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INTRODUCTION

Abstract

Background and purpose: The aim of this study was to assess the neurological com-
plications of SARS-CoV-2 infection and compare phenotypes and outcomes in infected
patients with and without selected neurological manifestations.

Methods: The data source was a registry established by the European Academy of
Neurology during the first wave of the COVID-19 pandemic. Neurologists collected
data on patients with COVID-19 seen as in- and outpatients and in emergency rooms
in 23 European and seven non-European countries. Prospective and retrospective data
included patient demographics, lifestyle habits, comorbidities, main COVID-19 complica-
tions, hospital and intensive care unit admissions, diagnostic tests, and outcome. Acute/
subacute selected neurological manifestations in patients with COVID-19 were analysed,
comparing individuals with and without each condition for several risk factors.

Results: By July 31, 2021, 1523 patients (758 men, 756 women, and nine intersex/un-
known, aged 16-101 years) were registered. Neurological manifestations were diagnosed
in 1213 infected patients (79.6%). At study entry, 978 patients (64.2%) had one or more
chronic general or neurological comorbidities. Predominant acute/subacute neurological
manifestations were cognitive dysfunction (N = 449, 29.5%), stroke (N = 392, 25.7%),
sleep-wake disturbances (N = 250, 16.4%), dysautonomia (N = 224, 14.7%), peripheral
neuropathy (N = 145, 9.5%), movement disorders (N = 142, 9.3%), ataxia (N = 134, 8.8%),
and seizures (N = 126, 8.3%). These manifestations tended to differ with regard to age,
general and neurological comorbidities, infection severity and non-neurological manifes-
tations, extent of association with other acute/subacute neurological manifestations, and
outcome.

Conclusions: Patients with COVID-19 and neurological manifestations present with dis-
tinct phenotypes. Differences in age, general and neurological comorbidities, and infec-

tion severity characterize the various neurological manifestations of COVID-19.
KEYWORDS
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With this background, it is difficult to predict the type of neu-
rological complications that patients might have, based on their

The spectrum of acute and chronic neurological complications of
coronavirus disease 2019 (COVID-19) has been illustrated in an in-
creasing number of reports and summarized in several systematic
reviews [1-3]. Cognitive impairment, stroke, headache, and sleep
disorders are likely the most common findings, although other man-
ifestations have been frequently documented. Some neurological
disorders occurring during the acute phase are associated with a
more extensive inflammatory reaction and carry a worse prognosis
in terms of death, sequelae, and overall functional impairment [4-6].
However, most available data have been obtained in varying circum-
stances (single centers, small and selected samples, case reports)
and in divergent and dissimilar populations of origin. Limitations also
include the use of different diagnostic criteria and assessment of the
course of the disease in variable and often too short periods of fol-
low-up [7]. In addition, several studies have focused only on specific
clinical conditions, such as delirium [8], dementia [9], cerebrovascu-
lar disease [10-12] or Guillain-Barré syndrome [13].

baseline demographic and clinical profile. The European Academy
of Neurology (EAN) set up a registry for the study of the neurolog-
ical complications of COVID-19 early during the first wave of the
COVID-19 pandemic. The aim was to promote international collab-
oration and standardized assessments of these important complica-
tions [14]. Using the data collected in this registry, we have compared
infected patients with and without several key neurological manifes-
tations to provide the demographic and clinical profile of each major
neurological complication and define risk factors, comorbidities,

acute complications of infection, and outcome.

PATIENTS AND METHODS

The EAN NEuro-covid ReGistrY (ENERGY) was started in May 2020
to provide data on neurological signs and symptoms in adult patients
with COVID-19 infection seen by neurologists in outpatient services,
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emergency rooms, and hospital departments (including intensive
care units [ICUs]) in various European and non-European countries.
Details of the structure and organization of ENERGY have been
published elsewhere [14]. Briefly, neurologists who are members
of the EAN and agree to participate in the registry are asked to re-
cord neurological symptoms, signs and diagnoses reported in neuro-
logical consultation in clinically or laboratory-confirmed COVID-19
patients. Data are collected prospectively or retrospectively and re-
corded in an electronic case record form (e-CRF). Included variables
are patient demographics and lifestyle habits, chronic comorbidities,
date of first symptoms of infection, hospital and ICU admission, in-
cident general (non-neurological) and neurological manifestations
during the acute phase, diagnostic tests, and outcome (recovery,
improvement, sequelae, death). Non-neurological manifestations
of COVID-19 include dyspnea, pneumonia, cardiovascular symp-
toms/signs, renal insufficiency, coagulation disorders and refractory
shock. The occurrence of any of those manifestations define “severe”
COVID-19 infection. All adult patients with symptoms and/or signs
and/or diseases requiring neurological consultation are eligible for
inclusion. A guide including the definitions of all collected variables
is included in the e-CRF (Appendix S1) to facilitate data collection at
study entry and during follow-up. At study entry (corresponding to
the time of neurological evaluation), and at hospital discharge, the
patient's modified Rankin Scale (mRS) score and new neurological
manifestations are noted. For patients who have died, date of death
and, if performed, autopsy is noted. Only laboratory-confirmed
COVID-19 cases were included in the analyses. Descriptive statistics
were used for variables collected during the acute phase (defined by
the interval from onset to the recovery of symptoms of infection) in
the entire sample.

