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Dear Editor,

Autoimmune encephalitis (AE) is a group of encephalitides
caused by an autoimmune response targeting antigens of
the central nervous system. The incidence in the pediatric
population is 1/100.000. AE has a wide spectrum of clinical
manifestations. Children with AE may develop significant
neurological symptoms within a short period, including
cognitive dysfunction, behavioral changes, movement
disorders, seizures, and disturbances of consciousness®?,
The diagnosis of AE is supported by clinical findings,
neuroimaging, cerebrospinal fluid (CSF) analysis, and
antibody tests. Recently, many AE-associated antibodies
have been identified; anti-glutamic acid decarboxylase 65
(GAD65) is one of them. GAD65 antibodies are associated
with neurological conditions such as stiff-person syndrome,
AE, and cerebellar ataxia®. Here, we will present an anti-

GADG65-positive AE case that developed into super-refractory
status epilepticus (SE) while being followed for focal epilepsy
and which we successfully treated with rituximab.

A previously healthy 18-month-old female patient presented
with a focal tonic seizure. Prenatal and postnatal histories
were unremarkable. Neurodevelopment was normal. At 18
months of age, brain magnetic resonance imaging (MRI)
was normal, and electroencephalography (EEG) showed
focal spike-and-slow-wave discharges in the right temporal
area. Follow-up MRI at 9 years of age showed focal cortical
dysplasia (FCD) involving the right frontoparietal region
(Figure 1A). Valproic acid was given as the first anti-
seizure medication (ASM). The patient continued to have
focal seizures during follow-up; therefore, carbamazepine,
lamotrigine, levetiracetam, and topiramate were added.
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Atl4yearsofage, shepresentedtotheemergency department
with seizures. Seizure semiology was characterized by right-
sided myoclonic-clonic movements of the face and arm, with
impaired consciousness. Due to ongoing seizures, the patient
was diagnosed with SE and managed according to current
protocol®. Brain MRI performed during this period showed
an edematous appearance in the right cerebral hemisphere
and hyperintensity in the right occipital cortical area on T2A
and fluid-attenuated inversion recovery (FLAIR) sequences
(Figure 1B, C). The EEG performed on the first day showed
epileptiform discharges originating from the temporal
region of the right hemisphere, and these discharges
occasionally spread intrahemispherically. A few days later,
EEG monitoring in the pediatric intensive care unit revealed
epilepsia partialis continua (Figure 2).

The patient had seizures that could not be controlled with
ASM for more than 24 hours. Follow-up was initiated for
the patient receiving mechanical ventilation. Therefore, it

Figure 1. A) Cortical thickening and dysgyria are observed
in the right frontoparietal area. This is considered to be
focal cortical dysplasia. B, C) The right hemisphere of
the brain appears edematous compared with the left
hemisphere. Hyperintensity is observed in the right
occipital cortex on T2A and FLAIR sequences. D) On the
control MRI performed after immunotherapy, we observed
that the hyperintensity on T2 and FLAIR imaging in the
right occipital region disappeared

FLAIR: Fluid-attenuated inversion recovery, MRI: Magnetic
resonance imaging

was classified as super-refractory SE. Because of suspected
autoimmune involvement, intravenous immunoglobulin
(IVlg) was administered at a dose of 1 g/kg. The patient
responded well to this treatment, with seizures decreasing
by more than 50%. A few days later, because of persistent
seizures, pulse methylprednisolone therapy was initiated at
1.000 mg/day for 10 days. After this treatment, there was an
improvement in consciousness and the general condition.
We added lacosamide at 4 mg/kg/day to the treatment
regimen to benefit from its effects on focal seizures. CSF AE
panel was unremarkable, which includes AMPA1, AMPA2,
anti-GABA B, anti-DPPX, anti-NMDA, anti-CASPR, and
anti-LGI1 antibodies. The CSF AE panel, which included
antibodies to AMPAl, AMPA2, GABA B, DPPX, NMDA,
CASPR, and LGI1, was unremarkable. Thyroid and celiac
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Figure 2. EEG images. A) Asymmetry between the right
and left hemispheres is observed. The frequency and
amplitude are higher in the right hemisphere than in the
left hemisphere. B) Ictal EEG recording was performed
during status epilepticus while intubated. C) After the
rituximab treatment, phase-matching spike slow wave
discharges are observed in the area corresponding to the
right T4 electrode

EEG: Electroencephalography
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antibodies, myelin oligodendrocyte glycoprotein antibody,
aquaporin-4 antibody, ANA, and anti-dsDNA were negative.
Serum anti-GAD6E5 antibody, measured by enzyme-Llinked
immunosorbent assay, was 35 IU/mL (normal range <10 U/
mL). Other CSF studies, including glucose, protein, leukocyte
count, culture, polymerase chain reaction, cytology, and
oligoclonal bands, were unremarkable. CSF GAD65 antibody
testing was planned for definitive diagnosis; however, it could
not be performed due to financial constraints and limitations
in health insurance coverage.

The patientwas diagnosed with probable anti-GAD65-positive
AE. We decided to administer rituximab to the patient who
experienced recurrent seizures after a temporary seizure-
free period following steroid treatment. Comprehensive
evaluations were performed, including serological testing,
measurement of Ig levels, lymphocyte panel, vaccination
status, and chest X-ray. She had no active, serious infection
that would prevent her from receiving rituximab. Then, we
administered rituximab 375 mg/m? weekly for 4 weeks. After
the first dose, we achieved complete resolution of seizures,
and she was extubated. She was free from seizures after four
weeks of treatment. We planned monthly IVIg treatment for
the patient for at least 6 months, with rituximab treatment
to commence after that period. On the control MRI, we
observed that the hyperintensity in the right occipital area
on T2 and FLAIR sequences had resolved. (Figure 1D). She
was discharged in good general condition with spontaneous
breathing and enrolled in a home-based rehabilitation and
physical therapy program.

The diagnostic process for AE in children is challenging
due to the wide clinical spectrum. Antibody detection plays
a critical role in this process. Anti-GAD65 AE should be
considered in the evaluation of all suspected cases. Seizures
are typically refractory in anti-GAD65-positive AE. Steroids,
IVlg, and plasmapheresis are first-choice treatments. If there
is no response to first-line treatments, different treatment
options should be considered. Rituximab is an anti-CD20
monoclonal antibody that targets CD20-positive B cells.
While rituximab is an anti-B-cell therapy, it has indirect
effects on T cells. B cells often act as "antigen-presenting
cells" that activate T cells. By depleting B cells, rituximab
deprives T cells of this activating signal, thereby attenuating
an overactive T-cell response in autoimmune conditions.
It is a safe and effective treatment for many patients with
AE®?. In our patient, we administered rituximab after IVIg
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and steroid therapy because the seizures were refractory. In
a review in 2025, rituximab was shown to have a favorable
prognosis rate of 80% in cases of AE that did not respond to
first-line treatments, especially in patients under 18 years of
age or with disease duration <180 days'®. After this treatment,
not only seizure resolution but also an improvement in the
general clinical condition of our patient were seen.

Although CSF GAD65 antibody testing could not be
performed because of financial constraints, the clinical
features were highly suggestive of AE. In conjunction with
serum GAD65 antibody positivity and a favorable response
to immunotherapy, these findings strongly supported a
diagnosis of probable GAD65-associated AE.

Our patient had a pre-existing diagnosis of FCD and
subsequently developed AE during follow-up. Although
chronic neuroinflammatory changes and blood-brain barrier
disruption have been reported in FCD, a causal relationship
between these findings and the development of AE has not
been established. The possible interaction between FCD-
associated neuroinflammation and autoimmune processes
remains speculative and represents an emerging area of
research®,

Before rituximab treatment, the patient should be free of
active or serious infections. A comprehensive evaluation by
the immunology and infection departments is recommended.
This evaluation includes tests such as a complete blood
count, a lymphocyte panel, Ig levels, detailed serology, and
a chest X-ray. Post-treatment monitoring is conducted
jointly with the immunology department. During this period,
attention should be paid to the risk of infection, and Llive
vaccines should be avoided during the first year®,

Seizure control in anti-GAD65-positive AE cases can be
challenging. Rituximab should be considered a safe and
effective treatment for patients with AE who have SE that is
resistant to first-line treatment.
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Abstract

Objective: Pulse wave velocity (PWV) allows the evaluation of arterial stiffness. Although PWV improves after transplantation, it is still higher than in
healthy controls. Immunosuppressive agents may contribute to this. Our study aimed to investigate the effect of tacrolimus (TAC) blood level on PWV.

Methods: Fifty-nine kidney transplant patients using TAC with follow-up at the Organ Transplantation Clinic of University of Health Sciences Tiirkiye, izmir
Tepecik Education and Research Hospital, were included in the study. Pulse wave analysis was measured in two measurements using the IEM ambulatory
blood pressure measuring device. The relationship between arterial stiffness parameters and the patients' transplantation time, dialysis duration before
transplantation, age, kidney functions, proteinuria, and TAC blood levels were examined.

Results: Between PWV and systolic (r=0.589, p<0.001), diastolic (r=0.271, p=0.038) and mean blood pressure (r=0.440, p<0.001) and age (r=0.906, p<0.001)
significant correlation was detected. No correlation was detected between TAC level and PWV. When the estimated value for PWV was taken as 8.1 m/s,
a significant difference was observed between PWV and age, glomerular filtration rate, Parathormone and proteinuria levels. With TAC level above 7 ng/
mL, systolic (120+14 mmHg vs. 119+22 mmHg, p=0.026) and diastolic blood pressure (89+13 mmHg vs. 40+12 mmHg, p=0.023) were found to be higher.
A reverse correlation was detected between TAC level and proteinuria (r=-0.316, p=0.035). There was no correlation between transplantation time, pre-
transplantation dialysis duration and PWV and other arterial stiffness parameters.

Conclusion: Increase in TAC blood level may cause hypertension in kidney transplant patients. But it is not associated with PWV. PWV is affected only by
age, systolic, diastolic and mean arterial pressure in kidney transplant patients using TAC.

Keywords: Tacrolimus, pulse wave velocity, hypertension

Amac: Nabiz dalga hizi (PWV), arteriyel sertli§in dederlendiritmesini saglar. Nakil sonrasi PWV iyilesmesine ragmen, saglikli kontrollere gére halen
yiiksektir. imminosiipresif ajanlar buna katkida bulunuyor olabilir. Calismamizda takrolimus (TAC) kan diizeyinin PWV iizerine etkisini arastirmak
amacland.

Yontem: Saglik Bilimleri Universitesi izmir Tepecik Egitim ve Arastirma Hastanesi, Organ Nakli Poliklinigi'nde takipli TAC kullanimi olan 59 b&brek nakli
hastasi calismaya dahil edildi. Hastalara IEM ambulatuvar kan basinci 6lcim cihazi kullanilarak, iki olcim ile nabiz dalga analizi lctimi yapildi. Arteriyel
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sertlik parametreleri ile hastalarin nakil stiresi, nakilden dnceki diyaliz streleri, yas, bobrek fonksiyonlari, proteiniri, TAC kan diizeyleri arasindaki iliski

incelendi.

Bulgular: PWV ile sistolik (r=0,589, p<0,001), diyastolik (r=0,271, p=0,038) ve ortalama kan basinci (r=0,440, p<0,001), yas (r=0,906, p<0,001) arasinda
anlamli korelasyon saptanmistir. TAC diizeyi ile PWV arasinda korelasyon saptanmadi. PWV icin 8,1 m/s olarak kestirim degderi alindiginda PWV ile yas,
glomertiler filtrasyon hizi, parathormon ve proteiniri dizeyleri arasinda anlamti farklilik gorulda. TAC diizeyi 7 ng/mL izerinde sistolik (120+14 mmHg'ye
karsi 119+22 mmHg, p=0,026) ve diyastolik tansiyon (89+13 mmHg'ye karsi 40+12 mmHg, p=0,023) daha ytiksek saptandi. TAC dizeyi ile proteiniri arasinda
ters korelasyon tespit edildi (r=-0,316, p=0,035). Nakil stiresi, nakil oncesi diyaliz siiresi ile PWV ve diger arteriyel sertlik parametreleri arasinda iligkili

bulunmadi.

Sonuc: TAC kan diizeyindeki artig bobrek nakli hastalarinda hipertansiyona neden olabilmektedir. Fakat PWV ile iliskili degildir. PWV, TAC kullanimi olan
bdbrek nakli hastalarinda sadece yas, sistolik, diyastolik ve ortalama arteriyel basinctan etkilenmektedir.

Anahtar Kelimeler: Takrolimus, nabiz dalga analizi, hipertansiyon

Introduction

Arteriosclerosis and its complications are the leading causes
of death in renal transplant recipients®. Pulse wave velocity
(PWV) is a sensitive parameter that allows the regional
assessment of arterial stiffness. PWV is an independent
determinantofarterial stiffnessand increased cardiovascular
risk in patients with hypertension and dialysis®®. Despite
improvements in PWV after kidney transplantation, it is
still higher than in healthy controls*®. Post-transplant
immunosuppressive regimens, especially cyclosporine-
containing regimens, seem to diminish the beneficial
vascular effects of kidney transplantation. When the effects
of calcineurin inhibitors (CNIs) [CNI tacrolimus (TAC) and
cyclosporine-A (CsA)] on arterial stiffness are compared,
CsA is known to increase arterial stiffness compared to TAC®
% In a previous study conducted on patients using TAC, no
significant relationship was found between TAC use and PWV
values, though the study did find a relationship between
PWV and age™. However, a relationship was shown between
CsA level and PWV®, The aim of our study was to examine
the relationship between TAC level and PWV in patients who
adopted the TAC regimen after transplantation. In addition,
the relationship between pre-transplant dialysis duration,
post-transplant duration, the renal functions, and PWV was
examined.

Materials and Methods

Fifty-nine consecutive kidney transplant patients using
TAC who were followed up at the University of Health
Sciences Tiirkiye, izmir Tepecik Education and Research
Hospital Organ Transplantation Outpatient Clinic between
2022-2023 were included in the study. The study was

approved by the Non-Interventional Ethics Committee of
the University of Health Sciences Tirkiye, izmir Tepecik
Education and Research Hospital (approval no: 2024/09-
11, date: 10.10.2024). Kidney transplant recipients with a
transplant duration under one year, patients with atrial
fibrillation, and patients with glomerular filtration rate (GFR)
below 30 mL/min/m?, were not included in the study. The
study was designed as a retrospective case-control study.
In routine outpatient clinic controls of 59 patients, pulse
wave analysis was measured twice using an IEM ambulatory
blood pressure measurement device. PWV and other
arterial stiffness parameters [augmentation index (Alx) and
pressure, pulse pressure, peripheral resistance], systolic
blood pressure (SBP), diastolic blood pressure (DBP) and
mean blood pressures (MBPs) were recorded with the device.
Kidney transplantation dates; hemodialysis or peritoneal
dialysis durations; TAC usage durations; additional diseases
(diabetes, cardiovascular disease); smoking; medications
used; creatinine on the day of pulse wave analysis; GFR;
mean of the last 3 TAC levels of the patients; uric acid;
calcium; phosphorus; parathyroid hormone (PTH); 25
(OH) vitamin D; spot urine protein creatinine ratios were
recorded retrospectively from the outpatient clinic files. The
relationship between the parameters measured by pulse
wave analysis and TAC level, transplantation time, dialysis
duration before transplantation, creatinine, GFR, uric
acid, PTH, vitamin D, calcium, and phosphorus levels was
examined.

Statistical Analysis

SPSS version 27.0 (IBM Corp., Armonk, NY, USA) was used
in the analysis of the data. The distribution of the data was
analyzed with Kolmogorov-Smirnov and Shapiro-Wilk tests.
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In the comparison of means, Student's t-test was used for
those showing normal distribution and Mann-Whitney U
test was used for those not showing normal distribution. The
chi-square test was used in the examination of categorical
data. In the examination of the correlation of continuous
data, Spearman and Pearson correlation tests were applied
according to the distribution of the data. P<0.05 was accepted
as statistically significant.

Results

The baseline demographic data of the patients are presented
in Table 1. Thirty-three female and twenty-six male patients
were included in the study. A significant correlation was
found between PWV and age (r=0.906, p<0.001), SBP
(r=0.589, p<0.001), DBP (r=0.271, p=0.038), and MBP
(r=0.440, p<0.001). No correlation was found between TAC
level and PWV. When the cut-off value for PWV was taken as
8.1 m/s, a significant difference was found among PWV, age,
GFR, PTH, and proteinuria levels (Table 2).

When patients with TAC levels above and below 7 ng/mL
were compared in terms of arterial stiffness parameters,
no relationship was found between the parameters and
TAC levels. SBP (120.6+14.6 mmHg vs. 119.7+#22.1 mmHg,

Table 1. Baseline demographic data

Variables Mean £ SD n
45.8+12.9 59

Age (years)

Kidney transplantation duration

(months) 122.2+79.6 59

Pre-transplant dialysis duration

(months) 26.2+34.1 59

1.41+0.49 59
60.3+22.7 59

Creatinine (mg/dL)
GFR (mL/min)

Calcium (mg/dL) 9.6+0.5 59
Phosphorus (mg/dL) 3.4+0.7 59
Uric acid (mg/dL) 6.7£15 59
PTH (pg/mL) 150+91.5 59
Vitamin D (ng/mL) 16.7£75 57
Hemoglobin (g/dL) 12.9+1.9 59

Spot urine protein creatinine ratio (mg/
mg)

MBP (mmHg)

Systolic BP (mmHg)

Diastolic BP (mmHg) 78.8+24.7 59
PWV m/sec 7.01+1.49 59

MBP: Mean blood pressure, BP: Blood pressure, SD: Standard deviation,
PTH: Parathyroid hormone, GFR: Glomerular filtration rate, PWV: Pulse wave
velocity

0.577+£1.024 | 59

105.6+13.6 59
120+20 59
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p=0.026) and DBP (89+13 mmHg vs. possibly incorrect value
40+12 mmHg, p=0.023) were higher with TAC levels above 7
ng/mL, compared to lLower TAC levels. A negative correlation
was found between TAC levels and proteinuria (r=-0.316,
p=0.035). No relationship was found between transplantation
duration, pre-transplantation dialysis duration, and PWV
and other arterial stiffness parameters.

Discussion

PWV is a valuable parameter for assessing arterial
stiffness. Successful kidney transplantation leads to a
decrease in PWV“9, However, PWV is still higher than in
healthy controls"’. This situation seems to be related to the
immunosuppressive protocol. In studies comparing arterial
stiffness parameters in CsA and TAC-containing regimens,
Alx and PWV were found to be higher in the CsA-containing
regimen“”. A significant relationship was found between
TAC and age, but no data were obtained indicating that TAC
increased PWV®?, In our study, no significant correlation was
found between TAC level and PWV.

There is a dose-response relationship between increasing PWV
and the occurrence of major cardiovascular outcomes such
as acute coronary syndrome, cerebrovascular syndromes,
and death. Regardless of the threshold value, cardiovascular
risk increases™. In a prospective study conducted in a cohort
of 512 kidney transplant recipients in 2011, cardiovascular
survival was found to be worse in patients with PWV =8.1 m/s
compared to patients with PWV <8.1 m/s"¥., Therefore, the cut-
off value for PWV in our study was taken as 8.1 m/s. When PWV
was measured at 8.1 m/s, a significant relationship was found
between PWV and GFR, PTH, proteinuria, and age. In patients
with higher PWV, age was higher, GFR was lower, and PTH and
proteinuria were increased. Classical risk factors influencing
PWV include hypertension, age, PTH, and proteinuriat,
Despite being a CNI, the lack of association between TAC
levels and PWV in our study may be attributed to the narrow

Table 2. Patients with PWV above and below 8.1 m/sec

Group 1, n=21 | Group 2, n=38
PWV (m/sec) >8.1 m/sec <8.1 m/sec p-value
GFR (mL/min) 53.07+16.88 62.58+24.04 0.044°
Spot urine protein
creatinine ratio 1.171+1.304 0.408+0.880 0.036°
(mg/mg)
Age (years) 60.9+6.3 41.1+10.6 0.011*
PTH (pg/mL) 175.3+£136.9 141.8+72.2 0.0132
2 Mann-Whitney U test, ® Student t-test, PWV: Pulse wave velocity, PTH:
Parathyroid hormone, GFR: Glomerular filtration rate
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therapeutic range of TAC, as well as the prevention of sustained
high levels over prolonged periods.

Age and blood pressure are the main factors affecting the
PWVY, In our study, a significant relationship between
PWV and SBP, DBP, MBP, and age was found, in line with
previous studies. No relationship was found between PWV
and transplantation duration, pre-transplantation dialysis
duration, and renal functions.

The cause of post-transplant hypertension is multifactorial,
and one of the risk factors is CNI*. TAC-based regimens
may be associated with a lower incidence of hypertension
compared to CsA-based regimens®!9. In our study, no
correlation was found between hypertension and TAC levels
in the entire patient group, but increased systolic and DBP
was detected in the patient group with TAC levels of 7 ng/
mL. This showed us that increased TAC levels may be
associated with hypertension. While it is well-established
that TAC can lead to increased blood pressure (both SBP
and DBP), our study did not observe an impact on PWV
despite the hypertensive effects of TAC. This discrepancy
could be attributed to several factors, including PWV may
be influenced by other mechanisms independent of blood
pressure, or that the duration of hypertension caused by TAC
in our cohort was insufficient to lead to measurable changes
in arterial stiffness. Arterial stiffness can be a consequence
of long-term hypertension, but initially, hypertension may
develop without causing significant arterial stiffening. In
other words, it is possible for hypertension to develop before
it leads to an increase in PWV®, Further investigation into
the complex relationship between TAC, hypertension, and
arterial stiffness is warranted to better understand these
dynamics and identify other contributing factors.

Study Limitations

Our study's limitations were due to the lack of molecular
markers that could predict arterial stiffness before PWV
values were available. In addition, no comparison was made
with other agents used in kidney transplantation, such as
CsA, sirolimus, and everolimus. Only patients using TAC
were included in the study.

Conclusion

In our study, the only factors affecting PWV were determined
to be blood pressure and age. Although TAC levels above
7 ng/mL were found to be associated with hypertension,
it was observed that they did not affect arterial stiffness
parameters.
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Abstract

Objective: In older adults, hip fractures lead to disability, diminished Life quality, and increased socioeconomic burden and risk of death. This study aimed
to evaluate the prognostic determinants of survival within a geriatric cohort following hip fracture.

Methods: We conducted a retrospective chart review of individuals aged 60 and above admitted with hip fractures to a tertiary academic orthopedic
department from January 2013 through January 2024. Our analysis integrated baseline demographic and clinical profiles, fracture etiology, and anatomical
site. Furthermore, we assessed surgical variables (timing and specific techniques employed), postoperative adverse events, total hospitalization duration,
and mortality status at one month post-injury.

Results: A total of 250 older adults (median age: 80 years, range: 60-110, 62.4% women) constituted the study sample. The 30-day mortality rate was
6.8% (n=17). Patients in the non-surviving group were notably older (p=0.021) and more likely to have dementia (p=0.014) than those who survived.
Femoral neck fractures were associated with improved survival (p=0.004), whereas pertrochanteric fractures were associated with increased mortality
(p<0.001). Admission laboratory data showed that non-survivors had depressed lymphocyte counts and elevated serum creatinine and blood urea nitrogen
concentrations. Subsequent multivariate logistic regression identified pre-existing dementia (odds ratio=4.12) and pertrochanteric fracture location (odds
ratio=15.87) as independent predictors of early mortality.

Conclusion: Early mortality following a hip fracture among geriatric patients was strongly predicted by the presence of comorbid dementia, pertrochanteric
fracture, and admission lymphopenia. Recognizing these baseline clinical vulnerabilities is critical for implementing vigilant, targeted perioperative care
protocols.
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Amac: Kalca kiriklari yastilarda ciddi sakatliga yol agmakta, yasam kalitesinde diistise sebep olmakta, mortalite riskini ve sosyoekonomik yiiki
artirmaktadir. Calismamizda kalca kirgi olan geriatrik hastalarda mortalite ile iliskili faktorleri belirlemeyi amacladik.

Yontem: Ocak 2013 ile Ocak 2024 tarihleri arasinda 3. basamak bir tniversite hastanesi olan hastanemizin ortopedi kliniginde kalca kirigi nedeniyle yatan
geriatrik hastalarin verileri geriye donik olarak incelendi. Demografik ve klinik verilerin yani sira kalca kiriginin yeri ve nedeni, preoperatif bekleme siresi,
operasyon tird, postoperatif komplikasyonlar, hastanede kalis suresi ve 30 giinliik sag kalim bilgileri kaydedildi.

Bulgular: Calismaya 60 yas ve Gzeri 250 hasta dahil edildi. Ortanca yas 80 (60-110) yildi ve 156'sI (%62,4) kadindi. On yedi hastanin (%6,8) travma sonrasl
kalca kirigi nedeniyle 30 gun icinde oldiigu goruldu. Otuz gun icerisinde mortalite gelisen hastalar istatistiksel agidan anlamli olarak daha yasliyd: ve
daha yiiksek bir demans prevalansina sahipti (sirasiyla p=0,021 ve p=0,014). Femur boyun kirigi olanlar hastalarda mortalite daha az iken (p=0,004)
pertrokanterik kirigi olanlarda ise mortalite daha fazla idi (p<0,001). Kan (ire azotu ve kreatinin degeri 6lenlerde anlamli olarak daha yiiksekken, lenfosit
sayisi anlamli olarak daha distiktu. Cok degiskenli Lojistik regresyon analizinde demans varliginin 4,12 kat, pertorkanterik kirik vartginin 15,87 kat 30
gunlik mortalite riskini artiran bagimsiz risk faktort oldugu saptandi.

Sonuc: Yaslilarda kalca kiriginin mortalitesi demans, pertorkanterik kiriklar ve lenfopenisi olan hastalarda daha ytksekti. Bu hastalar yakindan takip

edilmelidir.

Anahtar Kelimeler: Yasl, kalca kirigi, mortalite, prognostik faktorler, risk faktorleri

Introduction

The prevalence of osteoporosisrises with advancing age dueto
a combination of altered bone microarchitecture, diminished
osteoblastic function, and heightened osteoclastic activity.
Furthermore, advanced age is associated with an increased
risk of falls secondary to visual and balance impairments,
frailty, polypharmacy, gait instability, and sarcopenia.
Consequently, osteoporotic individuals are at increased risk
of hip fractures®, which are among the most important
orthopedic challenges in the geriatric population®. Beyond
increasing mortality risk and socioeconomic burden, these
fractures severely compromise quality of life and result
in serious disability. With the ongoing aging of the global
population, projections indicate a continuous climb in
the yearly incidence of these injuries®®, with estimates
anticipating up to 6.25 million cases by the year 2050,

Within the first 12 months following a hip fracture, the
observed fatality rate in the geriatric population ranges
from 14% to 36%'". However, evidence suggests that three-
quarters of hip fracture-related deaths are associated with
preexisting comorbidities rather than the fracture itself?.
Additional variables shown to elevate post-fracture mortality
risk include male sex, older age, institutionalization (such as
nursing home residency), malnutrition elevated American
Society of Anesthesiologists (ASA) classification, and specific
conditions such as diabetes, dementia, cancer, and ischemic
heart disease®?, Typically, clinical guidelines recommend
operative management of these fractures in elderly patients
within 48 hours. While prompt surgical intervention is
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generally favored to mitigate both morbidity and mortality
in the majority of cases, the effect of surgical timing on
mortality is debated in the literature®-1?,

While the broader literature contains numerous
epidemiological investigations of hip fractures, there is a
notable scarcity of data specifically addressing post-fracture
mortality among older adults in the national context. The
primary objective of this study was to identify prognostic
factors associated with survival in a cohort of older patients
with hip fracture.

Materials and Methods

This cross-sectional, retrospective study included geriatric
patients (age 60 and above) who were admitted with hip
fractures to the orthopedics department of a tertiary
academic medical hospital between January 2013 and
January 2024. Patients who met the above criteria and
received a radiological diagnosis (via computed tomography
and/or direct X-ray) of femoral neck, pertrochanteric, or
subtrochanteric fractures were eligible for inclusion. Patients
were excluded if they refused hospitalization, presented
with a pathological fracture, or had a documented prior hip
fracture.

Patient files and electronic databases were reviewed to
extract a comprehensive set of variables. These included
survival status at 30 days, duration of inpatient stay,
occurrence of postoperative adverse events, need for
perioperative blood product transfusion, estimated blood
loss, anesthesia modality (general, spinal, or epidural), ASA
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classification, surgical technique, date of the fracture and
subsequent surgery, time from injury to operation, presence
of concomitant non-hip fractures, anatomical location and
etiology of the hip injury, osteoporosis subtype and bone
mineral density metrics, pharmacological profile (type and
quantity of medications), existing chronic comorbidities,
and baseline demographic details. Mortality outcomes
were verified through the national death registry, and
postoperative survival times were recorded.

Osteoporotic conditions were grouped into primary and
secondary. Traumatic etiology was dichotomized into
high-energy and low-energy mechanisms. We stratified
postoperative adverse events into surgical and metabolic
categories. Specifically, surgical complications encompassed
surgical site infections, hip dislocations, and stress fractures,
whereas metabolic complications included episodes of
delirium, acute kidney injuries, cerebrovascular accidents,
pulmonary embolisms, pneumonias, and respiratory
failures. To quantify the cumulative impact of concurrent
illnesses, we utilized the modified Charlson comorbidity
index (MCCI). The mCCl was developed by Charlson et al."
in 1987 to estimate the 10-year mortality risk by measuring
the burden of comorbid disease.

Additionally, to assess potential associations with mortality,
a wide array of admission laboratory parameters was
analyzed. This panel comprised levels of gamma-glutamyl
transferase, alkaline phosphatase, magnesium, phosphorus,
calcium, potassium, glucose, sodium, blood urea nitrogen
(BUN), albumin, total protein, lactate dehydrogenase,
alanine transaminase, aspartate transaminase, hematocrit,
and hemoglobin, and counts of platelets, lymphocytes,
neutrophils, and total white blood cells.

Prior to the commencement of the study, formal approval
was obtained from the Clinical Research Ethics Committee
of Atatiirk University Faculty of Medicine (approval no: 06,
date: 21.02.2024).

Statistical Analysis

Data analysis was conducted in IBM SPSS Statistics version
21.0 (IBM Corp). The normality of distributions of continuous
variables was assessed using the Kolmogorov-Smirnov
test. For parametric data, the Student's t-test was used to
perform pairwise comparisons between independent groups;
for non-parametric data, the Mann-Whitney U test was used.
Associations among categorical variables were examined
using chi-square tests. To evaluate predictors of early

mortality, parameters that achieved statistical significance
in univariate analyses were included in a multivariate
logistic regression analysis (backward LR model with entry
and removal criteria set at 0.05 and 0.10, respectively). The
threshold for statistical significance was defined as a p-value
below 0.05.

Results

A total of 250 older adults (aged 60 years and older) with hip
fractures were analyzed. Women constituted 62.4% (n=156)
of the cohort, and the median age was 80 years (range: 60-
110). The 30-day mortality rate was 6.8% (n=17). Surgical
intervention was the primary treatment modality for the
majority of patients (97.2%, n=243).

Table 1 details the distribution of baseline demographics,
comorbidities, and hip fracture characteristics, stratified by
early mortality status. Compared with surviving patients,
non-survivors were older (p=0.021) and more likely to have
pre-existing dementia (p=0.014). Furthermore, the non-
surviving group exhibited a higher median mCCl score
(p=0.030). Anatomical fracture site was also significantly
associated with 30-day survival outcomes, with femoral
neck fractures associated with better survival (p=0.004) and
pertrochanteric fractures associated with higher mortality
(p<0.001). Individuals managed conservatively (without
surgery) exhibited a higher rate of early mortality than those
who underwent operative repair (p=0.008).

Table 2 outlines the relationship between 30-day mortality
and perioperative factors, including the need for red-cell
transfusion, anesthetic modality, time to surgery, and
postoperative adverse events. Overall, 54 patients (22.2%)
experienced at least one postoperative medical or surgical
complication; of these, 7 developed multiple complications.
The rate of early mortality was higher in patients who
experienced postoperative adverse events (64.3% vs. 20.1%;
p<0.001). Figure 1 illustrates the frequency of complications
according to 30-day survival status. The most common
surgical complication was surgical site infection (n=12), while
the most common medical complications were pulmonary
embolism (n=15) and acute kidney injury (n=16).

Table 3 summarizes the association between 30-day
mortality and admission laboratory results. Non-survivors
had significantly lower lymphocyte levels (p=0.003) and
higher serum concentrations of creatinine (p=0.030) and
BUN (p=0.006).
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Table 1. Distribution of demographic characteristics, comorbidities, and features of hip fracture according to 30-day mortality

30-day mortality
p-value

Yes (n=17) No (n=233)
Age, median (IQR) 83.0 (80.5-86.5) 79.0 (72.0-84.0) 0.021
Sex (female), n (%) 11 (64.7) 145 (62.2) 0.839
Comorbidity, n (%)
HT 8 (47.1) 134 (57.5) 0.401
DM 2 (11.8) 40 (17.2) 0.431
CAD 6 (35.3) 76 (32.6) 0.821
CHF 2 (11.8) 17 (7.3) 0.377
CKD 6 (35.3) 39 (16.7) 0.055
CVvD 3(17.6) 27 (11.6) 0.458
HL 1(5.9) 6 (2.6) 0.393
Malignancy 2 (11.8) 21(9.0) 0.478
Thyroid disease 3(17.6) 20 (8.6) 0.197
Dementia 8 (47.) 49 (21.0) 0.014
Depression - 17 (7.3) 0.290
Parkinson's 1(5.9) 7 (3.0) 0.435
COPD 1(5.9) 29 (12.4) 0.369
Asthma 1(5.9) 5(2.1) 0.348
Number of diseases, median (IQR) 3(1-6) 3(1-4) 0.436
mCCl score, median (IQR) 5 (4-6) 4 (4-6) 0.030
Number of medications used, median (IQR) 2 (0-5) 4 (1-6) 0.192
Cause of hip fracture, n (%) 0.488
Low-energy trauma 17 (100.0) 223 (95.7)
High-energy trauma - 10 (4.3)
Location of hip fracture, n (%) 0.001
Femoral neck fracture 5 (29.4) 152 (65.2)
Pertrochanteric fracture 12 (70.6) 64 (27.5)
Subtrochanteric fracture - 17 (7.3)
Treated surgically, n (%) 14 (82.4) 229 (98.3) 0.008
IQR: Interquartile range, HT: Hypertension, DM: Diabetes mellitus, CAD: Coronary artery disease, CHF: Congestive heart failure, CKD: Chronic kidney disease, CVD:
Cerebrovascular disease, HL: Hyperlipidemia, COPD: Chronic obstructive pulmonary disease, mCCl: Modified Charlson comorbidity index

To identify independent predictors of early mortality,
we constructed a multivariate logistic regression model
incorporating all variables that reached statistical
significance in univariate testing (admission lymphocyte
count, serum creatinine, serum BUN, surgical treatment,
anatomical fracture site, dementia diagnosis, and patient
age). As detailed in Table 4, this analysis identified
pertrochanteric fracture location [odds ratio (OR)=15.87,
p<0.001] and comorbid dementia (OR=4.12, p=0.021) as
primary independent risk factors. Additionally, each single-
unit decrease in baseline lymphocyte count correlated with
a 0.2% increase in the odds of early mortality (OR=1.002,
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p=0.004). In contrast, operative treatment emerged as a
robust protective factor, yielding a 97.7% reduction in the
odds of mortality (OR=0.023, p<0.001).

Discussion

This study evaluated a cohort of 250 geriatric patients
with hip fractures (median age 80 years; 62.4% women) to
determine risk factors for early mortality. We determined
that the odds of 30-day mortality were more than 4 times
higher for patients with dementia and nearly 16 times
higher for patients with pertrochanteric fracture. A lower
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Table 2. Distribution of postoperative complications, time to surgery, type of anesthesia, and red cell transfusion according to

30-day mortality among operated patients (n=243)

30-day mortality
Yes (n=14) No (n=229) p-value
Surgery performed, n (%) 0.299
Hip replacement 14 (100) 195 (85.2)
Proximal femoral pin - 23 (10.0)
Dynamic hip pin - 11 (4.8)
Postoperative complication, n (%) 9 (64.3) 46 (20.1) <0.001
Type of complication, n (%) 0.293
Medical 8 (88.9) 31 (68.9)
Surgical - 10 (22.2)
Medical+surgical 1(1L1) 4(8.9)
Time to surgery (h), n (%) 0.273
0-12 3(21.4) 14 (6.1)
12-24 3(21.4) 42 (18.3)
24-36 1(7.1) 27 (11.8)
36-48 2 (14.3) 40 (17.5)
>48 5 (14.3) 106 (46.3)
Anesthesia received, n (%) 0.799
Spinal 6 (42.9) 109 (47.6)
Epidural 5 (35.7) 86 (37.6)
General 3(21.4) 34 (14.8)
Postoperative red cell transfusion, n (%) 8 143 0.375

30-day Mortality
Myes
ENo

Deep vein thrombosis
Cereebro vascular disease
ARD

Delirium

Pneumonia

Pulmonary thromboembolism
Acute renal failure

Medical & Surgical Complication

Cumulative Patient

Figure 1. Distribution of medical and surgical complications by 30-day mortality

ARDS: Acute respiratory distress syndrome

113



Anatol J Gen Med Res 2026;36(2):109-17

Table 3. Comparison of laboratory parameters at hospital admission according to 30-day mortality

30-day mortality

) Yes (n=17) No (n=233) p-value
Laboratory parameters, median (IQR)
Leukocytes (10%/uL) 10.10 (7.94-12.10) 10.10 (8.06-12.41) 0.854
Lymphocytes (103/uL) 0.89 (0.68-1.05) 1.19 (0.86-1.68) 0.003
Neutrophils (10%/uL) 8.34 (6.19-10.41) 7.87 (5.83-1.68) 0.540
Hb (g/dL) 11.50 (9.80-13.75) 12.70 (11.55-13.75) 0.102
Hct (%) 35.90 (30.35-40.40) 38.40 (34.85-41.40) 0.157
PLT (103/uL) 212 (154-251) 227 (184-290) 0.113
BUN (mg/dL) 26.17 (22.08-37.62) 21.5 (16.82-28.5) 0.006
Creatinine (mg/dL) 1.02 (0.86-1.12) 0.83 (0.63-1.1) 0.030
Na (mEg/L) 139 (137-141) 138 (136-140) 0.357
K (mEg/L) 4.09 (3.91-4.34) 4.14 (3.75-4.47) 0.988
AST (1U/L) 21 (16-37) 23 (18-28.8) 0.793
ALT (IU/L) 12 (11-14) 14 (10-19) 0.574
Ca (mg/dL) 8.7 (8.3-9.2) 8.8 (8.405-9.2) 0.541
P (mg/dL) 3.0 (2.4-3.3) 3.04 (2.5-3.5) 0.590
Mg (mg/dL) 1.71 (1.63-2.21) 1.87 (1.7-2.04) 0.490
Albumin (g/dL) 3.47 (3.13-3.9]) 3.645 (3.36-3.9325) 0.283
ALP (1U/L) 103 (84-138) 86 (68-109.25) 0.061
Total protein (g/dL) 6.30 (5.95-7.2) 6.85 (6.41-7.30) 0.136
IQR: Interquartile range, Hb: Hemoglobin, Hct: Hematocrit, PLT: Platelet, BUN: Blood urea nitrogen, Na: Sodium, K: Potassium, AST: Aspartate transaminase, ALT:
Alanine transaminase, Ca: Calcium, P: Phosphorus, Mg: Magnesium, ALP: Alkaline phosphatase

Table 4. Results of multivariate Logistic regression of risk factors significant for 30-day mortality

Variables B OR 95% ClI p-value
Presence of dementia 1.417 4.124 1.242-13.695 0.021
Undergoing surgery -3.760 0.023 0.003-0.172 <0.001
Pertrochanteric fracture 2.765 15.874 3.882-64.910 <0.001
Lymphocyte count 0.002 1.002 1.001-1.004 0.004

OR: Odds ratio, Cl: Confidence interval

lymphocyte count was also significant (0.2% lower odds per
unit decrease in lymphocyte count). Conversely, surgical
treatment reduced the odds of early mortality by 97.7%.

A previous prospective study showed that in older adults,
new functional losses occur throughout the first year
after a hip fracture®.Other studies demonstrated that the
prevalence of frailty increased with decreased mobility,
impaired balance, decreased muscle strength, impaired
cognitive function, malnutrition, reduced physical activity,
and greater falls risk"®19, In a cohort of women aged 65
and over, followed for 12 months post-hip fracture, elevated
serum interleukin-6 levels were associated with persistent
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lower-extremity dysfunction. For patients with multiple
pre-existing comorbidities, a hip fracture may trigger or
accelerate frailty via inflammatory or immunological
mechanisms, which can impact survival®. In this study, we
aimed to identify independent predictors of mortality risk
among older patients in whom hip fracture is known to be
associated with a poorer prognosis.

In our geriatric cohort, the observed 30-day mortality rate
after hip fracture was 6.8%. This rate ranges between 5.4%
and 14.3% in the published Lliterature®?, Furthermore,
our analysis identified dementia in 22.8% of the study
population. Past research has reported a wide variation in
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dementia prevalence (6.38% to 30%) among older adults
with hip fracture, depending on variables such as genetic
background, ethnicity, and demographic factors. Dementia
is a known risk factor for frailty because it contributes
to malnutrition, infection, and trauma, and it has also
been linked to higher mortality after hip fracture®2.
Similarly, a review by Lai et al.”® including 8.080 patients
with dementia and 145.543 cognitively intact individuals
confirmed that cognitive decline exacerbates 1- and 2-year
mortality following a hip fracture. Furthermore, Bai et al.?®
synthesized 18 cohort studies in a meta-analysis, concluding
that comorbid dementia multiplied the risk of mortality at
1, 6, and 12 months by 1.57, 1.97, and 1.77 times, respectively.
In the present cohort, dementia was associated with an over
4-fold increase in the odds of 30-day mortality.

Surgical intervention remains the standard approach for
managing hip fractures, as reflected by the 97.2% operation
rate in our study. Surgical repair is considered crucial for
expediting recovery andfacilitating rehabilitation. Conversely,
older individuals who are managed conservatively face
heightened mortality risks associated with extended periods
of bed rest. Consequently, our finding that surgery is an
independent protective factor against early mortality is
consistent with clinical expectations.

Regarding adverse events following surgery, at least one
medical or surgical complication occurred in 22.2% of our
cohort, and multiple complications affected 2.9% of our
cohort. The most common medical complications were
acute kidney injury and pulmonary embolism, and the most
common surgical complication was surgical site infection.
As anticipated, the occurrence of these postoperative
complications was associated with higher 30-day mortality
than in complication-free patients. In their 2019 study,
Saul et al.?” reported complications in 33% of patients,
11.5% of whom had surgical complications. Other reports
have identified electrolyte imbalances and anemia as the
prevailing non-surgical issues in this patient population®®®,

Investigating surgical modalities, Parker and Gurusamy®
concluded in a 2006 systematic review of 17 studies that
total arthroplasty and internal fixation yielded no significant
mortality differences in older adults with intracapsular
fractures. Likewise, we observed no difference in mortality
with respect to operative technique, although the anatomical
location of the fracture substantially influenced outcomes.
Mortality rates have been shown to be higher among
individuals with subtrochanteric and trochanteric fractures

relative to those with femoral neck fractures®®. Additionally,
extracapsular fractures are broadly recognized to portend
worse survival outcomes than intracapsular fractures®. Ricci
et al.®? also documented elevated mortality rates among
patients presenting with subtrochanteric or trochanteric
fractures. In line with these findings, our data demonstrated a
15.87-fold increase in the odds of early mortality for patients
with pertrochanteric fractures. Moreover, consistent with
our own observations, prior research confirms that survival
rates are generally more favorable following intracapsular
trauma compared to extracapsular events®,

Within the context of hip fractures, the effect of operative
timing on patient survival remains a subject of debate.
According to a meta-analysis by Moja et al.®¥ delayed
intervention correlated with a marked rise in pressure ulcer
formation and overall mortality risk. Therefore, the general
recommendation is that hip fractures be surgically repaired
within a 24-to 48-hour window. Conversely, a 2018 prospective
cohort study by Lizaur-Utrilla et al.®¥ found no increased risk
of mortality or complications when surgery was postponed
for two or more days to medically optimize highly comorbid
individuals. However, when organizational deficits caused
the surgical delay, the researchers noted higher rates of one-
year mortality and postoperative adverse events. Within our
cohort, the interval between the traumatic event and the
operation did not significantly alter 30-day survival outcomes.
Given that our institution prioritizes prompt surgical fixation
whenever feasible, we hypothesize that any operative delays
in our cohort were deliberate measures to achieve adequate
medical stabilization prior to surgery.

Another finding of our study was that patients who
experienced early mortality following traumatic hip fracture
had higher BUN and creatinine values and lower admission
lymphocyte counts. Our findings are consistent with the
results of previous studies. Blanco et al.®” observed higher
30-day mortality in association with low lymphocyte and
albumin levels at admission in their prospective cohort
study. Another study conducted in our country in 2019
showed that patients who died within the first year following
hip fracture repair exhibited a higher baseline neutrophil-
to-lymphocyte ratio than survivors®®. A subsequent meta-
analysis revealed a significant relationship between the
neutrophil-to-lymphocyte ratio and mortality at 1 year
after hip fracture repair, but not at 30 days®”. However, in
the present study, we determined that for each one-unit
decrease in admission lymphocyte count, the odds of early
mortality increased by 0.2%. Further research is needed
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to determine the predictive value of lymphocyte count for
short-term mortality when evaluating early preoperative
risk factors in hip fracture patients. Moreover, Seyedi et al.®®
demonstrated that patients with high BUN levels (>20 mg/
dL) and patients with high creatinine (>1.3 mg/dL) levels had
a 3-fold and 2.5-fold higher risk of mortality in the first 3
months, respectively.

Study Limitations

Certain limitations of this study must be acknowledged.
First, the analysis was retrospective and included a small
number of patients from a single center. Other factors that
may be associated with mortality were not analyzed, such
as the stage of dementia, malnutrition, and medication
use. However, an important strength of this research is its
contribution to the literature on predictors of early mortality
following geriatric hip fractures in the Turkish population.

Conclusion

Older adults face a substantial risk of mortality following a
hip fracture. Operative intervention significantly improved
survival, whereas admission lymphopenia, comorbid
dementia, and pertrochanteric fracture locations were
associated with higher early mortality rates. Therefore, we
recommend close monitoring in patients presenting with
these specific vulnerabilities.

Ethics

Ethics Committee Approval: Prior to the commencement of
the study, formal approval was obtained from the Clinical
Research Ethics Committee of Atatlirk University Faculty of
Medicine (approval no: 06, date: 21.02.2024).

Informed Consent: Retrospective study.
Footnotes

Authorship Contributions

Surgical and Medical Practices: E.S., 1.D., Concept: M.K,, PTT,
Design: M.K., I.D., PTT,, Data Collection or Processing: B.A,,
E.S., Analysis or Interpretation: O.K., Literature Search: B.A,,
M.K, 1.D,, O.K, PTT, Writing: B.A, M.K,, I.D., O.K,, PTT.

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

Financial Disclosure: The authors declared that this study
received no financial support.

116

References

1L

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ensrud KE. Epidemiology of fracture risk with advancing age. J Gerontol
A Biol Sci Med Sci. 2013;68:1236-42.

Krickl J, Ittermann T, Thannheimer A, et al. The rising problem of hip
fractures in geriatric patients-analysis of surgical influences on the
outcome. J Pers Med. 2023;13:1271.

Cooper C, Campion G, Melton LJ 3rd. Hip fractures in the elderly: a
world-wide projection. Osteoporos Int. 1992;2:285-9.

Cheng SY, Levy AR, Lefaivre KA, Guy P, Kuramoto L, Sobolev B.
Geographic trends in incidence of hip fractures: a comprehensive
literature review. Osteoporos Int. 2011;22:2575-86.

Gullberg B, Johnell O, Kanis JA. World-wide projections for hip fracture.
Osteoporos Int. 1997;7:407-13.

Aharonoff GB, Koval KJ, Skovron ML, Zuckerman JD. Hip fractures in the
elderly: predictors of one year mortality. J Orthop Trauma. 1997;11:162-
5.

