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ABSTRACT

Objective: To determine the frequency of neurological manifestations and complications of SARS-COV-2. We
were especially concerned with the cases where the primary presentation was neurological indicating the neuro-
invasive potential of the virus.

Study Design: Prospective observational study.

Place and Duration of Study: Pak Emirates Military Hospital, Rawalpindi, from Apr to May 2020.

Methodology: A total of 405 confirmed COVID patients were enrolled for the study. Demographic features and
initial clinical manifestations were noted and patients were followed during the hospital stay for the development
of any new neurological signs and symptoms. For analytical purposes, neurological presentations were grouped
into the central nervous system, peripheral nervous system, and musculoskeletal system manifestations.
Appropriate laboratory testing was employed as required on case to case basis.

Results: In this study, the mean age was 46.6 + 15.5 years. Two hundred and seventy one (66.9%) patients were
male while one hundred and thirty four (33.1%) were female. The neurological illness was a primary manifest-
tation in twenty four (6%) cases. These included encephalopathy (n=15), ischemic stroke in young (n=2), Guillain-
Barre syndrome, (n=1), facial nerve palsy (n=2), and encephalitis (n=1). The most common neurological symp-
toms were headache 142 (35%), and hyposmia 39 (9.6%) followed by encephalopathy 34 (8.3%). More serious
complications like seizures 7 (0.7%) and stroke 9 (2.2%) were also seen.

Conclusion: Severe Acute Respiratory Syndrome-Coronavirus 2 can present with a neurological illness like its
predecessors. We should remain vigilant to the possibility of neurological presentation of COVID-19 that can be
thromboembolic, inflammatory or immune-mediated.
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INTRODUCTION

An outbreak of pneumonia cases due to
SARS-COV-2 was reported to WHO in December
2019 from Wuhan, China! and within a few
weeks Coronavirus disease 2019, as it was desig-
nated, spread around the globe resulting in a
wreaking pandemic2. As of 8 June 2020, there are
6.93 million confirmed cases and nearly 400,857
deaths worldwide3. Pakistan was during this time
the 10t worst affected country with a rapid surge
in new cases.

SARS COV-2 is a respiratory virus that bears
a close homology to SARS-COV-14. It presents
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with highly lethal pneumonia in addition to other
general symptoms like fever, cough, and head-
ache. However it does affect other organ systems
of the body including the nervous system. Neuro-
tropism, which is a known characteristic of many
coronaviruses, seems to be the underlying mecha-
nism in many cases and is being reflected by a
high percentage of anosmia in COVID patients.
Therefore, we can infer that neurological invol-
vement can not only arise as a complication of a
systemic disease but it can well be a primary pre-
sentation. A high index of suspicion especially by
the emergency physicians is required for prompt
diagnosis in such cases. We conducted a pros-
pective observational study in Pak Emirates
Military Hospital (PEMH), Rawalpindi to assess
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the pattern of neurological symptoms in our
COVID-19 patients.

METHODOLOGY

It was a prospective observational study
conducted in Pak Emirates Military Hospital,
Rawalpindi, from 1st April 2020 to 22rd May 2020.
It is a 1200 bedded tertiary care hospital desig-
nated to COVID-19 and having the largest cohort
of COVID-19 patients in Pakistan. This study was
done between 1st April 2020 to 227d May 2020.

All confirmed cases presenting during the
study period were included. A confirmed case
was defined after a positive result on real-time
reverse transcriptase-polymerase chain reaction
analysis of nasopharyngeal swabs. Patients with
AIDS and those on immunosuppression therapy
for any cause were excluded from the study as
immunosuppressed people tend to have distinct
presentations and manifestations of any given
illness, quite different from the general popula-
tion.

Study design was reviewed and approved
by ethics committee of the hospital (ERC no.A/
28/161/EC). Fully informed consent was obtai-
ned in all cases either from the patient or from
next of kin if the patient himself was not con-
sidered capable of doing so because of impaired
conscious level. Confidentiality was ensured.
Detailed data forms were filled by attending phy-
sicians. Demography, history, and examination
findings and complementary tests were recorded
and updated regularly by attending physicians. A
trained neurologist reviewed and confirmed the
positive findings. For analytical purposes, neurol-
ogical manifestations were divided into 3 groups;
the central nervous system, peripheral nervous
system, and musculoskeletal manifestations. SPSS
ver 20 was used for statistical analysis. Student
t-test was used to compare this study with other
similar studies done previously.

RESULTS

Between 1st April and 22th May 2020, 482
confirmed cases of COVID were admitted. Data
could not be completed for 77 patients for various
reasons. The final analysis was done for 405
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patients. Baseline characteristics and co-morbi-
dities are given in table-I. The mean age was 46.6
+ 15.5 years and ranged from 15 to 71 years, 271
(66.9%) patients were male whereas 134 (33.1%)
were females. Most common comorbidities were
hypertension 138 (34%), diabetes mellitus 63
(15.5%), ischemic heart disease 37 (9.1%) and
cerebrovascular disease 18 (4.4%).

