DISCUSSION

In this study, responses generated by two large
language models—ChatGPT-4.5 and DeepSeek-
V3-R1—to patient questions on orthognathic surgery
were evaluated using a multidimensional framework.
Analysis of 200 outputs showed that both models
produced responses with high accuracy and quality,
and similar word count and scope. However, EN
responses significantly outperformed TR ones in terms
of accuracy and readability, likely due to the uneven
distribution of training data across languages (24).
Notably, the “Diagnosis & Indication” category, despite
its higher difficulty level, received the highest accuracy
scores—contrary to previous findings (6). This
suggests that structured knowledge domains, such as
diagnostic content, may enhance model performance
even on complex queries.

The methodological framework of this study aligns
with prior research in the field (6,17,25,26). In
designing the evaluation protocol, several established
health content quality assessment guidelines were
reviewed, including METRICS, CLEAR (Communication,
Language, Evaluation, and Review), and MI-CLEAR-
LLM (Minimum Reporting Items for Clear Evaluation
of Accuracy Reports of Large Language Models in
Healthcare) (11,27,28). The most applicable and
pragmatic elements from these frameworks were
selectively integrated into the METRICS-based
assessment applied in this study.
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Previous studies have shown that LLMs generally
provide satisfactory responses to medical questions
intended for patient education. Goodman et al. and
Beheshti et al. reported that models such as ChatGPT
are capable of generating accurate and useful medical
content (17,29). Comparative evaluations of various
LLMs—such as ChatGPT, Gemini, Bard, Claude,
Copilot, and DeepSeek—indicate that ChatGPT is the
most frequently studied model, with English being
the dominant language of analysis (5-9,22). While
direct comparisons between ChatGPT and DeepSeek
remain limited, it has been showed that both models
performed similarly when responding to complex,
multi-domain queries—an observation that aligns with
our own findings (10,23).

In the present study, open-ended, prompt-
free questions were used to simulate a realistic
conversational setting. The impact of prompt usage and
question format on model performance has also been
addressed in the literature, particularly in healthcare,
where the absence of prompts in open-ended queries
has been linked to accuracy issues (e.g., hallucination
effects) (6,7,14,30-32). In their systematic review,
Beheshti et al. highlighted that many studies failed
to evaluate the influence of prompt design (29).
Nevertheless, further research is warranted to clarify
the role of prompt engineering in medical applications.

This study offers one of the first comparative analyses
of two LLMs across both EN and TR, addressing the
gap in the literature where evaluations are often
limited to a single language (2,17,26). The dominance
of EN in model training and the lack of standardized
cross-linguistic evaluation metrics contribute to this
limitation (24).

Readability was assessed using language-specific
tools: the FKGL for EN and the Atesman Formula for
Turkish (a well-established metric adapted from
the FREI) (18,21). To our knowledge, this is the first
study to directly compare the readability of ChatGPT
and DeepSeek responses in TR versus EN. While the
American Medical Association (AMA) and National
Institutes of Health (NIH) recommend health materials
be written at a sixth-grade reading level (4), our
findings, consistent with previous work (14,26), show
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that most responses exceed this threshold. Notably,
TR responses exhibited lower (i.e., better) readability
scores, suggesting improved accessibility for native
speakers.

Prompt usage has been shown to enhance factual
accuracy but not necessarily readability (7). Overall, the
higher accuracy and readability of EN responses likely
reflect the greater volume of training data in EN (24).
These findings underscore the need for multilingual
training and evaluation strategies, especially for low-
resource languages like TR. Moreover, differences in
text length and linguistic structure may also influence
readability outcomes. By addressing the bilingual
evaluation gap, this study contributes to promote
equitable and comprehensible health communication
(2,14,26).

Previous research indicates that online sources,
including social media, provide predominantly low-
quality orthognathic surgeryinformation, characterized
by subjective patient experiences (33). Bavbek et al.
particularly highlighted the poor quality of Turkish-
language online resources on orthognathic surgery
(3). However, recent advances in Al-based chatbots,
such as ChatGPT and Google Gemini, have significantly
enhanced content reliability by incorporating academic
literature and professional guidelines (2,14). Despite
these improvements, issues regarding readability and
accuracy persist, warranting cautious integration into
clinical practice (4). Notably, no prior studies have
evaluated DeepSeek’s performance in orthognathic
patient education, emphasizing our study’s novel
contribution in comparing model performance across
languages, particularly in TR.

This study offers several strengths, including the
evaluation of four model-language combinations,
the ontological categorization of patient questions,
blinded expert-based scoring, and a multidimensional
assessment framework encompassing accuracy,
completeness, readability, and quality. Furthermore,
although there is currently no consensus on
standardized  criteria for evaluating chatbot
performance in health literacy contexts (11,14,27,28),
this study addressed that gap by adapting elements
from existing guidelines—particularly the METRICS



framework—to guide its evaluation process.
However, certain limitations of this study should be
acknowledged.

First, the limited sample size may not fully capture the
range of responses these models can generate. Both
question development and scoring were conducted
by two OMFSs from the same institution, potentially
introducing selection bias. Nonetheless, the inclusion
of inter-rater reliability analysis partially mitigates this
limitation.

The reproducibility of model outputs could not be
assessed, as each question was asked only once
and sessions were not repeated. Additionally,
restricting the study to only two widely used LLMs
limits the generalizability of the findings. The lack of
transparency in source usage and inconsistent citation
practices may also affect the perceived accuracy of
content (14,29). Although both models exhibited
citation behaviors, inconsistencies in source attribution
prevented statistical analysis. Moreover, the assertive
tone adopted by LLMs may create a false sense of
confidence among users, which has been noted in
previous studies (17,29).

Finally, while this study aimed to address the limitations
of monolingual evaluations by including both EN and
TR, structural differences between the two languages
pose inherent challenges for direct comparison.
Despite these limitations, this study remains one of
the few bilingual and multidimensional evaluations of
LLMs in the specialized field of orthognathic surgery,
offering a foundation for future research.

CONCLUSIONS AND SUGGESTIONS

This study demonstrated that large language models,
specifically ChatGPT-4.5 and DeepSeek-V3-R1,
are capable of producing accurate and clinically
relevant responses to patient-centered questions in
orthognathic surgery. While both models performed
similarly in overall quality, responses in EN showed
higher readability and accuracy than those in TR.
Differences across clinical categories and the presence
of moderate inter-observer variability emphasize
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the need for standardized evaluation frameworks.
With careful implementation and ongoing validation,
LLMs may serve as valuable tools to support patient
education and preoperative communication in oral and
maxillofacial surgery settings.
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ABSTRACT

Aim: The A2UCOE, a well-characterized chromatin-modifying element originating from a constitutively expressed human
gene locus, promotes consistent and durable gene activity, even when foreign DNA sequences are inserted into densely
packed heterochromatin regions. The aim of this study is to examine the Daedalus fragment in A2UCOE to identify key
sub-regions responsible for its prominent chromatin opening activity. This would enable the discovery of a minimal yet
fully functional element, allowing for more efficient utilization of vector capacity to accommodate therapeutic transgenes
when incorporated into lentiviral vectors (LVs).

Method: To assess the chromatin-opening activity of the Daedalus sub-region within the A2UCOE, lentiviral vectors
carrying eGFP reporter constructs were generated and transduced into murine embryonal carcinoma cell lines (P19 and
F9). Transgene expression stability was assessed across both pluripotent cells and those differentiated with retinoic
acid. HEK293T cells were used for lentiviral packaging. Plasmid propagation was performed in E. coli DH5a, and standard
molecular cloning techniques were applied. Flow cytometry was used to measure eGFP expression levels, and significance
was assessed via Student’s t-test (p < 0.05).

Results: Flow cytometry and RT-qPCR analyses revealed that the positive control vector (1.5A2UCOE-SEW) maintained
stable eGFP expression in both differentiated states of P19 and F9 cells, whereas the UCOE vectors named Daedalus-F
and Daedalus-R were unable to prevent transgene silencing. In undifferentiated cultures, eGFP expression from these
vectors decreased by 40-50% within two weeks, with a similar decline observed in differentiated cells. The average
vector copy numbers remained stable, indicating transcriptional silencing rather than vector loss.

Conclusion: The Daedalus sub-region of A2UCOE alone could not prevent transgene silencing in pluripotent or
differentiated cells, indicating additional A2ZUCOE elements are needed for stable long-term expression.

Keywords: chromatin structure modulation, daedalus vector system, lentiviral gene delivery, neuroectodermal and
endodermal differentiation, transcriptional silencing, ubiquitous chromatin opening element
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INTRODUCTION

Gene therapy involves introducing therapeutic nucleic
acids into living cells to correct genetic mutations or
to alter cellular functions for medical treatment (1).
These nucleic acids can be delivered using either viral
or non-viral vectors. While non-viral systems, such as
DNA-drug complexes like liposomes, are used, viral
vectors remain the more efficient option due to their
natural infection mechanisms (2,3). Advances in the
field have led to the development of recombinant viral
systems that are now widely applied in both research
and clinical settings (4,5).

Lentiviral vectors (LVs), derived from HIV-1, are a
prominent type of RNA-based viral vectors. Their
capacity to effectively deliver genetic material into
both proliferating and quiescent cells renders them
ideal for targeting a range of tissues, including the brain
and stem cells (6). Additionally, LVs have a relatively
large carrying capacity (~8 kb) and can be modified
to target specific cell types by changing the viral
envelope glycoproteins (7). Despite their advantages,
recombinant viral vectors pose certain biosafety
concerns, such as the risk of insertional mutagenesis
or activation of replication-competent viruses,
especially in the context of HIV-1. To address this, self-
inactivating (SIN) lentiviral vectors have been designed,
reducing the likelihood of transcriptional interference
and off-target gene activation (8). One major challenge
in gene therapy is the epigenetic silencing of integrated
vectors, often caused by methylation of CpG islands
and chromatin condensation (9,10). Such silencing
impedes stable transgene expression, particularly in
retroviral vectors (11,12). To mitigate this, researchers
have incorporated elements known as ubiquitous
chromatin opening elements (UCOEs) into vectors.
UCOEs help resist silencing by maintaining an open
chromatin structure and, ensuring sustained gene
expression (13,14).

A widely studied UCOE is derived from the HNRPA2B1-
CBX3 locus, which includes a methylation-resistant
CpG island with dual divergent promoters. This
element, known as A2UCOE, has been shown
to support stable gene expression even in
heterochromatic regions (13,15). It functions via two
main components: an unmethylated CpG island and
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bidirectional transcription from the native promoters.
A2UCOE’s performance in lentiviral contexts, including
in hematopoietic stem cells, highlights its utility in
gene therapy (16).

Currently, researchers are exploring whether shorter
sub-regions of A2UCOE can preserve its anti-silencing
capabilities while providing more space for therapeutic
genes within lentiviral vectors. The aim was to discover
compact and effective UCOE variants for future
applications in stable gene therapy.

The primary goal of this study was to enhance the
stability of transgene expression while minimizing
gene silencing during lentiviral gene therapy. Lentiviral
vectors are particularly advantageous because they
can efficiently transduce both dividing and non-
dividing cells, making them suitable for targeting
complex tissues such as the liver and brain. To combat
epigenetic silencing, elements like UCOEs—especially
A2UCOE—are incorporated into these vectors to
preserve an open chromatin configuration. Ongoing
research is investigating novel CpG-rich segments
and smaller A2UCOE fragments that may improve
functionality while optimizing the vector capacity.
These advancements have the potential to make gene
delivery safer and more effective.

MATERIALS AND METHODS

This study aimed to determine whether a specific
sub-region of the A2UCOE, known as the 'Daedalus
fragment', retains its chromatin-opening functionality.
This was based on emerging questions regarding
whether UCOE efficacy depends on intrinsic promoter
features. The exact genomic locations of the tested
sub-fragments are illustrated in Figures 1 and 2.

To assess the activity of the vector constructs,
embryonic carcinoma cell lines originating from mice,
namely P19 and F9, were used. These cell lines are
well-established models for evaluating the expression
stability of viral vectors (15,16). To evaluate the
reliability and strength of expression mediated by the
various vector designs, eGFP production was tracked
in cells maintained in both their pluripotent state and
following differentiation.
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Luria-bertani (LB) medium preparation

To prepare Luria-Bertani (LB) medium, 10 g of tryptone,
5 g of yeast extract, and 10 g of NaCl were dissolved
in one liter of deionized water. The solution was
autoclaved at 121°C (15 psi) for 20 minutes to ensure
sterility. Once cooled to approximately 55°C, ampicillin
was incorporated to a final concentration of 50 pg/
mL. The medium was subsequently stored at 4°C until
needed. For solid media, 20 g of agar was added per
liter of LB prior to sterilization. Selective LB broth or
agar was prepared by supplementing the medium with
ampicillin at a concentration of 100 pg/mL.

Competent E. coli DH5a Transformation

Chemically competent DH5aE. coli cells, obtained from
Life Technologies, were transformed following the
standard procedure provided by the supplier. Plasmid-
containing colonies were cultured on ampicillin plates
(100 pg/mL) overnight at 37°C and then grown in LB
medium with ampicillin (100 pg/mL) in small (5 mL) or
large (200-500 mL) cultures. Plasmids were extracted
using Qiagen kits and eluted in TE buffer.

Cell culture

HEK293T cells were cultured in DMEM supplemented
with 10% fetal bovine serum, 1% L-glutamine (200
mM), and penicillin-streptomycin (10 pg/mL each) at
37°Cin a humidified incubator containing 5% CO.. Cell
cultures were initiated by plating 2 x 107 cells into T162
flasks and maintained until they reached approximately
80-90% confluence prior to transfection. The culture
supernatant was collected 48 hours after transfection,
the medium was refreshed with DMEM, and a second
harvest was performed at the 72-hour mark. Culture
medium was collected 48 hours post-transfection,
replaced with fresh DMEM, and harvested again at 72
hours. For viral titration, 1-2 x 10° cells were seeded
in the wells of a 24-well culture plate, followed by
exposure to gradually diluted viral suspensions,
resulting in a multiplicity of infection (MOI) ranging
from 1 to 10 per pL. Detached cells were treated with
PBS and Tryple Red reagent, then neutralized with
serum-based medium. For flow cytometry, cells were
fixed with 4% formaldehyde-PBS, shaken, and kept in
darkness at 4°C until they were ready for analysis.
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Mouse embryonic carcinoma cells culture

P19 cells were cultured in Dulbecco’s Modified
Eagle Medium (DMEM) enriched with 2 millimolar
L-glutamine and supplemented with 1% non-essential
amino acids. The culture conditions included the
addition of 10 pg/mL penicillin-streptomycin, and
incubation at 37°C within a 5% CO. atmosphere.
Neuronal differentiation was initiated by forming
embryoid bodies in non-adherent dishes containing
DMEM supplemented with 5% FBS and retinoic acid
at a concentration of 1 micromolar. The culture of
F9 cells was carried out in flasks coated with gelatin,
employing DMEM enriched with 10% FBS, alongside
antibiotics penicillin (100 U/mL) and streptomycin
(100 pg/mL), plus 2 mM L-glutamine. The formation of
embryoid bodies in DMEM/F12 supplemented with 5%
FBS and 50 nM RA triggered the cells to differentiate
toward a parietal endoderm lineage.

Reporter gene analysis

The UCOE and A2UCOE eGFP reporter constructs
within the LV system were assessed by transducing P19
and F9 cells. The stability of gene expression was then
monitored both prior to and following differentiation
into neuroectodermal and endodermal lineages.

