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During the early phase of the COVID-19 pandemic, it was thought that virus affects only the respiratory
system. However, now it is clear that it can affect other systems too, particularly the nervous system. We
aimed to identify the most common neurological symptoms and findings of COVID-19 in hospitalized
patients and investigate the relationship between these symptoms and clinical, radiological, and labora-
tory findings. A total of 307 patients, including 125 women and 182 men, were included in the study.
They were classified as ‘‘confirmed cases” or ‘‘probable cases” based on confirmatory tests, including
polymerase chain reaction testing of a nasopharyngeal sample or validated antibody test. All medical
records, including medical history, clinical course, laboratory data, and radiographic studies, were eval-
uated by two expert neurologists. Altered mental status (AMS) is the most common neurological finding
in both confirmed (68.1%) and probable cases (71.8%). Pre-existing neurological diseases were detected as
an independent risk factor for AMS. The mortality rate of patients with AMS was dramatically higher than
normal mental status in both confirmed (43.9% vs. 6.2%) and probable cases (47.3% vs. 6.9%) (for both
p:0.001). The frequency of seizure attacks was 13.2% in confirmed and 17.5% in probable cases
(p:0.321). The mortality rate was higher in patients with a seizure attack in both groups. We conclude
that AMS was one of the most common neurological manifestations in this cohort of COVID-19 patients.
The development of mental deterioration increases mortality dramatically. Also, the existence of seizure
attacks was associated with a high mortality rate.

� 2021 Elsevier Ltd. All rights reserved.
1. Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), was recognized
as a serious health problem worldwide after the World Health
Organization declared it as a pandemic in March 2020. Although
COVID-19 was initially considered as a primary potential threat
to the respiratory system, it was recognized that many other organ
systems could be significantly affected as the pandemic progressed
[1,2]. Patients’ clinical patterns vary from asymptomatic cases to
acute respiratory distress syndrome (ARDS) requiring intensive
care and even multiple organ failure resulting in death [3,4].

In addition to non-specific neurological symptoms such as
headache and dizziness at the onset of the pandemic, frequent
hyposmia and hypogeusia attracted physicians’ attention [4,5].
Recent studies focusing on neurological involvement have shown
an increase in the frequency and variety of neurological findings.
Central and peripheral nervous system findings can develop due
to direct effects of the virus, para-infectious or post-infectious
immune-related diseases, and systemic effects of COVID-19 [2,5,6].

Published studies reported that the occurrence of neurological
complications in COVID-19 patients was associated with factors
such as the severity of infection, age, obesity, metabolic problems,
and the presence of comorbid diseases [1,7,8]. The frequency of
neurological signs and symptoms was found to be significantly dif-
ferent in various studies [7,9,10].

Pre-existing neurological comorbidities can increase both the
frequency and severity of neurological manifestations in patients
with COVID-19. However, the available data are inadequate to
demonstrate this relationship in detail [4,7,11]. Still, some studies
have demonstrated that neurological complications developing
during COVID-19 worsen the patient’s prognosis and increase mor-

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jocn.2021.01.002&domain=pdf
https://doi.org/10.1016/j.jocn.2021.01.002
mailto:haticeyuksel73@yahoo.com
https://doi.org/10.1016/j.jocn.2021.01.002
http://www.sciencedirect.com/science/journal/09675868
http://www.elsevier.com/locate/jocn


Table 1
Comparison of the demographics and clinics data of confirmed and probable cases.

Confirmed
Cases
n:204

Probable
Cases
n:103

p

Age (year) 67.22 ± 15.39 69.63 ± 16.15 0.204
Gender
Female 85 (41.7%) 40 (38.8%) 0.633
Male 119 (58.5%) 63(61.2%)

Admission in the intensive care unit 121(59.3%) 74 (71.8%) 0.031
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bidity and mortality. Nevertheless, studies investigating which
neurological comorbidities cause poor outcomes are still insuffi-
cient [4,7,12].

