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ARTICLE INFO ABSTRACT

Keywords: Background: Patients with chronic diseases likely develop severe 2019 coronavirus disease (COVID-19). However,
COVID-19 little is known about the effects of COVID-19 on patients with neurological disorders. We conducted a systematic
Neurological disorder review to evaluate the severity of COVID-19 and its effect on neurological symptoms in patients with preexisting
Elsﬁzgls(;gy neurological disorder and COVID-19.

Systematic Methods: We searched the MEDLINE (PubMed) and medRxiv databases for reports of patients with both preex-
Review isting neurological disorders and COVID-19. Studies reporting data on changes in the symptoms of preexisting

neurological disorders and/or the severity of COVID-19 were included.

Results: Twenty-six articles with 2278 patients with preexisting neurological disorder and COVID-19 were
identified. Of 232 patients, 74 (31.9 %) showed exacerbation of preexisting neurological symptoms of dementia
(55/92; 59.5 %), Parkinson’s disease (10/17; 58.8 %), epilepsy (1/1; 100 %), and unspecified neurological
disorders (8/106; 7.5 %). Of 2168 patients, 478 (22.0 %) showed severe COVID-19 course. These included
patients with cerebrovascular disease (86/445; 19.3 %), dementia (70/316; 22.2 %), Parkinson’s disease (25/
214; 11.7 %), multiple sclerosis (28/71; 39.4 %), spinal cord injury (5/7; 71.4 %), epilepsy (10/98; 10.2 %) and
unspecified neurological disorders (254/1011; 25 %).

Conclusions: Patients with preexisting neurological disorders and COVID-19 may develop exacerbation of
neurological symptoms and severe COVID-19. Clinicians should be aware of the risk of symptom exacerbation
and severe COVID-19 in patients with preexisting neurological disease and should focus on the prevention and
early care of COVID-19.

1. Introduction

Coronavirus disease (COVID-19) was first reported in China in
December 2019 and has rapidly spread around the world. COVID-19 is
one of the leading causes of critical pneumonia and death worldwide.
Typically, 14-15 % of patients with COVID-19 develop severe pneu-
monia and 1.5-2.3 % die [1,2]. Risk factors for severe COVID-19 include
cardiovascular disease, diabetes mellitus, hypertension, and old age [3].

As for patients with chronic neurological disorder, a few cohort
studies have reported that patients with preexisting neurological dis-
orders who contracted COVID-19 developed more severe clinical
symptoms and worse outcomes, compared to the general population [4,

5]. In addition, some patients with neurological disorders such as Par-
kinson’s disease and dementia who developed COVID-19 had a wors-
ening of preexisting neurological symptoms [6,7].

However, the overall severity of COVID-19 and the changes in
neurological symptoms in patients with preexisting neurological disor-
ders and COVID-19 are unknown due to limited reports (few case reports
or small cohort studies). Therefore, we conducted a systematic review to
evaluate the exacerbation of neurological symptoms and the severity of
COVID-19 in patients with preexisting neurological disorders and
COVID-19.
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2. Material and methods

A systematic review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [8]. This review protocol was not formally registered. The
MEDLINE (accessed from PubMed) and medRxiv databases were
searched systematically on May 22, 2020. In PubMed, the following key
words (in the title/abstract) were used: (“COVID-19” OR “Coronavirus”
OR “SARS-CoV-2" OR “2019-nCoV”) AND (“Neurology” OR “Neuro-
logic” OR “Neurological” OR “Neuropathy” OR “Brain” OR “Spine” OR
“Stroke” OR “Nerve” OR “Epilepsy” OR “Parkinson’s disease” OR “De-
mentia” OR “Brain tumor” OR “Multiple Sclerosis” OR “Movement dis-
order” OR “Headache” OR “Tremor” OR “Amyotrophic lateral sclerosis”
OR “Dystonia”)”. In medRxiv, the number of search terms that can be
used is limited; therefore, the following key words were used: (“COVID
19” OR “SARS CoV 2”) AND (“Neurologic” OR “Stroke” OR “Epilepsy”
OR “Parkinson” OR “Dementia” OR “Multiple sclerosis™). The afore-
mentioned neurological diseases were selected from among the chronic
neurological diseases with a high prevalence [9,10].