The outcome of the infection, in terms of functional impairment,
was defined as “stable/improved” if mRS score at discharge was
equal to or lower than the baseline score and “worse” if mRS score at
discharge was higher than the baseline score.

For selected acute/subacute neurological manifestations (cog-
nitive dysfunction—including dysexecutive syndrome—stroke,
sleep-wake disturbances, dysautonomia, peripheral neuropathy,
movement disorders, ataxia, seizures), patients with and without
that clinical condition were compared on the same variables in-
cluded in the descriptive statistics.

The same variables, except for neurological manifestations, oc-
curred in the acute/subacute phase, were evaluated as potential risk
factors for the occurrence of each selected neurological manifesta-
tion. The association of potential risk factors with the occurrence
of each neurological manifestation was evaluated using univariable
logistic regression models, with the neurological complication as a
dependent variable and potential risk factors as independent vari-
ables. A stepwise selection was also applied in a multivariable model
including all variables evaluated in univariable analysis, to identify
those that were more strongly associated with the occurrence of
each neurological sign or disease. Stepwise selection was applied
using the following criteria: a significance level of 0.05 was required
to enter variables into the model and a significance level of 0.05 was

also required for a variable to be retained in the model. The results
of the univariable and multivariable logistic regression models are
presented as odds ratios (ORs) and adjusted (adj.) ORs with 95% con-
fidence intervals (Cls). Statistical significance was set at the 5% level
(p = 0.05). Missing data were handled using the listwise deletion
method. The number of missing data is reported for categorical vari-
ables. The proportion of missing data in the entire sample for each
variable included in the analyses is also reported. Statistical analyses
were performed using SAS version 9.4 (SAS Institute).

The study was approved by the ethics committees of all partici-
pating sites and informed consent was obtained from all eligible pa-
tients in line with each participating country's legal requirements.

RESULTS

As of July 31, 2021, a total of 1523 laboratory-confirmed COVID-19
patients were included in the registry. The general characteristics
of the sample are illustrated in Table 1. Included were 756 women,
758 men and nine intersex/unknown sex patients, aged from 16 to
101 years (median 63 years). Patients were registered in 23 countries
(including seven outside Europe). A total of 978 patients (64.2%)
had one or more chronic general comorbidities at study entry.
Hypertension (51.3%), cardiovascular diseases (30.1%) and diabetes
(22.3%) were the predominant diseases. At baseline, registered pa-
tients exhibited several neurological comorbidities, the commonest
being, in decreasing order, stroke (16.9%), dementia (7.4%), and mul-
tiple sclerosis (4.5%).

Non-neurological manifestations of COVID-19 infection were
present in 55.0% of cases, mainly represented by pneumonia (54.8%)
and dyspnea (47.8%). Acute/subacute neurological manifestations
were diagnosed by consulting neurologists in 1213 infected patients
(79.6%). These included differing symptoms, signs, or diseases.
Neurological manifestations were differentiated into self-reported
symptoms and diagnoses captured by clinical evaluation. The most
common symptoms were headache (41.4%), followed by hyposmia/
hypogeusia (31.5%), myalgia (30.1%), vertigo (21.6%), sleep-wake
disturbances (including sleepiness/hypersomnia; 16.4%), and ataxia
(8.8%). Cognitive dysfunction (29.5%), stroke (25.7%), dysautonomia
(14.7%), peripheral neuropathies (9.5%), movement disorders (9.3%)
and seizures (including status epilepticus; 8.3%) were the predomi-
nant clinical diagnoses.

Details of the commonest neurological signs and diseases are
given in Tables S1-54.

Cognitive dysfunction

Patients exhibiting cognitive dysfunction during the acute phase
of COVID-19 (N = 449; Table S1) were 10years older than patients
without cognitive dysfunction. In this cohort, general comorbidi-
ties were present in 77.1% of cases (vs. 58.8% in patients without
cognitive dysfunction; p<0.0001). Hypertension, cardiovascular
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TABLE 1 General characteristics of the sample (N = 1523), stratified by setting (outpatients, hospitalized)