In this study, we aimed firstly to identify the most common
neurological symptoms and findings of COVID-19 in both con-
firmed and probable cases in hospitalized patients, secondly to
investigate the relationship between these symptoms and clinical,
radiological, and laboratory findings, and thirdly to assess the
impact of neurological manifestations on mortality.
Intubation required 36 (17.6%) 19 (18.4%) 0.863
Mortality 65 (31.9%) 37 (35.9%) 0.476
Cardiovascular and pulmonary

diseases
Hypertension 131 (64.2%) 74 (71.8%) 0.180
Coronary artery disease 52 (25.5%) 36 (35.0%) 0.083
Hyperlipidemia 50 (24.5%) 27 (26.2%) 0.745
Heart valve replacement 3 (1.5%) 2 (1.9%) 0.758
Coronary artery bypass graft 8 (3.9%) 6 (5.8%) 0.450
Atrial fibrillation 21 (10.3%) 21 (20.4%) 0.016
Cardiac pacemaker 6 (2.9%) 5 (4.9%) 0.394
Chronic pulmonary disease 28 (13.7%) 25 (24.3%) 0.021
Metabolic diseases and others
Diabetes mellitus 68 (33.3%) 37 (35.9%) 0.652
Chronic renal failure 9 (4.4%) 13 (12.6%) 0.017
Malignancy 15 (7.4%) 10 (9.7%) 0.476
Neurological and psychological
diseases
Stroke 22 (10.8%) 20 (19.4%) 0.038
Epilepsy 12 (5.9%) 13 (12.6%) 0.042
Parkinson 5 (2.5%) 5 (4.9%) 0.263
Dementia 22 (10.8%) 17 (16.5%) 0.155
Migraine 5 (2.5%) – 0.109
Multiple Sclerosis 2 (1.0%) – 0.313
Myasthenia Gravis 2 (1.0%) – 0.313
Anxiety 17 (8.3%) 12 (11.7%) 0.348
Depression 6 (2.9%) 3 (2.9%) 0.989

Patients with at least one medical
comorbidity

167 (81.9%) 93 (90.3%) 0.064

Patients with at least one
neurological comorbidity

70 (34.3%) 44 (42.7%) 0.150
2. Methods

This study was conducted at Ankara Bilkent City Hospital, the
largest tertiary care academic center in Ankara. About 11,000
COVID-19 patients were hospitalized between April 2020 and
September 2020. We retrospectively reviewed neurology consulta-
tions for patients who developed new neurological complaints and
symptoms while under care in COVID-19 intensive care units and
floors. Two expert neurologists evaluated the results. After these
assessments, COVID-19 patients whose examination, laboratory,
and imaging findings were sufficient were included in this study.
There were a total of 307 patients, including 125 women (68.64 ±
18.21) and 182 men (67.60 ± 13.68). Patients were grouped into
two categories based on confirmatory tests. If the patients had a
SARS-CoV-2 infection confirmed by a polymerase chain reaction
(RT-PCR) testing of a nasopharyngeal sample or validated antibody
test, they were classified as ‘‘confirmed cases”. In the case of a neg-
ative PCR or antibody test, patients with a severe respiratory dis-
ease with clinical and radiographic evidence of pneumonia were
categorized as ‘‘probable cases”. All enrolled patients in the study
had chest CT.

Two expert neurologists analyzed all electronic medical records,
including medical history, hospital admissions, clinical course,
neurological status, laboratory data, and radiographic studies. Neu-
rological and radiological findings of patients before COVID-19
infection were excluded from the assessment.

All clinical data were recorded, including the level of conscious-
ness, epileptic seizures, focal neurological findings, dizziness,
headache, paresthesia, paresis, and speech impairment.

According to their neurological examinations, both confirmed
cases and probable cases were classified into two groups: those
with altered mental status (AMS) and those with normal mental
status (NMS). If the patient’s level of consciousness and interaction
with the environment was normal, this was described as NMS. If
somnolence, agitation, delirium, confusion, and coma were present
in the neurological examination, this condition was accepted as
AMS.

The study was approved by the local ethical committee (Ankara
City Hospital Ethics Committee).

All statistical analyses were done using IBM SPSS statistic 22.0
(Chicago, IL, USA). Data were expressed as mean ± SD. Continuous
variables were compared using the Student’s t-test. Categorical
variables were compared using the Chi-Square test. Binary logistic
regression analysis was performed to detect independent factors
associated with AMS. A p-value <0.05 was considered statistically
significant.
3. Results

Age and gender were comparable in both groups (p:0.204 and
p:0.633). The intensive care need for probable cases was signifi-
cantly higher than the confirmed cases (p:0.031). The intubation
and mortality rates were similar in both groups (p:0.863 and
0.476) (Table 1).
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The three most common risk factors identified in both groups
were hypertension, diabetes mellitus, and coronary artery disease.
All other risk factors were shown in Table 1.

