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Abstract
Background

An increasing number of neurologic problems are being de-
scribed in coronavirus disease 2019 (COVID-19) disease, but
their frequency and type have not been defined. In this study, we
sought to determine the extent of neurologic manifestations of
COVID-19 in a prospective series of unselected patients ad-
mitted to the general medicine wards of our hospitals due to
COVID-19 and who were examined by a team of neurologists.

Methods

Eight neurologists provided medical attention to patients hospi-
talized for COVID-19 to provide medical support to other hospital
units tasked with the care of an increasingly larger influx of patients
with COVID-19. A series of 100 consecutive, unselected patients
were evaluated systematically, including a questionnaire that col-
lected medical information derived from the initial examination

and the medical history.

Results

Eighty-eight percent of the patients had 1 neurologic manifestation associated with COVID-19
during hospitalization. Most common were anosmia-dysgeusia and headache (44% each), my-
algias (43%), and dizziness (36%). Less frequent were encephalopathy (8%), syncope (7%),
seizures (2%), and ischemic stroke during the period of hospitalization (2%). Anosmia and
headache associated with younger patients with less severe disease, and both were associated with
each other and with serum inflammatory markers. Encephalopathy was associated with fever and
syncope and with markers of inflammation.

Conclusions

Neurologic disturbances are common in patients with COVID-19, particularly if patients are
evaluated by neurologists. There is a wide variety of neurologic conditions, some of them severe, in
the spectrum of COVID-19 disease that will benefit from an evaluation by practicing neurologists.

The present pandemic of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
has a primary respiratory component, but in severe cases, the clinical manifestations have included
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disorders of other organ systems. A number of neurologic prob-
lems whose exact frequency and type are not well defined have
been reported in the very recent literature'~” as well as anecdotally
in our own pandemic environment. Clinical information derives
mainly from series of respiratory patients in whom neurologic
problems may have been missed or underestimated as well as from
case reports that do not allow an accurate estimate of the extent
and description of these neurologic disturbances.

Our hospitals serve an area that has reported nearly 2,000 cases of
coronavirus disease 2019 (COVID-19) from March 20 to April 17,
2020 (our study period). This high case load in such a short period
of time nearly overwhelmed the normal functioning of our hos-
pitals making the care of COVID-19 patients a medical priority
that required resources from all medical specialties. Thus, a
number of neurologists were asked to participate in the care of
hospitalized patients with COVID-19. This rapidly evolving pan-
demic also provided an opportunity to observe the clinical de-
velopment of the patients from a neurologic perspective.

In this study, we sought to determine the type and frequency
of neurologic manifestations of COVID-19 by evaluating a
consecutive prospective series of unselected patients admit-
ted to the general wards of our hospitals due to COVID-19
and who were examined by a team of neurologists who
assisted in the care of these patients.

Methods

A team of 8 neurologists (4 attending neurologists and 4 resi-
dents in their last 2 years of neurology residency) provided
medical attention to patients admitted to the hospital due to
respiratory or systemic COVID-19. This was part of the plan
established at our 2 institutions to provide medical support to
other hospital units tasked with the initial care of an increasingly
larger influx of patients with COVID-19. The study was con-
ducted at the Hospital Universitario de Basurto and the Hospital
de Galdakao, both in Vizcaya, Spain. Both hospitals provide
health care to a pooled population of 670,000 inhabitants.

Increasing evidence for neurologic involvement in some of
these patients led us to investigate this possibility with a
standardized approach. To this end, we designed a ques-
tionnaire to verify the neurologic manifestations in a pro-
spective unselected series of patients with COVID-19. The
questionnaire reflected the neurologic manifestations already
described in the incipient literature of the COVID-19
pandemic.'>*'” The questionnaire also collected medical
information derived from the initial examination and the
medical history of the patient, leading to a more accurate
interpretation of any neurologic disturbances and also
leading to a detailed neurologic examination if needed.