Outpatients Hospitalized not in ICU Hospitalized in ICU
Total® (n = 274) (n=819) (n=328)
% missing or
n % unknown n % n % n %
Country
Austria 72 4.73 0 3 1.09 44 5.37 24 7.32
Brazil 66 4.33 41 14.96 21 2.56 4 1.22
Croatia 36 2.36 26 9.49 4 0.49 5 1.52
Egypt 7 0.46 1 0.36 5 0.61 1 0.30
Estonia 13 0.85 0 0.00 10 1.22 3 0.91
France 22 1.44 3 1.09 16 1.95 3 0.91
Germany 7 0.46 0 0.00 7 0.85 0 0.00
Honduras 2 0.13 2 0.73 0 0.00 0 0.00
Hungary 105 6.89 16 5.84 88 10.74 1 0.30
Israel 66 4.33 0 0.00 55 6.72 11 3.35
Italy 233 15.3 80 29.20 131 16.00 22 6.71
Macedonia 68 4.46 18 6.57 40 4.88 10 3.05
Mexico 22 1.44 1 0.36 0 0.00 21 6.40
Moldova 169 111 3 1.09 63 7.69 99 30.18
Norway 50 3.28 11 4.01 26 3.17 13 3.96
Poland 62 4.07 37 13.50 25 3.05 0 0.00
Portugal 59 3.87 0 0.00 33 4.03 23 7.01
Romania 177 11.62 0 0.00 151 18.44 26 7.93
Russia 51 3.35 7 2.55 39 4.76 5 1.52
Switzerland 48 3.15 19 6.93 17 2.08 10 3.05
Tunisia 19 1.25 5 1.82 11 1.34 3 0.91
Turkey 145 9.52 1 0.36 19 2.32 34 10.37
Ukraine 24 1.58 0 0.00 14 1.71 10 3.05
Sex
Male 758 49.77 1 101 36.86 430 52.50 175 53.35
Female 756 49.64 173 63.14 384 46.89 151 46.04
Intersex 2 0.13 0 0.00 1 0.12 1 0.30
Unknown 7 0.46 0 0.00 4 0.49 1 0.30
Smoking
Yes 195 12.8 11 30 10.95 86 10.50 44 13.41
No 1153 75.71 217 79.20 644 78.63 235 71.65
Unknown 175 11.49 27 9.85 89 10.87 49 14.94
Source of COVID-19 contact
Occupation 120 7.88 56 55 20.07 56 6.84 9 2.74
Family member 309 20.29 90 32.85 156 19.05 45 13.72
Social 130 8.54 29 10.58 64 7.81 19 5.79
Travel 22 1.44 3 1.09 10 1.22 5 1.52
Other 92 6.04 1 0.36 65 7.94 25 7.62

Unknown 850 55.81 96 35.04 468 57.14 225 68.60
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TABLE 1 (Continued)
% missing or
Median IQR unknown Median IQR Median IQR Median IQR
Age at COVID onset 63 47-74 4 47 32-57 66 52-77 66 56-74
Age at inclusion 63 47-74 1 47 33-58 66 52-77 66 56-74
Age at admission 65 51-75 3 43 31-55 67 52-77 66 56-74
BMI 26 23-29 11 24 22-28 25 23-29 27 24-30
% missing
or
Comorbidities n % unknown n % n % n %
Any comorbidity 978 64.22 1 94 34.31 585 71.43 252 76.83
Hypertension 782 51.35 2 60 21.90 459 56.04 224 68.29
Type 1 diabetes 9 0.59 1 0 0.00 2 0.24 4 1.22
Type 2 diabetes 331 21.73 4 18 6.57 205 25.03 96 29.27
Cardiovascular disease 458 30.07 1 33 12.04 297 36.26 121 36.89
Chronic kidney disease 133 8.73 2 2 0.73 80 9.77 48 14.63
Chronic liver disease 51 3.35 2 1 0.36 33 4.038 16 4.88
Chronic pulmonary disease 139 9.13 2 16 5.84 85 10.38 31 9.45
Anemia 81 5.32 3 2.19 55 6.72 19 5.79
Cancer 121 7.94 1 7 2.55 80 9.77 31 9.45
Immunosuppressed state 72 4.73 2 12 4.38 38 4.64 20 6.10
Other non-neurological comorbidity 369 24.23 1 35 12.77 239 29.18 92 28.05
Dementia 113 7.42 0 7 2.55 79 9.65 20 6.10
Parkinson's disease 52 3.41 0 19 6.93 20 2.44 7 213
Stroke: ICH, ischemic stroke, TIA 258 16.94 0 12 4.38 170 20.76 70 21.34
Multiple sclerosis 68 4.46 0 37 13.50 23 2.81 1.52
Motor neuron disease 10 0.66 0 1 0.36 1.10 0.00
Neuromuscular disorder 20 1.31 0 7 2.55 1.10 4 1.22
Neuropathy 44 2.89 0 5 1.82 25 3.05 1.83
Other neurological disease 150 9.85 0 30 10.95 89 10.87 28 8.54
COVID systemic complications 837 54.96 2 33 12.04 523 63.86 266 81.10
Dyspnea 728 47.8 2 63 22.99 404 49.33 216 65.85
Pneumonia 835 54.83 2 35 12.77 509 62.15 255 7774
Cardiovascular 171 11.23 6 2.55 85 10.38 78 23.78
Kidney failure/dialysis 100 6.57 3 0 0.00 55 6.72 43 13.11
Coagulation disorder/disseminated 80 5.25 3 3 1.09 36 4.40 41 12.50
intravascular coagulation
Refractory shock 73 4.79 2 0.00 30 3.66 43 13.11
Extracorporeal membrane oxygenation 7 0.46 2 0.00 0 0.00 7 2.13
Mechanical ventilation 198 13 1 0 0.00 40 4.88 156 47.56
Neurological manifestations (symptoms) 1213 79.65 0 181 66.06 686 83.76 280 85.37
Headache 631 41.43 8 156 56.93 290 35.41 127 38.72
Hyposmia/hypogeusia 480 31.52 14 174 63.50 209 25.52 59 17.99
Vertigo 329 21.6 9 75 27.37 173 21.12 70 21.34
Myalgia 458 30.07 10 145 52.92 208 25.40 73 22.26
Sleep-wake disturbances 250 16.41 7 86 31.39 173 21.12 70 21.34
Ataxia 134 8.8 1 15 5.47 77 9.40 36 10.98

