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: SARS-CoV-2 infection can lead to a wide spectrum ) .
of neurological complications in children besides respiratory manifestations. Despite g\i(ig;gsess. Fgflﬂ?;tg}ethed?Zingeﬂgrmg
growing global evidence, data regarding the neurological manifestations of COVID- Universi'ty of Medical Sciences,
19 among Iranian pediatric patients remain limited. This study aimed to investigate Urmia, Iran.
the frequency of neurological manifestations and their association with clinical
outcomes among hospitalized children with COVID-19 at Motahari Hospital in
Urmia, Iran. Tel: +9804432237077

. This retrospective cross-sectional analytical study was
conducted on 460 children (age <18 years) with PCR-confirmed COVID-19 who
were hospitalized between March 2020 and March 2022. Census sampling was
performed. Demographic variables, central and peripheral neurological
manifestations, D-dimer levels, and clinical outcomes were extracted from medical
records. Data analysis was performed using SPSS version 25, using multiple logistic
regression modeling.

: Among the 460 enrolled children (mean age 4.17 + 3.62 years; 59.78%
male), the most prevalent neurological manifestations were seizure (14.13%),
headache (7.39%), and dizziness (1.52%). Patients presenting with headache and
dizziness were significantly older (P<0.001). The overall in-hospital mortality rate
was 4.78%. Multivariate logistic regression analysis revealed that severe
neurological manifestations (AOR = 2.45; 95% CI: 1.12 - 5.36; P = 0.024) and
elevated D-dimer levels >1000 pg/L (AOR = 3.12; 95% CI: 1.41 - 6.88; P = 0.005)
were the significant independent predictors of mortality.
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Neurological manifestations are relatively common among Keywords COVID-19,
hospitalized children with COVID-19. Since severe neurological complications and Neurological ~ Manifestations,
coagulopathy (elevated D-dimer) independently increase the risk of in-hospital Children, Seizure, Mortality.

mortality, careful and early neurological evaluation of pediatric patients is crucial
for improving clinical outcomes.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused
by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), was initially
recognized as a respiratory illness; however,
accumulating evidence has demonstrated that it
is a multisystem disease capable of affecting
numerous organs, including the nervous system.
Although children generally experience milder
forms of COVID-19 than adults, neurological
complications have increasingly been reported
among hospitalized pediatric patients. These
manifestations range from mild symptoms such

as headache and dizziness to severe
complications including seizures,
encephalopathy, stroke, Guillain—Barré
syndrome, and other immune-mediated
neurological disorders. Several mechanisms
have been proposed to explain these
complications, including  direct  viral

neuroinvasion, cytokine-mediated
neuroinflammation, endothelial dysfunction,
disruption of the blood-brain barrier, and
COVID-19-associated coagulopathy.

Despite  numerous international  studies
investigating neurological involvement in
pediatric COVID-19, epidemiological data from
Iran  remain limited. Furthermore, the
relationship between neurological
manifestations and adverse clinical outcomes,
particularly mortality, has not been sufficiently
investigated among  Iranian  children.
Understanding the frequency, spectrum, and
prognostic  significance  of  neurological
complications is essential for improving early
diagnosis, clinical management, and risk
stratification of pediatric patients. Therefore,
this study aimed to determine the frequency and
pattern of neurological manifestations among
hospitalized children with laboratory-confirmed
COVID-19 and to evaluate their association
with in-hospital mortality.

METHODOLOGY

The study protocol of this retrospective cross-
sectional analytical study was approved by the
Research Ethics Committee of Urmia University
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of Medical Sciences (Ethics Code:
IR.UMSU.REC.1401.309). Medical records of
all children younger than 18 years who were
admitted to Motahari Pediatric Hospital in
Urmia, Iran, with PCR-confirmed COVID-19
from March 2020 to March 2022, were accessed
and studied. Census sampling was employed,
and all eligible hospitalized patients with
complete medical records were included in the
analysis. Patients with pre-existing severe
neurological disorders that could interfere with
the assessment of acute COVID-19-related

neurological symptoms or those with
incomplete clinical documentation  were
excluded.

Clinical information was extracted from hospital
medical records using a standardized data

collection  checklist. Recorded variables
included demographic characteristics,
neurological manifestations, laboratory

findings, serum D-dimer levels at admission,
and hospitalization outcomes. Neurological
manifestations were classified as central or
peripheral nervous system involvement. Central
nervous system manifestations included
seizures, headache, dizziness, ischemic stroke,
and ataxia, while peripheral neurological
involvement included Guillain—Barré syndrome
and diffuse neuropathic pain. The primary
clinical outcome was in-hospital mortality.

Statistical analyses were performed using SPSS
version 25. Descriptive statistics summarized
demographic and clinical characteristics.
Continuous variables were compared using
independent t-tests or Mann-Whitney U tests
when appropriate, while categorical variables
were analyzed using Chi-square or Fisher's
exact tests. Multiple logistic regression analysis
was conducted to identify independent
predictors of mortality after adjustment for age,
sex, and serum D-dimer level. Adjusted odds
ratios (AORs) with 95% confidence intervals
(Cls) were calculated, and a P-value below 0.05
was considered statistically significant.