At least 2 x 10° fixed cells were analyzed for GFP
expression using flow cytometry (BD FACSymphony™).
During analysis, only viable cells were included by
gating based on cell size and granularity, determined
respectively through forward scatter and side scatter
measurements. GFP+ cells were identified by detecting
fluorescence emission at 525 nm (FL1 channel)
compared to 575 nm (FL2 channel). Untransduced cells
served as negative controls to set the gating threshold
for positive GFP signals. The resulting percentage
of GFP-positive cells represents the fraction of
viable cells within the sample that expressed GFP.
Subsequently, the proportion of GFP-positive cells for
each sample was analyzed in relation to the amount
of virus administered. By scaling this relationship, the
quantity of cells infected with a specified volume of
viral preparation could be estimated, allowing for the
calculation of the multiplicity of infection (MOI) based
on mean fluorescence intensity. For this calculation,
values ranging from 1% to 20% were selected. Samples



exhibiting more than 20% GFP-positive cells likely
contained multiple integration events per cell, which
could lead to an underestimation of the viral titer.
Conversely, samples with less than 1% GFP expression
were considered unreliable, as detectable signals
at such low levels are prone to interference from
background noise.

Explanation of the chemicals and devices used in
the study: Thermo Fisher Scientific, Gibco, Qiagen,
Sigmaaldrich (MERK), Bio-Rad, BD FACSymphony

Statistical analyses

Statistical evaluations were conducted using Prism
version 7 software. To assess the eGFP-positive
populations from flow cytometry, as well as mean
fluorescence intensity (MFI) and vector copy number
(VCN) measurements in transduced cell cultures,
Student’s t-test was employed. Results with p-values
below 0.05 were considered statistically significant.

In our cell culture study, the cell line used was obtained
commercially. Therefore, ethical approval was not
required for our study.

Northwestern Med J. 2025;5(4):222-233

Lentiviral vectors used in this study

The experimental approach aimed at testing the UCOE
two-component model involved the use of 750bp
length Daedalus fragments. To test their effectiveness
in preventing suppression of gene activity, these
sequences were inserted in both forward and reverse
directions into the silencing-prone SFFV-eGFP vector.
Approximate locations and plasmid schematics for the
Daedalus fragments derived from A2UCOE sub-regions
examined in this study are presented in Figures 1 and
2.

RESULTS

Evaluation of the functional properties of
Daedalus-F and Daedalus-R lentiviral vectors
containing candidate UCOEs in undifferentiated
P19 and F9 cell lines

The generated lentiviral vectors (LVs) were utilized
to transduce P19 and F9 cells at infection ratios
(MOI) of 3 and 6, aiming for an initial eGFP+ cell
proportion between 40 and 60% across all pools. Cells

b 1KB .
CpGisland Upper
(A AR T n R U TOUERE T IRl R
CBX3 HNRPA2B1
= =
panel
2.2UCOE

0.7UCOE 1.5UCOE
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0.9UCOE panel

527UCOE 455UCOE
945UCOE

Figure 1. The positions of A2UCOE region sub-fragments analyzed for UCOE activity.
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Figure 2. Illustration of novel candidate UCOE and control lentiviral vectors.

that underwent transduction, along with negative
controls, were maintained in culture and periodically
assessed using flow cytometric analysis to quantify the
percentage of cells expressing eGFP, as well as their
mean fluorescence intensity during ongoing culture
following a single vector transduction. The first three
days after transduction, cell samples were collected
once a week up to 45 days (see Figure 3) to analyze
eGFP expression via flow cytometry. At designated
time points, DNA was isolated for RT-qPCR to quantify
the average number of vector copies present in each
cell. Flow cytometry analysis results in Figure 4A
illustrate the proportion of eGFP+ cells. At the start,
all vectors demonstrated comparable transduction
efficiencies, ranging between 45% and 60% eGFP+
cells; however, the expression driven by SEW (SFFV-
eGFPWPRE) sharply decreased from 46% to just 3% of
positive cells over a period of 17 days. Conversely, the
percentage of eGFP+ cells within the 1.5A2UCOE-SEW
group showed consistent stability throughout the 45-
day cultivation period. Therefore, while the proportion
of eGFP+ cells was notably greater in 1.5A2UCOE-
SEW transduced samples compared to alternative
vectors, the reduction in expression observed in both
Daedalus-F and Daedalus-R mirrored the pattern seen
with SEW. SEW transduced cells saw an almost 80%
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reduction in eGFP expression after two weeks. Except
for 1.5A2UCOE-SEW, the remaining vectors, including
both Daedalus-F and Daedalus-R, demonstrated a
40-50% decline in eGFP+ cell populations within the
corresponding time interval. The MFl across all vectors
reflected the percentage of eGFP+ cells (Figure 4B).
MFI remained stable in 1.5A2UCOE-SEW transduced
cells but fluctuated in SEW and the new Daedalus-F
and Daedalus-R constructs.

Figure 5A presents the flow cytometry analysis showing
the proportion of eGFP-expressing cells measured
at successive time points following transduction
in undifferentiated F9 cells. These findings are
consistent with those observed in P19 cells (Figure
4A). Initial transduction efficiencies were comparable
across all vectors, ranging from 39% to 50% eGFP+
cells. However, expression driven by the SEW vector
declined sharply, dropping from 47% to just 7% within
17 days. Conversely, cells genetically transduced with
the 1.5A2UCOE-SEW vector sustained a stable eGFP-
positive population of approximately 45% throughout
the 38-day culture period. The candidate UCOE
constructs, Daedalus-F and Daedalus-R, showed a
reduction in gene activity comparable to the decrease
observed with the SEW vector. Specifically, eGFP
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Figure 3. Flow cytometry plots of untransduced and transduced P19 and F9 cells prior to
differentiation.”

* Flow cytometry analysis was performed 3 days post-transduction, showing GFP-negative cells in red
and GFP-positive cells in green. (A) Negative control—untransduced cells. (B) SEW transduced cells. (C)
1.5A2UCOE-SEW transduced cells. (D) Daedalus-F transduced cells. (E) Daedalus-R transduced cells.
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Figure 4. Novel candidate Daedalus-F and Daedalus-R
UCOEs offer only partial protection against silencing
in undifferentiated P19 cells. *

* Cells were analyzed by flow cytometry to detect the
percentage of eGFP reporter gene expressing (eGFP+) cells,
mean fluorescence intensity (MFI) and by RT-qPCR for average
VCN per cell. The data show combined results from three
independent transductions for each vector, plus negative
control (NEG), over a period of 3 to 45 days post transduction.
(A) Time course of percentage eGFP positive cells; (Mean +
SEM, n=4; **p<0.01). (B) As in (A) but showing MFI; (Mean +
SEM, n=4; **p<0.01). (C) As in (A)/(B) but average VCN/cell;
(Mean + SEM, n=4; **p<0.01).
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Figure 5. Novel candidate UCOE Daedalus-F and
Daedalus-R offer only partial protection against
silencing in undifferentiated F9 cells. *

* Cells were analyzed by flow cytometry to detect the
percentage of eGFP reporter gene expressing (eGFP+) cells
and MFI, and to quantify the average VCN per cell by real-
time gPCR. The data show combined results from three
independent transductions for each vector, plus negative
control (NEG), over a period of 3 to 38 days post-transduction.
(A) Time course of percentage eGFP positive cells; (Mean +
SEM, n=4; **p<0.01). (B) As in (A) but showing MFI; (Mean +
SEM, n=4; **p<0.01). (C) As in (A)/(B) but average VCN/cell;
(Mean + SEM, n=4; **p<0.01).



levels in cells treated with SEW dropped by nearly
80% fourteen days after gene delivery. Apart from
the 1.5A2UCOE-SEW group, the reduction in eGFP+
cells for Daedalus-F and Daedalus-R vectors ranged
between 40% and 50% over the same timeframe. The
MFI measurements across all vectors reflected the
trends seen in eGFP expression (Figure 5B), showing
stability in cells transduced with 1.5A2UCOE-SEW,
instability in those with SEW alone, and partial stability
in cells treated with the new UCOE vectors. Throughout
the entire culture duration, the mean number of vector
copies per individual cell in the P19 (Figure 4C) and F9
(Figure 5C) transduction experiments remained stable,
suggesting that the reduction in eGFP-positive cells
observed with the SEW, Daedalus-F, and Daedalus-R
vectors was due to transcriptional silencing of the
integrated sequences rather than a loss of vector
presence.

Assessment of the functional performance of
Daedalus-F and Daedalus-R candidate UCOEs in
P19 and F9 cells following differentiation

The newly developed UCOE vectors, Daedalus-F
and Daedalus-R, failed to sustain consistent gene
expression in undifferentiated P19 (Figure 4) and
F9 (Figure 5) cell lines. Subsequently, we evaluated
their effectiveness in maintaining expression stability
throughout the differentiation process of P19 and F9
cells into neuroectodermal and endodermal lineages,
respectively. Cells transduced with the respective
lentiviral vectors were cultured in differentiation
medium supplemented with retinoic acid, on non-
adherent plastic surfaces to promote the formation of
embryoid bodies, a critical step for their subsequent
differentiation into neuronal and endodermal
lineages. The cells differentiated into a mixture of
neuroectodermal and parietal endoderm cell types,
with fibroblast-like cells being the most abundant
during the early stages—2 to 3 days for P19 cells and 5
to 6 days for F9 cells. Neurons and endoderm cells were
also detected in the cultures. To enrich the population
for non-dividing cells, 10 pM cytosine arabinoside was
added, which selectively eliminated dividing cells and
allowed only neurons and endoderm cells to survive.
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The optimal duration for embryoid body formation and
differentiation into neuroectodermal and endodermal
lineages was 2 to 3 days for P19 cells and 5 to 6 days
for F9 cells. Following the differentiation process,
Figures 6 and 7 display the flow cytometric profiles
of entire cell populations derived from triplicate
cultures transduced with the SEW, 1.5A2UCOE-SEW,
Daedalus-F, and Daedalus-R lentiviral constructs. The
data indicate that the lentiviral vector incorporating
the 1.5 kb A2UCOE sequence (1.5A2UCOE-SEW), used
as a positive control, maintained consistent transgene
expression following the differentiation of P19 and
F9 cells into neuronal and endodermal lineages,
respectively (Figures 6A and 7A). In contrast, the newly
developed UCOE vectors, Daedalus-F and Daedalus-R,
exhibited a rapid decline in eGFP expression. The
suppression pattern mirrored that of the SEW vector
used as a silencing control, wherein eGFP expression
was rapidly diminished, as illustrated in Figures 6A and
7A. As seen in undifferentiated cells (Figures 4B and
5B), the MFl values measured during the differentiation
process of both P19 and F9 cells displayed a pattern
consistent with the eGFP+ cell data (Figures 6B and
7B). The mean VCN remained consistent over the
entire experimental timeline (see Figures 6C and 7C).
Comparable results were observed in both pluripotent
and differentiated forms of F9 and P19 cells following
transduction with the lentiviral constructs employed
in this study. It is noteworthy that differentiating
cells exhibited a greater loss of eGFP expression after
being transduced with lentiviral particles carrying
SEW and newly characterized UCOE elements, as
seen in Figures 6A and 7A. This decline was more
pronounced compared to undifferentiated cells,
illustrated in Figures 4A and 5A. Additionally, because
Daedalus-F and Daedalus-R vectors failed to sustain
stable expression in differentiated P19 and F9 cells,
immunofluorescence analysis for neuroectodermal
and endodermal markers was not performed.

Given that neither of the Daedalus constructs exhibited
stable expression, we decided against performing
immunofluorescence staining on the differentiated
cells.
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Figure 6. Novel candidate UCOEs Daedalus-F and
Daedalus-R offer only partial protection against
silencing in differentiated P19 cells. *

* Cells were analyzed by flow cytometry to detect the
percentage of eGFP reporter gene expressing (eGFP+) cells
and MFI, and to quantify the average VCN per cell by real-
time qPCR. The data show combined results from three
independent transductions for each vector, plus negative
control (NEG), over a period of 3 to 38 days post-transduction.
(A) Time course of percentage eGFP positive cells; (Mean +
SEM, n=4; **p<0.01). (B) As in (A) but showing MFI; (Mean +
SEM, n=4; **p<0.01). (C) As in (A)/(B) but average VCN/cell;
(Mean + SEM, n=4; **p<0.01).
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Figure 7. Novel candidate UCOEs Daedalus-F and
Daedalus-R offer only partial protection against
silencing in differentiated F9 cells. *

* Cells were analyzed by flow cytometry to detect the
percentage of eGFP reporter gene expressing (eGFP+) cells
and MFI, and to quantify the average VCN per cell by real-
time qPCR. The data show combined results from three
independent transductions for each vector, plus negative
control (NEG), over a period of 3 to 38 days post-transduction.
(A) Time course of percentage eGFP-positive cells; (Mean +
SEM, n=4; **p<0.01). (B) As in (A) but showing MFI; (Mean +
SEM, n=4; **p<0.01). (C) As in (A)/(B) but average VCN/cell;
(Mean + SEM, n=4; **p<0.01).



DISCUSSION

The gammaretroviral and lentiviral vector classes,
known for their integration capability, continue to be
the mostreliable tools for ensuring stable incorporation
and expression of therapeutic genes. This is particularly
evident in the context of stem cell subsets undergoing
active proliferation. Over the course of the last fifteen
years, clinical trials employing these vector systems
in ex vivo applications targeting hematopoietic
stem cells (HSCs) have yielded promising results.
Genetic modification of patients’ hematopoietic
stem cells (HSCs) using gammaretroviral vectors
has shown therapeutic success in various primary
immunodeficiencies, including severe combined
immunodeficiency subtypes such as SCID-X1 and SCID-
ADA(17,18), as well asin disorders like Wiskott-Aldrich
syndrome and chronic granulomatous disease (19,20).
More recently, lentiviral vectors have demonstrated
success in treating inherited demyelinating disorders,
including X-ALD (21) and MLD (22), in addition to WAS
(23). Despite these advancements, two critical issues
continue to arise in the context of using integrating
viral vectors and require ongoing attention. A major
limitation is the potential for insertion-related
genomic alterations; another is the suppression of
therapeutic gene activity over time through epigenetic
mechanisms (1). Insertional mutagenesis resulting
from gammaretroviral integration, which inadvertently
triggered the activation of proto-oncogenes within
the host genome and contributed to malignant
transformation, was detected in five patients out of a
cohort of twenty undergoing treatment for SCID-X1
(17,18). Meanwhile, epigenetic silencing triggered by
promoter methylation resulted in a loss of sustained
therapeutic benefit in two CGD patients, despite an
initially positive response (19,20).

The main goal of this study phase was to evaluate
whether particular sub-regions within the A2UCOE,
which originates from the human HNRPA2B1-CBX3
locus (see Figures 1 and 2), retain the characteristic
UCOE activity. Earlier investigations have indicated
that a 0.7 kb fragment within the first intron of
CBX3 preserves UCOE functionality when fused to an
exogenous CMV promoter (24), and that this segment
can sustain appropriate DNA methylation patterns
in the context of transgene expression (25). These
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results prompt reconsideration of the mechanism by
which UCOEs operate through bidirectional divergent
transcription (26). To directly evaluate whether a
0.7 kb segment derived from the first intron of CBX3
(see Figure 2) possesses UCOE functionality, lentiviral
constructs named Daedalus-F and Daedalus-R
(Figures 1 and 2) were engineered. Our findings from
experiments involving P19 and F9 cells, both before
and after their differentiation into neural ectoderm
and endoderm cell types, distinctly demonstrates that
this sequence fails to promote expression stability
when associated with an SFFV promoter (Figures
4-7). The difference observed between our findings
and earlier studies likely stems from the fact that
previous investigations reporting UCOE activity of the
0.7 kb intronic region within CBX3 were conducted
using transductions that yielded approximately 8 to
10 lentiviral vector copies per cell (24). Under these
conditions, even a single active copy of the integrated
vector within a cell can generate detectable GFP
reporter gene expression. This may misleadingly
suggest that the transgene remains functionally stable.
However, a notable reduction of approximately 55%
in MFI was observed at four weeks after transduction
with the 0.7UCOE-GFP ("Daedalus") lentiviral vector.
This decline highlights considerable vector silencing,
despite the continued presence of GFP+ cells (see
Figure 4) (24). Our findings provide strong evidence
that the expression of the 0.7UCOE (Daedalus) vector
undergoes silencing. This is supported by experiments
specifically designed to generate cells containing a
low average vector copy number per cell, between
1 and 4 (Figures 4C, 7C). Furthermore, the P19 and
F9 embryonal carcinoma cell lines used in our study
may serve as a more sensitive and reliable model for
evaluating functional gene silencing compared to the
CHO cells employed in previous research (24,15,16).