(Continues)
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TABLE 1 (Continued)

% missing
or
Comorbidities n % unknown n % n % n %
Neurological manifestations (diagnoses)
Dysautonomia 224 14.71 7 57 20.80 102 12.45 46 14.02
Cognitive dysfunction 449 29.48 4 73 26.64 248 30.28 113 34.45
Hyperactive delirium 157 10.31 2 15 5.47 79 9.65 58 17.68
Hypoactive delirium/ acute 149 9.78 2 10 3.65 67 8.18 67 20.43
encephalopathy
Stupor/coma 181 11.88 1 8 292 70 8.55 99 30.18
Syncope 83 5.45 2 11 4.01 46 5.62 19 5.79
Seizures/status epilepticus 126 8.27 1 12 4.38 74 9.04 36 10.98
Meningitis/encephalitis 53 3.48 2 8 2.92 26 3.17 15 4,57
Stroke 392 25.74 1 11 4.01 236 28.82 134 40.85
Movement disorders® 142 9.32 4 17 6.20 71 8.67 31 9.45
Tremor 96 6.3 1 16 5.84 41 5.01 20 6.10
Chorea 2 0.13 1 0 0.00 1 0.12 0 0.00
Dystonia 23 1.51 4 0 0.00 17 2.08 5 1.52
Myoclonus 21 1.38 1 0 0.00 13 1.59 7 2.13
Dyskinesia 16 1.05 1 6 2.19 5 0.61 2 0.61
Spinal cord disorder 57 3.74 1 2 0.73 34 4.15 17 5.18
Peripheral neuropathy 145 9.52 2 18 6.57 74 9.04 49 14.94
Other neurological manifestations 215 14.12 5 26 9.49 133 16.24 56 17.07
Hospital admission 1242 81.55 0.5 0 0.00 819 100.00 324 98.78
ICU admission 328 21.54 7 0.00 0 0.00 328 100.00
Pre-morbid mRS score
0 802 55.62 5 207 81.50 366 47.41 171 54.29
1 238 16.5 32 12.60 143 18.52 40 12.70
2 130 9.02 10 3.94 75 9.72 34 10.79
3 143 9.92 5 1.97 98 12.69 33 10.48
4 85 5.89 0 0.00 61 7.90 23 7.30
5 44 3.05 0 0.00 29 3.76 14 4.44
Missing 81 20 47 13
Discharge mRS score
0 431 29 2 198 74.72 166 20.78 20 6.17
1 233 15.68 45 16.98 143 17.90 23 7.10
2 166 11.17 15 5.66 98 12.27 38 11.73
3 207 13.93 7 2.64 132 16.52 58 17.90
4 157 10.57 0 0.00 114 14.27 43 13.27
5 81 5.45 0 0.00 49 6.13 29 8.95
6 211 14.2 0 0.00 97 12.14 113 34.88
Missing 37 9 20 4
Outcome at discharge
Worse 727 50.49 5 17 6.61 427 55.53 265 83.86
Stable/improved 713 49.51 240 93.39 342 44.47 51 16.14

Missing 83 17 50 12
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TABLE 1 (Continued)
% missing
or
Comorbidities n % unknown n % n % n %
Death
No 1275 85.8 2 265 100.00 702 87.86 211 65.12
Yes 211 14.2 0 0.00 97 12.14 113 34.88
Missing 37 9 20 4

Abbreviations: BMI, body mass index; ICU, intensive care unit; ICH, intracerebral hemorrhage; IQR, interquartile range; mRS, modified Rankin Scale;

TIA, transient ischemic attack.

2At least one of: tremor, chorea, dystonia, myoclonus, dyskinesia and parkinsonism.

diseases, cancer and, to a lesser extent, chronic kidney disease and
anaemia prevailed in patients with cognitive dysfunction. Along
with history of dementia, other neurological comorbidities, such as
cerebrovascular diseases and Parkinson's disease, were also more
common in patients with than in patients without cognitive dysfunc-
tion. Among COVID-19 complications, dyspnea, pneumonia and, to
a lesser extent, cardiovascular manifestations prevailed in patients
with cognitive dysfunction. Neurological manifestations occurred
during the acute phase of the infection in 87.7% of cases with cogni-
tive dysfunction and in 76.3% of cognitively unaffected individuals
(p<0.0001). These included, among others, dysautonomia, vertigo,
sleep-wake disturbances, dysexecutive syndrome, delirium, stupor/
coma, syncope, seizures, central nervous system (CNS) infection,
stroke, and movement disorders. Patients with cognitive dysfunc-
tion were most disabled (higher mRS scores) at study entry and at
discharge. A worse outcome at discharge was found in 58.0% of
patients presenting cognitive dysfunction and in 47.3% of patients
with normal cognition (p = 0.0002). In-hospital deaths occurred in
21.9% versus 11.0% (p<0.0001), respectively. The only variables
confirmed by stepwise selection to characterize the phenotype of
patients with cognitive dysfunction were older age at study entry
(adj. OR 1.02, 95% Cl 1.01-1.03), history of hypertension (adj. OR
1.66, 95% Cl 1.17-2.35), history of dementia (adj. OR 12.46, 95% CI
6.18-25.13), dyspnea (adj. OR 1.68, 95% Cl 1.25-2.27) and premor-
bid functional disability (mRS score 5; adj. OR 5.80, 95% Cl 3.07-
10.95 (Table 2)).