Patient Selection
One hundred patients were recruited consecutively in an un-
selected manner by all 8 neurologists from March 20 to April 17.
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Inclusion and Exclusion Criteria

Patients were eligible if (1) they had respiratory symptoms
with the need of supplementary oxygen and a positive reverse-
transcriptase PCR (RT-PCR) assay for SARS-CoV-2 in a na-
sopharyngeal swab; (2) they had a chest X-ray or CT scan
consistent with COVID-19 pneumonia, and (3) they did not
require admission in the intensive care unit (ICU). The CURB-
65 score for pneumonia severity was used to assess the patient’s
condition and help determine the need for inpatient treatment.
This is a yes/no scale that evaluates confusion, blood urea ni-
trogen (BUN) >19 mg/dL, respiratory rate >30 per min, sys-
tolic blood pressure <90 mm Hg or diastolic <60 mm Hg, and
age >6S years. Scores of 0-1 indicate a low mortality risk,
whereas 2-5 represent a moderate to high mortality risk. Ex-
clusion criteria included an inability to communicate due to
speech impairment or significant cognitive impairment.

Variable Collection
The following variables were collected and introduced
anonymously into a registry:

o Age, sex, admission date, and date of disease onset.

o Fever at onset and fever only during admission.

o History of hypertension, dyslipidemia, diabetes mellitus,
tobacco use, obesity (body mass index >30 kg/m?),
cardiac disease (type), and respiratory disease (type).

«  History of headache (type), stroke, epilepsy, dementia,
and others (specify).

«  Neurologic symptoms at presentation or during admission:
anosmia-ageusia, headache (type), myalgias, dizziness (de-
fined as unsteady gait with no other focal neurologic findings),
vertigo, syncope (convulsive or nonconvulsive), encephalop-
athy (defined as impaired attention and arousal, presenting
with confusion, lethargy, delirium, or coma), and seizures.

o Laboratory parameters: serum creatinine, transaminases,
creatine kinase (CK), C-reactive protein (CRP), co-
agulation parameters (international normalized ratio
[INR], activated partial thromboplastin time [aPTT]),
D-dimer, ferritin, and platelet count.

Data Analysis

A quantitative descriptive analysis based on percentages and a
detailed qualitative analysis of those infrequent conditions that
appeared only in a few patients were performed. We analyzed
whether there was an association of the main neurologic mani-
festations with age, sex, laboratory parameters of systemic in-
flammation (serum CRP, D-dimer, fibrinogen, and ferritin), and
disease severity according to the CURB-65 scoring system. We
also analyzed the association between different neurologic
manifestations.

Statistical Analysis

The description of the variables was performed using fre-
quency tables, mean and SD, or median and interquartile
range (IQR). To study the association between categorical
variables, the X2 or Fisher exact test was used. The non-
parametric Wilcoxon test was used to examine the
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differences in quantitative analytic variables according to
dichotomous variables. The nonparametric Kruskal-Wallis
test was used to examine the differences in quantitative analytic
variables according to qualitative polytomous variables. Fur-
thermore, logistic regression models were also performed to
study the risk of developing neurologic manifestations accord-
ing to other characteristics. The results are presented as the odds
ratio (OR) and 95% confidence interval (CI).

A result was considered statistically significant at p < 0.05. All
statistical analyses were performed with SAS for Windows
statistical software, version 9.2 (SAS Institute, Inc., Cary, NC).

Standard Protocol Approvals, Registrations,
and Patient Consents

Verbal informed consent was obtained, and none of the patients
declined. The process of obtaining verbal informed consent re-
quired that relevant risks, benefits, and alternatives be disclosed to
the patient and that there be an opportunity to have questions
answered. An agreement to proceed was obtained. They were
subjected to clinical history and examination as part of their routine
and protocolized care. Patients with encephalopathy and seizures
gave their consent once they improved enough. The study was

approved by the Ethics Committee of the Basque Country.

Data Availability
Anonymized data not published within this article will be
made available by request from any qualified investigator.

Results

Characteristics of Patients

One hundred consecutive patients admitted for respiratory
COVID-19 disease were enrolled. Seventeen patients were ex-
cluded due to the inability to obtain clinical history due to severe
cognitive decline or poor general condition. Thus, 117 patients
were considered to yield a series of 100 patients for this study.