CONCLUSION

In summary, our findings demonstrate that the 0.7
kb Daedalus sub-region of A2UCOE is insufficient
to maintain stable transgene expression in both
pluripotent and differentiated P19 and F9 cells. Despite
stable vector integration, significant transcriptional
silencing occurred, particularly at low vector copy
numbers. These results indicate that additional
regulatory sequences within A2UCOE are necessary
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to sustain long-term and robust transgene expression.
|dentifying a minimal yet fully functional UCOE element
remains crucial for optimizing lentiviral vector design
and enhancing the efficiency of therapeutic transgene
delivery.
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ABSTRACT

Aim: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has caused a global pandemic, and effective drug
treatments for COVID-19 remain unavailable. Isotretinoin (ISO), a retinoic acid derivative commonly used for severe acne,
is a potent down-regulator of ACE2 receptors, which play a key role in the pathophysiology of COVID-19. This study aims
to investigate the effect of ISO treatment on COVID-19 infection in patients with acne vulgaris.

Materials and Methods: Between January 2021 and April 2021, 520 ISO users with acne vulgaris and 400 controls were
included in the study. Data were collected using an electronic questionnaire distributed via social media, e-mail and
mobile phones.

Results: Among SO users, 66 (12.7%) had COVID-19 compared to 89 (22.3%) in the control group, indicating a
significantly lower infection rate in the ISO group (p <0.001). The risk of COVID-19 infection was 1.76 times higher in the
control group. COVID-19 rates decreased steadily during the first three months of ISO treatment, particularly at the 20
mg/day dose. However, loss of smell and taste was more common in the ISO group than in controls.

Conclusion: In this cross-sectional survey, isotretinoin use was associated with lower self-reported COVID-19 prevalence.
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INTRODUCTION

The high mortality rate, global impact, and lack of
effective treatments have made COVID-19 a major
public health concern. Although the pandemic has
moved into an endemic phase due to vaccines and
viral mutations, as of August 2025, approximately
778,474,21 cases and 7 million deaths have been
reported worldwide since the onset of the pandemic
(1). Despite these advancements, an effective drug
treatment remains unavailable.

Isotretinoin (13-cis-retinoic acid) (ISO), approved by
the FDA in 1982 for the treatment of severe acne, has
also been used off-label for various cancers, including
cutaneous T-cell lymphoma, neuroblastoma, and
squamous cell carcinoma prevention (2,3). Similarly,
drugs approved for other indications are undergoing
clinical trials for COVID-19 treatment.

Isotretinoin has demonstrated significant suppression
of ACE2 receptors, key players in COVID-19
pathophysiology, and may inhibit the papain-
like proteinase enzyme encoded by SARS-CoV-2
genes (4). Furthermore, as a metabolite of retinoic
acid, isotretinoin has been reported to prevent
disseminated intravascular coagulation (DIC), a severe
COVID-19 complication, and to reduce lymphocyte
counts (5). While these effects suggest potential
benefits, isotretinoin’s  anti-inflammatory  and
immunomodulatory properties may position it as a
candidate for reducing SARS-CoV-2-related mortality
and morbidity.

This study explores whether isotretinoin use is
associated with differences in self-reported COVID-19
infection rates in a real-world sample. Given
isotretinoin’s modulatory effect on ACE2 receptor, the
analysis is hypothesis-generating and not designed to
test a treatment effect.

MATERIAL AND METHOD

Although data were collected through a questionnaire,
participants reported their history of COVID-19
infection rather than current disease status. For this
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reason, the study design was considered retrospective
in nature, based on self-reported past medical events
rather than real-time follow-up.

The questionnaire was carefully developed in line with
the study objectives and distributed to a diverse group
of participants. Due to pandemic restrictions, face-
to-face interviews were not possible; therefore, data
collection was conducted online between January and
April 2021. A total of 520 isotretinoin users with acne
vulgaris and 400 controls were included in the study.

The 29-item questionnaire covered demographic
characteristics, comorbidities, the amount and duration
of isotretinoin use, COVID-19 infection status, disease
severity, hospitalization history, contact history, and
COVID-19 cases within the family. Individuals with
chronic diseases were excluded from the study.

Ethical approval was obtained from the Local Ethics
Committee and the Ministry of Health (2021-01/41).

Statistics

The data were evaluated using the SPSS version 22.0
package program. Data were analyzed using logistic
regression analysis and the chi-square test. P-values
less than 0.05 were considered statistically significant.

RESULTS

The study included 520 patients with acne vulgaris
using 1SO and 400 healthy controls. Of the participants
using 1SO, 68 (13.07%) were male and 452 (86.9%)
were female. In the control group, 165 (41.25%) were
male and 235 (58.75%) were female.

The mean age was 22.79 = 4.90 in the ISO group
and 22.18 + 4.72 in the control group. There was no
statistical difference between the two groups in terms
of age and gender.

A total of 148 (16.1%) of all participants were married
and 772 (83.9%) were single. As for the education
level, 878 (95.4%) of all participants were high school
graduates or above and 42 (4.56%) were primary
school graduates.
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Of the participants, 66 (12.7%) were from the 1SO-
using group and 89 (22.3%) from the control group
had COVID-19 infection. When the patient and control
groups were compared, the probability of having
COVID-19 was lower in the group using ISO (p <0.001).
In the group using isotretinoin, 189 patients tested for
COVID -19, and 66 patients tested positive for SARS-
CoV-2 PCR (+) (Table 1).

The cumulative dose was 34.35 + 10.44 mg for the use
of ISO. The cumulative dose in the ISO group was 35
+ 9.65 mg in those with COVID-19 infection, while it
was 34.25 + 10.56 mg in the group without COVID-19
infection. There was no statistically significant
difference between the groups. The isotretinoin use
period was 5.18 + 2.4 months.

When both groups were evaluated together, 49 (21%)
of the individuals who had COVID-19 were male,
and 106 (15.4%) were female. When all groups were
evaluated, the rate of COVID-19 transmission in men
was statistically more significant than in women (p <
0.05). While 8 (11.8%) of 66 participants who used
ISO and had COVID-19 infection were men, 58 (12.8%)
were women. There was no statistically significant
difference between them. While 41 (24.8%) of the
89 patients in the control group who had COVID-19
infection were men, 48 (20.4%) were women. There
was no statistically significant difference between
them.

When the treatment durations were evaluated, there
was a consistent decrease in the rate of COVID-19

Table 1. The risk of having COVID-19

Have you had Covid-19?
Total p OR
Yes No
Group Patient 66 454 520
12,7% 87,3% 100,0%
Control Control 89 311 400
<0.001 1,76
22,3% 77,8% 100,0%
Total 155 765 920
16,8% 83,2% 100,0%

Table 2. The risk of having COVID-19 associated with the duration and dose of systemic ISO treatment

Have you had COVID-19?
Variable Category p
Yes No
Patient 66 (%12,7) 454 (%87,3)
Group <0,001
Control 89 (%22,3) 311 (%77,8)
0 89 (%22,3) 311 (%77,8)
0-1 month 10 (%15,4) 55 (%84,6)
Systemic ISO use time 1-3 months 12 (%9,4) 116 (%90,6) 0,002
3-6 months 27 (%14,6) 158 (%85,4)
Over 6 months 17 (%12) 125 (%88)
0 89 (%22,3) 311 (%77,8)
20 mg 12 (%9,8) 111 (%90,2)
Systemic ISO dosage per day 30 mg 19 (%13,2) 125 (%86,8) 0,002
40 mg 25 (%15,9) 132 (%84,1)
Over 40 mg 10 (%10,4) 86 (%89,6)

ISO: isotretinoin
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infection with the use of ISO for the first 3 months.
After a slight increase in the rate of COVID-19 infection
between 3 and 6 months of treatment, the rate of
COVID-19 decreased at the 6th iteration. The rate of
COVID-19 infection significantly decreased with the
use of ISO at 20 mg/day. Although there was a slight
increase in the incidence of COVID-19 infection with
the use of ISO at 30-40 mg/day, the rate tends to
decrease again at doses above 40 mg (Table 2).

Multiple complaints were not observed in receiving
drug treatment. Loss of smell and taste stood out
compared to other complaints. Headache, joint, and
muscle pains, and multiple complaints were more
common in those who were not on drug treatment.

Of the participants, 51 continued ISO use during the
COVID-19 pandemic, whereas 13 discontinued it. In
total, 10 participants from the control group were
hospitalized, but there were no hospitalizations among
participants in the ISO group.

The risk of having COVID-19 infection in those who
received drug treatment was calculated to be 1.76
times higher than the risk of having it in those who did
not receive drug treatment (Table 1).

These findings suggest a statistically significant
reduction in COVID-19 incidence among isotretinoin
users. This aligns with previous studies on
isotretinoin's role in ACE2 receptor modulation and
immunomodulatory effects, emphasizing its potential
as a preventive measure.

DISCUSSION

Our findings support the hypothesis that the
downregulation of ACE2 receptors by isotretinoin may
reduce susceptibility to SARS-CoV-2 by inhibiting viral
entry, a critical step in COVID-19 pathophysiology
(5,6). Consistent with previous studies, isotretinoin
also has immunomodulatory properties that may
attenuate inflammatory responses and potentially
reduce the risk of severe outcomes. The absence of
hospitalizations in the isotretinoin group in our cohort
further supports a possible protective effect. By
suppressing ACE2 receptors, isotretinoin may interfere
with viralentry (7,8), while additional protective effects
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may arise from its regulation of immune responses and
suppression of the mTORC1 pathway, which promotes
inflammation (9- 13). Such mechanisms suggest that
isotretinoin merits further investigation as a potential
preventive agent against COVID-19.

Male patients typically experience higher COVID-19
mortality due to androgen-driven TMPRSS2 expression
(14,15). The ability of isotretinoin to reduce DHT
levels may therefore provide additional protection in
males, consistent with our observation of no gender
differences within the isotretinoin group. However,
isotretinoin-related side effects such as nasal mucosa
dryness could theoretically disrupt the nasal barrier
and increase viral susceptibility (16,17), which may
explain the transient mid-treatment increase in
COVID-19 rates.

In line with this, Karadag et al. reported a suppression
of Thl, Th2, and Th17 functions with isotretinoin
treatment via reductions in TNF-a, IL-4, IL-17, and
IFN-y after three months (18). Thisimmunosuppressive
effect could explain the decline in COVID-19 rates
during the first three months of isotretinoin use
observed in our data. Loss of smell and taste was
more frequent in the isotretinoin group, possibly
related to disruption of the nasal barrier and ACE2/
TMPRSS2 receptor expression in olfactory epithelial
cells (19). Upregulation of genes such as LCN2, KRT23,
and SERPINA3 has also been described in association
with isotretinoin and in COVID-19 studies, which
may contribute to inflammatory responses and could
account for the transient increase in cases between the
3rd and 6th months of treatment (20,21).

Our current study further reveals that isotretinoin use
does not increase the risk of contracting COVID-19
and may exert a protective effect. Acar et al. reported
no increase in COVID-19 incidence or severity and no
lung involvement in 186 patients on systemic retinoids
(isotretinoin and acitretin) (22). Kus et al. similarly
found comparable infection rates between isotretinoin
users and controls but with milder symptoms in the
isotretinoingroup (23). Demireletal.also demonstrated
the safe continuation of isotretinoin therapy during the
pandemic (24). Havet et al. confirmed through larger
epidemiological data that isotretinoin did not increase
COVID-19risk, despite reporting decreased drug access
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during lockdowns (25). Our results are also supported
by an interventional clinical trial by Shirvani et al,,
which demonstrated that isotretinoin use in COVID-19
patients accelerated clinical recovery and improved
respiratory symptoms compared to controls (26). This
study provides further evidence that isotretinoin may
not only be safe during the pandemic but could also
exert therapeutic benefits in infected patients.

Overall, these findings support the safety of
isotretinoin under pandemic conditions and align with
our observations.

Limitations of this study include its retrospective,
questionnaire-based design, reliance on self-reported
COVID-19 histories, and a relatively modest sample
size. Nonetheless, in combination with previous
evidence, our results provide further real-world
support for the safe use of isotretinoin during the
COVID-19 pandemic.

CONCLUSION

In light of these findings, isotretinoin use was not
associated with increased COVID-19 risk. Its ability
to modulate inflammatory responses warrants larger,
controlled randomized trials to evaluate whether
retinoid pathways merit clinical testing in COVID-19.
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ABSTRACT

Aim: This study focused on investigating age- and gender-related changes in the brain ventricles of healthy pediatric
individuals.

Methods: Brain MR images of 200 healthy children aged 0-18 years were included in the study. The variables measured
were as follows: axis of the third ventricle (ATV), anterior width of the frontal horn (ACF), posterior width of the frontal
horn (PCF), width of the frontal horn (WCF), oblique diameter of the frontal horn (OCF), maximum transverse diameter
of the skull (MTDS), vertical diameter of the skull (VDS), anteroposterior width of the right temporal horn (ARCT),
anteroposterior width of the left temporal horn (ALCT), anteroposterior width of the fourth ventricle (AFV), transverse
width of the fourth ventricle (TFV). In addition, the Evans index (El) has been calculated.

Results: Statistically significant results were found between the individuals of the first, second and fourth groups for the
ACF and PCF variables; the fourth group for the WCF, VDS, and TFV variables; the first and fourth groups for ARCT; the
first group for ALCT; and the third and fourth groups for MTDS. In the pediatric period, while there was no significant
difference between the genders until a certain age, it was observed that the difference between the genders increased
especially after a certain age (between 7-18 years).

Conclusion: Itis thought that the study will provide basic data for clinical sciences in the stages of diagnosis and treatment
planning.

Keywords: Pediatric period, brain ventricles, MRI brain, brain, central nervous system

INTRODUCTION mechanisms of the body, including vital functions such

as reflexes, in relation to the endocrine system. As the
The nervous system begins to develop rapidly at a  central nervous system (CNS) develops, the central
very early embryonic stage and continues to build up  canal expands in several regions to form the brain's

at a slower rate after birth. It regulates the control  ventricles. The ventricular system of the brain, which is
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hollow and filled with cerebrospinal fluid (CSF), consists
of four components: the lateral right and left ventricles,
and the third and fourth ventricles. The production
and circulation of CSF take place in these structures
(1-3). CSF acts both as a protector of the CNS and
plays an important role in brain metabolism. Various
pathologies in these structures are observed in several
neurodegenerative conditions (4,5), resulting in brain
atrophy. Ventricular enlargement is the most essential
indicator in determining the prognosis of Alzheimer's
disease. Therefore, a detailed understanding of the
anatomical associations between the ventricular
system and the neighboring brain tissue is vital in
defining intraventricular pathology and the potential
safety risks associated with surgical treatment (6,7).
The morphologic development of these structures
in the prenatal and postnatal periods is valuable for
neurosurgeons, neurologists, and radiologists (8-10).
With this in mind, this study conducted in Bolu Abant
Izzet Baysal University (BAIBU), Training and Research
Hospital (TRH) has focused on examining age- and
gender-related changes in the parameters of the brain
ventricles during the pediatric period. The results
of the study will contribute to the basic data in the
relevant literature and clinical sciences.

MATERIAL AND METHOD

This study was conducted using brain MRI images of
200 children (100 girls, 100 boys) aged 0-18 years who
were admitted to BAIBU TRH, with no pathological
conditions in the brain or brain ventricles. The ethics
committee permission, obtained from BAIBU Clinical
Research Ethics Committee with decision number
2022/99, was strictly followed at every stage of the
study.

Brain MR images of the subjects who fulfilled the
criteria for admission were selected from the PACS
of BAIBU TRH in T2 acquisition protocol. MR images
were obtained with a 1.5 T Signa Explorer MRI
Scanner (GE Medical Systems, Milwaukee, Wisconsin,
USA). Images in the PACS system were downloaded
in DICOM format. They then were imported into the
Radiant DICOM Viewer (RDV) program, which was
used as a personal workstation. The parameters of the
measurements performed on axial T2 prop MR images
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were determined as slice thickness 3.5 mm, repetition
time 7143 ms, and echo time 115.136 ms.