We included studies based on the following criteria: (1) those
reporting patients who had preexisting neurological disorders and
COVID-19; (2) those that documented the severity of COVID-19 and/or
changes in preexisting neurological symptoms; and (3) original reports
such as case reports, letters, case series, or cohort studies. Case reports
were included because so few large population-based studies of patients
with preexisting neurological disorders and COVID-19 are available. We
defined a severe case as a patient with severe/critical pneumonia or who
had been admitted to the intensive care unit. We defined exacerbation as
exacerbation of preexisting neurological disease-related symptoms. We
excluded studies written in languages other than English. We also
excluded studies that only included patients who were critically ill or
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deceased.

Two reviewers (TK and NK) independently screened the titles and
abstracts. After screening, a reviewer (TK) assessed the full texts of the
selected articles and included those that met the inclusion criteria. Any
disagreements were resolved by discussions between the reviewers (TK
and NK).

3. Results

A total of 1702 studies were retrieved (866 papers from MEDLINE
and 836 papers from medRxiv) on May 22, 2020. After title and abstract
screening and duplicate removal, 313 studies were identified. The full-
text screening of these studies led to the exclusion of 286 that did not
meet the inclusion criteria. The remaining 26 studies were identified as
eligible to be reviewed [6,7,11-34]. Fig. 1 outlines the selection process.

Table 1 lists the characteristics of the included articles. A total of
2278 patients with preexisting neurological disorder and COVID-19
were included. The neurological disorders included cerebrovascular
disease, Parkinson’s disease, multiple sclerosis and related disorders,
aquaporin-4 (AQP-4)-positive neuromyelitis optica spectrum disorder
(NMOSD), dementia and cognitive disorder, epilepsy, spinal cord injury,
systemic atrophy, myelopathy, intracranial mass, and unspecified
neurological disorders. Since the selected articles did not always report
both the exacerbation of neurological symptoms and severity of COVID-
19, the patients were divided into two groups: 232 patients with pre-
existing neurological disorders and COVID-19 for whom the exacerba-
tion of neurological symptoms was reported, and 2168 patients with
preexisting neurological disorder and COVID-19 for whom the severe
COVID-19 course was reported. Of the 232 patients in the first group, 74
(31.9 %) showed an exacerbation of preexisting neurological symptoms,
including patients with dementia (55/92; 59.5 %), Parkinson’s disease

A 4

(o)
- Records identified through Additional records identified
-S database searches through other sources
3 (n=1702) (n=0)
5=
=]
=
9]
)
A4 Y
PR Records screened (title and abstract) s Records excluded
(n=1702) (n=1358)
} I
= Records screened for Records excluded
) duplicates (n = 317) > (n=4)
5]
%)
\uE——

Eligibility

Included

Fig. 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram of this review.

Full-text articles assessed
for eligibility
(n=313)

}

Studies included in
qualitative synthesis
(n=26)

}

Studies included in
quantitative synthesis
(meta-analysis)
(n=0)

Full-text articles excluded

(n =286)

No clinical data (n = 151)
No neurological disorder (n = 86)

Different outcome (n = 32)
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Table 1