Penrod JD, Litke A, Hawkes WG, et al. The association of race, gender,
and comorbidity with mortality and function after hip fracture. J
Gerontol A Biol Sci Med Sci. 2008;63:867-72.

Hasegawa Y, Suzuki S, Wingstrand H. Risk of mortality following hip
fracture in Japan. J Orthop Sci. 2007;12:113-7.

Ireland AW, Kelly PJ, Cumming RG. Risk factor profiles for early and
delayed mortality after hip fracture: analyses of linked Australian
department of veterans' affairs databases. Injury. 2015;46:1028-35.

Harstedt M, Rogmark C, Sutton R, Melander O, Fedorowski A. Impact of
comorbidity on 6-month hospital readmission and mortality after hip
fracture surgery. Injury. 2015;46:713-8.

Uzoigwe CE, Burnand HG, Cheesman CL, Aghedo DO, Faizi M, Middleton
RG. Early and ultra-early surgery in hip fracture patients improves
survival. Injury. 2013;44:726-9.

Colais P, Di Martino M, Fusco D, Perucci CA, Davoli M. The effect of early
surgery after hip fracture on 1-year mortality. BMC Geriatr. 2015;15:141.

Aqil A, Hossain F, Sheikh H, Aderinto J, Whitwell G, Kapoor H. Achieving
hip fracture surgery within 36 hours: an investigation of risk factors to
surgical delay and recommendations for practice. J Orthop Traumatol.
2016;17:207-13.

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of
classifying prognostic comorbidity in longitudinal studies: development
and validation. J Chronic Dis. 1987;40:373-83.

Hawkes WG, Wehren L, Orwig D, Hebel JR, Magaziner J. Gender
differences in functioning after hip fracture. J Gerontol A Biol Sci Med
Sci. 2006;61:495-9.

Cree M, Soskolne CL, Belseck E, et al. Mortality and institutionalization
following hip fracture. J Am Geriatr Soc. 2000;48:283-8.

Ensrud KE, Ewing SK, Taylor BC, et al. Frailty and risk of falls, fracture,
and mortality in older women: the study of osteoporotic fractures. J
Gerontol A Biol Sci Med Sci. 2007;62 744-51.

Hamerman D. Toward an understanding of frailty. Ann Intern Med.
1999;130:945-50.

Ferrucci L, Guralnik JM, Studenski S, et al. Designing randomized,
controlled trials aimed at preventing or delaying functional decline and
disability in frail, older persons: a consensus report. J Am Geriatr Soc.
2004,52:625-34.

Miller RR, Cappola AR, Shardell MD, et al. Persistent changes in
interleukin-6 and lower extremity function following hip fracture. J
Gerontol A Biol Sci Med Sci. 2006;61:1053-8.



Akpinar et al. Mortality after Hip Fracture in Elderly

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Wehren LE, Hawkes WG, Orwig DL, Hebel JR, Zimmerman SI, Magaziner
J. Gender differences in mortality after hip fracture: the role of infection.
J Bone Miner Res. 2003;18:2231-7.

Abrahamsen B, van Staa T, Ariely R, Olson M, Cooper C. Excess mortality
following hip fracture: a systematic epidemiological review. Osteoporos
Int. 2009;20:1633-50.

Ruggiero C, Bonamassa L, Pelini L, et al. Early post-surgical cognitive
dysfunction is a risk factor for mortality among hip fracture hospitalized
older persons. Osteoporos Int. 2017;28:667-75.

Ha YC, Cha Y, Yoo JI, Lee J, Lee YK, Koo KH. Effect of dementia on
postoperative mortality in elderly patients with hip fracture. J Korean
Med Sci. 2021;36:e238.

Lai YC, Tang PL, Kuo TJ, Hsu CJ. Different impacts of dementia on two-
year mortality after osteosynthesis and hemiarthroplasty in treating
geriatric hip fractures. Arch Gerontol Geriatr. 2018;79:116-22.

Bai J, Zhang P, Liang X, Wu Z, Wang J, Liang Y. Association between
dementia and mortality in the elderly patients undergoing hip fracture
surgery: a meta-analysis. J Orthop Surg Res. 2018;13:298.

Saul D, Riekenberg J, Ammon JC, Hoffmann DB, Sehmisch S. Hip
fractures: therapy, timing, and complication spectrum. Orthop Surg.
2019;11:994-1002.

Barcelé M, Torres OH, Mascaré J, Casademont J. Hip fracture and
mortality: study of specific causes of death and risk factors. Arch
Osteoporos. 2021;16:15.

Parker MJ, Gurusamy K. Internal fixation versus arthroplasty for
intracapsular proximal femoral fractures in adults. Cochrane Database
Syst Rev. 2006;2006:CD001708.

Pereira SR, Puts MT, Portela MC, Sayeg MA. The impact of prefracture
and hip fracture characteristics on mortality in older persons in Brazil.
Clin Orthop Relat Res. 2010;468:1869-83.

3L

32.

33.

34.

35.

36.

37.

38.

Johnston AT, Barnsdale L, Smith R, Duncan K, Hutchison JD. Change in
long-term mortality associated with fractures of the hip: evidence from
the scottish hip fracture audit. J Bone Joint Surg Br. 2010;92:989-93.

Ricci G, Longaray MP, Goncalves RZ, Neto Ada S, Manente M, Barbosa
LB. Evaluation of the mortality rate one year after hip fracture and
factors relating to diminished survival among elderly people. Rev Bras
Ortop. 2015;47:304-9.

Moja L, Piatti A, Pecoraro V, et al. Timing matters in hip fracture
surgery: patients operated within 48 hours have better outcomes. A
meta-analysis and meta-regression of over 190,000 patients. PLoS
ONE. 2012;7:e46175.

Lizaur-Utrilla A, Gonzalez-Navarro B, Vizcaya-Moreno MF, Miralles
Mufioz FA, Gonzalez-Parrefio S, Lopez-Prats FA. Reasons for delaying
surgery following hip fractures and its impact on one year mortality. Int
Orthop. 2019;43:441-8.

Blanco JF, da Casa C, Pablos-Hernandez C, Gonzalez-Ramirez A, Julidn-
Enriquez JM, Diaz-Alvarez A. 30-day mortality after hip fracture surgery:
influence of postoperative factors. PLoS One. 2021;16:0246963.

Temiz A, Ersézli S. Admission neutrophil-to-lymphocyte ratio and
postoperative mortality in elderly patients with hip fracture. Ulus
Travma Acil Cerrahi Derg. 2019;25:71-4.

Chen YH, Chou CH, Su HH, et al. Correlation between neutrophil-to-
lymphocyte ratio and postoperative mortality in elderly patients with
hip fracture: a meta-analysis. J Orthop Surg Res. 2021;16:681.

Seyedi HR, Mahdian M, Khosravi G, et al. Prediction of mortality in
hip fracture patients: role of routine blood tests. Arch Bone Jt Surg.
2015;3:51-5.

117



JOURNAL of GENERAL
MEDICAL RESEARCH

At )G Mot s 2023011 ANATOLIAN
Anatol J Gen Med Res 2026:36(2):118-23 CLINICAL RESEARCH / KLINIK ARASTIRMA -|-

The Role of Placental Elastography in Predicting PAPP-A
Levels: An Observational Cross-sectional Study
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Abstract

Objective: Pregnancy-associated plasma protein A (PAPP-A) is synthesized by placental trophoblastic tissues. Sonoelastography is a non-invasive
ultrasonographic technique for assessing tissue stiffness. Studies have recently highlighted the clinical significance of evaluating placental elasticity to
determine its function in obstetrics. Thus, the present study examines whether placental elastography can detect pathological changes in placental tissue
linked to serum PAPP-A levels.

Methods: In an observational cross-sectional study, we evaluated 200 pregnant women at 10-14 weeks' gestation and performed ultrasound elastography
examinations of the placenta. Serum PAPP-A levels (mIU/L) and nuchal translucency thickness (mm) were recorded. Correlation analysis was performed
to assess the relationship between placental elastography-placental strain ratio (PSR) values and PAPP-A levels.

Results: The patients' median age was 29 years [interquartile range (IQR), 17-42]. Median values were: the crown-rump length, 59.1 (IQR 45-84) mm; nuchal
thickness, 1.0 (IQR 0.47-2.0) mm; and PAPP-A, 0.96 (IQR) mIU/L. No significant correlation was found between PSR value and PAPP-A (rho=-0.118, p=0.104).

Conclusion: In the correlation analysis, we could not find a statistically significant association between placental elastography PSR values and PAPP-A.
According to the first-trimester combined test results, only 3 of our patients were in the high-risk group. We used strain elastography software. Nevertheless,
shear-wave elastography may yield more sensitive results. These could be limitations of our study and possible reasons why we did not detect a significant
relationship.

Keywords: Pregnancy-associated plasma protein A, placental strain elastography, ultrasound

Amac: Gebelikle iliskili plazma proteini A (PAPP-A), plasental trofoblastik dokular tarafindan sentezlenir. Sonoelastografi, doku sertligini non-invaziv
ultrasonografi kullanarak teshis etmek icin kullanilan bir tekniktir. Son zamanlarda yapilan calismalarda plasentanin elastikiyetinin degerlendirilmesinin
dogumdaki islevini belirlemede klinik Gnemi vurgulanmistir. Bu nedenle, bu calismada plasental elastografinin serum PAPP-A duzeyi ile iliskili plasenta
dokusundaki patolojik dedisiklikleri tespit edip edemeyecegi arastiritmigtir.
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Yontem: Gozlemsel kesitsel bir calismada, 10-14. gebelik haftalarinda 200 gebe kadin dederlendirildi ve plasentaya ultrasonografi-elastografi incelemesi
yapildi. Serum PAPP-A diizeyleri (mIU/L) ve ense kalinligi (mm) kaydedildi. Plasental elastografi-plasental gerinim orani (PSR) degerleri ile PAPP-A

dUzeyleri arasinda korelasyon analizi yapild.

Bulgular: Hastalarin yas medyani 29 [ceyrekler arasi aralik (CAA), 17-42] yild1. Bas-popo mesafesinin ortanca degeri 59,1 (CAA 45-84) mm, NT 1,0 (CAA
0,47-2,0) mm ve PAPP-A 0,96 (CAA) mIU/L olarak bulundu. PSR degeri ile PAPP-A arasinda anlamli bir korelasyon bulunmadi (rho=-0,118 p=0,104).
Sonuc: Korelasyon analizinde plasental elastografi PSR degerleri ile PAPP-A arasinda istatistiksel olarak anlaml bir korelasyon bulamadik. Birinci

trimester kombine test sonuclarina gore hastalarimizin sadece 3'i yiiksek risk grubundaydi ve strain elastografi yazilimini kullandik. Yine de, share-wave
elastografisi daha hassas sonuclar verebilir. Bunlar calismamizin kisitliliklari olabilir ve anlamli bir iliski bulamamamizin olasi nedenleridir.

Anahtar Kelimeler: Gebelik iliskili plazma proteini A, plasental elastografi, ultrason

Introduction

Pregnancy-associated plasma protein A (PAPP-A) is
synthesized by placental trophoblastic tissue and is
detected in maternal serum®, It is most commonly used
as a component of the combined first-trimester test for
Down syndrome screening. It is detected at low levels in
trisomies 21, 18, and 1323, Moreover, many studies have
described its relationship with undesirable complications
caused by abnormal placentation, such as preterm delivery,
intrauterine growth retardation (IUGR), preeclampsia (PE),
miscarriage, stillbirth, and placenta accreta®”.

PAPP-A in maternal serum is primarily produced and
released by the syncytiotrophoblast®. Various studies
indicate that alterations in placental tissues are linked to
PAPP-A levels. The findings reveal a marked decrease in the
size of terminal villi in pregnancies with reduced PAPP-A
levels and fetal growth restriction compared to a control
group with average PAPP-A levels and uncomplicated
pregnancies®. This is a crucial indication that should not
be overlooked. Placental pathology has been associated
with non-optimal first-trimester secretion of the analyte
PAPP-A in pregnancies with adverse outcomes, particularly
PEY. Also, in pregnancies affected by T21, there is a
notable presence of both fetal structural abnormalities,
which manifest as various physical malformations, and
placental developmental defects, hich can compromise the
vital functions of the placenta and impact the well-being
of the fetus. Histopathological evaluations of placentas
affected by T21 reveal striking characteristics: pronounced
enlargement, asymmetry, and disordered arrangement of
chorionic villi. These marked abnormalities underscore the
profound effects of the condition on placental structure and
function™. In addition, recent studies have revealed that

abnormalities in trophoblast fusion and differentiation can
significantly affect placental development. These defects
lead to a higher proportion of trophoblasts displaying
a double-layered structure, which can disrupt normal
placental function. Additionally, an increased number
of villous capillaries may contribute to altered blood
flow and nutrient exchange in the placenta. This atypical
vascularization may have implications for fetal growth and
overall pregnancy outcomes™,

Sonoelastography is a technique for diagnosing tissue
stiffness using non-invasive ultrasonography'?. This method
is commonly employed to evaluate the biomechanical
alterations in affected parenchymal tissue®, Studies
have recently highlighted the clinical significance of
evaluating placental elasticity to determine its function in
obstetrics™®. Thus, the present study examines whether
placental elastography, a non-invasive functional method,
can detect pathological changes in placental tissue linked
to the serum PAPP-A level. Our goal was to establish the
association between serum PAPP-A levels and placental
elastography values.

Materials and Methods

This study was reviewed and approved by the izmir Katip
Celebi University Clinical Research Ethics Committee
(approval no: 16, date: 23.02.2023). The study was conducted
in accordance with the principles outlined in the Helsinki
Declaration. To ensure compliance, all patients provided
signed consent forms.

Our study was conducted prospectively as an observational
cross-sectional study. We did not enroll patients with pre-
existing systemic diseases, such as diabetes mellitus,
hypertension, cardiac conditions, or thyroid conditions.
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However, we included all other pregnant women who
voluntarily agreed to participate in the study.

A power analysis for binary logistic regression determined
that the minimum sample size was 192 individuals. In this
case, the power of the test is expected to be approximately
80.1%. We evaluated the first 200 pregnant women at 10-14
weeks of gestation who applied to our hospital and consented
to participate in the study between February 23 to April 30,
2023, consecutively.

We employed the Esaote MylLabSeven real-time tissue
elastography software and an 8-1 MHz multi-frequency
AC2541 probe for placental assessment during a routine first-
trimester fetal ultrasound evaluation. The medical practitioner
employed the ultrasound probe to apply and release pressure
on the tissue during the placental elastography examination,
thereby compressing and decompressing it. The compression
process ensures that the transducer optimizes the machine's
color coding.

Tissue elasticity was represented on the screen by a color
scale (red, yellow, green, and blue). Red indicates the lowest
elasticity, whereas blue indicates the highest. A total of 4
regions of interest (ROls), each with an area of 31.89 mm?,
were determined. One area (A, circle Z1) was located in the
myometrium, and 3 areas (B, circles Z2, Z3, and Z4) were
located in the placenta. When choosing ROIs, we selected
areas with homogeneous distributions of blue, green, and
red colors. The device automatically calculated the ratios of
elasticity among these four areas (Elx1, Elx2, Elx3, and Elx4)
and determined the SR values (Elx2/Elx1=SR1, EIx3/EIlx1=SR2,
and ELx4/ELx1=SR3) (Figure 1). We have defined the placental
strain ratio (PSR) as the average strain ratio (SR1+SR2+SR3)/3.

Figure 1. Ultrasound image of placental sonoelastography
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Measurements were taken three separate times by two
different blinded researchers and averaged to avoid potential
bias.

The first-trimester combined test results, serum PAPP-A
levels (mIU/L), and nuchal translucency (NT) thickness
(mm) were extracted from our hospital's patient records.

Statistical Analysis

We used SPSS software (version 23.0) (IBM Corp., Armonk,
NY., USA) also known as the Statistical Package for the
Social Sciences. The Kolmogorov-Smirnov test was used to
assess the normality of the distributions. Correlation analysis
between placental elastography-placental ratio (PSR)
values and PAPP-A levels was performed to evaluate the
extent to which PSR reflected PAPP-A values. We examined
the correlation between placental elastography values and
PAPP-A values using Spearman correlation analysis and
determined the correlation coefficient (rho). If the p-value
was less than 0.05, it was considered statistically significant.

Results

The patients' ages ranged from 17 to 42 years, with a median
age of 29 years. The crown-rump length (CRL) at the time
of the first-trimester combined testing was 59.1 mm (45-
84 mm); NT was 1.0 mm (0.47-2.0 mm); and PAPP-A had a
median of 0.96 mIU/L (Table 1). The first-trimester combined
test results for 3 patients indicated high risk (trisomy 21
risks were 1:42, 1/131, and 1/135, respectively). The risk of
trisomy 21 for 12 pregnant women was 1/250-1/1000, while
the remaining pregnant women were in the low-risk range
(1/1216-1/99000).

Amniocentesis was performed on the pregnant woman with
a risk of 1/42, and the result indicated a normal karyotype.

Table 1. Demographic variables

Variables Data
Demographic variables (n=200)

Age (year), median (IQR) 29 (8)
Gravida, median (IQR) 2(2)
Parity, median (IQR) 1(1)

CRL (mm), median (IQR) 59.1 (12.4)
NT (mm), median (IQR) 1.0 (0.2)
PAPP-A (mlIU/L), median (IQR) 0.96 (0.77)
Placental strain ratio (PSR), median (IQR) 0.79 (0.79)
CRL: Crown-rump length, NT: Nuchal thickness, PAPP-A: Pregnancy-
associated plasma protein A, IQR: Interquartile range




Sen Selim et al. PAPP-A and Elastography

The other two refused to undergo an invasive procedure, but
no anomalies were detected on second-trimester ultrasound
examinations in any of our patients.

PAPP-A levels ranged from 0.17 to 6.9 mIU/L, with a median
of 0.96 mIU/L. The values of PSR varied from 0.6 to 1.5, with
a median of 0.79 (Figure 2).

Correlation analysis revealed no notable correlation between
the PSR value measured by placental elastography and
PAPP-A. (rho=-0.118 p=0.104) (Table 2).

Discussion

Pregnancy complications can cause fetal and maternal
morbidities, so finding the causes of these complications
and detecting them early have always been focuses of
attention among researchers. Many parameters have been
scrutinized in this regard. One of them is the maternal serum
PAPP-A level. Many studies have evaluated the relationship
between PAPP-A levels and pregnancy complications, such
as preterm delivery, IUGR, PE, miscarriage, and stillbirth®“,

5_.

Placental elastography (PSR)
w
|
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Figure 2. Correlation of PAPP-A and PSR

PAPP-A: Pregnancy-associated plasma protein A, PSR:
Plasenta strain ratio, MoM: Multiples of the median

Table 2. Correlation analysis of PAPP-A with PSR value
Variables rho

p-value
PAPP-A -0.118 0.104

rho: Spearman's rank correlation coefficient, PAPP-A: Pregnancy-associated
plasma protein A, PSR: Plasenta strain ratio

Rojas-Rodriguez et al."9 stated that PAPP-A is a
metalloprotease secreted by the placenta and modulates
the bioavailability of insulin-Llike growth factor (IGF) through
proteolysis of IGF-binding proteins (IGFBPs) 2, 4, and 5.
The researchers discovered that mice lacking PAPP-A
exhibited conditions similar to those observed in humans
with gestational diabetes mellitus, such as adipose tissue
restructuring, pregnancy-induced insulin resistance, and
fatty liver disease®.

Boutin et al."” conducted a study to assess how well PAPP-A
can predict placental outcomes in low-risk nulliparous
pregnancies. PAPP-A is moderately associated with PE [with
an area under the curve (AUC) of 0.57 and a 95% confidence
interval (Cl) of 0.53-0.61] and with small-for-gestational-
age infants (with an AUC of 0.62 and a 95% Cl: of 0.56-0.69).
However, fetal death was not associated with PAPP-A (with
an AUC of 0.43 and a 95% Cl: of 0.23-0.63)"9. Odibo et al.¢’
found significant differences in first-trimester PAPP-A levels
of pregnant women who experienced PE, growth restriction,
or preterm delivery later in their pregnancy. Kapustin et al.®®
evaluated PAPP-A and fb-hCG values in the first-trimester
of pregnancies complicated by diabetes to assess their
ability to predict potential obstetrical complications such as
macrosomia, PE, IUGR, and preterm birth. Compared with
the control group, PAPP-A and fb-hCG MoM levels were
significantly lower in the 5-10% range and notably higher in
the 95% range®.

PAPP-A has been investigated in various components of the
fetoplacental unit because of its association with adverse
obstetric outcomes. For instance, in vitro study, Kavoussi et
al." assessed the presence of PAPP-A in blastocoel-fluid-
conditioned media obtained from IVF/ICSI patients. They
detected PAPP-A mRNA in 56.3% of samples®,

Because PAPP-A is a placenta-derived hormone,
researchers have also focused on placental pathology.
In another study, Odibo et al."® discovered noteworthy
variations in PAPP-A, ADAM12, and placental growth factor
levels in cases of PE, premature delivery, and small-for-
gestational-age infants with specific placental histological
findings. Their study provided evidence linking placental
pathology and inadequate secretion of analytes during the
first-trimester to unfavorable outcomes, particularly PE!,
However, pathological examination of the placenta cannot
be used as a predictor during pregnancy, since it is typically
performed after delivery. Therefore, the researchers aimed
to predict the relationship between different ultrasound
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measurements, PAPP-A levels, and indirect pregnancy
complications.

Various ultrasound measurements have been examined to
predict PAPP-A levels and, thus, associated complications.
Wortelboer et al.?® measured uterine artery impedance
by transvaginal Doppler ultrasound and evaluated its
relationship with the PAPP-A level. They concluded that the
increase in these hormone levels was negatively correlated
with uterine artery impedance®. Another study investigated
the correlation between placental volume and PAPP-A levels
and reported that PAPP-A levels were closely associated with
placental size up to 8 weeks. This relationship disappeared
after the luteoplacental shift at 8 weeks??.

Papastefanou et al.?? evaluated the correlation between
PAPP-A and first-trimester fetal ultrasound parameters,
including dCRL, fetal heart rate (dFHR), and dNT. They found
that PAPP-A had a direct correlation with dNT and an inverse
correlation with dCRL and dFHR. The statistical analysis
revealed a significant difference between the observed and
adjusted MoM, with a p-value of less than 0.001%,

Our objective was to establish a conclusive link between
PAPP-A levels and placental elastography, a non-invasive
ultrasound method that can indirectly indicate pathological
changes in the placenta by assessing tissue stiffness. To our
knowledge, this is the first study using such an approach.
Generally, studies on ultrasound elastography have
focused on the pathology of tissues, such as the thyroid
and breast®?). However, recent ultrasound elastography
studies have also focused on pregnant women to investigate
pregnancy complications such as pregnancy-induced
hypertension, PE, and IUGR®??). According to a literature
review by Edwards et al.%??, studies have shown a correlation
between PSR values and pregnancy complications.
Ultrasound elastography can provide a quantitative
evaluation of the placenta's biomechanical characteristics
when its function is affected®.

The association of first-trimester placental biomarkers
with adverse pregnancy outcomes continues to attract
researchers' attention. This recent study once again
highlighted that when combinations of biomarkers were
assessed, PAPP-A and AFP were independently associated
with small-for-gestational-age, and that PAPP-A alone was
associated with pre-eclampsia and preterm birth®@),
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Study Limitations

Our correlation analysis did not reveal a meaningful
association between placental elastography PSR values
and PAPP-A. According to the first-trimester combined test
results, only 3 of our patients were in the high-risk group. This
could be a limitation of our study and a possible reason why
we did not find a significant relationship. We also performed
ultrasonography in the first-trimester, but PSR values may
differ in the third trimester. This timing limitation must be
considered in our study. Lastly, we used strain elastography
software, but shear-wave elastography may yield more
sensitive measurements.

PAPP-A has been the subject of studies since the 1970s,
when it was first defined. Its new functions are still being
determined, and research on it has continued for 50 years®.
Future studies are likely to reveal findings elucidating the
mechanisms of PAPP-A.

Conclusion

Correlation analysis revealed no statistically significant
association between placental elastography PSR values
and PAPP-A levels. A potential limitation of our study is
the small number of high-risk cases identified based on the
first-trimester combined test, as only three patients fell into
this category. Furthermore, the use of strain elastography
software may have contributed to the lack of significant
findings, as shear-wave elastography could yield more
precise and sensitive results. These factors may collectively
explain the absence of a significant correlation.

In prospective studies involving larger patient cohorts,
second- and third-trimester elastography examinations
could be included, which might lead to more definitive
conclusions regarding the PAPP-A level and the prediction
of pregnancy complications. We believe that our study may
prompt further research.
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Key Considerations and Postoperative Results

Dev intrakraniyal Menenjiyomlarin Cerrahi Tedavisi: Temel Hususlar ve Ameliyat
Sonrasi Sonuglar

® Yiicel Dogruel!, ® Muhammet Enes Giirses2, ® ELif Gokalp2, ® Oguz Kagan Demirtas3, ® Aleyna Gékcen Sahin4,
® Biilent Demirgil4, ® Erhan Emel4, ® Abuzer Giingor5

University of Health Sciences Tiirkiye, izmir Tepecik Education and Research Hospital, Department of Neurosurgery, izmir, Turkiye

2Tatvan State Hospital, Clinic of Neurological Surgery, Bitlis, Ttrkiye

3University of Health Sciences Tirkiye, Ankara Etlik City Hospital, Department of Neurosurgery, Ankara, Tirkiye

4University of Health Sciences Tirkiye, Bakirkéy Prof. Dr. Mazhar Osman Mental Health and Neurological Diseases Training and Research Hospital,
Department of Neurosurgery, istanbul, Tiirkiye

Sistinye University Faculty of Medicine, Department of Neurosurgery, istanbul, Tiirkiye

Cite as: Dogruel Y, Glirses ME, Gokalp E, et al. Surgical management of giant intracranial meningiomas: key considerations and postoperative results. Anatol J Gen
Med Res. 2026;36(2):124-31

Abstract

Objective: Giant intracranial meningiomas (GIM) present significant surgical challenges due to their size and involvement with critical neurovascular
structures. This study aims to evaluate key surgical considerations and postoperative outcomes for patients undergoing resection of GIM and to highlight
factors influencing recurrence-free survival and patient prognosis.

Methods: A retrospective review was conducted of 8 patients with GIM (>5 cm in diameter) who underwent surgical resection between 2021 and 2023.
Demographic data, tumor characteristics, surgical techniques, and postoperative outcomes were analyzed. Tumor sSize, extent of resection, and recurrence
were assessed through imaging and clinical follow-up.

Results: The cohort included 3 males (37.5%) and 5 females (62.5%) with a mean age of 56.4 years. The most common tumor location was the olfactory
groove (37.5%). The mean tumor volume was 107.6 cm? and the mean follow-up duration was 9.6 months. Gross total resection (Simpson grade 2) was
achieved in 75% of cases, while subtotal resection (Simpson grade 4) was achieved in 25% of cases. Two patients with World Health Organization grade 2
pathology received postoperative radiotherapy. No major postoperative complications were observed, and the mean duration of hospitalization was 11 days.

Conclusion: Surgical resection of GIM remains a challenging but essential approach to managing these complex tumors. While gross total resection is the
preferred goal, subtotal resection may be necessary to preserve neurological function. Postoperative radiotherapy may be required in higher-grade tumors.
Tumor location, vascularity, and advanced intraoperative techniques significantly influence surgical outcomes and recurrence-free survival.
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Dogruel et al. Giant Intracranial Meningiomas

Amag: Dev intrakraniyal menenjiyomlar (GiM), boyutlari ve kritik norovaskiler yapilarla iliskileri nedeniyle 6nemli cerrahi zorluklar olusturur. Bu
calismanin amaci, GIM rezeksiyonu uygulanan hastalarda temel cerrahi faktrleri ve postoperatif sonuclari degerlendirmek, niiksiiz sagkalim ve hasta
prognozunu etkileyen faktorleri ortaya koymaktir.

Yontem: 2021-2023 yillari arasinda cerrahi rezeksiyon uygulanan, capi 5 cm'den biiyik 8 GIM hastasinin geriye déniik incelemesi yapildi. Demografik
veriler, tmar ozellikleri, cerrahi teknikler ve postoperatif sonuclar analiz edildi. Tumor boyutu, rezeksiyon derecesi ve niiks, gértintiileme ve klinik takipler
araciliiyla degerlendirildi.

Bulgular: Kohortta 3 erkek (%375) ve 5 kadin (%62,5) hasta yer aldi; ortalama yas 56,4 idi. En sik goriilen timar yerlesimi olfaktor oluk (%375) idi.
Ortalama timor hacmi 107,6 cm?, ortalama takip siresiise 9,6 ay olarak bulundu. Olgularin %75'inde total rezeksiyon (Simpson evre 2), %25'inde subtotal
rezeksiyon (Simpson evre 4) gerceklestirildi. Diinya Saglik Orgiitii evre 2 patolojiye sahip iki hastaya postoperatif radyoterapi uygulandi. Majér postoperatif
komplikasyon gézlenmedi ve ortalama hastanede yatis siiresi 11 gtindd.

Sonug: GiM'lerin cerrahi rezeksiyonu, bu karmasik tiimdrlerin tedavisinde zorlu ancak vazgegilmez bir yaklagimdir. Total rezeksiyon tercih edilen hedef olsa
da, norolojik fonksiyonun korunmasi amaciyla subtotal rezeksiyon gerekli olabilir. Yiksek dereceli timérlerde postoperatif radyoterapi gerekebilir. Tumor

yerlesimi, vaskilaritesi ve ileri intraoperatif tekniklerin kullanimi, cerrahi sonuclar ve niiksiiz sagkalimi 6nemli 6lctide etkilemektedir.

Anahtar Kelimeler: Dev intrakraniyal menenjiyom, niikssiiz sagkalim, cerrahi sonug, menenjiyom

Introduction

Meningiomas are the most frequently encountered benign
tumors of the central nervous system and arise from
arachnoid cap cells. They characteristically develop as
extra-axial, slow-progressing lesions?. Among them, giant
intracranial meningiomas (GIMs) constitute a clinically
significant subgroup distinguished by their extensive size
and tendency to involve adjacent neurovascular structures,
which considerably increases surgical complexity®4.
Because of their indolent growth pattern, meningiomas
often remain asymptomatic for prolonged periods. Clinical
manifestations generally emerge as a consequence of
mass effect, tumor location, or elevated intracranial
pressure, and radiological identification frequently occurs
only after substantial enlargement has taken place®.
Size-based classification systems describe meningiomas
larger than 3 cm as large, while lesions exceeding 5 cm at
diagnosis are categorized as giant®”. The management of
giant meningiomas presents particular challenges. Their
considerable volume contributes to raised intracranial
pressure, and their intimate relationship with essential
anatomical structures complicates operative planning and
execution. Consequently, these tumors demand meticulous
surgical strategy and advanced technical expertise”.
Various treatment protocols are employed for meningiomas,
ranging from simple observation and partial resection,
through radiosurgery (as a primary or adjuvant therapy), to
aggressive surgical resection®!, Therapeutic approaches
to meningiomas range from active surveillance to subtotal

resection, stereotactic radiosurgery-either as a standalone
modality or adjunctive therapy-and extensive microsurgical
excision®. In cases involving large or giant lesions, operative
treatment is often indicated due to significant mass effect
and neurovascular compromise. Importantly, the objectives
of surgical intervention extend beyond tumor removal,
emphasizing not only overall survival but also preservation
of postoperative functional status and quality of Lifet,

Critical factors influencing the choice of surgical approach
include the tumor's complex location, growth trajectory,
involvement of adjacent structures, patient age, and the
surgeon's experience®. Surgery for GIM poses unique
challenges due to the tumor's large volume, increased
vascularity, involvement of vital neurovascular structures,
and severe cerebral edema, all of which complicate
visualization and resection. Gross total resection is the
primary goal in the surgical management of meningiomas.
However, achieving this is not always feasible for giant
meningiomas due to their size and frequent adherence to,
or encasement of, critical neurovascular structures. These
factors significantly increase the risk of postoperative
complications, making the surgical approach more complex
and requiring careful consideration of subtotal resection in
some cases to preserve neurological function and patients'
quality of Life.

Materials and Methods

Permission for the study was obtained from the University
of Health Sciences Turkiye, Bakirkdy Dr. Sadi Konuk Training
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and Research Hospital Clinical Research Ethics Committee
(approval no: 2025-01-35, date: 24.10.2025).

A retrospective analysis was conducted of patients
who underwent surgical treatment for intracranial
tumors between 2021 and 2023 and who received a
histopathological diagnosis of meningioma. Within this
population, only cases with a maximum tumor diameter
greater than 5 c¢cm were included, consistent with the
definition of GIM.

Demographic  characteristics, clinical presentation,
radiological ~ findings,  intraoperative  use  of
neuronavigation, applied microsurgical techniques, and
postoperative outcomes were systematically extracted
from medical records, operative reports, imaging
databases, and follow-up documentation.

Histopathological evaluation was performedinaccordance
with the World Health Organization classification
criteria®. Tumor volume was estimated using the formula
axbxc/2 based on radiological measurements.

Early postoperative neuroimaging was obtained within
48 hours to assess the extent of tumor resection. During
follow-up, magnetic resonance imaging was scheduled
at six-month intervals throughout the first postoperative
year and annually thereafter.

Recurrence was defined radiologically as either the
reappearance of tumor tissue at the original site after
gross total resection or a measurable enlargement of
residual tumor tissue, regardless of the presence or
absence of clinical symptoms.

Statistical Analysis

Statistical analyses were conducted using the Statistical
Package for the Social Sciences (SPSS), version 22.0
(IBM Corp., Armonk, NY, USA). Descriptive statistics were
calculated.

Results

The demographic and clinical data of 8 patients who
underwent surgical intervention between 2021 and 2023
were analyzed. The demographic, clinical, and histological
characteristics of all patients with giant meningiomas are
summarized in Table 1. The mean follow-up duration
for the patients is 9.6 months (9.646.8 months). The
cohort included 3 males (37.5%) and 5 females (62.5%),
with a mean age of 56.4 years (56.4+10.4). Among the 8
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Table 1. Demographic data of GIM patients along with clinical features
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patients, the most common tumor location was the olfactory
groove (3 cases; 37.5%), followed by tuberculum sella,
convexity, sphenoid wing, falx, and tentorial locations, each
representing 1 case (12.5%). The mean operation duration
was 15.5 hours (15.5+5.2 hours). The mean bleeding amount
was 1112.5 cc (1112.5+#235.7 cc). Simpson grade 2 was
observed in 75% of cases, and Simpson grade 4 was observed
in 25% of cases. Pathology grade 1 was seen in 75% of cases,
and pathology grade 2 was seen in 25% of cases. The mean
hospitalization duration was 11 days (11.0+9.2 days). The
mean tumor size is 107.6 cm? (107.6+43.4 cm?). Two patients
with grade 2 pathology received postoperative radiotherapy.
No major postoperative complications were observed. The
pre and post-resection status of cases in the study cohort are
illustrated (Figure 1-8).

Discussion

This study reports the clinical results of eight patients
treated surgically for GIMs. Particular emphasis was placed
on the operative difficulties associated with these uncommon
lesions, underscoring the necessity of comprehensive
anatomical knowledge and the application of refined
microsurgical strategies to optimize surgical outcomes. By
doing so, we aimed to emphasize the complexity of these
cases and the critical factors involved in achieving safe and
effective resections.

GIM typically shows a female predominance and occurs
around the age of 40%*, In our series, giant meningiomas
were more common in female patients (62.5%). Clinical
symptoms vary according to tumor location, but headaches
are the most common symptom in our series (62.5%). Chan
and Thompson® demonstrated that parasagittal or falx
meningiomasare the mostcommon tumor localization. Inour
series, olfactory groove meningiomas were more frequently
observed; however, the small number of cases is insufficient
to support generalizations. Long operation durations and
blood loss play a critical role in meningioma surgeries®®,
For tumors close to vascular structures, operative duration
is longer. The outcome may vary depending on the surgeon's
experience. Our series includes surgeries performed by a
single surgeon. In our series, the mean intraoperative blood
loss is 1112.5 cc (1112.5+£224.65 cc). The mean operation
duration is 15.5 hours (15.5+5 hours).

Irrespective of anatomical location, the surgical management
of GIMs is technically demanding. Their considerable
size, marked vascularity, associated peritumoral edema,
and frequent encasement or displacement of critical

neurovascular structures significantly increase operative
complexity (Figure 9). Consequently, the choice of surgical
strategy must be tailored to the tumor's anatomical position
and vascular characteristics.

In this context, Attia et al."” described a skull base technique
for the treatment of giant anterior clinoidal meningiomas
that incorporated extradural optic canal unroofing, anterior
clinoidectomy, and early decompression of the optic nerve.
This method improved surgical exposure, enhanced tumor
removal, and minimized the likelihood of injury to adjacent
neurovascularstructures. Surgical challengesin GIMsinclude
safely identifying and preserving critical neurovascular
structures, particularly in medial sphenoid wing and
clinoidal meningiomas. Early optic nerve decompression
and extradural clinoidectomy are key techniques in these
cases, especially when visual impairment is present. For
olfactory groove meningiomas, both the pterional and
bifrontal approaches are commonly used. Visual impairment
associated with olfactory groove meningiomas is generally
less severe than that observed in clinoidal lesions and shows
a more favorable recovery following a bifrontal surgical
approach. Alternatively, the pterional-transsylvian corridor
provides several operative advantages, including early
identification and control of critical neurovascular structures,
limited cortical manipulation, reduced perioperative
morbidity and mortality, and relatively Low recurrence rates.

In our series, two patients underwent adjuvant radiotherapy
because their tumors were histopathologically classified as
grade Il. The mean duration of follow-up was 9.6 months,
while the average length of hospitalization was 11 days. The
calculated mean tumor volume was 107.6 cm?.

Certain tumor characteristics were associated with less
favorable outcomes. Invasion of the paranasal sinuses and
encasement of the anterior cerebral artery were associated
with higher rates of postoperative complications and of
recurrence. Extensive peritumoral brain edema represents
another major surgical challenge in GIM cases, particularly
when accompanied by pronounced mass effect or midline shift.

To address elevated intracranial pressure and facilitate
safer resection, several intraoperative strategies may be
employed. Controlled cerebrospinal fluid drainage through
multiple dural openings and staged internal decompression
using neuronavigation guidance and a cavitron ultrasonic
aspirator can be particularly beneficial. These techniques
are especially useful for anterior skull-base tumors and
giant medial sphenoid-wing meningiomas.
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Figure 1-8. Pre- and post-operative contrast-enhanced MRI images of giant meningioma

A) Pre-operative axial images, B) Post-operative axial images, C) Pre-operative coronal images, D) Post-operative coronal images

MRI: Magnetic resonance imaging
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Figure 9. Illustration of a giant meningioma

Resection of giant petroclival meningiomas is demanding
due to their size and the distortion of surrounding anatomical
landmarks, paralleling the challenges encountered in
clinoidal and olfactory groove lesions. For posterior fossa
GIMs, Sanai described a modified far-lateral approach that
enables gross total resection while maintaining low morbidity
and mortality rates®®. This technique provides several
operative benefits, including enhanced tumor exposure,
improved control of venous bleeding, and early entry into
the spinal subarachnoid cisterns. Accurate identification of
eloquent neural structures and major vascular elements,
combined with meticulous manipulation of a tense and
edematous brain, are critical to achieving maximal safe
resection in cases of GIMs.

In their series, Chan and Thompson® reported that gross
total resection was accomplished in 83% of patients, whereas
subtotal removal was necessary in 17% of cases. Reported
complication rates following surgical treatment of GIMs
include postoperative neurological deterioration in 10.8% of
patients, a perioperative mortality rate of 4%, and a tumor
recurrence rate of 22%.

Excessive intraoperative hemorrhage remains a major
operative challenge in GIM resections. The pronounced

vascularity of these tumors may originate from multiple
sources, including dural, pial, and transosseous arterial
feeders, thereby increasing the risk of significant blood loss
during dissection.

Preoperative endovascular embolization targeting the
dominant arterial supply has been proposed as a strategy
to mitigate intraoperative bleeding. Nevertheless, as
emphasized by Bendszus et al.*® effective reduction in blood
loss is achieved only when embolization is complete, whereas
partial devascularization offers limited benefit®2), In our
cohort, preoperative embolization was not performed, which
likely contributed to the relatively elevated intraoperative
blood loss. Giant meningiomas located at the olfactory
groove or planum sphenoidale may derive their vascular
supply from branches of the internal carotid artery, the
middle meningeal artery, or the distal maxillary artery,
thereby increasing the potential risk of visual compromise
during surgical manipulation.

To mitigate this risk, Manjila et al.?? described an
extracranial approach involving open or endoscopic
ligation of the ethmoidal arteries via transcaruncular or
Lynch approaches prior to tumor resection. In our series, a
comparable technique was used in patients with olfactory
groove meningiomas.

Furthermore, the integration of advanced preoperative
imaging modalities and intraoperative adjuncts-including
cortical mapping, neuronavigation systems, and frameless
stereotactic guidance-has substantially improved both
operative safety and resection outcomes in the management
of GIMs. Neuronavigation played a crucial role in achieving
better resection outcomes, influencing overall survival.
In this cohort, patients with skull base meningiomas had
a better prognosis, likely due to their lower histological
grade and improved resection status. In cases where the
tumor involves critical regions, such as the petroclival
area, selectively pursuing subtotal resection followed by
radiotherapy may be a more reasonable approach than
attempting gross total resection“?, This is particularly true
when gross resection poses significant risks to the patient's
neurological function. The extent of tumor resection is
typically assessed using the Simpson grading system, and in
our series, we achieved gross total resection (Simpson grade
2) in six cases. Subtotal resection (Simpson grade 4) was
performed in two patients because of the tumor's proximity
to critical structures. Neuronavigation, in particular, allows
surgeons to plan the shortest and safest route to the tumor
and design an optimal craniotomy, thereby improving tumor
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resection rates and patient survival. Complications during
GIM surgeries are uncommon, but can include tumor bed
hematoma, cerebrospinal fluid collection or leak, and
infection. Inadequate hemostasis at the tumor bed can
predispose patients to postoperative hematoma formation
and associated neurological complications, whereas
incomplete dural closure increases the risk of cerebrospinal
fluid accumulation or leakage. Notably, in our series, no
instances of hematoma or cerebrospinal fluid fistula were
observed. These outcomes highlight the importance of
meticulous surgical planning and technique to minimize
complications in giant meningioma surgery.

Several factors can influence recurrence-free survival (RFS)
in GIM cases. Incomplete resection (Simpson grade 4) and
poor histological grade negatively impacted RFS.

A meticulous  preoperative  evaluation, thorough
understanding of risk factors, an effective surgical
approach, and judicious use of intraoperative adjuncts
(such as neuronavigation) are critical to optimizing surgical
outcomes. These elements collectively play a pivotal role in
ensuring both safety and efficacy in the resection of GIMs.
Giant meningiomas are extremely rare and pose significant
challenges to total resection. GIMs exert a significant
mass effect on adjacent brain tissue, leading to increased
intracranial pressure, compression-related hemodynamic
changes, and disruption of normal neural function. Vasogenic
edema in the surrounding parenchyma is observed in over
half of cases and can often be mitigated preoperatively
through corticosteroid therapy.

Surgical management of GIMs presents multiple challenges.
Prolonged operative times increase the risk of intraoperative
blood loss and often necessitate careful dissection of encased
cerebral arteries and cranial nerves. Tumor exposure may
be limited by bridging veins and surrounding vasculature,
making preoperative identification of critical neurovascular
structures essential for safe resection. Initial operative
steps typically involve coagulation of feeding vessels, with
particular attention to avoiding injury to tense or edematous
brain tissue throughout the procedure.

For skull base GIMs, cerebrospinal fluid drainage via
transsylvian dissection facilitates brain relaxation, allowing
internal debulking of the tumor. Endoscopic techniques,
particularly for anterior skull base lesions, enable early
devascularization and mobilization of the mass. Additional
operative strategies that are critical for optimizing outcomes
include proper patient positioning to reduce venous
hypertension, selection of the most appropriate surgical
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corridor to minimize parenchymal injury, maintenance
of excellent visualization of the operative field, and early
identification of vital neurovascular structures. Meticulous
dissection, preservation of bridging veins and perforating
vessels, maintenance of the arachnoid plane, and diligent
hemostasis are pivotal in reducing complications and
improving postoperative outcomes.

Surgical planning must account for tumor location, size,
and growth pattern. Convexity meningiomas typically
require craniotomies larger than the lesion itself to allow
safe manipulation, whereas skull base tumors demand a
tailored approach. Craniofacial approaches may be indicated
for extensive anterior skull base lesions, while pterional,
subfrontal, or endoscopic endonasal routes are employed
for tumors arising from the anterior fossa or tuberculum
sellae. Intraventricular lesions can be accessed via tubular
retractors with endoscopic assistance or through an
interhemispheric transcallosal corridor.

The overarching goal of surgery is to maximize tumor
removal while preserving neurological function and quality
of life. Factors influencing the choice of surgical strategy
include tumor location, direction of growth, involvement
of adjacent neurovascular structures, patient age, and the
operating surgeon's experience. The substantial size of GIMs
can limit the extent of resection and be associated with higher
recurrence rates, increased perioperative morbidity and
mortality, and variable overall survival. Prognostic outcomes
depend on multiple parameters, including tumor size and
location, completeness of resection, histopathological grade,
and use of adjuvant therapies. Notably, extensive vasogenic
edema involving the bifrontal white matter in anterior
skull-base meningiomas may predict poorer postoperative
recovery.

Study Limitations

This study is Limited by its retrospective design, small sample
size, and relatively short and variable follow-up period.
The heterogeneity of tumor locations Llimits meaningful
subgroup comparisons, while the absence of inferential
statistical analysis precludes definitive conclusions regarding
prognostic factors and RFS. In addition, tumor volume was
estimated using a simplified radiological formula rather
than segmentation-based volumetry, and functional
outcomes were not assessed using standardized scales. All
procedures were performed by a single surgeon, which limits
the generalizability of the findings despite reducing inter-
operator variability.
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Conclusion

GIM are rare and technically challenging lesions that require
meticulous preoperative planning and individualized surgical
strategies. Their large size, extensive vascularity, peritumoral
edema, and frequent involvement or displacement of
critical neurovascular structures substantially increase
the risk of intraoperative blood loss, prolonged operative
time, neurological morbidity, and incomplete resection.
In our series, gross total resection was achieved in most
patients, whereas subtotal resection was selected when
tumor involvement of critical neurovascular structures
made complete removal unsafe. Tumor Llocation, extent
of resection, and histopathological grade appeared to be
important determinants of postoperative outcome and RFS.
The use of neuronavigation, appropriate skull base or cranial
approaches, earlyidentification and control of feeding vessels,
internal tumor debulking, cerebrospinal fluid drainage, and
meticulous preservation of neurovascular structures may
facilitate maximal safe resection. Given the rarity of GIMs and
the limited number of patients in the present series, larger
multicenter studies with longer follow-up are warranted to
better define prognostic factors and establish standardized
surgical strategies.
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Abstract

Objective: To comprehensively analyze students' physiological stress responses and their relationship with academic performance by using heart rate
variability (HRV) and electrodermal activity (EDA) data collected via wearable sensors during academic examinations.

Methods: This study utilized the publicly available wearable exam stress dataset from PhysioNet. HRV and EDA data were recorded using Empatica E4
wristbands worn by ten university students during three exam sessions (midterm 1, midterm 2, and final). HRV parameters [low frequency (LF), high
frequency (HF), LF/HF] and the tonic and phasic components of EDA were extracted. Differences between sessions were analyzed using the Mann-Whitney
U test, while correlations with exam grades were evaluated using Spearman's rank correlation coefficient. In addition, individual variability and the
relationship between HRV and EDA were examined on a session-by-session basis.

Results: Among HRV parameters, LF power (p=-0.440, p=0.015) and LF/HF ratio (p=-0.363, p=0.048) showed significant negative correlations with academic
performance. Mean EDA values did not significantly differ across sessions (p>0.7); however, phasic components indicated increased arousal during the
midterm 2 session. Correlations between EDA and grades were negative in midterm 1 (p=-0.552) and moderately positive in the final (p=0.406). Combined
analysis of HRV and EDA data revealed concurrent autonomic dysregulation and acute stress responses, particularly during the midterm 2 session.