Although the frequency of having ‘‘at least one medical comor-
bidity” and ‘‘at least one neurological comorbidity” in probable
cases was higher than the confirmed cases, there were no signifi-
cant differences between them (p:0.064, p:0.150, respectively).
The frequencies of history of stroke, atrial fibrillation, and chronic
pulmonary disease were higher in probable cases than in con-
firmed cases (p:0.038, p:0.016, and p:0.021, respectively) (Table 1).

The most common neurological symptom in both confirmed
and probable cases was impaired consciousness (p:0.570). The
other neurological symptoms were shown in Table 2.

AMS is the most common neurological findings in both groups.
There was no difference between the two groups in terms of the
level of consciousness (p:0.171) (Table 2).

On neuroimaging findings, the frequency of infarct, edema, and
hemorrhage was higher in probable cases (p:0.003, p:0.001, and
p:0.023, respectively). In addition, cerebral venous thrombosis
was detected in 4 of the confirmed cases, while brain abscess
was observed in one of the probable cases (Table 2).

On chest CT findings, bilateral involvement of the lungs in con-
firmed cases (75.0%) was more common than probable cases
(60.2%) (p:0.001).

White blood cell (WBC) count and creatinine level were higher
in probable cases than confirmed cases (p:0.001 and p:0.019),
whereas hemoglobin was lower (p:0.020). There was no difference
between the two groups regarding all other biochemical, hemato-
logical, and coagulation parameters (Table 2).



Table 2
Comparison of neurological symptoms, neurological examination, radiology and
laboratory of the confirmed and probable cases.

Confirmed Cases
n:204

Probable Cases
n:103

p

Symptoms
Impaired consciousness 132 (65.3%) 70 (68.0%) 0.570
Seizure 27 (13.2%) 18 (17.5%) 0.321
Headache 28 (13.7%) 12 (11.7%) 0.610
Dizziness 32 (15.7%) 9 (8.7%) 0.110
Focal neurological
symptoms

52 (22.5%) 40 (38.8%) 0.016

Neurological findings
Level of consciousness
Normal mental status 65 (31.9%) 29 (28.2%)
Altered mental status 139 (68.1%) 74 (71.8%) 0.171
Somnolence 75 (36.8%) 31 (30.1%)
Confused 42 (20.6%) 23 (22.3%)
Coma 22 (10.8%) 20 (19.4%)

Speech disorders 71 (34.8%) 35 (34.0%) 0.886
Paresis 42 (20.6%) 35 (34.0%) 0.011
Paresthesia 25 (12.3%) 11 (10.7%) 0.685

Brain CT/MRI findings
No acute changes 124 (65.6%) 35 (37.2%) 0.001
Infarct 49 (25.9%) 41 (43.6%) 0.003
Hemorrhage 11 (5.8%) 13 (13.8%) 0.023
Edema 12 (6.3%) 21 (22.3%) 0.001
Cerebral abscess – 1 (1.1%) 0.332
Cerebral venous
thrombosis

4 (2.1%) – 0.305

Chest CT findings
Normal 25 (12.3%) 1 (1%)
Unilateral 26 (12.7%) 40 (38.8%) 0.001
Bilateral 153 (75.0%) 62 (60.2%)

Laboratory tests
Creatinine mg/dL 1.13 ± 1.02 1.55 ± 1.65 0.019
Sodium mmol/L 140.09 ± 6.37 140.59 ± 6.41 0.524
Potassium mmol/L 4.16 ± 0.61 4.20 ± 0.69 0.628
Alanine
aminotransferase U/L

55.74 ± 124.86 86.05 ± 408.69 0.332

Aspartate
aminotransferase U/L

81.46 ± 447.76 113.91 ± 595.59 0.594

Hemoglobin g/dL 12.31 ± 2.20 11.45 ± 2.44 0.020
Platelets 109/L 263.47 ± 126.56 255.17 ± 135.01 0.596
White blood cell 109/L 7.17 ± 4.86 9.71 ± 8.41 0.001
C-reactive protein mg/dL 89.56 ± 201.12 78.98 ± 78.89 0.608
PT 13.96 ± 4.73 15.49 ± 7.15 0.052
aPTT 25.76 ± 8.36 27.54 ± 10.24 0.106
D-dimer mg/L 4.28 ± 7.76 4.81 ± 7.10 0.566

Table 3
Comparison of demographic characteristics, clinical data, radiology and laboratory of
the NMS and AMS group in confirmed cases.

