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Abstract

Objective To perform an updated review of the literature on the neurological manifestations of COVID-19-infected patients
Methods A PRISMA-guideline-based systematic review was conducted on PubMed, EMBASE, and SCOPUS. Series report-
ing neurological manifestations of COVID-19 patients were studied.

Results 39 studies and 68,361 laboratory-confirmed COVID-19 patients were included. Up to 21.3% of COVID-19 patients
presented neurological symptoms. Headache (5.4%), skeletal muscle injury (5.1%), psychiatric disorders (4.6%), impaired
consciousness (2.8%), gustatory/olfactory dysfunction (2.3%), acute cerebrovascular events (1.4%), and dizziness (1.3%),
were the most frequently reported neurological manifestations. Ischemic stroke occurred among 1.3% of COVID-19 patients.
Other less common neurological manifestations were cranial nerve impairment (0.6%), nerve root and plexus disorders
(0.4%), epilepsy (0.7%), and hemorrhagic stroke (0.15%). Impaired consciousness and acute cerebrovascular events were
reported in 14% and 4% of patients with a severe disease, respectively, and they were significantly higher compared to
non-severe patients (p <0.05). Individual patient data from 129 COVID-19 patients with acute ischemic stroke (AIS) were
extracted: mean age was 64.4 (SD +6.2), 78.5% had anterior circulation occlusions, the mean NIHSS was 15 (SD +7), and
the intra-hospital mortality rate was 22.8%. Admission to the intensive care unit (ICU) was required among 63% of patients.
Conclusion This updated review of literature, shows that headache, skeletal muscle injury, psychiatric disorders, impaired
consciousness, and gustatory/olfactory dysfunction were the most common neurological symptoms of COVID-19 patients.
Impaired consciousness and acute cerebrovascular events were significantly higher among patients with a severe infection.
AIS patients required ICU admission in 63% of cases, while intra-hospital mortality rate was close to 23%.
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Introduction

Since the identification of the first case of severe acute res-
piratory syndrome (SARS) CoV-2 infection in December
2019, in Wuhan, China, the global number of confirmed
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COVID-19 cases is roughly 36,000,000, with about one mil-
lion deaths [1]. The most characteristic symptoms of patients
infected with the SARS-CoV-2 are fever, cough, shortness
of breath, and acute respiratory distress syndrome. However,
the spectrum of COVID-19 patients varies considerably
from asymptomatic or mild-symptomatic respiratory ill-
ness, to severe pneumonia and respiratory distress that may
lead to admission to intensive care units (ICU), with a risk
of respiratory failure and death [2, 3]. Additionally, some
patients with COVID-19 also showed neurologic symptoms
that may precede or occur in the course of the infection, as
headache, anosmia, cerebrovascular disease, and impaired
consciousness. Knowledge of neurovirulence of SARS-
CoV-2 is progressively emerging due to the increasing evi-
dence of neurological manifestations among these patients.
Indeed, it has been demonstrated that SARS-CoV [4, 5] and
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MERS-CoV [6] can enter into the brain through the olfac-
tory nerves or through hematogenous and lymphatic routes,
inducing neurological diseases. Nevertheless, neurological
signs and symptoms of the emerging SARS-CoV-2 remain
to be elucidated.

In this updated systematic review of the literature, we
investigated the frequency and type of neurological symp-
toms associated with SARS-CoV-2, with the aim of pro-
viding a further understanding of the potential neurological
manifestations of COVID-19.

Materials and methods

Literature search

(“neurological symptoms” OR “neurological manifestations”

OR “neurvous system”))

The Institutional Review Board (IRB) approval was not
required because this analysis was conducted on anonymized
published data from the literature. A comprehensive lit-
erature search of PubMed, Ovid EMBASE, and SCOPUS
was conducted for studies published from January 2019 to
October 2020. This systematic review was conducted fol-
lowing the PRISMA guidelines [7]. The following search
terms were used in both “AND” and “OR” combinations:
“COVID-19”, “SARS-CoV-2”, “coronavirus”, “neurologi-
cal symptoms”, “neurological manifestations”, “nervous
system”. The full search strategy is reported in Table 1.
The included studies are described in Table 2. The inclu-
sion criteria were the following: series reporting COVID-
19-infected patients presenting neurological manifestations
of the SARSCoV-2 infection. Exclusion criteria were the
following: (1) case reports; (2) review articles; (3) studies
published in languages other than English with no avail-
able English translation; and (4) in vitro/animal studies. In
cases of overlapped series, only the studies with the largest
number of subjects or most detailed data were included. The
analysis was performed by two independent reviewers, while
a third author solved discrepancies.