In the study, the following measurements were
acquired; axis of the third ventricle (ATV), anterior
width of the frontal horn (ACF), posterior width of the
frontal horn (PCF), width of the frontal horn (WCF),
oblique diameter of the frontal horn (OCF), maximum
transverse diameter of the skull (MTDS), vertical
diameter of the skull (VDS), anteroposterior width of
the right temporal horn (ARCT), anteroposterior width
of the left temporal horn (ALCT), anteroposterior
width of the fourth ventricle (AFV), transverse width
of the fourth ventricle (TFV), the Evans index (El).
Demonstrations of the measured variables are shown
in Figure 1.

To reduce inter-observer error, three measurements
were taken by an expert and their averages were
recorded. Images of the brain ventricles were examined
by dividing the subjects into four groups of 50
individuals (25 boys, 25 girls) in each group according

Figure 1. Variable demonstrations

A: ACF [anterior width of the frontal horn], B: WCF [width of
the frontal horn], C: PCF [posterior width of the frontal horn],
D: ATV [axis of the third ventricle], E: ALCT [anteroposterior
width of the left temporal].
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to age. The groups were as follows: group 1 - healthy
children aged 0-2 years; group 2 - healthy children
aged 3-6 years; group 3 - healthy children aged 7-11
years; group 4 - healthy children aged 12-18 years.

Statistical analysis

Statistical analyses were performed with the
Minitab® 21.2 program. The appropriateness of the
residuals to normal distribution was tested with
the Anderson-Darling test. Logarithmic and square
root transformations were applied to nonparametric
variables. As a result of the transformation, it was
determined that the transformations had no effect. The
difference between the genders forming each group
was tested with independent t test for parametric
variables and Mann-Whitney U test for nonparametric
variables. For parametric variables, two-factor analysis
of variance was applied, and for nonparametric
variables, the Kruskal-Wallis test was used. Tukey

analysis was performed as a post-hoc test for variables
for which the difference between groups was found to
be significant as a result of variance analysis. The inter-
group test of the variables that were significant as a
result of the Kruskal-Wallis test was performed using
the Mann-Whitney U test. BoxPlot graphs showing the
change of variables according to age and gender were
drawn.

RESULTS

The mean and standard deviation (SD) values of the
parametric variables, and the min, max, and median
values of the nonparametric variables were calculated.
The p values from the two-way ANOVA for age and
group interactions of the parametric variables, and
the p values from the Kruskal-Wallis test for the
nonparametric distributed variables were acquired.
Table 1 presents the results of the descriptive statistics
for the variables.

Table 1. Descriptive statistics results of the variables

Variables | Gender n Group 1 Group 2 Group 3 Group 4 p value

Age M 25 1.0 (0.0-2.0)" 5.0 (3.0-6.0)° 9.0(7.0-11.0)c  15.0(12,0-18.0)¢ <0.001k
F 25 1.0 (0.0-2.0)" 6.0 (3.0-6.0) 9.0(7.0-11.0)c | 13.0(12.0-18.0)¢ <0.001k
p value 0.561* 0.559* 0.985* 0.042x

ATV M 25 4.0(3.3-4.5) 3.5(3.0-4.0)° 3.8(3.0-4.8) 3.8(3.3-5.1) 0.002k
F 25 3.9(2.5-4.5) 3.4(3.0-4.3) 3.5(3.0-4.8) 3.6(3.0-5.1) 0.065*
p value 0.816 0.376* 0.103* 0.048*

ACF M 25 29.3+3.2° 32.0%3.2° 31.8+2.5° 33.2+3.0° <0.001™
F 25 26.8+3.8" 29.9:2.9° 31.4%2.5° 31.4£2.9° <0.001"
p value 0.018¢ 0.017¢ 0.412 0.042y 0.380™

PCF M 25 15.7+2.4° 15.0+2.8% 13.8+2.0% 14.8+2.0° 0.039™
F 25 13.9:2.4 13.1+2.5 13.6+2.5 12.8+2.0 0.410™
p value 0.013Y 0.012¢ 0.587¢ 0.001Y 0.180™

WCF M 25  12.3(8.4-17.8) 10.7 (6.3-18.6) 11.2(6.6-17.1) 11.5(8.4- 15.9) 0.065k
F 25  11.7(5.6-17.1) 10.2 (6.6-15.3) 9.6 (6.6-17.1) 9.5(6.3-17.3) 0.466*
p value 0.130* 0.101* 0.132* 0.003*

OCF M 25 11.1(7.2-13.1) 10.8 (7.2-18.3) 10.6 (7.6-16.3) 11.1(7.7-15.3) 0.723k
F 25 9.4 (5.8-16.0) 10.1(7.8-13.9) 10.9(8.7-16.0) 10.5(7.3-13.5) 0.131*
p value 0.165 0.258* 0.578* 0.180*

ARCT M 25 13.6+2.1 14.3£2.7 14.72.7 15.1+2.6 0.215"
F 25 12.2+2.0 13.122.5 13.922.2 13.122.7 0.095™
p value 0.019¢ 0.103¢ 0.288Y 0.010¢ 0.610™

k: The p value of the Kruskal-Wallis test result, m: The p value of the two-way ANOVA result, x: The p value of the Mann-Whitney U test result, y: The p

value of the two-sample t test result.
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Table 1. Continued

Variables = Gender n Group 1 Group 2 Group 3 Group 4 p value
VDS M 25 150.5+14.4¢ 167.8+8.8° 170.2+10.0% 176.2+6.5° <0.001™
F 25 144.2+15.3¢ 163.9+8.9° 166.5+6.2% 172.1+6.5% <0.001™
p value 0.139¥ 0.132Y 0.101Y 0.034y 0.909™
MTDS M 25 125.1+11.3¢ 139.2:7,2% 142.7+4,9° 153.2+8.8° <0.001™
F 25 118.6+14.5¢ 136.2£5.0° 139.1+7.0° 144.9+9.3° <0.001™
p value 0.085Y 0.089¥ 0.033¥ 0.002¥ 0.402m
AFV M 25 7.8+1.8 8.7£1.2® 9.6+1.5% 9.5£1.5° 0.001™
F 25 8.0:1.7° 8.6+1.7% 8.8+1.2¢ 9.6+1.7° 0.009™
p value 0.670Y 0.710¥ 0.041Y 0.878Y 0.374m
TFV M 25 10.2£1.8° 11.3£1.3b 12.6+2.0° 12.9+1.5° 0.001m
F 25 10.7+1.7 11.4+1.8 11.7+1.3 11.9+1.6 0.078m
p value 0.341Y 0.990Y 0.070¥ 0.034Y 0.072m
El M 25 0.2£0.02° 0.2+0.02% 0.2+0.02%® 0.2+0.02° 0.037m
F 25 0.2:+0.02 0.2+0.01 0.2+0.01 0.2+0.02 0.321"
p value 0.263Y 0.067Y 0.776Y 0.988Y 0.389

k: The p value of the Kruskal-Wallis test result, m: The p value of the two-way ANOVA result, x: The p value of the Mann-Whitney U test result, y: The p
value of the two-sample t test result.
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Figure 3. Boxplot for the MTDS (maximum transverse diameter of the skull), AFV (anteroposterior width of the
fourth ventricle), TFV (transverse width of the fourth ventricle), El (Evans index).

BoxPlots for Age, ATV, ACF, VDS, MTDS, AFV, TFV, El
variables are presented in Figure 2 and Figure 3.

DISCUSSION

This research has focused on revealing the changes in
the ventricular system of the brain in relation to age and
gender in the pediatric period, using brain MR images
of 200 children aged 0-18 years, admitted to BAIBU
TRH without any pathological condition affecting
the brain or brain ventricles. The images of the brain
ventricles have been evaluated in four groups based on
age. The following parameters have been measured,
and the following results have been interpreted: ATV,
ACF, PCF, WCF, OCF, MTDS, VDS, ARCT, ALCT, AFV,
TFV, and El. The results have indicated that after a
certain age in the pediatric period, the morphometry
of the brain ventricles and other variables of the
skull differ significantly in relation with gender. The
development of brain ventricles in the pediatric period
is critical for the early diagnosis of many diseases.
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It can be seen from the accumulating literature that
the number of studies conducted on the ventricular
system of the brain and the number of individuals
examined in the pediatric period are limited (11-13).
Yet, to our knowledge, there is no study using MR
images of healthy individuals in this period to evaluate
the development of the ventricular system of the brain
in particular. Hence, in this study, we have focused
on the age- and gender-related changes of the brain
ventricles in individuals aged 0-18 years.

It has been shown in the literature that
neurodegenerative diseases play an aggregative role
in the disruption of the morphometric structure of the
brain ventricles (11). Hydrocephalus, an example of a
neurodegenerative disease, is a disorder characterized
by dilatation of the ventricular system and obstruction
of CSF flow. In a study investigating the differences
among the brain ventricles of individuals diagnosed
with hydrocephalus in relation to gender, a total of
50 patients (27 boys, 23 girls) diagnosed with either



myelomeningocele-related hydrocephalus (MHC) or
non-myelomeningocele-related hydrocephalus (HC)
in the pediatric period have been put under research.
ATV and El variables have been analyzed on CT brain
and MR brain images of the individuals. While no
statistically significant result has been seen between
the genders, the results have differed significantly
with age. Statistically significant changes have been
found between HC and MHC groups in terms of El and
ATV. While our research has focused on the cerebral
ventricle development in healthy individuals, the study
indicated above has examined individuals diagnosed
with hydrocephalus, expressing greater differences in
the median values. This is surely due to hydrocephalus
having a very high impact on the morphometry
of the brain and brain ventricles. One study has
investigated the importance of El and ventricular
indexes in revealing the prognosis of hydrocephalus
in 137 patients from birth to six years of age out
of the Nigerian population (14). This research has
documented that the ventricular index and the El
variable reflect the prognosis of the disease. Another
research has examined the structure of the brain
ventricles of individuals with multiple sclerosis (MS),
another example of a neurodegenerative disease, and
the structures of the brain ventricles of healthy people
(15). The study has focused on a group of patients
with two stages of MS (RR-Relapsing Remitting and
SPMS-Secondary Progressive). MR images of 40 MS
patients (20 RR and 20 SPMS), and 10 control subjects
were used to analyze ATV, AFV, CFAG, ARCT, ALCT,
and VDS variables. As a result of the analysis, the ATV
variable has been found to be lower in the control
group, and the differences among all groups have been
found statistically significant. The El variable has not
demonstrated a level of statistical significance, while
the AFV, ACF, ARCT, and ALCT variables have differed
significantly among the groups. The individuals with
MS have shown higher values compared to the control
group. Upon analyzing the results, it is well understood
that neurodegenerative diseases affect the size and
volume of brain ventricles. Therefore, it is vital to
know the morphometric dimensions of brain ventricles
in healthy individuals, as this can facilitate both the
prognosis and the diagnosis of the disease.

Similarly, a study has measured ACF, ATV, TFV, AFV,
MTDS, and El variables in adults, and has found
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that ACF, ATV, and MTDS variables have shown a
statistically significant difference between genders,
while no difference has been seen in AFV, TFV, and
El variables (16). Likewise, in a study conducted on
MR images of adolescents (17), ATV, OCF and ACF
variables have been analyzed, reporting no statistically
significant difference in ATV and OCF variables, while
a statistically significant difference in ACF in terms of
gender was reported. ACF, El, and MTDS variables have
been evaluated in another study conducted on 100
individuals from the Indian population with an average
age between 5-90 years, including seven pediatric
patients, and the differences among the genders
and groups have not been statistically significant in
the El variable (12). Moreover, the differences in the
variables ACF and MTDS have been significant, in
terms of gender, while no difference has been found
between the groups. In a study in which the same
variables have been examined in the adult Nigerian
population, a statistically significant result has been
found for ACF and MTDS variables in terms of gender,
and no statistically significant result has been detected
in the El variable (18). In the current study, the El
variable among these variables has not been found to
be statistically different in terms of gender, whereas
it has been found to be significantly different between
individuals in the first and fourth groups. The El of
the individuals in the first group has been found to be
lower than that of individuals in the other group. This
result shows that the El variable progresses with age
but remains constant after a certain age, ultimately
indicating no difference between the genders. As far
as the ACF and MTDS variables are concerned, no
statistically significant difference has been observed
between the second and third groups, while a
statistically significant difference has been observed
between the first group and the fourth group. It
has been determined that these variables have not
differed in the period from the age of three to the
age of 11. Statistically significant results have been
found between the individuals in the first, second,
and fourth groups for the ACF variable, and between
the individuals in the third and fourth groups for the
MTDS variable. After a certain age (seven years), the
difference between the genders has increased in
the transverse diameter of the skull, indicating that
pediatric individuals start to differentiate between
genders after the age of seven.
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A study conducted on the temporal lobe development
of pediatric individuals has examined MR images of
individuals aged from three weeks to 14 years (13).
The study found that the temporal lobe grows sharply
until the age of two, but the growth rate slows down
right after this age. The difference in growth rates
between the right and left temporal lobes has been
found to be statistically significant. Moreover, while
temporal lobe volume has been found to be inversely
proportional to age, the right temporal lobe has been
found to be larger than the left temporal lobe, except
for the individuals between the ages of one and two.
Similar results have also been acquired in our research.
While the ARCT variable has had a higher value in all
groups compared to the ALCT variable, no statistically
significant difference has been detected between the
groups. However, a statistically significant difference
has been found among individuals in the first and fourth
groups for the ARCT variable, and among individuals
in the first group for the ALCT variable, in terms of
gender. Having evaluated these results, it is obvious
that the growth in the temporal lobe, brain, and skull
affects the growth of the left and right temporal horn
at a similar rate.

Consequently, this study was conducted to examine
changes in the brain ventricles of pediatric individuals
in relation to age and gender, has determined that the
ACF, PCF, ARCT, and ALCT variables for the first group;
the ACF and PCF variables for the second group; the
VDS, MTDS, and AFV variables for the third group;
and the ATV, ACF, PCF, WCF, ARCT, VDS, MTDS,
and TFV variables for the fourth group have differed
significantly with respect to gender. Analysis has
revealed a significant difference among the age groups
for all variables except WCF, OCF, ARCT, and ALCT.
It has been observed that in the pediatric period, the
differences in the brain ventricles increased between
the ages of 12 and 18, and both the vertical and
transversal dimensions of the skull notably changed
between the ages of seven and 18.
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ABSTRACT

Aim: We aimed to assess the quality and reliability of YouTube videos on percutaneous ablation of thyroid nodules (PATN)
to evaluate their utility as educational tools for patients and healthcare professionals.

Materials and Methods: This cross-sectional study analyzed 76 YouTube videos identified through keyword searches
("percutaneous ablation of thyroid nodules", "thyroid radiofrequency ablation", and "thyroid microwave ablation") on
November 10, 2024. Videos were categorized by type (informative, technical, personal experience, and news), duration
(<4 minutes, >4 minutes), upload source (professional healthcare providers, non-professionals, or independent users),

and target audience (patients or healthcare professionals).

Quality and reliability were assessed using the Journal of the American Medical Association (JAMA) criteria, the Global
Quality Score (GQS), and the modified DISCERN (mDISCERN). Statistical analyses, including the Kruskal-Wallis and
Spearman correlation tests, were conducted.

Results: A total of 76 videos were evaluated. Informative videos scored significantly higher on quality metrics (GQS, 2.85
+0.15, p= 0.002; mDISCERN, 2.13 + 0.16, p= 0.008). Videos >4 minutes demonstrated higher quality scores (p= 0.001).
No statistically significant differences in popularity metrics (likes, comments, view rates) were observed across groups
(p>0.05). No significant correlations were found between quality scores (JAMA, GQS, mDISCERN) and popularity metrics
(R*=-0.019 t0 0.147).