Conclusion: These findings indicate that academic examinations are associated with heterogeneous autonomic nervous system response patterns among
students. The integrated evaluation of HRV and EDA contributes to a more comprehensive characterization of physiological stress responses at both the
group and individual levels. Wearable sensor-derived physiological data may offer a useful framework for informing future research on stress monitoring
and the development of individualized support approaches in academic settings.

Keywords: Heart rate variability, electrodermal activity, exam stress, integrative analysis

Amag: Bu calismanin amacl, akademik sinavlar sirasinda giyilebilir sensdrlerle elde edilen kalp hizi degiskenligi (HRV) ve elektrodermal aktivite (EDA)
verilerini kullanarak 6grencilerin fizyolojik stres tepkilerini ve bu tepkilerin akademik basariyla iligkisini biitiincil olarak analiz etmekir.

Yontem: Bu calismada, PhysioNet'te acik erisimli olarak sunulan wearable exam stress dataset kullanildi. On Gniversite dgrencisinin ii¢ sinav oturumu (ara
sinav!, ara sinav? ve final) sirasinda giyilebilir Empatica E4 bilekligi ile kaydedilen HRV ve EDA verileri analiz edildi. HRV parametreleri [distk frekans (LF),
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yuksek frekans (HF), LF/HF] ve EDA'nin tonik-fazik bilesenleri ¢ikarildi; oturumlar arasi farklar Mann-Whitney U testi ile, notlarla iliskiler ise Spearman
korelasyonu ile dederlendirildi. Ayrica bireysel degiskenlik ve HRV-EDA iliskileri de oturum bazinda incelendi.

Bulgular: HRV parametrelerinden LF giict (p=-0,440, p=0,015) ve LF/HF orani (p=-0,363, p=0,048) akademik basariyla anlamli diizeyde negatif korelasyon
gosterdi. EDA ortalama degerleri oturumlar arasinda anlamli farklilik géstermedi (p>0,7); ancak fazik bilesenler ara sinav 2 oturumunda artmig uyarilma
diizeylerini yansittl. EDA ile notlar arasinda ara sinav 1'de negatif (p=-0,552) ve final oturumunda pozitif yonde orta diizeyde (p=0,406) korelasyon gézlendi.
HRV ve EDA verilerinin birlikte incelenmesi, 6zellikle ara sinav 2'de otonom diizensizlik ile ani stres tepkilerinin birlikte seyrettigini gésterdi.

Sonuc: Bu bulgular, akademik sinavlarin dgrencilerde heterojen otonom sinir sistemi yanitlariyla iliskili oldugunu gdstermektedir. HRV ve EDAnin
biitiinctil olarak dederlendirilmesi, stres tepkilerinin hem grup hem de bireysel diizeyde daha kapsamli bicimde tanimlanmasina katki saglamaktadir.
Giyilebilir sensorlerden elde edilen fizyolojik veriler, akademik ortamlarda stres izlenmesine yonelik gelecekteki arastirmalar ve bireysellestirilmis destek

yaklasimlarinin gelistirilmesi icin yararli bir cerceve sunabilir.

Anahtar Kelimeler: Kalp atim hizi degiskenligi, elektrodermal aktivite, sinav stresi, bittncul analiz

Introduction

Exam stress is common among students at various
academic levels and typically results from a complex
interaction of psychological, physiological, and behavioral
factors®. Understanding the impact of exam stress on
students requires a multifaceted approach, as it significantly
influences both their mental well-being and academic
performance®. Although exam stress is considered a natural
part of academic life, it is closely linked to students' stress
perceptions, coping strategies, and ultimately their academic
achievement®.,

The impact of stress on academic achievement is a topic
that has been examined by numerous researchers. The
stress experienced by students leads to negative outcomes
such as decreased exam performance and reduced course
attendance®. Similarly, students who experience high
levels of stress often suffer from fatigue, which creates
a cycle between declining performance and increasing
stress®. The widespread effects of stress are not limited to
academic outcomes; by influencing behavior, it can lead to
maladaptive coping mechanisms such as substance use
and social withdrawal, which further exacerbate academic
difficulties®?.

Students who successfully develop effective ways of coping
with stress tend to show improved academic performance,
along with reduced habits such as substance and tobacco
use®. Therefore, early identification of students who are
prone to stress and providing them with effective stress-
management skills are of great importance®. Today, the
most commonly used method for assessing exam stress
consists of questionnaire-based studies in which students
evaluate themselves®. Many studies have shown that these

scales may present limitations in terms of reliability and
validity, which raises questions about their usefulness in
accurately measuring exam-related stress®™.

First, the development of stress measurement scales often
involves multiple psychological constructs, which can lead to
inconsistencies in practice. For example, although the beliefs
about stress scale has demonstrated adequate validity when
administered before and after major exams, the reliability of
such scales may vary depending on contextual factors such
as the demographic characteristics of the student samplet?,
This indicates that although some scales may provide
reliable results under specific conditions, they are not
universally applicable across different academic settings or
types of stress, which weakens overall assessment reliability.

Moreover, Zunhammer et al"® have shown that
certain psychological traits can significantly distort the
measurements obtained from stress scales administered
during examinations. This study demonstrated that some
personality characteristics are not sufficiently accounted
for in traditional stress assessment models, which may
negatively affect the reliability and interpretability of the
results. The presence of heightened somatic symptoms
associated with exam stress, alongside psychological factors,
makes the direct interpretation of scores obtained from stress
measurement tools more complex and raises concerns about
their reliability across different student groups®®.

Research shows that academic stress significantly affects
various physiological markers, including cortisol levels,
heart rate variability (HRV), and electrodermal activity (EDA)

(3,15)

HRV is widely used as a valuable biomarker for evaluating
stress responses, particularly in high-pressure environments
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such as exams", The relationship between HRV and
academic stress has been examined in various studies. For
example, Obi et al.!"” reported that students exhibited lower
HRV values before and during exams, which was interpreted
as an indicator of heightened mental stress. This reduced
HRV observed during exam periods has been associated
with increased sympathetic dominance and decreased
parasympathetic activity. Similarly, Hammoud et al.®®
reported a decrease in students' HRV levels during exams,
with a significant increase observed after exams. This finding
indicates a reduction in stress following the exam period.

EDA, also commonly known as galvanic skin response, is an
important physiological measure that reflects sympathetic
nervous system activity!. This measurement has various
applications in evaluating stress, particularly in educational
or competitive environments such as exams®®. EDA stands out
as an effective and non-invasive indicator of stress because it
correlates with sympathetic nervous system arousal, which
varies with stress levels®. EDA measurements can evaluate
emotional and stress-related states without requiring
complex equipment, and this method is considered ideal
for educational settings where exam stress is common®,
Furthermore, studies have shown that stress can lead to a
decline in cognitive performance and an increase in anxiety
levels. This is particularly evident in high-pressure situations
such as exams, and physiological responses like EDA can
provide real-time feedback on students' stress levels?223,

The study conducted by Rahma et al.?¥ demonstrated that
both the tonic (baseline) and phasic (stimulus-responsive)
components of EDA are effective in distinguishing different
levels of cognitive and emotional stress. This finding indicates
that EDA enables the monitoring of stress responses during
critical moments such as exams'.

However, studies that analyze EDA and HRV data together
and relate them to students' academic performance remain
limited. Therefore, in our study we aimed to examine the
relationship between physiological stress responses and
academic performance by comprehensively evaluating
EDA and HRV data collected with wearable sensors during
academic exams.

Accordingly, the present study adopts an exploratory and
hypothesis-generating approach, aiming to characterize
integrated autonomic stress responses during real-world
academic examinations rather than to establish definitive
causal relationships. By leveraging an ecologically valid
wearable dataset, this work seeks to identify physiological
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patterns that may inform future large-scale and controlled
investigations in educational psychophysiology.

Materials and Methods
Study Design and Dataset

This study was conducted using the “wearable exam stress
dataset”, an open-access data set®. The dataset contains
electrophysiological signals collected from ten university
students during three different academic exam sessions
(midterm 1, midterm 2, and final), using the Empatica
E4 wearable wrist device®®. Heartbeat intervals [inter-
beat interval (IBl)], EDA, and body temperature data were
continuously recorded from participants using the devices.

The dataset does not include resting or non-exam baseline
physiological recordings. Therefore, all analyses were
conducted using within-session and between-session
comparisons across examination periods, rather than
deviations from individual baseline autonomic states.

Ethical Aspect of the Research

Our study was conducted with the approval of the izmir
University of Economics Health Sciences Research Ethics
Committee (approval no: E-97429853-050.04-111205, date:
05.11.2025). The dataset is available to researchers via the
PhysioNet platform, and because participant information is
anonymized, an informed consent form is not required. In
our study, no direct intervention or interaction was carried
out, as the dataset was used solely for analysis. Therefore,
the research qualifies as a secondary data analysis.

Participants

Data from 10 university students in the wearable exam
stress dataset were analyzed. The participants were healthy
individuals with no psychiatric or neurological diagnoses
and were included in the study on a voluntary basis®. In the
dataset, participants' identities were kept confidential, and
only limited demographic information, such as age, sex, and
academic performance, was provided. Participants included
male and female students, and the reported age range was
20-25 years®. For each participant, electrophysiological
data from three exam sessions (midterm 1, midterm 2, and
final) and the students' exam scores were obtained.

Data Collection

Data were collected using the Empatica E4 wrist-worn device
during participants' exam sessions. This wearable sensor can
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simultaneously record various physiological parameters. In
addition to the two primary electrophysiological signals, IBI
and EDA, body temperature was also recorded within the
scope of the study®. Figure 1 illustrates a representative IBI
tachogram derived from wearable photoplethysmography
(PPG) recordings.

IBI data obtained using an optical PPG sensor were used
for HRV calculations. EDA data were continuously recorded
using two electrodes placed on the inner surface of the wrist
and evaluated as indicators of sympathetic nervous system
activity. Body temperature measurements were continuously
monitored via the temperature sensor located on the device's
body and were analyzed for the time periods corresponding
to the exam sessions®¥. Accordingly, skin temperature should
be viewed as a complementary, context-dependent marker
that gains interpretive value primarily when integrated with
HRV and EDA indices.

For each participant, nearly 24 hours of data were recorded
throughout the exam day®¥. Because of the time-stamped
nature of the data, segments corresponding to the periods
immediately before and during the exam were extracted
and preprocessed for analysis. Noise, motion artifacts, and
missing signals were removed using appropriate filtering
and cleaning methods prior to data analysis.

Although the Empatica E4 device provides validated
PPG-derived IBI measurements, it is acknowledged that

Representative IBI Tachogram During Midterm 1 Examination
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Figure 1. Representative inter-beat interval (IBl) tachogram
derived from wearable photoplethysmography recordings
during the midterm 1 examination. The tachogram, after
artifact cleaning and preprocessing, illustrates beat-to-
beat variability and demonstrates the signal quality used
for subsequent HRV and non-Llinear analyses

HRV: Heart rate variability

wrist-based PPG signals are more susceptible to motion
artifacts and may exhibit reduced precision compared to
electrocardiography-based recordings. Consequently, HRV
results should be interpreted with appropriate caution,
particularly in high-movement contexts.

HRV and EDA Analyses

IBI data obtained from the PPG sensor of the Empatica
E4 device were used for HRV analysis. Raw IBI series were
initially subjected to automated artifact detection and
cleaning procedures to identify ectopic beats, motion-related
disturbances, and missing values. Artifact-contaminated
intervals were corrected using interpolation following
sequence verification, and only segments with adequate
signal quality and a minimum duration of 5 minutes were
retained for subsequent analyses. Because the dataset did
not include resting or non-exam baseline recordings, HRV
metrics were interpreted using within-session and between-
Session comparisons across examination periods, rather than
as deviations from individual normative autonomic values.

HRV analysis included time-domain, frequency-domain,
and non-Llinear parameters. For frequency-domain analyses,
low frequency [(LF): 0.04-0.15 Hz] and high frequency [(HF):
0.15-0.4 Hz] components, as well as the LF/HF ratio, were
calculated®. These indices reflect sympathetic modulation,
parasympathetic activity, and overall autonomic balance,
respectively®”. For frequency analysis, power spectral density
was estimated using the Welch method®. HRV analysis
was performed using the open-source Python Llibraries
NeuroKit2 and HRV-analysis. HRV metrics were computed
using open-source Python Llibraries NeuroKit2 and HRV-
analysis, employing consistent preprocessing and parameter
settings across all exam sessions to ensure methodological
standardization. HRV parameters were calculated separately
for each examination session and subsequently evaluated
both across individuals and between exam types. In addition
to conventional HRV indices, non-linear measures derived
from detrended fluctuation analysis (DFA) were included.
Specifically, the dS1, dS2, and TDs parameters, proposed by
Ozel and Kazdagli®® as quantitative indices of short-term,
long-term, and total physiological complexity loss in heart
rate time series, were computed to characterize stress-
related alterations in autonomic complexity. Given the known
Llimitations of wrist-based PPG-derived HRV measurements,
particularly their susceptibility to motion artifacts, all results
were interpreted with appropriate caution.
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EDA signals were analyzed for the time intervals
corresponding to each examination session. Raw EDA
signals, sampled at 4 Hz, were initially inspected for signal
dropouts and motion-related artifacts. Noise reduction was
performed using low-pass filtering, and segments with
excessive artifacts were excluded to ensure signal reliability.
Because environmental and individual factors influencing
EDA could not be experimentally controlled, all analyses
were conducted using a consistent preprocessing pipeline
across sessions to maintain methodological standardization.

Following preprocessing, EDA signals were decomposed into
tonic (skin conductance level) and phasic [skin conductance
response, (SCR)] components. The tonic component reflects
the overall level of sympathetic arousal, whereas the phasic
component captures rapid, stimulus-related sympathetic
activations®. Decomposition was performed using the
convex-optimization-based cvxEDA algorithm with default
regularization parameters as implemented in NeuroKit2.

For each participant and examination session, summary
metrics including mean EDA level, number of SCRs, and
maximum SCR amplitude were calculated. ALl EDA analyses
were conducted in Python using the NeuroKit2 and BioSPPy
libraries, with identical parameter settings applied across
sessions to ensure analytical consistency.

Academic Performance Data

To evaluate the participants' academic performance,
individual exam scores from each session (midterm 1,
midterm 2, and final) were used. These scores were provided
to researchers as part of the "wearable exam stress dataset”,
with midterm 1 and midterm 2 graded on a 100-point scale.
Final exam scores were normalized to a 100-point scale
before being used in the analyses.

Statistical Analysis

Statistical analysis of the data was performed using GraphPad
Prism (version 10.4.0). Data were expressed as medians. A
significance level of p<0.05 was accepted for all analyses.
To evaluate differences in HRV and EDA parameters across
exam sessions (midterm 1, midterm 2, and final), the non-
parametric Mann-Whitney U test was applied.

Spearman'’s rank correlation coefficient (p) was calculated
to determine the relationships between HRV and EDA
parameters and exam scores. In addition, individual
physiological response profiles were examined, and the
relationships between HRV and EDA components were
evaluated on a session-by-session basis.
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Correlation plots present the correlation coefficients and
their significance levels.

Exam score data were treated as continuous variables and
analyzed at both the individual and session levels. Because
the score distributions were not normal, non-parametric
correlation analyses were preferred. The relationships
between physiological data and academic performance were
examined using Spearman's rank correlation. Moreover, to
assess the impact of differing stress levels on performance,
participants were grouped according to HRV and EDA
parameters.

Differences in EDA and HRV parameters across the different
exams were assessed using the Friedman test. For parameters
that reached statistical significance (p<0.05), post-hoc
analyses (Wilcoxon matched-pairs test with Bonferroni
correction) were performed.

Results

Comparison of HRV, EDA, and Body Temperature Parameters
Across Exams

The HRV and EDA metrics, together with the corresponding
examination scores, are summarized in Table 1 and presented
as median + interquartile range (IQR). Both DFAa, and the
stress index exhibited pronounced elevations during midterm
1 (p=0.000265 and p=0.00145, respectively), indicating
an early-session perturbation in autonomic regulatory
dynamics. Conversely, the tonic component of the EDA signal
was significantly attenuated during the final examination
(p=0.00048), suggesting diminished sympathetic arousal
in later stages of the assessment sequence. No additional
physiological parameters demonstrated session-dependent
divergence (p>0.05), indicating relative stability in other
autonomic indices across the exam period.

Within-participant analyses provided further evidence of
session-specific modulation of autonomic function. Mean
heart rate (Figure 2) reached its maximum during midterm
1 and subsequently declined, while DFAa, (Figure 3), a well-
established marker of short-term fractal cardiac dynamics,
demonstrated an analogous pattern of early-session
elevation followed by progressive reduction. Friedman
test results corroborated these effects (mean hazard ratio:
p=0.0001; DFAc: p=0.0498). Post-hoc contrasts revealed
significant decreases in mean heart rate between midterm
1 and midterm 2, and between midterm 1 and the final
examination (p=0.0117 for both). A significant decline in
DFAa, emerged exclusively between midterm 1 and the final
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Table 1. HRV parameters, EDA values, and exam scores of students across the exams

Parameters Midterm 1 Midterm 2 Final

Exam score (%) 77.50+14.75 77.00+£22.50 76.50+19.62
Mean HR (bpm) 121.65+11.00 95.83+11.12 91.41+15.45
SDNN (ms) 30.35+25.81 31.88+13.06 27.38+£7.55
RMSSD (ms) 16.65+10.77 22.71£7.78 21.86+1.83
Stress index 18.48+8.89 10.90+4.09 13.35+3.06
VLF (%) 74.14+27.94 69.13+15.06 71.85+10.16
LF (%) 45.41+21.66 46.28+12.34 50.95+10.18
HF (%) 36.51+31.54 43.19+11.42 40.65+8.49
LF/HF ratio 1.49+2.47 1.07£0.33 1.25+0.50
DFA0, 1.43+£0.28 1.20+0.18 1.17+0.14
DFAa, 0.70+0.35 0.61+0.30 0.54+0.06
Mean EDA (uS) 0.219+0.171 0.234+0.224 0.191+0.379
Tonic component (uS) 0.153+0.123 0.134+0.182 0.026+0.420
Phasic component (uS) 0.296+0.312 0.305+0.221 0.266+0.189

Data are presented as median + interquartile range

HRV: Heart rate variability, EDA: Electrodermal activity, HR: Heart rate, SDNN: Standard deviation of normal-to-normal intervals, RMSSD: Root mean square
of successive differences, VLF: Very-low frequency, LF: Low frequency, HF: High frequency, DFAa,: Short-term detrended fluctuation analysis, DFAa,: Long-term

detrended fluctuation analysis
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Figure 2. Comparison of mean heart rate across exams.
Friedman test followed by Bonferroni-corrected Wilcoxon
post-hoc test

-..L-..L-F: P<0001 MT2 andﬂnal

(p=0.0352, Bonferroni-corrected), further supporting the
notion of a front-loaded autonomic load.

Non-linear HRV descriptors yielded additional insights into
the temporal structure of cardiac variability under academic
stress. Both dS1 and TdS, indices reflecting short-term
and global reductions in physiological complexity, were

DFAa,
209

1.5 ?

1.0 % +
0.5

0.0

1 1 1
MT1 MT2 Final

Figure 3. Comparison of DFAq, across exams
Friedman test, *: p < 0.05 MT1 vs. final

markedly elevated during midterm 1 (p=0.0326 and p=0.0211,
respectively). Median + IQR distributions for dS1 were
0.0886+0.1238 (midterm 1), 0.0448+0.0403 (midterm 2), and
0.0792+0.0565 (final); for dS2, 0.0157+0.0406, 0.0188+0.0331,
and 0.0243+0.0188; and for TdS, 0.0886+0.1238,
0.0448+0.0403, and 0.0792+0.0565 across the three exam
sessions (Figure 4). Collectively, these signatures point to a
transient disruption of physiological complexity specifically
at the onset of the examination sequence.
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Thermoregulatory indices exhibited a comparable pattern of
session-related fluctuations. Median + IQR values for body
temperature were 26.58+1.40 °C (midterm 1), 27.50+1.94 °C
(midterm 2), and 27.62+3.21 °C (final), indicating modest
yet structured variation across assessment periods (Figure
5). These findings underscore the sensitivity of peripheral
temperature to examination-induced psychophysiological
load and provide an ancillary lens through which to
contextualize autonomic reactivity.

Taken together, these results delineate a coherent
physiological profile in which early-session examinations
elicit heightened sympathetic signatures and reduced
autonomic complexity, with subsequent attenuation of
these signatures across the exam trajectory. Such temporal
dynamics align with theoretical models of anticipatory stress
and habituation within real-world cognitive performance
contexts.

Relationship Between Exam Scores and Physiological
Parameters

Table2delineatestheassociationsbetweenexamperformance
and electrophysiological stress markers derived from HRV
and EDA. Correlation analyses demonstrated a statistically
significant inverse association between LF power, reflecting
baroreflex-mediated sympathetic vasomotor modulation,
and exam scores (p=-0.440, p=0.015). Likewise, the LF/HF
ratio, a canonical index of sympathovagal balance, exhibited
a significant negative correlation with performance (p=-
0.363, p=0.048), indicating that a shift toward sympathetic
predominance was linked to reduced academic outcomes.

Body Temperature
32+
30+
O 28 1
1
24 T T T
MT1 MT2 Final

Figure 5. Comparison of body temperature across exams.
Values represent wrist skin temperature recorded by the
Empatica E4, which may be environmental conditions.
Peripheral skin temperature did not differ significantly
across examination sessions (Friedman test, p>0.05).
Therefore, observed variations should be interpreted
cautiously because of potential environmental influences

Table 2. Relationship between exam scores and stress
markers

Parameters Correlation coefficient (p) | p-value
LF power -0.440 0.015
LF/HF ratio -0.363 0.048
DFAal 0.41 0.049
LF: Low frequency, HF: High frequency, DFAal: Short-term detrended
fluctuation analysis

ds1 ds2 Tds
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0.15-]
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0.10-]
0.02-
0.05- 9 0.05- %
0.00—F—71—1 0.00- T T 0.00 T T T
MT1 MT2 Final MT1 MT2 Final MT1 MT2 Final

Figure 4. Comparison of physiological complexity Loss parameters across exams

dS1: Short-term physiological complexity loss parameter derived from DFAal, dS2: Long-term physiological complexity loss parameter
derived from DFAa2, Tds: Total physiological complexity loss. Statistical analysis was performed using the Friedman test to assess
differences across exam sessions (MT1, MT2, final). For parameters reaching statistical significance, post-hoc pairwise comparisons
were conducted using the Wilcoxon matched-pairs test with Bonferroni correction. Asterisks indicate statistically significant differences

relative to other exam sessions (*: p<0.05)
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Conversely, DFAq, a non-linear metric capturing short-
term fractal scaling properties and reflecting the system's
intrinsic autonomic complexity, showed a significant positive
correlation with exam scores (p=0.410, p=0.049). This pattern
suggests that the preservation of fractal-like heartbeat
dynamics and reduced autonomic rigidity may confer a
performance advantage under evaluative stress.

Discussion

Analysis of electrophysiological data collected from 10
university students during three examination sessions
revealed session-dependent variations in autonomic
indices. Several HRV measures, including DFAc, and
the HRV-derived stress index, differed across sessions,
suggesting that cardiac autonomic dynamics are sensitive to
examination context. However, given the exploratory design,
a small and homogeneous sample, and the absence of
baseline physiological recordings, these findings should be
interpreted as descriptive associations rather than evidence
of stress-induced physiological effects.

These observations are broadly consistent with prior studies
conducted under naturalistic examination conditions.
Dimitriev et al.®® reported reductions in HRV complexity
and elevations in DFAe, during examinations, with DFAq,
associated with state anxiety rather than performance
outcomes. Similarly, Kazdagli et al.® observed elevated
DFAa, values in students with higher exam-related anxiety,
alongside higher exam scores in some individuals, indicating
that DFAa, does not uniformly reflect maladaptive autonomic
dysregulation but may coexist with effective cognitive
engagement under evaluative stress. Thus, DFAa, appears to
function as a stress-responsive marker whose relationship
with performance is context-dependent and moderated by
individual stress-regulation capacity.

Consistent with this interpretation, DFAc, showed a positive
association with exam scores, whereas LF power and the
LF/HF ratio were negatively correlated with performance,
linking sympathetic dominance to poorer academic
outcomes®. This pattern aligns with a non-linear arousa-
performance relationship, whereby moderate autonomic
activation may support cognitive efficiency while excessive
sympathetic dominance impairs it, in line with the Yerkes-
Dodson framework®. As emphasized in previous reviews,
such physiological-performance associations are typically
modest and influenced by interindividual variability®?.

Among non-linear HRV metrics, TdS was elevated during
the initial examination, suggesting greater disruption
of autonomic complexity during early evaluative stress,
consistent with prior reports of physiological complexity
loss under stress®), The subsequent reduction in TdS
across later sessions may reflect partial habituation;
however, interpretation is constrained by the lack of baseline
recordings and the use of wrist-based PPG-derived HRV
signals, which are susceptible to motion artifacts.

EDA findings further supported sensitivity to exam-related
arousal. As a peripheral index of sympathetic activation,
EDA reflects emotional engagement and cognitive load®®*
and higher tonic EDA levels have been reported in students
with elevated test anxiety®. Nevertheless, EDA represents a
nonspecific arousal signal influenced by environmental and
individual factors®+®, exhibits delayed responses relative
to sympathetic activation®, and lacks full methodological
standardization across studies®”. Accordingly, its interpretive
value is greatest when integrated with complementary
autonomic measures such as HRV®EE4,

Skin temperature provided additional, context-dependent
information. Reductions observed in some participants are
consistent with sympathetic vasoconstriction; however,
substantial interindividual variability and sensitivity to
environmental conditions limit its utility as a standalone
marker of autonomic arousal®3.

Overall, this study provides an integrative, exploratory
assessment of exam-related physiological patterns
using wearable-derived measures of HRV, EDA, and skin
temperature. While session-dependent autonomic variations
and associations with academic performance were observed,
conclusions are limited by sample size, the absence of
baseline and subjective stress measures, environmental
confounding, and reliance on offline signal processing.
Future studies incorporating larger and more diverse cohorts,
baseline-controlled and longitudinal designs, multimodal
psychological-physiological assessments, and advanced
analytic approaches, including artificial intelligence-based
methods, will be essential to refine the use of wearable
technologies for monitoring and managing exam-related
stress.
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Study Limitations

Several Llimitations of the present study should be
acknowledged. First, the study relies on a secondary analysis
of a publicly available dataset with a relatively small sample
size ($n=10%) consisting of a single student cohort, which
constrains the statistical power and the generalizability
of the findings across broader and more diverse student
populations. Second, the dataset lacked non-exam resting
baseline physiological recordings; therefore, all autonomic
evaluations were restricted to within-session and between-
session comparisons rather than deviations from true
resting autonomic states. Third, concurrent psychological
assessments (such as validated self-report scales for state
anxiety, test anxiety, or subjective stress perception) were not
available, Limiting the direct triangulation between subjective
psychological experiences and physiological markers.
Fourth, physiological data were acquired exclusively through
wrist-worn wearable PPG and dry electrodermal electrodes
(Empatica E4). Although ecologically valid and non-invasive,
wrist PPG is inherently more susceptible to motion artifacts
and subtle peak-detection errors than standard ECG, and
peripheral skin conductance and temperature are subject
to uncontrolled ambient and environmental factors. Finally,
the current analyses were performed post-hoc and offline;
real-time stress detection and continuous longitudinal
monitoring across multiple academic periods remain to be
implemented in future research.

Conclusion

In conclusion, this study demonstrates that academic
examinations elicit dynamic, session-dependent autonomic
nervous system responses that can be non-invasively
tracked using wearable multi-sensor technology. Our
findings indicate that heightened sympathetic dominance
(reflected by elevated LF power and LF/HF ratio) is
negatively associated with academic performance, whereas
the preservation of cardiac autonomic complexity and short-
term fractal dynamics (DFAal ) is positively correlated with
exam achievement. Furthermore, the temporal trajectory of
physiological metrics, characterized by peak cardiovascular
arousal and physiological complexity Loss during early exam
sessions followed by subsequent attenuation, supports
models of anticipatory stress and subsequent adaptation
in evaluative academic environments. Combining HRYV,
EDA components, and peripheral temperature provides
a multidimensional psychophysiological profile that
surpasses single-parameter assessments. Despite the
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exploratory nature of this work, these results highlight
the potential of wearable biosensors as objective tools for
educational psychophysiology. Future research employing
larger cohorts, controlled baseline protocols, multimodal
psychological-physiological tracking, and real-time artificial
intelligence-assisted analytics will be instrumental in
developing individualized stress-monitoring frameworks
and adaptive pedagogical interventions to enhance student
well-being and academic performance.
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Abstract

Objective: Determining fetal/neonatal well-being by monitoring physiological changes, evaluating oxygenation/alveolar ventilation and circulation/
perfusion, and the need for resuscitation are considered necessary during the fetal/neonatal transition period after delivery. This study aims to investigate
the correlation between non-invasive methods oxygen saturation (Sp0,), perfusion index (P1), and cord blood gas parameters during the postnatal transition
in term or near-term infants delivered vaginally or with cesarean section.

Methods: Sixty-four healthy term/near term infants were enrolled into this study. The blood gases of the umbilical artery (UA) and umbilical vein (UV) were
analyzed in each case. Sp0, and Pl were recorded with a pulse oximeter.

Results: Sp0, and Pl values of vaginal births were significantly higher than who were born with cesarean section. A significant correlation between Pl and
Sp0, values of both UA and UV was found in the vaginal birth group, while no correlation was found in the cesarean group. The trend of the Pl was time-
independent, and PI reached stability before Sp0,.

Conclusion: Non-invasive Pl and Sp0, measurements could be promising in monitoring the oxygenation and circulation of neonates during the postnatal
transition period.

Keywords: Neonates, newborn, perfusion index, transition period, umbilical cord blood gases

Amac: Dogum sonrasinda gerceklesen fetal/neonatal gecis déneminde fizyolojik degisikliklerin izlenmesi, oksijenasyon/alveolar ventilasyon ve dolasim/
perfiizyonun dederlendirilmesi ile restsitasyon gereksiniminin belirlenmesi, fetal/yeni dogan iyilik halinin saptanmasinda gerekli kabul edilmektedir.
Bu calisma, vajinal ya da sezaryen ile dogan miadinda veya miada yakin bebeklerde, postnatal gecis stirecinde non-invaziv yontemlerle dlciilen oksijen
sattirasyonu (Sp0,), perfiizyon indeksi (PI) ve kordon kan gazi parametreleri arasindaki korelasyonu arastirmayl amaclamaktadir.
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Yontem: Bu calismaya 64 saglikli miadinda/miada yakin yenidodan dahil edilmistir. Her bir olguda umbilikal arter (UA) ve umbilikal ven (UV) kan gazlari

analiz editmigtir. Sp0, ve PI degerleri pulse oksimetre ile kaydedilmigtir.

Bulgular: Vajinal dogumla dinyaya gelen bebeklerin SpO, ve PI dederleri, sezaryen ile dodanlara kiyasla anlamli derecede daha ytksek bulunmustur.
Vajinal dogum grubunda Pl ve SpO, degerlerinin hem UA hem UV kan gazi parametreleriyle anlamli korelasyon gosterdidi, buna karsin sezaryen grubunda
herhangi bir korelasyon saptanmadidi belirlenmistir. PI'nin zamandan bagimsiz bir egilim gdsterdidi ve PI'nin SpO, degerlerinden daha dnce stabil diizeye

ulastigr géralmastdr.

Sonug: Non-invaziv Pl ve Sp0, dl¢iimleri, yenidoganlarin postnatal gecis doneminde oksijenasyon ve dolagimin izlenmesinde umut vaat eden yontemler

olabilir.

Anahtar Kelimeler: Neonatoloji, yenidogan, perfiizyon indeksi, gecis dénemi, umbilikal kordon kan gazlari

Introduction

The early postnatal transition a period during which
significant changes occur as circulation shifts from fetal to
neonatal circulation. During this time, when the umbilical
cord is cut, the placental blood flow stops, the lungs fill with
air, and gas exchange begins, more oxygen (0.) is carried to
the tissues, the systemic vascular resistance increases, and
the intracardiac shunts (foramen ovale, ductus arteriosus)
are closed. This adaptation process is primarily influenced
by the gestational age, the mode of delivery, and the type
of maternal anesthesia. Therefore, during this period after
birth, it is crucial to obtain information about fetal/neonatal
well-being, to monitor physiological changes during the
transition, and to evaluate oxygenation/alveolar ventilation,
circulation, and the need for resuscitation. Hence, we used
umbilical cord blood gas analysis and some non-invasive
methods for these purposes.

Hemoglobin oxygen saturation (Sp0.), and perfusion index
(PI) measurements with a pulse oximeter are recommended
in many guidelines, such as newborn care, resuscitation,
and screening of congenital heart diseases (CHDs). They
are widely used in current clinical practice during and after
delivery, including in neonatal intensive care units. SpO,
and Pl measurement are preferred because they are non-
invasive especially in monitoring these transitional changes
in the early postnatal period and determining the need
for intensive care®”. The Pl is an important non-invasive
indicator of peripheral circulation in clinical practice for
newborns. Hemodynamic and respiratory changes during
the transition period may affect peripheral perfusion®. These
findings suggest that the Pl is not affected by the mode of
delivery in healthy term newborns®. Obtaining and analyzing
umbilical cord blood gases immediately after delivery is the
most important method for evaluating fetal and neonatal
well-being"%*2. There are a few study investigating the effect

of mode of delivery and anaesthesia on the non-invasive
monitorization parameters (SpO,/PI) and umbilical artery
(UA)/umbilical vein (UV) blood gas values in the transition
period of healthy term infants.

This study aimed to investigate the relationship and
compatibility between umbilical cord blood gas values
and non-invasive measures (such as Sp0,and PI), as well
as delivery and anesthesia methods, during the transition
period in term and near-term infants.

Materials and Methods

Sixty-four healthy term newborn infants (38 girls, 26 boys)
born by [vaginal route (VR); 20] or [cesarean section (C/S);
44], without any prenatal or natal risk factors, were included
in the study between February and April 2017. In our
country, in non-emergent situations where urgent C/S is not
necessary, the decision regarding the mode of delivery is left
to the mother's preference. Our study included only infants
born to women who underwent elective C/S. Individuals
requiring resuscitation at birth and those with Apgar scores
below 8 at the 5" minute were excluded from the study.
Ethical approval was obtained from the Ethics Committee of
Gazi University Faculty of Medicine (approval number: 2017-
52, date: 19.01.2017). Written informed consent was obtained
from the parents of all newborns included in the study.

Demographic characteristics of all infants included in
the study and maternal characteristics were recorded.
The gender, gestational week, birth weight, height, and
head circumference of newborns; type of delivery; type of
anesthesia applied at birth; maternal age; first- and fifth-
minute Apgar scores; and postpartum interventions were
recorded. All newborns were examined by a pediatrician
in the operating or delivery room according to the mode of
delivery.
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After birth, 0.5-1 mL of blood was taken from the UA and the
UV of each newborn infant using a special dry heparin blood
gas injector, which was clamped on both sides. "Radiometer
ABL 800 Basic blood gas analyzer" working with an ion-
selective electrode system was used to determine blood gas
parameters (pH, SpO, and partial pressure of carbon dioxide
(pCO,) immediately. Blood gases were evaluated.

After stabilization and evaluation of Apgar scores, Masimo
set pulse oximeter rad-5v probe was attached to the right
arm of the infants (preductal), SpO, and PI values were
recorded continuously for the first 20 minutes.

Statistical Analysis

Mean, standard deviation, median, minimum, maximum,
and percentile values in descriptive statistics for continuous
data; percent values are given in the discrete data.

Pearson and Spearman correlation coefficients were used to
evaluate the relationship of the UA and UV measurements with
Sp0,, Pl measurements at the 5*, 10", 15", and 20" minutes.

Either the t-test or the Mann-Whitney U test was used to
compare data obtained from measurements of patients born
by C/S and VR, after evaluating the conformity of the data to
the normal distribution.

The Kaplan-Meier curve was used to calculate the
stabilization time of the Pl and SpO, measurements. P<0.05
was considered statistically significant.

Results

The mean gestational age of 64 cases was 38.6+1.1 (37-41
weeks). The delivery modes of the cases were C/S in 44 (69%)
and vaginal in 20 (31%). General anesthesia was administered
four (9%) C/Ss, and spinal anesthesia was administered in
epidural anesthesia was used in four (20%) vaginal births,
while induction was performed in nine (45%) vaginal births.
The fifth-minute Apgar score was =9 in 93% of the infants.

There have been no cases in which postpartum resuscitation
was required.

Comparison of cord blood gas values by delivery type is
shown in Table 1. Among those whose birth type was C/S or
VR, there were significant differences between UA and UV in
pH and pCO, values (Table 1). Among those whose birth type
was C/S, both UA and UV pH values were significantly higher
than in those with VR (p<0.001) (Table 1). In those with VR
delivery, both UA and UV pCO, values were significantly
higher than in those with C/S (p<0.05). There were no
differences in UA and UV SpO, values between those with
C/S and VR delivery types (p>0.05) (Table 1).

The median of preductal SpO, values at 10, 15, and 20
minutes in VR was significantly higher than in those born
by C/S (Table 2). There was no difference in 5"-minute SpO,
values between those delivered by C/S and those delivered
by VR (p>0.05) (Table 2).

The comparison of the 5™-, 10™-, 15"-, and 20"-minute
preductal Pl averages , measured by the Masimo device,
according to the mode of delivery, is shown in Table 3. There
was no difference in terms of 5" and 10""-minute PI values
in those whose mode of delivery was C/S or VR (p>0.05) .
The difference between the 15"~ and 20"-minute Pl values
was significant in those whose delivery type was C/S or VR
(p<0.05). The median PI values at the 15" and 20" minutes
were significantly higher in those with VR delivery (Table 3).

A positive correlation was observed between the 5™"-min UA
pO, value and the 5"-, 10"-, 15"-, and 20™-min PI values
in infants born vaginally (p<0.05). There was no significant
correlation between UA pO, and Pl values at 10, 15, and 20
minutes (p>0.05) (Table 4). A positive correlation was also
found between UV pO, and 10™- and 15"-minute Pl values
in vaginally born infants (p<0.05) (Table 4). There was no
relationship between cord blood gas parameters and Pl in
those born by C/S.

Table 1. Comparison of cord blood gas parameters of cases according to delivery type

C/S (n=44) Vaginal route (n=20)
Mean * SD (min-max) Median Mean x SD (min-max) Median p-value’
pH 7.32+0.04 (7.18-7.39) 7.32 7.27+0.04 (7.2-7.37) 7.28 0.000
Umbilical artery pCo, 46.1+5.8 (37.3-59.6) 45.2 49.6+5.3 (37.8-58.6) 50 0.029
SpO, 22.3+4.2 (13.4-29.9) 23 24.4+9.8 (14.1-46) 195 0.249
pH 7.36+0.04 (7.22-7.42) 7.36 7.32+0.04 (7.24-7.40) 7.32 0.000
Umbilical vein pCO, 40.5£5.2 (31.7-54.6) 39.1 43.6x5.0 (33-52) 44.4 0.029
SpO, 30.9+5.2 (23.4-45.8) 30 31.5+8.7 (20-49) 29.4 0.727
" T-test, pCO,;: Pressure of carbon dioxide, Sp0,: Oxygen saturation, SD: Standart deviation, C/S: Cesarean section
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Table 2. Comparisons of preductal SpO, measurements by delivery type

C/s VR
SpO, Median (min-max) Median (min-max) p-value’
5% min 96 (83-100) 96 (84-100) 0.610
10" min 97 (80-100) 98.5 (86-100) 0.025
15" min 97 (86-100) 99 (84-100) 0.027
20" min 97.5 (89-100) 100 (88-100) 0.020
" Mann-Whitney U test, Sp0,: Oxygen saturation, C/S: Cesarean section, VR: Vaginal route

Table 3. Comparison of perfusion index measurements according to delivery type

C/s VR
Pl Mean + SD Median (min-max) Mean + SD Median (min-max) p-value’
51 min 2.1+£0.7 1.9 (0.5-3) 2.2+0.7 2 (1.25-3) 0.539
10" min 2.1+0.9 1.9 (1-5) 2.4+1.1 2 (1.25-5) 0.361
15 min 1.9+0.6 1.8 (1.25-3) 2.4+0.9 2 (1.25-5) 0.009
20™ min 1.9+0.7 1.5 (0.50-3) 2.2+0.6 2 (1.25-3) 0.012

" Mann-Whitney U test, C/S: Cesarean section, VR: Vaginal route, SD: Standard deviation

Table 4. The relationship between umbilical artery (UA) and vein (UV) pH, PCO, and SpO, values and perfusion index values

in babies born by vaginal route

Pl UA pH UA pCO, UV pH UV pCo, UV SpO, UA SpO,
5" min r 0.05 -0.04 0.23 -0.23 0.43 0.49

p 0.85 0.88 0.32 0.33 0.06 0.029
10" min r 0.2 -0.18 0.11 0.13 0.57 0.4

p 0.4 0.44 0.65 0.57 0.009 0.08
15" min r 0.22 0.03 0.43 -0.09 0.49 0.24

p 0.36 0.9 0.06 0.69 0.026 0.31
20" min r 0.09 0.13 0.16 0.05 0.26 0.08

p 0.72 0.59 0.52 0.83 0.27 0.75
" Spearman correlation coefficient, pCO,: Pressure of carbon dioxide, SpO,: Oxygen saturation, PI: Perfusion index

Time-dependent univariate Linear regression model results
of the first quarter, second quarter, and third quarter values
for pulse, Sp0,, and Pl in the first 10 minutes, showed that
time had no role in the change of PI, while the effect of time
was high in explaining the change of pulse and SpO, (Table
5) (Figure 1). The PI and the stability times for SpO, were
calculated using the Kaplan-Meier curve. The stability time
within 5 consecutive sections for Pl (less than 20% change)
and SpO, (less than 1% change) was measured. The PI
reached a stable state by one minute postnatal age in 37
newborns (59.7%). SpO, stabilized one minute after birth in
15 newborns (25.4%). While the PI reached a stable state
within <5 minutes in 88.7% of cases, SpO, reached a steady
state within <5 minutes in 52.6% of cases (Figure 2).

Discussion

The relationships between umbilical cord venous and
umbilical cord arterial blood gas parameters at birth and Pl
and Sp0, values measured by pulse oximetry in vaginal and
C/S deliveries were investigated during postnatal transition
in the present study. Our results showed that, SpO, and P!
values of vaginal births were significantly higher than those,
born with C/S. A significant correlation between Pl and SpO,
values in both UA and UV was found in the vaginal group,
while no correlation was found in the caesarean group. The
trend of Pl was time independent, and Pl reached stability
before SpO,. The evaluation of the compatibility between
these measurements allowed discussion of how much it
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Table 5. Time-dependent univariate linear regression model results of 25™, 50", and 75" percentile values for perfusion index,

Sp0,, and heart rate in the first 10 minutes

1t quartile (25.p) Y=90.17+0.61"x 0.679
SpO, 2" quartile (50.p) Y=93.97+0.37'x 0.778
31 quartile (75.p") Y=96.47+0.28'x 0.802
- 1*t quartile (25.p") Y=144.27-0.44'x 0.591
ulse . N
2" quartile (50.p) Y=153.97-0.74'x 0.895
3 quartile (75.p) Y=166.03-1.10% 0.853
o 1*t quartile (25.p") Y=1.52-0.002'x 0.030
2" quartile (50.p) Y=2.00-0.002x 0.030
31 quartile (75.p") Y=2.983-0.002'% 0.003
" Percentile, Sp0,: Oxygen saturation, PI: Perfusion index
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Figure 1. Time-dependent graph of 1%, 2 and 3™ quartile values for oxygen saturation in the first 10 minutes (A); for heart rate
in the first 10 minutes (B) A:75.percentile, #:50.percentile, @: 25.percentile

could help in obtaining information about fetal well-being
and early postnatal transition, and in determining the
appropriate degree of respiratory support when resuscitation
is required.

The transitional period in newborns is a critical interval
during which significant changes occur in the transition
from fetal circulation. During this period, a series of rapid
physiological and anatomical changes occurs: placental
blood flow ceases with clamping of the umbilical cord; the
lungs begin gas exchange; pulmonary vascular resistance
decreases; and intracardiac shunts close as systemic
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vascular resistance increases”. Few studies have examined
the monitoring of infants during this period. Our study aimed
to observe changes during the transition period and to
evaluate the compatibility of pulse oximeter measurements
with the blood gas data obtained from UA and UV by the
invasive route.

Some methods have been developed that provide information
on the well-being and prognosis of newborns and guidance
for postpartum interventions. The most important of these is
the analysis of umbilical cord blood gas parameters, which
has become increasingly common. Apgar scoring, used in the
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Figure 2. Kaplan-Meier curve for time to stable measurement for perfusion index (A), of oxygen saturation (B)

postnatal evaluation of newborns, helps distinguish normal
newborns from those with noticeable signs of perinatal
asphyxia. However, Apgar scoring is not sensitive enough to
detect less severely affected infants. Clinical evaluation of
newborns, combined with umbilical cord blood gas analysis
after birth, guides early treatment approaches®. Arterial
blood gas measurement is the gold-standard method for
demonstrating acid-base disorders and for monitoring
alveolar ventilation and oxygenation. The correction of acid-
base and oxygenation disorders has a significant impact
on mortality and morbidity™. Umbilical cord blood gas
measurement is currently the most widely accepted method
for evaluating fetal well-being and detecting perinatal
asphyxia. However, in some emergency situations, umbilical
cord blood gas samples cannot be collected or evaluated
because of difficulties with blood withdrawal and technical
problems, as collection is an invasive procedure. Technical
issues, such as improper removal of blood gas, excess
heparin in the injector, residual air in the blood sample, or
inability to operate immediately, can cause incorrect results.
Moreover, cord blood obtained from the UV or from mixed
samples, rather than from the UA, may reflect the mother's
condition rather than the infant's. Hence, non-invasive,
validated, quantitative markers or measurements are needed
to evaluate hypoxia and perfusion in term infants during the
early postnatal transition period.

