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Abstract

Background COVID-19 disease affects the nervous system and led to an increase in neurological consults for patients at
admission and through the period of hospitalization during the peak of the pandemic.

Methods Patients with clinical and laboratory diagnosis of COVID-19 that required a neurologic consultation or those who
presented with neurological problems on admission that led to a diagnosis of SARS-CoV-2 infection during a 2-month period at
the peak of the pandemic were included in this study. Demographic and clinical variables were analyzed.

Results Thirty-five patients were included. The presenting neurologic manifestations on admission led to the diagnosis of COVID-19
in 14 patients (40%). The most common reasons for consultation during the hospitalization period were stroke (11), encephalopathy
(7), seizures (6), and neuropathies (5) followed by a miscellaneous of syncope (2), migraine (1), anosmia (1), critical illness myopathy
(1), and exacerbation of residual dysarthria (1). The most common neurological disturbances were associated with severe disease
except for neuropathies. Patients with encephalopathies and seizures had markedly increased D-dimer and ferritin values, even higher
than stroke patients. RT-PCR was performed in 8 CSF samples and was negative in all of them.

Conclusion Neurological disturbances represent a significant and severe burden in COVID-19 patients, and they can be the
presenting condition that leads to the diagnosis of the viral infection in a high percentage of patients. Evidence of direct viral
mechanisms was scarce, but the pathogenesis of the diverse manifestations remains enigmatic.

Keywords SARS-CoV-2 - COVID-19 - Pandemic - Neurological consultation - Encephalopathy - Stroke - Encephalitis -
Seizures

Introduction

Neurological disturbances are an increasingly recognized part
of the clinical spectrum of COVID-19 [1-11]. This has repre-
sented a diagnostic and therapeutic challenge for the attending
neurologist, particularly if one considers the difficulties in
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performing routine ancillary examinations in these patients
in isolation with such a contagious condition.

The frequency and variety of neurological disorders vary
significantly depending on whether they are collected in pa-
tients admitted with moderate to severe pulmonary disease or
in critically ill patients in an ICU setting and on whether data
collection is retrospective or prospective. Clinical information
so far derives mainly from series of respiratory patients in
whom neurological 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
neurological disturbances.

Our center is a tertiary hospital that serves an area that has
reported over 2000 cases of COVID-19 from March 6 to
May 15, 2020 (our study period). Our neurology department
provided primary assistance to all COVID-19 patients during
the peak of pandemic and provided neurological consults as
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requested. To offer a different but complementary perspective
on the neurological spectrum of SARS-CoV-2 infection, we
have analyzed the reasons for neurological consults during the
peak of infection in an area highly impacted by this pandemic.

Methods

This was a cross-sectional study with prospective data
collection, carried out between March 6 and May 15,
2020, in which all patients who presented with or de-
veloped a neurological disorder and were diagnosed
with COVID-19 were seen in consult and included and
analyzed in this study. Six attending neurologists and 4
late-stage neurology residents provided the standardized
data for the study. We included patients hospitalized in
the general medicine wards as well as in the intensive
care unit (ICU) setting. Although our protocol did not
recall patients after discharge, we also consulted on pa-
tients that returned on their own to the hospital, and
these were, as well, included in the study.

Variable collection
We collected the following variables:

a) Demographics (age, sex, admission date, date of disease
onset).

b) Pulmonary disease severity according to the CURB-65
scoring system. This is a yes/no 6-point scale that eval-
uates confusion, BUN > 19 mg/dl, respiratory rate > 30,
systolic blood pressure <90 mmHg or diastolic <
60 mmHg, and age > 65. Patients scoring 0—1 were clas-
sified as low risk and those scoring 2—5 as a moderate to
high risk.

¢) Cardiovascular comorbidities, including hypertension,
dyslipidemia, diabetes mellitus, tobacco use, obesity
(BMI > 30), atrial fibrillation, and ischemic cardiopathy.

d) Pulmonary comorbidities, including chronic obstructive
pulmonary disease (COPD), asthma, and obstructive
sleep apnea syndrome (OSAS).

e) Neurological comorbidities.

f) Reason for hospitalization, with particular emphasis on
whether it was a neurological problem.

g) Reason for neurological consultation in case the patient
presented with or was hospitalized for a non-
neurological condition.

h) Neurological symptoms associated with COVID-19 and
different from the reason for consultation, such as anos-
mia, headache, and myalgia.

i) Laboratory parameters pertinent to the patient’s con-

dition, including blood and cerebrospinal fluid (CSF)
when indicated.