Conclusion: While informative and longer videos exhibited higher quality, popularity metrics were not reliable indicators
of video quality. These findings highlight the need for healthcare professionals to produce engaging and accurate content
for platforms like YouTube to improve public education about PATN.
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INTRODUCTION

Percutaneous ablation of thyroid nodules (PATN) has
recently received significant attention as a minimally
invasive option for the treatment of benign thyroid
nodules. Compared to traditional surgical approaches,
ablation procedures offer numerous advantages,
including preservation of thyroid function, shorter
recovery times, and fewer complications. These
benefits have increased popularity among clinicians
and patients seeking less invasive management options

(1).

With the rise of digital technology, the Internet has
become a primary source of health-related information
for patients. Video-sharing platforms such as YouTube
play an important role in this shift by providing
easily accessible and engaging visual content about
medical procedures. Studies have shown that patients
increasingly use YouTube to learn about new treatment
options and understand procedures, outcomes, and
potential risks (2).

However, the quality and reliability of health-related
content on YouTube remain a significant concern.
Unlike peer-reviewed medical literature, content
uploaded to video-sharing platforms is not subject
to quality-control, allowing the spread of inaccurate,
biased, or incomplete information that can mislead
patients and influence treatment decisions (3). As a
result, patients face challenges distinguishing between
reliable guidance and misinformation.

Given the increasing interest in thyroid RFA and the
widespread use of YouTube as a patient education
tool, it is essential to assess the quality and reliability
of videos on this procedure. In this study, we aimed to
evaluate the reliability and quality of YouTube videos
on PATN to provide accurate information to patients
and healthcare professionals.

MATERIALS AND METHODS

This cross-sectional study evaluated the quality and
reliability of YouTube videos related to PATN on
November 10, 2024; the keywords "percutaneous

non

ablation of thyroid nodules", "thyroid radiofrequency

Northwestern Med J. 2025;5(4):248-254

ablation", and "thyroid microwave ablation" were
searched on YouTube. Searches were conducted in
incognito mode to avoid algorithmic biases, and the
default relevance-based sorting filter was applied.
Videos were included if they were in English, provided
visual or verbal explanations of thyroid ablation
techniques, and had a resolution of at least 360p.
Videos that were advertisements, unrelated to the
topic, or exceeded 30 minutes in length were excluded.
After sorting the videos by relevance, 76 of them met
the inclusion criteria and were included in the analysis.

Two physicians independently reviewed the videos,
recording the upload date, duration (minutes), total
views, number of likes and comments. The viewing rate
was calculated as the number of views per day since
the video was uploaded. Videos were categorized by
the source of upload as those uploaded by professional
healthcare providers, non-professional individuals,
and independent users. The target audience was also
classified as healthcare professionals/doctors or
patients and their relatives (4).

The quality and reliability of the videos were evaluated
using three validated tools (Figure 1). The modified
DISCERN (mDISCERN) score assessed the reliability of
the information on a scale of 0 to 5, with higher scores
indicating better reliability (5). The Global Quality
Scale (GQS) was used to evaluate the videos' overall
educational value and organization on a 5-point scale
(6). The Journal of the American Medical Association
(JAMA) benchmark criteria were applied to assess
authorship, attribution, disclosure, and currency, with
a maximum score of 4 indicating high reliability (7).

The Shapiro-Wilk test was applied to assess the
normality of the data distribution. Non-parametric
tests were used as the data did not follow a normal
distribution. The Kruskal-Wallis test was applied
to analyze differences in scores across groups,
while the Spearman correlation test was used to
evaluate associations between continuous variables.
Interobserver agreement was assessed using the linear
weighted Kappa statistic. A p-value of less than 0.05
was considered statistically significant. All statistical
analyses were conducted using SPSS software, version
24.
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JAMA SCORE

GQS SCORE

DISCERN SCORE
u

Figure 1. Distribution of JAMA, mDISCERN, and GQS scores across all analyzed YouTube videos.

RESULTS

likes, 12.08 comments, and a viewing rate of 7.08 views
per day. Among the analyzed videos, 71.1% (n=54)

A total of 76 YouTube videos were analyzed and ~ Were uploaded by professional healthcare providers,
categorized based on their characteristics. The mean 15.8% (n=12) by .non-professmnal |nd|V|dua.ls, and
number of views was 6,730.86, with a mean of 70.92  13.2% (n=10) by independent users. Regarding the

Modified DISCERN

1. Is the aim clear, concise, understandable?

2. Are sources of information reliable? (Cited publication, speaker is specialist in thyroid ablation procedure)

3. Is the information presented balanced and unbiased? (Any reference to other treatment choices)

4. Are additional sources of information listed?

5. Does the video address areas of uncertainty?

JAMA

Authorship Authors, partnerships and contributors, their affiliations and relevant
credentials should be provided

Attribution References and resources used for the content and a copyright
statement should be listed clearly

Currency Sponsorship, advertising, commercial financing, potential conflicts of
interest should be prominently and fully disclosed

Disclosure Dates when content was posted and updated should be indicated
GQs

1 Poor quality, poor flow, most information missing, not useful for
education

2 Generally poor quality and flow, of limited use to patients because
only some information is present but many important topics missing.

3 Moderate quality, suboptimal flow, somewhat useful for patients as
some important information is adequately discussed but others poorly
discussed.

4 Good quality, generally good flow, useful to patients because most
relevant information is covered but some topics not covered.

5 Excellent quality and flow, highly useful to patients.

Figure 2. Modified DISCERN, JAMA and GQS score.

JAMA: Journal of American Medical Association; GQS: Global Quality Score.
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Table 1. Descriptive characteristics of the YouTube
videos included in the analysis

Characteristic Features of Videos (Pelj:emn:,aegres)
Video Type
Informative 39(51.3 %)
Technique 12 (15.8 %)
Personal Experience 24 (31.6 %)
News Update 1(1.3%)
Duration
0-4 minutes 49 (64.5 %)
>4 minutes 27 (35.5 %)
Upload time
0-6 months 8(10.5 %)
6-12 months 6(7.9%)
>12 months 62 (81.6 %)
Upload Source

Independent Users 10(13.2 %)

Professional Health Care Providers 54 (71.1 %)

Non-professional 12(15.8)

Target Population

Patients and Relatives 62(81.6 %)

Health Care Professionals 14 (18.4 %)

Popularity Mean (Range)

Total number of views 6730.86 (53-81218)

Total number of likes 70.92 (0-1000)

Total number of comments 12.08 (0-346)

View Rate 7.08(0.13-59.05)

target audience, 81.6% (n=62) of the videos were
aimed at patients and their relatives, while 18.4%
(n=14) targeted healthcare professionals (Table 1).

The videos were evaluated for quality and reliability
using the JAMA benchmark criteria, the GQS, and
the mDISCERN score (Figure 2). Two interventional
radiologists performed the assessmentsindependently,
and interobserver agreement was found to be strong,
with a linear weighted Kappa value of 0.920 + 0.056.

Northwestern Med J. 2025;5(4):248-254

Informative videos demonstrated significantly higher
mean GQS and mDISCERN scores compared to other
video types, with GQS scores of 2.85 + 0.145 (range
1-5, median 3) and mDISCERN scores of 2.13 + 0.161
(range 1-5, median 2). No statistically significant
differences were observed in the scores of other video
types (Table 2).

When videos were categorized by target audience,
those aimed at patients and relatives had significantly
higher GQS and mDISCERN scores than those targeting
healthcare professionals. The GQS scores were
2.60 + 0.116 (range 1-5, median 2) for patients and
relatives versus 1.86 + 0.177 (range 1-3, median 2)
for healthcare professionals. Similarly, the mDISCERN
scores were 1.98 + 0.121 (range 1-4, median 2) for
patients and relatives versus 1.36 + 0.199 (range 1-3,
median 1) for healthcare professionals.

Shorter videos (< 4 min) had significantly lower scores
on all three assessment tools compared to longer
videos (> 4 min).

No statistically significant correlation was found
between the total number of views and the scoring
systems. The correlation coefficients for the
mDISCERN, JAMA, and GQS scoring systems were R? =
-0.019, R* = 0.147, and R* = 0.147, respectively.

There was no statistically significant difference
between the groups and popularity metrics such as
likes, comments, and view rates (p> 0.05)

DISCUSSION

Numerous studies have investigated the safety and
efficacy of percutaneous ablation techniques in the
treatment of benign thyroid nodules. These minimally
invasive procedures offer shorter recovery times and
fewer complications compared to surgical alternatives.
With the increasing number of treatment options
for thyroid nodules, patients need to have access to
accurate educational resources to make informed
decisions about their care.
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Table 2. Comparison of video quality scores by video characteristics using three validated scoring systems
JAMA GQS DISCERN
Mean Pval Mean Pval Mean Pval
(Min-Max/Median) alU€ | (Min-Max/Median) alU€ | (Min-Max/Median) atue
Video type
Informative 1.79(1-3/2) 2.85(1-5/3) 2.13(1-4/2)
Technique 1.50(1-2/1.5) 1.83(1-2/2) 1.17(1-2/1)
0.382 0.002 0.008
Personal Experience 1.83(1-3/2) 2.17(1-4/2) 1.83(1-3/2)
News Update 1(1-1) 2(2-2/2) 3(3-3/3)
Duration
0-4 minutes 1.61(1-3/2) 2.20(1-4/2) 1.63(1-4/1)
0.043 0.001 0.009
>4 minutes 2.00(1-3/2) 2.93(1-5/3) 2.30(1-4/2)
Upload time
0-6 months 1.88(1-3/2) 2.75(1-5/2.5) 2.25(1-4/2)
6-12 months 1.67 (1-2/2) 0.816 2.33(2-3/2) 0.806 1.33(1-2/1) 0.191
>12 months 1.74(1-3/2) 2.44(1-4/2) 1.87(1-4/2)
Upload Source
Independent Users 2.00(1-3/2) 2.60(2-4/2) 1.70(1-3/2)
; _ 0.177 0.389 0.940
Professml:lal Health 1.76 (1-3/2) 250 (1-5/2) 1.91(1-4/2)
Care Providers

Social media platforms, especially YouTube, have
become primary sources of health information,
providing patients with accessible, visual, and engaging
content. However, the uncontrolled nature of these
platforms raises serious concerns about the quality
and reliability of such videos as a source of health
information (8).

Several studies analyzing YouTube as a source of health
information have highlighted significant variability in
video quality and reliability (9,10). Factors such as the
number of views, likes, and comments often reflect
popularity rather than educational value, making it
difficult for patients to identify accurate content.

Studies evaluating the quality and reliability of
YouTube videos on various medical topics have shown
that videos uploaded by healthcare professionals
generally receive higher DISCERN and GQS scores
compared to non-professional sources (4,11-14).
Specific studies, such as studies on neonatal sepsis and
sports mouthguards, further confirm these findings,
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showing that videos uploaded by professional sources
are generally more reliable but also inadequate as
stand-alone educational tools (15,16). A study on
uterine fibroid embolization found that although some
content achieved higher DISCERN scores, the overall
quality were average or poor, with no correlation
between video popularity and reliability (17).

Analyses of musculoskeletal ultrasound, intragastric
balloon procedures, and orthodontic aligners also
found that professional videos were higher quality
but represented only a small portion of the content.
Furthermore, non-professional videos were often less
reliable but more visually engaging, leading to higher
popularity metrics such as views and likes (14,18).

Contrary to other studies, although the majority of
videos in our study were uploaded by professional
healthcare providers (71.1%), no significant difference
was observed in all scoring metrics compared to non-
professional users. Instead, our study highlights the
critical role of content type and video duration in



determining quality and reliability, as informative and
longer videos scored higher on all metrics. Therefore,
healthcare professionals should create longer, more
detailed, and engaging content to address gaps in
patient education. However, the highly specialized
and emerging nature of PATN videos results in a
smaller pool of content, emphasizing an even greater
disparity between professional and non-professional
contributions. As with other studies, there is a
disconnect between popularity metrics and content
quality, highlighting the challenge of promoting
accurate, high-quality information in niche areas.
These findings reinforce the need for healthcare
professionals to create detailed, accessible, and
patient-centered content to address gaps in public
education, particularly for new medical procedures
such as PATN.

A notable observation in this study is the association
between video duration and quality scores. Longer
videos provided more comprehensive information,
addressing key aspects such as procedure indications,
benefits, risks, and alternatives. This pattern aligns with
findings from studies on clear aligners and intragastric
balloons, where detailed content correlated with
higher DISCERN and GQS scores (13,14). However,
the general audience's preference for shorter, more
engaging content may limit the accessibility and
visibility of longer, higher-quality videos.

Additionally, popularity metrics, such as views and likes,
were not consistently correlated with video quality.
This disconnect raises concerns about the influence of
non-credible but visually appealing content on patient
decision-making. As seen in evaluations of videos on
skin cancer screening and the Zika virus pandemic,
misleading or low-quality videos often garner more
attention, which can propagate misinformation (4,19).

To address these challenges, healthcare professionals
and organizations must create and promote high-
quality educational content on platforms like YouTube.
Incorporating elements such as engaging visuals,
clear messaging, and comprehensive explanations can
help improve the quality and reach of such content.
Furthermore, collaboration with platforms to integrate
quality indicators or certifications for health-related
videos could guide users toward more reliable sources.

Northwestern Med J. 2025;5(4):248-254

This study has several limitations. First, only English-
language videos were included, which may introduce
language bias and limit the generalizability of the
findings to non-English-speaking populations. Second,
the cross-sectional nature of the study, based on a
single-day search, may not capture temporal changes
in video content, popularity metrics, or search engine
algorithms. As YouTube content is dynamic and
constantly evolving, the results may not reflect long-
term trends or newly uploaded videos. Third, while
validated tools such as the mDISCERN, GQS, and JAMA
scores were used to assess video quality and reliability,
the study did not evaluate the factual accuracy or
clinical correctness of the information presented in the
videos. Therefore, a video could receive a high-quality
score based on structure and presentation while still
containing misleading or incorrect medical information.
Future research should incorporate content validation
by subject-matter experts as well as multilingual and
longitudinal analysis to enhance the robustness of
findings.

CONCLUSION

While YouTube offers significant opportunities
for patients to learn about PATN, the variability in
quality and reliability highlights the need for greater
professional engagement and platform oversight.
By adding verification systems, professional
endorsements, and quality-focused algorithms,
YouTube can serve as a more credible source of patient
education. These efforts are essential to support
informed patient decision-making and to promote a
better understanding of emerging procedures such as
PATN.
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ABSTRACT

Aim: The azygos lobe is a well-known anatomical variation of the lung, formed due to the aberrant course of the azygos
vein during fetal development. The incidence of the azygos lobe has been reported to be between 0.4% and 1%. This study
aims to identify the prevalence of the azygos lobe in a specific patient population, classify its variations, and highlight its
importance in differential diagnosis and associated pathologies.

Methods: A retrospective analysis was conducted on 4,549 patients who visited our pulmonology clinic between April
2014 and November 2017. The presence of an azygos lobe was identified through radiological screening.

Results: Among the 4,549 patients screened, 14 cases (0.31%) of azygos lobe were detected, comprising 10 males and
four females. The azygos lobe was classified based on the course of the azygos fissure: Type A (lateral to the lung apex)
in seven cases (50%), Type B (midline and more vertical) in three cases (21%), and Type C (medial, extending into the
mediastinum) in four cases (29%). Additionally, 12 cases (85.7%) were located on the right side, while two cases (14.3%)
were on the left.

Conclusions: The azygos lobe is most commonly detected incidentally during imaging for unrelated conditions. Our
study emphasizes the importance of recognizing the azygos lobe as a differential diagnosis and investigating potential
coexisting pathologies. The findings contribute to existing statistical data on the prevalence and anatomical variations of
the azygos lobe.