Pulse oximetry measures the percentage of oxygenated
hemoglobin using the difference in absorbance between red
and infrared light and calculates the ratio of oxygenated
hemoglobin in the pulsatile component. When tissue
perfusion decreases, the skin, subcutaneous tissues, muscles,
and gastrointestinal tract are initially affected, whereas
vital tissues (brain, heart, adrenal glands) are protected
temporarily. Thus, detection of decreased perfusion in
nonvital tissues could be used as an early marker-19,

The PI, representing variable light absorption caused by
pulsatile arterial blood flow reflects the ratio relative to the
constant light absorption from non-pulsatile components,
including venous blood, connective tissue, skin, bone, and
other tissues. It reflects momentary changes in peripheral
blood flow9?%, The Pl is a promising non-invasive method
for assessing peripheral capillary circulation and, indirectly,
organ perfusion®. Soon, thanks to the development and
widespread use of devices that measure advanced PI,
quantitative monitoring of the transition period from birth
will be possible. Since the 2000s, many studies have been
conducted to evaluate the Pl in assessing neonatal well-
beingandinthe early detection of life-threatening conditions.
Many studies have determined PI threshold values in both
term and preterm infants??. PI levels below the threshold
value in neonatal intensive care units have been proposed
as objective indicators of acute disease. For instance, some
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studies have shown that the PI value is low in CHDs, and
its measurement has been suggested for diagnosing these
diseases®?0:23:24),

Schena et al.?? screened 42.169 healthy term newborns by
measuring Pl and SpO, and detected CHD in three of them.
Two of these were found to have low SpO,, and one had a
low PI. This study showed that Pl and SpO, should be used
in CHD screening®?-%), Recent evidence supports adding
Pl to pulse oximetry to improve screening performance and
reduce false positives in selected protocols??. Granelli and
Ostman-Smith® measured preductal and postductal Pl in
1000 healthy newborns within the first 1-120 hours of their
lives and reported a mean Pl of 1.70 (1.18-2.5). In that study,
heart anomalies were detected in two infants with Pl values
below 0.7. In nine infants followed up as a control group for
left heart obstruction disease, the Pl was found to be below
1. Of them, five had Pl values below 0.7. They stated that the
Pl indicates the severity of cardiac dysfunction and that a Pl
below 0.7 can be used as a marker for detecting CHDs®,

Perrone et al.?® also aimed to evaluate the role of peripheral
Pl and pulse oximetry screening during the first 24 hours of
life in the early detection of CHDs and non-CHDs (perinatal
infection and suspected respiratory disease) in newborns.
This study concluded that combining peripheral saturation
with the peripheral Pl during the first 24 hours of life is
predictive of minor CHDs and neonatal clinical conditions
that require attention®®,

In our study, the Pl was measured and recorded preductally
at five-minute intervals for twenty minutes. Mean Pl values
were 2 (0.5-3) at the 5™ minute, 2 (1-5) at the 10 minute,
1.75 (1.25-5) at the 15" minute, and 1.75 (0.5-3) at the 20"
minute. The mean values were similar to those reported
in the literature®?29, No apparent changes in the Pl were
observed within the first twenty minutes. De Felice et al.?¥
also measured the Pl between 0 and 1 minute and between 1
and 5 minutes after birth and reported no difference between
those values. In our study, the lowest measured Pl was 0.5.
However, as it increased during follow-up, it was thought
that this could be due to cold hands and feet resulting
from vasomotor imbalance, which causes physiological
peripheral cyanosis in newborns, along with vasospasm due
to hypothermia. Nevertheless, hypothermia was excluded,
as all measurements were made in incubators at ideal
temperatures. In some measurements, Pl exceeded 5; this
was attributed to the babies being very active and crying
during the measurement, because babies' crying can cause
vasodilation and thus elevate PI.
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Unal et al.® found the mean postductal Pl at 10 minutes and
at 1 hour to be 1.41 (1.17-1.78) in tachypneic and healthy term
newborns. There was no significant difference in Pl values
between healthy and tachypneic infants®. According to our
study, the lower measurements could be due to postductal
measurement sites. On the other hand, in our study, we were
not able either to to measure preductal and postductal Pl
simultaneously or to monitor body temperature continuously
due to technical limitations. Hakan et al.?? measured
preductal and postductal SpO,, PI, and pulse in the first five
days of life in 196 terms and 45 preterm newborns. They
reported the mean pre-ductal and postductal Pl, measured
over the first 6 hours of life in term infants, as 1.35 (1.02-1.91)
and 0.88 (0.62-1.22), respectively. They stated that preductal
Pl was significantly higher than postductal Pl in the first
three days, and attributed the low values to regional and
racial differences. As in our study, they observed fluctuations
in Pl during crying and activity'®.

In a study of 125 healthy term infants, Yigit et al.*® found
that Pl was higher in C/S births. This condition was assessed
as indicative of more significant hemodynamic changes
during the early transitional period after C/S delivery@,
Our study found that 15"- and 20""-min PI values in those
born vaginally were significantly higher than in those born
by C/S. This could be attributed to vaginal delivery being a
more physiological process. In our study, spinal anesthesia
was applied in births with C/S where it adversely affects
uteroplacental circulation and oxygenation. Although the
duration of the effects of anesthetic agents on the neonate
is unknown, a low Pl in infants born by C/S may indicate
circulatory disorders related to anesthesia.

In a study by Taguchi et al."®, PI, pulse rate, and SpO, were
measured for 10 minutes after birth in 60 newborns born
between 35 and 41 weeks. The Pl was 1.5 after birth in 45% of
newborns, and in 90% of newborns it was measured as stable
after 3 minutes. The stable PI value was always obtained
before the SpO, measurement. It has been reported that
there is no relationship between the course of Pl and heart
peak beat and Sp0,"”. Our study also found that Pl stabilized
earlier than SpO,. While the Pl reached a stable state after
the first minute postpartum in 37 newborns (59.7%), SpO,
did so in only 15 newborns (25.4%). It was thought that PI
would be low due to poor peripheral perfusion immediately
after birth and would increase with time, such as SpO, or
pulse. So we looked at how PI, Sp0,, and pulse changed over
time in the first 10 minutes. At the tenth minute, 75% of the
pulses were =155/min, 50% =145/min, and 25% <140/min
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with 75% of Pls =3, 50% =2, 25=1.5. It was seen that 75% of
the SpO,s were =98, 50% were =96 and 25% were 94. The
measured values were consistent with the SpO, target table
for the first 10 min, as determined by neonatal resuscitation
program®?”, Additionally, recent percentile data among term
infants show higher early SpO, levels under specific cord-
clamping conditions®. If a Pl target table can be created
during the transition period, monitoring oxygenation and
circulatory status and managing resuscitation steps can
help inform decisions on intervention and hospitalization for
the neonates. Contrary to the expectations from our study, Pl
followed a different course apart from the changes in pulse,
and SpO,and remained in approximately the same value
ranges after birth. A high Pl indicates adequate perfusion of
each organ immediately after birth. PI fluctuations observed
from the first measurement may reflect individual differences
in postnatal adaptability.

Changes in pulse and SpO, showed that the effect of time
was significant, unlike in PI. Taguchi et al.%® reported that
infants born vaginally had higher SpO,. While some studies
indicate that SpO, is higher in vaginal delivery, some studies
have shown no significant difference in Sp0O,according to the
mode of delivery®®. In our study, the SpO, values of the
10, 15, and 20" min vaginal births were significantly higher
than those born with C/S. This situation can be explained
by the more physiologic transition from fetal to neonatal
circulation that occurs during vaginal delivery. In addition,
the negative effects of anesthesia for C/S on circulation and
oxygenation should not be ignored. However, we could not
evaluate the effects of different forms of anesthesia because
epidural and general anesthesia were insufficiently applied
in the vaginal/CS groups.

Alderliesten et al.®® followed up Pl for 72 hours in 311
newborns younger than 32 weeks and found that Pl was
negatively related to dopamine, mean blood pressure,
follow-up on mechanical ventilation, and SpO,. However,
it was positively associated with female gender, gestational
age, pulse pressure, and patent ductus arteriosus (PDA).
They suggested that the elevated pulse pressure in PDA
caused blood to shunt into the pulmonary artery during
diastole. Stroke volume is increased to eliminate the adverse
effect of this condition on perfusion. Pl was higher because
peripheral vasodilation decreased diastolic blood pressure.
A negative relationship between SpO,and Pl was attributed
to the effect of SpO, on vascular tone®®.

Our study found no relationship between mode of delivery
(vaginal or C/S) and Sp0O, and PI values, in accordance with

the study of Hakan et al.??. This situation might be due to
the similarity between the two studies, both of which were
conducted on healthy infants.

In the present study, we found a positive relationship
between UA and UV Sp0O,and between UA and Pl in vaginal
births, while there was no relationship between umbilical
cord blood gas parameters and Pl in those delivered by
C/S. To our knowledge, no studies in the literature have
compared umbilical cord blood gas parameters with PI
and SpO,. The gold standard for demonstrating tissue
oxygenation is arterial SpO,. The Pl is a parameter that
helps us detect early deterioration of tissue perfusion,
prevent tissue hypoxia and organ failure, and intervene
in a timely manner. As a non-invasive method, the PI can
evaluate blood flow and oxygenation simultaneously by
measuring the ratio of pulsatile to non-pulsatile flow.
Therefore, the positive relationship between SpO,, the gold
standard for demonstrating tissue oxygenation, and PI
was considered an expected situation. The SpQ, value, an
indicator of oxygenation in both UV and UA blood gases, was
positively associated with Pl among infants born vaginally.
It can be attributed to the fact that PI measurements reflect
oxygenation more accurately during the transition from fetal
to neonatal circulation, owing to the better physiological
adaptation associated with vaginal delivery.

Study Limitations

This study has several limitations. First, the relatively
small sample size and single-center design may Llimit the
generalizability of our findings and reduce the statistical
power to detect subtle differences between groups. Therefore,
the results should be interpreted with caution. Second, the
unequal distribution of participants between the vaginal
and cesarean delivery groups and the limited number
of cases receiving each type of anesthesia restricted our
ability to perform detailed subgroup analyses of anesthesia
effects. Third, preductal and postductal Pl measurements
could not be obtained simultaneously because of technical
limitations, and continuous body temperature monitoring
was unavailable during measurements; these limitations
may have influenced peripheral perfusion values.

Future large-scale, multicenter studies with balanced
group distributions and standardized anesthesia protocols
are needed to confirm our findings and further clarify the
relationship between PI, SpO,, and umbilical cord blood gas
parameters during the neonatal transition period.
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Conclusion

This study evaluated the use of non-invasive pulse oximetry
and Pl 'in newborns during the postpartum transition period
as a supplement to cord blood gas. In the near future, we
hope it will be possible to use these non-invasive methods
to support monitoring during the transition period and the
resuscitation of newborns.
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Abstract

Objective: The effect of coronavirus disease-2019 (COVID-19) on pregnancy remains controversial. Currently, Literature investigating levels of knowledge,
behavior, and attitudes regarding COVID-19 among pregnant women is scarce. This study aims to determine the knowledge, attitudes, and awareness levels
of pregnant women followed up at the obstetrics and gynecology clinic of a tertiary care hospital in Western Ttrkiye.

Methods: Pregnant women admitted to a tertiary care hospital in izmir, a metropolitan city in Tiirkiye, between May 1 and June 30, 2020, were enrolled in
the study. The researchers used a questionnaire to measure COVID-19 knowledge, attitudes, and awareness levels. Anxiety level was evaluated using the
generalized anxiety disorder-7 scale. All analyses were performed using SPSS v.25 (IBM Corp., Armonk, NY) at a significance level of 0.05.

Results: The median COVID-19 knowledge score of the study group was 13.00 (12.00-15.00). Negative correlations were detected between the COVID-19
knowledge score and the number of pregnancies, live births, and children. Conversely, the knowledge score increased with higher education levels among
pregnant women and their partners. Similarly, higher family income Llevels were associated with higher knowledge scores. Severe anxiety was detected in
109 (26.2%) pregnant women.

Conclusion: Pregnant women in the study had substantial COVID-19 knowledge levels. Knowledge level was positively correlated with positive behaviors,
post-pandemic attitudes, higher education levels, and higher soci-economic status.

Keywords: Pregnancy, COVID-19, knowledge, anxiety

Amac: Koronavirts hastaligi-2019 (COVID-19)'un gebelik izerindeki etkisi tartismalidir. Literatiirde gebelerde bilgi, davranis ve tutum diizeylerini arastiran
cok fazla calisma bulunmamaktadir. Bu calismanin amaci, Tarkiye'nin batisinda bulunan bir Gciincii basamak hastanenin kadin hastaliklari ve dogum
béliimiinde izlenen gebelerin COVID-19 hakkinda bilgi-tutum-farkindalik diizeylerini belirlemektir.
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Yontem: 1 Mayis-30 Haziran 2020 tarihleri arasinda tictincti basamak bir hastaneye bagvuran gebeler calismaya alindi. Aragtirmacilar tarafindan hazirlanan
bir anket, COVID-19 bilgi, tutum ve farkindalik duzeylerini 6lcmek icin kullanitmistir. Anksiyete, yaygin anksiyete bozuklugu-7 élcedi ile degerlendirildi.
istatiksel analizler SPSS v.25 (IBM Corp., Armonk, NY) paket programi kullanilarak yapildi. Analizlerde p-degerinin <0,05 olmasl istatiksel olarak anlamli

kabul edildi.

Bulgular: Calisma grubunun COVID-19 hakkindaki medyan bilgi dizeyi puani 13.00 (12.00-15.00) idi. COVID-19 bilgi diizeyi puani ile gebelik sayisi, canli
dogum sayis! ve cocuk sayisi arasinda negatif korelasyonlar tespit edildi. Gebelerin ve eslerinin editim diizeyi yiikseldikce COVID-19 bilgi diizeyi puani da
yukseldi. Aile gelir diizeyi arttikca COVID-19 bilgi diizeyi puani da artti. Gebelerin 109'unda (%26,2) siddetli anksiyete saptandi.

Sonuc: Calisma grubunu olusturan gebelerin COVID-19 bilgi duzeyleri oldukca yuksek bulunmustur. Bilgi duzeyi ile olumlu davraniglar, pandemi sonrasi
tutumlar, yiiksek egitim diizeyi ve yiiksek sosyo-ekonomik diizey parametreleri arasinda pozitif yénde bir iliski oldugu gératda.

Anahtar Kelimeler: Gebelik, COVID-19, bilgi, kayg

Introduction

Coronaviruses (CoVs) are a large family of viruses that cause
a variety of diseases, ranging from the common cold to more
serious conditions such as middle east respiratory syndrome
(MERS-CoV) and severe acute respiratory syndrome (SARS-
CoV)™. CoVs cause zoonotic infections; however, many CoVs
detected in animals have not yet been transmitted to humans.
The subtypes of coronavirus currently circulating in humans
are HCoV-229E, HCoV-0C43, HCoV-NL63, and HKU1-CoV®.

On December 31, 2019, the World Health Organization
(WHO) reported pneumonia cases of unknown etiology in
Wuhan, China. Through sequence analysis of samples, a
previously unknown novel coronavirus was discovered and
named 2019-nCoV®@. Soon after, this disease was defined as
coronavirus disease-2019 (COVID-19) by the WHO™. Due to
its structural similarity to SARS-CoV, the novel coronavirus
was named SARS-CoV-29. The first COVID-19 cases in
Turkiye were reported on March 19, 2020,

The spectrum of infection ranges widely from mild to critical;
however, most symptomatic infections are not severe®.
COVID-19 infection is characterized by a wide spectrum
of clinical manifestations, ranging from completely
asymptomatic cases to severe acute respiratory distress
syndrome (ARDS). Approximately 5-10% of patients with
COVID-19 develop severe ARDS®. Severe infection and
increased mortality rates are associated with older age or
underlying comorbidities such as cardiovascular diseases,
diabetes mellitus, hypertension, chronic lung disease, and
cancer®, Currently, no specific treatment for COVID-19 has
been proven effective. Except for remdesivir, no antiviral drug
has been fully approved, although many agents have been
investigated in vitro and in some in vivo studies, showing
promising results.

It is known that physiological changes in the immune system
during pregnancy can affect susceptibility to and the severity
of infectious diseases™. In SARS and MERS-CoV experiences,
pregnant women were observed to be a high-risk group for
complications of coronavirus infections®™. However, data
regarding the effect of COVID-19 on pregnancy remain
limited"9, Most pregnant patients exhibit mild or moderate
symptoms similar to non-pregnant women, and morbidity
and mortality rates comparable to the general population
have been observed"s.

This study aims to determine the levels of knowledge,
attitudes, and awareness regarding COVID-19 among
pregnant women attending the obstetrics and gynecology
clinic of a tertiary care hospital in Western Turkiye.

Materials and Methods

This cross-sectional study was conducted between May 1
and June 30, 2020. The survey was conducted in the clinic
of obstetrics and gynecology at a tertiary care hospital
in Western Tulrkiye. The target population, consisting of
pregnant women who sought pregnancy follow-up or were
hospitalized in wards during the study period, was estimated
to be 600 individuals. An a priori power analysis was
conducted, and the minimum sample size was calculated to
be 316, assuming a type 1 error of 1% (99% confidence) and
a confidence interval of 5%. The final study group consisted
of 416 pregnant women. A total of 21 pregnant women who
declined to participate were excluded.

The questionnaire was administered by the researchers via
face-to-face interviews. The first part of the questionnaire
contained 13 questions  regarding  demographic
characteristics, pregnancy, and birth history. In the second
part, the question "Have you heard of the epidemic of the
new coronavirus (COVID-19) disease?” was asked to assess
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awareness. In the third, fourth, and fifth sections, knowledge
levels regarding COVID-19 symptoms (5 questions, 3-point
Likert scale), transmission pathways (4 questions, 3-point
Likert scale), and treatment/prevention (9 questions,
2-point Likert scale, true/false) were evaluated. One point
was awarded for each correct answer. The total COVID-19
knowledge score ranged from 0 to 18 points; higher scores
indicated a higher level of knowledge.

In the sixth section, positive behaviors related to COVID-19
were evaluated using a 5-point Likert scale by asking about
seven specific behaviors. The frequency of participants
responding “I apply very well/well" was recorded, and
correlations between this frequency and the COVID-19
knowledge score were analyzed. The seventh chapter
examined participants' self-perception of the sufficiency
of their knowledge and their sources of information about
COVID-19.

In chapter eight, changes in attitudes following the onset of
the pandemic were evaluated using 16 questions. The first
4 questions related to increased anxiety, while the other 5
related to self-restraint in social life. For these questions,
the frequency of participants responding "I strongly
agree/l agree" was presented, along with correlations to
the knowledge score. Additionally, information regarding
childcare and the stocking of materials after the start of the
pandemic was presented as frequencies.

The anxiety levels of participants were evaluated using the
generalized anxiety disorder-7 (GAD-7) scale"®, which has
been adapted to Turkish with proven validity and reliability®.
Total scores were categorized as follows: 0 points indicated
“no anxiety"; 1-4 points indicated "mild anxiety"; 5-9 points
indicated "moderate anxiety”; and 15 points and above
indicated “severe anxiety".

The study group was divided into three categories based on
gestational age: 1* trimester (1-13 weeks), 2" trimester (14-
26 weeks), and 3™ trimester (27-40 weeks). Marital status
was categorized as married, cohabiting, or single/divorced/
separated. Professions were grouped into the categories:
housewife, unemployed, blue collar, and white collar. Spousal
profession was categorized similarly. Monthly family income
was categorized based on multiples of the minimum wage:
below the minimum wage, around the minimum wage, 2-3
times the minimum wage, and 4 times the minimum wage
or above.

This study was approved by University of Health Sciences
Tiirkiye, izmir Tepecik Education and Research Hospital,
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Local Ethics Committee (approval no: 2020/6-20, date:
13.05.2020). ALl procedures were performed in accordance
with the ethical standards of the institutional and/or
national research committee. ALl participants provided
written informed consent. Confidentiality was maintained
throughout the study.

Statistical Analysis

IBM SPSS® (Statistical Package for the Social Sciences)
version 25.0 (IBM Corp., Armonk, NY) was used for statistical
analyses. The Normal distribution was evaluated using Q-Q
plots, histograms, skewness and kurtosis values, and the
Shapiro-Wilk test. As the data did not conform to a normal
distribution, non-parametric tests were used. Frequency
values were presented as n (%), and average values as
median (25"-75" percentile). Spearman correlation analysis
was used to assess the relationships between variables. A
p-value <0.05 was considered statistically significant.

Results

The median age of the 416 pregnant women in the study
group was 28. Those in the third trimester of pregnancy
accounted for 210 (50.5%) of the participants. Primigravida
women (first pregnancy) constituted 108 (25.9%) of the
group. The proportion of women with one Llive birth was
38.2% (n=159). The median (25-75%) values for the number
of pregnancies, live births, and children were 2 (1-3), 1 (0-2),
and 1 (0-2), respectively.

In our study, 338 (93.3%) of the pregnant women were
married, and 205 (49.3%) were primary- or secondary-
school graduates. A large majority (n=398, 95.7%) lived in
urban areas. Among the spouses of participants, 218 (52.4%)
were primary or secondary school graduates, and 291
(70.0%) were blue collar workers. It was reported that 29.8%
(n=124) of pregnant women had monthly incomes below the
minimum wage. Socio-demographic characteristics of the
study group are presented in Table 1.

All participants were aware of the COVID-19 pandemic.
The three least-known propositions about the pandemic
were: "People with the disease certainly have a complaint/
finding" (27.2% correct); "All COVID-19 patients have
serious symptoms” (31.5% correct); and “In order not to get
COVID-19, we must try to stay at least 10 meters away from
other people” (4.4% correct). Conversely, the most commonly
known propositions were: “Touching the eyes, nose or mouth
with dirty hands is risky" (90.9%); "Hands should be cleaned
frequently with water-soap or alcohol-based disinfectants”
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Table 1. The distribution of the study group according to some socio-demographic characteristics

Socio-demographic characteristics Median (25-75%) n (%)
Age group (year) 28.00 (24.00-33.00)

Trimester

1t trimester 41 (9.9)
2" trimester 165 (39.7)
31 trimester 210 (50.5)
Number of pregnancy 2.00 (1.00-3.00)

Number of Live births 1.00 (0.00-2.00)

Number of children 1.00 (0.00-2.00)

Marital status

Separate, single, divorced 5(1.2)
Married 388 (93.3)
Lives with her partner 23 (5.9)
Educational level of the pregnant

ILliterate 23 (5.9)
Primary or secondary school 205 (49.3)
High school 115 (27.6)
Higher education 73 (17.5)
Profession of the pregnant

Housewife 313 (75.2)
Unemployed 12 (2.9)
Blue collar 46 (11.1)
White collar 45 (10.8)
Residential area

Rural 18 (4.3)
Urban 398 (95.7)
Educational level of the husband/partner

ILliterate 19 (4.6)
Primary or secondary school 218 (52.4)
High school 104 (25.0)
Higher education 75 (18.0)
Profession of the husband/partner

Unemployed 42 (10.0)
Blue collar 291 (70.0)
White collar 83 (20.0)
Monthly family income

Below the minimum wage 124 (29.8)
Around the minimum wage 205 (49.3)
Twice of the minimum wage 55 (13.2)
Three times the minimum wage 16 (3.8)
Four times the minimum wage and above 16 (3.8)
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(91.1%); "When coughing/sneezing, mouth/nose should be
covered with tissue or elbow" (91.1%); “"One should try to stay
at home except in compulsory situations” (91.1%); and "As
far as possible, we should avoid touching the eyes, nose and
mouth with our hands" (91.3%). Questions and affirmative
answers are presented in Table 2.

The median COVID-19 knowledge score of the study group
was 139219 with minimum and maximum values of 0 and 18,
respectively. No correlation was found between the COVID-19
knowledge score and age (r=0.064; p=0.195). However,
negative correlations were observed between the knowledge
score and the numbers of pregnancies, live births, and
children (r=-0.152, p=0.002; r=-0.162, p=0.001; and r=-0.169,
p=0.001, respectively).

No relationship was found between the knowledge score
and either marital status or residential area (rural/urban).
However, the knowledge score increased with the education
level of pregnant women and their partners (r=0.415,
p<0.001; r=0.284, p<0.001, respectively). Similarly, scores
were higher when pregnant women and their partners
worked in white collar jobs. As the family income Level
increased, the COVID-19 knowledge score increased (r=0.288;

p<0.001). Correlations between knowledge scores and socio-
demographic characteristics are presented in Table 3.

In the study, 77.4% (n=322) of participants reported their
level of knowledge regarding the pandemic as sufficient.
A positive correlation was found between the COVID-19
knowledge score and self-perceived knowledge sufficiency
(r=0.209; p<0.001). Sources of information were television
(93.8%), internet (54.1%), health workers (40.6%), social
media (40.6%), mobile news applications (33.4%), and
friends/relatives (31.3%).

The frequency of participants who reported performing the
seven positive behaviors as "very well/well" ranged from
92.8% to 96.4%. Positive correlations were found between
the application of each positive behavior rated “very well/
well" and the COVID-19 knowledge score (p<0.001 for each).
Frequency distributions for positive behaviors are presented
in Table 4.

Regarding changes in attitudes, 53.0% of participants
reported, "My concerns about my children increased. No
correlation was found between anxiety regarding children
and knowledge level (p>0.05). However, correlations were

Table. 2. Pregnant women's' knowledge regarding COVID-19

Questions Affirmative answer, n (%)
The main symptoms of the disease are fever, weakness, dry cough and myalgia 362 (87)
Symptoms such as diarrhea, inability to taste and smell are not seen in this disease 179 (43)
Symptoms such as nasal congestion and runny nose are rarely seen 176 (42.3)
AlL COVID-19 patients have any complaint or finding 113 (27.2)
Most of COVID-19 patients have serious disease 131 (31.5)
It is transmitted by the inhalation of droplets of patients with coughing and sneezing 360 (86.5)
Virus can infect us, when we touch the contaminated places 370 (88.9)
Touching the eyes, nose or mouth with dirty hands is risky for the transmission of the disease 378 (90.9)
Although patients do not have a fever, they can infect other people 319 (76.7)
There is no effective cure for COVID-19 currently, but early symptomatic and supportive treatment 340 (81.7)
may help patients to recover

An effective vaccine of the disease exists and is also applied in our country 219 (52.6)
To prevenF the COVID-19 infection, people should avoid being in crowded places such as bazaars, 372 (89.4)
buses, trains

No need to wear a mask in public places 333 (80)
Hands should be cleaned frequently with water-soap or alcohol-based disinfectants 378 (90.9)
As far as possible, we should avoid touching the eyes, nose and mouth with our hands 380 (91.3)
We must try to stay at least 10 meters away from other people 168 (40.4)
When coughing/sneezing, mouth/nose should be covered with tissue or elbow 379 (91.1)
It should be tried to stay at home except compulsory situations 379 (91.1)
COVID-19: Coronavirus disease-2019
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found between other concerns and knowledge level (p<0.05).
A positive correlation was found between self-restraint in
social life (reported at >90% frequency) and knowledge level
(p<0.05). The proportion of respondents stating "I try to stay
away from the healthcare professionals | know" was 80.7%;
no correlation was found between this avoidance and the
knowledge score.

Among the 293 (70.4%) pregnant women with children,
70 (23.9%) reported needing additional childcare support
during the pandemic. Of those not needing support, care was
provided by themselves (17.9%), by older family members
(20.6%), or by professional caregivers or friends (1.8%).

The median anxiety score (GAD-7) was 6.00 (2.00-10.00).
Anxiety was absent in 68 (16.3%) women. Mild, moderate,
and severe anxiety were found in 107 (25.7%), 132 (31.7%), and
109 (26.2%) women, respectively. No correlation was found
between the anxiety score and the COVID-19 knowledge
score (r=0.077; p=0.116).

Discussion

There is currently no evidence that pregnancy acts as a risk
factor for COVID-19". Literature investigating the levels of
knowledge, behavior, and attitudes among pregnant women
is limited. Our study offers an opportunity to assess these
parameters among pregnant women in Turkiye.

Table 3. Correlations between COVID-19 knowledge Level score and some socio-demographic characteristics

Spearman correlation (r; p)
Some socio-demographic characteristics

COVID-19 knowledge level score

Age group (year)

r=0.064; p=0.195

Number of pregnancy

r=-0.152; p=0.002

Number of live births

r=-0.162; p=0.001

Number of children

r=-0.169; p=0.001

Marital status

r=-0.050; p=0.310

Residential area (rural/urban)

r=0.094; p=0.055

Educational level of the pregnant

r=0.415; p<0.001

Educational level of the husband/partner

r=0.284; p<0.001

Profession of the pregnant
(Housewife, unemployed, blue collarwhite collar)

r=0.143; p=0.003

Profession of the husband/partner
(Unemployed, blue collar, white collar)

r=0.271; p<0.001

Monthly family income

r=0.288; p<0.001

COVID-19: Coronavirus disease-2019

Table 4. Frequency distributions for positive behaviors and their correlations with COVID-19 knowledge level score

Positive behaviors “Very good-good" practice, n (%) Correlation w'_th COVID-19 knowledge

Level score, (r; p)
386 (92.8

| try to stay away from crowded plgces (bazaar, (92.8) r=0349; p<0.001

market, bus, metro...) to prevent disease

| definitely wear a mask in public places 397 (95.5) r=0.301; p<0.001

| often C_Lgan my hands with water-soap or alcohol- 391 (96.4) 1=0.238; p<0.001

based disinfectants

As far as_possmte, | avoid touching the eyes, nose and 396 (95.2) r=0.191; p<0.001

mouth with my hand

| try to stay at least 1 meter away from other people | 398 (95.6) r=0.195; p<0.001

| cover my njouth/nos‘e with handkerchief or elbow 401 (96.4) r=0.308; p<0.001

while coughing/sneezing

I try to stay at home, except when it is necessary 396 (95.2) r=0.230; p<0.001

COVID-19: Coronavirus disease-2019
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Table 5. Frequencies for attitudes which developed after the onset of the pandemic and their correlations with COVID-19

knowledge Llevel scores

Attitudes which developed after the onset of
the pandemic

| strongly agree-I agree, n (%)

Correlations with COVID-19 knowledge
Level scores, (r; p)

Attitudes (about concerns)

relatives (mom, dad... etc.)

i 360 (86.5
My concerns about my own health/life have (86.5) r=0.263; p<0.001
increased
| am worried about my unborn child 374 (89.9) r=0.231; p<0.001
| am worried about my children 262 (53.0) r=0.036; p=0.458
| have increased concerns about my elderly 374 (89.9) r=0.290; p<0.001

Self-restraint in social life after the beginning pandemic

professionals who | know

| try to stay home as much as possible 397 (95.4) r=0.283; p<0.001
| try not to use public transportation (bus, 387 (93.0) r=0.315; p<0.001
metro, etc.)

| Vtrvyvto stay away from soc[al events such as 389 (93.5) r=0.153; p=0.002
visiting for relatives and friends

| try to stay away from all social activities 384 (92.3) r=0.232; p<0.001
| try to stay away from the healthcare 336 (80.7) r=0.045; p=0.363

COVID-19: Coronavirus disease-2019

All participants were aware of the COVID-19 pandemic.
The average knowledge score was 13 out of 18, indicating a
knowledge level of over 70%. In a study by Nwafor et al.*®in
Nigeria, the knowledge level regarding preventive measures
was reported as good in 60.9% of pregnant women. Similarly,
another study found that the majority of respondents had
adequate knowledge about COVID-19 infection®,

In our study, the level of knowledge decreased as the number
of pregnancies, live births, and children increased. Although
this could be affected by age, no correlation was found
between age and knowledge level. Multiparity was also a
factor reducing knowledge levels in the Nigerian study®.
In Tdrkiye, multiparity is frequently observed in women with
lower socio-economic status and lower education levels. This
may be due to various cultural factors, as well as insufficient
knowledge of, or access to, birth control methods.

Our results indicated that higher levels of COVID-19
knowledge were associated with higher education Llevels,
white collar professions, and higher family income (Table 3),
aligning with the results of the Nigerian study".

Mass media were the primary sources, whereas the
proportion obtaining information from healthcare workers
was relatively low (40%). Another study similarly reported
that most participants received information from mass
media, while only 20% received information from healthcare
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workers??, This suggests that healthcare professionals
should increase educational efforts to provide adequate
disease information.

The positive correlation between the study group's
acceptance of their knowledge as “sufficient” and their actual
knowledge scores suggests that participants consciously
obtained information and followed pandemic developments.
Knowledge level is a critical factor influencing attitudes
and practices. Several studies have presented a positive
correlation between knowledge levels and attitudes/
practices regarding COVID-19%422, Similarly, our study
showed a positive correlation between knowledge level and
the adoption of protective behaviors (Table 4). Conversely, the
Nigerian study reported insufficiencies in the development of
positive behaviors!.

Anxiety, depression, and self-reported stress are common
psychological reactions to the pandemic®. In this study,
concerns about personal health, the unborn baby, and elderly
relatives were high. Although vertical transmission and
transmission via breast milk appear possible, current data
have not yet definitively demonstrated COVID-19 positivity in
fetal samples®. While correlations were observed between
general anxiety and knowledge level, 53% of participants
expressed concern for their children regardless of their
knowledge level. Another study similarly found heightened
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anxiety regarding older relatives, children, and unborn
babies among pregnant women®,

Approximately a quarter of pregnant women with children
reported needing childcare support during the pandemic.
This need should be addressed by governmental and non-
governmental organizations, individually or jointly.

Our results showed that approximately 90% of pregnant
women complied with social restrictions as suggested by
the Turkish government and WHO®2, with compliance
correlating with knowledge levels. Healthcare workers on the
front lines may face stigma and discrimination®®, which may
intensify as cases and mortality rates rise. Approximately
80% of our participants preferred to avoid contact with
healthcare workers. Interestingly, as the level of knowledge
increased, stigmatization decreased (Table 5). Disseminating
precise information may help mitigate COVID-19-related
stigma.

Managing health anxiety is crucial during pandemics®.
Prenatal maternal distress can have negative impacts.
Increased levels of anxiety and psychiatric symptoms have
been reported in pregnant women during the pandemic®?.
Saccone et al.®! found that more than half of pregnant
women (53%) experienced severe psychological impacts.
In our study, moderate-to-severe anxiety was observed in
approximately 60% of participants. No correlation was found
between anxiety levels and knowledge levels. However, Wang
et al.®? reported that while accurate health information was
associated with lower stress levels, female gender and poor
self-rated health were associated with higher psychological
impact.

Study Limitations

Because of the rapid progression of the pandemic, a
validity and reliability study of the questionnaire could
not be conducted. Furthermore, this was a cross-sectional,
single-center study. However, given the limited number of
publications measuring knowledge, attitudes, and awareness
among pregnant women, this study makes a significant
contribution to the literature.

Conclusion

Little is known about the effects of COVID-19 on pregnancy.
The COVID-19 knowledge levels of the pregnant women in
this study were found to be substantial. Positive correlations
were found between knowledge levels and positive behaviors,
post-pandemic attitudes, education level, and socio-

economic status. To protect the physical and psychological
well-being of pregnant women and their babies, continuing
education for health professionals is recommended. These
results also highlight the need to focus on groups with Lower
knowledge levels.
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Performance of Large Language Models in Differentiating
High-grade Gliomas and Solitary Brain Metastases
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Abstract

Objective: To evaluate the diagnostic capability of three general-purpose multimodal large language models (LLMs) in differentiating high-grade gliomas
from solitary brain metastases (SBMs) on conventional magnetic resonance imaging (MRI) and to compare their performance with radiologists of different
expertise.

Methods: In this single-center retrospective study, 109 patients with pathologically confirmed supratentorial high-grade gliomas (n=67) or SBMs (n=42)
were included. Axial T2-weighted, pre-contrast T1-weighted, and post-contrast T1-weighted images (single slice per sequence) were interpreted by three
LLMs (ChatGPT-4.5, Gemini 2.5 Pro, Claude 4 Opus) and by four radiologists under different reading conditions. Accuracy, precision, recall, and weighted
F1-scores were calculated; differences were tested with Cochran's Q and McNemar tests.

Results: Among all readers, diagnostic accuracy ranged from 31.19% to 77.06% across different reading conditions. With all sequences combined, the
neuroradiologist achieved the highest accuracy (77.06%); the best-performing LLM was Claude 4 Opus. Combined-sequence evaluation improved accuracy
compared with the best single-sequence performance for the neuroradiologist (from 72.48% to 77.06%) and for Claude 4 Opus (from 31.19% on pre-
contrast TIWI to 66.06%).

Conclusion: General-purpose LLMs show potential in differentiating high-grade gliomas from SBMs on conventional MRI, but they remain inferior to
experienced radiologists. Performance improves when multiple sequences are provided, but the error rate remains high. Future advancements in model
architectures and volumetric data integration may enhance their clinical utility.
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/53[E] Address for Correspondence/Yazisma Adresi: Rasit Eren Bilyiktoka, MD, University of Health Received/Gelis tarihi: 27.01.2026

¥ Sciences Tirkiye, izmir City Hospital, Department of Radiology, izmir, Tirkiye Accepted/Kabul tarihi: 23.03.2026
E-mail: rasiterenbuyuktoka@hotmail.com Published date/Yayinlanma tarihi: 31.08.2026
L ORCID ID: orcid.org/0000-0002-6989-6613

Copyright® 2026 The Author(s). Published by Galenos Publishing House on behalf of University of Health Sciences Tiirkiye, izmir Tepecik Education and Research Hospital.
B_NC This is an open access article under the Creative Commons AttributionNonCommercial 4.0 International (CC BY-NC 4.0) License.

161


https://orcid.org/0000-0002-6989-6613
https://orcid.org/0000-0002-6157-6367
https://orcid.org/0009-0001-9281-9384
https://orcid.org/0000-0001-6824-4990
https://orcid.org/0000-0002-0278-3382
https://orcid.org/0000-0001-5781-8506

Anatol J Gen Med Res 2026;36(2):161-70

Amac: Bu calismanin amacl, konvansiyonel manyetik rezonans gérintiileme (MRG) kullanilarak yiiksek dereceli gliomlar ile soliter beyin metastazlarinin
ayirt edilmesinde ti¢c genel amacli cok modLlu buyiik dil modelinin (LLM) tanisal performansini dederlendirmek ve bu performansi farkli deneyim diizeylerine
sahip radyologlarla karsilastirmaktir.

Yontem: Bu tek merkezli retrospektif calismaya, patolojik olarak dogrulanmis supratentoryal yiiksek dereceli gliom (n=67) veya soliter beyin metastaz
(n=42) tanisi bulunan toplam 109 hasta dahil edildi. Aksiyel T2 agirlikLi, kontrast dncesi T1 agirlikli ve kontrast sonrasi T1 agirlikli goriintiler (her sekans
icin tek kesit) tic LLM (ChatGPT-4.5, Gemini 2.5 Pro, Claude 4 Opus) ve farkli okuma kosullarinda dort radyolog tarafindan degerlendirildi. Dogruluk,
kesinlik, duyarlilik ve agirlikli F1 skorlari hesaplandi; gruplar arasi farklar Cochran Q ve McNemar testleri ile analiz edildi.

Bulgular: Tum degerlendiriciler arasinda tanisal dogruluk, farkli okuma kosullarina bagli olarak %31,19 ile %77,06 arasinda degisti. Tim sekanslar birlikte
degerlendirildiginde, en yiksek dogruluk oranina ndroradyolog ulasti (%77,06); en iyi performans gdsteren LLM ise Claude 4 Opus oldu. Birden fazla
sekansin birlikte degerlendirilmesi, en iyi tek sekans performansina kiyasla hem néroradyolog icin (%72,48'den %77,06'yva) hem de Claude 4 Opus icin
(kontrast oncesi T1 agirlikli goriintilerde %31,19'dan %66,06'ya) dogrulugu artirdi.

Sonuc: Genel amacli LLMs, konvansiyonel MRG Uzerinde yiiksek dereceli gliomlar ile soliter beyin metastazlarini ayirt etmede potansiyel gostermektedir;
ancak deneyimli radyologlarin performansinin gerisinde kalmaktadir. Birden fazla sekansin birlikte sunulmasi performansi artirsa da, hata oranlar halen

yiiksektir. Model mimarilerindeki gelismeler ve volumetrik verilerin entegrasyonu, gelecekte bu modellerin klinik kullanim degerini artirabilir.

Anahtar Kelimeler: Bilyiik dil modelleri, gliom, beyin neoplazileri, manyetik rezonans goriinttileme, nérogorintiilleme

Introduction

Gliomas and brain metastases are the most frequent
neoplastic diseases in neuro-oncology and are associated
with high morbidity and mortality rates. Gliomas account
for approximately 75% of all primary brain tumors in adults.
In contrast, brain metastases represent the most frequently
encountered malignant brain neoplasms overall, occurring
at a rate nearly ten times higher than that of primary
malignant brain tumors®?,

Accurate differentiation between solitary brain metastases
(SBMs) and high-grade gliomas is important because each
entity necessitates distinct therapeutic approaches®®,
Because their clinical presentations often overlap, this
distinction typically relies on imaging findings. However,
the conventional magnetic resonance imaging (MRI)
appearances of SBMs and high-grade gliomas can be
similar, and accurate early classification is pivotal because
of differences in treatment. From a morphologic standpoint,
gliomas, especially high-grade gliomas, grow infiltratively,
permeating adjacent white-matter tracts, whereas SBMs
expand along a pushing border that displaces surrounding
parenchyma®”. Multiparametric MRI protocols, particularly
those quantitative perfusion metrics such as relative
cerebral blood volume (rCBV), improve the differentiation
of high-grade gliomas from SBMs; however, access to these
advanced techniques remains constrained in many clinical
settings®10,
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The use of artificial intelligence (Al) applications in radiology
has increased rapidly over the past decade. However, Al
applications, such as deep learning algorithms, require
large, carefully curated datasets with diverse and unbiased
case distributions; this dependency limits the development
of generalizable, high-quality models"**?. In contrast,
publicly available large language models (LLMs) and their
vision-language derivatives have demonstrated capabilities
in relatively simple radiological works®319,

Whether multimodal LLMs can harness their broad visual-
textual priors to distinguish SBMs from high-grade gliomas
on conventional MRI remains unexplored. Understanding
their performance in complex tasks, such as differentiating
SBMs from high-grade gliomas, is critical, as success could
enable the integration of automated image interpretation
with natural language explanations, reduce the time
from diagnosis to treatment, and facilitate rapid, cross-
institutional deployment. This study is the first to evaluate
the performance of multimodal LLMs in differentiating high-
grade gliomas from SBMs.

Accordingly, this study evaluates the diagnostic accuracy
and reliability of three publicly available closed-source
multimodal LLMs in differentiating SBMs from high-
grade gliomas on conventional MRl and benchmarks
their performance against radiologists with varying levels
of expertise. The primary objective of this study is to
evaluate whether state-of-the-art multimodal LLMs can
reliably discriminate SBMs from high-grade gliomas using
conventional MRI and whether their diagnostic performance
surpasses that of radiologists across levels of expertise.
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Materials and Methods

This study was conducted as a single-center retrospective
analysis. All methods performed in this study were in
accordance with national and local laws, institutional
guidelines, and ethical standards. The study was approved by
Izmir Katip Celebi University Institutional Ethics Committee
(approval no: 0395, date: 19.06.2025). Informed consent was
waived by the committee due to the design of the study.

The study design is illustrated in Figure 1. We identified a
cohort of patients from our institution's pathology database
who had pathologically confirmed supratentorial high-
grade gliomas or solitary supratentorial brain metastases.
These patients were reviewed to identify those who had
undergone cranial MRI within one week prior to their
surgical intervention. The primary inclusion criterion for
this study was the presence of a solitary, newly diagnosed
supratentorial intracranial lesion.

All relevant MRI examinations were retrieved from the
institution's picture archiving and communication system.
For each included patient, three axial image sets were
extracted: T2-weighted, pre-contrast T1-weighted, and post-
contrast Tl-weighted. Fluid-attenuated inversion recovery
(FLAIR) and diffusion weighted imaging were not analyzed
because of heterogeneous imaging planes and incomplete
coverage.

From each sequence, the single axial slice that demonstrated
the most central portion of the lesion and had the largest

LLEER:

Four Radiologists

1
'
1

Study Cohort

Three LLMs

diameter was selected for analysis. To ensure standardization
across the dataset, all selected images were resized to
1024x1024 pixels. Prior to analysis, all patient-identifying
information was removed from the images to ensure
complete anonymization. The finalized case list was then
randomized to create a unique order for interpretation.

Three distinct LLMs (ChatGPT 4.5, Google Gemini 2.5 Pro,
and Claude 4-Opus) were used for image analysis. A single
promptwas developed and used for all evaluations performed
by the LLMs to ensure consistency and comparability of the
results. The LLMs analyzed the images under the same
conditions as the human readers by evaluating each of the
three sequences individually and all sequences combined.

Four radiologists with varying levels of experience [a junior
resident (M.N.O.) with 3 years of radiology experience,
a senior resident (A.D.B.) with 5 years of radiology
experience, a general radiologist (A.S.), and a subspecialist
neuroradiologist  (A.M.K.)] independently interpreted
the images. Image interpretation was performed in four
separate reading sessions: (1) T2-weighted images alone, (2)
pre-contrast T1-weighted images alone, (3) post-contrast
T1-weighted images alone, and (4) all three sequences
combined.

To mitigate recall bias, a minimum washout period of two
weeks was enforced between consecutive reading sessions
for each radiologist. Furthermore, the order of the patient
cases for each sequence was re-randomized before each
reading session.
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Figure 1. Overview of the study design
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Statistical Analysis

All statistical analyses were performed using IBM SPSS
Statistics for Windows, version 22.0 (IBM Corp., Armonk, NY,
USA).

Descriptive variables included age, maximum lesion
diameter, gender, and World Health Organization grade. The
diagnostic performance of each interpreter was evaluated
by calculating accuracy, precision, recall, and weighted
Fl-score. To ensure robust estimation, 95% confidence
intervals for each of these metrics were generated using a
1.000-repetition bootstrapping procedure. The diagnostic
accuracy of seven interpreters (three LLMs and four
radiologists) was compared. Thus, failure to detect a lesion
was scored as a diagnostic error, regardless of the ground-
truth class. To assess the overall difference in diagnostic
accuracy across all interpreters for each imaging condition,
Cochran's Q test was employed. In cases where the Cochran's
Q test yielded a statistically significant result, post-hoc
pairwise comparisons were conducted using the McNemar
test. A Bonferroni correction was applied to the significance
level for these multiple comparisons to control for type |
error.

A p-value of less than 0.05 was considered to indicate
statistical significance for all analyses, except where analyses
were adjusted for multiple comparisons.

Results

The final study cohort comprised 109 patients. The patient
selection process is depicted in the study flowchart (Figure 1).

The median age of the cohort was 58 years (interquartile
range, 49-65 years). When stratified by ground-truth
diagnosis, 67 (61.47%) cases were categorized as high-grade
glial tumors and 42 (38.53%) cases were categorized as
SBMs. Baseline demographic and clinical characteristics of
the final study cohort are summarized in Table 1.

Diagnostic performance scores for each of the seven
interpreters (3 LLMs and 4 radiologists) were summarized in
Table 2, and Figures 2 and 3.

During analysis of T2-weighted images, LLMs failed to
identify some lesions. Specifically, ChatGPT-4.5 did not
identify a lesion in 3 patients (2.75%), Gemini 2.5 Pro did not
identify a lesion in 6 patients (5.50%), and Claude 4 Opus
did not identify a lesion in 10 patients (9.17%). In contrast,
all radiologists successfully identified lesions in every case.