Scopus search accessed on on 20 September 2020 (275 articles)

Filters: Publication date from 2019/10/01
((“COVID 19” OR “coronavirus” OR “SARS-CoV-2") AND

Embase search accessed on 20 September 2020 (430 articles)

Filters: Publication date from 2019/10/01
(‘covid 19’:ab,ti OR ‘sars cov 2’:ab,ti OR coronavirus:ab,ti)

system’:ab,ti) AND [2019-2020]/py

Outcomes

The primary objective of this study was to define the neuro-
logical manifestations of COVID-19-infected patients. The
secondary objectives were: (1) to describe the frequency of
associated non-neurological signs and symptoms; and (2) to
define the frequency of the neurological and non-neurolog-
ical manifestations among severe- and non-severe-infected
patients.

Data collection

(neurological symptoms OR neurological manifestations OR ~ AND (‘neurological manifestations’:ab,ti OR ‘nervous

nervous system)

The following data were extracted: (1) neurological and
non-neurological manifestations of hospitalized COVID-19

PubMed search accessed on 20 September 2020 (2150 arti-

cles)

(((COVID-19) OR SARS-CoV-2) OR coronavirus) AND

Filters: Publication date from 2019/10/01

Table 1 Search syntax

@ Springer



2658

Journal of Neurology (2021) 268:2656-2665

Table 2 Systematic review of

- . R Neurological symptoms Prevalence Confidence interval Number
neurological manifestations in of stud-
COVID-19 infected patients ies

Proportion of patients presenting neuro- 9786/45,823=21.3% 20.9-21.7% 7
logical findings
Headache 2663/49,120=5.4% 5.2-5.6% 31
Dizziness 562/43,309=1.3%% 1.1-1.4% 14
Impaired consciousness 1278/45,886=2.8% 2.6-2.9% 15
Acute cerebrovascular events 837/57,056=1.5% 1.3-1.57% 17
Ischemic 750 (1.3%) 1.2-1.4%
Hemorrhagic 87 (0.15%) 0.1-0.9%
Peripheral nervous system involvement
Olfactory/gustatory dysfunctions 998/42,561=2.3% 2.2-2.5% 12
Skeletal muscle injury 2477/48,426=5.1% 4.9-5.3% 17
Nerve root and plexus disorders 173/41,470=0.4% 0.3-0.5% 3
Other cranial nerve impairment 268/41,492=0.6% 0.5-0.7% 5
Psychiatric disorders 1892/40,986=4.6% 4.4-4.8% 2
Epilepsy 286/42,844=0.7% 0.5-0.7% 7

patients; (2) number of patients presenting with severe vs
non-severe conditions; and (3) frequency of both neurologi-
cal and non-neurological manifestations among severe and
non-severe patients.

Diagnosis of infection by the SARS-Cov-2 was made
based on the following: real-time reverse transcription poly-
merase chain reaction (RT-PCR) assay for SARS-Cov-2 in
symptomatic patients; and SARS-CoV-2 RT-PCR-positive
associated with viral-like pneumonia in chest CT.

The severity of COVID-19 was judged based on the
following criteria: (1) three studies [8—10] used the Fifth
Revised Trial Version of the Novel Coronavirus Pneumo-
nia Diagnosis and Treatment Guidance [11]; (2) one study
defined severe patients by those who required access to the
ICU [12]; and (3) the other studies [2, 8, 13—15] used the fol-
lowing parameters: (a) respiratory distress with the respira-
tory rate over 30 per min; (b) oxygen saturation <93% in the
resting state; and (c) arterial blood oxygen partial pressure
(Pa0O,)/oxygen concentration (FiO,) <300 mmHg.