Confirmed Cases

NMS
n:65

AMS
n:139

p

Age (year) 61.91 ± 17.97 70.54 ± 15.85 0.001
Gender
Female 28/65(43.1%) 57/139 (41.0%) 0.780
Male 37/65 (56.9%) 82/139 (59.0%)

Admission in the intensive care
unit

18/65 (27.7%) 103/139 (74.1%) 0.001

Intubation required 2/65 (3.1%) 34/139 (24.5%) 0.001
Mortality 4/65 (6.2%) 61/139 (43.9%) 0.001
Brain CT/MRI findings
No acute changes 44/60 (73.3%) 80/129 (62%) 0.127
Infarct 11/60 (18.3%) 38/129 (29.5%) 0.104
Hemorrhage 4/60 (6.7%) 7/129 (5.4%) 0.735
Edema 1/60 (1.7%) 11/129 (8.5%) 0.107
Cerebral venous thrombosis 2/60 (3.3%) 2/129 (1.6%) 0.593

Chest CT findings
Normal 8/65 (12.3%) 17/139 (12.2%)
Unilateral 7/65 (10.8%) 19/139 (13.7%) 0.844
Bilateral 50/65 (76.9%) 103/139 (74.1%)
Patients with at least one
medical comorbidity

48/63 (73.8%) 119/139 (85.6%) 0.042

Patients with at least one
neurological comorbidity

18/65 (27.7%) 52/139 (37.4%) 0.173

Laboratory tests
Creatinine mg/dL 0.87 ± 0.64 1.24 ± 1.14 0.017
Alanine aminotransferase U/L 39.12 ± 30.98 63.57 ± 149.48 0.194
Aspartate aminotransferase U/L 35.84 ± 22.36 102.94 ± 542.15 0.320
Sodium mmol/L 137.29 ± 3.63 141.38 ± 6.94 0.001
White blood cell 109/L 8.07 ± 6.65 9.46 ± 5.48 0.117
Hemoglobin g/dL 12.49 ± 2.06 12.23 ± 2.27 0.437
C-reactive protein mg/dL 50.46 ± 61.86 89.86 ± 70.96 0.001
D-dimer mg/L 2.55 ± 5.56 5.09 ± 8.50 0.029

AMS: Altered mental status, NMS: Normal mental status.
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3.1. Confirmed cases

The mean age in the AMS group was higher than the NMS group
(p:0.001). AMS and NMS groups were similar in terms of gender
(p:0.780) (Table 3).

While the mortality rate in the AMS group was 43.9%, it was
only 6.2% in the NMS group (p:0.001). Also, the number of patients
requiring intensive care and intubation in the AMS group was
higher than in the NMS group (for both p:0.001) (Table 3).

The existence of ‘‘at least one medical comorbidity” in the AMS
group was substantially more frequent than in the NMS group
(p:0.042). Although the presence of ‘‘at least one neurological
comorbidity” was more common in the AMS group than in the
NMS group, the difference was not significant (p:0.173) (Table 3).

On neuroimaging findings, frequencies of infarction, edema and
hemorrhage were comparable in the AMS and NMS groups
(p:0.104, p:0.107, and p:0.735, respectively) (Table 3).

The AMS group and NMS group were similar in terms of lung
involvement on chest CT (p: 0.844).

Biochemical and inflammatory parameters in the AMS and NMS
groups are presented in Table3.
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In binary logistic regression analysis, brain edema, brain hemor-
rhage, presence of neurological comorbidity, and age were deter-
mined as independent risk factors for AMS in the confirmed
cases (Table 4).

3.2. Probable cases

The AMS and NMS groups were similar in terms of age
(p:0.175). The AMS group included more women than the NMS
(p:0.010) (Table5).

The mortality rate, number of patients requiring intensive care,
and intubation in the AMS group were higher (p:0.001, p:0.001 and
0.012, respectively) (Table 5).

The frequency of having ‘‘at least one neurological comorbidity”
in the AMS group was higher than in the NMS group (p:0.005).
Although the presence of ‘‘at least one medical comorbidity” was
more common in the AMS group than in the NMS group, the differ-
ence was not significant (p:0.381) (Table 5).

On neuroimaging findings, edema was present more frequently
in the AMS group when compared to the NMS group (p:0.006).
Infarct in the AMS group was lower than in the NMS group,
although the difference was not significant (p: 0.307) (Table 5).