Table 1. Baseline demographic and clinical characteristics of patients with high-grade glioma and solitary brain metastases

i . (%) Gend Age ( +SD) Maximum diameter (mm)
iagnosis n ender e (mean
9 ’ 9 [median (Q1-Q3)]
) ) Male=43
High-grade glioma 67 (61.47%) 53.06+15.24 44.0 (33.5-57.5)
Female=14
. Male=30
Metastasis 43 (38.53%) 61.02+10.90 32.5 (24.25-45.75)
Female=13
SD: Standard deviation

Table 2. Diagnostic performance metrics for each reader across magnetic resonance imaging sequence types. For each reader-

sequence pairing, accuracy, precision, recall, and F1 score are reported with their 95% confidence intervals (Cls)

Accuracy Precision Recall F1 score
Reader Sequence type
(95% Cls) (95% Cls) (95% Cls) (95% Cls)
. 0.58 0.68 0.58 0.57
Combined
(0.49-0.66) (0.57-0.77) (0.49-0.66) (0.47-0.66)
0.58 0.67 0.58 0.59
Post-contrast T1WI
(0.49-0.67) (0.57-0.77) (0.49-0.67) (0.49-0.68)
ChatGPT 4.5
0.52 0.63 0.52 0.56
Pre-contrast TIWI
(0.43-0.61) (0.53-0.74) (0.43-0.61) (0.46-0.66)
0.61 0.59 0.61 0.58
T2WI
(0.51-0.70) (0.49-0.71) (0.51-0.70) (0.47-0.68)
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Table 2. Continued

Accuracy Precision Recall F1 score
Reader Sequence type
(95% Cls) (95% Cls) (95% Cls) (95% Cls)
. 0.66 0.65 0.66 0.65
Combined
(0.57-0.75) (0.56-0.75) (0.57-0.75) (0.55-0.75)
0.61 0.61 0.61 0.60
Post-contrast T1WI
(0.51-0.69) (0.51-0.71) (0.51-0.69) (0.50-0.69)
Claude 4 Opus
0.31 0.58 0.31 0.41
Pre-contrast T1WI
(0.23-0.39) (0.46-0.70) (0.23-0.39) (0.30-0.49)
0.52 0.54 0.52 0.51
T2WI
(0.42-0.61) (0.42-0.66) (0.42-0.61) (0.41-0.61)
. 0.58 0.58 0.58 0.58
Combined
(0.49-0.67) (0.48-0.68) (0.49-0.67) (0.48-0.67)
0.58 0.59 0.58 0.58
Post-contrast T1WI
.. (0.49-0.67) (0.49-0.69) (0.49-0.67) (0.49-0.67)
Gemini 2.5 Pro
0.48 0.50 0.48 0.49
Pre-contrast T1WI
(0.39-0.57) (0.40-0.61) (0.39-0.57) (0.39-0.58)
0.54 0.53 0.54 0.53
T2WI
(0.45-0.63) (0.43-0.63) (0.45-0.63) (0.43-0.62)
. 0.77 0.79 0.77 0.77
Combined
(0.70-0.84) (0.71-0.86) (0.70-0.84) (0.70-0.84)
0.72 0.74 0.72 0.73
Post-contrast T1WI
. . (0.64-0.81) (0.66-0.83) (0.64-0.81) (0.65-0.81)
Neuroradiologist
0.61 0.66 0.61 0.62
Pre-contrast TIWI
(0.51-0.81) (0.56-0.75) (0.51-0.71) (0.53-0.71)
0.72 0.75 0.72 0.72
T2WI
(0.63-0.80) (0.67-0.83) (0.63-0.80) (0.64-0.80)
. 0.74 0.77 0.74 0.75
Combined
(0.66-0.82) (0.70-0.85) (0.66-0.82) (0.67-0.82)
0.67 0.71 0.67 0.67
Post-contrast T1WI
. . (0.58-0.75) (0.63-0.80) (0.58-0.75) (0.59-0.76)
General radiologist
0.58 0.61 0.58 0.58
Pre-contrast TIWI
(0.49-0.67) (0.52-0.71) (0.49-0.67) (0.49-0.67)
0.71 0.74 0.71 0.71
T2WI
(0.62-0.79) (0.67-0.82) (0.62-0.79) (0.63-0.79)
. 0.72 0.74 0.72 0.73
Combined
(0.64-0.81) (0.66-0.82) (0.64-0.81) (0.64-0.81)
0.67 0.71 0.67 0.67
Post-contrast T1WI
. . (0.58-0.76) (0.61-0.79) (0.58-0.76) (0.58-0.76)
Senior resident
0.56 0.58 0.56 0.57
Pre-contrast TIWI
(0.47-0.65) (0.49-0.68) (0.47-0.65) (0.48-0.65)
0.68 0.71 0.68 0.68
T2WI
(0.60-0.76) (0.63-0.80) (0.60-0.76) (0.60-0.77)
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Table 2. Continued

Accuracy Precision Recall F1 score
Reader Sequence type
(95% Cls) (95% Cls) (95% Cls) (95% Cls)
. 0.67 0.66 0.67 0.66
Combined
(0.57-0.75) (0.56-0.75) (0.57-0.75) (0.55-0.75)
0.66 0.65 0.66 0.65
Post-contrast TIWI
. . (0.57-0.74) (0.55-0.74) (0.57-0.74) (0.55-0.73)
Junior resident
0.64 0.65 0.64 0.64
Pre-contrast TIWI
(0.56-0.73) (0.56-0.74) (0.56-0.73) (0.56-0.73)
0.74 0.75 0.74 0.74
T2WI
(0.66-0.83) (0.67-0.83) (0.66-0.83) (0.66-0.83)
ChatGPT 4.5
0.7
Claude 4 Opus
Gemini 2.5 Pro 0.6
. >
0) ©
B General Radiologist - S
g g

Junior Resident

Neuroradiologist

Senior Resident A

ad
wn

0.4

Sequence Type

Figure 2. Accuracy heatmap by readers and sequence type. Rows represent the individual readers, including large language
models and human radiologists. Columns represent reading types: combined (all sequences provided), post-contrast T1IWI,
pre-contrast TIWI, and T2WI. Color intensity reflects accuracy values, with lighter shades indicating lower accuracy and darker
shades indicating higher accuracy. Numerical values in each cell denote the exact accuracy

Diagnostic accuracy rates for each of the seven readers
on T2-weighted images ranged from 52.29% to 71.56%. A
statistically significant difference in the correct classification
rates among the interpreters was found (p=0.002). However,
in subsequent pairwise comparisons, no statistically
significant differences were identified between any pair
of interpreters (a significance threshold of p<0.0024 was
applied for multiple comparisons; all pairs of interpreters
had p<0.0024).
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LLMs exhibited a higher frequency of non-detected
lesions when evaluating pre-contrast T1-weighted images.
ChatGPT-4.5 failed to identify lesions in 21 patients (19.27%),
Gemini 2.5 Pro failed to identify lesions in 9 patients
(8.26%), and Claude 4 Opus failed to identify lesions in 50
patients (45.87%). The diagnostic accuracy of the readers
ranged from 31.19% to 61.47%. A significant difference
in performance among the interpreters was identified
(p<0.001). Post-hoc pairwise comparisons revealed
statistically significant differences between the performance
of Claude 4 Opus and that of the neuroradiologist (p<0.001),
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Figure 3. UpSet plot illustrating the overlap of correct classifications across readers and magnetic resonance imaging protocols.
Each set corresponds to an individual reader (ChatGPT-4.5, Gemini 2.5 Pro, Claude 4 Opus, junior resident, senior resident,
general radiologist, neuroradiologist), and protocol suffixes indicate the evaluated sequences (T2-weighted, pre-contrast TIWI,
post-contrast TIWI, combined). Vertical bars represent the number of cases correctly classified in each specific intersection of
readers, while filled dots below denote the readers included in that intersection. Horizontal bars display the total number of

correct classifications per reader

the general radiologist (p<0.001), and the senior resident
(p<0.001). Claude 4 Opus was inferior in diagnostic accuracy
to all radiologists. A significant difference was also observed
between ChatGPT-4.5 and Claude 4 Opus (p=0.001). No
other pairwise comparisons yielded statistically significant
results.

For post-contrast Tl-weighted images, ChatGPT-4.5,
Gemini 2.5 Pro, and Claude 4 Opus failed to identify a Lesion
in 6 (5.50%), 2 (1.83%), and 3 (2.75%) cases, respectively.
Diagnostic performance, expressed as accuracy rates,
ranged from 57.80% to 72.48%. A statistically significant
difference was found among the interpreters (p=0.037).
Nevertheless, subsequent post-hoc pairwise analysis
revealed no significant differences among the interpreters
(all p>0.0024, Bonferroni threshold for significance). In
the analysis using the complete set of MRI sequences,
ChatGPT-4.5 failed to identify a lesion in a single case
(0.92%), whereas Gemini 2.5 Pro and Claude 4 Opus
identified Llesions in all cases. Diagnostic accuracy
ranged from 57.80% to 77.06%. A statistically significant
difference in performance was observed among the readers
(p<0.001). Pairwise comparisons demonstrated that the
neuroradiologist's performance was significantly superior
to that of ChatGPT-4.5 (p<0.001) and Gemini 2.5 Pro
(p=0.002). No other pairwise comparisons were statistically
significant.

Discussion

In this study, we benchmarked the diagnostic performance
of three multimodal LLMs against radiologists of varying
expertise in the critical task of differentiating SBMs from
high-grade gliomas. Our principal finding is that, while
LLMs demonstrate some capability in this classification
task, their performance is surpassed by expert human
interpreters; a subspecialist neuroradiologist achieved
the highest performance, with an accuracy score of 0.77.
The best-performing LLM is Claude 4 Opus, which, when
provided with all images combined, achieved an accuracy
score of 0.66. Except for ChatGPT-4.5, all readers individually
perform at their best across all sequences presented during
the reading session. ChatGPT-4.5 performs best in a reading
session when only T2WI is provided, achieving an accuracy
score of 0.61. Another pivotal and concerning finding is the
frequent failure of LLMs to identify lesions, particularly on
pre-contrast TIWI. Claude 4 Opus missed Llesions in 50 cases
(45.87%).

The differentiation of high-grade gliomas from SBMs on
conventional MRI presents a significant diagnostic challenge
due to their overlapping morphological features. While
advanced techniques such as perfusion imaging with rCBV
can improve diagnostic accuracy, their application is not
universal across all clinical settings"®. With the advent of Al,
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numerous studies have explored computational methods to
distinguish brain metastases from glial tumors, particularly
glioblastomas®-?%, Many of these investigations have relied
on radiomics, an approach that necessitates segmentation
by expert radiologists for feature extraction. Other studies
employing deep learning models, such as the work by Park
et al.”?, have demonstrated promising results, achieving an
area under the curve (AUC) of 0.83.

To our knowledge, there is no similar study assessing
general-purpose LLMs' capabilities for such a complex binary
classification task in neuro-oncology. Several attempts
have been made to evaluate the performance of LLMs in
challenging neuroradiology cases. For instance, Horiuchi
et al.? compared LLMs with radiologists on complex cases
and found that GPT-4 and GPT-4V achieved final diagnostic
accuracies of only 22% and 16%, respectively. These results
fell short of the performance of both radiology residents,
who had accuracy rates between 28% and 31%, and board-
certified radiologists, whose accuracy ranged from 38%
to 47%%. Another investigation evaluating ChatGPT-4o,
Grok, and Gemini for brain MRI interpretation found that
for pathology prediction, accuracies of different pathologies
such as gliomas, metastasis and cavernomas etc. ranged
between 13.8% to 57.7%'%. A separate analysis of ChatGPT-
40's diagnostic ability in diagnosing brain tumors highlighted
a disparity between feature recognition and actual diagnosis.
While it demonstrated high accuracy in identifying features
such as perilesional edema (81%) and contrast enhancement
(82.2%), its accuracy for determining the single most Llikely
diagnosis was only 29.5%. This was significantly lower than
the 65.9% to 70.5% accuracy achieved by radiologists in the
same task"¥. These studies collectively suggest that while
LLMs show promise in identifying specific imaging features,
they are not yet able to match the diagnostic accuracy of
human experts in complex neuroradiological tasks. Similarly,
our results suggest that without domain-specific tuning or
volumetric context, general-purpose multimodal LLMs do
not yet surpass experienced radiologists on this task and
may introduce a distinct failure mode.

Another important finding in our study is the failure of LLMs
to detect lesions. Claude 4 Opus missed lesions in 50 cases
(45.87%). Performance patterns reflected the information
content of sequences with respect to this differential. Post-
contrast TIWI usually has ring-enhancement and nodular
margins typical of metastases and an enhancing tumor
core in high-grade gliomas, while T2WI depicts infiltrative
T2 hyperintensity and peritumoral edema patterns®. LLMs'
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higher non-detection rates occurred mostly on pre-contrast
TIWI, which might be due to the nature of the tumor feature
on pre-contrast T1-weighted images.

In the current study, it has been observed that the diagnostic
performance of both human readers and LLMs, including
ChatGPT-4.5 and a junior radiology resident, improves
when a combined set of multiparametric MRI images is
provided, as opposed to single sequences. This underscores
the importance of a holistic assessment. Specifically, the
neuroradiologist's accuracy increased from 72% with single
sequences to 77% with combined images, and Claude 4
Opus's accuracy rose from 31% to 66%.

Similar to our findings, prior studies have demonstrated
that combining multiple imaging sequences or views can
substantially enhance classification performance in various
radiological tasks. However, to our knowledge, no prior study
has examined whether providing additional MRI sequences
enhances the diagnostic performance of general-purpose
LLMs. The only similar work to date has involved domain-
specific, fine-tuned, or task-specific models. Bai et al.?”
demonstrated with their 3D multimodal large language
model that incorporating full volumetric context across
spatial perspectives markedly improved performance in
visual question answering, retrieval, and segmentation
tasks compared with 2D analysis. Furthermore, Kong et
al.®® reported that integrating T1-CE, T2, and T2-fluid-FLAIR
sequences in a 3D ResNet-18 framework increased accuracy
for glioblastoma vs. solitary brain metastasis discrimination
to 87.2%, outperforming any single sequence. Likewise,
in chest radiography, Hashir et al.”® observed that adding
lateral views to posteroanterior chest X-rays improved the
AUC for various diagnostic labels, with gains comparable to
doubling the training set size when using posteroanterior
images alone. Collectively, these results suggest that the
integration of multi-sequence and multi-view data provides
richer contextual and spatial cues that benefit both deep
learning architectures and emerging multimodal LLMs,
although the magnitude of improvement may vary across
models and levels of reader expertise.

Study Limitations

This study has several limitations that should be
acknowledged. First, it was conducted at a single center
and had a retrospective design, which may Llimit the
generalizability of the findings to other institutions with
different patient populations, MRI protocols, or scanner
hardware. Second, only three conventional MRI sequences
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(axial T2-weighted, axial pre-contrast Tl-weighted, and
axial post-contrast T1-weighted) and a single representative
slice per sequence were provided for analysis. This approach
omits volumetric information, advanced sequences, such
as perfusion imaging, and multiplanar reconstructions
that may carry diagnostic cues. Third, only closed-source,
general-purpose, multimodal LLMs were evaluated; the
performance of open-source, domain-specific, fine-tuned
medical models or of prompt engineering techniques such
as few-shot learning was not assessed, and results may differ
in such settings. Finally, although lesion detection failures
were documented, the closed-source nature of these models
meant we could not perform a detailed qualitative error
analysis of the underlying failure modes in LLM decision-
making, limiting insights into how these models process
and prioritize imaging features. Despite these limitations,
this study is the first to compare LLMs and radiologists in
differentiating high-grade gliomas from SBMs, providing a
novel contribution to the literature.

Futureresearchshouldenhancegeneral-purposemultimodal
LLMs by incorporating detection-first pipelines that localize
lesions and extract features before classification. While it is
not currently possible to provide full 3D volumetric inputs
to the general-purpose LLMs used in this study, advances
in model architectures may eventually allow multi-slice or
volumetric analysis, preserving critical spatial information
lost in single-slice evaluation. Future directions might
include prompt optimization and fine-tuning of open-source
models such as large language-and-vision assistant®?,

Conclusion

In  this head-to-head comparison, general-purpose
multimodal LLMs demonstrated a measurable, albeit
inferior, ability to differentiate high-grade gliomas from
SBMs on conventional MRI compared with radiologists,
particularly those with subspecialty neuroradiology
expertise. While performance improved when multiple
MRI sequences were provided, LLMs nonetheless failed
because lesions were frequently not detected. These findings
underscore that in their current form, LLMs cannot replace
expert radiological interpretation for this challenging neuro-
oncologic task. However, their potential to augment clinical
workflows remains, particularly if future developments
enable volumetric image processing, domain-specific fine-
tuning, and integration of lesion detection pipelines. Such
advancements could narrow the performance gap and

support broader, cost-effective deployment of LLM-assisted
diagnostic tools in neuroimaging.
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Abstract

Objective: Sarcopenia is described as a progressive reduction that is increasingly recognized as a factor that can influence clinical outcomes in cancer
patients. However, in metastatic breast cancer, its clinical significance remains unclear, particularly regarding when metastatic disease develops. This study
therefore examines whether sarcopenia is related to the timing of metastasis and influences overall survival.

Methods: This study screened 530 female patients who were diagnosed with breast cancer between 2010 and 2020. Among them, 60 patients who developed
metastatic disease and had available computed tomography imaging suitable for body composition analysis were included. Patients were categorized as
having metastasis at initial diagnosis or during follow-up. Sarcopenia was quantified by measuring the psoas muscle area at the level of the L3 vertebra
and normalizing these measurements to patient height. Survival outcomes were analyzed with Kaplan-Meier curves.

Results: Sarcopenia was present in 12 patients (20.0%). It was observed more often among patients who had metastatic disease at the time of diagnosis than
among those who developed metastasis later during follow-up (42.9% vs. 13.0%, p=0.024). Over a median follow-up of 29.4 months, mortality was higher
in the sarcopenic group (50.0% vs. 12.5%, p=0.009). Despite this, no significant difference was found in overall survival when analyzed using time-to-event
methods.

Conclusion: Sarcopenia may be more common among patients presenting with metastatic disease and may be associated with higher mortality in
metastatic breast cancer. However, its effect on overall survival is still unclear. Further evidence from larger, prospectively designed studies is required to
better define its clinical relevance.

Keywords: Metastatic breast cancer, psoas muscle index, sarcopenia

Amac: Sarkopeni, iskelet kas kitlesinde ilerleyici azalma ile karakterize olup kanser hastalarinda sonuclari etkileyebilecegi one surtilmektedir. Metastatik
meme kanserinde rold, 6zellikle metastatik hastaligin zamanlamasi ile iliskisi acisindan net degildir. Bu calismanin amaci, sarkopeni ile metastaz
zamanlamas arasindaki iliskiyi ve genel sagkalim Uzerindeki olas! etkisini degerlendirmektir.

Yontem: Bu retrospektif calismada 2010-2020 yillari arasinda meme kanseri tanisi almis 530 kadin hasta tarandi. Bunlardan metastatik hastalik gelisen
ve viicut kompozisyon analizi icin uygun bilgisayarli tomografi goriinttleri bulunan 60 hasta calismaya dahil edildi. Hastalar metastazin tani aninda
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mevcut olmasl veya takip sirasinda gelismesine gore gruplandirildi. Sarkopeni, dictinct Lomber vertebra diizeyinde dlcllen psoas kas alanlarinin boya gore
normalize edilmesi ile dederlendirildi. Sagkalim analizi Kaplan-Meier yontemi ile yapildi.

Bulgular: Sarkopeni 12 hastada (%20,0) saptandi. Tani aninda metastatik hastaligi olan hastalarda, takip sirasinda metastaz gelisen hastalara gére daha
sik bulundu (%42,9'a karsi %13,0; p=0,024). Medyan 29,4 aylik takip stiresince sarkopenisi olan hastalarda mortalite daha yiiksek bulundu (%50,0'a karsi
%12,5; p=0,009). Ancak gruplar arasinda genel sagkalim acisindan istatistiksel olarak fark yoktu.

Sonuc: Sarkopeni, metastatik meme kanserinde hastaligin baslangictaki sunumu ve artmig mortalite ile iliskili gérinmektedir. Bununla birlikte genel
sagkalim tizerindeki etkisi net olarak gosterilememistir. Bu konuda genis 6lgekli prospektif calismalar gereklidir.

Anahtar Kelimeler: Metastatik meme kanseri, psoas kas indeksi, sarkopeni

Introduction

Loss of muscle mass or function-often termed sarcopenia-
may influence patient outcomes. Prior research has linked
sarcopenia to higher rates of morbidity and mortality across
a range of solid tumors, suggesting that it may reflect
diminished physiological reserve and a tendency toward less
favorable oncological outcomes™.

There has been growing interest in how body composition
affects clinical outcomes in breast cancer. In particular,
alterations in skeletal muscle mass have been linked to
treatment tolerance and survival, especially in advanced
disease settings. Metastatic breast cancer represents a
biologically heterogeneous condition with variable clinical
behavior and treatment responses, as emphasized in
international consensus guidelines?. Therefore, identifying
host-related factors that may influence disease course and
outcomes remains of clinical importance.

Recent evidence suggests that sarcopenia may also have
prognostic implications in metastatic breast cancer. Studies
have reported that impaired muscle parameters, such as low
muscle attenuation, are associated with poorer survival in
patients receiving systemic therapy®. Recent cohort studies
suggest that the presence of sarcopenia at baseline may
adversely affect outcomes in certain subgroups of metastatic
breast cancer, including patients receiving CDK4/6 inhibitor
therapy®”. Similarly, findings from a recent systematic review
and meta-analysis indicate that sarcopenia is linked to
higher mortality and disease progression in breast cancer,
reinforcing its potential clinical importance®. Despite
this growing body of evidence, the role of sarcopenia in
metastatic breast cancer is not yet fully understood. In
particular, the relationship between sarcopenia and the
timing of metastatic disease-whether metastasis is present
at initial diagnosis or develops during follow-up-has not
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been clearly elucidated. Moreover, data regarding the impact
of sarcopenia on survival outcomes in this specific context
remain Llimited.

In this context, we examined whether sarcopenia-defined
using the psoas muscle index (PMI)-is related to the timing
of metastatic disease and whether it influences overall
survival for patients with metastatic breast cancer.

Materials and Methods
Study Design and Patient Selection

This study retrospectively reviewed the records of patients
treated at Mersin University Faculty of Medicine. Between
January 2010 and December 2020, 530 individuals with
a diagnosis of breast cancer were evaluated. Of these, 60
patients who developed metastatic disease and had imaging
data appropriate for body composition assessment were
ultimately included.

Patients were categorized into two groups according to the
timing of metastatic disease: those with metastatic disease
at initial diagnosis and those who developed metastasis
during follow-up (secondary metastatic disease).

Ethical Approval

Ethical approval was obtained from the Ethics Committee of
Mersin University (approval no: 2026/110, date: 04.03.2026).
ALl procedures were carried out in line with the principles
outlined in the Declaration of Helsinki.

Data Collection

Clinical and pathological information was retrospectively
obtained from the institutional electronic records. The
dataset included age at diagnosis, histopathological subtype,
and hormone receptor profile. The timing of metastatic
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disease was determined based on imaging and clinical
records. The date of diagnosis was defined as the date of the
first positron emission tomography-computed tomography
(CT) examination.

Assessment of Sarcopenia

Sarcopenia was evaluated using the PMI, derived from axial
contrast-enhanced CT images obtained at the level of the
third lumbar vertebra (L3), a widely used reference point
for skeletal muscle assessment. The right and left psoas
muscles were manually outlined at the L3 level, and the
measured areas were adjusted for patient height squared
(mm?/m?). PMI was determined using the following formula:

PMI (mm?/m?)= (left psoas muscle area+right psoas muscle
area)/height?

All measurements were performed on pre-treatment CT
images using a standardized anatomical reference. All PMI
measurements were performed by a single experienced
observer using a standardized measurement protocol based
on predefined anatomical landmarks at the L3 level. To
minimize measurement variability, all assessments were
conducted using the same methodology under consistent
conditions. Formal intra- and interobserver reproducibility
analyses were not performed because measurements were
conducted by a single observer; this is acknowledged as a
limitation. Sex-specific cut-off values derived from previously
published studies were applied to define sarcopenia. Because
the study cohort consisted exclusively of female patients,
sarcopenia was defined using the previously published
female-specific PMI threshold of <360 mm?/m?, which has
been used in oncologic populations and validated in prior
studies®®.

Outcome Measures

We examined whether sarcopenia is associated with the
timing of metastatic disease onset. Overall survival was
assessed and defined as the time from diagnosis to death
from any cause or to the last available follow-up.

Statistical Analysis

Discrete variables are summarized as counts with
corresponding percentages and are compared between
groups using Fisher's exact test. Numerical data are
described either by the mean and standard deviation or
by the median and interquartile range, depending on their
distribution.

Time-to-event outcomes were analyzed using Kaplan-Meijer
estimation, and group differences were assessed using the
log-rank test. Statistical significance was set at a two-sided
p-value below 0.05. All analyses were conducted using
conventional statistical software.

Results

Patient Selection and Baseline Characteristics

Between January 2010 and December 2020, 530 patients with
a diagnosis of breast cancer were evaluated. Among these, 60
patients who developed metastatic disease and had available
imaging data suitable for body composition analysis were
included in the final analysis. Of the 60 patients, 14 (23.3%)
presented with metastatic disease at initial diagnosis, while
46 (76.7%) developed metastatic disease during follow-up.
The mean age of the cohort was 53.6+12.8 years, with no
significant difference between the de novo and secondary
metastatic groups (p=0.86). Similarly, the estrogen receptor
and human epidermal growth factor receptor 2 statuses were
comparable between the two groups (p=0.49 and p=0.29,
respectively). Baseline clinicopathological characteristics,
stratified by timing of metastatic disease, are summarized
in Table 1.

Association Between Sarcopenia and Timing of Metastatic
Disease

Sarcopenia, as defined by PMI, was identified in 12 patients
(20.0%) within the metastatic cohort. Among patients
presenting with de novo metastatic disease, 6 of 14 (42.9%)
were classified as sarcopenic. In contrast, among patients
who developed metastasis during follow-up, 6 of 46 (13.0%)
were sarcopenic. This difference was statistically significant
(p=0.024), indicating a potential association between
sarcopenia and de novo metastatic presentation. The
distribution of sarcopenia according to metastatic timing is
presented in Table 2.

Survival Outcomes

A mean follow-up of 31.5 months (median: 29.4 months), 12
patients (20.0%) died. Mortality was more frequent among
patients with sarcopenia than among those without (50.0%
vs. 12.5%, p=0.009). Even with this difference, there was
no significant difference for overall survival between two
groups (log-rank p>0.05), and median overall survival was
not reached in either group. Survival data are summarized
in Table 3.
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Table 1. Baseline clinicopathologic characteristics according to timing of metastatic disease

Variable Total (n=60) De novo metastatic (n=14) Metastasis during follow-up (n=46) p-value
Age, years (mean + SD) 53.6+12.8 53.1+12.1 53.8+13.0 0.86
Sarcopenia, n (%) 12 (20.0) 6 (42.9) 6 (13.0) 0.024
Non-sarcopenia, n (%) 48 (80.0) 8 (57.1) 40 (87.0)

ER positive, n (%) 40 (66.7) 8 (57.1) 32 (69.6) 0.49
HER2 positive, n (%) 5(8.3) 0(0.0) 5(10.9) 0.29

SD: Standard deviation, HER2: Human epidermal growth factor receptor 2, ER: Estrogen receptor

Table 2. Comparison of clinicopathologic characteristics according to sarcopenia status

Variable Total (n=60) Sarcopenic (n=12) Non-sarcopenic (n=48) p-value
Age, years (mean + SD) 53.6+12.8 55.2+11.5 53.2+13.1 0.62

De novo metastasis, n (%) 14 (23.3) 6 (50.0) 8 (16.7) 0.024
Metastasis during follow-up, n (%) 46 (76.7) 6 (50.0) 40 (83.3)

ER positive, n (%) 40 (66.7) 7 (58.3) 33 (68.8) 0.52
HER2 positive, n (%) 5(8.3) 1(8.3) 4(8.3) 1.00
Death during follow-up, n (%) 12 (20.0) 6 (50.0) 6 (12.5) 0.009

Values are reported as mean + standard deviation (SD) or as number (%). Fisher's exact test was used to calculate p-values HER2: Human epidermal growth factor
receptor 2, ER: Estrogen receptor

Table 3. Overall survival outcomes according to sarcopenia status

Variable Sarcopenic (n=12) Non-sarcopenic (n=48) p-value
Number of deaths, n (%) 6 (50.0) 6 (12.5) 0.009
Median follow-up, months 29.4 29.4 -

Mean follow-up, months 315 315 -
Median overall survival Not reached Not reached -
Log-rank test - - >0.05
Values are given as numbers (%) unless stated otherwise. Median overall survival was not reached in either group

Discussion The observed association between sarcopenia and de novo
metastatic presentation may reflect the broader clinical and
biological significance of muscle depletion in breast cancer.
Recent evidence suggests that sarcopenia is not merely
a consequence of advanced disease but may represent an
underlying host-related condition associated with more
aggressive tumor behavior. In a analysis focusing on
metastatic breast cancer, sarcopenia was associated with
adverse clinical outcomes and poorer prognosis?”. Similarly,
Deluche et al.® highlighted that sarcopenia may be an under-
recognized factor in the management of metastatic breast
cancer, emphasizing its potential role in influencing disease
course and patient outcomes. Taken together, this suggests
that sarcopenia may be linked to an unfavorable disease
phenotype and could contribute to the early manifestation of
metastatic disease observed in our cohort.

In this study including 60 patients metastatic breast cancer,
sarcopenia-defined by the PMI-was identified in 12 patients
(20.0%). Sarcopenia was significantly more frequent in
patients with de novo metastatic disease than in those who
developed metastasis during follow-up (42.9% vs. 13.0%,
p=0.024). In addition, the proportion of deaths during
follow-up was higher among sarcopenic patients than in
non-sarcopenic patients (50.0% vs. 12.5%, p=0.009). Kaplan-
Meier analysis did not show difference between 2 groups
for overall survival. These findings suggest that sarcopenia
may be associated with higher mortality, while its effect
on overall survival (time-to-event) in this cohort remains
uncertain, possibly because the limited number of events
reduced the ability to detect differences in survival despite
observed differences in crude mortality rates.
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The association between sarcopenia and survival has been
widely reported, although the extent of its effect appears
to differ across study populations. Evidence from a recent
systematic review and meta-analysis indicates that
sarcopenia is linked to increased mortality in patients with
breast cancer, supporting its role as a negative prognostic
factor®. Likewise, another meta-analysis focusing on muscle
composition found that patients with sarcopenia experienced
higher mortality, earlier disease progression, and greater
treatment-related toxicity"?.

In the present cohort, mortality was numerically higher
among patients with sarcopenia; however, this difference
was not significance, may be attributable to the Llimited
number of observed events. These observations suggest
that although sarcopenia is generally associated with poorer
survival, its effect may be less apparent in smaller datasets
where statistical power is constrained.

The absence of a significant difference in overall survival
between patients with and without sarcopenia in this cohort
may reflect the complex, multifactorial determinants of
prognosis in metastatic breast cancer. Clinical outcomes
are influenced not only by muscle mass but also by a range
of host-related factors, including inflammatory status and
nutritional status. In line with this, previous studies have
suggested that combining body composition parameters
with systemic inflammatory markers provides a more
comprehensive understanding of survival in metastatic
breast cancer®. Reductions in muscle-related indices have
been associated with not only survival outcomes but also with
tumor progression dynamics. For example, lower pectoralis
muscle index has been reported as an independent predictor
of both distant metastasis-free survival and overall survival
in breast cancer populations®. These observations indicate
that muscle depletion should be interpreted within a broader
biological context rather than as an isolated parameter and
that PMI alone may not fully capture the interaction between
host physiology and tumor behavior. The lack of a detectable
effect on overall survival in the present study may therefore
be related to methodological limitations, particularly the
relatively small sample size and the limited number of
events, which may have reduced the statistical power of the
analyses. This should be considered when interpreting the
lack of a significant difference in survival.

Study Limitations

The findings of this study have some Llimitations. The
retrospective, single-center design might have led to

selection bias. A small sample size and a limited number
of survival events may reduce statistical power, particularly
for overall survival analyses. Third, sarcopenia assessment
was based solely on PMI and did not include functional
measures of muscle performance. Measurements
were performed by a single observer without formal
reproducibility analysis.

Conclusion

In conclusion, our findings suggest that sarcopenia, as
assessed by PMI, may be associated with de novo metastatic
presentation and increased mortality in metastatic breast
cancer. Despite these findings, a clear effect on overall
survival could not be established. Further prospective
studies with larger cohorts are required to better define its
prognostic and clinical relevance.
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Abstract

Objective: To investigate the relationship between clinical, pathological, and treatment-related characteristics and survival outcomes in patients with
thyroid carcinoma.

Methods: This retrospective study included 45 patients with histopathologically confirmed thyroid carcinoma who were treated and followed at the
Surgical Department of University of Health Sciences Tiirkiye, izmir Tepecik Education and Research Hospital over a 20-year period. Demographic features,
histological tumor subtypes, metastatic status, and surgical treatment details were reviewed. Potential prognostic factors associated with survival were
evaluated.

Results: The mean age of the patients was 48+15 years. Of the study population, 71.1% were female and 28.9% were male. Papillary thyroid carcinoma was
the predominant histological subtype, representing 60% of all cases. Lymph node metastasis was present in 35.6% of patients, whereas distant metastasis
was present in 17.8% of patients. Patients with differentiated thyroid carcinomas showed better survival outcomes than those with other histological
subtypes. Older age, metastatic disease, and aggressive tumor histology were associated with reduced survival. Among these factors, distant metastasis
showed the most pronounced association with mortality.

Conclusion: Differentiated thyroid carcinomas are generally associated with favorable survival; however, the presence of metastases and aggressive
histological subtypes adversely affect prognosis. Age, histological subtype, and metastatic status should be considered important factors in prognostic
assessment and risk stratification of patients with thyroid carcinoma.

Keywords: Thyroid cancer, differentiated thyroid carcinoma, metastasis, prognosis, survival
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Amac: Bu calismada, tiroid karsinomu tanisiyla takip ve tedavi edilen hastalarda Klinik ve histopatolojik ¢zelliklerin sagkalim (izerine olan etkisinin
degerlendiritmesi amaclandi.

Yontem: Retrospektif olarak planlanan bu calismaya, Saglik Bilimleri Universitesi, izmir Tepecik Egitim ve Arastirma Hastanesi Cerrahi Klinigi'nde 20 yillik
surec icerisinde takip edilen ve histopatolojik inceleme sonucunda tiroid karsinomu tanisi kesinlesen 45 hasta dahil edildi. Hastalara ait demografik veriler,
timorin histolojik alt tipi, lenf nodu ve uzak metastaz durumu ile uygulanan cerrahi tedavi yontemleri incelendi. Sagkalim tizerinde etkili olabilecek klinik
ve patolojik prognostik faktorler degerlendirildi.

Bulgular: Calismaya dahil edilen hastalarin yas ortalamasi 48+15 yil idi. Olgularin %711 kadin, %28,9'u erkekti. Histolojik alt tipler arasinda en sik
papiller tiroid karsinomu saptandi ve bu grup tim olgularin %60'in1 olusturdu. Lenf nodu metastazi hastalarin %35,6'sinda, uzak metastaz ise %17,8'inde
mevcuttu. Diferansiye tiroid karsinomu olan hastalarda sagkalim oranlarinin daha yiiksek oldugu géraldd. Buna karsitik ileri yas, metastatik hastalik
varligr ve agresif histolojik alt tipler daha kotii sagkalim sonuclarr ile iliskiliydi. Uzak metastaz varligi, mortalite ile en gugld iligki gosteren faktor olarak
one ciktr.

Sonuc: Diferansiye tiroid karsinomlarinda sagkalim genel olarak iyi olmakla birlikte, metastatik hastalik ve agresif histolojik alt tipler prognozu olumsuz
yonde etkilemektedir. Bu nedenle tiroid kanseri tanili hastalarda yas, histolojik alt tip ve metastaz durumunun prognozun belirlenmesinde dikkate alinmasi

gereken temel faktorler oldugu dustinilmektedir.

Anahtar Kelimeler: Tiroid kanseri, diferansiye tiroid karsinomu, metastaz, prognoz, sagkalim

Introduction

Thyroid carcinoma is the leading malignant disease of the
endocrinesystemand representsarelatively small proportion
of all cancers. Over recent decades, the number of diagnosed
thyroid cancer cases has increased in many regions. This
increase is generally attributed to the broader use of neck
ultrasonography and cross-sectional imaging, which has
led to more frequent detection of small and clinically silent
thyroid nodules. In contrast to the rise in incidence, mortality
has remained relatively stable, particularly among patients
with differentiated thyroid carcinoma, in whom long-term
outcomes are usually favorable®?,

Histopathologically, thyroid malignancies are primarily
classified as papillary, follicular, medullary, and anaplastic
carcinomas. Papillary andfollicular carcinomasare commonly
evaluated together as differentiated thyroid carcinomas and
account for the great majority of thyroid malignancies®.
Papillary thyroid carcinoma is the predominant subtype and
often has an indolent clinical course. By contrast, anaplastic
carcinoma is rare but is associated with highly aggressive
biological behavior and poor survival®.

Despite the generally favorable course of differentiated
thyroid carcinoma, the prognosis is not uniform across
all patients. Some patients develop recurrence, metastatic
spread, or disease-related mortality during follow-up.
Therefore, defining prognostic variables is important
for risk assessment, treatment planning, and long-term
surveillance. Age, sex, tumor size, histological subtype,
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capsular invasion, extrathyroidal extension, nodal status,
and distant metastasis have all been reported to influence
survival outcomes in thyroid carcinoma®.

Age is one of the most frequently used parameters in
prognostic evaluation. Older patients have been shown
to experience higher disease-specific mortality in several
clinical series. Tumor-related characteristics, particularly
larger tumor diameter and extrathyroidal extension, may
also reflect more advanced disease and have been associated
with poorer outcomes'®.

Regional lymph node metastasis is especially common
in papillary thyroid carcinoma. Its effect on survival may
vary depending on patient age, tumor burden, and other
pathological features; however, nodal disease remains an
important component of staging and risk evaluation. Distant
metastasis more directly and adversely affects survival.
In differentiated thyroid carcinoma, the lungs and bones
are among the most frequent metastatic sites, and the
development of distant metastatic disease is associated with
a substantial reduction in long-term survival"®.

Several scoring systems have been developed to estimate
prognosis in thyroid cancer. Models such as AGES, AMES,
and MACIS combine clinical and pathological parameters
including age, metastasis, tumor extent, tumor size, grade,
completeness of resection, and invasion. These systems may
help clinicians stratify patients into risk groups and choose
appropriate follow-up and treatment strategies'.
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Although most thyroid cancers follow a favorable clinical
course, outcomes may differ considerably between
patients. For this reason, recognition of high-risk features
and individualized risk stratification remain essential
in the management of thyroid carcinoma. Evaluation of
demographic, clinical, and pathological characteristics may
provide useful information for estimating prognosis and
tailoring follow-up after treatment®,

The aim of this study was to evaluate the relationship
between clinical and pathological characteristics and
survival outcomes in patients with thyroid carcinoma treated
at a single tertiary center over a 20-year period.

Materials and Methods
Study Design and Patient Population

This retrospective study was designed to assess factors
associated with survival in patients with thyroid carcinoma.
Patients who underwent surgical treatment and who were
followed in the Department of Surgery at University of Health
Sciences Tiirkiye, izmir Tepecik Education and Research
Hospital were evaluated. The study cohort consisted of 45
patients with thyroid malignancy who were treated during
a 20-year period. Demographic data, clinical presentation,
laboratory findings, operative details, pathological results,
and follow-up information were retrieved from hospital
archives and patient files.

The diagnosis of thyroid carcinoma was confirmed in all cases
by histopathological examination of surgical specimens.
The study was approved by University of Health Sciences
Tiirkiye, izmir Tepecik Education and Research Hospital.
Data recorded at diagnosis, tumor-related characteristics,
and clinical outcomes during follow-up were reviewed for
each patient.

Inclusion and Exclusion Criteria

Patients were eligible for inclusion if they had
histopathologically confirmed thyroid carcinoma, had
undergone surgery at the Department of Surgery at
University of Health Sciences Tiirkiye, izmir Tepecik
Education and Research Hospital, and had clinical,
pathological, and follow-up data sufficient for survival
assessment. Patients were excluded if the diagnosis was
not confirmed histopathologically, essential clinical or
pathological information was missing, follow-up data could
not be obtained, or surgical treatment was not performed.

Clinical and Demographic Variables

The variables analyzed included age, sex, clinical presentation,
tumor size at diagnosis, type of surgical treatment, lymph node
metastasis, distant metastasis, extrathyroidal extension, and
histopathological tumor subtype.

Laboratorydatarecordedduringdiagnosisandfollow-upwere
reviewed retrospectively. These parameters included serum
levels of thyroid-stimulating hormone, triiodothyronine,
thyroxine, thyroglobulin, and calcitonin, with calcitonin
particularly considered in patients with medullary thyroid
carcinoma. Laboratory findings were evaluated together
with the clinical data available at diagnosis.

Pathological Evaluation

Surgical specimens were assessed in the pathology
laboratory. Tumors were classified according to histological
features, and pathological variables, including tumor
diameter, capsular invasion, extrathyroidal extension, and
lymph node metastasis, were recorded when available.

Follow-up and Survival Assessment

Follow-up information was obtained from outpatient records
and patient files. Survival duration was calculated from the
date of diagnosis to the date of death or the last documented
follow-up visit. Overall survival (OS) was defined as the
primary endpoint.

Statistical Analysis

Statistical analysis was performed using SPSS for Windows
(SPSS Inc., Chicago, IL, USA, version 7.5). Descriptive data
were presented as mean + standard deviation for continuous
variables and as numbers and percentages for categorical
variables. Categorical variables were compared using the
chi-square test, whereas continuous variables were analyzed
using the Student's t-test. Survival was evaluated using the
Kaplan-Meier method, and differences between survival
curves were assessed using the log-rank test. A p-value
<0.05 was accepted as statistically significant.

Results

The study included 45 patients with histopathologically
confirmed thyroid carcinoma who underwent treatment in
the Department of Surgery at University of Health Sciences
Tirkiye, izmir Tepecik Education and Research Hospital,
during a 20-year period. Demographic and clinical features
of the cohort are presented in Table 1.
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Patient age ranged between 18 and 80 years, and the mean
age was 48+15 years. Twenty-seven patients (60%) were
younger than 45 years, while 18 (40%) were 45 years of age
or older.

There were 32 female patients (71.1%) and 13 male patients
(28.9%), corresponding to a female-to-male ratio of
approximately 2.5:1 (Table 1).

Papillary thyroid carcinoma was the most frequent
histological diagnosis, identified in 27 patients (60%).
Follicular carcinoma was observed in 9 patients (20%),
and Huarthle cell carcinoma was observed in 4 patients

Table 1. Demographic and clinical characteristics of the

study population

Variable n (%)
Age (mean + SD) 48+15
Age range 18-80
Age groups

<45 years 27 (60)
>45 years 18 (40)
Sex

Female 32 (71.1)
Male 13 (28.9)
Histological subtype

Papillary carcinoma 27 (60)
Follicular carcinoma 9 (20)
Hurthle cell carcinoma 4 (8.9)
Medullary carcinoma 2 (4.4)
Anaplastic carcinoma 1(2.2)
Other malignancies 2 (4.4)
Lymph node metastasis 16 (35.6)
Distant metastasis 8 (17.8)
SD: Standard deviation

(8.9%). Less common subtypes were medullary carcinoma
(n=2, 4.4%), anaplastic carcinoma (n=1, 2.2%), and other
malignancies (n=2, 4.4%).

Overall, differentiated thyroid carcinomas, including papillary
and follicular subtypes, accounted for approximately 80% of
the study population (Table 2).

Lymph node metastasis was present in 16 patients (35.6%),
and distant metastasis was identified in 8 patients (17.8%).
The lungs and bones were the most common sites of distant
metastasis.

Among patients with papillary carcinoma, lymph node
metastasis was detected in 10 (37%), whereas distant
metastasis was present in 2 (7.4%). Among patients with
follicular carcinoma, the rate of distant metastasis was
33.3% (Table 2).

ALl patients in the cohort underwent total thyroidectomy.
Depending on disease extent, nodal involvement, and clinical
risk profile, selected patients underwent additional radical
procedures, such as modified neck dissection. Additional
radical surgery was performed in a total of 5 patients: 4 in
the high-risk group and 1 in the low-risk group. Patients
classified as high-risk more commonly underwent more
extensive surgical procedures (Table 3).

In the analysis of survival-related factors, lower survival
rates were observed in patients of advanced age, male
patients, and patients with metastatic disease. Survival was
96.3% in patients younger than 45 years and 77.8% in those
aged 45 years or older. Mortality was also higher in male
patients than in female patients (Table 4).

Metastatic status was closely related to survival outcomes.
Survival was 96.6% in patients without lymph node
metastasis, and 75.0% in those with nodal involvement.

. . Patients, LN metastasis, Distant metastasis, Recurrence, Death,

Histological subtype
n (%) n (%) n (%) n (%) n (%)

Papillary carcinoma 27 (60) 10 (37) 2(7.4) 3(1L1) 1(3.7)
Follicular carcinoma 9 (20) 3(33.3) 3(33.3) 0 (0) 1(111)
Hurthle cell carcinoma | 4 (8.9) 0(0) 0 (0) 0(0) 0 (0)
Medullary carcinoma 2(4.4) 1(50) 1(50) 0 (0) 1(50)
Anaplastic carcinoma 1(2.2) 1 (100) 1(100) 1(100) 1(100)
Other malignancies 2 (4.4) 1(50) 1(50) 1(50) 1(50)
Total 45 (100) 16 (35.6) 8 (17.8) 5 (11.1) 5 (11.1)
LN: Lymph node
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The difference was more pronounced for distant metastasis:
survival was 97.3% in patients without distant metastasis
and 50.0% in patients with distant metastasis (Table 4).

Survival was highest among patients with differentiated
thyroid carcinoma. The survival rates were 96.3% for papillary
thyroid carcinoma and 88.9% for follicular carcinoma. In
contrast, mortality was higher in medullary carcinoma and
particularly evident in anaplastic thyroid carcinoma.

The duration of follow-up ranged from 1 month to 20 years,
with a mean follow-up period of approximately 8 years.
During follow-up, recurrence and disease-related death
each occurred in 5 patients (11.1%).

Major prognostic factors and corresponding survival
outcomes are summarized in Table 5. Patients aged >45
years had lower survival than younger patients. Similarly,
nodal or distant metastatic disease was associated with
reduced survival. Papillary and follicular carcinomas showed
better survival outcomes than medullary and anaplastic
carcinomas.

Discussion

In this retrospective single-center study, clinical and
pathological factors associated with survival were evaluated
in 45 patients treated for thyroid carcinoma over a 20-
year period. The results showed that papillary thyroid

Table 3. Distribution of surgical procedures according to risk groups

Surgical treatment Low-risk group, n (%) High-risk group, n (%) Total, n (%)
Total thyroidectomy 23 (100.0) 22 (100.0) 45 (100.0)
Additional radical surgical procedure 1(4.3) 4(18.2) 5(11.1)

No additional radical surgical procedure 22 (95.7) 18 (81.8) 40 (88.9)

Table 4. Prognostic factors associated with survival

Prognostic factor Patients, n (%) Death, n (%) Survival (%)
Age <45 years 27 (60) 1(3.7) 96.3

Age =45 years 18 (40) 4(22.2) 778

Female 32(71.]) 2(6.3) 93.7

Male 13 (28.9) 3(23.1) 76.9

No lymph node metastasis 29 (64.4) 1(3.4) 96.6

Lymph node metastasis present 16 (35.6) 4 (25) 75

No distant metastasis 37 (82.2) 1(2.7) 97.3

Distant metastasis present 8 (17.8) 4 (50) 50

Table 5. Overall survival according to major prognostic factors

Prognostic factor Category Patients, (n) Deaths, (n) Survival (%)
Age <45 years 27 1 96.3
Age >45 years 18 4 778
Sex Female 32 2 937
Sex Male 13 3 76.9
Lymph node metastasis Absent 29 1 96.6
Lymph node metastasis Present 16 4 75
Distant metastasis Absent 37 1 97.3
Distant metastasis Present 8 4 50
Histological subtype Papillary carcinoma 27 1 96.3
Histological subtype Follicular carcinoma 9 1 88.9
Histological subtype Hurthle cell carcinoma 4 0 100
Histological subtype Medullary carcinoma 2 1 50
Histological subtype Anaplastic carcinoma 1 1 0
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carcinoma was the most common histological subtype,
that differentiated thyroid carcinomas had better survival
outcomes, and that survival was lower among patients of
advanced age, those with metastatic disease, and those with
aggressive histological subtypes.

Papillary thyroid carcinoma accounted for approximately
60% of the cases in the present cohort, making it the
predominant subtype. This distribution is in line with the
general epidemiological pattern of thyroid malignancies, in
which differentiated thyroid cancers, particularly papillary
and follicular carcinomas, constitute the majority of cases“.
Consistent with this biological profile, patients with papillary
and follicular carcinomas in our cohort had higher survival
rates than those with less common and more aggressive
subtypest?,

Age has long been incorporated into prognostic assessment
in thyroid cancer. Classical staging and scoring systems
have frequently used age thresholds, including 45 years,
to estimate risk™¥, In our cohort, patients aged 45 years
or older had lower survival rates than younger patients,
supporting the clinical relevance of age for outcome
evaluation.

However, age should not be interpreted as an isolated
determinant of prognosis. Contemporary risk assessment
emphasizes the combined evaluation of patient age, tumor
biology, disease extent, and response to treatment. Therefore,
age is best considered together with pathological and clinical
risk factors rather than as a stand-alone parameter®,

Histological subtype was another important factor related
to the outcome. Survival was higher in differentiated
tumors, including papillary and follicular carcinomas,
whereas outcomes were worse in medullary and particularly
in anaplastic thyroid carcinomas. Although anaplastic
thyroid carcinoma is uncommon, it is known for its rapidly
progressive course and poor prognosis®®. These findings
highlight the prognostic value of tumor histology in addition
to its diagnostic role.

Regional lymph node metastases are frequently encountered
in papillary thyroid carcinoma. Its prognostic significance
has been debated, because some studies suggest a stronger
association with locoregional recurrence than with OS%".
In the present study, patients with lymph node metastasis
had poorer survival than those without nodal disease.
This observation may indicate that nodal involvement
reflects a higher tumor burden or more aggressive disease
characteristics in selected patients.

Distant metastasis was the factor most clearly associated
with reduced survival in this cohort. Survival was markedly
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lower in patients with distant metastatic disease than in
those without distant metastatic disease. This finding is
compatible with previous reports showing that metastatic
spread to distant organs substantially worsens prognosis,
even in differentiated thyroid carcinoma®®. The lungs and
bones were the most frequent metastatic sites in our patients,
which is consistent with the typical metastatic pattern of
differentiated thyroid cancers®.