@ Springer

j) Laboratory parameters: serum creatinine, transaminases,
creatin kinase, C-reactive protein (CRP, coagulation pa-
rameters (International Normalized Ratio (INR), aPTT),
D-dimer, ferritin, and platelet count.

Inclusion criteria

Patients were eligible if they had a positive reverse transcrip-
tase polymerase chain reaction (RT-PCR) assay for SARS-
CoV-2 in a nasopharyngeal swab (using an Xpert©Xpress
SARS-CoV-2 kit; Cepheid) or a chest X-ray or CT scan show-
ing the characteristic bilateral interstitial pneumonia of
COVID-19. Cerebrospinal fluids (CSF) obtained from
some patients for clinical or diagnostic purposes were
also tested for the presence of SARS-Cov-2 using the
same RT-PCR assay as above.

Patients either had a neurological disorder as the presenting
condition that required hospitalization or developed a neuro-
logical disorder after admission for COVID-19 pneumonia or
after hospital discharge when 3 patients returned to the hospi-
tal on their own.

COVID-19 influence on stroke incidence

An important question frequently asked is whether the
COVID-19 pandemic has resulted in a higher incidence of
stroke or in a higher stroke severity. To this end, we compared
the number of patients admitted to our center in the same
period of 2019, as well as their severity as measured by the
National Institute of Health Stroke Score (NIHSS).

Data analysis

The description of the variables was carried out using
frequency tables, means and standard deviations (SD),
or median and interquartile range (IQR). Patients’ char-
acteristics and analytical parameters were compared ac-
cording to the most common neurological consultation
groups. The Chi-square or Fisher’s exact tests were used
for the comparison of categorical variables and the non-
parametric Kruskal-Wallis test for the comparison of
quantitative variables. A result was considered statisti-
cally significant at p <0.05. All statistical analyses were
performed with SAS for Windows statistical software,
version 9.2 (SAS Institute, Inc., Cary, NC).

The study was approved by the Ethics Committee of the
Basque Country. This study was considered exempt from in-
formed consent because it was anonymous and only reported
results derived from the medical care of the patient.
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Results
Frequency and type of neurological manifestations

A total of 35 patients were included during the study period
with a median age of 66 years (range, 20-93) and a clear male
predominance (71%). The clinical and demographics data are
shown in Table 1. The diagnosis of SARS-CoV-2 infection
was made by pulmonary imaging (Rx or CT scan) in 7 pa-
tients and nasopharyngeal RT-PCR plus imaging in 28. There
were no significant differences in the means of diagnosis
across groups.

Nineteen patients had been hospitalized for COVID-19
pneumonia and developed neurological problems during the
period of hospitalization; 14 patients presented with a neuro-
logical disorder on admission which led to the diagnosis of
COVID-19. Two patients consulted for a neurological com-
plaint after discharge for COVID-19 (mild infection without
pneumonia) and returned to the hospital on their own (1 an-
osmia and 1 peripheral neuropathy).

Thirty-one patients had radiologic evidence of SARS-
CoV-2 pneumonia, and 4 patients had SARS-CoV-2 infection
without pneumonia. Seventy-four percent (26/35) of the pa-
tients had a prior history of cardiovascular risk factors, partic-
ularly hypertension, 26% (9/35) had cardiovascular comorbid-
ities, and 23% (8/35) had pulmonary comorbidities. Forty per-
cent (14/35) had some neurological comorbidity.

Table 2 shows the neurological disorders that led to a neu-
rological consultation, and whether they were the reason for
admission or developed during hospitalization. The single
most frequent reason was stroke (11 patients; the reason for
admission in 4 patients and developed during the hospitaliza-
tion period in 7 patients).