Bilateral lung involvement in the AMS group was higher than
the NMS group on chest CT (p:0.021) (Table 5).

Biochemical and inflammatory parameters in the AMS and NMS
groups are shown in Table 5.

In binary logistic regression analysis, brain edema, the severity
of lung involvement, presence of neurological comorbidity, and
gender were determined as independent risk factors for AMS in
the probable cases (Table 4).



Table 6
Patients with seizure attacks in confirmed cases and probable cases.

Confirmed Cases
n:27

Probable Cases
n:18

Seizure type
Generalized 22 (81.5%) 15 (83.3%)
Focal 5 (18.5%) 3 (16.7%)

History of epilepsy 8 (29.6%) 7 (38.9%)
Admission in the intensive care unit 21 (77.8%) 16 (88.9%)
Intubation required 14 (51.9%) 5 (27.8%)
Mortality 14 (51.9%) 6 (33.3%)
Medical comorbidities 22 (81.5%) 15 (83.3%)
Neurological comorbidities 13 (48.1%) 11 (61.1%)
Brain CT/MRI findings
Infarct 2 (9.1%) 5 (29.4%)
Hemorrhage 2 (9.1%) 1 (5.9%)
Edema 2 (9.1%) 4 (23.6%)
Abscess – 1 (5.9%)
Cerebral venous thrombosis 1 (4.5%) –
Mass 3 (13.6%) 1 (5.9%)

Metabolic disturbance
Liver failure – 2 (11.1%)
Hypernatremia 4 (14.8%) 1 (5.5%)
Hyponatremia 1 (3.7%) –
Acute impairment of kidney function 4 (14.8%) 1 (5.5%)

Table 5
Comparison of demographic characteristics, clinical data, radiology and laboratory of
the NMS and AMS group in probable cases.

Probable Cases

NMS
n:29

AMS
n:74

p

Age (year) 66.17 ± 16.90 70.98 ± 15.76 0.175
Gender
Female 5/29 (17.2%) 35/74 (47.3%) 0.010
Male 24/29 (82.8%) 39/74 (52.7%)

Admission in the intensive care
unit

14/29 (48.3%) 60/74 (81.1%) 0.001

Intubation required 1/29 (3.4%) 18/74 (71.8%) 0.012
Mortality 2/29 (6.9%) 35/74 (47.3%) 0.001
Brain CT/MRI findings
No acute changes 12/27 (44.4%) 23/67 (34.3%) 0.359
Infarct 14/27 (51.9%) 27/67 (40.3%) 0.307
Hemorrhage 1/27 (3.7%) 12/67 (17.9%) 0.100
Edema 1/27 (3.7%) 20/67 (29.9%) 0.006
Cerebral abscess – 1/67 (1.5%) 0.523

Chest CT findings
Normal 1/29 (3.4%) –
Unilateral 16/29 (55.2%) 24/74 (32.4%) 0.021
Bilateral 12/29 (41.4%) 50/74 (67.6%)

Patients with at least one medical
comorbidity

25/29 (86.2%) 68/74 (91.9%) 0.381

Patients with at least one
neurological comorbidity

6/29 (20.7%) 38/74 (51.4%) 0.005

Laboratory tests
Creatinine mg/dL 1.75 ± 2.38 1.47 ± 1.27 0.433
Alanine aminotransferase U/L 27.10 ± 15.25 109.16 ± 481.01 0.362
Aspartate aminotransferase U/L 25.48 ± 15.15 148.56 ± 700.89 0.348
Sodium mmol/L 138.031 ± 4.66 141.48 ± 6.80 0.023
White blood cell 109/L 8.73 ± 2.75 12.92 ± 9.64 0.023
Hemoglobin g/dL 11.90 ± 2.45 11.28 ± 2.42 0.249
C-reactive protein mg/dL 53.27 ± 70.73 89.05 ± 80.07 0.038
D-dimer mg/L 2.46 ± 4.34 5.74 ± 7.76 0.035

AMS: Altered mental status, NMS: Normal mental status.

Table 4
Independent factors associated with altered mental status in binary logistic regression analysis.