Stroke

Patients experiencing stroke (N = 392; Table S1) were significantly
older than patients without stroke (13-year difference in median),
had a higher body mass index, and presented one or more general
comorbidities (81.2% vs. 58.4%; p<0.0001), largely represented
by hypertension, type 2 diabetes, cardiovascular disease, chronic
kidney disease and, to a lesser extent, chronic pulmonary disease.
COVID-19 non-neurological complications were more frequent in
this cohort (70.4% vs. 49.6%; p<0.0001), mostly represented by
pneumonia, cardiovascular disorders, and refractory shock. Other
neurological manifestations also prevailed in patients with stroke
(93.1% vs. 75.0%; p<0.0001), such as cognitive dysfunction,

dysexecutive syndrome, delirium, stupor/coma, seizures, CNS in-
fection, tremor, dystonia, and ataxia. Patients with stroke were
most frequently hospitalized and admitted to the ICU. Outcome
at discharge was worse than in patients without stroke in terms
of greater functional disability and death. However, the only vari-
ables whose association with stroke was confirmed by stepwise
selection were older age (adj. OR 1.04, 95% Cl 1.02-1.05), his-
tory of hypertension (adj. OR 2.65, 95% Cl 1.77-3.98), history of
Parkinson's disease (adj. OR 11.57, 95% Cl 7.43-18.01), and viral
infection complicated by cardiovascular disease (adj. OR 2.15, 95%
Cl 1.33-3.47 (Table 2)).

Sleep-wake disturbances

Sleep-wake disorders (N = 250; Table S2) included, among others,
hypersomnia, and daytime somnolence. Other than Parkinson's dis-
ease, no neurological disorder was present in the history of patients
reporting sleep-wake disturbances during COVID-19. Dyspnea and
cardiovascular symptoms were more frequently reported by this co-
hort than in the remaining study population. Several other neuro-
logical manifestations with the infection were concurrently present,
including headache, hyposmia/hypogeusia, myalgia, vertigo, cogni-
tive dysfunction, dysexecutive syndrome, dysautonomia, delirium,
stupor/coma, syncope, seizures, CNS infection, movement disorders
(in addition to parkinsonism, tremor, and myoclonus), ataxia, spinal
cord disorders and peripheral neuropathies. Functional abilities
at study entry and discharge and overall outcome were not worse
in those patients than in the rest of the cohort. Only history of
Parkinson's disease (adj. OR 3.31, 95% CI 1.53-7.17), dyspnea (adj.
OR 1.98, 95% Cl 1.36-2.89) and cardiovascular COVID-19 complica-
tions (adj. OR 1.90, 95% Cl 1.20-3.02) were confirmed to be associ-

ated with sleep-wake disturbances by stepwise selection (Table 3).

Dysautonomia

Compared to patients without altered autonomic function, patients
with dysautonomia (N = 224; Table S2) more often had a history of
Parkinson's disease, concurrent headache, hyposmia/hypogeusia,
vertigo, myalgia, sleep-wake disturbances, cognitive dysfunction,
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(Continued)

TABLE 3

Dysautonomia

Sleep disorders

Univariable analysis Stepwise selection

Stepwise selection

Univariable analysis

95%
L

adj.

OR

95%
ucL

95%
LCL

adj.OR  95% LCL 95% UCL pvalue

CL 95% UCL pvalue

OR

p value 95% LCL  95% UCL pvalue

OR

1 (ref.)

1 (ref.)
0.96
1.42
1.39
0.98
0.60

1 (ref.)

1 (ref.)
0.83
0.87
0.87
0.41
0.72

1.46
2.30
2.21
1.87
1.70

0.63
0.88
0.88
0.52
0.21

1.24
1.44
141
0.90
1.72

0.56
0.53
0.54
0.18
0.30

Abbreviations: adj., adjusted; BMI, body mass index; ICU, intensive care unit; LCL, lower confidence limit; OR, odds ratio; mRS, modified Rankin Scale; TIA, transient ischemic attack; UCL, upper confidence

limit.

dysexecutive syndrome, delirium, seizures, CNS infection, dysto-
nia, myoclonus, syncope, dyskinesia, movement disorders, ataxia,
and spinal cord disease. Patients with dysautonomia tended to ex-
hibit more premorbid functional impairment, were more frequently
hospitalized, and had a worse outcome at discharge and higher in-
hospital deaths. After stepwise selection, the only variables retained
in the model as significantly associated with dysautonomia were his-
tory of Parkinson's disease (adj. OR 2.39, 95% Cl 1.06-5.38), history
of multiple sclerosis (adj. OR 2.43, 95% Cl 1.02-5.76) and dyspnea
(adj. OR 2.12, 95% Cl 1.48-3.05 (Table 3)).