Of the 11 stroke patients, 8 had large vessel occlusion (5
middle cerebral artery, 2 carotid artery, and 2 vertebrobasilar
system). Two patients presented a lacunar syndrome with a
normal brain CT scan (MRI was not performed), and 1 patient
had an arterial hemorrhage in the left cerebral hemisphere.
There were no TIA cases. Two stroke patients died during
hospitalization, both with a large vessel anterior circulation

Table 1 Clinical and

demographic characteristics of the Variable

All patients (N=35)

patients
Age (years), median (range)

Gender (males)

Reasons for hospitalization
Pulmonary COVID-19
Neurological symptoms

No admission (outpatient consultation)

Severity of illness

Severe (moderate to high risk) pneumonia (CURB-65 2-5)
Mild (low risk) pneumonia (CURB-65 0-1)
Mild infection without pneumonia

Cardiovascular risk factors
Hypertension
Hyperlipidemia
Diabetes mellitus
Smoking
Overweight (BMI >30)

Cardiovascular comorbidities (AF, ischemic cardiopathy)
Pulmonary comorbidities (COPD, asthma, OSAS)

Neurological comorbidities
Cognitive impairment
Migraine
Epilepsy
Stroke or TIA
Spinal stenosis
Parkinson’s disease

Normal pressure hydrocephalus

66 (20-93)
25 (71%)

19 (54%)
14 (43%)
2 (3%)

13 (37%)
18 (51%)
4

26 (74%)
20 (57%)
14 (60%)
6 (17%)
8 (23%)
2 (6%)

9 (26%)
8 (23%)
14 (40%)

_— = N W N W N

AF atrial fibrillation, BMI body mass index, COPD chronic obstructive pulmonary disease, OSAS obstructive
sleep apnea syndrome, 7/A transient ischemic attack
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Table 2 Reasons for neurological

consultation Neurological disturbance (N =35)

Complication during
admission ()

N Reason for
admission (V)

Stroke
Ischemic
Brain hemorrhage
Encephalopathy*
Seizures**
Isolated focal
Focal nonconvulsive status
Generalized tonic-clonic
Neuropathy
Sixth-nerve palsy
Seventh-nerve palsy, unilateral
Bilateral facial palsy
Peripheral neuropathy
AIDP
Syncope (non-convulsive)
Migraine, severe™****
Anosmia (isolated)
Critical illness myopathy
Dysarthria (residual) exacerbation

11 4 7
10 4 6
1 1
7 7
6 2 4
2 1 1
2 2
2 1 1
5 5
1 1
1 1
1 1
1 1
1 1
2 2
1 1
1 1
1 1
1 1

*Included in this group are patients whose reason of consultation was encephalopathic symptoms without focal
neurologic deficit of different etiologies, and one patient with coma of unknown origin, who additionally pre-
sented a status epilepticus as a complication

**All patients with de novo seizures, except one with previous history of pharmaco-resistant structural epilepsy
and gelastic seizures (hypothalamic hamartoma), included in focal nonconvulsive status group

***%A[DP acute inflammatory demyelinating disease

*##%Patient with history of migraine that worsened during admission

ischemic stroke. Four patients were subjected to mechanical
thrombectomy with complete recanalization; 2 of them
showed a significant improvement with a decrease >4 points
in the NIHSS, 1 without improvement (futile recanalization),
and 1 without improvement due to a hemorrhagic transforma-
tion (vertebrobasilar stroke).

Encephalopathy (7 patients, defined as impaired attention
and arousal, presenting with confusion, lethargy, delirium, or
coma) followed in frequency and developed while the patients
were hospitalized. All had a compromised respiratory function
with hypoxemia, and 4 had a moderate increase in liver en-
zymes. One patient developed a refractory motor focal status
epilepticus and finally died. The rest of the patients improved
upon the restoration of their respiratory function.

Seizures developed in 6 patients and in 2 of them led to the
diagnosis of COVID-19. All were de novo seizures except for
1 patient with a hypothalamic hamartoma and refractory
gelastic seizures; he was in a poor previous condition, was
institutionalized, and ultimately died from respiratory failure.
Two patients had generalized tonic-clonic seizures that were
controlled with IV levetiracetam. One patient had a non-
convulsive status epilepticus (frontal origin) that resolved with
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an [V combination of levetiracetam and valproate. One patient
with motor focal seizures died due to respiratory insufficiency.
One patient had one episode consistent with seizures that did
not require therapy and did not recur.