Extrathyroidal extension and local invasion are also
important components of risk evaluation in thyroid
carcinoma. Previous studies have Llinked extrathyroidal
extension with increased recurrence risk and mortality®. In
the present study, these variables were assessed as part of
the pathological evaluation and contributed to the overall
characterization of disease extent and risk profile.

Risk stratification in thyroid cancer has evolved over time.
In addition to traditional staging systems, dynamic risk
stratification models that incorporate response to treatment
are now widely used to refine prognosis during follow-up®",
The long time span covered by the present study may limit
direct comparisons with modern risk-adapted management
strategies. Nevertheless, our findings support the ongoing
relevance of classical prognostic variables such as age,
histological subtype, and metastatic status.

Study Limitations

This study has some limitations. The small sample size
reduced statistical power, particularly for analyses of rare
histological subtypes. In addition, the retrospective design
and the 20-year study period may have resulted in variations
in diagnostic methods, treatment approaches, and follow-
up practices. The long follow-up is a strength of the study,
providing information about long-term outcomes in thyroid
carcinoma.

The results indicate that prognosis in patients with thyroid
carcinoma is influenced by both patient- and tumor-
related factors. Differentiated thyroid carcinomas generally
have favorable survival, whereas metastatic disease and
aggressive histology are associated with poorer outcomes.

These findings support the importance of risk-based follow-
up and individualized treatment planning.

Conclusion

This retrospective study evaluated the effect of clinical and
pathological characteristics on survival in patients with
thyroid carcinoma. Differentiated thyroid carcinomas were
the most common histological group and were associated
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with favorable survival outcomes. In contrast, advanced age,
metastatic disease, and aggressive histological subtypes
were associated with decreased survival.

Age, tumor histology, and metastatic status should be
considered key parameters when estimating the prognosis
for patients with thyroid carcinoma. Early recognition of
these factors may help clinicians identify high-risk patients
and plan appropriate follow-up strategies.

Differentiated thyroid carcinomas usually have favorable
outcomes; however, metastasis and aggressive histological
subtypes adversely affect prognosis. Risk-adapted
management and long-term surveillance remain essential
in the care of patients with thyroid carcinoma.
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Abstract

Objective: Primary retroperitoneal liposarcoma (RPLS) is a rare and biologically heterogeneous malignancy for which complete macroscopic resection
remains the cornerstone of curative treatment. However, the role of en bloc radical nephrectomy in achieving optimal oncological outcomes remains
controversial. This study aimed to evaluate the impact of radical nephrectomy on local recurrence, survival outcomes, and postoperative renal function in
patients undergoing curative-intent resection for primary RPLS.

Methods: A retrospective cohort study was conducted, including patients who underwent complete surgical resection for primary RPLS at a tertiary referral
center between January 2011 and January 2024. Patients were categorized according to surgical strategy into those undergoing en bloc nephrectomy and
those undergoing kidney-sparing resection. The primary endpoint was local recurrence, while secondary endpoints included disease-free survival (DFS),
overall survival (OS), perioperative morbidity, and postoperative renal outcomes, assessed using kidney disease: improving global outcomes 2024 criteria.

Results: A total of 21 patients (57.1% female) with a median age of 51 years were included (radical nephrectomy: 6; kidney-sparing surgery: 15). The median
tumor size was 27 cm, and the majority of tumors were classified as undifferentiated (57.1%). The nephrectomy group demonstrated a lower rate of local
recurrence and a longer median DFS than the kidney-sparing group. Five-year OS was also higher in patients undergoing nephrectomy. Importantly, in the
nephrectomy cohort, no patient developed postoperative acute kidney injury, and no major complications were observed.

Conclusion: En bloc radical nephrectomy appears to improve local disease control and survival outcomes in selected patients with primary RPLS without
compromising renal function. These findings support an aggressive surgical approach when required to achieve adequate oncological margins.
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Goktepe et al. Radical Nephrectomy in Retroperitoneal Liposarcoma

Amac: Primer retroperitoneal liposarkom (RPLS), nadir gértilen ve biyolojik acidan heterojen bir malignitedir. Kuratif tedavinin temelini makroskopik tam
rezeksiyon olusturmakla birlikte, en blok radikal nefrektominin optimal onkolojik sonuclara katkisi halen tartismalidir. Bu calismada, radikal nefrektominin
lokal niiks, sagkalim sonuclari ve postoperatif renal fonksiyon tizerindeki etkisinin degerlendirilmesi amaclanmustir.

Yontem: Ocak 2011 ile Ocak 2024 tarihleri arasinda ticiinci basamak bir merkezde primer RPLS nedeniyle kuratif amacli cerrahi rezeksiyon uygulanan
hastalar retrospektif olarak incelendi. Hastalar cerrahi yaklagima gore en blok nefrektomi uygulananlar ve bobrek koruyucu cerrahi yapilanlar olarak iki
gruba ayrildi. Birincil sonlanim noktasi Llokal ntiks olup, ikincil sonlanim noktalari hastaliksiz sagkalim (DFS), genel sagkalim (OS), perioperatif morbidite
ve bobrek yetmezlidi: global sonuclari iyilestirme 2024 kriterlerine gore dederlendirilen postoperatif renal fonksiyon sonuclari olarak belirlendi.

Bulgular: Ortanca yas! 51 olan toplam 21 hasta (%57, kadin) calismaya dahil edildi (radikal nefrektomi: 6, bobrek koruyucu cerrahi: 15 hasta). Nefrektomi
grubunda lokal niiks oraninin daha diigik oldugu ve medyan DFS stiresinin daha uzun oldugu gozlendi. Bes yillik genel sagkalim orani da nefrektomi
uygulanan hastalarda daha yiksekti. Ayrica, hicbir hastada postoperatif akut bobrek hasari gelismedi ve nefrektomi grubunda major komplikasyon
izlenmedi.

Sonuc: Primer RPLS cerrahisinde en blok radikal nefrektomi, uygun hasta secimi yapildiginda renal fonksiyonu olumsuz etkilemeden lokal hastalik
kontroliint ve sagkalim sonuclarini iyilestirebilir. Bu bulgular, yeterli onkolojik sinirlarin saglanmasi gereken olgularda daha agresif cerrahi yaklasimin

tercih edilebilecegini desteklemektedir.

Anahtar Kelimeler: Retroperitoneal liposarkom, radikal nefrektomi, bobrek koruyucu cerrahi, lokal niiks, genel sagkalim

Introduction

Soft tissue sarcomas are rare mesenchymal malignancies
accounting for less than 1% of all adult cancers, with
approximately 15% to 20% arising in the retroperitoneum®.
Among retroperitoneal sarcomas, liposarcomas represent
the most common histological subtype®™. Due to the
expansile capacity of the retroperitoneal space, these
tumors frequently remain asymptomatic until they reach
considerable size, often exceeding 20 cm in diameter®@.

The biological behavior of retroperitoneal liposarcoma
is closely associated with the histological subtype®.
Well-differentiated Lliposarcoma typically follows an
indolent course but demonstrates a high propensity for
local recurrence. In contrast, dedifferentiated (DDLPS)
liposarcoma is characterized by more aggressive biological
features, including higher proliferative activity and increased
metastatic potential*-®. Despite these differences, complete
surgical resection remains the only potentially curative
treatment modality’®.

Achieving negative surgical margins in the retroperitoneum
is technically challenging due to the absence of well-defined
anatomical compartments®. As a result, extended resections
involving adjacent organs are frequently required. Radical
compartmental resection has been proposed to improve
local control by removing contiguous structures that may
harbor microscopic disease®!,

The necessity of nephrectomy in this context remains a
matter of ongoing debate. While en bloc removal of the

kidney may facilitate wider margins, concerns persist
regarding postoperative renal impairment and its long-
term consequences™. Recent consensus recommendations
advocate for a selective, histology-driven approach, favoring
organ preservation whenever oncologically feasible®.

At the same time, the preservation of renal function has
gained increasing importance in the era of multimodal
therapy. Systemic treatments used in high-risk sarcomas
may include nephrotoxic agents, making adequate renal
reserve essential for eligibility and tolerability™. Therefore,
surgical decision-making must carefully balance oncological
radicality against functional preservation.

The present study aims to evaluate the impact of radical
nephrectomy on local recurrence, survival outcomes, and
renal function in patients undergoing resection for primary
retroperitoneal liposarcoma (RPLS).

Materials and Methods

This retrospective observational study was conducted at
a tertiary care center. Medical records of patients who
underwent curative-intent surgery for RPLS between
January 2011 and January 2024 were reviewed. Institutional
ethical approval was obtained from Ege University prior to
data collection (approval no: 24-12.1T/62, date: 26.12.2024).

Patients included in the study were adults with
histopathologically confirmed RPLSwhounderwentcomplete
macroscopic resection without tumor fragmentation.
Patients with recurrent disease, non-liposarcoma histology,
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distant metastases at diagnosis, or intraoperative tumor
rupture were excluded.

ALl patients underwent preoperative staging using contrast-
enhanced computed tomography or magnetic resonance
imaging. Surgical procedures were performed through a
midline laparotomy, aiming to achieve complete macroscopic
resection with either negative or microscopically positive
margins.

Patients were divided into two groups based on the
intraoperative management of the ipsilateral kidney. In the
nephrectomy group, en bloc resection of the tumor included
removal of the ipsilateral kidney due to direct invasion or
inability to safely separate the tumor from the kidney. In
the kidney-sparing group, the tumor was resected while
preserving the kidney.

Clinical and pathological data were collected, including
demographic characteristics, comorbidities, operative
details, and histological findings. Comorbidity burden
was assessed using the Charlson comorbidity index, and
physiological status was evaluated using the American
Society of Anesthesiologists (ASA) classification.

Histopathological assessment included tumor subtype,
tumor grade, and the Ki-67 proliferation index. Postoperative
complications were classified according to the Clavien-Dindo
system.

Renal function was evaluated using perioperative serum
creatinine levels. Postoperative acute kidney injury (AKI)
was defined according to kidney disease: improving global
outcomes (KDIGO) 2024 criterial.

Patients were followed with clinical and radiological
assessments at regular intervals. Local recurrence was
defined as radiological or histological evidence of tumor
recurrence within the retroperitoneal space. Disease-free

survival was defined as the interval between surgery and
recurrence or death, and overall survival was defined as the
interval between surgery and death from any cause.

Statistical Analysis

Statistical analysis was performed using Jamovi software
(version 2.6; The Jamovi Project (2005), Sydney, Australia).
Continuous variables were analyzed using appropriate
parametric or non-parametric tests, depending on their
distribution. Categorical variables were compared using the
chi-square test or Fisher's exact test. Survival outcomes were
estimated using the Kaplan-Meier method and compared
using the log-rank test. A p-value below 0.05 was considered
statistically significant.

Results

Atotal of 21 patients underwent complete resection, including
6 nephrectomies and 15 kidney-sparing cases. The median
age was 51 years; 57.1% were female. Baseline characteristics,
including age, sex distribution, ASA classification, and
comorbidity burden, were comparable between the two
groups, with no statistically significant differences (Table 1).

Median tumor size was 27 cm [interquartile range (IQR)
21]; there was no significant difference in tumor size
between groups. Adjacent organ invasion occurred in
33.3% of participants in both cohorts. DDLPS liposarcoma
predominated, especially in the nephrectomy group, and
exhibited higher Ki-67 values. Well-differentiated tumors
were more common in kidney-sparing cases, and no R2
resections were observed (Table 2).

Preoperative creatinine was similar between groups (median
0.63 mg/dL vs. 0.78 mg/dL, p=0.21); the postoperative
increase after nephrectomy was mild (median 0.95 mg/
dL), clinically insignificant, and not statistically different
from that after kidney-sparing surgery (median 0.72 mg/

Table 1. Demographic data and baseline clinical characteristics

Parameter ALl patients (n=21) Kidney-sparing (n=15) Nephrectomy (n=6) p-value
Age at diagnosis, year (IQR) 51 (17) 54 (20) 50.5 (5.5) 0.61
Female sex, n (%) 12 (57.1%) 7 (46.7%) 5 (83.3%) 0.17
ASA score, n (%) 0.69
ASA 7 (33.3%) 6 (40.0%) 1(16.7%)

ASA I 10 (47.6%) 6 (40.0%) 4 (66.7%)

ASA I 4 (19.0%) 3(20.0%) 1 (16.7%)

CCl score (IQR) 3(2) 3(2) 3(15) 0.77
IQR: Interquartile range, ASA: American Society of Anesthesiologists, CCl: Charlson comorbidity index
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dL, p=0.18). Postoperative outcomes were comparable, with
a similar length of hospital stay between the groups. Major
complications occurred only in the kidney-sparing group. No
patient developed AKI according to the KDIGO 2024 criteria,
and none required renal replacement therapy, indicating
preserved renal function after radical nephrectomy.

After a median follow-up of 44 months, oncological outcomes
favored the nephrectomy group despite a higher prevalence
of aggressive histology. Local recurrence occurred in 50.0%
of patients in the nephrectomy group, compared with 73.3%
of patients in the kidney-sparing group (p=0.35). Median
disease-free survival was longer in the nephrectomy cohort
(43.5 months, 1QR: 32) than in the kidney-sparing group
(31 months, IQR: 43), although the difference did not reach
statistical significance (p=0.29).

Table 2. Histopathological characteristics of the tumors

Long-term survival outcomes demonstrated a clinically
meaningful divergence. The 5-year disease-free survival
rate was 66.7% in the nephrectomy group compared to
25.0% in the kidney-sparing group. Similarly, the 5-year
overall survival rate was 100% for patients who underwent
nephrectomy compared with 62.0% for those treated with
kidney preservation (p=0.73). A higher proportion of patients
in the nephrectomy cohort received adjuvant chemotherapy
(66.7% vs. 40.0%, p=0.36), reflecting preserved postoperative
physiological status (Table 3).

Discussion

The surgical management of RPLS embodies one of the most
complex paradigms in modern surgical oncology. Balancing
the imperative to secure wide microscopic margins against

Parameter All patients (n=21) Kidney-sparing (n=15) Nephrectomy (n=6) p-value
Tumor size, cm (IQR) 27 (21) 30 (20) 22 (13) 0.17
Invasion to other organs, n (%) 7 (33.3%) 5 (33.3%) 2 (33.3%) 1.00
Tumor histology, n (%) 0.51
Well-differentiated 6 (28.6%) 5 (33.3%) 1(16.7%)

Myxoid type 3(14.3%) 3 (20.0%) 0 (0.0%)

Dedifferentiated 12 (57.1%) 7 (46.7%) 5 (83.3%)

Tumor grade, n (%) 0.14
Grade | 1(6.7%) 0 (0.0%) 1 (20.0%)

Grade |l 6 (40.0%) 3 (30.0%) 3(60.0%)

Grade Il 8 (53.3%) 7 (70.0%) 1(20.0%)

Ki-67 index, % (IQR) 13.5 (15) 12 (12) 22 (28) 0.17
Positive margin (R2), n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) N/A
IQR: Interquartile range, N/A: Not applicable

Table 3. Postoperative morbidity and Long-term oncological survival

Parameter Al patients (n=21) Kidney-sparing (n=15) Nephrectomy (n=6) p-value
Length of stay, days (IQR) 6 (6) 6 (5) 6.5 (5.5) 0.78
Clavien-Dindo =3, n (%) 2(9.5%) 2 (13.3%) 0 (0.0%) 1.00
KDIGO 2024 AKI incidence, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) N/A
Received adjuvant chemotherapy, n (%) 10 (47.6%) 6 (40.0%) 4 (66.7%) 0.36
Local recurrence, n (%) 14 (66.7%) 11 (73.3%) 3(50.0%) 0.35
Disease-free survival, months (IQR) 36 (44) 31 (43) 435 (32) 0.29
5-year DFS rate, % 36.0% 25.0% 66.7% -
Overall survival, months (IQR) 62 (44) 77 (68) 61 (17) 0.73
5-year OS rate, % 72.0% 62.0% 100.0% -

IQR: Interquartile range, N/A: Not applicable, KDIGO: Kidney disease: improving global outcomes, AKI: Acute kidney injury, DFS: Disease-free survival, OS: Overall

survival
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the morbidity of multivisceral organ sacrifice requires
exceptional clinical judgment. The primary aim of this
study was to critically analyze the impact of en bloc radical
nephrectomy on local control, survival, and renal function,
which was interpreted through the lens of modern KDIGO
2024 AKI criteria®. Qur findings yield crucial insights that
challenge the growing trend of absolute organ preservation
and demonstrate that aggressive anatomical clearance
can overcome malignant biological behavior without
compromising patient physiology.

The retroperitoneum lacks the rigid fascial boundaries found
in the extremities, facilitating microscopic tumor infiltration
along the perirenal fat and Gerota's fascia®. While the
updated Transatlantic Australasian Retroperitoneal Sarcoma
Working Group guidelines advocate for an individualized,
histology-driven  approach to organ preservation,
emphasizing the avoidance of unnecessary nephrectomies
in indolent well-differentiated liposarcoma, the presence
of DDLPS elements shifts the biological reality®?. DDLPS
variants exhibit ferocious local invasiveness and a high
propensity for multifocal recurrence®.

Our cohort unveiled a remarkable "histological paradox”. The
nephrectomy cohort was biologically disadvantaged on every
measurable metric; notably 83.3% of these tumors harbored
DDLPS histology and had a median Ki-67 proliferation
index of 22%. According to standard tumor biology, this
group should have experienced rapid local failure and high
mortality. Paradoxically, radical nephrectomy reversed this
outcome. The local recurrence rate was reduced by an
absolute 23.3% (50.0% vs. 73.3%), and the median disease-
free survival was extended by more than a year (43.5 vs.
31.0 months). Notably, the 5-year overall survival reached
100% in the nephrectomy cohort, effectively neutralizing the
lethal threat posed by DDLPS histology. This confirms that
visually apparent “safe” avascular planes between the tumor
pseudocapsule and the kidney are often microscopically
compromised in DDLPS. Removal of the ipsilateral kidney
provides a definitive, inviolable anatomical margin that
dictates long-term survival.

The primary argument against en bloc nephrectomy is that
it induces chronic kidney disease, which significantly impairs
the patient's quality of life and limits future therapeutic
options. Recent massive analyses from the USSC database
demonstrated that nephrectomy in RPS patients dramatically
increases the risk of postoperative AKI (OR 5.16) and acute
renal failure™.
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In stark contrast, our study demonstrated an absolute 0%
incidence of postoperative AKI utilizing the highly sensitive
KDIGO 2024 criteria®™®. This exceptional renal resilience is
primarily attributed to compensatory renal hyperfiltration. In
patients meticulously selected to have a healthy, structurally
normal contralateral kidney and an optimal baseline
creatinine (median 0.63 mg/dL in our nephrectomy group),
the solitary kidney rapidly upregulates its glomerular
filtration rate to accommodate the functional Loss.

This preservation of renal function holds immense strategic
value in the current era of sarcoma management. The
paradigm of RPS treatment s currently being redefined by the
international EORTC STRASS-2 phase Ill clinical trial, which
investigates the efficacy of histology-tailored neoadjuvant
chemotherapy (doxorubicin and ifosfamide) for high-risk
DDLPS and leiomyosarcoma®™. Ifosfamide is well known to
be nephrotoxic, causing direct tubular damage. If a patient
requires salvage chemotherapy for a future recurrence, a
compromised glomerular filtration rate resulting from an
injudicious prior nephrectomy will permanently disqualify
them from receiving these potentially curative agents.
Our data reassure sarcoma surgeons that, in the absence
of preexisting nephropathy or severe diabetes, unilateral
en bloc nephrectomy does not precipitate AKI and safely
preserves physiological reserve, thereby allowing future
nephrotoxic systemic therapies such as those utilized in
STRASS-2 protocols.

Study Limitations

The primary limitation of this study is its retrospective,
single-center design, which inherently introduces selection
bias. Surgeons logically opt for radical nephrectomy
in larger, more anatomically complex, and biologically
aggressive tumors, which skews the baseline histology of the
cohorts. Furthermore, the limited sample size (n=21) must
be addressed mathematically rather than treated simply as
a flaw. Sample size constraints resulted in a classic type Il
statistical error. For instance, the absolute 38% difference in
5-year OS (100% after nephrectomy vs. 62.0% after kidney-
sparing) represents a substantial clinical benefit. However,
the p-value for this difference in survival (p=0.73) failed to
reach the conventional threshold of significance due solely
to insufficient statistical power, and not to a lack of clinical
efficacy. Therefore, the profound clinical benefits, in terms of
local control and survival, conferred by nephrectomy should
not be dismissed by a strict binary interpretation of p-values.
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Conclusion

En bloc radical nephrectomy may improve local control
and survival outcomes in patients undergoing resection
for RPLS, particularly in cases with aggressive tumor
characteristics. Importantly, this approach does not appear
to compromise renal function when applied in appropriately
selected patients. A tailored surgical strategy that prioritizes
oncological clearance over routine organ preservation
should be considered in high-risk cases.
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Abstract

Objective: To quantify the relative contributions of motor severity and non-motor comorbidities to health-related quality of Life (HRQoL) in individuals with
cerebral palsy (CP) and to evaluate their statistical associations.

Methods: In this cross-sectional study, 218 children with CP (aged 6-18 years) were evaluated using the gross motor function classification system (GMFCS),
pediatric evaluation of disability inventory (PEDI), pediatric quality of life inventory (PedsQL), and Pittsburgh sleep quality index. Comorbidities were
identified through clinical records.

Results: A higher GMFCS level was the strongest independent predictor of lower HRQoL (3=-0.58, p<0.001), followed by poorer sleep quality (B=-0.25,
p=0.002), epilepsy (B=-0.22, p=0.004), and malnutrition (3=-0.18, p=0.010). Dominance analysis showed that GMFCS and sleep quality together accounted
for most of the explained variance in HRQoL. Latent class analysis identified three comorbidity clusters: low-burden (43%), moderate-burden (33%), and
high-burden (24%), with the high-burden cluster demonstrating markedly lower PEDI and PedsQL scores (p<0.001). Sleep quality was indirectly and
significantly associated with the relationships among epilepsy, malnutrition, and HRQoL.

Conclusion: Motor severity explains a large proportion of HRQoL differences in CP; however, non-motor comorbidities-especially sleep disturbance,
epilepsy, and malnutrition-represent substantial and potentially modifiable contributors. Distinct multimorbidity clusters and identified mediating
pathways indicate the need for integrated care models that address motor and systemic factors simultaneously. Early targeting of sleep and nutritional
health may meaningfully improve quality of life trajectories in children with CP.
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Amag: Bu calismanin amacl, serebral palside (SP) motor siddet ile non-motor komorbiditelerin saglikla iliskili yasam kalitesi (HRQoL) tizerindeki géreceli
ve istatistiksel olarak iLiskili katkilarini nicel olarak dederlendirmektir.

Yontem: Bu kesitsel calismada, yaslari 6-18 arasinda degisen 218 SP'li cocuk degerlendirilmistir. Degerlendirmelerde gross motor fonksiyon siniflandirma
sistemi (GMFCS), pediyatrik engellilik dederlendirme envanteri (PEDI), pediyatrik yasam kalitesi dlcedi (PedsQL) ve Pittsburgh uyku kalitesi indeksi
kullanitmistir. Komorbiditeler klinik kayitlar tizerinden belirlenmistir.

Bulgular: Daha ytiksek GMFCS dizeyi, daha disiik yasam kalitesinin en gticlii bagimsiz belirleyicisi olarak bulunmustur (B=-0,58, p<0,001). Bunu sirasiyla
kotu uyku kalitesi (B=-0,25, p=0,002), epilepsi (8=-0,22, p=0,004) ve malnitrisyon (B=-0,18, p=0,010) izlemistir. Dominans analizi, GMFCS ve uyku kalitesinin
birlikte HRQoL'de aciklanan varyansin biiyik kismini olusturdugunu gostermistir. Latent sinif analizi ile tic komorbidite kiimesi tanimlanmistir: diisik yiik
(%43), orta yik (%33) ve yuksek yiik (%24). Yiksek yiik grubunda PEDI ve PedsQL skorlari anlamli derecede daha dustik bulunmustur (p<0,001). Uyku
kalitesinin, epilepsi, malniitrisyon ve HRQoL arasindaki iligkilerle anlamli dolayl istatistiksel iligkiler gosterdigi belirlenmistir.

Sonuc: Motor siddet, SP'de yasam kalitesindeki farkliliklarin 6nemli bir kismini aciklamaktadir. Ancak uyku bozuklugu, epilepsi ve malnitrisyon gibi
non-motor komorbiditeler de nemli ve potansiyel olarak degistirilebilir belirleyicilerdir. Tanimlanan multimorbidite kiimeleri ve aracilik yollari, motor ve
sistemik faktérleri birlikte ele alan entegre bakim modellerinin gerekliligini ortaya koymaktadir. Ozellikle uyku ve beslenme durumuna erken miidahale,

SP'li cocuklarda yasam kalitesi seyrini anlamli sekilde iyilestirebilir.

Anahtar Kelimeler: Serebral palsi, yasam kalitesi, uyku bozuklugu, epilepsi, malnutrisyon, multimorbidite

Introduction

Cerebral palsy (CP) is the leading cause of lifelong motor
disability in childhood, affecting 2-3 per 1000 live births
worldwide™. Despite its definition as a non-progressive
motor disorder resulting from early brain injury, CP is now
recognized as a complex neurodevelopmental condition
with extensive multisystem involvement?. Non-motor
comorbidities frequently exceed motor limitations in shaping
functional independence, participation, and overall quality
of life (Qol), yet remain comparatively underexplored in
clinical research®.

Among these comorbidities, epilepsy, malnutrition, and
sleep disturbances are highly prevalent and clinically
consequential. Epilepsy affects 40-60% of children with
CP, particularly in those with bilateral spastic or dyskinetic
subtypes, and is strongly associated with cognitive
impairment and reduced QolL®. Malnutrition-arising from
oropharyngeal dysphagia, gastrointestinal dysfunction, and
increased metabolic expenditure-affects approximately one-
third of children with CP, contributing to impaired growth,
immune dysfunction, suboptimal neurodevelopment, and
reduced participation in therapy®. Sleep disturbances are
similarly pervasive: they occur in up to 75% of children
with CP and include sleep fragmentation, sleep-disordered
breathing, and circadian dysregulation®. Recent evidence
suggests that sleep may serve as a mediator Llinking
neurological instability, metabolic stress, and impaired daily
functioning.

Despite the high prevalence of these conditions, their
interdependent mechanisms and collective contribution
to QoL remain poorly characterized. Research has
traditionally examined epilepsy, nutrition, and sleep in
isolation, overlooking their potential clustering and shared
pathways"?. Multimorbidity frameworks-long applied in
adult medicine-are now gaining traction in developmental
disability research, with emerging studies revealing distinct
comorbidity phenotypes in CP that align with clinical severity
and functional trajectories™?, Latent class analysis (LCA)
offers a robust, person-centred method to identify these
clusters and has begun to uncover "high-burden" subgroups
characterized by pronounced neurological and systemic
instability".

Beyond descriptive clustering, mechanistic modelling
approaches such as mediation analysis can clarify how
specific comorbidities interact to influence functional
outcomes. Prior research has shown that pain, fatigue, or
parental mental health may partially mediate the association
between motor severity and health-related QoL (HRQol)
in CP"). However, no study to date has examined whether
sleep quality may partially mediate the effects of epilepsy
and malnutrition on Qol, despite a compelling biological
rationale. Sleep disruption can amplify seizure susceptibility,
exacerbate nutritional deficiencies, worsen behavioural
dysregulation, and diminish neuroplasticity-all of which are
directly relevant to CP"9,
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The present study addresses this gap by integrating variable-
centred (regression, dominance analysis) and person-centred
(LCA) methods to delineate the multimorbidity structure of
epilepsy, malnutrition, and sleep disturbances in children
with CP. A statistical mediation framework was further tested
to evaluate whether sleep quality was indirectly associated
with HRQoL in the relationships between neurological and
nutritional comorbidities. This multidimensional analytic
framework aligns with the growing emphasis on precision
rehabilitation, which seeks to tailor interventions not only
to motor subtype or severity but also to the child's broader
systemic and neurodevelopmental profile®™.

By characterizing comorbidity clusters and elucidating
potential interaction pathways, this study aims to identify
modifiable, high-impact therapeutic targets that could
meaningfully improve participation, independence, and QoL
in children and adolescents with CP.

Materials and Methods
Study Design and Participants

This cross-sectional observational study included children
and adolescents with CP who attended the Pediatric
Neurology Department at Recep Tayyip Erdogan University
Training and Research Hospital between October 2024 and
October 2025. All diagnoses were confirmed by a pediatric
neurologist based on contemporary definitions of CP,
and motor severity was classified using the [gross motor
function classification system (GMFCS) levels I-V]. Children
were eligible if they were between 6 and 18 years of age,
had a confirmed diagnosis of non-progressive CP, and had
a primary caregiver capable of completing proxy-report
questionnaires. Participants were excluded if they presented
with progressive neurological conditions or an acute
medical illness at assessment, or had incomplete clinical,
anthropometric, or questionnaire data. Severe sensory
impairments that could compromise valid proxy reporting
were also grounds for exclusion.

A total of 218 participants met the eligibility criteria and
were included in the analyses. The sample size exceeded
the requirement identified through an a priori power
analysis performed using G*Power (version 3.1). Assuming
a medium effect size (f?=0.15) for multiple linear regression
with four predictors, an alpha of 0.05, and 95% power, a
minimum sample size of 129 participants was required.
The final sample, therefore, provided adequate power for
all multivariate and mediation models. Written informed
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consent was obtained from all caregivers. Ethical approval
was granted by the Recep Tayyip Erdogan University Non-
Interventional Clinical Research Ethics Committee (approval
no: 2025/372, date: 11.09.2025), and all procedures adhered
to the Declaration of Helsinki.

Measures

Functional Independence and QoL

Functional independence was assessed using the pediatric
evaluation of disability inventory (PEDI), which evaluates self-
care, mobility, and social function, and has been validated
across GMFCS levels"™®. HRQoL was measured using the
parent-proxy version of the pediatric QoL inventory (PedsQL),
which is widely used in children with neurodevelopmental
disabilities because of its sensitivity to physical, emotional,
and psychosocial functioning™.

Sleep Quality

Sleep quality was evaluated using the Pittsburgh sleep
quality index (PSQI). Although originally developed for
adults, the PSQI has demonstrated strong reliability and
convergent validity in pediatric neurodisability cohorts,
including children with CPU8)  Furthermore, several
pediatric neurodevelopmental studies have supported the
feasibility of proxy-reported administration of the PSQI in
children with communication and cognitive impairments,
particularly when multidimensional sleep assessment is
required. Actigraphy- and CSHQ-based studies have further
supported its construct validity in this population®,

Nutritional Status and Comorbidities

Nutritional status was determined using anthropometric
measurements and clinical assessment for malnutrition
[body mass index (BMI)-for-age <-2 standard deviation or
clinician-confirmed nutritional deficiency], in accordance
with recent guidelines for children with severe neurological
impairment®). Comorbidities-including epilepsy, orthopedic
complications, feeding difficulty, pain, gastroesophageal
reflux, behavioral problems, communication deficits, and
intellectual disability-were extracted from clinical and
neurophysiological records. Operational definitions and full
distributions are provided in Supplementary Table 1.

Statistical Analysis

Descriptive statistics were calculated to summarize
demographic and clinical characteristics. Group differences
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across GMFCS Llevels were assessed using one-way analysis
of variance for continuous variables and chi-square tests
for categorical variables. Pearson correlation coefficients
were used to explore bivariate associations. All preliminary
analyses were conducted in SPSS (version 28.0; IBM Corp.).

A multiple linear regression model was constructed to
identify independent predictors of HRQoL (PedsQL total
score), including GMFCS level, sleep quality (PSQI), epilepsy,
and malnutrition. Model adequacy was evaluated using
adjusted R? standardized B coefficients, 95% confidence
intervals (Cls), and [variance inflation factors (VIF) <2.0].
Relative predictor importance was quantified by dominance
analysis implemented in the relaimpo package in R (version
4.3.1), using 1000 bootstrap samples.

LCA was performed in Mplus version 8.9, using maximum
Likelihood estimation with robust standard errors. Competing
models were evaluated using Akaike information criterion,
Bayesian information criterion (BIC), adjusted BIC, entropy,
and the bootstrap likelihood ratio test. A three-class solution
was selected as optimal.

Mediation analysis was conducted using the PROCESS
macro (model 4) in SPSS with 5000 bias-corrected bootstrap
samples to test whether sleep quality was statistically
associated with the relationships between epilepsy and
HRQoL and between malnutrition and HRQoL. Indirect
effects were considered significant when the 95% CI did not
include zero.

Results

Atotal of 218 children and adolescents with CP were included.
The mean age was 11.9+4.6 years (range: 6-18), and 44%

were female. According to the GMFCS, 37% of participants
were classified as mild (levels I-11), 28% as moderate (level
1), and 35% as severe (levels IV-V). Gestational age (mean
35.4+3.6 weeks) and birth weight (mean 2520+710 g) did
not differ significantly across GMFCS groups (p>0.05).
Sex distribution and perinatal history also did not differ
significantly between groups. Accordingly, these variables
were not included as covariates in subsequent multivariable
analyses. The prevalence of comorbidities increased
consistently as motor severity increased, including epilepsy,
malnutrition, intellectual disability, and visual and hearing
impairments (all p<0.001; Table 1).

Comorbidities were common and showed pronounced
gradients across the severity spectrum. Epilepsy was
diagnosed in 40.4% of participants, rising from 15.2% in
mild CP to 65.4% in severe CP. Malnutrition was identified in
43.6% of the cohort, with stepwise increases by CP severity
(11.3% in mild CP, 35.0% in moderate CP, and 70.5% in
severe CP). Feeding difficulties (32.1%), gastroesophageal
reflux (19.2%), hip displacement (24.3%), scoliosis (18.8%),
and joint contractures (30.3%) also increased markedly with
higher GMFCS Llevels (all p<0.001). Intellectual disability and
sensory impairments showed the same pattern (Table 2).

Functional and QoL measures demonstrated clear
differences between GMFCS groups. The mean PEDI score
was 54.2+18.7, with significantly lower scores in children
with severe CP compared with other groups (p<0.001).
Sleep quality, assessed by the PSQI, was impaired in most
participants (mean 8.7+#3.5), and scores increased with
motor severity (p<0.001). The mean PedsQL total score
was 61.4x17.6 and showed a marked gradient across
GMFCS levels: higher motor severity was associated with

Table 1. Demographic and clinical characteristics of participants

L. Total Mild CP Moderate CP Severe CP

Characteristic p-value
(n=218) (I-11, n=80) (111, n=60) (IV-V, n=78)

Age (years, mean + SD) 11.9+4.6 10.4+3.8 11.8+4.2 13.6+4.5 0.004
Female sex (%) 44 46 43 41 0.82
Gestational age (weeks, mean + SD) 35.4+3.6 36.2+2.9 35.1+3.3 34.8+4.2 0.07
Birth weight (g, mean + SD) 2520+710 2680+680 2490+700 2380+720 0.09
Presence of epilepsy (%) 40.4 15.2 417 65.4 <0.001"
Malnutrition (%) 43.6 11.3 35.0 70.5 <0.001"
Visual and/or hearing impairment (%) 28.8 9.0 24.0 48.7 <0.001"
Intellectual disability = mild (%) 33.9 10.5 325 57.7 <0.001"
Continuous variables were analyzed using one-way analysis of variance, and categorical variables were analyzed using the chi-square test. A single asterisk ()
indicates p<0.05, and a double asterisk () indicates p<0.001; both denote statistically significant differences
SD: Standard deviation, CP: Cerebral palsy
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substantially lower HRQoL (p<0.001). Physical and emotional
functioning subdomains demonstrated comparable patterns
(Table 3).

Correlation analyses showed strong associations between
GMFCS level and both functional independence (PEDI;
r=-0.75, p<0.001) and HRQoL (PedsQL; r=-0.72, p<0.001).
Poorer sleep quality was moderately correlated with higher
GMFCS levels (r=0.48, p<0.001), lower PedsQL scores (r=-
0.56, p<0.001), and lower PEDI scores (r=-0.39, p<0.001).
Epilepsy was significantly positively correlated with PSQI
(r=0.34, p<0.001) and negatively correlated with functional
and HRQoL measures. Malnutrition was also associated
with lower PedsQL and PEDI scores (p<0.001) (Table 4).

Multivariate regression analysis identified four independent
predictors of HRQoL: GMFCS level (B=-0.58, p<0.001), PSQlI
score (B=-0.25, p=0.002), epilepsy (B=-0.22, p=0.004), and
malnutrition (B=-0.18, p=0.010). The model demonstrated
good explanatory capacity (adjusted R?=0.62), and no

multicollinearity was detected (VIF <2.0). These findings
indicate that motor severity, sleep disturbance, seizure
disorder, and nutritional status each contribute uniquely to
HRQoL (Table 5).

LCA revealed three comorbidity clusters as the optimal
solution (BIC=4615.8; entropy=0.86). The low-burden class
(43%) was characterized by minimal comorbidities and
predominantly mild motor impairment. The moderate-
burden class (33%) demonstrated intermediate rates
of epilepsy, feeding problems, and malnutrition, with
most children classified as GMFCS Ill. The high-burden
class (24%) exhibited elevated probabilities of epilepsy,
malnutrition, orthopedic complications, sleep disturbance,
and intellectual disability, with a predominance of severe
motor impairment. HRQoL and functional outcomes
differed significantly between classes, with the lowest scores
observed consistently in the high-burden group (p<0.001)
(Supplementary Table 2, Figure 1).

Table 2. Prevalence of comorbidities across GMFCS severity levels

Comorbidity Total Mild CP Moderate CP Severe CP p-value
(n=218) (I-11, n=80) (111, n=60) (IV-V, n=78)

Epilepsy (%) 40.4 15.2 417 65.4 <0.001"
Nutritional difficulties (%) 385 10.0 320 69.2 <0.001"
Malnutrition (%) 43.6 11.3 35.0 70.5 <0.001"
Dysphagia (%) 321 9.1 29.0 61.5 <0.001"
Gastroesophageal reflux (%) 19.2 5.6 15.0 385 <0.001"
Hip dislocation (%) 24.3 6.3 19.0 46.2 <0.001"
Scoliosis (%) 18.8 3.8 145 39.7 <0.001"
Contractures (%) 30.3 8.9 26.5 55.1 <0.001"
Visual and/or hearing impairment (%) 28.8 9.0 24.0 487 <0.001"
Intellectual disability > mild (%) 33.9 10.5 325 57.7 <0.001"
Comparisons among GMFCS groups were performed using the chi-square test for categorical variables

" p<0.001 indicates statistically significant group differences, CP: Cerebral palsy, GMFCS: Gross motor function classification system

Table 3. Functional and quality of Life measures across GMFCS levels

Total Mild CP Moderate CP Severe CP
Measure p-value
(n=218) (I-11, n=80) (111, n=60) (IV-V, n=78)
PEDI total score (mean + SD) 54.2+18.7 72.1+14.2 56.3+13.9 32.9+12.8 <0.001"
PSQI total score (mean + SD) 8.7+3.5 6.0+2.8 8.5+3.1 11.0£3.2 <0.001"
PedsQL total score (mean + SD) 61.4+17.6 80.2+12.5 62.8+13.8 42.9+11.7 <0.001"
Physical functioning subscale 58.3+19.2 79.5+14.1 60.7+13.5 37.6+12.9 <0.001"
Emotional functioning subscale 64.8+18.1 82.1+13.7 67.2+15.3 45.9+14.5 <0.001"
Group comparisons were conducted using one-way analysis of variance followed by Bonferroni-adjusted post-hoc tests “: p<0.001 indicates statistically significant
group differences. Higher PSQI scores indicate poorer sleep quality, CP: Cerebral palsy, GMFCS: Gross motor function classification system, PSQI: Pittsburgh sleep
quality index, PEDI: Pediatric evaluation of disability inventory, PedsQL: Pediatric quality of life inventory, SD: Standard deviation
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Table 4. Correlation coefficients between functional, quality of life, and clinical variables

Variables PedsQL PEDI PSQI Epilepsy Malnutrition GMFCS
PedsQL - 0.68" -0.56" -0.29" -0.41" -0.727
PEDI 0.68"* - -0.39" -0.25" -0.35" -0.75"
PSQl -0.56* -0.39" - 0.34" 0.28" 0.48"
Epilepsy -0.29** -0.25" 0.34" - 0.22 0.44"
Malnutrition -0.41%* -0.35" 0.28" 0.22' - 0.46"
GMFCS -0.72"* -0.75" 0.48" 0.44" 0.46" -

ALl correlations were calculated using Pearson's correlation coefficients

"1 p<0.05, and ": p<0.001 indicate statistically significant relationships, GMFCS: Gross motor function classification system, PSQI: Pittsburgh sleep quality index, PEDI:

Pediatric evaluation of disability inventory, PedsQL: Pediatric quality of life inventory

Table 5. Multivariate linear regression predicting health-related quality of life (PedsQL total score)

Predictor Standardized p 95% confidence interval p-value
GMFCS Level -0.58 -0.64 to -0.47 <0.001™
PSQI total score -0.25 -0.39 to -0.12 0.002"
Epilepsy (yes) -0.22 -0.33 to -0.09 0.004"
Malnutrition (yes) -0.18 -0.29 to -0.06 0.010°

Model statistics, adjusted R?=0.62, F (4, 213) =47.8, p<0.001; no multicollinearity detected (variance inflation factor <2.0)
" p<0.05, " p<0.01, *": p<0.001 indicate statistical significance, GMFCS: Gross motor function classification system, PSQI: Pittsburgh sleep quality index, PedsQL:

Pediatric quality of life inventory

Mediation analyses indicated that sleep quality was
indirectly and significantly associated with the relationships
between epilepsy and HRQoL and between malnutrition and
HRQoL. The indirect effect was significant for epilepsy (B_
indirect=-0.07; 95% CI: -0.12 to -0.03) and for malnutrition
(B_indirect=-0.05; 95% ClI: -0.10 to -0.02). Sleep quality
accounted for 28% of the total effect of epilepsy on PedsQL
and 25% of the total effect of malnutrition on PedsQL.

Epilepsy

Feeding difficultities

Gastroesophagal reflux
Swallowing dysfunction
Malnutrition

Hip dislocation

Scoliosis

Condittonal Probability

Contractures

Intellectual disabilit|

iu

Cluster 0 Cluster 1

Figure 1. Latent class analysis identifying three comorbidity
clusters among children with cerebral palsy. Class
proportions are posterior probability-weighted estimates
(43%, 33%, and 24%)

The mediation model demonstrated acceptable overall fit
indices (comparative fit index=0.97, root mean square error
of approximation=0.04) (Supplementary Table 3). Figure 2
shows the standardized mediation pathways linking epilepsy
and malnutrition to HRQoL through sleep quality.

Dominance analysis demonstrated that GMFCS level
contributed the largest proportion of explained variance in

) B=033
Epilepsy p<0.01

Sleep Quality

(PSQlI)
Malnutrition B=0.27
p<0.01

] Model fit indices: CFl = 0,97, RMSEA 0,04

Figure 2. Standardized mediation model illustrating the
statistically derived indirect associations of epilepsy and
malnutrition with HRQoL through sleep quality in children
with CP

CP: Cerebral palsy, PSQI: Pittsburgh sleep quality index,
HRQoL: Health-related quality of life, CFl: Comparative fit
index, RMSEA: Root mean square error of approximation
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HRQoL (=42%), followed by sleep quality (=28%), epilepsy
(=18%), and malnutrition (=12%) (Figure 3). Orthopedic
variables and BMI contributed minimally.

These findings were consistent with the regression results. ALl
variable definitions and descriptive statistics are provided in
Supplementary Table 1; LCA model parameters are provided
in Supplementary Table 2; and mediation coefficients are
provided in Supplementary Table 3.

Discussion

This study provides a comprehensive multidimensional
analysis of the determinants of HRQoL in children and
adolescents with CP. The findings demonstrate that, although
gross motor function remains the dominant predictor of
HRQoL, sleep disturbances, epilepsy, and malnutrition
exert substantial, independent effects on HRQoL. These
results reinforce the contemporary understanding of CP
as a multisystem neurodevelopmental condition in which
functional outcomes arise from interactions among motor
impairment, neurological comorbidities, and broader
biopsychosocial factors®?.

The strong negative association between GMFCS level and
HRQolL is consistent with extensive evidence linking motor
severity with reduced participation, greater dependence, and
limitations in daily functioning®. However, the regression
and dominance analyses collectively indicate that motor
impairment explains only part of the outcome variance.

Permutation Importance — Lollipop with 95% ClI
BMIf o

Hip ——
Scoliosis —
Malnutrition —_—
Epilepsy ———

PSQI W -

GMFCS —_——

0.0 0.1 0.2 0.3 0.4
Permutation Importance (AR?)

Figure 3. Relative importance (dominance weights) of
predictors of health-related quality of Life in children with
cerebral palsy

BMI: Body mass index, Cl: Confidence interval, GMFCS: Gross
motor function classification system, PSQI: Pittsburgh sleep
quality index
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Sleep quality and nutritional status together accounted for
nearly 40% of the overall explained variance, indicating that
two children of the same GMFCS level may have markedly
different QoL profiles depending on these modifiable factors.
This supports emerging conceptual models proposing that
comorbidities in CP are not merely consequences of motor
dysfunction but also co-determinants of developmental,
psychosocial, and functional trajectories®.

A key contribution of the present study is the identification
of sleep quality as both an independent determinant and a
mediator of HRQoL. The mediation model revealed that sleep
partially accounted for the associations among epilepsy,
malnutrition, and HRQoL, suggesting that sleep disruption
functions as an active mechanism-rather than a passive
symptom-within the broader multimorbidity network in CP.
Evidence from pediatric neurology increasingly demonstrates
that fragmented or nonrestorative sleep is associated
with cognitive impairment, behavioral dysregulation, and
emotional difficulties in CP®2®), |ongitudinal studies have
shown that reduced sleep efficiency predicts poorer executive
functioning and lower adaptive behavior scores over time®,
Given its bidirectional relationship with seizures-where sleep
deprivation increases epileptiform activity and nocturnal
seizuresdegradesleepcontinuity-addressingsleepdisturbance
may yield downstream improvements in cognitive, behavioral,
and psychosocial domains®?. Importantly, the finding that
sleep quality accounted for 28% of the association between
epilepsy and HRQoL suggests that therapeutic strategies for
children with CP and epilepsy should extend beyond seizure
control alone. Sleep-focused assessment and interventions,
including sleep hygiene optimization and targeted nocturnal
management, may represent important parallel components
of comprehensive care in this population.

The independent contribution of malnutrition to reduced
HRQoL further underscores the importance of nutritional
assessment in CP. Prior research has shown that children
with CP face an elevated risk of undernutrition due to
dysphagia, reflux, and feeding inefficiency, but recent work
also emphasizes the neurodevelopmental consequences
of chronic undernutrition, including impaired cortical
maturation, elevated inflammatory cytokines, and
reduced neuroplastic potential®. The association between
malnutrition and poorer sleep, observed in the mediation
analysis, aligns with studies indicating shared metabolic
and neuroendocrine pathways linking dietary insufficiency,
disrupted circadian regulation, and increased fatigue®?.
These mechanisms offer biologically plausible explanations
for the observed indirect effects on HRQoL.
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The LCA expanded these findings by identifying three
distinct comorbidity profiles-low-burden, moderate
burden, and high burden. Childrenin the high-burden class
exhibited markedly lower levels of HRQoL and functional
independence, consistent with studies demonstrating
that multimorbidity patterns in CP are structured
rather than random®33%. Notably, the comorbidity
patterns characterized here during childhood parallel
those reported in adults with CP, in which neurological,
musculoskeletal, and cardiometabolic multimorbidity
clusters predict reduced life expectancy and increased
healthcare utilization®. This developmental continuity
suggests that early identification of high-burden profiles
may enable proactive, preventive intervention to alter
long-term trajectories.