Peripheral neuropathy

Patients experiencing peripheral neuropathies (N = 145; Table S3)
tended to present a history of type 2 diabetes (p = 0.0009) and
presented more COVID-19 complications (p<0.0001) than pa-
tients without neuropathy. These included renal insufficiency,
refractory shock, and disseminated intravascular coagulation and
other coagulation disorders. Peripheral neuropathies were asso-
ciated with need for ICU admission and mechanical ventilation.
Other neurological manifestations were associated with periph-
eral neuropathies. These included myalgia, sleep-wake distur-
bances, delirium, stupor/coma, syncope, chorea, seizures, CNS
infection, ataxia, and spinal cord disorders. Outcome at discharge
was worse with greater functional impairment. History of periph-
eral neuropathy, disseminated intravascular coagulation (adj. OR
4.76,95% Cl 2.50-9.07), and need for mechanical ventilation were
confirmed by stepwise selection to be associated with peripheral
neuropathy (Table 4).

Movement disorders

A wide array of movement disorders (N = 142; Table S3) were pre-
sent during the acute phase of COVID-19. These included tremor,
chorea, dystonia, myoclonus, dyskinesia, and parkinsonism. Patients
with movement disorders at onset of COVID-19 infection were older
than patients without (median age 68 vs. 62years), were more com-
monly smokers, and had a history of hypertension and cardiovas-
cular disease. Dementia (p = 0.0297) and peripheral neuropathy
(p = 0.0403) predominated at baseline. Acute infection tended to
be complicated by symptoms of cardiovascular origin (p<0.0001)
and required extracorporeal membrane oxygenation (p = 0.0210).
The acute phase was accompanied by several other neurological
manifestations. Included were headache, vertigo, myalgia, cognitive
dysfunction, dysautonomia, dysexecutive syndrome, and sleep-
wake disturbances. Patients with movement disorders were more
commonly functionally disabled at baseline, but not at discharge.
In that cohort, the outcome was better than in patients without
movement disorders. Stepwise selection confirmed the association
of movement disorders with history of smoking (adj. OR 2.09, 95%
Cl 1.23-3.57), history of Parkinson's disease (adj. OR 11.69, 95% Cl
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5.55-24.65) and complications of COVID-19: cardiovascular symp-
toms (adj. OR 3.28, 95% Cl 2.00-5.38) and disseminated intravascu-
lar coagulation (adj. OR 2.09, 95% CI 1.02-4.28 (Table 4)).

Ataxia

Patients developing ataxia (N = 134; Table S4) were slightly younger
than the rest of the study population, had a more frequent history of
type 1 diabetes (p = 0.0051), chronic pulmonary disease (p = 0.0004)
and immunosuppressed state (p = 0.0045). Neurological comorbidi-
ties included history of dementia (p = 0.0143) and multiple sclerosis
(p<0.0001). COVID-19 non-neurological complications included
pneumonia (p = 0.0371) and cardiovascular diseases (p = 0.0017).
Other neurological manifestations most commonly present dur-
ing the acute phase of COVID-19 included headache, hyposmia/
hypogeusia, dysautonomia, vertigo, myalgia and sleep-wake dis-
turbances, hypoactive delirium, syncope, seizures, CNS infection,
stroke, movement disorders other than Parkinsonism, spinal cord
disease and peripheral neuropathy. Course and outcome were not
worse, but even better than the rest of the study population. History
of multiple sclerosis (adj. OR 20.31, 95% Cl 9.15-45.10) and cardi-
ovascular complications of COVID-19 (adj. OR 3.25, 95% ClI 1.93-
5.46) were the only variables confirmed by stepwise selection to be

associated with ataxia (Table 5).

Seizures/status epilepticus

Compared to patients who did not have seizures, patients presenting
seizures at the time of COVID-19 infection (N = 126; Table S4) had
type 1 (p = 0.0062) and 2 diabetes (p = 0.0167), history of anemia
(p=0.0281) and cancer (p = 0.0006), and COVID-19 non-neurological
complications (acute renal insufficiency and refractory shock;
p<0.0001) and required mechanical ventilation. Other acute neuro-
logical manifestations were most common in patients with seizures
and included dysautonomia, vertigo, sleep-wake disturbances, cog-
nitive dysfunction, dysexecutive syndrome, delirium, stupor/coma,
syncope, CNS infection, stroke, ataxia, peripheral neuropathies, and
spinal cord disease. Although patients with seizures were most com-
monly hospitalized and, to a lesser extent, admitted to the ICU, their
outcome was not necessarily worse, and they were less prone to die.
The only variables whose association with seizures/status epilepti-
cus was confirmed by stepwise selection were history of cancer (adj.
OR 3.16, 95% Cl 1.72-5.81) and high premorbid functional disability
(mRS score 5: adj. OR 4.98, 95% Cl 2.28-10.86 (Table 5)).