Quality scoring

A modified version of the Newcastle-Ottawa Scale (NOS)
was used for the quality assessment of the included studies
[16]. This was done by assessing the patient selection crite-
ria, comparability of the study groups, as well as the outcome
and exposure assessment based on an adapted version of the
NOS (details in the Supplemental Table 1). The comparabil-
ity between cases and controls was not tested, as well as the
non-response rate. These were not done because of the design
of the included studies that were mostly retrospective cohort
studies without a control group. A star rating of 0—7 was allo-
cated to each study based on the NOS parameters. The qual-
ity assessment was performed by two authors independently.
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When discrepancies arose, papers were re-examined by a third
author. Studies receiving 5 or more stars are considered “high-
quality”. In general, “high-quality” studies were defined based
on the following criteria: (1) appropriate assessment of the
investigated disease; (2) appropriate assessment of the neuro-
logical manifestations; (3) definition of severe and non-severe
patients; and (4) evaluation of neurological condition in severe
Vs non-severe patients.

Statistical analysis

We estimated, from each cohort, the cumulative frequency
and 95% confidence interval for proportion (Wilson/Brown
method) for each outcome. Categorical data were described
by frequency. The normality of the distribution of the quali-
tative variables was assessed using Shapiro—-Wilk test. A
variable was Gaussian distributed if p was > 0.05 at the Sha-
piro—Wilk test. For normal variables, mean and standard
deviation (SD) were reported; for variable without a nor-
mal distribution, median and interquartile range (IQR) were
used. The frequency of neurological and non-neurological
symptoms was compared using the chi-square test. Differ-
ences between sub-groups of analysis were considered sig-
nificant at p <0.05. All statistical analyses, descriptive and
inferential, were performed with SPSS, Version 24 (IBM,
Armonk, New York).

Results

Literature review

Supplemental Table 1 summarizes the included studies.
The PRISMA search flow diagram is shown in Fig. 1. A
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total of 39 studies reporting neurological manifestations
of COVID-19 patients were selected. Overall, 68,631 sub-
jects were included.

Quality of studies

Overall, all of the included studies were retrospective case
series on COVID-19-infected patients. Overall, 25 studies
were designed to investigate the neurological presenta-
tion of hospitalized COVID-19 patients and were rated as
“high-quality”. The other studies were designed to inves-
tigate the overall clinical characteristics of COVID-19
patients and were rated based on the availability of data
on neurological manifestations (details in Supplemental
Table 2).

Patient Population

Overall, 68,361 patients were included. The mean and
median age of patients were 54 (SD +4.5) and 55 (IQR
47-58), respectively, and the proportion of male was 48%
(22,322/46,460, 95% C1 47.5-48.5%).

Overall, 36.3% of patients had comorbidities
(5625/15,490, 95% CI 35.5-37%). Hypertension was the
most common vascular risk factor (3355/14,460=23.2%,
95% CI 22.5-23.9%), followed by diabetes
(2055/18,120=11.3%, 95% CI 10.8-11.8%), history of
cardiovascular disease (1205/11,585=10.4%, 95% CI
9.8-10.9%), and currently smoking (745/12,492=5.9%, 95%
CI 5.5-6.4%) (details in Supplemental Table 3).

Seventy-nine percent of the COVID-19 patients pre-
sented fever (15,250/19,295, 95% CI 78.4-79.6%), 60.1%

Fig. 1 PRISMA diagram
detailing the specifics of the
systematic literature review

Records identified through
database searching

(n=2855)
Publed=2150
Embase=430
Medline=275
Duplicated Records
Excluded through Endnote
"""""""""" > software
(n=1024)
Records screened for Relevance by Title and Abstract
(n=1831) 1483 articles excluded:
-108 Studies published in
languages other than English
with no available English
----------------- > | translation
- 430 Case reports
- 630 Review articles
- 315 Commentary onk
Full Text Articles Ay oy
(n=348)
3009 articles excluded:
__________________ ’
- No description of
neurological manifestations

Articles selected for the systematic
review

(n=39)
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(15,470/25,100, 95% CI 60-61%) had dry cough, 31.7%
fatigue (6695/21,125, 95% CI 31-32.3%), and 19.6% dysp-
nea (5460/27,860, 95% CI 19.1-20%). Other symptoms were
anorexia, abdominal pain/nausea-vomiting, and diarrhea.