The most common presenting manifestations
were fever 350 (86.4%), cough 298 (73.5%), and
dyspnea 209 (51.6%). As many as 171 (42.2%)
patients exhibited neurological symptoms (table-
II & III). The most common were headache
142 (35%) and dizziness 46 (11.3%). This was fo-
llowed by hyposmia (9.6%) and encephalopathy
or altered sensorium 34 (8.3%). It is important to
note that 15 (3.7%) of these patients presented

Table-I: Clinical characteristics of the patients with
COVID-19.

Characteristics n (%)
<50 239 (59)
Age >50 166 (40.9)
Male 271 (66.9)
Gender Female 134 (33.1)
Hypertension 138 (34.0)
Diabetes Mellitus 63 (15.5)
Ischemic Heart
Disease 3701)
CO- Cerebrovascular
morbidities disease 18 (4.4)
Malignancy 4 (0.9)
Chromc Kidney 31 (7.6)
Disease
Others 34 (8.3)

with encephalopathy whereas 19 (4.6%) deve-
loped encephalopathy during the hospital stay.

There were 9 cases of acute cerebrovascular
events in our study population. Seven patients
developed ischemic stroke during illness. All of
them had at least 2 co-morbidities. Whereas 2
patients, one 42 years of age, and the other 46
years of age presented with ischemic stroke as
index presentation. These two patients had no
known co-morbidities or vascular risk factors.
Besides it is important to note that they did not
have any systemic manifestation of COVID-19
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at the time of presentation, however, computed
tomography scan of the chest showed bilateral
ground-glass appearance with peripheral opaci-
ties in the lungs and C-reactive protein and LDH
were mildly elevated. D-dimers were raised
in all cases with ischemic stroke (range of 0.5-
1.7mg/L), more so in cases who developed ische-
mic stroke during the course of illness.

There were three cases of intracranial hemo-
rrhage all of which had at least two co-morbi-
dities and were on prophylactic anti-coagulation
due to severe disease. The coagulation profile
was mildly deranged in two cases (75% of the
cases).

A total of seven cases of seizures (1.7%)
were seen in our cohort. Seizures was the cause of

Table-II:  Central nervous system (CNS)
manifestaions.

Clinical Features n (%)
Headache 142 (35)
Dizziness 46 (11.3)
Encephalopathy 34 (8.3)
Cerebrovascular Accident 9(22)
(CVA)/ischemic stroke )
Cerebrovascular Accident 3(0.7)
(CVA)/hemorrhagic stroke )
Seizures 7(1.7)
Encephalitis 1(0.2)
Neuropsychiatric symptoms 48 (11.8)

Table-III: Peripheral nervous system (PNS) and
musculoskeletal manifestation.

Clinical Features n (%)

Hyposmia 39 (9.6)
Neuropathy 2(04)
Guillain-Barre Syndrome (GBS) 1(0.2)
Myositis 2(04)

presentation in three (0.7%) cases. One patient
was a known case of epilepsy, well controlled
on anti-epileptic drugs. He had breakthrough
seizures despite good compliance. The other one
was new-onset refractory status epilepticus. The
third patient was diagnosed with encephalitis
based on neuro-imaging and CSF analysis. These
three patients were diagnosed with COVID-19
on routine screening as they had no systemic
manifestation of the disease.
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Peripheral nervous system manifestations
were present in 5.9% of the patients. Most freq-
uent symptom was hyposmia 21 (5.1%) although
it was revealed only on direct questioning. Two
patients presented with isolated facial nerve
palsy, and one with Guillain-Barre Syndrome. In
both patients with facial nerve palsy, it was the
presenting symptom, and COVID was diagnosed
later when they developed symptoms. However,
the course of the disease was mild in both of
them. The patient with GBS (AMAN variant) had
been diagnosed with COVID two weeks back,
had mild disease, and was self quarantined at
home.

Neuropsychiatric manifestations were found
in 48 (11.8%) patients. The most common was
anxiety followed by insomnia, depression, and
psychosis. These were not associated with any
other comorbidities.

In 24 (6%) patients, neurological manifes-
tation was the reason for the presentation. These
included encephalopathy 15 (3.7%), seizures 3
(0.7%), facial nerve palsy 2 (0.4%), ischemic stroke
2 (0.4%), Headache 2 (0.4%), GBS 1 (0.2%) and
encephalitis 1 (0.2%).