The characteristics of the patients are described in table 1.
Females constituted 38%, a ratio of 1.6 males to females, and
median age was 61 years (range, 37-93 years). The severity
of the infection according to the CURB-65 scoring system
was classified into low risk (CURB-65 of 0-1) in 65 and
moderate to high risk (CURB-65 of 2-5) in 35. No patient
scored S in this study sample. Sixty-seven percent had con-
comitant cardiovascular risk factors with hypertension being
the most frequent, followed by lipid disorders, diabetes
mellitus, smoking, and obesity. Pulmonary disease was pre-
sent in 24%. Twenty-three patients had prior neurologic
disorders that included headache (5, 4 of them migraineurs)
and moderate mild impairment that did not preclude history
taking. Four patients had a prior stroke. Eight patients had
other prior conditions that included Parkinson disease (2),
diabetic neuropathy, essential tremor, normal pressure hy-
drocephalus, meningioma, peripheral neuropathy, and
spondylotic myelopathy.
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Neurologic Manifestations: Frequency

and Distribution

At least 1 neurologic manifestation was present in 88% of the
patients. Two or more were present in 58%, and 29% of patients
had 3 or more neurologic disturbances. Seventy-three percent
had fever on admission and was persistent in 62% for several
days after admission. The more frequent neurologic disorders
during hospitalization included anosmia-dysgeusia and head-
ache (44% each), myalgias (43%), and dizziness (36%, 2 of them
had vertigo). The less frequent included encephalopathy (8%),
syncope (7%), seizures (2%), and ischemic stroke during the
period of hospitalization (2%) (table 2).

Smell and taste dysfunction was described in 44% of patients
by regular history taking, which and probably gives a true
estimate of their frequency in this context. Headache was
present in 44% of the patients. Most patients reported a
persistent, dull, diffuse, and oppressive pain of moderate in-
tensity, resembling a tension-type headache. Seven patients
had migraine-like headaches, but only 2 patients had a history
of migraine. None of the patients reported other types of
headaches as verified by the evaluating neurologists.

Nonspecific dizziness was present in one-third of the pa-
tients. Two patients had isolated vertigo of peripheral type
with nystagmus and imbalance.

Myalgias were also frequent, present in 43% of patients, and
were diffuse, with no specific characteristics. Many patients
described back pain, possibly of muscle origin.

Encephalopathy was present in 9% of our patients and had been
reported in 8%. Eight of our patients with encephalopathy had a
severe disease as indicated by a CURB-6S score of 2—-4. We did
not find an association with inflammatory markers, although
the number of patients is low and this aspect should be inter-
preted with caution. Encephalopathy occurred in most patients
in the context of fever and hypoxemia. It coincided with a
minor stroke and seizures (1 patient each). One patient de-
veloped renal failure with dehydration, metabolic acidosis, and
hyperkalemia. Five of these patients had a prior diagnosis of
mild cognitive impairment.

There were a number of low-frequency neurologic manifesta-
tions in our series that involved syncope, seizures, and stroke.
Syncope was present in 7 patients, did not associate with
myoclonic jerks, and was of the neurally mediated characteris-
tics in all patients without evidence of cardiac origin.

Seizures were present in 2 patients, one of focal onset and the
other one tonic-clonic. The former patient had a fever and mild
encephalopathy and presented repeated seizures of focal
(frontotemporal) onset that resolved with levetiracetam. The
second one had fever and mild encephalopathy and presented a
single tonic-clonic seizure that did not recur and did not need
specific medication. None of them had a history of epilepsy.
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Table 1 Baseline Characteristics of Patients Hospitalized

Table 2 Neurologic Manifestations Associated With

With COVID-19 COVID-19 Disease
All patients (N = 100) Symptom/signs N and % (all patients = 100)?
Variable N and %* At least 1 neurologic manifestation 88
Sex (females) 38 >2 manifestations 58
Age, mean (SD), median (range) 63.5(13.9), 61 (37-93) >3 manifestations 29
Fever at admission 73 Anosmia/dysgeusia 44
Fever during admission 62 Headache 44
CURB-65 score Tension type 37
0 37 Migrainous 7
1 28 Myalgias 43
2 30 Dizziness (unsteady gait) 36
3 3 Vertigo, peripheral type 2
4 2 Encephalopathy 9
Cardiovascular risk factors 67 Syncope 7
Hypertension 45 Seizures 2
Dyslipidemia 33 Focal onset 1
Diabetes mellitus 20 Generalized 1
Smoking 16 Ischemic stroke during or before 2
admission (1 each)
Obesity (BMI 230 kg/m?) 10
: : : b Abbreviation: COVID-19 = coronavirus disease 2019.
History of cardiovascular disease 21 @ Because there were 100 patients, the number and percentage coincide.
History of pulmonary disease® 24
Prior neurologic disease 23
No 77 infarction. Both patients had a favorable outcome, and nei-
T ther had relevant coagulation abnormalities.
Moderate cognitive impairment 6
Headache > Associations Between Clinical Manifestations
Tension type ] and Variables of the Study
ierai . The analytical parameters revealed the presence of liver
igraine o . . . .
& dysfunction in 38%, kidney failure in 17%, and increased CK
Other 0 in 25% (table 3). Coagulation parameters (aPTT and INR)
stroke/TIA 4 were within normal limits, but D-dimer levels were notably
increased in most patients. Other markers of inflammation
Others? 8