Patients with neurological disorders and COVID-19.
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Author Study Neurological Age Male Diagnosis of Neurological disorder, No. Exacerbation of preexisting
[Reference] design disorder, No. (mean + SD) (%) COVID-19 neurological symptoms and the
severity of COVID-19 No/All
neurological disease (%)
Rejdak et al Case 27 NA 45 RT-PCR Multiple sclerosis 15, Parkinson’s disease 5,  Exacerbation of preexisting
[11] report cognitive impairment 7 neurological symptoms 0/22 (0),
Severe 0/22 (0)
Filatov et al Case 1 74 100 Unspecified Stroke and Parkinson’s disease 1 Severe 1/1 (100)
[12] report test for COVID-
19
Beyrouti et al Case 1 61 100 RT-PCR Stroke 1 Exacerbation of preexisting
[13] report neurological symptoms 0/1 (0),
Severe 0/1 (0)
Wang et al [14] Retro 4 NA NA RT-PCR Cerebrovascular disease 4 Severe 2/4 (50)
Oxley et al [15] Case 1 49 100 Unspecified Stroke 1 Severe 0/1 (0)
report test for COVID-
19
Oliver et [16] Case 1 62 0 RT-PCR Transient ischemic attack 1 Exacerbation of preexisting
report neurological symptoms 0/1 (0),
Severe 0/1 (0)
Vollono et al Case 1 78 0 RT-PCR Epilepsy (post HSV-1 encephalitis) 1 Exacerbation of preexisting
[17] report neurological symptoms 1/1 (100):
status epilepticus 1, Severe 0/1
0)
Novi et al [18] Case 1 58 100 RT-PCR Multiple sclerosis 1 Exacerbation of preexisting
report neurological symptoms 0/1 (0),
Severe 0/1 (0)
Suwanwongse Case 1 31 100 PCR Multiple sclerosis 1 Exacerbation of preexisting
et al [19] report neurological symptoms 0/1 (0),
Severe 0/1 (0)
Gemcioglu et al Case 1 31 100 PCR Multiple sclerosis 1 Exacerbation of preexisting
[20] report neurological symptoms 0/1 (0),
Severe 0/1 (0)
Hughes et al Case 74 42.9 28 Unspecified Multiple sclerosis 74 (relapsing forms 22, Severe 28/57 (49), Not reported
[21] report (23-59) test for COVID-  progressive forms 12, not reported 40) severity 17
19
Nie et al [22] Retro 3 NA NA RT-PCR Cerebrovascular atherosclerosis 3 Severe 2/3 (67)
Rodriguez et al Retro 7 68 (34-75) 71 RT-PCR Spinal cord injury 7 (Cervical 5, Thoracic 2. Severe 5/7 (71)
[23] Tracheostomy 4. Need to remove respiratory
secretions 2/4)
Liao et al [24] Retro 4 NA NA RT-PCR Cerebrovascular disease 4 Severe 1/4 (25)
Bruce et al [25] Retro 79 NA NA RT-PCR Stroke 79 Severe 19/79 (24)
Yin et al [26] Retro 106 72.7 (£11.8) 60 RT-PCR Cerebral infarction 81, Dementia 20, Acute Exacerbation of preexisting
cerebral infarction 10, Cerebral hemorrhage  neurological symptoms 8/106 (8),
5, Intracranial mass lesions 4, Epilepsy 3, Severe 59/106 (56)
Parkinson’s disease 2, and Myelopathy 1
Jietal [27] Retro 967 NA NA RT-PCR Parkinson’s disease and movement disorder Severe 162/967 (17)
209, Dementia and degenerative disease
206, Stroke and Transient cerebral ischemia
349, Epilepsy 97, Systemic atrophy 5,
Multiple sclerosis 1
Haimovich et al Retro 356 NA NA PCR Neurologic disorders 356 Severe 36/356 (10)
[28]
Berekashvili et Retro 1 70-80 0 RT-PCR Cerebral vascular accident 1 Severe 1/1 (100)
al [29]
Kim et al [30] Retro 548 NA NA Unspecified Neurologic diseases 548 Severe 158/548 (29)
test for COVID-
19
Creed et al [31] Retro 1 59 0 PCR Aquaporin-4-positive neuromyelitis optica Exacerbation of preexisting
spectrum disorder 1 neurological symptoms 0/1 (0),
Severe 0/1 (0)
Beach et al [32] Case 3 3 PCR Major neurocognitive disorder 1, dementia Exacerbation of preexisting
series 1, and dementia with Levy 1 neurological symptoms 0/3 (0),
Severe 1/3 (33)
Morassi et al Case 2 76 50 RT-PCR Stroke 1, Transient ischemic attack 1 Severe 2/2 (100)
[33] series
Hainque et al Case 2 78 (73—-83) 50 RT-PCR Parkinson’s disease 2 Exacerbation of preexisting
[34] report neurological symptoms 2/2 (100):
motor symptoms 2, fall 1
Antonini et al Retro 10 78.3 60 NA Parkinson’s disease 10 Exacerbation of preexisting
[6] (61-94) neurological symptoms 8/10 (80):
motor symptoms 2/10 (20), fall
3/10 (30) nonmotor symptoms 8/
10 (80)
Retro 82 82.6 (+£5.3) 43 RT-PCR Dementia 82