A brain CT scan was performed in all encephalopathy and
seizure patients without any relevant findings.

Cranial or peripheral neuropathy was the reason for admission
in 5 patients (14%), one of them with bilateral facial palsy. One
patient with acute inflammatory demyelinating disease (AIDP)
improved with IV immunoglobulin therapy. One patient with
facial diplegia improved spontaneously as did one patient with
VI nerve and another with VII nerve palsy.

Less common reasons for consultation developed during
admission and included 2 non-convulsive syncope, 1 severe
migraine attack in a migraineur, 1 isolated anosmia, 1 critical
illness myopathy, and exacerbation of residual dysarthria in a
patient with a history of stroke.

Ten patients were hospitalized in the ICU: 3 ischemic stroke
patients (2 large vessel anterior circulation and 1 vertebrobasilar
with hemorrhagic transformation after mechanical
thrombectomy), 1 patient with status epilepticus, 5 encephalop-
athies, and 1 patient with critically illness myopathy.
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Associations between clinical manifestations and
variables of the study (Table 3)

Male gender predominated except for neuropathies. Stroke pa-
tients were significantly older, with a median age of 77, in com-
parison with 64 of seizure patients, 65 of encephalopathy, and 55
of neuropathy patients (p = 0.0033). Cardiovascular risk factors
and cardiovascular and pulmonary comorbidities were particu-
larly frequent among patients with stroke, seizures, and enceph-
alopathy and less so in neuropathy patients with no statistically
significant differences among groups (p = 0.1521).

There was a lag between COVID-19 onset and the devel-
opment of neurological complications that ranged from a me-
dian of 9 days (stroke) to 17 days (seizures).

As for disease severity, peripheral neuropathies occurred in
patients with past or mild infection, whereas stroke, seizures,
and encephalopathies developed in patients with SARS-CoV-
2 pneumonia without statistically significant between-group
differences in the CURB-65 score (p =0.1756).

Some patients had more than one neurological complica-
tion: 3 of 10 stroke patients and 5 of 8 with seizures developed
encephalopathy throughout the period of hospitalization, and
2 of 7 patients who presented with encephalopathy developed
seizures during admission.

Among other neurological symptoms now typically associated
with COVID-19, 6 patients also had anosmia, 4 migraines (3 of
whom were prior migraineurs), and 4 myalgias. These were not
the reason for consultation, except for 1 patient with anosmia.

Associations of laboratory values with clinical
conditions

The evaluation of analytical parameters revealed an increase
in CRP in all groups, particularly in stroke patients (Table 4).
Another inflammatory marker, ferritin, was particularly in-
creased in encephalopathy patients (median value of

1101 ng/ml) and less so in stroke (481 ng/ml) and seizure
(949 ng/ml) patients; it was normal in neuropathy patients
(137 ng/ml). Interestingly, D-dimer was increased in enceph-
alopathy (median value 6170 ng/ml) patients at a higher level
than in stroke (2400 ng/ml) or seizure (2100 ng/ml) patients; it
was only slightly increased in patients with neuropathy
(725 ng/ml). The coagulation parameters were within normal
limits, including stroke patients. None of these parameters
reached a between-group statistically significant difference.

An increase in creatinine levels was present in 2 stroke
patients, 3 seizures, and 3 encephalopathies. Mild
hypertransaminemia (less than three times normal) was pres-
ent in 2 stroke patients, 4 seizures, 4 encephalopathies, and 2
neuropathies. Increased CK levels were present in 1 stroke, 1
seizure, 2 encephalopathies, and 1 neuropathy.

RT-PCR was performed in 8 CSF samples and was nega-
tive in all: 5 seizures, 1 syncope, 1 encephalopathy, and 1
patient with facial diplegia.

The influence of COVID-19 on stroke incidence and
severity

During the same period of the study in 2019, a total of 123
stroke patients were admitted to our department, in contrast to
87 patients in 2020 (Table 5). The mean age was slightly
higher in 2019 (74.53 vs. 72.31 years, p =0.24), and stroke
severity was significantly lower in 2019 (NIHSS 4.8 vs. 7.0,
p=0.027). The severity of the 11 strokes during the pandemic
was not different from that of the total of patients admitted in
the same period of 2020 (Table 5).