Abbreviations: BMI = body mass index; COPD = chronic obstructive
pulmonary disease; COVID-19 = coronavirus disease 2019.

9 Because there were 100 patients, the number and percentage coincide.
P History of ischemic cardiopathy or arrhythmias.

€COPD or asthma.

9Included Parkinson disease, essential tremor, normal pressure hydro-
cephalus, meningioma, peripheral neuropathy, and spondylitis myelopathy.

Two patients had an ischemic stroke. In one of them, the
stroke occurred just before admission and in the other while
under our care. Both were considered minor strokes, and
while one of them showed neurologic focal findings sugges-
tive of lacunar infarction (hemisensory syndrome with nor-
mal brain CT), the other one presented as an encephalopathy
without focal findings with neuroimaging (brain CT scan) of
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(CRP, fibrinogen, and ferritin) were also markedly elevated.

When grouped by sex (table 4), headache and myalgia were
significantly more frequent in women (OR [95% CI] = 3.60
[1.54-8.40] and 2.68 [1.17-6.17], respectively), whereas
anosmia-dysgeusia and dizziness showed no sex preference.
Other neurologic manifestations were not analyzed for asso-
ciations with other clinical manifestations or laboratory results
due to the low number of patients, unsuitable for statistical
analysis.

There was a significant association between having headaches
and having anosmia-dysgeusia (OR [95% CI] = 2.56
[1.14-5.78] of having anosmia-dysgeusia with the presence of
headache), whereas the other main manifestations (dizziness
Neurology: Clinical Practice
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Table 3 Laboratory Analyses

Parameters All patients = 100

Blood chemistry values

Increased liver enzymes 38
(GOT >31 U/L, GPT >31 U/L,
and GGT >42 U/L), N and %

Acute renal failure 17
(Cr> 1.1 mg/dL), N and %

Increased CK (>189 U/L), N and % 25

Median (IQR) 320.5 U/L (178-1387)

Coagulation and inflammatory
markers (reference values)

Median (Q 25-Q 75)

INR (0.9-1.2) 1(1-1.1)

aPTT (25-40 s) 36 (32-39)

Fibrinogen (200-450 mg/dL) 682 (583-783)

p-dimer (0-500 ng/mL) 1028.5 (495-3080)

Platelets per pL (135,000-450,000) 244,000 (194,000-332,500)

CRP (0-5 mg/L) 90 (37.9-215)

Ferritin (30-400 pg/L) 895 (379-1713)

Abbreviations: aPTT = activated partial thromboplastin time; CK = creatine
kinase; CRP = C-reactive protein; GGT = gamma-glutamyltransferase; GOT =
transaminases alanine transaminase; GPT = aspartate transaminase; INR =
international normalized ratio; IQR = interquartile range.

and myalgias) did not show a significant association. Among the
less frequent manifestations, patients with encephalopathy had a
higher risk of having syncope (OR [95% CI] = 10.88
[1.97-60.15]). The low numbers of patients with seizures and
stroke precluded a statistical analysis to verify their potential
association with the rest of the variables included in the study.

When the neurologic disorders were analyzed in relation to
the inflammatory markers (table S), headache was found to
be associated with a higher CRP (p = 0.0063), serum D-dimer
(p = 0.002), and fibrinogen levels (p = 0.0159), whereas
anosmia-dysgeusia, myalgia, and dizziness were not.

Regarding patients’ age, the younger the age, the higher the
risk of having anosmia-dysgeusia (OR [95% CI] = 1.95
[1.02-1.09]) and headache (OR [95% CI] = 1.07 [1.03-1.11]),
whereas there were no differences in myalgia and dizziness.