Neurological manifestations of COVID-19-infected
patients

Neurological manifestations are summarized in Table 2.
Overall, 21.3% (9785/45,832, 95% CI 20.9-21.7%) of
COVID-19 hospitalized patients had neurological symptoms.
The most common reported neurological symptoms were
headache (2663/49,120=5.4%, 95% CI 5.2-5.6%), skeletal
muscle injury (defined as myalgia or elevation of the blood
creatin kinase) (2477/48,426=5.1%, 95% CI 4.9-5.3%),
and psychiatric disorders (1892/40,986=4.6%, 95% CI
4.4-4.8%). Impaired consciousness (1278/45,886 =2.8%,
95% CI 2.6-2.9%), olfactory and/or gustatory dysfunctions
(998/42,561=2.3%, 95% CI 2.2-2.5%), acute cerebrovas-
cular events (837/57,056=1.5%, 95% CI 1.37-1.57%), and
dizziness (562/43,309 =1.3%, 95% CI 5.2-5.6%) were less
common neurological manifestations. Nerve root and plexus
disorders, cranial nerve impairment and epilepsy represented
less than 1% of the neurological symptoms.

Frequency of neurological symptoms among severe
and non-severe patients

Table 3 shows the dichotomization into severe and non-
severe patients that was available among ten studies. The
proportion of patients with impaired consciousness was sig-
nificantly higher among severe patients (176/1255 =14%,
95% CI 12-16% vs 34/1257=2.7%, 95% CI 1.8-3.7%)
(»=0.0001). Similarly, acute cerebrovascular events were
higher in severe patients compared to non-severe ones
(28/707=4%, 95% CI1 2.6-5.6% vs 17/873=1.9%, 95% CI
1.1-3%) (p=0.02) (Table 3).

Characteristics of ischemic stroke associated
with COVID-19

Among patients presenting acute cerebrovascular events,
1.3% (750/57,056%, 95% CI 1.2—-1.4%) (Table 4) had acute
ischemic stroke (AIS). Overall, 6 studies reported indi-
vidual patient data among 129 AIS patients. The mean age
of COVID-19 patients with AIS was 64.6 years (SD+6.2)
and 41% were male. Hypertension, diabetes, atrial fibril-
lation, and ischemic heart disease were reported among
80%, 50%, 18%, and 26% of AIS patients, respectively. The
mean delay from COVID-19 symptoms onset to AIS was
14 days (SD +5), and the mean NHISS at admission was

Table 4 Characteristics of patients with acute ischemic stroke and
SARS-CoV-2 infection

Neurological and clinical variables Number of patients

Total number of patients with AIS 129
Age Mean=64.6
SD+6.2

Sex

M 53 (41%)

F 76 (49%)
Hypertension 33/41 (80%)
Diabetes 12/24 (50%)

Atrial fibrillation

Ischemic heart disease

2/11 (18%)
6/23 (26%)

Days from COVID-19 symptom onset to AIS Mean=14
symptom onset (SD+5)
Vascular territory
AC 22 (78.5%)
PC 6 (21.5%)
NIHSS at admission Mean=15
(SD+7)
Intrahospital mortality 18/79 (22.8%)
ICU admission 34/54 (63%)

ICU intensive care unit, AIS acute ischemic stroke, AC anterior cir-
culation, PC posterior circulation, M male, F' female, /QR interquar-
tile range, SD standard deviation, N/HSS National Institute of Health
Stroke Score

Table 3 Prevalence of neurological involvement and type of neurological symptoms among patients COVID-19 patients presenting severe com-