Discussion

Our study shows that neurological disturbances are a promi-
nent part of the spectrum of COVID-19, a primarily

Table 3  Comparative of patients’ characteristics according to the most common neurological consultation groups
Variables Stroke (N=11) Seizures (N =6) Encephalopathy (N =7) Neuropathy (N=15)
Age (median and range) 77 (65-93) 64 (55-85) 65 (46-76) 55 (20-64)
Gender (males) 9 5 6 2
Cardiovascular risk factors (pooled) 10 5 6 2
Cardiovascular comorbidities 4 2 1 0
Pulmonary comorbidities 4 2 1 0
Neurological comorbidities 2 2 2
Severity of illness
Low-risk (CURB-65 0-1) 6 2 4 5
Moderate-to-high risk (CURB-65 2-4) 5 4 3 0
Days until neurologic symptoms onset (median, range) 9 (0-14) 17 2-27) 10 (0-26) 10 (3-58)

Comorbidities are pooled together and are the same as in Table 1
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Table 4  Analytical parameters for groups of most common neurological consultations

Variables Normal values Stoke (N=11) Seizures (N =6) Encephalopathy (N=7) Neuropathy (N=15)
INR (median) 09-1.2 1.2 1,1 1.2 1

APTT (median in seconds) 2540 33 35 34 31.5

Fibrinogen (median in mg/dl) 200450 575 556 551 500

D-Dimer (median in ng/ml) <500 2400 2100 6170 725

Platelets (10 x 3 n°/mcl) 135-450 218,000 257,000 162,000 245,500

CRP (median in mg/dl) <5 30 15 15 17

Ferritin (median in ng/ml) 30-400 481 949 1101 137

pulmonary disease. The mortality in our series was
11.4% (4/35, 2 from stroke, 1 with encephalopathy,
and 1 from a seizure) which underscores the seriousness
of COVID-19 disease.

The main reasons for neurological consultation during the
COVID-19 pandemic were stroke, seizures, encephalopathy,
and neuropathies, in that order. The first three entities devel-
oped in patients with severe disease whereas neuropathies did
not. These diverse neurological manifestations reflect the abil-
ity of the SARS-CoV-2 virus to involve both the central and
the peripheral nervous system.

The apparently low number of neurological consultations
during the initial pandemic wave may have reflected an un-
derestimation of the neurological abnormalities in severely
compromised respiratory patients. A systematic neurologic
evaluation of a series of unselected, consecutively hospital-
ized patients in our center showed a high frequency of neuro-
logical disturbances [8].

In the absence of evidence of direct infection of neural cells
by SARS-CoV-2, and the general lack of expression of the
ACE2 receptor in cells of the nervous system, the logical
conclusion is that there are indirect disease-causing mecha-
nisms at play in this infection. This is consistent with the lack
of specific viral changes in the brain of 2 recent series of
autopsies [12, 13]. The neurological manifestations appeared
after a period from COVID-19 onset of 10 to 17 days (medi-
an), which also suggests that indirect mechanisms play an
important role or that the virus takes some time to be able to
attack the nervous system. In support of indirect mechanisms
is also the negative RT-PCR in 8 CSF samples. There was a
clear male predominance (71%), which contrasts with a

moderate female predominance (59.3%) in a retrospective
Chinese series [5], but it is in line with the almost universal
greater incidence of severe disease in males [1, 2].