Keywords: azygos lobe, anatomical variation, differential diagnosis, pulmonary imaging
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INTRODUCTION

In normal human anatomy; The right lung is divided
into three lobes—lobus superior, medius and inferior—
by two fissures, and the left lung is divided into two
lobes—lobus superior and inferior—by a single fissure
(1). The lungs are divided into lobes by the combination
of segments and the oblique and horizontal fissures (2).
The most well-known accessory fissure is the azygos
fissure. It occurs as a result of the azygos vein passing
in front of the lung during the intrauterine period, and
the apical or posterior segment of the right upper lobe
remaining behind this vein. The azygos vein develops
from the posterior cardinal vein. As a result of a part of
the upper lobe remaining below and medial to this vein,
an accessory lobe resembling a separate lobe is formed
due to the pressure of the vein, which is called the
azygos lobe. It has been reported to occur at a rate of
0.4-1% during routine examinations (3-5). It is usually
asymptomatic and does not require treatment. The aim
of this study is to contribute to the literature on the
azygos lobe and to draw attention to the diseases that
coexist with it.

MATERIALS AND METHODS

Among the 4,549 people who came to the Diizce
private pulmonology clinic between April 2014 and
November 2017, those with an azygos lobe were
detected through retrospective screening. Statistical
evaluation of the study was performed using the SPSS
16.0 package and p values <0.05 were considered
significant.

Retrospective radiological evaluation was performed
with posteroanterior (PA) radiographs in patients
older than 18 years. Individuals over the age of 18 who
presented to the chest diseases clinic for any reason
were included in the study. Those without a chest
X-ray were excluded from the study.

RESULTS

Among the 4,549 people who came for chest diseases
examination between April 2014 and November 2017,
those with an azygos lobe were detected through
retrospective screening. Of these, 2,409 were male
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and 2,140 were female. An azygos lobe was detected
in 10 of the 2,409 male patients and four of the 2,140
female patients.

The appearance of the azygos lobe is classified into
three types, depending on the course of the azygos
fissure in relation to the lung apex. The trigone is
classified as Type A if it is lateral to the apex of the
lung, Type B if it is located towards the middle and the
fissure is more vertical, and Type C if it is medial and
the fissure extends into the mediastinum. In our case
series, there were seven patients (50%) with Type A,
three patients (21%) with Type B, and four patients
(29%) with Type C.

In our study, the azygos lobe was settled on the right
side in 12 patients (85.7%) and on the left side in two
patients (14.3%). Figure 1 shows the azygos lobe
and fissure on the PA chest radiograph, and Figure 2

Figure 1. Azygos lobe and fissure on the PA chest
radiograph.

Figure 2. Azygos lobe and fissure on the thorax CT.



shows them on the thorax computed tomography
(CT). Sequestration was observed on one patient’s
chest X-ray, and one patient had coexisting lung
cancer, which was treated. The average age of the
individuals included in the study was 48.6+3.5 years.
It is important to identify diseases concomitant with
the azygos lobe, as these conditions should not be
overlooked.

DISCUSSION

The azygos lobe is a rare anatomical variation that can
cause significant morphological changes in the upper
mediastinum (6). It occurs as a result of inadequate
migration of the azygos vein from the thoracic wall to
its normal position, the tracheobronchial corner. The
azygos lobe may be located behind the superior vena
cava and trachea, and may contact the medial wall of
the descending aorta and esophagus. It is generally
seen twice as often in men (7,8). In our study, 10 out
of 14 patients (71%) were male. The azygos lobe is
often located on the right (9,10). In our study, 12 cases
(85.7%) were on the right and two cases (14.3%) were
on the left.

The azygos lobe is seen in 1% of cadaver samples,
0.4% in chest radiography, and 1.2% in high-
resolution computed tomography (3-5,11). Diagnosis
is usually made by chest radiography (11). Computed
tomography can also be used in selected cases for
further examination and differential diagnosis (12). As
in our case, on the chest X-ray there is a convex line
connected to the azygos fissure, a triangular-shaped
area (trigone) connected to the extrapleural tissue on
the fissure, and a teardrop appearance connected to
the azygos vein at the bottom (13).

The appearance of the azygos lobe depends on the
course of the azygos fissure in relation to the lung apex.
It is classified in three ways: Type A, when the trigone
is lateral to the lung apex; Type B, when it is located
toward the middle and the fissure is more vertical; and
Type C, when it is medial and the fissure extends into
the mediastinum (14).

Although it does not represent a pathological condition
onitsownin practice, theazygos lobe requires attention
due to possible accompanying pathological events.

Northwestern Med J. 2025;5(4):255-258

Although rare, the azygos lobe may be accompanied
by pathologies such as fissures, tumors (small cell lung
cancer), extrapulmonary sequestration, pneumothorax,
bullous changes, vascular anomalies, and situs inversus
totalis (15). In our study, one patient had extralobar
sequestration, and another had lung cancer and was
treated accordingly. Monaco et al. reported surgical
treatment of a case in which they detected an azygos
lobe with pneumothorax (16). The most important
thing to consider in surgical interventions for lesions
located in the azygos lobe is the risk of damaging the
azygos vein while dissecting the azygos lobe (17).
Gentle caudal traction of the azygos lobe is importantin
preventing this complication. The bronchus of the lobe
usually branches from the upper lobe apical segment
bronchus, but it has also been observed to arise from
the main bronchus. Therefore, these anatomical
variations should be taken into consideration during
bronchial division (18). The azygos lobe is usually
identified incidentally during imaging performed for
other reasons. Accurate identification is important as
the azygos lobe can mimic other lung pathologies and
may cause technical challenges during surgery (19). In
our study, no such findings were observed.

CONCLUSION

In most cases, the azygos lobe is detected incidentally
during examinations for other reasons, as in our study.
Our findings reveal that the azygos lobe should not be
overlooked in differential diagnoses and emphasize the
importance of investigating additional pathologies.
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ABSTRACT

Artificial intelligence (Al) is a system that aims to bring human thinking ability to machines and thus solve complex tasks
more easily and can continuously improve itself with the data it collects. Al technologies are used in many fields, such as
education, media, banking, and the defense industry. In recent years, Al has begun to manifest itself in various fields of
health services, from diagnosis to treatment and patient follow-up.

Al algorithms can facilitate patients' access to healthcare services, provide remote patient monitoring, shorten the
diagnosis process of diseases, provide patient-specific treatment recommendations, or allow physicians to improve their
practices. Thus, it can improve patient care and increase patient satisfaction, reduce costs, and speed up healthcare
services. Increasing telemedicine applications during the pandemic contributed to the acceleration of the utilization
of Al in healthcare, and Al-based algorithms for diagnosing and treating diseases began to be developed rapidly. With
the increasing prevalence of wearable technologies and the introduction of electronic health records, there has been a
tremendous explosion in individual health data. Al has contributed to health services in collecting and processing this
rapidly increasing data.

Although Al has a promising future in health, it also brings many ethical problems. Al systems make decisions based on
the data they are trained on. If there is not enough data diversity or if biased data is used, Al systems may give inaccurate
predictions or learn and reproduce these preconceptions.

This manuscript is a literature review examining the impacts of Al in the healthcare sector and discusses the history of Al
Al studies applied for the diagnosis and treatment of diseases, telemedicine and preventive medicine applications, and
the disadvantages of Al.
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INTRODUCTION

In recent years, technological developments such
as big data systems, the Internet of Things (loT),
health monitoring devices, telemedicine applications,
and robotic surgeries have been used in various
fields of the healthcare sector and have started to
provide convenience to patients and physicians in
protecting health and accelerating diagnosis and
treatment processes. Thanks to big data systems,
more data can be accessed by using health records,
laboratory and imaging results, and information such
as medical records, test results, imaging findings, and
prescriptions of patients can be stored within the
health cloud. loT enables medical devices and sensors
to be connected to the internet in order to collect and
share data in real-time. Through loT, communication
between wearable technologies, sensors, medical
devices, and other resources can be established, and
information sharing can be provided (1). Mobile devices
such as smartphones and tablets can be beneficial to
the user by enabling patients to monitor their health
status, use medication reminders, or meet with their
doctors via telemedicine.

Artificial intelligence (Al) is the system used to solve
tasks such as problem-solving, data analysis, and
learning through computers by giving human-like
thinking abilities to machines. Al includes many tools,
such as deep learning, neural networks, and machine
learning. An algorithm is a step-by-step approach
designed to achieve a specific goal. Al advancements
in the health industry aim to produce solutions to
problems by using a diverse range of algorithms,
such as deep learning, natural language processing,
support vector machines, ensemble learning, and
bioinformatics algorithms.

Al is used to speed up processes, increase efficiency,
and reduce costs in numerous areas such as diagnosis,
treatment, and follow-up of diseases, vaccine and
pharmaceutical industry, making or reminding doctor
appointments, and telemedicine with machine learning
or deep learning technologies. This review discusses
the areas of use of Al technologies in healthcare.
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History of artificial intelligence

The emergence of Al dates back to the “Turing Test”
in the 1950s. For the first time, with Alan Turing's
question, “Can a man-made device move and make
decisions in a way that is indistinguishable from
that of humans?”, Al was conceptualized, and with
the Dartmouth Conference in 1956, Al became
a topic of discussion (2,3). ELIZA, developed by
Joseph Weizenbaum at the Massachusetts Institute
of Technology (MIT) Al laboratory between 1964
and 1967, was one of the first chatbots and the first
program to test the Turing Test. ELIZA could organize
text responses that simulated a dialogue with a human
therapist (4). Shakey, developed between 1966 and
1972, was the first robot capable of interpreting
human instructions and performing actions based
on these instructions. It was considered one of the
greatest achievements of that period.

In the 1970s, Al started to be used in medical
applications, and the first artificial medical advisor,
INTERNIST-1, emerged (5). In this system, search
algorithms were used to find a diagnosis from patients'
symptoms. During these years, MYCIN was developed
by Stanford University to identify bacteria giving rise to
severe infections and to recommend appropriate doses
of antibiotics to patients (6). In the 1980s, DXplain
was designed at the Massachusetts General Hospital
computer science laboratory to make it easier for
doctors to diagnose (7). It was similar to INTERNIST-1
but had the ability to derive more diagnoses from the
symptoms entered.

In the 2000s, Al applications in health gained
momentum. IBM Watson was developed to respond to
questions on a quiz show. It beat the best contestants
to take first place. Watson was built as a question-
answering computing system using natural language
processing, information  retrieval,  knowledge
representation, automatic reasoning, and machine
learning technologies (8). In 2017, the Watson system
identified RNA-binding proteins associated with
amyotrophic lateral sclerosis (9).



Telemedicine

Telemedicine refers to delivering healthcare services
across distances using information and communication
technologies (10). Telemedicine applications can be
used in “real time,” involving active communication
between doctors and patients via telephone or video
calls, and through “store and forward” methods that
enable clinicians to store and transmit data for later
evaluation and interpretation. It facilitates access to
healthcare, especially where access to clinicians is
limited. Remote Patient Monitoring (RPM) is a subset
of telemedicine, enabling healthcare professionals to
monitor, investigate, and report on patient conditions
remotely.

There has been an increase in the use of telemedicine
during the COVID-19 outbreak, and it has provided
significant benefits in reducing the spread of COVID-19,
monitoring isolated patients, and identifying patients
in need of hospital care (11). Al-equipped smartphones
have enabled remote assessment of a patient's
likelihood of being infected by analyzing the sound of
speaking or coughing, and Al-enabled chatbots have
contributed to reducing the increased triage burden
by classifying patients according to their symptoms,
helping to refer patients to home quarantine, the
emergency department, or a COVID-19 clinic (12).

Integrating Al into telemedicine has contributed to
the clinician's decision-making process by providing
alternatives for interpreting medical images. Al
methods in smartphones or wearable devices have
been used to increase patients' treatment compliance,
providing opportunities such as reminding patients of
the time of medication intake and monitoring heart
rhythm with smartwatches (13).

ChatGPT, an Al language model, launched by OpenAl,
functions as an Al-powered chatbot that is able to
comprehend natural language conversations and
answer user queries. A ChatGPT-powered chatbot
provides information about medical diseases and
answers patients' questions about clinical features,
prescription drugs, and therapeutic procedures.
For medical staff, it summarizes patients' medical
information and can help them perform RPM to
maintain patient health. ChatGPT can offer solutions
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as a computer program that aids patients in managing
their treatment, akin to a virtual assistant alerting them
to adhere to their medical prescriptions and providing
information about their current health condition.
Digital platforms, including websites, voice assistants,
and mobile applications, can be used to reach these
virtual assistants. Nevertheless, ChatGPT in healthcare
has shortcomings regarding medical ethics, privacy,
security, consent, and liability.

Diagnosis of diseases

By processing biochemical and clinical test data with
big data analysis methods, Al has become available in
the diagnosis and treatment process of many diseases.

With the onset of digitalization, the interpretation of
images by computers has been the subject of intense
interest; thus, computer-aided detection (CADe)
and computer-aided diagnosis (CADx) algorithms
have emerged. Although there were initially high
expectations from these systems, they were not very
effective in the clinical field due to high false positive
rates. Al has been increasingly used by radiologists
for the early diagnosis of various diseases and the
reduction of diagnostic errors. It has been reported
that Al-supported systems perform at least as well
as radiologists, show lower false diagnosis rates than
radiologists, and reduce the workload of radiologists
(14). Similarly, Al is a tool that cardiologists can use
to analyze electrocardiography and echocardiography
graphics. The Ultromics platform, founded at a hospital
in Oxford, has used Al to analyze echocardiography
scans to detect heart rate patterns and ischemic heart
disease (15).

The first application of Al in the surgical field was
by Gunn in 1976 when he tried to diagnose acute
abdominal pain using computer analysis, and Al made
an accurate diagnosis (16).

An Al-assisted diagnostic system was developed to
classify malignant and benign lung nodules based on
computed tomography (CT) data, and it was shown
that this system can be applied to differentiate lung
nodules accurately (17). In this study, Gong | et al.
included a total of 243 pulmonary nodules, of which 76
were benign and 167 were malignant (81 were stage
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1 and 86 were stage 3) according to biopsy results,
and as a result of the study, they reported that a CADx
scheme was feasible to discriminate between benign
and malignant lung nodules accurately, and that there
was a positive correlation between CADx performance
and cancer stages (17).

Gudigar et al. declared that various medical imaging
tools such as X-ray, CT, and ultrasound (US) using Al
techniques have contributed substantially to the fight
against the pandemic by aiding in the early diagnosis
of COVID-19 (18). Al algorithms applied to lung CT
scans of COVID-19 patients showed that pneumonia
developed most frequently in the right lobe of the lung
(29).

A study by Wang et al. proposed a new hybrid chest
CT-based method to automatically detect COVID-19,
using a diagnostic technique based on wavelet Renyi
entropy (WRE) and a three-segment biogeography-
grounded optimization (3SBBO) algorithm, which
outperforms many Al algorithms (20).

Al has also started to be used in breast cancer
detection. In related studies, it has been shown that
the performance of Al methods developed in breast
cancer detection is similar to human performance, and
it has been revealed that Al may play an essential role
in the field of breast cancer screening in the future
(21). In one study, the interpretations made by 101
radiologists (28,296 independent interpretations) on
2,652 digital mammography exams (653 malignant)
collected from seven countries were compared
with the interpretations of the Al system, and it was
shown that the performance of the Al system was not
statistically inferior to the performance of radiologists.
The Al system evaluated in this study was reported to
achieve cancer detection accuracy similar to that of an
average breast radiologist (14).

A study has shown that an Al-based method can
classify thyroid nodules as benign or malignant. In this
study, image features were extracted from thyroid US
images in the spatial domain using deep learning, and
in the frequency domain using Fast Fourier Transform
(FFT). A stepwise classification scheme was created
using these features, and it was found that thyroid
nodules could be successfully classified (22).
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Magnetic Resonance Imaging (MRI) is able to detect
inflammation in the joints of patients with rheumatoid
arthritis (RA) before it manifests clinically and can play
a crucial role in early diagnosis. By collecting MRI data
from healthy controls and patients with suspected
progression to RA, specific patterns predicting the
development of RA can be deduced. However, manually
classifying a great deal of MRI data is impractical.
Consequently, research has been conducted to detect
early RA from MRI data using Al techniques, and an
Al algorithm based on MRI data has been shown to
increase the rate of early RA detection compared to
specialized physicians (23).

