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ARTICLE INFO ABSTRACT

Keywords Background: SARS-CoV-2 virus infection may affect other organs including the nervous system with variable
COVID-19 neurological manifestations, even some research has reported that SARS-CoV-2 can be found in the brain pa-
SARS-CoV-2

renchyma and / or in the cerebrospinal fluid (CSF). Although these reports of neurological involvement sec-
ondary to COVID-19 has increased, the clinical manifestations and the forms of neurological invasion is not fully
understood.

Objectives: In this paper, we report a case series of patients with SARS-CoV-2 infection with involvement of the
nervous system and its neurological complications. In addition, a bibliographic review was developed in different
databases with the aim of expanding information on neurological complications and the pathophysiological
mechanisms of invasion to the nervous system.

Case report: Case 1, a 79 year old male developed an infarct of the head of the caudate nucleus and thrombosis of
the superior longitudinal sinus. Case 2, a 62 year old female developed an intraparenchymal hemorrhage in the
left parietal lobe while hospitalized and COVID19 encephalitis was diagnosed. Case 3, a 59 year old healthy male
developed a Fisher IV subarachnoid hemorrhage by aneurysmal origin of the right middle cerebral artery and
right temporal intraparenchymal hematoma, due to rapid and severe neurological impairment new brain images
was performed showing a right cerebellar ischemic stroke leading to compression of the cistern and brainstem.
Conclusions: In these cases, the surgery goal was relieved symptoms, neurologic functional recovery, and life
survival. We considered its diffusion and knowledge as imperative for all practitioners involved in the care of this
patient.

Neurosurgical manifestations
Central nervous system

1. Introduction

The Coronavirus disease 2019 (COVID-19) caused by the new coro-
navirus SARS-CoV-2, was first detected in Wuhan city, China, in
December 2019. The virus has spread rapidly and caused a global
pandemic declared by WHO only 3 months later (March 2020) [1-3].
Due to its high morbidity and mortality it has been the focus of multiple
studies, however, the available information is still limited. The spectrum
of the disease is wide, from asymptomatic, those with mild infection
whose most common symptoms are fever, cough, fatigue, headache; to
those who develop severe disease with pneumonia, severe acute

respiratory distress syndrome (SARS), cardiac problems, leading to
multi-organ failure and death. [2-5,8] Although the predominant
symptoms are respiratory, it has been identified that the virus can
penetrate the nervous system generating variable neurological mani-
festations, such as: convulsions, alterations in mental status, cerebro-
vascular disease, meningitis, encephalitis, Guillain-Barré syndrome
among other immune-based manifestations; neurological involvement is
associated with greater frequency in patients with severe SARS-CoV-2
infection, who are in critical condition [1-4,7].

The SARS-CoV-2 virus genome encodes four structural proteins,
including the spike (S) glycoprotein, which is critical for understanding
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the mechanisms of viral infection. SARS-CoV-2 infects cells through the
S protein, which binds to the angiotensin II-converting enzyme receptor
(ACE2), which is widely distributed in the human body. [1,6,9] ACE2
receptors have been identified in neurons of the brainstem nuclei and in
areas of the motor cortex, which would explain some neurological
symptoms when infection is present. Once the cells are infected, an in-
flammatory cascade is generated that triggers the inflammatory
response mediated by T Helper lymphocytes, this process is produced by
the secretion of proinflammatory cytokines (interleukin 1, interferon
gamma, monocyte attracting protein 1, among others), it is considered
that the severity of symptoms may be related to a cytokine storm
[1,6,9-11]. Neurological involvement can be caused by direct or indi-
rect injury, either through direct viral replication in the nervous system
or through the inflammatory cascade, immune dysregulation and
metabolic alterations [9-11].

2. Clinical cases

We present case series of three patients with severe COVID-19 who
developed neurological complications during hospitalization.