RESULTS
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A total of 460 hospitalized children with
confirmed COVID-19 were included in the
study. The mean age was 4.17 = 3.62 years,
ranging from neonates to 18 years, and 59.8% of
the patients were male.

Neurological manifestations were relatively
common among hospitalized children. Seizure
was the most frequent neurological presentation,
occurring in 14.1% of patients, followed by
headache (7.4%) and dizziness (1.5%). Less
common neurological complications included
diffuse neuropathic pain (1.1%), Guillain—Barré
syndrome (0.2%), and ischemic stroke (0.2%).
No cases of ataxia, encephalitis, or COVID-19-
related encephalopathy were documented
during the study period.

Age demonstrated a significant association with
several neurological manifestations. Children
presenting with headache and dizziness were
significantly older than those without these
symptoms. In contrast, although seizures were
more common among Yyounger children, the

difference in age was not statistically
significant. No significant differences in
neurological manifestations were observed

between male and female patients.

Among patients with available laboratory data,
most had normal serum D-dimer levels at
admission. However, a small subgroup
demonstrated markedly elevated D-dimer
concentrations exceeding 1000 pg/L, indicating
significant coagulation abnormalities.

The overall in-hospital mortality rate was 4.8%.
Multiple logistic ~ regression  analysis
demonstrated that severe  neurological
manifestations independently increased the risk
of mortality by approximately 2.5-fold after
adjustment for potential confounders (AOR =
2.45, 95% CI: 1.12-536, P 0.024).
Furthermore, elevated serum D-dimer levels
greater than 1000 pg/L were independently
associated with more than a threefold increase in
mortality risk (AOR = 3.12, 95% CI: 1.41-6.88,
P = 0.005). Neither age nor sex remained
significant predictors of mortality in the
adjusted model.
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DISCUSSION

The findings demonstrate that neurological
involvement represents a relatively common
clinical feature among hospitalized pediatric
patients with COVID-19. Seizures were the
predominant  neurological  manifestation,
consistent with  findings from several
international cohort studies reporting seizures as
one of the most frequent neurological
complications in hospitalized children. The
increased susceptibility of younger children to
seizures may reflect fever-induced neuronal
excitability, systemic inflammation, hypoxia,
and cytokine-mediated disruption of neuronal
function during acute SARS-CoV-2 infection.

Headache and dizziness were more frequently
observed among older children, likely reflecting
their greater ability to recognize and
communicate subjective neurological
symptoms. Similar age-related patterns have
been reported in previous pediatric studies from
Europe and the Middle East. The low incidence
of ischemic stroke and Guillain—Barré syndrome
observed in the present study agrees with
previous reports indicating that although these
complications are rare, they represent
potentially life-threatening  manifestations
requiring prompt diagnosis and management.

The most important finding of this study is the

independent  association  between  severe
neurological manifestations and increased
mortality. These results emphasize that

neurological involvement is not merely an
accompanying clinical symptom but may serve
as an indicator of severe systemic disease. In
addition, markedly elevated D-dimer levels
independently predicted mortality, supporting
growing evidence that COVID-19-associated
coagulopathy contributes substantially to
adverse clinical outcomes. Hypercoagulability,
endothelial injury, and thromboinflammatory
mechanisms likely play central roles in the

development of severe neurological
complications and poor prognosis.
These findings have important clinical

implications. Routine neurological assessment
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should be incorporated into the evaluation of
hospitalized pediatric patients with COVID-19,
regardless of the severity of respiratory
symptoms. Early identification of seizures,
altered neurological status, or focal neurological
deficits, together with assessment of coagulation
biomarkers such as D-dimer, may facilitate
timely therapeutic interventions and improve
patient outcomes.

Several limitations should be acknowledged.
First, the retrospective design depended on the
completeness of medical records, introducing
the possibility of information bias and
underreporting of mild neurological symptoms.
Second, this was a single-center study
conducted at a tertiary referral pediatric hospital,
limiting the generalizability of the findings to

the broader pediatric population. Third,
advanced neurological investigations, including
magnetic resonance imaging and

electroencephalography, were not routinely
available for all patients because of pandemic-
related resource limitations. Finally, long-term
neurological outcomes after hospital discharge
were not evaluated.

CONCLUSIONS

Neurological manifestations are common
among hospitalized children with COVID-19
and encompass a broad clinical spectrum, with
seizures, headache, and dizziness representing
the most frequent presentations. Although
severe neurological complications are relatively
uncommon, their occurrence is independently
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associated with increased in-hospital mortality.
Elevated serum D-dimer levels also serve as an
independent predictor of poor clinical outcomes,
highlighting the importance of coagulation
abnormalities in disease severity.

These findings support the implementation of
systematic neurological assessment and early
monitoring of coagulation biomarkers in
hospitalized pediatric patients with COVID-19.
Prompt recognition of neurological
complications may facilitate earlier
intervention, improve risk stratification, and
ultimately reduce morbidity and mortality.
Future multicenter prospective studies with
long-term neurological follow-up are warranted
to better characterize the persistent neurological
consequences of pediatric COVID-19 and to
validate these findings in larger populations.
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