DISCUSSION

COVID-19 (Coronavirus disease 19) is an
evolving epidemic and we are still in the process
of understanding this new disease. This study
was conducted in order to get an overview of the
neurological aspects of the disease. Our results
showed that neurological manifestation was the
presenting feature in 24 (6%) cases and at least
42% of the patients develop neurological invol-
vement during the course of illness. This was
less than the frequency of 57.4% (p=0.09) reported
by Sanchez et al5 from Spain and higher than
37.4% reported by Mao et al from Wuhan, China®
(p=0.037).

There are three possible mechanisms under-
lying the pathogenesis of neurological involve-
ment. First is diffuse cerebral dysfunction as a
consequence of systemic disturbances -namely
cytokine storm, hypoxia, sepsis, and multi-organ
dysfunction. Second is the immune-mediated
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mechanism that is also implicated in compli-
cations of many other viral illnesses. The third
and most important factor is neuroinvasion
or neurotropism that is well known with other
human coronaviruses like 229E, OC43 and SARS-
COV-17% and certain other respiratory viruses
like measles®. Anosmia/hyposmia which is an
initial presentation in many cases of COVID-19
depicts the neuroinvasive potential of SARS-
COV-2. Affinity of this virus to ACE 2 receptor
can be a potential underlying mechanism, as ACE
2 receptors are expressed both in respiratory epi-
thelium and neuronal cells!0. As far as the central
nervous system is concerned, Virus can reach
there either by retrograde transfer through peri-
pheral nerves!12 or by direct hematogenous
spread after blood-brain barrier disruption by
inflammatory mediators’3. And, theoretically,
if brainstem-mediated complications develop!4,
they can be devastating. This direct involvement
of CNS has been proven by the presence of viral
particles in frontal lobe neurons!> and positive
RT-PCR for SARS-COV 2 in cerebrospinal fluid?e.

Now focusing on individual neurological
manifestations in this cohort, about one-third
(35%) of the patients complained of headaches
that is significantly more than the frequency of
13.1% described by Mao et al. Interestingly, head-
ache was the presenting complaint in 2 patients
where it was so severe that they were imme-
diately sent for Computed Tomography of Brain
to rule out sub-arachnoid hemorrhage. It has
been postulated that cytokines and chemokines
released by macrophages trigger nociceptive
sensory neurons resulting in headaches!’.

Skeletal muscle injury was found in two
(0.4%) patients both of which had significantly
raised serum creatinine kinase levels, but as
these patients had a severe respiratory disease, it
cannot be reliably determined if it represented
direct or indirect injury.

We had one case of encephalitis that presen-
ted with seizures and had bilateral temporal
hyperintensities on Magnetic Resonance Imaging
of brain. The CSF examination revealed mild
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pleocytosis. However it should be kept in mind
that Magnetic Resonance Imaging and cerebro-
spinal fluid (CSF) analysis were not done in all
patients with encephalopathy, especially where
encephalopathy seemed to be secondary to severe
disease or multi-organ dysfunction. Thus there
is a possibility that some cases of encephalitis
might have been missed. Cases of encephalitis
and optic neuritis have already been reported
from other parts of the world as inflammatory
complication of COVID-195. Apart of encephali-
tis, a preliminary report of patients with Posterior
Reversible Encephalopathy Syndrome (PRES)
like features on neuroimaging has emerged from
Italy?8. Poyiadji et al'® from Detroit also reported a
case of Acute Necrotising Hemorrhagic Encepha-
lopathy in a middle aged female.

Concerning ischemic stroke in patients with
COVID-19, a frequency of 2.5% was reported
from Italy? while a higher frequency of 5% has
been reported from China?!. We observed ische-
mic stroke in 2.2% of the patients in our study
population. Lower incidence here could be the
result of the overall younger age of the cohort.
Although most of the ischemic strokes were seen
in severely ill patients with multiple co-morbidi-
ties, two cases of acute ischemic stroke in relative-
ly young patients with no known co-morbidities
indicate that for a subset of patients there is
true neurological impact of COVID-19. A study
in New York has also reported stroke in COVID
patients younger than 50 years of age?. Cases of
acute ischemic strokes have also been previously
reported with SARS-COV-12. Underlying patho-
genesis follows Virchow's triad as evidenced by
direct endothelial damage by the virus resulting
in endothelitis and altered blood flow, and hyper-
coagulability triggered by cytokine release242.

CONCLUSION

In conclusion, it can be said that although
COVID-19 is a respiratory infection, a significant
number of patients are developing neurological
manifestations either through direct or indirect
involvement of nervous system. Cases with indi-
rect involvement are more common in our study
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population but there is solid evidence of direct
involvement. Therefore, we need to keep a close
watch for long term neurological sequelae of this
SARS COV 2 pandemic.

We will also like to emphasize that many
COVID patients who presented with vascular
and inflammatory neurological diseases, like
stroke, GBS, and facial nerve palsy, had mild or
no respiratory symptoms. Thus we recommend
that all patients presenting with acute neuro-
logical illness should be screened for COVID-19
during the pandemic.
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