pared to non-severe condition

Type of neurological symptoms Neurological symptoms/severe COVID Neurological symptoms/NON-severe p value Number
19 COVID 19 of stud-
ies
Headache 112/1105=10.1% (95% CI 8.4-12%) 101/1039=9.7% (95% CI1 7.9-11.6%) 0.828 10
Dizziness 58/910=6.4% (95% CI 4.9-8.1%) 55/762=7.2% (95% CI 5.5-9.2%) 0.557 4
Impaired consciousness 176/1255=14% (95% CI 12—-16%) 34/1257=2.7% (95% CI 1.8-3.7%) 0.0001 5
Peripheral nervous system symptoms 208/1489 =14% (95% CI 12.2-15.8%) 240/1636=14.6% (95% CI 13-16.5%) 0.609 9
Acute cerebrovascular events 28/707=4% (95% CI 2.6-5.6%) 17/873=1.9% (95% CI 1.1-3%) 0.02 3
Epilepsy 9/452=1.9% (95% CI 0.1-3.7%) 8/716=1.1% (95% C1 0.5-2.1%) 0315 1
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15 (SD +7). Anterior circulation occlusion was reported in
78.5% of cases. The intra-hospital mortality rate was 22.8%,
and 63% of subjects required ICU admission.

Discussion

The clinical presentation of the SARS-CoV-2 infection is
mainly associated with pulmonary complications with mild
symptoms as fever, cough, dyspnea, or more severe condi-
tions as an acute respiratory distress syndrome (ARDS) [9].
It has been reported that coronaviruses are not always con-
fined to the respiratory tract, but they may also diffuse to the
central and peripheral nervous systems, potentially inducing
neurological diseases and symptoms [17].

Neurotropism has been documented for other corona-
viruses: SARS-CoV has been detected in the cerebrospi-
nal fluid (CSF) and reported as the cause of encephalitis
[18]; MERS-CoV can determine severe acute disseminated
encephalomyelitis and vasculopathy [6]. Because the SARS-
CoV-2 is a SARS-like coronavirus, the neurovirulence has
been evocated also for the new SARS-CoV-2, and a growing
body of evidence is confirming this hypothesis.

Pooling 39 studies with about 68,000 patients with a
laboratory-confirmed diagnosis of COVID-19, our system-
atic review, the largest to date, shows that 21.3% of patients
may present neurological symptoms associated to the SARS-
CoV-2 infection.

Headache

Headache was the most common neurological manifestation
involving 5.4% of COVID-19 patients. This is a frequent
neurological symptom largely reported in other diseases,
such as the HIN1 influenza. In a series of HIN1 infected
patients, roughly 40% of subjects had neurological mani-
festations, with about 35% of patients having headache
[19]. In a report of neurological complications of SARS-
CoV-2, Nath et al. [20] raised the question if headaches
could be secondary to a viral meningitis or encephalitis in
some severe cases of COVID-19 patients. Headache can be
a direct para- or post-infectious consequence of COVID-19
infection, despite the fact that in our review, it was equally
represented in the group with severe and non-severe dis-
ease, underlining what is probably a non-specific symptom
of severe CNS involvement.

Neuropsychiatric disorders

There is growing literature showing that patients with
COVID-19 may have neuropsychiatric manifestations. In
a recent series, anxiety, mood disorders, emotional state
symptoms, sleep disorders, and suicidal ideation have been

reported in about 13% of COVID-19 patients [21]. In a
nationwide, cross-specialty surveillance study of acute neu-
rological and psychiatric complications of COVID-19, 25%
were identified with altered mental status, reflecting both
neurological and psychiatric diagnoses, such as encephalitis
and psychosis [22]. The overall proportion of patients hav-
ing psychiatric disorders was close to 5% in our review. In
some studies, a disproportionate number of neuropsychiatric
presentations in younger patients has been observed [22].
Some of the neuropsychiatric disorders can be associated
to complications derived from an extended period in the
ICU, like somnolence, confusion, and delirium. In addition,
patients with a vulnerable mental status may be particularly
exposed to the risk of psychiatric manifestations caused by
the context of the COVID-19 pandemic [23].

Neuromuscular involvement

Neuromuscular involvement, with elevated creatine kinase or
lactate dehydrogenase, was reported in about 5% of patients
in our review. It is unclear whether striated muscle injury is
a viral myositis or just nonspecific complications of severe
viral infection, as critical illness myopathy, or polyneuropa-
thy [24]. In the previous SARS-CoV epidemic, there were
some reports of axonal polyneuropathy or myopathy [25].
In recently published studies of SARS-CoV-2 infection in
China, myalgia or fatigue affected up to 70% of hospitalized
patients, with about 1 out of 3 patients with increased cre-
atine kinase (CK) [12, 15]. However, no additional work-up,
such as electromyography, muscle imaging, or histopathol-
ogy has been reported in these series.