DISCUSSION

In this international multicenter cohort study, we found that vari-
ous acute/subacute neurological manifestations were present in
patients with COVID-19 seen in neurological consultation during

the acute phase of infection. The frequency of some neurological
manifestations (cognitive disturbances, stroke, peripheral neuropa-
thies, and delirium) was similar to the largest series published to dae
[15], which included 1979 patients, whereas hyposmia/hypogeusia,
dysautonomia, and coma were more frequent in our sample. This is
likely due to the peculiar assessment by neurologists in our study.

We identified eight main clinical phenotypes, which only partly
overlapped and tended to differ in terms of general and neurological
comorbidities, severity and complications of SARS-CoV-2, and out-
come. These findings suggest that, for some acute neurological man-
ifestations, specific profiles can be identified based on the personal
history and the characteristics of the clinical picture of COVID-19 at
the time of infection.

Patients with COVID-19-related cognitive dysfunction are
generally older than the average COVID-19 population referred
to neurologists. As expected, they might present with a history of
dementia and functional disability. Infection severity, marked by
the presence of dyspnea, might also add to the worse outcome at
discharge and the higher risk of in-hospital death. Our data are in
keeping with the higher-than-expected mortality of older patients
diagnosed with SARS-CoV-2 who lived in institutions or were hos-
pitalized with the disease [16]. In that study, dementia, diabetes,
chronic kidney disease and hypertension were the main risk factors
for death. In another systematic review of cohort and case-control
studies, previous dementia was the main factor associated with poor
health outcomes, including mortality, in older adults with COVID-19
infection [17]. Elderly individuals are thus at high risk of developing
severe forms of COVID-19 due to factors associated with aging and
a higher prevalence of medical comorbidities [18].

We found that stroke tends to occur in older patients with his-
tory of hypertension and Parkinson's disease, and the presence of
cardiovascular manifestations. In those individuals, the well-known
adverse effects of underlying infection (documented here by car-
diovascular complications) might interact with other vascular risk
factors (e.g., hypertension) or comorbidities (e.g., parkinsonism), fol-
lowed by vascular complications, as they have some risk factors in
common and even several shared genes [19]. In a systematic review
of studies on the prevalence of nervous system diseases during the
COVID-19 outbreak, patients with cerebrovascular disease who had
been infected had a threefold increased risk of severity and mor-
tality [5]. In the same study, no significant differences were found
for the prevalence of epilepsy and dementia between non-severe
and severe COVID-19 patients. There was no significant association
between stroke, epilepsy, and COVID-19 mortality.

The occurrence of sleep-wake disturbances was associated
with history of Parkinson's disease. This is not unexpected because
sleep disturbance is a well-known non-motor feature in patients
with Parkinson's disease [20]. The association of sleep-wake dis-
turbances with dyspnea and/or cardiovascular COVID-19 complica-
tions supports the suggested association between COVID-19 and
sleep-disordered breathing [21, 22]. However, the high frequency
of sleep-wake disturbances may also reflect other factors, including
brainstem tropism of SARS-CoV-2 [23].
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(Continued)

TABLE 5

Seizures/status epilepticus

Ataxia

Stepwise selection Univariable analysis Stepwise selection

Univariable analysis

adj.

OR

95%
LCL

adj.

OR

95%
LCL

95% LCL 95% UCL pvalue

p value

95% UCL

OR

95% LCL 95% UCL p value

95% UCL pvalue

OR

0.0085
0.0461

4.17
2.28

1.23
1.01

2.27
1.51

0.0255
0.1170
0.0331

3.27
2.07

1.08

0.92

1.88
1.38

Hospital admission

ICU admission

0.0007

<0.0001

Pre-morbid mRS score

1 (ref.)
0.59
1.31
0.93
1.14
498

1 (ref)
0.62
1.43
1.62
1.52
5.99

1 (ref.)

1 (ref.)
1.74
2.10
1.20
2.15
0.96

1.31
2.78
1.99
2.74

0.27
0.62
0.43
0.48
2.28

1.20
2.68
2.90
3.19

0.32
0.76
0.90
0.72
3.01

2.81
3.70
2.29
419
3.18

1.08
1.19
0.63
1.10
0.29

10.86

11.92

Abbreviations: adj., adjusted; BMI, body mass index; ICU, intensive care unit; LCL, lower confidence limit; OR, odds ratio; mRS, modified Rankin Scale; TIA, transient ischemic attack; UCL, upper confidence

limit.

History of Parkinson's disease or multiple sclerosis has been
associated with the occurrence of dysautonomia. Non-motor
symptoms (including dysautonomia) are frequently present in the
premotor stage of Parkinson's disease [24]. Autonomic dysfunction
is a common finding also in patients with multiple sclerosis [25].
These observations and the corresponding hypotheses support the
concept that patients who experience symptoms of autonomic dys-
function might be individuals with predisposing diseases who, in the
presence of COVID-19, present an exacerbation of their baseline
clinical condition [26].