(continued on next page)
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Table 1 (continued)
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Author Study
[Reference] design

Neurological
disorder, No.

Age Male
(mean + SD) (%)

Diagnosis of
COVID-19

Neurological disorder, No. Exacerbation of preexisting
neurological symptoms and the
severity of COVID-19 No/All

neurological disease (%)

Bianchetti et al

[7]

Exacerbation of preexisting
neurological symptoms 55/82
(67): delirium 55, functional
status worsening 46, behavioral

RT: Reverse transcription. PCR: Polymerase chain reaction. Retro: Retrospective cohort study. NA: Not available.

(10/17; 58.8 %), epilepsy (1/1; 100 %), and unspecified neurological
disorders (8/106; 7.5 %), as shown in Table 2. Of the 2168 patients in
the second group, 478 (22.0 %) exhibited a worsening of COVID-19
severity. These included patients with cerebrovascular disease (86/
445; 19.3 %), dementia (70/316; 22.2 %), Parkinson’s disease (25/214;
11.7 %), multiple sclerosis (28/71; 39.4 %), epilepsy (10/98; 10.2 %),
spinal cord injury (5/7; 71.4 %), and unspecified neurological disorders
(254/1011; 25 %), as shown in Table 3.

4. Discussion

In this systematic review, our findings suggest that COVID-19 may
increases the risk of a worsening of neurological symptoms in patients
with preexisting neurological disorders. In addition, our results indicate
that patients with preexisting neurological disorders and COVID-19 may
likely develop severe COVID-19. To our knowledge, this is the first
systematic review to demonstrate the exacerbation of neurological
symptoms and the severity of COVID-19 in patients with preexisting
COVID-19 and neurological disorders.

We found that 31.9 % of patients with preexisting neurological dis-
orders and COVID-19 experienced a worsening of neurological symp-
toms. In particular, approximately 60 % of patients with Parkinson’s
disease or dementia had an exacerbation of preexisting neurological
symptoms. In general, the most common cause of symptom exacerbation
in patients with Parkinson’s disease was infection (25.6 %), followed by
anxiety (18.6 %), medication errors (13.9 %), and poor adherence to the
treatment regimen (13.9 %) [35]. Moreover, symptoms of COVID-19
and changes in the environment, such as hospitalization, may inter-
rupt the scheduled intake of medication, resulting in the deterioration of
symptoms. In addition, an infection induces the production of systemic
and central nervous system cytokines and prostaglandins that cause
acute cognitive declines and delirium in patients with dementia [36].
The presence of cytokines and monokines in the brain has been reported
in patients with severe acute respiratory syndrome coronavirus [37].
Consequently, COVID-19 may trigger a cognitive decline or delirium in
patients with dementia. Although the number of patients with epilepsy
is small, they exhibited an exacerbation in symptoms. The association
between seizures and COVID-19 has not been clearly determined;
however, infection is a common precipitating factor for the development

Table 2
Exacerbation of preexisting neurological symptoms.