In a recent report, two patients infected with severe
SARS-CoV-2 acutely presented Miller Fisher syndrome and
isolated multiple cranial neuropathy, respectively, suggesting
a para- or post-viral process, probably related to an aberrant
immune response to COVID-19 [26]. Consequently, while a
possible direct infection of the virus through ACE2 receptors
of skeletal muscle cells and PNS has been supposed [27],
the uncontrolled immune response with elevated pro-inflam-
matory cytokines can be also a reasonable explanation [15].

Olfactory and gustatory dysfunctions

In our review, olfactory and/or gustatory dysfunctions were
found in approximately 2.3% of patients. However, it is inter-
esting to underline that the frequency of these symptoms is
in part related to the design of the study and the investigated
population. A series of 417 mild-to-moderate COVID-19
European patients, designed to investigate olfactory/gus-
tatory disorders, reported a frequency of 85% and 88%
of anosmia and gustatory dysfunctions, respectively [28].
Roughly 12% of these cases were diagnosticated before the
rest of symptoms, and approximately 22% of cured patients
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showed persistence of both olfactory and gustatory dysfunc-
tions [28].

Conversely, another series of Chinese patients looking for
the overall frequency of neurological symptoms, reported a
lower rate, with about 9% of patients having ageusia and/or
hyposmia [15]. A very recent study of Spanish COVID-19
patients underlined a frequency of smell and taste disorders
close to 40% [29]. According to these data, the frequency
of otolaryngologic dysfunction seems to be substantially
higher in European COVID-19 patients, compared to the
Asian ones, but this difference needs to be investigated.
Indeed, some hypotheses can be raised: either in Asian stud-
ies, the otolaryngologic complaints were not fully assessed,
or the Chinese patients had a different tissue sensibility to
the virus. Indeed, mutations of surface proteins (responsi-
ble for virus entry into the cell) [30] and polymorphisms of
the ACE2 receptors [31] (that could be specific to certain
populations) may influence susceptibility to develop certain
symptoms [32]. Nevertheless, the pathophysiological mech-
anisms leading to the olfactory and gustatory dysfunctions
are still unknown. Previous studies have shown the ability of
SARS-CoV to determine neuronal death in mice by invading
the brain via the olfactory epithelium [33]. Accordingly, the
olfactory bulb may be a pathway of the transneuronal spread
of the virus. Moreover, to date, there is no evidence that
patients with anosmia or gustatory disfunction are at higher
risk of a neuroinvasive SARS-CoV-2 infection [17].

Cranial nerve involvement and nerve root/plexus
disorders

There are several reports describing polyradiculoneuropa-
thy mediated by the COVID-19 infection. This could be
explained by the aberrant autoimmune response targeting
the peripheral and cranial nerves during the infection. Our
review showed up to 0.6% and 0.4% of patients report-
ing nerve root and plexus dysfunctions, and cranial nerve
impairment, respectively. Accordingly, some cases of Guil-
lain—Barré syndrome have been reported associated with the
SARS-CoV-2 virus [34, 35]. These cases, mostly occurring
after some days or weeks after the infection, may be consid-
ered a consequence of the immune response to peripheral
nerve antigens, resulting in demyelination and axonal injury.
Although it should be established if COVID-19 is the trigger
of Guillain—Barré disease and other peripheral nerve disor-
ders occurring during the infection. Clinicians should be
aware of the possible association between the coronavirus
and these manifestations [34-36].

Impaired consciousness

In our analysis, impaired consciousness was reported
in 2.8% of COVID-19 patients. Acute disseminated

@ Springer

encephalomyelitis has been reported in MERS-CoV [6], and
recently in SARS-CoV-2 [37]. Poyiadji et al. [37] described
a case of acute necrotizing encephalopathy in a COVID-
19 patient admitted with fever, cough and altered mental
status. Another recent case has been published by Filatov
et al. [38], reporting a 74-year-old male with COVID-19
infection presenting with altered mental status and devel-
oping an acute encephalopathy. These cases may underline
the importance of a comprehensive pathogen examination in
case of encephalitis- or meningitis-related symptoms among
COVID-19-infected patients. Most importantly, among stud-
ies comparing severe and non-severe SARS-CoV-2 patients,
impaired consciousness was significantly higher in subjects
with an unfavorable evolution of the disease. About 3% of
patients showing a non-severe disease presented impaired
consciousness, compared to 14% of those showing an
aggressive disease.