The variables were also analyzed in terms of disease severity as
reflected by the CURB-65 scoring system. Of interest, patients
with alow CURB-65 score (0-1) showed a higher risk of having
anosmia-dysgeusia (OR [95% CI] = 4.03 [1.59-10.24]) or
headache (OR [95% CI] = 4.79 [1.83-12.56]) than those with
a more severe condition (CURB-6S 2-5).

Myalgias were present in 43% of patients, although CK was
increased in only 23%, with a median value of 320.5 U/L. We
found no association between myalgias and CK values.
Eleven of the patients (84.6%) with elevated CK levels
compared with only 4 (40%) of the patients with normal
CK levels had myalgia."' No case of rhabdomyolysis was
observed.

Discussion

We present the results of a prospective unselected series of
neurologic manifestations in 100 consecutive patients hos-
pitalized for respiratory COVID-19. Our hospitals serve an
area of an extremely high case load, one of the largest of this
current pandemic.

We found that neurologic manifestations are very frequent in
hospitalized patients with COVID-19. Eighty-eight percent
of patients present at least 1 neurologic manifestation. This in
contrast with the 36% described in a series from Wuhan, the
city origin of the initial outbreak.’ In their series, data were
retrospective, and their patients were not evaluated directly
by neurologists, so this may account for this large difference.

Our results provide the spectrum of neurologic manifestations
in unselected patients admitted with respiratory COVID-19
disease, which included anosmia-dysgeusia and headache in
44% of patients, myalgia in 43%, and dizziness in 36%. Less
common were encephalopathy (8%), syncope (7%), seizures

Table 4 Analysis of the Main Neurologic Symptoms According to Sex®

Symptom (n) Females, n (%)

Males, n (%) OR (95% CI)®

Anosmia-dysgeusia (44) 20 (52.63) 24 (38.71) 1.76 (0.78-3.98)
Headache (44) 24 (63.16) 20 (32.26) 3.60 (1.54-8.40)
Myalgia (43) 22 (57.89) 21(33.87) 2.68 (1.17-6.17)
Dizziness (36) 18 (47.37) 18 (29.03) 2.20 (0.95-5.10)

Abbreviations: OR = odds ratio; Cl = confidence interval.

2 Encephalopathy (n = 8), syncope (n = 7), seizures (n = 3), and vertigo (n = 2) were not included due to their low frequency.

P The OR and 95% CI of the presence of each symptom of females vs males.
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Table 5 Association of Inflammatory Parameters With the Main Neurologic Symptoms®

CRP Serum p-dimer levels Serum ferritin levels Serum fibrinogen levels
Symptom (n) Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Anosmia-dysgeusia
No 91.8 (47.6-215) 1235 (598-3148) 728.5 (376.5-1606.5) 690 (604.5-778)
Yes 87.5(28.58-197.5) 950 (480-1975) 969 (382-1974) 673 (548-783)
p Value 0.5538 0.4204 0.3465 0.7371
Headache
No 143.9 (57.6-237.5) 1515 (734.5-3740) 962 (412-1713) 709.5 (629-799.5)
Yes 61.6 (21-107.4) 700 (410-1650) 677 (291-1567) 629 (533-724)
p Value 0.0063 0.0020 0.3410 0.0159
Myalgia
No 91.4 (37.9-215) 1330 (520-3940) 959.5 (389-1678.5) 705 (604.5-832)
Yes 80 (32.1-213.5) 820 (490-1840) 628 (360-1971) 650 (526-758)
p Value 0.5267 0.1440 0.4896 0.0510
Dizziness
No 84 (37-180) 1080 (495-3080) 780 (358-1772) 677.5 (609-794)
Yes 91 (37.9-232) 985 (500-2815) 988.5 (447.5-1618) 688 (505-775)
p Value 0.8456 0.8635 0.5455 0.5120

Abbreviations: CRP = C-reactive protein; IQR = interquartile range.

For the comparison of the inflammatory parameters according to neurologic symptoms, the nonparametric Wilcoxon test was used.
2 Encephalopathy (n = 8), syncope (n = 7), seizures (n = 3), and vertigo (n = 2) were not included due to their low frequency.

(2%), and stroke (2%). We believe that examination of patients
with COVID-19 by neurologists resulted in the higher preva-
lence of neurologic manifestations in this series.