Confirmed Cases Probable Cases

p Exp(B) %95 CI p Exp(B) %95 CI

Chest CT findings 0.420 0.868 0.617–1.223 0.006 2.832 1.356–5.914
Edema on neuroimaging 0.011 24.323 2.079–284.632 0.005 31.760 2.768–364.402
Infarct on neuroimaging 0.386 1.436 0.634–3.254 0.384 0.578 0.168–1.987
Hemorrhage on neuroimaging 0.043 5.728 1.060–30.950 0.857 1.260 0.103–15.469
Neurological comorbidities 0.046 2.297 1.017–5.189 0.013 5.003 1.410–17.753
Medical comorbidities 0.654 1.230 0.498–3.039 0.482 2.405 0.208–27.771
Age 0.001 1.042 1.018–1.067 0.203 1.029 0.985–1.075
Gender 0.295 0.684 0.335–1.393 0.005 9.041 1.957–41.772
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3.3. Seizure

Twenty-seven patients (13.2%) in confirmed cases and 18
patients (17.5%) in probable cases had seizure attacks. The charac-
teristics of patients with seizure attacks in confirmed and probable
cases are shown in Table 6.

4. Discussion

Our results demonstrated that the most prominent neurological
manifestation in both confirmed and probable cases was altered
mental status. Infarct was the most common neuroimaging find-
ing. The mortality rate for confirmed and probable cases was sim-
ilar. In the case of mental deterioration, the mortality rate was
found to increase dramatically. Brain edema, hemorrhage, neuro-
logical comorbidity, the severity of lung involvement, and age were
independent risk factors for mental deterioration.
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The altered mental state has been reported as the most com-
mon neurological problem in COVID-19 [4,13]. In accordance with
these studies, our findings showed that AMS might be the most
common neurological problem in COVID-19. Although current
information on COVID-19 infection is insufficient, it is suggested
that the main mechanism responsible for manifestations of the
central nervous system is not due to direct viral invasion. Given
the lack of comprehensive diagnostic neurological investigations
due to pandemic limitations, studies could not clearly establish
the cause of AMS and encephalopathy [4,7,8]. However, AMS can
occur as a result of a wide variety of causes, including toxic-
metabolic status, cerebral vascular events, autoimmune mecha-
nisms, encephalitis, and meningitis [2,5,8]. Some of our patients
had neuroimaging findings that could explain AMS. Although we
cannot clearly identify the reasons for the mental status change
in our other cases, we can suggest that it is due to metabolic and
hypoxic causes.

Neurological disorders are more common in elderly patients
[8,14]. Consistent with this, our patients with AMS were about
one decade older than patients with NMS. Pre-existing medical
comorbidities play an important role in the development of neuro-
logical disorders [11,12]. In our study, pre-existing medical comor-
bidities were higher in patients with AMS. At the same time, we
have demonstrated that pre-existing neurological comorbidities
are independent risk factors for AMS.

Given the available information, altered mental status in
COVID-19 has been associated with increased mortality and mor-
bidity [4,7,8]. We also observed that the development of mental
deterioration increases mortality dramatically.
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Seizure attack has been reported as one of the central nervous
system manifestations of COVID-19. The frequency of seizures
reported in the studies was between 0.5% and 4% [4,6–8]. In our
study, the frequency of seizure attacks was determined as 13.2%
in confirmed and 17.5% in probable cases. Compared to other stud-
ies, the frequency of seizure attacks was higher in our study. This
high frequency in our cases was that our study population con-
sisted of patients who developed neurological symptoms. Besides,
a history of pre-existing epilepsy and comorbidities may be
responsible for this high seizure rate. The frequency, causes, and
pathogenesis of seizures in COVID-19 infection have not yet been
clearly revealed [15]. The virus entering the central nervous system
can disrupt the blood–brain barrier. This process may trigger
epileptic activity. Also, hypoxia, electrolyte imbalances, mitochon-
drial dysfunction, thrombotic state, metabolic disorders, and med-
ications can initiate seizure attacks [15,16]. In our study, we
detected electrolyte imbalance, deterioration in renal functions,
fulminant liver failure, and cerebrovascular events in patients with
seizure. Sun et al. reported high mortality in COVID-19 patients
with seizure [15]. We also demonstrated that the mortality rate
in patients with seizure was very high.

We demonstrated some patients with infrequent neurological
disorders, including Myasthenia gravis (MG), Multiple sclerosis
(MS), Parkinson’s disease (PD), and Guillain-Barré syndrome
(GBS) in our study population. Given the lack of well-designed
studies, the approach to these diseases in COVID-19 is shaped
based on case reports and authors’ opinions [17–19].