As previously reported, encephalopathy or meningitis
should be checked in COVID-19 patients presenting with an
altered mental status, due to the neurotropism of the virus;
however, it should be investigated if deterioration of the con-
sciousness is directly related to an involvement of the CNS
in all cases or related to hypoxia/ respiratory distress [39].

Acute cerebrovascular disease

In a recent series of 221 patients infected with COVID-19
hospitalized in Wuhan, Li et al. [40] reported that roughly
5% of subjects had acute ischemic stroke, at median 10 days
after symptom onset, while cerebral venous sinus thrombosis
and cerebral hemorrhage were less common neurological
complications (1%). Investigating the literature, the over-
all frequency of acute ischemic stroke among COVID-19
patients was 1.3%. Most important, about 4% of patients
with a severe disease presented an acute cerebrovascular ill-
ness, compared to 1.9% of those having a favorable evolu-
tion. The mortality rate in the series of Yanan et al. [40] was
close to 40% among COVID-19 patients presenting acute
ischemic strokes, underlining that this condition is an impor-
tant negative prognostic factor.

In a retrospective series of 1916 patients, Merkler et al.
underlined a higher risk of acute ischemic strokes (approxi-
mately 1.6%) among COVID-19 compared to patients with
influenza [41].

Stroke mechanisms may be multiple and can include
hypercoagulability from critical illness, cardioembolism
from virus-related cardiac injury, and severe inflammation
[42]. In fact, the dysfunction of endothelial cells induced
by infection may promote an increased thrombin generation
and fibrinolysis [43]; moreover, the hypoxia found in severe
COVID-19 patients can be a trigger for thrombosis, increas-
ing blood viscosity, and inducing hypoxia-inducible tran-
scription factors [44]. Indeed, it has been reported that ICU
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patients with severe respiratory disease requiring extracor-
poreal membrane oxygenation may experience higher rate
of neurological complications, with about 13% of ischemic
and hemorrhagic events, likely related to the loss of cerebral
autoregulation and/or vasoconstriction following arterial
pressure variation during extracorporeal membrane oxygen-
ation [45]. According to these results, a recent study of his-
topathological changes of brain specimens obtained from 18
patients who died 0-32 days after the onset of symptoms of
COVID-19 showed only hypoxic changes and did not show
encephalitis or other specific brain changes referable to the
virus [46]. In our analysis, 63% of AIS patients required ICU
admission, while almost 23% experienced mortality during
hospitalization. Higher levels of blood C-reactive protein,
and higher p-dimer concentration [40] have be reported in
SARS-CoV-2 patients with acute cerebrovascular disease,
underlining a hypercoagulability state: for this reason, anti-
coagulant therapy has been suggested for patients presenting
elevated p-dimer and fibrin degradation products [47, 48],
although the optimal management of COVID-19 patients
with acute cerebrovascular events remain to be elucidated
[13].

Limitations

There are several study-related limitations. This study was
not registered in any registration platform for systematic
review and meta-analysis. In addition, several data on neu-
rological manifestations are missing in some of the included
studies because they were not designed to investigate neu-
rological symptoms. We cannot exclude a higher frequency
of most benign neurological manifestations as headache or
anosmia in patients with a more favorable condition and so
not hospitalized.

In addition, the reported series were retrospective studies.
Although the frequency of neurological conditions among
severe and non-severe patients was reported, the mortality
associated with the combination of neurological and infec-
tive disease was rarely described. Finally, the definition of
severe and non-severe disease was heterogeneous between
studies.

Conclusion

This updated review of literature shows that headache, skele-
tal muscle injury, psychiatric disorders, impaired conscious-
ness, and gustatory/olfactory dysfunctions were the most
common neurological symptoms of COVID-19 patients.
Impaired consciousness and acute cerebrovascular events
were significantly higher among patients with a severe infec-
tion. Acute ischemic stroke patients required ICU admission

in 63% of cases, while intra-hospital mortality rate was close
to 23%.
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