Headache and myalgia were significantly more frequent in
women, whereas anosmia-dysgeusia and dizziness showed no sex
preference. Anosmia-dysgeusia and headache patients were
younger, whereas no differences were present in myalgia and
dizziness. Headache was associated with increased inflammatory
parameters (serum CRP, D-dimer, and fibrinogen), but anosmia-
dysgeusia, myalgia, and dizziness were not. Anosmia-dysgeusia
and headache were significantly more frequent in patients with
less severe disease, and the opposite was true with headache in a
retrospective Chinese series, but in neither case, the difference
reached statistical signiﬁcance.S Myalgias were present in 43%,
whereas CK was increased in only 23%.

The frequency and variety of the neurologic problems associated
with COVID-19 come from the initial series of respiratory pa-
tients of this pandemic. For the purposes of comparison, we
pooled data from 7 series.'>*'® The aggregated results revealed
alower prevalence of myalgias (median of 27.5%) and headache
in 8%. Anosmia was not mentioned. That these patients were
attended by non-neurologists likely led to an underestimation of
the neurologic problems of which only the most severe were
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recognized. Of interest, when data from a retrospective study of
214 patients were reanalyzed by neurologists, the numbers of
and types of manifestations increased.’

Anosmia or some degree of smell dysfunction has been
reported in a wide range of 5.6%-85.6% of patients, but the
method of detection is critical, ranging from self-reports to the
administration of a standardized specific questionnaire.>**
Forty-four of our patients complained of anosmia-dysgeusia by
clinical interview, which likely reflects the figures expected in
clinical practice. It should be mentioned that anosmia is not
specific for this infection. In a series of 143 consecutive patients
with smell dysfunction, 87 of them have had a prior influenza-
like illness, a clinical entity known as post-influenza-like
hypogeusia and hyposmia, with an estimated incidence of 1 per
400 inhabitants in the United States."> The olfactory sensory
neurons do not express 2 key genes coding for angiotensin-
converting enzyme 2 (ACE-2) and transmembrane serine
protease 2 (TMPRSS 2), two proteins involved in SARS-CoV-
2 entry. In contrast, olfactory epithelial support cells and nasal
respiratory epithelium express both of them, suggesting a non-
neural mechanism for anosmia.'®

Headache was present in 44% of the patients, and this
number contrasts with previous series, where headache was
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present in an average of 12% (pooled from references 1-4, 9).
Headache was present in 13.1% in a retrospective series of
hospitalized patients,” aimed at studying the neurologic
manifestations, and was more frequent in severe patients
(17% vs 10.3 in nonsevere patients). Headache characteris-
tics have not been defined so far, and therefore, the ques-
tioning by a neurologist is of interest. More often, patients
complained of a moderate-intensity headache, persistent,
dull, and oppressive, resembling a tension-type headache.
Most of the patients in our series did not have a history of
headache; thus, the headaches may have an origin in the
infectious process and did not reflect the worsening of a
preexisting primary headache disorder. We found an in-
teresting association of headache with most inflammatory
markers, which could suggest a role of inflammation and/or
cytokine release in its pathogenesis. Patients who com-
plained of headache had mild-moderate disease severity; this
could reflect the fact that in most severe patients, the re-
spiratory problems overshadowed any other symptoms and
would be consistent with a lower rate of headaches reported
in the initial series of respiratory patients, which tended to
have severe disease.

Nonspecific dizziness was present in one-third of the pa-
tients, defined as unsteady gait without other focal neurologic
findings; only 2 of them had characteristics of vertigo, thus
suggesting that dizziness in this population represents a
nonspecific symptom in the context of a systemic infection
rather than a proper vestibular dysfunction. Our frequency is
higher than reported from Wuhan (9%).°

Myalgia was present in 43% of patients, was more frequent in
women (p = 0.0185), and was not associated with in-
flammatory markers. An average of 27% with myalgia was
reported in pooled data from prior series of patients'>'%7'8
and in 10.7% of patients in a retrospective Chinese series.” The
lack of association between myalgias and CK values suggests
that muscle pain was not due to muscle necrosis but responded
to a different origin, perhaps to the effects of systemic in-
flammation and cytokine release on neuromuscular structures.
This aspect will require further clarification.

Less common in this series were encephalopathy, seizures,
syncope, and stroke. Although these manifestations were of
low frequency, they present a challenge for their severity and
life-threatening potential. These problems may be more
common in particularly severe patients, often in the ICU
setting,"” which were not included in this study.