In ophthalmology, Al is applied to fundus photographs,
optical coherence tomography, and visual fields to
detect diabetic retinopathy, macular edema, and
macular degeneration. It is suggested that deep
learning in ocular imaging can be combined with
telemedicine to screen, diagnose, and monitor
important eye diseases in primary care (24).

Al methods have also significantly progressed in
interpreting small bowel capsule endoscopy images.
In a study in which 7,556 small bowel capsule
endoscopy images were analyzed with an Al neural
network algorithm, lesions and their localization were
detected with higher sensitivity and accuracy than the
conventional model (25).

Al tools can analyze speech patterns to predict
psychotic events and to recognize and screen for
features of neurological diseases such as Parkinson's
disease (26). Furthermore, Al algorithms may be
helpful in the diagnosis of autism spectrum disorder
by analyzing transcripts of spontaneous speech and
assessing behavioral features or in the diagnosis of
acute appendicitis in children by analyzing blood tests
(27,28).

The use of Al in medical pathology can help in lesion
detection, classification, and prognosis prediction.
Kosaraju et al. developed a new deep-learning Al
model called Deep-Hipo for pathological image
analysis and reported that this model performed
more efficiently and accurately than other Al methods
in analyzing gastric cancer pathological images.
Although there are several convolutional neural



network-based techniques to precisely
histopathological images for cancer detection, cancer
subtype classification, and risk prediction, most of
them perform patch-based examinations because

of the large size of histopathological images. Still,

analyze

these patches do not consist of adequate information
or patterns. Deep-Hipo, on the other hand, was
reported to extract two patches of the same size at
both high and low magnification levels and to capture
complex morphological patterns in both large and
small receptive fields of the whole slide image, thus
outperforming the latest deep learning methods (29).

Treatment of diseases

IBM Watson, a well-known Al system in the world, is
designed to help physicians examine electronic health
records of their patients, access academic publications
related to diseases, and examine documents related to
the disease with features including machine learning,
data mining, and natural language processing. A
study conducted in India found that the treatment
recommendations provided by the Watson oncology
system to 638 patients with breast cancer had 90%
similarity to the treatments recommended by the
tumor detection board working in this field, and saved
a significant amount of time. The researchers used
both the manual method and the Watson system to
collect and analyze the data and then compared the
time taken to provide treatment recommendations.
They found that the manual approach took an average
of 20 minutes, which decreased to 12 minutes as
physicians became more familiar with it, while Watson
took only 40 seconds to analyze the data and provide a
treatment recommendation (30).

Today, robots are used in various surgical procedures
to assist surgeons. The Da Vinci robotic surgery system
is one of the systems often preferred by doctors in
this context. The Da Vinci robotic surgery Al system
has made surgical treatment more minimally invasive
with the advantages of clearer image, more precise and
comfortable operation, and even remote operation.
With these advancements, it has provided high surgical
success and low complication rates (31).
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Three-Dimensional Printing (3DP)isarapid prototyping
technology using Al technology. Based on digital model
files from CT or MRI data, it creates objects by printing
layer by layer with powdered metal or other adhesive
biomaterials with Al technology. Clinical imaging
data are transferred to intelligent software. After
artificially choosing regions of interest, the software
outputs three-dimensional reconstructions. This
method makes it possible to obtain an exact model of
the injured part reconstructed from real CT scan data,
make detailed plans before surgery, and perform a pre-
simulated surgery on the model. After 3DP printing and
sterilization, implants can be surgically implanted in
place of human tissue injured for various reasons (32).
Feng ZH et al. reported that pedicle screw placement
with 3DP template guidance in spine surgery is both
safe and easier than conventional methods, and the
risks of neurovascular damage and radiation exposure
are reduced (33).

Virtual Reality (VR), Augmented Reality (AR), and Mixed
Reality (MR) technologies are novel types of digital
holographic imaging technologies akin to 3DP. VR is a
virtual digital image created by an intelligent computer
algorithm that allows surgeons to practice and improve
their surgical skills on a virtual system without making
severe surgical errors. It cannot be applied in actual
surgery due to the paucity of real-world experience.
AR technology can provide a virtual reconstruction of
the critical region, and by adding the virtual image to
the actual image, it can recognize complex anatomical
structures and guide the surgeon before or during
surgery (34). MR combines virtuality and reality
with real-time interaction and exact matching. With
a wearable MR device or a device such as Hololens,
the surgeon can immerse himself in a more complex
surgical world, create a better treatment program, and
develop robust doctor-patient communication (35).

Al also has original applications in rehabilitation.
Physically and socially supportive robots can be utilized
in the rehabilitation of individuals. Smart mobile and
wearable devices can be used to gather information to
assess the achievement of personalized rehabilitation
goals (36). Sensors in wearable technologies can be
used to explore whether individuals perform their
exercise regimes appropriately (37). Although its long-
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term effectiveness has not yet been proven, some
studies indicate that patients with musculoskeletal
dysfunction can be treated with simple mobilization
using skilled or sensitive robotic hands (38).

Preventive medicine

Especially in many low- and middle-income countries,
obstacles to routine vaccination activities are
encountered. Moreover, quarantines imposed during
the COVID-19 pandemic further disrupted routine
vaccination services, affected people's demand for
vaccines, and increased the risk of outbreaks of
vaccine-preventable diseases (39). Studies show that
vaccination records may contain errors. Some critical
information, such as batch numbers on vaccine vials,
is missing. Additionally, many vaccination-related data
are entered manually by healthcare personnel (40).
In recent years, developments in mobile technologies
have effectively eliminated gaps in vaccination
programs. Scanning vaccine vials with barcoding tools
can help reduce data drift and transcription errors by
uploading information directly to Internet Information
Services (IIS). By scanning patient identification
barcodes, it may be possible to provide data entries for
demographic information and previous immunization
records from electronic medical record software. Al can
also help increase vaccination rates through features
such as vaccination reminders and promotional
campaigns (40). Al programs have effectively
monitored COVID-19 cases and vaccine distributions
during the pandemic, ensuring fair vaccine distribution
(41).

As in the rest of the world, the population over 65
years of age is increasing gradually in Turkiye, and it is
estimated to increase to 12.9% of the entire population
in 2030 and 22.6% of the entire population in 2060
(42). As life expectancy increases over time, the
number of patients with various chronic diseases such
as Alzheimer's and dementia, or those who live alone
at home and need external care, is rising. In recent
years, the use of robots in elderly care has reduced
caregivers' burden, and the quality of life of elderly
individuals has increased with mobile applications
and smart homes. Thanks to social robots, it has been
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observed that the daily life activities of individuals
with dementia increase and their stress decreases
(43). Al can be helpful in the follow-up of chronic
diseases like diabetes, hypertension, sleep apnea, and
chronic bronchial asthma in elderly individuals by using
wearable, non-invasive sensors (44).

Disadvantages of Al in healthcare

Although Al has many advantages in the health sector,
making decisions instead of humans in diagnosis and
treatment and the implementation of these decisions
bring some risks. Moreover, the digitalization of
diagnosis and treatment processes may cause an
increase in job anxiety among people working in this
field. Being less physically and cognitively active due to
technological dependence may lead to the emergence
of psychological or musculoskeletal problems or a
decrease in self-esteem because of the social isolation
that technological dependence may result in. Feelings
of dissatisfaction due to being examined and treated in
a digital environment may also occur in patients.

Large datasets are required for Al systems to categorize
or predict various tasks appropriately, and this data
may be personal or sensitive. Since patient records
are confidential in the health sector, there may be
problems in terms of data accessibility, confidentiality,
and security. The decision-making process of Al relies
on the data that is provided. Consequently, Al systems
that lack variety or contain flawed data may eventually
lead toimproper results being deduced and reproduced.
Therefore, it might not be appropriate to accept the
decisions of Al systems completely. When Al works on
insufficient or erroneous data, it may provide incorrect
diagnosis or treatment recommendations. In this case,
it is uncertain whether this responsibility lies with the
technology company that designed or implemented
the erroneous algorithm or with the clinician who gave
the final decision.

Furthermore, technological innovations may be
more expensive and lack the empathy and creativity
that humans have; they may produce different
results across races and genders (45,46). A study
by Obermeyer et al. found racial bias in a commonly



used commercial algorithm, highlighting that Black
patients were clinically more ill compared to their
White counterparts for a given projected risk score.
This prejudice was due to the algorithm's prediction
of healthcare costs rather than disease, implying that
less budget was spent on Black patients than on White
patients (47).

Moreover, there is a significant difference between
the accuracy, precision, and abilities of Al systems. To
illustrate, the progress from GPT-3 to GPT-4 is one of
the best examples of groundbreaking improvements
in Al’s capability to comprehend and process complex
data. To clarify this point, GPT-4 passed the bar exam
and was in the top 10% of all examinees, whereas GPT-
3.5 was in the bottom 10%. The differences in results
are due to GPT-4’s capability to manage an extensive
range of data types, including photographs and written
content, as well as the advantage of training on 45
gigabytes of data in contrast to 17 gigabytes of data
for GPT-3. This improvement in performance makes
GPT-4 more costly to implement than GPT-3 (48).
Hence, when Al is utilized in underserved communities,
it will be crucial not to be tempted to use cheaper and
less effective forms of Al that may exacerbate health
inequalities in these communities.

In conclusion, Al technologies are used in numerous
fields such as medical imaging, diagnosis, treatment,
pandemic response, patient care, preventive medicine,
and telemedicine. Nevertheless, as Al advances in
healthcare, it brings with it various technical and ethical
challenges. Al cannot replace human connections
and cooperation, even though it operates reasonably
efficiently. Human functions like teamwork and
leadership are not likely to be achieved, as machines
are not able to form connections with humans. Machine
learning's ability to transform data into insights could
impact the medical field by taking over much of the
work of radiologists and pathologists. However, clinical
medicine requires evaluating vast amounts of data—
from physical exams to laboratory results, imaging
studies to genetic data—and the ability to manage
this complexity puts doctors ahead of machines. In the
future, it is necessary to prioritize ethical frameworks,
and the technical and social aspects of Al to ensure its
effective integration into healthcare. The goal is for Al
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technologies to comply with patient-centered care and
ethical procedures with the contribution of clinicians,
researchers, managers, and ethicists. Research aimed
at improving the fairness, transparency, and reliability
of Al is essential to both reduce bias and provide
equitable healthcare.
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ABSTRACT

Obstetric risks are increased in pregnancies following previous cesarean section deliveries. Placenta increta and placenta

previa pregnancies are two important clinical manifestations of abnormal placentation entities. Placenta accreta occurs

in 5-10% of pregnancies complicated by placenta previa. The most important risk factor for placenta accreta is a history

of uterine surgery. A thin, defectively formed or absent decidua basalis layer cannot show resistance to deep penetration

of trophoblasts and placenta invades this pathological region of uterus that has previously been traumatised by uterine

surgery. Placenta accreta is diagnosed with characteristic signs during prenatal ultrasound examination. The first clinical

sign of placenta accreta is excessive and life-threatening bleeding that occurs during manual placental separation.

Prenatal diagnosis is important to avoid this complication, which may lead to maternal mortality. In this case, in which an

invasion anomaly was detected in preoperative ultrasonography, the treatment of the patient accompanied by placenta

increta and placenta praevia with uterus-preserving surgery was discussed.

Keywords: placenta increta, placenta previa, uterine sparing surgery, clinical approach

INTRODUCTION

Placenta previa refers to the presence of placental
tissue extending above the internal cervical os.

Several clinical features increase the risk of placenta
previa. Most importantly, women with one or more
previous cesarean deliveries are at greater risk for
subsequent placental disorders such as placenta
previa, detachment, or placental invasion (1).

When placenta previa is diagnosed, the possibility of
placenta accreta spectrum (PAS) should be considered.
This is particularly important if the placenta is located
above the previous hysterotomy site and is therefore
most common with anterior placenta previa.

Two primary mechanisms are proposed to explain the
development of placental invasion anomalies. The
first involves damage to the decidua basalis, which
may occur after uterine procedures such as curettage,
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cesarean delivery, or myomectomy. When this layer
loses its protective barrier function, trophoblastic
cells may directly invade the myometrium. The second
mechanism has been associated with several molecular
and genetic alterations, including increased CD44
receptor expression, dysregulation of angiogenic,
and trophoblastic growth factors, changes in
adrenomedullin gene expression at the cytokine level,
and mitochondrial DNA mutations (2).

Placental invasion anomalies accompanying placenta
previa are generally categorized into three subtypes
based on the depth of trophoblastic penetration:
accreta, increta, and percreta. In the accreta type,
chorionic villi attach to the myometrium without
invading it; in increta, they extend into the myometrial
layer; and in percreta, villi penetrate through the
myometrium and may reach the uterine serosa or
adjacent organs, such as the bladder. Collectively,
these entities are described under the term placenta
accreta spectrum (PAS) or morbidly adherent placenta
(3,4).

Reported risk factors for both placenta previa and
PAS include advanced maternal age, multiparity,
low socioeconomic background, previous infertility
treatment, prior cesarean delivery, history of
myomectomy or curettage, and maternal smoking
(4,5). These anomalies are known to increase
maternal morbidity through complications such as
severe antepartum or intrapartum hemorrhage, need
for cesarean hysterectomy, massive transfusion, or
intensive care admission, and they may also contribute
to preterm birth. In recent decades, while uterine
atony used to be the leading indication for peripartum
hysterectomy, PAS has now become the most frequent
cause (3,4,6)

In placental invasion anomalies, the mode of delivery
is a planned cesarean section in the early week, and
the need for peripartum bleeding and hysterectomy
increases due to increased myometrial invasion due
to advanced gestational age. This prevents fertility-
sparing surgery. In this case report, uterus-preserving

Northwestern Med ). 2025;5(4):268-273

treatment of placenta previa and placenta increta
in a 38-week pregnant patient with a history of four
previous cesarean sections, was presented in the
light of the literature, in whom bleeding control was
achieved via bipolar energy device.

CASE REPORT

A 30-year-old 38/0 weeks pregnant patient presented
to our clinic with suspicion of amniotic band referred
from an external center. In her detailed history, it was
learned that the pregnancy information was gravida
6, parity 4, abortion 1. All of her deliveries were
performed by cesarean section. The patient reported
that her last cesarean section had been complicated,
and her physician had informed her that a T-incision
was required for uterine entry.

On examination, the placenta was on the anterior wall,
the distinction between myometrium and placenta
was not clear, and the placenta was observed on the
old cesarean scar line. There were large lacunes in the
placenta and turbulent blood flow was observed in the
lacunes. Fetal biometry was compatible with 38-39
weeks. Transvaginal ultrasonography showed that the
cervical os was completely covered by the placenta.
It was the patient's first presentation to our hospital.
She had not been diagnosed with placenta previa or
placental invasion anomaly before. Since the diagnosis
of placental invasion anomaly was definite, no further
examination (MRI) was required. The patient was
diagnosed with placenta previa and placental invasion
anomaly. Consent for hysterectomy was obtained and
the necessary blood products were prepared and the
operation was planned.

During the cesarean section, the uterus was adherent
to the anterior abdominal wall and the intestines to
the uterine fundus. The adhesions were dissected.
A breech female baby weighing 3890 grams was
delivered through Kerr incision. Placenta was observed
as placenta increta invading the myometrium and
placenta previa was observed to close the cervical
opening (Figure 1). With the assistance of a vessel-
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Figure 1. Intraoperative findings showing placenta
previa completely covering the cervical os and
placenta increta invading the myometrium (arrow

sign).

Figure 3. Intraoperative view of the Kerr incision line
of the uterus, which is closed after bleeding control
is achieved.
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Figure 2. Separation of the placenta, which has
invaded % of the myometrium, from the uterus by
controlling bleeding with the help of bipolar energy
device.

sealing device utilizing bipolar energy, the placenta
was excised from the cavity via myometrial segment
resection (Figure 2). The uterus was then repaired with
continuous suturing (Figure 3). Salpingectomy was
also performed. The abdominal folds were also closed
according to the anatomy plan. The placenta was sent
to pathology. Postpartum bleeding was controlled. No
complications developed.