Methodologically, this study contributes to the CP literature
by integrating complementary statistical approaches-
multivariate regression, dominance analysis, and mediation
modelling-within a unified analytical framework. The
regression model identified independent predictors; the
dominance analysis quantified each variable's overall
explanatory contribution; and the mediation analysis
elucidated the statistical pathways linking comorbidities to
HRQoL. Rather than conflicting, these methods converged on
acoherenthierarchy: GMFCS level formed the structural basis
of HRQoL, sleep quality acted as both a parallel determinant
and a pathway through which epilepsy and malnutrition exert
their influence, and epilepsy and malnutrition emerged as
clinically meaningful comorbidities whose effects are partly
modifiable. This triangulation supports a systems-level
conceptualization of CP, consistent with modern models of
precision rehabilitation®3,

The clinical implications of these findings are substantial.
Routine assessment of sleep quality and nutritional status
should be integrated into standard CP care pathways,
alongside motor evaluation. Screening tools, such as the
PSQI and structured feeding and nutrition assessments,
may facilitate early detection of risk, although future work
incorporating pediatric-specific sleep measures, such as
the children's sleep habits questionnaire, may enhance
behavioral granularity®®. Interventions targeting sleep
hygiene, nocturnal positioning, seizure optimization, and
feeding rehabilitation may meaningfully improve HRQoL,
potentially exceeding the effect size achievable through
motor-focused therapy alone®3?, These results also
underscore the role of interdisciplinary care models in
which neurology, physiotherapy, gastroenterology, sleep

medicine, and nutrition services collaborate to address the
interconnected determinants of child health.

Study Limitations

Several limitations warrant consideration. The cross-
sectional design precludes causal inference; it is plausible
that lower HRQoL could exacerbate sleep or nutritional
difficulties via reduced activity or caregiver strain. The
single-center, tertiary-care sample may overrepresent
children with more severe CP. A [though PSQI demonstrates
strong validity in pediatric neurodisability populations, its
original development for adults should still be considered
when interpreting sleep-related findings. Longitudinal,
multi-center studies employing objective sleep measures,
standardized nutritional assessments, and external
validation of comorbidity clusters would strengthen
generalizability. Although advanced statistical techniques
were used, all analyses were derived from the same dataset;
thus, predictive estimates require replication.

This study demonstrates that sleep quality, epilepsy, and
malnutrition significantly and independently influence
HRQoL in children with CP, beyond the contribution of motor
severity. These findings show the importance of integrating
sleep and nutritional interventions with traditional
motor-based rehabilitation strategies. Recognizing CP as
a multisystem condition-with modifiable comorbidities
that jointly shape developmental and psychosocial
outcomes-provides a strong rationale for comprehensive,
interdisciplinary, and precision-oriented care models aimed
at improving participation and long-term well-being for
children with CP.

Conclusion

In this large cross-sectional study of children with CP,
HRQoL was shaped not only by gross motor severity but also
by a constellation of modifiable non-motor comorbidities.
Sleep disturbance, epilepsy, and malnutrition emerged as
independent and interacting determinants of well-being,
with sleep quality acting as a potential explanatory factor
linking neurological and nutritional burden to reduced daily
functioning. The identification of distinct multimorbidity
clusters and the quantification of the relative importance
of predictors suggest that the cumulative impact of
comorbidities is structured rather than incidental.

These findings underscore the need to reframe CP as a
multisystem condition in which early recognition and
management of sleep dysfunction, nutritional deficits,
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and seizure instability are essential components of
care. Incorporating systematic screening for these
factors into routine clinical practice may meaningfully
improve participation, emotional health, and long-term
developmental trajectories. Future longitudinal and
interventional studies are warranted to determine whether
targeted, multidisciplinary approaches can modify life-
course risks associated with high-burden comorbidity
profiles.
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Abstract

Objective: Large language models (LLMs) are increasingly used by patients and the public to access medical information. In pulmonary medicine, where
information needs span a wide range of chronic and potentially serious diseases, the quality of artificial intelligence-generated communication requires
systematic evaluation.

Methods: This cross-sectional comparative study evaluated responses to 37 standardized pulmonary medicine questions covering major respiratory
domains. Each question was answered by four LLMs-Gemini 2.5, GPT-4, Claude Sonnet 4, and DeepSeek v3.2-and a board-certified professor of pulmonology
with more than 25 years of clinical experience. Six blinded raters, including three pulmonologists and three laypersons, assessed anonymized responses
using a five-point Likert scale across conceptually aligned domains: accuracy/perceived reliability, clarity, and scientific adequacy/practical usefulness.
Inter-rater reliability was assessed using intraclass correlation coefficients (ICC). Comparative analyses were performed using repeated-measures one way
analysis of variance with Bonferroni-adjusted pairwise comparisons and Friedman tests.

Results: Inter-rater reliability indicated slight single-measure agreement (ICC 0.09-0.12) and fair-to-moderate average-measure agreement (ICC 0.36-0.45),
which is consistent with the subjective nature of communication-focused assessment. Overall, LLM-generated responses received higher communication-
quality ratings than physician-generated responses across evaluation domains. Gemini 2.5 and GPT-4 achieved the most favorable scores, particularly on
accuracy/perceived reliability and clarity. Differences between LLMs and the physician were more pronounced among lay raters than among expert raters.
Among expert raters, physician-generated responses were rated among the highest for accuracy and scientific adequacy, although this pattern was not
observed for clarity.

Conclusion: Contemporary LLMs may provide clear, reliable, and practically useful information on pulmonary medicine, particularly as perceived by lay
users, when evaluated from both expert and lay perspectives. These findings support their adjunctive use in patient education and health communication
and emphasize that LLMs cannot replace clinical judgment, professional accountability, or physician oversight.
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Amag: Biyik dil modelleri (LLM), hastalar ve toplum tarafindan tibbi bilgiye ulasmak amaciyla giderek daha sik kullanilmaktadir. G6gus hastaliklar
alaninda bilgi gereksinimi kronik ve potansiyel olarak ciddi hastaliklar kapsadigindan, yapay zeka tarafindan olusturulan tibbi iletisim iceriginin kalitesinin
sistematik olarak degerlendirilmesi 6nem tagimaktadir.

Yontem: Bu kesitsel karsilastirmali calismada, temel solunum hastaliklari alanlarini kapsayan 37 standart gogts hastaliklari sorusuna verilen yanitlar
degerlendirildi. Her soru dért LLM-Gemini 2.5, GPT-4, Claude Sonnet 4 ve DeepSeek v3.2-ile 25 yildan fazla klinik deneyime sahip bir gogis hastaliklari
profesori tarafindan yanitlandi. Uc gégiis hastaliklari uzmani ve tic uzman olmayan degerlendiriciden olusan alti kér degerlendirici, anonimlestirilmis
yanitlari besli Likert 6lcedi ile; dogruluk/algilanan givenilirlik, aciklik ve bilimsel yeterlilik/pratik yarartlik alanlarinda degerlendirdi. Degerlendiriciler
arasi guvenilirlik sinif ici korelasyon katsayisi (ICC) ile analiz edildi. Karsilastirmali analizlerde tekrarli dlciimler tek yonld varyans analizi, Bonferroni
duzeltmeli ikili karsilastirmalar ve Friedman testi kullanildi.

Bulgular: Degerlendiriciler arasi givenilirlik, tekil 6lcimlerde zayif (ICC 0,09-0,12), ortalama élcimlerde ise diisiik-orta ile orta dizeyde (ICC 0,36-0,45)
bulundu ve bu durum iletisim odakli degerlendirmenin 6znel yapist ile uyumluydu. Genel olarak, buyik dil modeli yanitlari tim dederlendirme alanlarinda
hekim yanitlarina gore daha yuksek iletisim kalitesi puanlari aldi. Gemini 2.5 ve GPT-4 ¢zellikle dogruluk/algilanan givenilirlik ve aciklik alanlarinda en
olumlu skorlari elde etti. Blyuk dil modelleri ile hekim yanitlar arasindaki farklar, uzman degerlendiricilere kiyasla uzman olmayan degerlendiricilerde
daha belirgindi. Uzman degerlendiriciler arasinda ise hekim tarafindan olusturulan yanitlar dogruluk ve bilimsel yeterlilik acisindan en yiiksek puan alan
yanitlar arasinda yer alirken, bu értintdi agiklik alaninda gozlenmedi.

Sonuc: Giincel buyuk dil modelleri, hem uzman hem de uzman olmayan degerlendiriciler acisindan agik, giivenilir ve pratik olarak yararli gogus hastaliklari
bilgisi sunabilir. Bu bulgular, biyik dil modellerinin hasta egitimi ve saglik iletisiminde yardimer araclar olarak kullanilabilecegini desteklemektedir.

Bununla birlikte, bu sistemler klinik yarginin, mesleki sorumlulugun ve hekim gézetiminin yerini alamaz.

Anahtar Kelimeler: Bilytik dil modelleri, yapay zeka, tibbi bilisim, saglik iletisimi, hasta egitimi, g6gus hastaliklari

Introduction

Effective medical communicationisacore componentofhigh-
quality healthcare delivery, since the accuracy, reliability, and
clarity of the information shared with patients and caregivers
directly shape clinical understanding and decision-making.
Prior work has consistently demonstrated that clear and
accurate responses to patient inquiries are associated with
greater patient satisfaction, improved treatment adherence,
and a stronger physician-patient relationship, making
comprehensible and trustworthy communication central to
patient-centered care®?. This is particularly consequential
in populations with limited health literacy, where access to
accurate information from trustworthy sources is essential
for both treatment success and patient safety®,

In parallel, the integration of the internet and digital media
into everyday life has reshaped how patients and their
relatives seek health information, with online searches for
symptoms and diagnoses giving rise to the so-called “Dr.
Google" phenomenon®, Much of the health-related material
available online, however, is inaccurate, incomplete, or
contextually misleading®, with the potential to provoke
unnecessary anxiety, misdirected care-seeking, or distrust
toward medical advice. From a public health perspective, the
dissemination of scientifically accurate, comprehensible, and

trustworthy health information through digital channels
has therefore become both an individual and a collective
responsibility®.

Within this evolving information ecosystem, artificial
intelligence (Al) has progressively moved from a peripheral
analytic tool to a core component of contemporary medical
informatics. Earlier generations of Al demonstrated value in
image-based diagnostic support, bioinformatics pipelines,
and the interpretation of large-scale data from genetic
biobanks, where machine learning approaches enabled
scalable analyses of complex, heterogeneous datasets that
would be impractical to perform manually”®. Building
on this foundation, Al systems have since been embedded
into clinical decision-support workflows, risk stratification
models, and individualized treatment planning informed
by genomic, proteomic, and radiomic data'. What
distinguishes the current phase, however, is the migration
of Al from structured data and pixel-level analysis toward
the communication layer of medicine-the space in which
patients, caregivers, and clinicians exchange information,
weigh options, and arrive at decisions. This shift reframes Al
notonly as an analytic engine but also as an active participant
in health information delivery and brings the quality,
transparency, and safety of Al-generated communication
into the foreground of medical informatics research.
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Beyond diagnostics and data analytics, large language
models (LLMs) are transforming the communication
layer of medicine. Leveraging advanced natural language
processing, these systems have shown promise in medical
question answering, summarization of clinical dialogues,
and analysis of unstructured text from electronic health
records™?, Their use in healthcare has expanded rapidly,
with domain-specific implementations developed to improve
the accuracy, clarity, and empathy of responses to medical
queries™. At the same time, their deployment raises non-
trivial concerns regarding factual reliability, contextual
nuance, data security, algorithmic bias, and the risk of
confidently incorrect outputs-issues that underscore the
need for safe, transparent, and human-centered integration
of Al technologies into clinical practice”. Systematic
evaluation of LLM-generated responses, especially within
clinically meaningful, domain-specific contexts such as
pulmonology, is therefore essential before such tools can be
responsibly recommended for patient-facing use®.

These considerations are particularly salient in pulmonary
medicine. Respiratory conditions-including asthma, chronic
obstructive pulmonary disease (COPD), pneumonia,
pulmonary thromboembolism, interstitial lung diseases,
obstructive sleep apnea, tuberculosis, and lung cancer-
account for a substantial share of the global disease burden
and resultin ongoing publicinformation needs. Many of these
conditions are chronic, require sustained self-management,
and involve decisions regarding inhaler use, oxygen therapy,
smoking cessation, vaccination, surgical options, and end-
of-life care. The accessibility, accuracy, and clarity of the
information delivered to patients and their relatives therefore
have direct implications for adherence, safety, and informed
decision-making. Despite the rapid uptake of LLMs in this
space, the available evidence remains fragmented: many
existing evaluations examine a single model, rely exclusively
on expert reviewers, or assess technical accuracy without
considering how lay audiences perceive the information.
Studies comparing multiple state-of-the-art LLMs head-
to-head with an experienced physician on the same set
of publicly relevant questions-using blinded evaluations
by both clinicians and laypersons across complementary
criteria of accuracy, clarity, and scientific or practical
adequacy-remain limited. This gap is consequential because
expert and lay perspectives often diverge: clinicians tend to
weigh factual completeness and technical precision, whereas
patients and the broader public appraise responses through
the lens of perceived reliability, comprehensibility, and real-
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world usefulness. Capturing both perspectives is therefore
essential to characterize the realistic role of LLMs in patient-
facing health communication and decision-support tasks.

The present study was designed to address this gap. We
conducted a comparative, blinded evaluation in which four
contemporary LLMs (Gemini 2.5, GPT-4, Claude Sonnet 4,
and DeepSeek v3.2) and a board-certified pulmonology
professor with more than 25 years of clinical experience
responded to the same set of 37 standardized pulmonary
medicine questions derived from publicly observable
information-seeking behavior. Using conceptually aligned
criteria (accuracy/perceived reliability, clarity, and scientific
adequacy/practical usefulness), anonymized responses were
independently rated by three expert pulmonologists and
three laypersons. By examining inter-rater reliability and
systematically comparing model and physician performance
across audience types, the study provides an informatics-
oriented assessment of how well current LLMs support
communication about pulmonary medicine to non-specialist
users, and aims to clarify their potential-and limitations-as
complementary tools alongside experienced clinicians in
health information delivery and clinical decision-support
workflows.

Materials and Methods

This study was a cross-sectional, comparative evaluation
designed to assess the quality and reliability of responses
generated by four LLMs and a human pulmonology expert.

Design and Procedure

This study did not involve patients, patient data, identifiable
personal information, biological samples, or any clinical
intervention. The raters evaluated anonymized written
responses; therefore, ethics committee approval was not
required according to institutional and national regulations.
Informed consent is not applicable, as the study did not
involve patients or identifiable personal data.

Question Selection

A total of 37 standardized questions related to chest diseases
were developed by a pulmonology specialist who had no
conflicts of interest with either the expert or layperson
raters. The questions were designed to represent a balanced
distribution across major subspecialties within pulmonary
medicine. Particular attention was paid to ensuring that the
setencompassed diverse, clinically relevant domains: asthma
(3), COPD (4), pneumonia (4), pulmonary thromboembolism
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(4), interstitial lung diseases (3), obstructive sleep apnea
(4), lung cancer (7), tuberculosis (2), and other respiratory
topics (6). In addition to its clinical relevance, the study was
designed to reflect real-world patterns of health information
consumption, focusing on publicly accessible questions
and communication formats that influence health-related
understanding beyond clinical settings. The complete 37-
item question set is provided as supplementary material;
formal psychometric content validation (e.g., a content-
validity index) was not performed.

The questions' content was informed by Google Trends data,
social media discussions, and frequently asked questions
directed to a pulmonologist's professional social media
account, to ensure that the questions reflected publicly
relevant, real-world, and digitally mediated health concerns.
This approach provided a representative sampling of topics
commonly encountered in both clinical practice and public
health communication contexts.

Participants and Evaluation Procedure

Six independent raters participated in the evaluation: three
expert pulmonologists (E1, E2, and E3, with 7, 8, and 10 years
of clinical experience, respectively) and three laypersons
(L1, L2, and L3, a 32-year-old university-educated teacher,
a 53-year-old employee and former amateur footballer, and
a 45-year-old homemaker with a high-school education).
AllL raters were blinded to the identity of the content source
(LLM-generated vs. professor-written).

Four LLMs (Gemini 2.5, GPT-4, Claude Sonnet 4, and
DeepSeek v3.2) were selected because they represent the
most advanced publicly available generative models at
the time of the study (prompts submitted in August 2025),
encompassing diverse architectures, training paradigms,
and user interfaces. Their inclusion enabled a balanced
assessment across distinct LLM frameworks. A pulmonology
professor with more than 25 years of clinical experience
provided physician-generated responses. The physician is
actively engaged in clinical practice, holds an administrative
role, and is involved in faculty development and educator
training activities. Because a single expert served as the
human comparator, this benchmark reflects the performance
of one highly experienced pulmonologist rather than that of
physicians in general.

Each of the six raters evaluated the anonymized answers of
the five respondents (four LLMs and one human professor).
Ratings were assigned on a five-point Likert scale (1=lowest,

5=highest) based on the designated evaluation criteria for
each group. None of the raters had any conflict of interest
with either the professor or the LLM selection process. All
evaluations were performed independently, and raters were
blinded to the identity of each response source to ensure
unbiased judgment based solely on content quality.

Conceptual Alignment of Evaluation Criteria

The three criteria used by layperson raters-perceived
reliability, clarity, and practical usefulness-were designed to
conceptually parallel the expert criteria of accuracy, clarity,
and scientific adequacy, respectively. Perceived reliability
corresponds to accuracy, as both reflect the extent to
which information is regarded as correct and trustworthy,
albeit from different perspectives: experts assess factual
correctness, whereas laypersons judge credibility and the
confidence it inspires. Clarity was retained consistently
across groups, reflecting the mutual importance of linguistic
simplicity and structural transparency. Finally, practical
usefulness parallels scientific adequacy: experts evaluate
the scientific rigor and completeness of the answer, whereas
laypersons perceive the same quality in terms of real-world
applicability and utility.

The criteria used for layperson evaluations were adapted
from the methodological framework applied in the study by
Charide et al.", which focused on public and user-centered
assessment approaches in health communication research.
In parallel, the expert evaluation criteria were determined
following the methodological approach used by Akcay et
al.’™ in their study evaluating the accuracy and reliability
of ChatGPT 4's responses in thoracic surgery. This mapping
ensures conceptual equivalence across evaluator groups
while maintaining relevance to their respective levels of
expertise. Because expert accuracy (factual correctness)
and lay perceived reliability are related but non-identical
constructs, inter-rater reliability is reported separately
for experts and laypersons, and the pooled coefficient is
interpreted with caution.

Procedural Neutrality and Data Collection

The questions were submitted to the LLMs by an independent
engineer specializing in software development, who is one of
the authors of this article. This engineer had no background
in medicine and no prior acquaintance or conflict of interest
with the participating pulmonology professor. Each LLM was
reset to a new session before being questioned to prevent
memory retention or contextual bias, ensuring that each
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interaction represented a clean, independent exchange.
All prompts were entered using the same computer,
under identical network conditions and internet speed, to
standardize response latency and interface performance. The
engineer took no part in the writing, scoring, or evaluation
stages and did not participate as either an expert or
layperson rater, thereby ensuring full procedural neutrality
and minimizing potential bias throughout data collection.

Statistical Analysis

Inter-rater reliability was assessed using intraclass
correlation coefficients (ICC) to quantify agreement among
raters. ICC values estimate the proportion of variance in
ratings that is attributable to true score differences rather
than to random error or rater subjectivity. Both single-
measure and average-measure ICCs (two-way random
effects model, absolute agreement type) were computed to
capture individual and group-level reliability"®.

Interpretation of ICCvaluesfollowed established benchmarks,
with values below 0.20 indicating slight agreement, 0.21-
0.40 fair agreement, 0.41-0.60 moderate agreement, 0.61-
0.80 substantial agreement, and 0.81-1.00 almost perfect
agreement®”.

Comparative analyses across the five response sources were
performed using repeated-measures one way analysis of
variance (ANOVA) because each rater provided scores for
all sources, resulting in a within-subjects (dependent) data
structure. Thisapproach allowed comparison of mean ratings
across conditions while accounting for the interdependence
of repeated observations from the same raters. Bonferroni-
adjusted pairwise comparisons were applied to control for
type | error in multiple testing. To corroborate these findings
and to address potential deviations from normality, Friedman
tests were additionally conducted as non-parametric
equivalents. The unit of analysis was the per-question mean
across raters (n=37), with response source as the within-
subject factor (degrees of freedom=4, 144). Sphericity was
assessed (Greenhouse-Geisser), and a linear mixed-effects
model with crossed random effects for questions and raters
was acknowledged as a valid alternative.

To ensure robustness and to explore subgroup consistency,
three complementary analytic models were applied: (1)
all raters (E1-E3, L1-L3), (2) experts only (E1-E3), and (3)
laypersons only (L1-L3). For each model, Bonferroni-
adjusted pairwise comparisons were used to compare the
five response sources across the three evaluation criteria. In
these analyses, accuracy for expert raters was conceptually
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aligned with perceived reliability for layperson raters;
clarity was shared by both groups; and scientific adequacy
for expert raters was aligned with practical usefulness for
layperson raters.

The primary analyses included all six raters, with subgroup
analyses conducted separately for expert and layperson
raters. Statistical analyses were conducted using IBM SPSS
Statistics version 26 (IBM Corp., Armonk, NY, USA), with
recomputation and verification performed using Python and
the pingouin package.

Results

Inter-rater Reliability

Inter-rater reliability was assessed using a two-way random-
effects model (absolute agreement). As summarized in Table
1, single-measure ICCs ranged from 0.09 to 0.12 and average-
measure ICCs ranged from 0.36 to 0.45 across accuracy/
perceived reliability, clarity, and scientific adequacy/practical
usefulness (all p<0.001).

According to commonly applied interpretative frameworks,
these values correspond to slight agreement for single
measures and to fair-to-moderate agreement for average
measures, indicating variability in individual ratings but
improved consistency when scores were aggregated.
Differences in scoring patterns across evaluators and
domains were statistically significant (p<0.001), reflecting
heterogeneity in perception rather than systematic
measurement error.

Overall, these findings demonstrate that while individual-
level agreement was limited, aggregated ratings showed
greater consistency, underscoring the subjective nature
of communication-based evaluations and the influence of
evaluator background on inter-rater agreement metrics.

Summary of Evaluator Scores

Across evaluation domains, the relative ranking of mean
scores remained stable, with LLM-generated responses
generally receiving higher ratings than physician-generated
responses. Differences in mean ratings across models and
evaluator groups reflected variability in perceived quality
rather than isolated or extreme scoring behavior. The
observed score distributions indicate coherent, interpretable
evaluation patterns across all six raters and support
the internal consistency of the comparative assessment
framework.



Serce Unat et al. Al and Physician Responses in Pulmonary Communication

Table 1. Inter-rater reliability (intraclass correlation coefficients), by rater group

Criterion Single ICC (95% ClI) Average ICC (95% ClI) Single Average
AllL raters (n=6)

Accuracy/perceived reliability 0.087 (0.04, 0.14) 0.364 (0.20, 0.50) slight fair
Clarity 0.118 (0.07,0.18) 0.445 (0.31, 0.56) slight moderate
Scientific adequacy/practical usefulness 0.117 (0.07,0.17) 0.442 (0.31, 0.56) slight moderate
Experts only (E1-E3)

Accuracy/perceived reliability 0.194 (0.10, 0.29) 0.419 (0.25, 0.55) slight moderate
Clarity 0.161 (0.07, 0.25) 0.365 (0.20, 0.51) slight fair
Scientific adequacy/practical usefulness 0.207 (0.10, 0.32) 0.439 (0.25, 0.58) slight moderate
Laypersons only (L1-L3)

Accuracy/perceived reliability 0.096 (0.00, 0.20) 0.243 (0.01, 0.43) slight fair
Clarity 0.148 (0.05, 0.25) 0.342 (0.14, 0.50) slight fair
Scientific adequacy/practical usefulness 0.192 (0.10, 0.29) 0.415 (0.24, 0.55) slight moderate
Accuracy (experts)/perceived reliability (laypersons), scientific adequacy (experts)/practical usefulness (laypersons) Two-way random-effects model, absolute
agreement; 185 rated items. Bands per Landis and Koch®, ICC: Intraclass correlation coefficients, Cl: Confidence interval

When all six raters were included, all four LLMs received
higher mean ratings across all evaluation criteria than did
physician-generated responses. Among the LLMs, Gemini
2.5 and GPT-4 achieved the highest overall mean scores,
followed by DeepSeek v3.2 and Claude Sonnet 4. Physician-
generated responses consistently received lower average
ratings, with the largest differences observed in the scientific
adequacy domain. Measures of dispersion were modest
across all models, indicating a relatively consistent pattern
of scoring among evaluators (Table 2a).

Among expert raters, the single pulmonologist was rated
among the highest, rather than below the models; the
physician received an accuracy/perceived reliability mean
(4.66), nearly identical to Gemini 2.5, which had the highest
mean score (4.67), and a scientific adequacy mean (4.13)
comparable to or higher than most LLMs. Clarity scores
were similar across sources. Standard deviations were small,
indicating consistent expert judgments (Table 2b).

Among layperson raters, differences in mean ratings
across response sources were more pronounced. Across
all evaluation criteria, LLM-generated responses received
higher mean scores than physician-generated responses,
with the largest differences observed in accuracy and clarity.
Gemini 2.5 achieved the highest and most consistent mean
ratings among the LLMs. In contrast, ratings assigned to
physician-generated responses showed greater dispersion,
reflected by higher standard deviations, indicating increased
variability in evaluations by non-expert participants (Table
20).

When mean ratings across all 37 questions were examined
within each evaluation domain (accuracy and perceived
reliability, clarity, and scientific adequacy or practical
usefulness), LLM-generated responses generally showed
higher mean scores, whereas physician-generated responses
tended to cluster toward lower values. Overlapping data
points indicate identical or highly similar scores assigned by
different models to specific questions, reflecting comparable
scoring patterns across models rather than isolated
deviations. These distributions provide a visual summary of
score alignment across questions and evaluation domains
(Figure 1).

Comparative Analyses

A repeated-measures ANOVA demonstrated a significant
main effect of response source across all rater configurations.
When all six raters were included, statistically significant
differences were observed among the five response sources
for all three evaluation criteria (p<0.001). Differences were
most pronounced for accuracy and perceived reliability, both
of which showed the largest effect size (partial n?=0.26). For
all raters: accuracy/perceived reliability, F (4.144)=12.84,
partial n?=0.263; clarity, F (4.144)=10.47, partial n?=0.225;
scientific adequacy/practical usefulness, F (4.144)=11.89,
partial n?=0.248 (all p<0.001). Subgroup analyses for expert
and layperson raters are presented in Supplementary Tables
1-3.

When analyses were restricted to expert pulmonologists,
significant effects of response source remained for accuracy
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Table 2a. Mean (+ SD) scores by response source-all raters

Response source A/PR (mean * SD) C (mean + SD) SA/PU (mean % SD)
Gemini 2.5 4.69+0.54 4.70+0.60 4.43+0.68
GPT-4 4.51+0.61 4.66+0.57 4.22+0.71
DeepSeek v3.2 4.38+0.87 4.48+0.75 4.18+0.80
Claude Sonnet 4 4.38+0.70 4.57+0.60 4.10+0.70
Professor (physician) 4.24+0.97 4.26+0.97 3.9310.92

SD: Standard deviation, A/PR: Accuracy (experts)/perceived reliability (laypersons), C: Clarity, SA/PU: Scientific adequacy (experts)/practical usefulness (laypersons)

Table 2b. Mean (+ SD) scores by response source-experts (E1-E3)

Response source A/PR (mean + SD) C (mean + SD) SA/PU (mean + SD)
Gemini 2.5 4.67+0.51 4.72+0.51 4.20+0.63
GPT-4 4.48+0.60 4.68+0.51 3.92+0.61
DeepSeek v3.2 4.52+0.55 4.61+0.51 4.00+0.69
Claude Sonnet 4 4.39+0.61 4.62+0.52 3.80+0.62
Professor (physician) 4.6610.51 4.59+0.58 4.13+0.65

SD: Standard deviation, A/PR: Accuracy (experts)/perceived reliability (laypersons), C: Clarity, SA/PU: Scientific adequacy (experts)/practical usefulness (laypersons)

Table 2c. Mean (+ SD) scores by response source-laypersons (L1-L3)

Response source A/PR (mean + SD) C (mean = SD) SA/PU (mean % SD)
Gemini 2.5 4.71+0.56 4.68+0.69 4.66+0.65
GPT-4 4.55+0.61 4.64+0.63 4.52+0.67
DeepSeek v3.2 4.23+1.08 4.35+0.92 4.35+0.87
Claude Sonnet 4 4.38+0.79 4.51+0.67 4.40+0.66
Professor (physician) 3.8311.13 3.93+1.16 3.74%1.09

SD: Standard deviation, A/PR: Accuracy (experts)/perceived reliability (laypersons), C: Clarity, SA/PU: Scientific adequacy (experts)/practical usefulness (laypersons)

(perceived reliability) and for scientific adequacy or practical
usefulness, whereas differences in clarity were of smaller
magnitude. In contrast, among layperson raters, significant
differences among response sources were consistently
observed for all evaluation criteria (p<0.001), with larger
effect sizes indicating greater differentiation in mean ratings.

Across subgroup analyses, the direction and magnitude of
differences varied by rater expertise, with LLM advantages
most evident among lay raters. Detailed ANOVA results for
each configuration are provided in Supplementary Tables
1-3.

Given the significant main effects observed, Bonferroni-
adjusted post-hoc tests were performed to determine which
specific model comparisons accounted for these differences.
Detailed pairwise statistics, including mean differences, 95%
confidence intervals, t-values, degrees of freedom, Cohen's
dz, and Bonferroni-adjusted p-values, are provided in
Supplementary Tables 4-6.

When all raters were included, Bonferroni-adjusted pairwise
comparisons showed that Gemini 2.5 and GPT-4 were rated
significantly higher than the physician on all three criteria
(p<0.015), whereas DeepSeek v3.2 did not differ significantly
from the physician on any criterion, and Claude Sonnet
4 differed only for clarity (p=0.010). Among the models,
Gemini 2.5 scored significantly higher than DeepSeek v3.2
and Claude Sonnet 4 on accuracy/perceived reliability and
scientific adequacy/practical usefulness, and higher than
GPT-4 on those two criteria, with no significant difference in
clarity (Table 3a).

Among expert raters, no LLM was rated significantly
higher than the physician on any criterion after Bonferroni
adjustment; however, the physician was rated significantly
higher than Claude Sonnet 4 on accuracy/perceived
reliability (p=0.046) and scientific adequacy (p=0.004).
Experts rated all sources similarly for clarity. These findings
indicate that,among professional evaluators, the experienced
pulmonologist was judged to be at least as accurate and
scientifically adequate as the strongest LLMs (Table 3b).
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Figure 1. Distribution of mean scores per question across
all raters

For each of the 37 questions, the mean Likert score (1-
5, averaged across all six raters) is plotted separately
for accuracy/perceived reliability, clarity, and scientific
adequacy/practical usefulness. The x-axis represents the
question number (1-37), and the y-axis represents the
mean score. Color key: Gemini 2.5, GPT-4, Claude Sonnet
4, DeepSeek v3.2, and the physician. Overlapping markers
indicate identical or closely similar means

Layperson raters’ evaluations revealed statistically
significant differences between response sources across all
evaluation domains (p<0.001). Across measures of accuracy
and perceived reliability, clarity, and scientific adequacy or
practical usefulness, LLM-generated responses received
higher mean ratings than physician-generated responses,
with Gemini 2.5 and GPT-4 showing slightly higher mean
ratings than Claude Sonnet 4 and DeepSeek v3.2. These
differences were most pronounced for accuracy and for
perceived reliability and clarity. Overall, lay evaluators

consistently assigned higher ratings to LLM-generated
content across domains, reflecting differences in perceived
quality and usability rather than isolated rating effects
(Table 3c).

Discussion

The present study demonstrated slight single-measure
inter-rater reliability (ICC 0.09-0.12) and fair-to-moderate
average-measure (ICC 0.36-0.45) inter-rater reliability,
which is acceptable within the context of subjective,
communication-focused assessments. Across evaluation
domains, LLM responses received higher mean ratings than
the physician did overall; however, this pattern was driven
by lay raters. Expert raters rated the physician among the
highest for accuracy and scientific adequacy, and no LLM
significantly exceeded the physician's performance. Answer
length was also positively associated with ratings across
sources (Pearson r=0.73), identifying response length/format
as a potential confounder. Mean response lengths differed
across sources, with Gemini 2.5 producing the longest
responses (approximately 33 words), followed by DeepSeek
v3.2 (approximately 21 words), GPT-4 (approximately 20
words), the physician-generated responses (approximately
18 words), and Claude Sonnet 4 (approximately 14 words).
Repeated-measures ANOVA confirmed a significant main
effect of response source across all criteria, which was
most pronounced for accuracy and perceived reliability. The
divergence between lay and expert raters underscores the
stronginfluence of evaluator background on communication-
focused assessments.

These findings are broadly consistent with prior studies
examining LLM performance in patient-oriented medical
communication, while also highlighting important nuances.
Inacomparable study evaluating responsestorheumatology-
related patient questions, both rheumatologists and patients
assessed LLM-generated and clinician-generated answers.
Although patient ratings did not differ significantly between
the two approaches in terms of comprehensiveness or
readability, rheumatologists rated LLM responses lower
with respect to accuracy and completeness, and preference
rates differed markedly between patients and experts®™. In
contrast, our study found higher ratings for LLM-generated
responses, particularly among layperson raters, whereas
differences within the expert subgroup were less pronounced.
Notably, no statistically significant differences were found in
clarity scores between LLM and physician responses.
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Table 3a. Bonferroni-adjusted pairwise comparisons (p)-all raters

Comparison A/PR (p) C(p) SA/PU (p)
Claude Sonnet 4 vs. DeepSeek v3.2 1.000 1.000 1.000
Claude Sonnet 4 vs. GPT-4 0.349 1.000 0.752
Claude Sonnet 4 vs. Gemini 2.5 <0.001 0.365 <0.001
Claude Sonnet 4 vs. Professor 1.000 0.010 0.541
DeepSeek v3.2 vs. GPT-4 0.365 0.025 1.000
DeepSeek v3.2 vs. Gemini 2.5 <0.001 0.021 0.021
DeepSeek v3.2 vs. Professor 1.000 0.218 0.136
GPT-4 vs. Gemini 2.5 0.009 1.000 0.011
GPT-4 vs. Professor <0.001 <0.001 0.015
Gemini 2.5 vs. Professor <0.001 <0.001 <0.001
A/PR: Accuracy (experts)/perceived reliability (Laypersons), C: Clarity, SA/PU: Scientific adequacy (experts)/practical usefulness (laypersons)

Table 3b. Bonferroni-adjusted pairwise comparisons (p)-experts only

Comparison A/PR (p) C(p) SA/PU (p)
Claude Sonnet 4 vs. DeepSeek v3.2 0.789 1.000 0.130
Claude Sonnet 4 vs. GPT-4 1.000 1.000 1.000
Claude Sonnet 4 vs. Gemini 2.5 0.010 1.000 <0.001
Claude Sonnet 4 vs. Professor 0.046 1.000 0.004
DeepSeek v3.2 vs. GPT-4 1.000 1.000 1.000
DeepSeek v3.2 vs. Gemini 2.5 0.404 1.000 0.699
DeepSeek v3.2 vs. Professor 1.000 1.000 1.000
GPT-4 vs. Gemini 2.5 0.095 1.000 0.026
GPT-4 vs. Professor 0.132 1.000 0.284
Gemini 2.5 vs. Professor 1.000 1.000 1.000
A/PR: Accuracy (experts)/perceived reliability (Laypersons), C: Clarity, SA/PU: Scientific adequacy (experts)/practical usefulness (laypersons)

Table 3c. Bonferroni-adjusted pairwise comparisons (p)-laypersons only

Comparison A/PR (p) C(p) SA/PU (p)
Claude Sonnet 4 vs. DeepSeek v3.2 0.844 0.595 1.000
Claude Sonnet 4 vs. GPT-4 0.351 1.000 1.000
Claude Sonnet 4 vs. Gemini 2.5 <0.001 0.628 0.036
Claude Sonnet 4 vs. Professor <0.001 <0.001 <0.001
DeepSeek v3.2 vs. GPT-4 0.021 0.019 0.814
DeepSeek v3.2 vs. Gemini 2.5 <0.001 0.019 0.013
DeepSeek v3.2 vs. Professor 0.007 0.016 <0.001
GPT-4 vs. Gemini 2.5 0.040 1.000 1.000
GPT-4 vs. Professor <0.001 <0.001 <0.001
Gemini 2.5 vs. Professor <0.001 <0.001 <0.001

Bold p-values indicate p<0.05, (p) computed on per-question means (n=37) with Bonferroni correction
A/PR: Accuracy (experts)/perceived reliability (Laypersons), C: Clarity, SA/PU: Scientific adequacy (experts)/practical usefulness (Laypersons)
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Similar patterns have been reported in other clinical
contexts. An emergency medicine study comparing LLM-
generated patient education responses with those produced
by orthopedic clinicians found more favorable ratings for
Al-generated content across multiple domains, aligning
with the communication-related advantages observed in
our study"®. Likewise, investigations focusing on patient
questions related to lung cancer surgery reported high
ratings for both accuracy and clarity of LLM responses,
while emphasizing that such systems should be used as
educational or supportive tools rather than as independent
clinical decision-makerst.

In contrast, studies assessing diagnostic and triage
performance present a more cautious perspective.
Evaluations comparing LLMs with physicians and laypersons
have shown that while LLMs may outperform non-experts
and provide information perceived as more useful than
conventional search engine outputs, they continue to
underperform physicians in diagnostic accuracy and complex
clinical reasoning tasks". Similarly, a recent systematic
review reported that although LLMs can achieve accuracy
comparable to specialists in selected imaging-related tasks,
they remain limited in patient-centered communication and
clinicalreasoning, reinforcing the ongoing necessity ofhuman
clinical expertise!™. Consistent with these observations, Liu
et al.”? demonstrated that LLMs performed below senior
physicians in pulmonary diagnostic tasks, highlighting the
distinction between theoretical knowledge synthesis and
integrative, experience-based diagnostic reasoning.

Beyond comparisons between physicians and Al systems,
our findings also point to differences among LLMs. Although
Gemini 2.5 achieved higher mean ratings in several domains,
these differences did not consistently reach statistical
significance in assessments by expert evaluators. Among
laypersons, however, Gemini 2.5 was rated more favorably
than other models, suggesting that communicative fluency
and interpretability may play a stronger role in public
perception than domain-specific accuracy alone. This
observation aligns with findings from intensive care medicine,
where GPT-4-based models demonstrated high accuracy but
were also associated with increased computational demands
and concerns regarding confidently incorrect outputs,
underscoring the importance of ongoing validation prior to
broader clinical adoption®".

Multiple evaluations of medical Al systems have further
identified  persistent  challenges, including logical

inconsistencies, contextual fragmentation, and limitations
in deep diagnostic reasoning®#). As Turner® has noted,
trust remains an ethical concept that is difficult to ascribe
to algorithmic systems lacking moral agency. In this context,
the present findings support the view that LLMs should
be regarded as adjunctive tools designed to augment-
rather than replace-physicians. Their greatest potential
lies in supporting medical communication and information
delivery, while human clinicians remain essential for clinical
judgment, accountability, empathy, and holistic decision-
making at the core of medical practice.

Study Limitations

This study has several Llimitations. First, physician responses
were obtained from a single pulmonologist, which may
Llimit the generalizability of the findings to broader clinical
practice. Second, the number of evaluators was limited,
restricting the extent to which the results can be considered
representative of larger expert and lay populations.
Third, all primary outcome measures were based on
subjective ratings of communication quality rather than
on objective assessments of factual correctness or clinical
validity. In addition, although prompts were predefined
and Al-generated responses were archived at the time of
evaluation, LLMs are continuously updated, which may
affect reproducibility across different model versions. The
study focused on perceived communication quality and the
usefulness of information; therefore, the findings should
not be interpreted as reflecting diagnostic accuracy, clinical
reasoning performance, or decision-making capability. In
addition, perceived accuracy was rated by humans without
gold standard (e.g., guideline-based) adjudication of
factual correctness; the human comparator was a single
pulmonologist, limiting generalizability to physicians as
a group; the question set did not undergo formal content
validation; response length differed across sources and was
positively associated with ratings, representing a potential
format confounder; repeated-measures ANOVA, rather
than mixed-effects modeling, was used for the primary
comparisons. The linguistic and contextual characteristics of
the questions and evaluators may also limit generalizability
to other languages or health care settings.

Conclusion

This study suggests that current LLMs can generate
pulmonology-related medical information that is perceived
as clear and scientifically adequate by both expert and non-
expert audiences. Although some models received higher
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communication-related ratings, these results should be
interpreted in light of the subjective nature of the evaluations
and do not imply equivalence to clinical expertise. The
advantage of LLMs was driven mainly by lay raters; among
expert raters, the single pulmonologist was rated at least as
highly as the strongest models for accuracy and scientific
adequacy.

Importantly, the results underscore that LLMs are best
viewed as supportive tools rather than as substitutes for
physicians. Human clinicians remain essential for clinical
reasoning, contextual judgment, empathy, and professional
accountability. Accordingly, the integration of Al-assisted
information delivery with physician oversight may enhance
patient communication while preserving the central role of
human expertise in medical practice.
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Abstract

Objective: This study aimed to investigate the cardiovascular impact of an augmented dexamethasone protocol in preterm infants with bronchopulmonary
dysplasia (BPD), specifically evaluating changes in hemodynamic parameters before and after treatment.

Methods: A retrospective analysis was conducted on 20 preterm infants (median gestational age: 28 weeks; median birth weight: 1245 g) who received
an augmented steroid regimen. Hemodynamic data, including heart rate and arterial blood pressure, were collected from neonatal intensive care unit
monitoring and were analyzed using the Wilcoxon signed-rank test. Demographic characteristics were compared with established Literature to ensure that
the cohort was representative of the high-risk BPD population.

Results: Statistical analysis revealed a significant elevation in systolic blood pressure following steroid administration (p=0.006, Z=1.932, r=0.43). In contrast,
no statistically significant differences were observed in heart rate (p=0.131), diastolic blood pressure (p=0.872), and mean arterial pressure (p=0.228). While
existing literature often reports a higher risk of BPD and mortality in male infants, this study found no significant gender-based differences in clinical
characteristics or in treatment response, suggesting a homogeneous response to the standardized protocol across the cohort.

Conclusion: The findings demonstrate that an augmented dexamethasone protocol is associated with a significant increase in systolic blood pressure,
underscoring the dose-dependent nature of corticosteroid-induced cardiovascular adverse effects. Given the increased risk of systemic hypertension, it is
critically important to prioritize dose optimization and implement rigorous hemodynamic monitoring during therapy. Prospective trials are essential to
refine personalized treatment strategies and to ensure the long-term cardiovascular safety of preterm infants receiving steroid treatment for BPD.
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Ay et al. Augmented Low-dose Dexamethasone in Preterm Infants

Amagc: Bu calisma, bronkopulmoner displazisi (BPD) olan prematiire bebeklerde artiritmig distik doz deksametazon protokoliiniin kardiyovaskiiler
etkilerini arastirmayi hedeflemistir; dzellikle tedavi Gncesi ve sonrasi hemodinamik parametrelerdeki degisiklikleri degerlendirerek.

Yontem: Artirilmis steroid rejimi alan 20 premature bebekte geriye donik bir analiz gerceklestirildi (ortalama gebelik stiresi: 28 hafta; ortalama dogum
agirligi: 1245 g). Kalp atis hizi ve arteriyel kan basinci gibi hemodinamik veriler, yenidogan yogun bakim (nitesi izlemiyle toplanarak Wilcoxon imzali
rank testi ile analiz edildi. Kohortun ytiksek riskli BPD poptlasyonunu temsil ettiginden emin olmak amaciyla demografik 6zellikler, mevcut literaturle
karsilastiritmistir.

Bulgular: istatistiksel analiz, steroid uygulamasindan sonra sistolik kan basincinda anlamli bir yiikselme gésterdi (p=0,006, Z=1,932, r=0,43). Buna karsilik,
kalp atis hizinda (p=0,131), diyastolik kan basincinda (p=0,872) ve ortalama arteryel basincta (p=0,228) istatistiksel olarak anlamli farklar gézlenmedi.
Mevcut Literatiir erkek bebeklerde BPD ve mortalite riskinin daha yuksek oldugunu bildirirken, bu calismada klinik 6zelliklerde veya tedavi yanitinda
anlamli cinsiyet farklar bulunmadi; standardize protokole homojen kohort yaniti dneriliyor.

Sonuc: Bulgular, artirilmis deksametazon protokoliinin sistolik kan basincinda dikkate deger ve anlamui bir artisla iliskili oldugunu géstermektedir;
bu, kortikosteroid kaynakli kardiyovaskiler yan etkilerin doza bagli dodasini vurgulamaktadir. Sistemik hipertansiyon riskinin artmasi nedeniyle, doz
optimizasyonuna oncelik verilmesi ve tedavi sirasinda titiz hemodinamik izleme yapilmasi kritik 6neme sahiptir. Gelecekteki prospektif calismalar,
kisisellestirilmis tedavi stratejilerini rafine etmek ve BPD icin steroid tedavisi goren premattire bebeklerin uzun vadeli kardiyovaskiler guvenligini saglamak
amaciyla zorunludur.

Anahtar Kelimeler: Bronkopulmoner displazi, prematiire bebekler, deksametazon, sistemik hipertansiyon

Introduction high-dose use is associated with serious cardiac side effects,
such as hypertension and hypertrophic cardiomyopathy®@®,
Therefore, the effects of steroid doses used to treat BPD in
premature infants on the cardiac system should be evaluated
in detail with respect to both short- and long-term outcomes.
In the literature, systemic steroid treatment regimens for
BPD are classified as low-dose (cumulative dose under 2
mg/kg), medium-dose (2-4 mg/kg), and high-dose (4-8 mg/
kg)?. Studies related to dexamethasone: a randomized trial
(DART) and augmented low-dose systemic steroid treatment
protocols are available in the literature®®®. This evaluation
will contribute to treatment guidelines by retrospectively
examining the hemodynamic side effects of the augmented
low-dose protocol in preterm infants, which falls within
the low-dose systemic steroid treatment regimen, based
on echocardiograms, electrocardiograms, and neonatal
intensive care follow-up®. This study specifically aims to
identify adverse hemodynamic effects!®V. Evidence indicates
that antenatal glucocorticoids accelerate the maturation of
the fetal respiratory and cardiovascular systems and are
effective in preventing and treating postnatal respiratory
distress syndrome“?. However, the short- and long-term
effects of these treatments, especially antenatal maternal
corticosteroid use in cases of high-risk preterm birth, on fetal
circulation and cardiac function are not fully understood"?.
The benefits of postnatal steroid treatment, such as
accelerating weaning from mechanical ventilation and
improving respiratory outcomes in preterm infants with BPD,
have been demonstrated clinically®. Nevertheless, these

Prematurity, especially when associated with serious
respiratory disorders such as bronchopulmonary dysplasia
(BPD), is a significant cause of morbidity and mortality in
neonatal intensive care units®. In these cases, steroid therapy
for developing BPD is an accepted primary treatment aimed
atimproving respiratory status and facilitating extubation3.
However, ongoing research on corticosteroid dosages and
their hemodynamic side effects is critically important for
determining optimal treatment strategies®. In this context,
the potential effects of steroid treatment administered
at doses higher than those used in the low-dose steroid
protocol on the cardiac function in premature infants,
particularly regarding long-term outcomes, require in-
depth examination. Hemodynamic dysfunction is a common
complication, and steroid interactions during this sensitive
period may lead to revisions to treatment protocols™. In
extremely preterm newborns, significant respiratory distress
due to impaired pulmonary compliance despite surfactant
treatment, together with interventions such as mechanical
ventilation and hyperoxic gas mixtures, increases
susceptibility to chronic pulmonary disorders®”. Although
the role of corticosteroids in preventing and treating these
chronic disorders is undisputed, the hemodynamic risks
associated with optimal dosage and timing of administration
have not been fully elucidated®®. Although synthetic
glucocorticoids, such as dexamethasone, have been shown
to be effective in reducing the risk of BPD in preterm infants,
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benefits must be carefully balanced against possible short-
and long-term side effects such as systemic hypertension,
hyperglycemia, growth retardation, gastrointestinal bleeding,
intestinal perforation, and hypertrophic cardiomyopathy®,
Therefore, the optimal dose and duration of postnatal steroid
treatment should be meticulously determined, considering
both pulmonary benefits and cardiac risks®),

Specifically, the effects of steroids administered at doses
higher than those used in the DART protocol on myocardial
growth, functional changes, and vascular remodeling in
preterm infants need to be comprehensively examined®.
In this context, the maturational effects of antenatal
glucocorticoid treatment on fetal heart structure and energy
metabolism should be compared with the hemodynamic
outcomes of postnatal steroid treatment, and the impacts
of different dosage regimens on the cardiovascular system
should be detailed™. Additionally, evaluating the potential
effects of such dose differences on hemodynamic parameters
such as myocardial hypertrophy, changes in hemodynamic
output, and vascular resistance will provide valuable insights
for clinical practice. Moreover, the effects of corticosteroid
use in preterm infants on long-term cardiovascular
outcomes represent a critical research area for assessing
the risks of cardiometabolic diseases in adulthood®. Given
cortisol's biological roles and the potential of exogenous
hydrocortisone to prevent complications of adrenal
insufficiency in preterm infants, the hemodynamic effects
of different steroid types should be compared®. From this
perspective, our study will enhance understanding of the
short- and long-term effects of varying steroid dosages on
preterm infants' cardiac health, thereby contributing to the
optimization of clinical treatment approaches®.