Encephalopathy was encountered in 9 patients, 8 of them
with severe disease, and was associated with the presence of
fever. Two mechanisms are plausible in this scenario, the
indirect effect of the inflammatory cytokine storm of these
patients, and the direct effect of the SARS-CoV-2 virus. Al-
though direct viral CNS damage could also contribute to
encephalopathy and other neurologic disturbances, RT-PCR
in the CSF has been negative in most reported cases so far.
Neurology: Clinical Practice
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Furthermore, ACE2, the receptor for the virus has only been
demonstrated in the endothelium of the nervous system, but
not in parenchymal cells.”® The only evidence of direct CNS
involvement comes from SARS 2002-2003 where viral
presence in the brain was detected with real-time RT-PCR,
in situ hybridization, and electron microscopy.u’22 It is
possible that there was greater severity in the neurologic
complications of some patients not included in our series,
including encephalopathy, as we excluded 17 patients with
severe cognitive issues, and we did not approach patients
with COVID-19 in the ICU setting.

Seizures were present in 2 patients in our series and have been
reported in a few patients to date>®**>">%; we suspect that may
be underreported. These numbers may be higher in a series of
critically ill patients. No evidence of structural lesions or en-
cephalitis has been found in these patients except for 1 patient,

. L . .26
a situation that also occurs in influenza infections.

Loss of consciousness with characteristics of syncope was pre-
sent in 7% of the patients, but this condition has not been
observed in published series so far. That the information in this
study was directly obtained by neurologists in contrast to other
specialties less familiar with this condition may reflect this dis-
parity. Impaired consciousness was reported in 7.5% in a ret-
rospective Chinese series, but it included somnolence, stupor,
coma, and confusion.” Syncope did not associate with myo-
clonic jerks and was of the neurally mediated characteristics in
all patients without clear evidence of cardiac origin. However,
this needs further clarification because myocardial in-
flammation and arrhythmias may appear in these patients,
could be potentially lethal, and could present as syncope.

Stroke (minor) was present in 2 patients of our series. The
true relationship between COVID-19 and stroke incidence
remains to be determined.”” Despite the fall in stroke ad-
missions, it has been suggested that COVID-19 infection
itself may cause stroke. Stroke was reported in 6 cases (2.8%)
in a Wuhan series,” a frequency similar to ours; all but 1 case
occurred in the severe infection group; 5 were ischemic and 1
hemorrhagic. In a New York study, 0.9% of patients hospi-
talized for COVID-19 infection had a stroke.”®

The frequent coagulation abnormalities of patients with
COVID-19 together with an exaggerated systemic inflammation
and virus-related cardiac injury may all contribute to stroke.””’
Accordingly, stroke severity seems increased in patients with
COVID-19 and with poorer outcomes,***" which contrasts
with our 2 patients. However, this needs further studies.

Our study had some limitations: the collection of data had to
be balanced with the exigencies of patient care. Moreover, as
these patients were in isolation, we were limited as to our
ability to perform nonessential examinations or blood col-
lections. As there was no follow-up, our data reflect the ob-
servations of a single point in the evolution of the hospitalized
patient. We did not include patients in the ICU, so it is
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Appendix (continued)

> Neurologic manifestations are very frequent (88%)
in nonselected patients hospitalized in a non-ICU
setting for COVID-19 disease.

> The most frequent neurologic disturbances in patients
with COVID-19 included anosmia, headache (44%
each), myalgias (43%), dizziness or vertigo (36%). Less
common are encephalopathy (9%), syncope (7%), and
seizures and stroke (2% each).

> They represent a diagnostic challenge for the
attending neurologist, particularly considering the
difficulties in performing routine ancillary exami-
nations in these patients.

> Neurologists should be alert to these neurologic
complications because they may represent the
debut of an undiagnosed SARS-CoV-2 infection.
They can also usually represent a severe condition
with evidence of systemic inflammation and co-
agulation abnormalities that require prompt and
specific management measures.

possible that the more severe neurologic manifestations of
COVID-19 disease are underrepresented.

In summary, our series disclosed a significant rate of neurologic
involvement in patients with COVID-19, and when added to the
increasing reports of serious cases of Guillain-Barré syndrome,”**
Miller-Fisher syndrome,** acute necrotizing encephalopathy,®
myelitis,*® and encephalitis (1 patient with positive RT-PCR in
the CSF),* make a strong case for the neurologic consult in the
management of patients with COVID-19.
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