History of peripheral neuropathy, intravascular coagulation, and
need for mechanical ventilation at the time of infection were asso-
ciated with peripheral neuropathy. Disseminated intravascular co-
agulation is a common complication of severe COVID-19 infection
[27]. However, the association between disseminated intravascular
coagulation and peripheral neuropathy has been rarely reported as
a complication of diabetic ketoacidosis [28] or because of cancer
and chemotherapy in cancer patients [29]. We cannot exclude that
patients with COVID-19 develop peripheral neuropathy because
of critical illness, as shown by the frequent report of neuropathies
in subjects with prolonged stay in the ICU [30]. The occurrence of
refractory shock and greatest use of mechanical ventilation in this
cohort support this interpretation.

The association of movement disorders with history of
Parkinson's disease is not unexpected. In a meta-analysis of 12
studies including 103,874 COVID-19 patients, Parkinson's disease
was associated with poor in-hospital outcome and mortality as a
consequence of acute infection [31]. The association was influenced
by age and history of smoking. As movement disorders are a group
of diseases with differing underlying mechanisms, an association
of smoking with diseases other than Parkinson's disease cannot be
excluded. As movement disorders were associated with cardiovas-
cular complications of COVID-19 and coagulation defects, we can
speculate that smoking, a well-known risk factor for cardiovascular
and cerebrovascular disease, can also affect movement disorders of
vascular origin.

History of multiple sclerosis and cardiovascular complications of
COVID-19 were associated with ataxia. While ataxia is a common
finding in patients with multiple sclerosis, the association of this sign
with cardiovascular complications is less intuitive. A possible expla-
nation is that severe infection (marked by cardiovascular complica-
tions) leads to brainstem dysfunction [22], leading to severe standing
and gait impairment.

Except for history of cancer and premorbid functional disabil-
ity, we failed to find specific risk factors for patients who developed
seizures during COVID-19 infection. Seizures are the symptom of
several CNS disorders and, as such, may occur in the presence of a
variety of clinical conditions. The effects of the infection in patients
with a history of epilepsy (not documented here) are still controver-
sial. The frequency of seizures and status epilepticus did not increase
during the pandemic [32]. The association between seizures/status
epilepticus and premorbid functional disability cannot be easily ex-
plained, except for stating that individuals experiencing seizures are
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prone to the development of acute symptomatic seizures caused by
differing neurological complications.

Our findings seem to support the assertion that specific acute/
subacute neurological manifestations are only in part the result of
the severity of COVID-19 infection (as shown by its respiratory
and cardiovascular complications), and they may also represent
the worsening of a pre-existing clinical neurological condition or
a de novo neurological symptom, sign or disease in predisposed
individuals.

Major strengths of this study include the large sample size and
the reasonably accurate ascertainment of neurological manifesta-
tions. All patients were seen in neurological consultation, and, for
this reason, we can assume that all neurological symptoms, signs and
diseases were accurately diagnosed.

Several limitations must be also acknowledged. The first and
most important is represented by the difficulty in separating the
neurological manifestations caused by COVID-19 from those that
result from the underlying neurological comorbidities. This limitation
cannot be easily overcome because SARS-CoV-2 acts on individuals
who can be affected by or at least predisposed to the occurrence
of neurological symptoms, signs, or diseases of the central or the
peripheral nervous system. Our findings, when comparing infected
patients with and without a given neurological sign or disease, sup-
port this assertion as several neurological complications in patients
with COVID-19 are simply the worsening of a pre-existing disease.
Importantly, 41% of patients (n = 627/1523) reported pre-existing
neurological comorbidities.

The second limitation is selection bias. Although we asked study
participants to register all patients consecutively seen in consulta-
tion in the emergency room, during hospital stay, or in outpatient
services, as data collection was performed within the time con-
straints of the pandemic, some patients, perhaps those less severely
affected, may have been omitted, leaving just the most severe cases
in the registry. In addition, cases and controls were only individu-
als seen by neurologists. Nevertheless, we collected patients and
disease-specific characteristics and outcome in 310 cases (20.4%)
in whom no neurological manifestation was confirmed. This sam-
ple might represent, at least in part, the general (non-neurological)
COVID-19 population.

The third limitation is the focus on neurological manifestations.
Although we did our best to collect information on all comorbidities
with an impact on patients' health and the major complications of
COVID-19, the baseline phenotype of registered patients and the
full spectrum of the disease are perhaps incomplete.

The last limitation is the possible use of different diagnostic crite-
ria and the application of different methods for case ascertainment
by investigators who were not assessed for inter-rater agreement.
The use of a guide including the definitions of all collected vari-
ables might have been insufficient to stardardize data collection.
We should also mention the absence of systematic assessments of
the different phenoytpes with current tools (e.g., questionnaires)
and the fact that our otherwise broad approach did not assess some
symptoms/clinical manifestation (e.g., fatigue).

Despite these limitations, our exploratory study can lead to sev-
eral important conclusions. First, patients with COVID-19 seen in
neurological consultation presented with a high proportion of acute/
subacute neurological symptoms, signs or diseases which contribute
to the detection of different phenotypes. Each phenotype was char-
acterized by the combination of selected demographic and clinical
variables, the latter represented by specific baseline comorbidities
and by various complications of COVID-19 infection. The different
profiles that result from these combinations help identify individuals
who might develop one or another neurological manifestation and
highlight the importance of contextualizing the spectrum of acute
manifestations of COVID-19.
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