Disease All patients, No exacerbation, Exacerbation, No
No. No. (%)

All Neurological diseases 232 159 74 (31.9)
Cerebrovascular disease 2 0 0(0.0)

Dementia 92 37 55 (59.5)
Parkinson’s disease 17 7 10 (58.8)
Multiple sclerosis 13 13 0(0.0)
AQP-4-positive NMOSD 1 0 (0.0)

Epilepsy 1 1 (100.0)

Not specified 106 98 8(7.5)

neurological disorders

AQP-4: Aquaporin-4. NMOSD: neuromyelitis optica spectrum disorder.

symptoms 9
Table 3
Severity of COVID-19.
All patients, No severe, Severe, No
No. No (%)
All Neurological diseases 2168 1690 478 (22.0)
Cerebrovascular disease 445 359 86 (19.3)
Dementia 316 246 70 (22.2)
Parkinson’s disease 214 189 25 (11.7)
Multiple sclerosis 71 43 28 (39.4)
AQP-4-positive NMOSD 1 0 0 (0.0)
Epilepsy 98 88 10 (10.2)
Spinal cord injury 7 2 5(71.4)
Not specified neurological 1011 757 254 (25)

disorders

AQP-4: Aquaporin-4. NMOSD: neuromyelitis optica spectrum disorder.

of seizures in patients with epilepsy [38-40]. Thus, COVID-19 may
worsen seizure control in patients with epilepsy. In contrast, patients
with multiple sclerosis and related diseases did not exhibit neurological
symptom exacerbations in our study. On the other hand, a previous
cohort study reported that viral infections were associated with tem-
poral exacerbations in the symptoms of approximately 9% of patients
with multiple sclerosis [41]. Our systematic review may not have
detected symptom exacerbations in such patients due to the small
sample size.

We found that 22.0 % of patients with preexisting neurological dis-
orders and COVID-19 developed severe COVID-19. The frequency of
severe COVID-19 among these patients was greater than that of patients
in general population studies (22.0 % vs 14.2-15.7 %) [1,2]. Among
patients with cerebrovascular disease or dementia, who comprised the
majority of patients, 19.3 % and 22.2 %, respectively, developed severe
COVID-19. This may be because such patients have risk factors for se-
vere COVID-19, including old age, diabetes mellitus, and hypertension
[3]. In patients with multiple sclerosis, the percentage of patients in
whom COVID-19 severity increased was as high as 39.4 %. Comorbid-
ities, obesity, age, and progressive forms of multiple sclerosis have been
reported as risk factors for severe COVID-19 in patients with preexisting
multiple sclerosis [42]. Although the patients with multiple sclerosis in
our study were relatively young (23-59 years), they may have had other
comorbidities and progressive forms of the disorder. The severity of
COVID-19 also increased in 71.4 % of patients with spinal cord injury,
although this population was small. Difficulty with spontaneous
breathing and clearing respiratory secretions may worsen pneumonia in
patients with spinal cord injury. In contrast, the frequency of patients
with Parkinson’s disease who experienced increased COVID-19 severity
was low, compared to the general population (11.7 % vs 14.2-15.7 %)
[1,2]. This low percentage was inconsistent with the frequencies in
patients with other predominantly elderly neurological diseases, such as
dementia and stroke. In patients with epilepsy, the percentage of pa-
tients with severe COVID-19 was low (10.2 %). Although the mean age
of these patients is unknown, the studies may have included pediatric
patients with epilepsy.

Our study had several limitations. First, most of the included studies
were case reports or small cohort studies. Consequently, there may be
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large differences in the clinical settings between these reports. Second,
the studies included in the systematic review may have been subject to
selection and presentation bias. For example, severe or complicated
cases may have been more likely to be published. Third, mild exacer-
bation of preexisting neurological symptoms might have been missed
and unreported. Fourth, patients with unspecified neurological disor-
ders were reported. Finally, the criterion of severity varied slightly
across studies. Therefore, the criteria in our study may not have been
completely accurate and uniform.

In conclusion, our results suggest that patients with preexisting
neurological disorders and COVID-19 may experience a worsening of
neurological symptoms and may likely develop severe COVID-19. Cli-
nicians should be aware of the risks of an exacerbation of neurological
symptoms and an increase in COVID-19 severity in patients with pre-
existing neurological diseases, and should focus on the prevention and
early care of COVID-19. Further detailed retrospective and prospective
large-cohort studies are needed to confirm the risk of an exacerbation of
neurological symptoms and the clinical outcomes in patients with
COVID-19 and preexisting neurological disorders.
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