During the postoperative service follow-ups, the
patient's vital signs were stable, the wound was
dressed, there was no evidence for postpartum
hemorrhage or need for blood product replacement.
Intensive care unit admission was not required, and
the postoperative course was uneventful. She was
discharged with full recovery on the 3rd postoperative
day. No additional problems were observed in the
postoperative 10th day and postoperative 40th day
controls. The patient started menstruating in the 5th
month after birth. Her menstruation have remained
regular. Prior to the inclusion of clinical details in this
report, written informed consent was obtained from
the patient.



DISCUSSION

Placental invasion anomalies, such as placenta increta,
are rare but serious complications of pregnancy,
with an incidence of one in 533 pregnancies (6).
Preoperative management of placental invasion
anomalies aims to minimize bleeding and reduce
maternal morbidity and mortality through meticulous
planning and patient counseling. Although it may be
possible to stop bleeding with intraoperative medical
and surgical treatments in cases of placenta acreta,
cesarean hysterectomy may be inevitable, especially
in cases of placenta increta and percreata, since the
placenta is usually not detached (7-9). If the placenta
is left in place, postpartum hemorrhage secondary to
subinvolution may occur.

Cesarean delivery is preferred in cases with placenta
accreta. Elective planning of the timing of delivery
and being prepared for possible complications are
very important in terms of maternal morbidity and
mortality. It requires multidisciplinary teamwork
including experienced obstetricians, anesthesiologists,
urologists, and blood bank. Elective cesarean delivery is
recommended at 34 to 35 weeks of gestation to reduce
the likelihood of emergency cesarean delivery and
other possible complications. In this case report, the
patient underwent cesarean section at the 38th week
because placental invasion anomaly was detected at
the 38th week. This probably caused the invasion to
progress from accreta to increta.

Various methods have been described for the
management of placenta accreta (10,11). Treatment
options ranges from cesarean hysterectomy, uterine
preservation, and in some cases, adjuvant treatment
with methotrexate, or more conservative treatment
methods including leaving the placenta in situ or simply
waiting for spontaneous resorption of the placenta. The
conservative method was first described as follows:
Arulkumaran et al. in 1986, systemic methotrexate
was administered postnatally and the placental mass
was expelled 11 days postnatally (12). Since then,
a number of cases have been reported that were
treated conservatively (13). Palacios Jaraquemada et
al. described surgical methods of uterine preservation,
which were successfully performed in 50 of 68 cases,
and ten of the 42 successful cases followed up over a
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three-year period subsequently became pregnant and
had uneventful cesarean sections (14).

The uterus can be preserved if the bleeding that may
occur due to partial adhesion of the placenta to the
uterus causing bleeding after placenta removal in
cesarean section is controlled through medical and/or
surgical treatments. Medical treatment (uterotonics,
topical hemostatic agents), interventional radiologic
treatments, mechanical methods such as balloon
tamponade, and surgical interventions to stop bleeding
can be performed (15).

Conservative surgery can be performed in selected
cases where fertility is desired to be preserved. In
this case, the uterus is preserved and fertilization
continues by removing the entire placenta and the
invaded myometrium without hysterectomy (16). In
women whose placenta was left in the uterus, placental
resorption occurred at an average of 13.5 weeks
(between 4-60 weeks) (17). Undetectable levels of hCG
in the blood do not guarantee complete resorption of
the placental tissue left in situ. In our case, since all of
the placental tissue was removed, postoperative hCG
monitoring was not performed and methotrexate was
not necessary. The reasons for the complete excision
of placental tissue were that myometrial invasion
was %, the invasion was shallower in the area where
the placenta covered the cervical os, and that intact
myometrial tissue would remain after local excision.

A very common consequence of placental invasion
is massive bleeding and the need for cesarean
hysterectomy. Maternal morbidity and mortality also
increase due to the risk of injury to the urinary tract
and other abdominal organs.

To avoid postpartum hemorrhage and hysterectomy,
bilateral hypogastric artery ligation, uterine artery
ligation, and balloon tamponade placement are among
the preferred methods (18). In our case, unlike the
literature, bipolar energy device was used during the
local excision procedure, thus providing bleeding
control.

Hysterectomy may adversely influence women’s

overall well-being, affecting both physiological and
psychological aspects of health (19,20). The uterus
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represents a key component of feminine identity,
contributing to perceptions of bodily integrity, self-
worth, sexuality, and emotional stability. Consequently,
surgical removal of the uterus can trigger significant
emotional distress, manifesting as anxiety, stress, or
depressive symptoms (19).

In the present case, although the 30-year-old patient
did not desire future fertility, uterine preservation
was prioritized to maintain her bodily integrity, sexual
health, and psychological well-being. At the patient’s
request, salpingectomy was performed as part of the
conservative surgical management (21).

The success of uterine sparing surgery and
hysterectomy in placental invasion anomalies is
summarized in the literature and classified in Table 1.

Uterine-sparing surgery and hysterectomy each
offer distinct advantages and limitations in the
management of placenta invasion anomalies. Uterine-
sparing procedures provide the critical benefit of
preserving both fertility and menstrual function,
which is particularly valuable for women who wish to
maintain their reproductive potential (10,22). These
techniques also confer psychological benefits related
to the retention of the uterus. However, they are not
without risks, including the potential for infection,
secondary postpartum hemorrhage, and the need for
additional surgical interventions or extended follow-
up (22,23). Conversely, hysterectomy represents
a definitive treatment option, typically associated
with a lower risk of recurrent bleeding and reduced
likelihood of further surgical procedures (23,24).
Nonetheless, it inevitably results in permanent
infertility and may be accompanied by greater surgical
morbidity, particularly in cases involving extensive
placental invasion such as placenta percreta (23,24).
As such, uterine-sparing strategies may be more
appropriate for hemodynamically stable patients with
focal placental invasion who desire future fertility,
while hysterectomy is generally recommended for
patients with severe invasion, uncontrolled bleeding,
or completed childbearing (24). In conclusion, this
case report demonstrates that uterine-sparing surgery
can be a feasible option in carefully selected cases of
placenta increta, emphasizing the importance of early
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diagnosis, multidisciplinary planning, and meticulous
surgical technique.
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Acute cervical intervertebral disc herniation after traffic
accident: the importance of rapid diagnosis with magnetic
resonance imaging in the emergency department

Baycan Kus'®, Gozde Yilmaz'®, Fatma Hancer Celik'®, Necmi Baykan'®, Merve irem Atici?

Department of Emergency Medicine, Kayseri City Hospital, Kayseri, Turkiye
The study has been presented at The International Emergency Medicine Academic Congress in Konya in 2024.

Cite as: Kug B, Yilmaz G, Hanger Gelik F, Baykan N, Atici Mi. Acute cervical intervertebral disc herniation after traffic accident: the
importance of rapid diagnosis with magnetic resonance imaging in the emergency department. Northwestern Med J. 2025;5(4):274-280.

ABSTRACT

The cervical vertebrae (C1-C7) are the most commonly injured region of the spine because they are the most flexible,
mobile, and exposed part of the spinal column. Different studies have demonstrated that cervical spine injuries are more
common in motor vehicle accidents. An acute intervertebral disc herniation may develop due to hyperextension of the
cervical region in trauma-related conditions such as motor vehicle accidents. Rapid and definitive diagnosis is possible
with magnetic resonance imaging (MRI). In acute cervical spine injury, MRl is the gold standard for the surgeon to decide
on issues such as the need for surgery, the type of approach, the need for instrumentation, the level of decompression,
and the need for re-surgery in case of insufficient decompression, as well as the presence of edema or hematoma.

In this case report, a patient with plegia is presented who had an acute intervertebral disc herniation without cervical
spine fracture due to hyperextension of the cervical region during a motor vehicle accident and whose diagnosis was
possible with early consultation and MRI. Computed tomography and X-ray imaging were normal. The patient’s clinical
status could not have been adequately elucidated without the performance of MRI. As a matter of fact, according to the
spinal cord trauma guidelines, neurological recovery is faster and more favorable in cases operated on within 24 hours,
as observed in our case.

This article was written to emphasize that relying solely on Computed tomography or X-ray may be insufficient, and that
MRI should not be avoided when clinically indicated. To identify and monitor the presence and underlying causes of spinal
cord hematoma, edema, and stenosis, MRl is required.

Keywords: Cervical spine injury, emergency department, intervertebral disc displacement, magnetic resonance imaging,
traffic accident
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INTRODUCTION

The intervertebral discs function as shock-absorbing
structures that facilitate the distribution of axial loads
across the spinal column. When the compression forces
exceed the absorption capacity of the disc, the annulus
fibrosus ruptures, the nucleus pulposus protrudes
into the vertebral canal, and as a result, spinal nerve
or spinal cord compression develops. Disc herniation
occurs, resulting in the sudden onset of neck pain,
paraspinal muscle spasm, and radicular arm pain and
weakness (1). In a study, it was determined that 23%
of the herniations secondary to trauma occurred in the
cervical spine. Of these, 23% were in C3-C4, 21% in
C4-C5, and 23% in C5-C6 (2).

In this case report, a patient with plegia is presented
who had an acute intervertebral disc herniation
without cervical spine fracture due to hyperextension
of the cervical region during a motor vehicle accident
and whose diagnosis was possible with early
consultation and magnetic resonance imaging (MRI).
Computed tomography (CT) and X-ray imaging were
normal. The patient’s clinical status could not have
been adequately elucidated without the performance
of magnetic resonance imaging. The aim of this case
report is to highlight the importance, as emphasized
in the literature, of rapid MRI diagnosis and surgical
intervention within 24 hours in improving the
prognosis of patients who develop acute neurological
deficits following trauma.

CASE REPORT

The patient was a 54-year-old male with no known
disease. He was admitted to the emergency department
by ambulance because he had rear-ended a truck at
a slow speed while driving under the influence of
alcohol. At the time of admission, his blood pressure
was 122/81 mmHg, pulse rate was 86/min, SO2: 99%,
and temperature was 36.5°C. The total score of the
Glasgow Coma Scale (GCS) was 15. He was conscious,
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cooperative, and oriented. Pupils were isochoric, and
the pupillary light reflex was intact bilaterally. Eye
movements were exact in all directions. He had no
speech disorder. Strength was 4/5 in the right upper
limb, 0/5 in the left upper limb, and 5/5 in the lower
extremities. There was a sensory deficit in the left
upper extremity. There were no other pathological
examination findings. The patient persistently stated
that he was fine before the accident, but after the
accident, he could not move his left arm in particular. CT
and X-ray imaging were performed for the pathological
findings. Cranial CT, thorax CT, cervical spine CT, and
X-ray were normal (Figure 1, Figure 2). There were no
pathological findings in the clavicle, scapula, shoulder
joints, or upper extremity bones to explain the loss
of strength. Diffusion MRI was performed on the
assumption that the patient may have had a traffic
accident after a cerebrovascular accident. There was
no diffusion-restricted area in the brain. The possibility
of an acute intervertebral disc herniation occurring due
to trauma was considered, and approximately twelve
hours after admission to the emergency department,
a consultation was requested from the neurosurgery
department. A cervical MRl was performed at the
suggestion of the consultant and urgently interpreted
by the radiology department.

MRI interpretation: Diffuse bulging obliterating the
anterior subarachnoid space and causing significant
compression of the spinal cord and central broad-
based protrusion are observed in the C3-4 disc. The
neural foramen is narrowed. At this level, a segment
of approximately 25 mm in length in the spinal cord
shows a T2 slightly hyperintense faint limited area that
may be compatible with myelopathy (Figure 3).

After the diagnosis of the patient was established
by MRI, he was quickly re-consulted with the
neurosurgery department and underwent emergency
surgery. After one month, the motor examination of
the patient was 5/5 in the right upper extremity and
4/5 in the left upper extremity; there was no sensory
deficit or pathological reflex.
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Figure 2. Cervical X-ray images postoperatively (left) and one month later (right) (Normal).
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Figure 3. Cervical MRI Image (Diffuse bulging obliterating the anterior subarachnoidal space and causing significant
compression of the spinal cord and central broad-based protrusion are observed in the C3-4 disc).

Figure 4. Cervical MRI image (IMLL:25 mm, channel diameter at MSCC level:3.5 mm).
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Figure 5. Cervical MRI image (channel diameter at MSCC level:3.5 mm).

DISCUSSION

Considering the multiple axes of motion, vertebrae
can be injured by various mechanisms, and a number
of different injury patterns can be identified (3,4). The
cervical vertebrae (C1-C7) are the most commonly
injured region of the spine because they are the most
flexible, mobile, and exposed part of the spinal column.
Most injuries occur at the C2 level and from C5 to C7
(5). Different studies have demonstrated that cervical
spine injuries (CSI) are more common in motor vehicle
accidents. Cervical spine injuries represent a significant
proportion of spinal traumas, frequently observed in
emergency departments. Globally, they account for
approximately 60% of all spinal injuries, with road
traffic accidents being the leading cause, responsible
for over half of the cases (>50%) (6,7).

CT is the first imaging method preferred to evaluate
the cervical spine in trauma. CT is more sensitive and
specific than other radiological imaging modalities for
assessing the cervical spine in trauma patients and
can be performed promptly (8). However, MRI for soft
tissue and spinal cord injuries have a higher sensitivity
rate than CT. The sensitivity of CT is 88.6%, and its
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specificity is 99%. MRI has a sensitivity of 89,8%, and
specificity of 99,2%. Although CT is highly sensitive in
identifying cervical spine trauma, MRI plays a crucial
role in detecting clinically relevant lesions that may be
missed on CT, particularly in patients with persistent
symptoms (9-11).

CSl is a devastating condition and a common cause
of disability and death, especially in young people
(disability ratio 20%, mortality ratio 5.1%) (12,13). An
acute intervertebral disc herniation may develop due to
hyperextension of the cervical region in trauma-related
conditions such as motor vehicle accidents. Rapid and
definitive diagnosis is possible with MRI (14). In acute
CSI, MRl is the gold standard for the surgeon to decide
on issues such as the need for surgery, the type of
approach, the need for instrumentation, the level of
decompression, and the need for re-surgery in case
of insufficient decompression, as well as the presence
of edema or hematoma (11,15,16). A recent study
investigated the relationship between the length of the
spinal cord intramedullary lesion (IMLL), the diameter
of the canal at the maximum spinal cord compression
level (MSCC), and the presence of intramedullary
hemorrhage on MRI and prognosis. Shorter spinal



cord lesion (<6.5 mm), larger diameter of the canal
at the MSCC level (>5.5 mm), and the absence of
intramedullary hemorrhage were associated with
better prognosis (17). In this case, although the canal
diameter was narrow (3.5 mm) and the length of the
IMLL lesion (25 mm) was longer, a good prognosis was
observed due to the rapid diagnosis and the operation
within 24 hours (Figure 4, Figure 5).

As a matter of fact, according to spinal cord trauma
guidelines, neurological recovery is faster and more
favorable in cases operated within 24 hours, as
observed in our case (18- 21). In Tiirkiye, MRI scanners
are available in nearly every province and in most large
districts; in fact, some provinces are equipped with
multiple MRI units. Performing MRI in patients with a
clear indication, as in our case, has a favorable impact
on prognosis. Therefore, this article was written to
emphasize that relying solely on CT or X-ray may
be insufficient, and that MRI should not be avoided
when clinically indicated. To identify and monitor
the presence and underlying causes of spinal cord
hematoma, edema, and stenosis, MRl is required.

CONCLUSION

In motor vehicle accidents and even other traumas
that cause hyperextension in the cervical region,
cervical MRI should be performed in the presence
of neurological deficit findings, even if CT and X-ray
imaging are normal. When spinal cord injury is
detected, early surgical intervention should be ensured
by consulting with the neurosurgery department
immediately. Thus, the patient's paralysis can be
prevented by acting on-site and, when necessary,
selected advanced imaging techniques.

Ethical approval

This study is not experimental or clinical research.
Because it was a case report, ethical approval was not
needed. Written informed consent was obtained from
the patient for the publication of the case report.
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