In this study, the hemodynamic effects of augmented low-
dose systemic steroid treatment, compared with the DART
protocol, were retrospectively examined in premature
infants who developed BPD. The hemodynamic effects
of these groups were evaluated using echocardiography,
electrocardiography, and follow-up in the neonatal intensive
care unit. This study aimed to characterize pre- and post-
treatment hemodynamic adverse effects of dexamethasone
in preterm infants diagnosed with BPD who had no
echocardiographic evidence of hypertrophic cardiomyopathy
or ventricular wall thickening. This approach will contribute
to treatment optimization by providing clinical evidence for
discussions of dosage in the literature.
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Materials and Methods
Data Collection and Study Design

20 premature infants diagnosed with BPD and treated with
augmented low-dose systemic steroid therapy according
to the DART protocol in the Neonatal Intensive Care
Unit of izmir Democracy University Buca Seyfi Demirsoy
Training and Research Hospital, within the last five years,
were included in the retrospective cohort study. Data were
collected by reviewing epicrisis reports, patient files, and
electronicrecords. The collected data encompassed prenatal,
perinatal, and postnatal histories; maternal age; gestational
age; birth weight; Apgar scores; duration of hospital stay;
steroid initiation day and duration; durations of respiratory
support; discharge weight; oxygen requirement at 36 weeks;
pre- and post-steroid heart rates and systolic and diastolic
blood pressures; tricuspid regurgitation and right ventricular
systolic pressure; physical examination findings; medical
and family history; vital signs; and electrocardiogram
and echocardiography reports. Post-steroid comprised
measurements obtained within 24 hours of completing the
10-day steroid treatment.

A neonatal intensive care specialist diagnosed BPD according
to the Turkish Neonatology Guideline and arranged steroid
and other treatments provided in the intensive care unit in
accordance with the current guideline®®?,

Study Steroid Treatment Protocol

The DART protocol is a low-dose dexamethasone regimen
developed to facilitate extubation and prevent BPD in
ventilator- and oxygen-dependent preterm infants who
have developed BPD or are at risk of it+?. This protocol
involves intravenous administration over 10 days, consisting
of tapering doses targeting a total cumulative dose of 0.89
mg/kg of dexamethasone®??". Our study included 20 preterm
infants diagnosed with BPD who received an augmented
low-dose steroid treatment that differed from the DART
protocol. The median cumulative steroid dose administered
to these patients was 1.35 mg/kg. We verified individualized
cumulative doses for all participants to ensure adherence
to the protocol; we excluded infants receiving non-standard
dosages. The institutional low-dose dexamethasone regimen
involved intravenous administration of 0.2 mg/kg/day (days
1-3), 0.15 mg/kg/day (days 4-6), and 0.1 mg/kg/day (days
7-9) W8,
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Exclusion Criteria

Patients not included in the study were excluded according
to the following criteria:

e Premature infants treated with a median cumulative
steroid dose other than 1.35 mg/kg.

* Patients with missing prenatal, perinatal, postnatal
history, physical examination, vital signs, echocardiography
data in their files.

* Patients in whom congenital heart disease was detected
on echocardiography.

* Patients diagnosed with conditions other than BPD
according to the Turkish Neonatology Society guideline.

* Patients with chromosomal anomalies, major congenital
malformations, or congenital surfactant deficiency.

* Patients receiving alternative systemic steroid treatments
(e.g., hydrocortisone), as well as neonates receiving
inotropes with known hemodynamic effects. Patients with
high gestational age/birth weight.

» Patients who developed acute kidney injury-defined as a
serum creatinine rise 0.3 mg/dL within 48 hours or oliguria
(<1 ml/kg/h) for =24 hours during neonatal intensive care
unit follow-up-were excluded from the study®?.

Statistical Analysis

Statistical analyses were performed using the open-
source software JASP (version 0.95.4)®. Continuous
variables were expressed as mean + standard deviation if
normally distributed or as median (minimum-maximum)
if not. Categorical variables were presented as numbers
(percentages). Normality of continuous data was assessed
using the Kolmogorov-Smirnov test. Bivariate associations
between continuous variables were evaluated using
Pearson's correlation coefficient for normally distributed
data and Spearman's rank correlation coefficient for non-
normally distributed data. Differences between categorical
variables were investigated using the chi-square test
(or Fisher's exact test if expected cell counts were <5).
Comparisons of quantitative variables between independent
groups were performed using Student's independent t-test
or for non-normally distributed parameters. Paired pre- and
post-steroid comparisons were analyzed using paired t-tests
or Wilcoxon signed-rank tests, as appropriate. A p-value
<0.05 was considered statistically significant for all tests.

Ethics Committee Approval

Ethical approval for this study was obtained from the izmir
Democracy University Buca Seyfi Demirsoy Training and
Research Hospital Non-Interventional Research Ethics
Committee (approval no: 2025/530, date: 26.11.2025). The
study was conducted in accordance with the ethical principles
of the Declaration of Helsinki, and the committee approved a
waiver of informed consent for the retrospective analysis of
anonymized patient data.

Results

Of the patients included in the study, 4 were born via normal
vaginal delivery, while the other 16 were born via cesarean
section. The prenatal diagnoses were as follows: gestational
diabetes in 2 patients, premature rupture of membranes
in 2 patients, maternal hypertension in 2 patients, and
chorioamnionitis in 1 patient. Surfactant was administered
to 15 patients.

According to the echocardiography reports, the diagnoses
documented in the patients' final echocardiograms prior to
discharge were as follows: in 1 patient, surgical ligation had
been performed for a hemodynamically significant patent
ductus arteriosus (PDA) 2 weeks prior to dexamethasone
initiation; a hemodynamically insignificant PDA was present
in 2 patients; a medium-sized (5-6 mm) secundum atrial
septal defect was present in 2 patients; and pulmonary
hypertension was not detected in any of the patients who were
evaluated with pre- and- post-steroid echocardiography.
Echocardiographic evaluation revealed no evidence of
hypertrophic  cardiomyopathy, interventricular septal
thickening, or ventricular wall thickening in any of the
patients.

Analysis of the demographic and clinical characteristics
of the 20 preterm infants included in our study revealed
a median maternal age of 27 years (range: 19-39). The
median gestational age was 28 weeks (range: 21-32 weeks),
and the median birth weight was 1245 grams (range: 620-
1925 grams). The median duration of hospital stay was
determined to be 52 days (range: 16-120). The median time
to initiation of steroid therapy was 29 days (range: 6-59
days). The median discharge weight was 2800 grams (range:
1805-3130) (Table 1).

Throughout the follow-up period, the mechanical ventilation
parameters of enrolled patients were systematically recorded
and included in the analysis, whereas incubator and nasal-
cannula oxygen support were not included in the quantitative
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Table 1. Demographic and clinical characteristics of the preterm infants included in the study

Variables Median Minimum Maximum
Maternal age (years) 27 19 39
Gestational age (weeks) 28 21 32
Birth weight (g) 1245 620 1925
Length of hospital stay (days) 52 16 120
Postnatal age at steroid initiation (days) 29 6 59
1-minute Apgar score 1

5-minute Apgar score 5

Duration of invasive mechanical ventilation (days) 3 91
Duration of non-invasive mechanical ventilation (days) 15 0 59
Total duration of invasive and non-invasive respiratory support (days) 45 12 91
Weight at discharge (g) 2800 1805 3130
Oxygen saturation at 36 weeks (%) 97 90 100
Pre-steroid heart rate (bpm) 154 133 168
Post-steroid heart rate (bpm) 142 128 180
Pre-steroid systolic pressure (mmHg) 79 71 96
Pre-streoid diastolic pressure (mmHg) 43 22 52
Pre-steroid mean arterial pressure (mmHg) 56 39 65
Post-steroid systolic pressure (mmHg) 87 70 95
Post steroid diastolic pressure (mmHg) 38 35 55
Post-steroid mean arterial pressure (mmHg) 55 47 67

evaluation. Regarding the duration of respiratory support,
the median duration of invasive mechanical ventilation was
9 days (range: 3-91), and that of non-invasive mechanical
ventilation was 15 days (range: 0-59). The median total
duration of respiratory support was 45 days (range: 12-91
days). At the 36" week, the median oxygenation level was
97% (range: 90-100%) (Table 1).

Upon evaluation of hemodynamic parameters, the median
pre-steroid heart rate was 154 (range: 133-168) beats per
minute, whereas the median post-steroid heart rate was 142
(range: 128-180) beats per minute. The median pre-steroid
systolic and diastolic blood pressures were 79 (range: 71-96)
mmHg and 43 (range: 22-52) mmHg, respectively. Following
steroid treatment, the medians were 87 (range: 70-95)
mmHg for systolic and 38 (range: 35-55) mmHg for diastolic
pressure. Pre-steroid mean arterial pressure 56 (range:
39-65) mmHg and post-steroid mean arterial pressure 55
(range: 47-67) mmHg. Median Apgar scores were 5 (range,
1-8) at 1 minute and 7 (range, 5-8) at 5 minutes (Table 1).
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Demographic and Clinical Characteristics by Gender

Demographic and clinical characteristics by gender
are presented in detail in Table 2. Upon analysis of the
demographic data, the median maternal age was 27 years
among mothers of female neonates and 28 years among
mothers of male neonates (p=0.756). The median gestational
age was 28 weeks for female infants and 26 weeks for male
infants (p=0.150), while the median birth weight was 1395
g for female infants and 1190 g for male infants (p=0.305).
Median Apgar scores at the 1t minute were 5 for females and
4 for males (p=1.0); at the 5" minute, they were 7 for females
and 6 for males (p=0.608; Table 2).

The median length of hospital stay was 62 days for female
neonates and 46 days for male neonates (p=0.463).
Additionally, the median postnatal age at the initiation of
steroid therapy was 35 days in females and 25 days in males
(p=0.096).

Interms of respiratory support durations, the median duration
of invasive mechanical ventilation was 8 days in females and
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Table 2. Analysis of demographic variables and clinical outcomes between male and female infants

Female neonates Male neonates
Variables (n=8) (n=12) p-value
median (Q1-Q3) median (Q1-Q3)

Maternal age (years) 27 (21-31) 28 (22-30) 0.756
Gestational age (weeks) 28 (27-30) 26 (24-28) 0.150
Birth weight (gr) 1395 (1163-1563) 1190 (767-1360) 0.305
1-minute Apgar score 5 (4-6) 4 (3-6) 1.0
5-minute Apgar score 7 (6-8) 6 (6-7) 0.608
Length of hospital stay (days) 62 (46-72) 46 (36-71) 0.463
Postnatal age at steroid initiation (days) 35 (29-44) 25 (15-30) 0.096
Duration of invasive mechanical ventilation (days) 8 (5-11) 14 (7-25) 0.332
Duration of non-invasive mechanical ventilation (days) 12 (5-28) 17 (0-41) 0.814
Total duration of respiratory support (days) 30 (22-43) 63 (24-69) 0.111
Weight at discharge (g) 2860 (2680-2953) 2770 (2504-2903) 0.694
Oxygen saturation at 36 weeks (%) 98 (97-99) 97 (96-98) 0.546
Pre-steroid heart rate (bpm) 158 (151-165) 153 (138-155) 0.069
Post-steroid heart rate (bpm) 154 (140-161) 139 (133-149) 0.960
Pre-steroid systolic blood pressure (mmHg) 79 (72-85) 79 (73-85) 1.0
Pre-steroid diastolic blood pressure (mmHg) 43 (41-47) 42 (41-48) 0.938
Pre-steroid mean arterial pressure (mmHg) 57 (54-58) 55 (51-58) 0.508
Post-steroid systolic blood pressure (mmHg) 85 (71-89) 88 (83-92) 0.437
Post-steroid diastolic blood pressure (mmHg) 38 (37-55) 38 (36-46) 0.504
Post-steroid mean arterial pressure (mmHg) 55 (48-64) 55 (53-57) 0.908

14 days in males (p=0.332); the median duration of non-
invasive mechanical ventilation was 12 days in females and
17 days in males (p=0.814); and the median total duration of
respiratory support was 30 days in females and 63 days in
males (p=0.111). The median weight at discharge was 2860 g
in females and 2770 g in males (p=0.694). Oxygen saturation
at 36 weeks was 98% in females and 97% in males (p=0.546).

Upon examination of hemodynamic parameters, the median
pre-steroid heart rates were 158 bpm in female neonates and
153 bpm in male neonates (p=0.069); the median post-steroid
heart rates were 154 bpm in female neonates and 139 bpm
in male neonates (p=0.960). The median pre-steroid systolic
blood pressure was 79 mmHg in both females and males
(p=1.0); the median pre-steroid diastolic blood pressure was
43 mmHg and 42 mmHg, respectively (p=0.938). Post-steroid
systolic blood pressures were 85 mmHg in females and 88
mmHg in males (p=0.437), and diastolic blood pressures
were 38 mmHg in both groups (p=0.504). Pre-steroid mean
arterial pressure was 57 and 55 mmHg (p=0.508); post-steroid

mean arterial pressure was 55 and 55 mmHg (p=0.908). No
statistically significant differences were observed between
genders across all parameters analyzed (Table 2).

Hemodynamic Findings Before and After Steroid Treatment

The impact of steroid therapy on hemodynamic parameters
was evaluated using the Wilcoxon signed-rank test, a paired-
samples test. No statistically significant difference was
observed between pre- and post-steroid heart rates (p=0.131,
Z=-1.529, r=0.34). In contrast, a significant change was
noted when comparing pre- and post-steroid systolic blood
pressure (p=0.006, Z=1.932, r=0.43), indicating an increase
in systolic blood pressure following steroid administration.
However, no statistically significant difference was detected
between pre- and post-steroid diastolic blood pressure
(p=0.872, 7=-1.181, r=0.04). Furthermore, mean arterial
pressure values were analyzed to determine the differences
between pre- and post-administration measurements
(p=0.228, Z=0.765, r=0.20) (Table 3, Figures 1-4).
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Table 3. Comparative analysis of hemodynamic parameters before and after steroid treatment

Pre-post steroid data W z r p-value
Pre-post steroid heart rate 133.00 -1.529 0.34 0.131
Pre-post steroid systolic pressure 47.00 1.932 0.43 0.006
Pre-post streoid diastolic pressure 99.50 -0.181 0.04 0.872
Pre-post steroid mean arterial pressure 76.00 -0.765 0.20 0.228
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Figure 2. Distribution of systolic pressure before and after
augmented dexamethasone treatment

Discussion

Demographic data in our study are consistent with those
reported in the existing literature for preterm infants who
develop BPD@Y, Within the general cohort, the median
maternal age was 27 years. The median gestational age was
27 weeks for female infants and 28 weeks for male infants
(overall median: 28 weeks). The median birth weight was
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Figure 4. Distribution of mean arterial pressure before and
after augmented dexamethasone treatment

1395 g for females and 1190 g for males (overall median:
1245 g), while the median length of hospital stay was 62
days for females and 46 days for males (overall median:
52 days). These values parallel the demographic profiles
typically reported in populations at risk for BPD; for example,
gestational age <28 weeks and birth weight <1500 g are
standard cohort criteria in systemic steroid studies®?,
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As the differences between genders were not statistically
significant, the cohort's homogeneity is consistent with that
of similar retrospective and randomized controlled trial
cohorts in the literature®. However, findings in the literature
suggest that male preterm infants face higher risks of BPD
and pulmonary hypertension and have higher mortality than
female preterm infants??), Conversely, some studies indicate
that female infants tend to have lower birth weights and are
weaned from supplemental oxygen later than male infants®.
In this context, the absence of significant differences between
genders in BPD development or steroid treatment response
in our study may reflect the unique clinical characteristics of
this population (e.g., similar distributions of gestational age
and birth weight) or the potential effects of a standardized
treatment approach®,

Furthermore, the literature reports that male preterm infants
require corticosteroid therapy more frequently (23.6% in
males vs. 20.1% in females) and receive more repeat courses
(mean 1.67 in males vs. 1.59 in females)®?®. This discrepancy
may be associated with hormonal differences or with the
more severe disease progression often observed in males;
therefore, the role of sex in BPD pathogenesis warrants
further investigation to facilitate personalized treatments®.
In this regard, a deeper understanding of the role of sex in
BPD pathogenesis and treatment response is critical for
developing personalized therapeutic strategies. Further
research into the sex-specific effects of steroid dosages
and timing could contribute to treatment optimization
by elucidating the underlying biological mechanisms.
Additionally, the significant change in systolic blood pressure
observed in our study warrants detailed investigation of
the cardiovascular regulatory mechanisms associated with
steroid therapy in preterm infants.

Our study investigated the hemodynamic effects of
corticosteroidtherapyin preterminfantswith BPD, specifically
evaluating dose variations by pre- and post-administration
measurements. The findings provide significant insights into
the safety and efficacy of corticosteroid use in this population,
particularly when compared with widely accepted low-dose
strategies®®. The slightly higher steroid dose used in our
study resulted in a significant increase in systolic blood
pressure?, This observation aligns with meta-analyses
reporting an elevated risk of systemic hypertension in
regimens in which the dexamethasone dose exceeds 0.25
mg/kg and supports the conclusion that the cardiovascular
adverse effects of corticosteroids are dose-dependent®2),

Consequently, given that the risk of hypertension increases in
regimens where the dexamethasone dose exceeds 0.25 mg/
kg/day, it is critical to prioritize dose optimization, evaluate
alternatives such as hydrocortisone that may carry lower
cardiovascular risks,and elucidate long-term hemodynamic
effects through prospective randomized controlled
trials®*9 Advancing our understanding in these areas is
essential for improving BPD outcomes and refining current
therapeutic strategies®®3.

In preterm infants with BPD, systemic steroid use does
not reduce mortality; however, dexamethasone decreases
the risk of BPD but may increase the risk of hypertension
and hyperglycemia®®. Such effects on hemodynamic
parameters are particularly significant in studies comparing
different dosage regimens, where high-dose protocols
have been reported to shorten the duration of mechanical
ventilation while potentially increasing adverse effects,
such as hypertension and hyperglycemia®. In this context,
the significant change in systolic blood pressure caused by
our augmented low-dose steroid protocol highlights the
delicate balance between dose optimization and minimizing
hemodynamic side effects in BPD management. Indeed,
studies evaluating changes in blood pressure and heart
rate relative to corticosteroid dosages have demonstrated
the direct impact of these pharmacological agents on the
cardiovascular system”?) This situation emphasizes that
the benefit-risk balance of steroid use must be carefully
evaluated, particularly in the management of BPD in preterm
infants. Although the use of steroids in the treatment of
BPD offers undeniable therapeutic benefits, individualizing
dosage adjustments is critical to minimize potential adverse
effects on hemodynamic function®?,

Study Limitations

This study is subject to several limitations. The small
sample size and retrospective design primarily constrain the
generalizability of the findings, owing to inherent challenges
in conducting prospective studies among preterm infants.
Additionally, the lack of long-term cardiovascular outcome
assessments precludes definitive conclusions regarding the
protocol's overall safety profile. Accordingly, prospective
randomized controlled trials with larger cohorts and longer
follow-up are essential to comprehensively evaluate the
effects of augmented steroid dosages on clinical outcomes.
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Conclusion
This study retrospectively evaluated the adverse
hemodynamic effects of an augmented low-dose

dexamethasone protocol in preterm infants who developed
BPD, using echocardiography, electrocardiography, and
neonatal intensive care unit follow-up data. Our findings,
consistent with existing Lliterature, demonstrate that
increases in steroid dosages can lead to significant effects
on blood pressure and may have long-term consequences
for hemodynamic function. This retrospective analysis
underscores the need for a more comprehensive
investigation into the relationship between steroid dosage
and hemodynamic adverse effects and further supports
the evidence that dexamethasone elevates the risk of
systemic hypertension. On the other hand, the observation
that hydrocortisone does not consistently reduce BPD risk
even at high doses, nor does it show a marked increase
in cardiovascular adverse effects, suggests that the
hemodynamic profiles of different corticosteroids may
diverge.
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Predictive Role of Tumor Location and Baseline PET-CT
Metabolic Parameters in Rectal Cancer Patients Undergoing
Neoadjuvant Treatment
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Metabolik Parametrelerinin Neoadjuvan Tedavi Sonrasi Prognostik Degeri
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Abstract

Objective: This study evaluated the prognostic significance of primary tumor location and baseline *8F-fluorodeoxyglucose positron emission tomography-
computed tomography (PET-CT) metabolic parameters in patients with locally advanced rectal cancer treated with neoadjuvant chemoradiotherapy/
radiotherapy.

Methods: A total of 168 patients treated between October 2010 and November 2023 were retrospectively analyzed. Baseline maximum standardized uptake
value (SUV_ ), metabolic tumor volume (MTV), total lesion glycolysis (TLG), and tumor location were evaluated for associations with overall survival (0S)
and disease-free survival (DFS).

Results: The median age was 61.5 years and the median follow-up was 72.4 months. The 5-year OS and DFS rates were 72.5% and 57.4%, respectively.
Tumor location did not correlate significantly with SUV__, MTV, or TLG (p>0.05). Local recurrence occurred in 11 patients (6.5%), predominantly among
patients with lower rectal tumors. Tumor location (r=0.161, p=0.042) and SUV__ (r=0.289, p=0.025) were significantly associated with local recurrence. In
univariate analyses, SUV__, MTV, and TLG were significant prognostic factors for OS and DFS. In multivariate analyses, MTV was an independent prognostic
factor for OS [hazard ratio (HR)=1.040, p=0.03], while both SUV__ (HR=1.033, p=0.035) and MTV (HR=1.031, p=0.012) were independent prognostic factors
for DFS.

Conclusion: Baseline PET-CT parameters, particularly SUV___and MTV, provide significant prognostic information in locally advanced rectal cancer. The
higher local recurrence rate in lower rectal tumors indicates a need for closer surveillance.
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Amagc: Bu calisma, neoadjuvan kemoradyoterapi/radyoterapi ile tedavi edilen lokal ileri evre rektum kanserli hastalarda primer timdr yerlesiminin
ve baslangic flor-18 florodeoksiglukoz pozitron emisyon tomografisi-bilgisayarli tomografi (PET-CT) metabolik parametrelerinin prognostik énemini
degerlendirmistir.

Yontem: Ekim 2010 ile Kasim 2023 tarihleri arasinda tedavi edilen toplam 168 hasta retrospektif olarak analiz edildi. Baglangi¢ maksimum standartlastiritmig
tutulum dederi (SUV__), metabolik timdr hacmi (MTV), toplam Lezyon glikolizi (TLG) ve timdr yerlesiminin genel sagkalim (OS) ve hastaliksiz sagkalim
(DFS) ile olan iLiskileri degerlendirildi.

Bulgular: Ortanca yas 61,5; ortanca takip stresi 72,4 ay olarak saptandi. 5 yiLlik OS ve DFS oranlari sirasiyla %72,5 ve %57,4 idi. Timor yerlesimi ile SUV_,
MTV veya TLG arasinda anlamli bir iliski bulunmadi (p>0,05). Cogunlugu alt rektum timarlerinde olmak Uzere 11 hastada (%6,5) lokal (bolgesel) niiks
gelisti. Tamor yerlesimi (r=0,161, p=0,042) ve SUV__ (r=0,289, p=0,025) lokal niiks ile anlamli derecede iLigkiliydi. Tek degiskenli analizlerde SUV,__, MTV
ve TLG; OS ve DFS icin anlamli prognostik faktorler olarak bulundu. Cok degiskenli analizlerde ise MTV, OS icin bagimsiz bir prognostik faktor iken [tehlike
orani (HR)=1,040, p=0,03]; hem SUV__ (HR=1,033, p=0,035) hem de MTV (HR=1,031, p=0,012) hastaliksiz sagkalim icin bagimsiz prognostik faktorler olarak

belirlendi.

max

Sonug: Baslangic PET-CT parametreleri, 6zellikle de SUV__ ve MTV, lokal ileri evre rektum kanserinde 6nemli prognostik bilgiler saglamaktadir. Alt rektum

tumorlerinde daha ytiksek lokal niiks orani, bu hastalarin daha yakin takip edilmesi gerektigini géstermektedir.

Anahtar Kelimeler: Rektum kanseri, neoadjuvan kemoradyoterapi, neoadjuvan radyoterapi, PET-CT

Introduction

Colorectal cancer (CRC) continues to represent one of the
major public health challenges worldwide and remains
one of the leading causes of cancer-related morbidity
and mortality. According to the most recent GLOBOCAN
estimates, CRC is the third most common malignancy and
the second leading cause of cancer-related death globally,
with nearly 1.9 million newly diagnosed cases annually®.
Ongoing changes in lifestyle patterns, including increasing
rates of obesity, sedentary behavior, alcohol consumption,
and dietary habits characterized by a high intake of processed
foods, are expected to further increase the incidence of
CRC in the coming decades?. Rectal cancer accounts for
approximately one-third of all CRC malignancies and exhibits
distinct biological and clinical characteristics compared
with colon cancer. Despite significant improvements in
multidisciplinary treatment approaches, a considerable
proportion of patients are metastatic at diagnosis, whereas
others subsequently develop distant metastases following
curative-intent treatment®. Consequently, identification of
prognostic factors that may predict treatment outcomes
remains an important area of clinical research.

Several patient-related and tumor-related variables
have been associated with prognosis in rectal cancer.
Age, sex, comorbid conditions, tumor stage, pathological
characteristics, primary tumor location, and treatment
modality have all been reported to influence survival and
disease control*®. Therefore, comprehensive pretreatment
evaluation is essential for appropriate therapeutic decision-

making and individualized risk assessment. Current staging
algorithms generally rely on a combination of imaging
modalities, including  contrast-enhanced computed
tomography (CT), pelvic magnetic resonance imaging (MRI),
and in selected cases, positron emission tomography-CT
(PET-CT)v,

Among contemporary techniques, ®F-fluorodeoxyglucose
(®F-FDG) PET-CT  provides functional information
regarding tumor metabolism in addition to anatomical
assessment. PET-CT demonstrates high sensitivity for the
detection of the primary tumor location. Previous studies
have demonstrated excellent performance in identifying
primary colorectal tumors and distant metastatic lesions,
although its performance in evaluating regional lymph
node involvement remains limited compared with MRI-
based assessment?2, Beyond its diagnostic utility, PET-
CT enables quantification of several metabolic parameters,
including maximum standardized uptake value (SUV_ ),
metabolic tumor volume (MTV), and total lesion glycolysis
(TLG)®. These parameters have attracted considerable
interest because they may reflect tumor aggressiveness
and biological behavior. Previous studies have suggested
that high metabolic activity at diagnosis may be associated
with worse oncological outcomes in patients undergoing
treatment for rectal cancer®.

Primary tumor location has also emerged as a clinically
relevant prognostic factor in rectal cancer. Anatomically,
the rectum is commonly subdivided into upper, middle
and lower segments based on the distance from the anal
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verge®™. Variations in pelvic anatomy, lymphatic drainage
pathways, vascular supply, and surgical accessibility may
result in different treatment responses and clinical outcomes
for tumors arising from these regions. In particular, tumors
located in the lower rectum have frequently been associated
with higher local recurrence rates and greater technical
challenges during surgical management compared with
tumors arising in more proximal rectal segments®%4,

The current standard of care for locally advanced rectal
cancer (LARC) consists of neoadjuvant chemoradiotherapy/
radiotherapy (nCRT/nRT) followed by total mesorectal
excision, an approach that has been shown to enhance local
tumor control and improve resectability®. Although several
investigations have reported the prognostic relevance
of PET-CT metabolic parameters and tumor location
separately, studies assessing the interplay between these
variables and their influence on treatment outcomes remain
limited. In this study, we investigated the association of
baseline ®¥-FDG PET-CT metabolic parameters and primary
tumor localization with survival and treatment outcomes in
patients with LARC treated with nCRT/nRT.

Materials and Methods

Study Type and Ethics

Patients diagnosed with LARC who underwent nCRT/nRT
at the Radiation Oncology Clinic of Manisa City Hospital
between October 2010 and November 2023 were included
in this retrospective cohort study. The research protocol
underwent ethical review and was approved by the Ethics
Committee of Manisa Celal Bayar University (approval no:
20.478.486/3338, date: 30.07.2025), and by the administration
of Manisa City Hospital under approval number E-67427165-
605-279739188.

Patient Selection

The medical records of 194 consecutive patients who
underwent treatment for LARC during the study period
were retrospectively reviewed. All patients were treatment-
naive at the time of initial evaluation and had been referred
for neoadjuvant treatment as part of a multidisciplinary
management strategy.

The inclusion criteria included age =18 years,
histopathological confirmation of rectal adenocarcinoma,
availability of complete clinical, radiological, pathological,
treatment-related data, and a minimum follow-up duration
of 12 months.
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The exclusion criteria included: age <18 years, presence of
another primary malignancy, unavailability of complete
clinical and treatment data, non-adenocarcinoma histology,
or follow-up duration Lless than 12 months.

Data Collection

Patient information was obtained from the institutional
electronic database and the archived medical records.
Demographic  characteristics,  presenting  symptoms,
comorbid diseases, smoking and alcohol history, family
history of cancer, colonoscopy findings, histopathological
reports, radiological imaging results, treatment details,
and follow-up data were collected. Tumor localization was
determined from colonoscopy findings and categorized,
based on distance from the anal verge, as lower rectum
(0-5 c¢m), middle rectum (5.1-10 cm), or upper rectum
(>10 cm). Baseline staging investigations, surgical reports,
pathological findings, recurrence patterns, metastatic
progression, survival status, and dates of follow-up were
also recorded for analysis.

PET-CT Image Analysis

Baseline PET-CT images were retrospectively reviewed
using the GE Advantage Workstation. Metabolic parameters,
including SUV__, MTV, and TLG, were recorded. Tumor
segmentation was performed automatically using a
standardized threshold of 42% of SUV__, and MTV and TLG
were calculated based on this segmentation method.

Statistical Analysis

Statistical evaluation was performed using specialized
software. Continuous dataweresummarized accordingtotheir
distribution characteristics and reported as mean + standard
deviation or median (range), while categorical variables were
expressed as frequencies and percentages. Relationships
between clinical variables and PET-CT metabolic parameters
were assessed using Pearson or Spearman correlation
analyses, depending on the distribution of the variables.
Variables identified as statistically significant in univariate
analyses were subsequently included in multivariate Cox
proportional hazards regression models to determine
independent prognostic factors. A two-sided p-value of less
than 0.05 was considered statistically significant. Survival
outcomes were estimated using the Kaplan-Meier method,
and 5-year survival probabilities were calculated with Life-
table analyses.
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Results

Based on the study's inclusion and exclusion criteria, the
medical records and clinical data of 194 patients were
reviewed, of whom 26 were excluded from the analysis.
Consequently, data from a total of 168 patients were included
in the final evaluation. Among these patients, 68 (40.5%)
were women and 100 (59.5%) were men, with a median age
of 61.5 years (range, 28-85 years).

As shown in Table 1, the most common presenting symptom
was rectal bleeding, observed in 64.3% of patients.
Evaluation of comorbidities revealed that diabetes mellitus
and cardiovascular diseases were the most frequent
accompanying conditions, while 38.1% of the patients
were smokers and 8.3% reported alcohol consumption. A
family history of cancer was present in 11.4% of patients,
with gastrointestinal system malignancies being the most
common cancer type (5.4%, n=9). Following diagnostic
colonoscopy, tumor localization was identified as lower
rectum (0-<5 cm, 50%, n=84), middle rectum (5.1-<10
cm, 39.9%, n=67), and upper rectum (=10 cm, 10.1%,
n=17), respectively. Histopathological examination of all
colonoscopic biopsy specimens revealed adenocarcinoma.
Most of the patients (125 patients, 73.5%) had a primary
tumor size =50 mm at diagnosis. Pre-treatment clinical
stages were determined according to initial clinical and
radiological staging as follows: stage IlIB in 109 patients
(64.9%), stage IIIC in 30 patients (17.9%), stage IIA in 26

patients (15.4%), stage IIC in 2 patients (1.2%), and stage |IB
in 1 patient (0.6%).

nCRT/nRT was delivered according to the treatment
technique as follows: 35 patients (20.8%) received three-
dimensional conformal radiotherapy (45 Gy to the primary
tumor and regional lymphatics in 25 fractions), whereas
133 patients (78.2%) underwent intensity-modulated
radiotherapy, consisting of 45 Gy to the primary tumor and
regional lymphatics with a simultaneous integrated boost to
the primary tumor up to 50 Gy in 25 fractions. Concurrent
chemotherapy was not administered to 8 patients because
of advanced age or comorbidities. Among the 160 patients
who received concurrent chemotherapy, 38 patients (29.4%)
were treated with 5-fluorouracil/leucovorin (Mayo regimen),
whereas 122 patients (65.8%) received oral capecitabine. Of
the 143 patients (85.1%) who subsequently underwent surgery
following nCRT/nRT, 98 (58.3%) underwent low anterior
resection and 45 (26.8%) underwent abdominoperitoneal
resection. In the postoperative period, a total of 124 patients
received adjuvant chemotherapy, including 13 patients
(7.6%) with 5-fluorouracil/leucovorin (Mayo regimen), 13
patients (7.6%) with oral capecitabine, 84 patients (50%)
with capecitabine plus oxaliplatin, and 14 patients (8.3%)
with FOLFOX regimen.

Correlation analyses of baseline ®F-FDG PET-CT findings
related to primary tumor characteristics demonstrated weak
negative correlations between primary tumor Llocalization

Table 1. Demographic and clinical characteristics of the patients (n=168)

Parameters
Age, years [median (min-max)] 61.5 (28-85)
n (%)
Female 68 (40.5)
Gender
Male 100 (59.5)
No 104 (61.9)
Smoking history <20 pack-years 42 (25)
>20 pack-years 22 (13.1)
o No 154 (91.7)
Alcohol-drinking history
Yes 14 (8.3)
Rectal bleeding 108 (64.3)
Constipation 22 (13.1)
First symptom Multiple 17 (10.1)
Pelvic pain and rectal bleeding 11 (6.5)
Diarrhea 10 (6)
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Table 1. Continued

Parameters
No 109 (64.9)
Multiple 19 (11.3)
Diabetes mellitus 14 (8.3)
Additional diseases Cardiovascular disease 12 (7.1)
Hypertension 9 (5.4)
Chronic obstructive pulmonary disease 3(1.8)
Ulcerative colitis 2(1.2)
No 149 (88.6)
Gastrointestinal cancer 9 (5.4)
Family history Genitourinary cancer 2(1.2)
Breast cancer 2(1.2)
Other 6 (3.6)
Lower rectum (1-5= cm) 84 (50)
Tumor location Mid rectum (5.1-10= cm) 67 (39.9)
Upper rectum (>10 cm) 17 (10.1)
. <50 mm 43 (26.5)
Tumor size
>50 mm 125 (73.5)
IA 26 (15.4)
IIB 1(0.6)
Clinical stage IIC 2(1.2)
1B 109 (64.9)
lnc 30 (17.9)
. Radiotherapy 8 (4.8)
Type of neoadjuvant treatment -
Chemoradiotherapy 160 (95.2)
No 8 (4.8)
Concurrent chemotherapy 5-flourouracil 38 (29.4)
Oral capecitabine 122 (65.8)
No 25 (14.9)
Type of operation LAR 98 (58.3)
APR 45 (26.8)
LAR: Low anterior resection, APR: Abdominoperineal resection

and SUV__ (r=0.147, p=0.249), MTV (r=0.043, p=0.798), and
TLG (r=0.033, p=0.685). However, none of these correlation

coefficients reached statistical significance (p>0.05).

The median follow-up duration for the patients was 72.4
months (range, 12.0-176.5 months). Local recurrences
developed in 11 patients (6.5%) during follow-up, with a
median time to recurrence of 23.75 months (range, 12.5-
45.5 months). Additionally, distant metastases developed
in 42 patients (24%); of these, 19 patients (11.3%) had liver
metastases, with a median time from diagnosis to metastasis
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of 23.5 months (range, 13.5-45.5 months). Overall survival
(0S) was 122 months (71.5-176.5 months), and the 5-year 0S
rate was 72.5%. Disease-free survival (DFS) was 75.0 months
(range, 42.5-176.5 months), and the 5-year DFS rate was
57.4%.

Evaluation of the 11 patients who developed local recurrence
following therapy demonstrated that recurrences
predominantly occurred in the lower rectum (7 patients).
A weak but statistically significant positive correlation was
observed between tumor localization and local recurrence
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(r=0.161, p=0.042). Regarding diagnostic ®F-FDG PET-CT
parameters in patients with local recurrence, SUV__ showed
a statistically significant association (r=0.289, p=0.025),
whereas no significant correlation was observed for the MTV
and TLG parameters (r=0.043, p=0.07 and r=0.064, p=0.63,
respectively).

We evaluated the surgical margins in patients who developed
local recurrence. The median closest distal/proximal
surgical margin was 38 mm (range, 24-50 mm), and the
median radial surgical margin was 7 mm (range, 1.0-10 mm).
In patients without recurrence, the median closest distal or
proximal surgical margin was 35 mm (range, 20-80 mm),
and the median radial margin was 9 mm (range, 1.0-16 mm).
No statistically significant correlation was identified between
surgical margins and local recurrence.

The prognostic significance of baseline staging *F-FDG PET-
CT parameters in rectal cancer patients treated with nCRT/
nRT was evaluated and presented in Table 2. In univariate
analysis, SUV__ [hazard ratio (HR): 1.018, 95% confidence
interval (Cl): 1.010-1.040, p=0.032], MTV (HR: 1.032, 95%
Cl: 1.007-1.057, p=0.011), and TLG (HR: 1.025, 95% Cl: 1.015-
1.030, p=0.041) were identified as significant prognostic
factors for OS. However, in multivariate analysis, only MTV
remained an independent prognostic factor (HR: 1.040, 95%
Cl: 1.004-1.078, p=0.03). Similarly, DFS, SUV__, MTV, and
TLG parameters were statistically significant in univariate
analysis (p=0.002, p=0.001, and p=0.003). In multivariate
analysis, SUV__ (HR: 1.033, 95% Cl: 1.002-1.064, p=0.035)
and MTV (HR: 1.031, 95% Cl: 1.007-1.057, p=0.012) remained
independent prognostic factors, whereas TLG was no longer
statistically significant (p=0.33).

Discussion

Accurate prognostic assessment following nCRT/nRT
remains a critical component of contemporary management
strategies for patients with LARC. Although numerous

clinicopathological factors have been associated with
treatment outcomes, increasing interest has focused on
the prognostic role of metabolic parameters obtained from
baseline 8F-FDG PET-CT imaging™'. In the present study,
we evaluated the association of primary tumor location and
baseline PET-derived metabolic parameters with oncological
outcomes following nCRT/nRT. This study demonstrated that
lower rectal tumors were associated with a higher risk of
local recurrence and that baseline SUV__, MTV, and TLG
values showed prognostic relevance. Notably, no significant
association was identified between primary tumor location
and PET-derived metabolic parameters.

The prognostic implications of primary tumor location in
rectal cancer have been investigated extensively. Tumor
arisinginthe lower rectum are often associated with increased
surgical complexity because of anatomical constraints within
the pelvis, challenges in achieving adequate circumferential
resection margins, and limitations related to sphincter-
preserving procedures®®. Consistent with previous reports,
patients with lower rectal tumors in our cohort experienced
a higher incidence of local recurrence. Surgical margin
status was not significantly associated with local recurrence.
This finding may reflect the relatively limited number of
recurrence events in our study population and may suggest
that factors beyond surgical technique alone, including
tumor biology and treatment response, may contribute to
disease relapse. Another important observation in our study
was the absence of a significant relationship between primary
tumor location and baseline metabolic activity, measured
by PET-CT. Although tumor located in different rectal
segments exhibit distinct anatomical characteristics and
clinical outcomes, these differences were not accompanied
by measurable variations in SUV__, MTV, or TLG values®"*.
This finding suggests that the poorer outcomes observed in
lower rectal tumors may be driven primarily by anatomical
and treatment-related factors rather than differences in
intrinsic metabolic aggressiveness. Consequently, primary

Table 2. Overall survival (0S) and disease-free survival (DFS) of patients according primer PET-CT finding

oS DFS

Univariate Multivariate Univariate Multivariate
;EZ;E- analysis p-value | analysis p-value | analysis p-value | analysis p-value

(HR, 95% Cl) (HR, 95% Cl) (HR, 95% Cl) (HR, 95% CI)
suv_ . | 1018 (1.010-1.040) | 0.032 1.002 (0.999-1.004) | 0.47 1.019 (1.010-1.043) | 0.002 1.033 (1.002-1.064) | 0.035
MTV 1.032 (1.007-1.057) | 0.011 1.040 (1.004-1.078) | 0.03 1.046 (1.019-1.0739 | 0.001 1.031 (1.007-1.057) | 0.012
TLG 1.025 (1.015-1.030) | 0.041 1.027 (0.966-1.070) | 0.53 1.007 (1.002-1.012) | 0.003 1.027 (1.003-1.046) | 0.33
PET-CT: Positron emission tomography-computed tomography, SUV__: Maximum standardized uptake value, MTV: Metabolic tumor volume, TLG: Total lesion
glycolysis, Cl: Confidence interval, HR: Hazard ratio
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tumor location and PET-derived metabolic parameters may
provide complementary prognostic information rather than
reflecting the same biological processes.

Among the evaluated metabolic parameters, SUV__ was
significantly associated with local recurrence. High FDG
uptake has been linked to enhanced glucose metabolism,
accelerated cellular proliferation, tumor hypoxia, and
resistance to anticancer therapies, all of which may
contribute to more aggressive tumor behavior®'. Therefore,
evaluated baseline SUV__ may identify tumors that are more
likely to recur despite multimodality treatment. However,
the prognostic significance of SUV__ remains controversial.
Deantonio et al."® reported that baseline SUV__ was not
independently associated with DFS or OS, whereas MTV
showed stronger correlation with treatment response.
Similarly, Fernando et al."? demonstrated that serial PET-
CT assessments performed during and after neoadjuvant
treatment provided valuable prognostic information, while
baseline SUV__ alone showed Llimited predictive value
for long-term outcomes. In contrast, other studies have
demonstrated significant associations between elevated
pre-treatment SUV__ values and unfavorable oncological
outcomes®™. Variability in patient characteristics, imaging
acquisition protocols, segmentation techniques, and cut-off
definitions may explain these inconsistent findings across
studies.

One of the most clinically relevant findings of the present
study was the identification of MTV as an independent
prognostic factor for both OS and DFS. Unlike SUV__, which
reflects the highest metabolic activity within a single tumor
region, MTV quantifies the total volume of metabolically
active tumor tissue and may therefore better represent
overall tumor burden. This broader assessment of tumor
biology may explain its superior prognostic performance.
Similar findings have been reported previously by Choi
et al.", who demonstrated that MTV independently
predicted both survival outcomes in patients with rectal
adenocarcinoma. These results support the potential utility
of MTV as a clinically important imaging biomarker for pre-
treatment risk stratification in LARC.

Although TLG was significantly associated with OS
and DFS in univariate analyses, it failed to maintain
its independent significance in multivariate models.
Since TLG includes both metabolic activity and metabolically
active tumor volume, strong correlations with MTV may
reduce its independent prognostic contribution when both
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parameters are evaluated. Similar observations have been
reported in previous PET-CT studies investigating rectal
cancer outcomest3#518,

Recent advances in radiomics and artificial intelligence have
expanded the potential applications of metabolic imaging
beyond conventional SUV-based metrics. Texture features
extracted from FDG PET-CT images may provide additional
information regarding intratumoral heterogeneity and
biological behavior, potentially improving prediction of
treatment response and survival outcomes??. As these
technologies continue to evolve, the integration of advanced
imaging biomarkers into prognostic models may further
enhance personalized treatment approaches for patients
with rectal cancer.

Study Limitations

The strengths of our study include a relatively long follow-
up duration, a homogeneous patient population, the use
of modern radiotherapy techniques, and the combined
evaluation of other metabolic parameters, primary tumor
localization, and SUV__ values using FDG PET-CT. However,
several Llimitations should be acknowledged. First, the
retrospective, single-center design of the study represents
a major limitation. Additionally, the lack of standardization
in the segmentation methods we use to measure FDG PET-
CT metabolic parameters may limit the external validity of
these methods. The absence of molecular biomarkers and
radiomic analyses in the present study should be considered
an important limitation. Therefore, further multicenter
studies are needed to confirm these findings.

Conclusion

These findings highlight the prognostic relevance of
pretreatment ®F-FDG PET-CT metabolic parameters in
patients with LARC undergoing nCRT/nRT. Among these
parameters, MTV emerged as an independent predictor of 0S
and DFS, highlighting the potential importance of metabolic
tumor burden in pre-treatment risk assessment. Additionally,
theincreased risk of local recurrence observed in lower rectal
tumors supports the need for individualized surveillance
strategies in this subgroup. The lack of correlation between
the location of the primary tumor and metabolic PET-CT
parameters further suggests that anatomical and metabolic
tumor characteristics may represent different prognostic
domains. Prospective multicenter studies are warranted
to validate these findings and clarify their potential role in
personalized treatment planning.
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The footnotes of Figure 2 have been revised. The incorrect version is presented below:

Figure 2. Acute (a,b,c,d) and chronic (e,f,g,h) Banff lesions in biopsies diagnosed with ca-ABMR

a: Glomerulitis (g) (PAS, x200), b: Peritubular capillaritis (pct) (PAS, x200) c: Intimal arteritis (v) (HE, x400) d: Positive C4d staining
along the capillary basement membranes of glomeruli and in arterioles (C4d, x100), e: Interstitial fibrosis (ci) (Masson trichrome, x100)
f: Tubular atrophy (ct) (Masson trichrome, x100), g: Total inflammation (ti) (Masson trichrome, x40), h: Transplant glomerulopathy
(cg) (PAS, x400), ca-ABMR: Chronic active antibody-mediated rejection, PAS: Periodic acid-schiff, HE: Hematoxylin and eosin

An additional note has been added to the footnotes of Figure 2, which have been revised as follows:
Figure 2. Acute (a,b,c,d) and chronic (e,f,g,h) Banff lesions in biopsies diagnosed with ca-ABMR

a: Glomerulitis (g) (PAS, x200), b: Peritubular capillaritis (pct) (PAS, x200) c: Intimal arteritis (v) (HE, x400) d: Positive C4d staining
along the capillary basement membranes of glomeruli and in arterioles (C4d, x100), e: Interstitial fibrosis (ci) (Masson trichrome, x100)
f: Tubular atrophy (ct) (Masson trichrome, x100), g: Total inflammation (ti) (Masson trichrome, x40), h: Transplant glomerulopathy
(cg) (PAS, x400), ca-ABMR: Chronic active antibody-mediated rejection, PAS: Periodic acid-schiff, HE: Hematoxylin and eosin

(Figures 2a, 2b, 2c, and 2e are retrieved from our previous study titled “Demographic and Histopathological Features of Graft
Dysfunction in Renal Transplant Biopsies: A Retrospective Study” published in Transplantation Proceedings (https://doi.org/10.1016/].
transproceed.2025.07.007), and are used here in accordance with the author rights policy provided by the publisher, Elsevier)
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