Stroke was the main reason for consultation (11/35, 31%)
and has been associated with the coagulopathy resulting in
arterial and venous thrombosis, being more common in pa-
tients with severe disease [5, 14]. These data clearly illustrate
that SARS-CoV-2 is responsible for coagulation disorders not
normally associated with other viral respiratory infections.
The question arises as to whether COVID-19 strokes are more
severe and occur in younger patients than usual, and whether
COVID-19 has resulted in an increase in the incidence of
stroke. A comparison between the number of strokes admitted
to our center during the period of this study in 2019 and 2020
shows that there was in fact a reduction of approximately one-
third in the number of strokes. However, stroke severity was
higher during the 2020 pandemic as reflected by an NIHSS
twice as high as compared with 2019. This likely reflects that
only patients with more severe strokes came to the hospital, a
fact that has been observed in different parts of the world [15],
and presents an important morbidity corollary to this pandem-
ic. The average severity and age of the 11 COVID-19 related
strokes were similar to that of the non-COVID-19 patients
admitted in the same period of 2020. Our stroke patients had
an increased D-dimer with a median value of 2400 ng/ml
(equivalent to pg/L), higher than reported in a series of
COVID-19 patients (900 ng/L) [5]. An increasingly appreci-
ated feature of severe COVID-19 is the activation of coagula-
tion pathways with development of disseminated intravascu-
lar coagulation. Thrombogenesis could be the result of activa-
tion of the endothelium in this infection [16] by direct

Table 5 Stroke incidence and

severity during the study period of Stroke 2019 Stroke 2020 (global) Stroke during COVID-19 pandemic
2020 compared with 2019 NIHSS
(National Institutes of Health N (number of cases) 123 87 11
Stroke Scale) Gender, male (%) 66 (54%) 53 (61%) 9 (82%)
Age, mean (SD) 74.53 (13.2) 72.31 (13.9) 759 (9.2)
NIHSS, mean (SD) 4.8 (6.1) 7.0 (7.3) 7.1(7.4)
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infection with the virus or by the release of cytokines also
resulting in the disruption of vascular integrity. This develop-
ing activation process results in clot formation and subsequent
fibrin degradation leading to high levels of D-dimers, as we
saw in our patients as predictive of poor outcome. While the
association of increased levels of D-dimers in our stroke pa-
tients is consistent with its pathogenesis, the presence of mark-
edly increased levels of D-dimers in patients with encephalop-
athy is not readily explained.

Encephalopathy followed stroke in frequency as a reason
for consultation (7/35, 20%). Manifested as disorientation,
confusion, and agitation in different combinations, encepha-
lopathy is a complication of severe COVID-19 and has a mul-
tifactorial origin that includes the viral infection as well as the
secondary inflammatory response and multiorgan failure. In
our series, encephalopathy always required a neurologic con-
sultation and was associated with markedly increased levels of
D-dimer (tripling those of stroke patients), ferritin, and CRP
levels. These increased values could be indicators of severe
disease and suggest that fibrin degradation products could
have a pathophysiological role. Encephalopathy often compli-
cated the course and management of COVID-19 patients. It
developed in 3 of 10 patients with ischemic stroke and 5 of 8
patients with seizures. In turn, 2 of 7 patients with encepha-
lopathy developed seizures. These facts again reflect the dif-
ficulty in diagnosing and treating patients with severe
SARS-CoV-2 infection who have multisystemic organ
involvement and overlapping neurological complica-
tions. The role of neurologists in the care and recovery
of these patients has been highlighted, emphasizing the
benefit of multidisciplinary care [17].

Seizures in COVID-19 patients are infrequent but have
been associated with features of encephalopathy or encepha-
litis [5, 18-25]. Seizures pose a particular diagnostic chal-
lenge, since performing an EEG, often in an ICU setting, is
particularly difficult. Furthermore, treating these patients is
also challenging due to the high number of interactions be-
tween antiepileptics and the variety of drugs employed in
COVID-19 patients. Levetiracetam was successful in all cases
and seems a safe drug in these patients. Seizures may appear
in patients with no history of seizures and no other evident
etiology except for the viral infection. The CSF analysis
showed normal biochemistry, and RT-PCR was negative in
8 patients, suggesting that infectious encephalitis was not
present, and thus offering no further clues to the etiology of
seizures in this infection. A similar situation has been de-
scribed in influenza patients [26, 27].

Neurological complications can represent the debut of un-
diagnosed SARS-CoV-2 infection, usually representing a se-
vere condition with evidence of systemic inflammation and
coagulation abnormalities that require prompt and specific
management measures. In other patients, the complications
will develop during admission, complicating the management

of COVID-19 patients, especially considering the difficulties
in performing ancillary diagnostic tests in these patients. It is
now clear that COVID-19 is a protean infection with an equal-
ly clear role for the neurologist.
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