In the COVID-19 period, the problem of how to approach
autoimmune based neurological diseases such as MG has not been
clarified yet. MG patients may become at risk for COVID-19 due to
immunosuppressive therapy and existing respiratory system prob-
lems. On the other hand, COVID-19 can make MG more severe
[17,20]. In light of the available data, when immunosuppressives
are used carefully, they seem to not increase the risk of COVID-
19, and may even have a protective role [17,21,22]. There were
two MG patients in our study. Our first patient had a recently diag-
nosed severe form of MG. The patient did not respond to COVID-19
and MG treatments including IVIG, plasmapheresis, and tocilizu-
mab, and died. The second patient with stable MG developed res-
piratory distress after COVID-19, and the steroid dose was
increased. The patient, whose complaints improved, was
discharged.

Disease-modifying drugs (DMDs) used in MS treatment have
been associated with an increased risk of infection. [23–25]. Never-
theless, studies have not shown a significant relationship between
the use of DMDs and an increased risk of COVID-19 [23,26,27].
Since the clinical worsening of MS patients who are left untreated
or not effectively treated would cause poor outcomes, some
authors have suggested that MS patients should continue the treat-
ment with the drugs they took before the pandemic [19,27,28].
There were two MS patients in our study. While our first patient
was being treated with progressive MS disease, COVID-19 was
diagnosed. The patient did not respond to COVID-19 treatment
such as steroid, tocilizumab, immune plasma, and cytokine filtra-
tion and died. Our second patient developed an MS attack on the
5th day of stopping MS treatment (teriflunomide) after being diag-
nosed with COVID-19. The patient’s complaints regressed with
pulse steroid therapy. Our limited findings support the strategy
of continuing the treatment of MS patients under close follow-up.

PD is a neurological problem that deserves consideration in the
COVID-19 pandemic. Recent studies reported that advanced age
and long-term disease increase mortality in advanced PD [18,29].
In one study, it was emphasized that COVID-19 worsened motor
symptoms and that the dopaminergic treatment may need to be
increased [29]. We had 10 PD patients, and mental deterioration
developed in seven, speech impairment in two, and paresthesia
101
in one. All but one of our patients was over 65 years old, and all
had concomitant diseases. Two of the patients who presented with
AMS died. We adjusted the medication dosage in one patient who
developed dyskinesia.

COVID-19 affects the peripheral nervous system as well as the
central nervous system. GBS is thought to be the peripheral ner-
vous system manifestation of COVID-19 [12,30]. The first cases
demonstrating the relationship between COVID-19 and GBS
appeared in the early pandemic period [31,32]. Several valuable,
detailed reviews have been published analyzing cases of GBS in
COVID-19 patients [33–36]. However, the available information
is insufficient to reveal whether COVID-19 is an important risk fac-
tor for GBS. More well-designed studies are needed to clarify the
relationship between GBS and COVID-19 [33–37]. In our study
population of over 300 patients with COVID-19, we only had one
newly diagnosed GBS patient.

The strengths of our study were as follows; firstly, our study
population included a significant number of confirmed cases, as
well as probable cases. In this way, besides evaluating the charac-
teristics and data of two groups separately, it was the first study in
the literature comparing the two groups with each other, as far as
we know. Secondly, compared to the literature, we had a large
number of patients with seizure attacks in both confirmed cases
and probable cases, which allowed for the evaluation of the etiol-
ogy of seizure attacks in COVID-19. Thirdly, we presented the data
of patients with rare neurological diseases in our study groups,
accompanied by publications in the literature. One of the weak
points of the study was that our evaluations were limited to
recorded data, as the study was designed retrospectively, and the
other was that some detailed neurological investigations could
not be performed due to COVID-19 pandemic limitations.

In conclusion, our data showed that one of the most common
neurological findings in COVID-19 patients is AMS. Age, the
patient’s current comorbid diseases, and the severity of infection
increase the risk of developing AMS. Mortality increases dramati-
cally in patients who develop AMS. However, one point to keep
in mind is that our data reflect moderate and severe COVID-19 dis-
ease rather than the entire spectrum of COVID-19 disease, since
our study population consists of patients who develop neurological
complaints and symptoms while being treated in the hospital.
Therefore, prospective studies investigating the effects of COVID-
19 in both outpatients and inpatients are required in order to cre-
ate satisfactory guidelines that allow adequate follow-up and
treatment of COVID-19 patients.
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