2.1. Case 1

79 year old male patient with a history of coronary artery disease
revascularized five years ago, smoking, dyslipidemia, in postoperative
three days after resection of right frontal brain tumor, readmitted to the
emergency department (ED) for altered consciousness, a simple
computed tomography of the brain showed acute epidural hematoma in
the operative bed in the absence of mass effect, without requiring further
surgery. No history of recent head trauma was documented.

The patient also had respiratory signs and symptoms; chest X-ray
showed atelectasis and bronchial edema in both lung fields; blood
biochemistry with mild leukocytosis, neutrophilia and elevated LDH,
coagulation times and platelets with normal levels. Chest CT angiog-
raphy showed an acute peripheral subsegmental pulmonary embolism
and a small area of local distal infarction, confirming pulmonary
thromboembolism, so full anticoagulation was initiated. The real-time
reverse transcription-polymerase chain reaction (RT-PCR) test (gold
standard for the diagnosis of COVID19) was positive.

On the tenth day of hospital stay he presented deterioration of con-
sciousness, a new simple brain CT scan was performed showing a right
frontal intraparenchymal hematoma in the surgical cavity (Fig. 1A).
Urgent drainage of intracranial collections was performed (Fig. 1A),
which led to an improvement in his state of consciousness. Two days
after surgery, he presented deterioration of consciousness to coma.
Initially, a stroke of the head of the caudate nucleus was documented on
brain magnetic resonance imaging (MRI) (Fig. 1B), which did not
explain his neurological status. Two weeks after surgical drainage, a new
brain MRI + magnetic resonance angiography was performed, showing
frontal, parietal and occipital bihemispheric infarcts and thrombosis of
the superior sagittal sinus (Fig. 1C), probably secondary to COVID19.
Currently, he is totally dependent for his activities of daily living with a
Barthel index of 0.

2.2. Case 2

A 62 year old female patient with a history of arterial hypertension
who was admitted to the ED with respiratory signs and symptoms,
diagnosed with viral pneumonia by positive SARSCoV-2 RT-PCR test,
admission paraclinics with mild leukopenia, respiratory alkalosis,
coagulation times and platelets at normal levels. On the third day of
hospital stay he presented severe respiratory failure, requiring emer-
gency invasive mechanical ventilation and vasopressor support. Five
days later, sedation was gradually withdrawn to initiate awakening and
spontaneous ventilation test, extubation was achieved on day seven.
Upon awakening with altered state of consciousness, with a Glasgow
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Fig. 1. Case 1. A: Pre and postoperative brain CT scan showing right frontal
intraparenchymal hematoma associated to mass effect and after surgical
drainage, respectively. B: Day 3 brain MRI showed a stroke of head of the
caudate nucleus. C: Week 2 brain MRI showing frontal, parietal and occipital
bihemispheric infarcts due to superior sagittal sinus thrombosis.

Coma Score (GCS) of 7/15, a simple computed tomography of the brain
was performed (Fig. 2A) showing a supratentorial parenchymal hem-
orrhage in the left parietal lobe with perilesional edema that generated a
midline shift. A brain MRI (Fig. 2B, 2C) found a filling defect in the left
transverse sinus, although there was a distant contrast passage to the
sigmoid sinus. On physical examination the response to nociceptive
stimulus was decortication and anisocoria, due to dilation of the right
pupil. The pupil dilation was right and the hematoma was located on the
left, in addition, the hematoma was in the posterior region and there was
no herniation of the temporal tonsil, at the time she was under throm-
boprophylaxis with low molecular weight heparin and coagulability
paraclinics at normal levels. Due to the fact that the clinical signs did not
correlate with the imaging findings, COVID19 encephalitis was sug-
gested (Fig. 2C). On the seventh day after extubation, the neurosurgical
board decided to perform surgery to drain the intracerebral collection
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Fig. 2. Case 2. Brain images showing an intracerebral hemorrhage in the left parietal lobe measuring 4.6 x 4.3 x 3.6 cm, perilesional edema and mass effect with 7.5
mm midline shift (A: Simple brain CT scan, B: T1 sequence MRI, C: T2-FLAIR sequence).

Fig. 3. Case 3. Brain CT scan showing a Fisher IV subarachnoid hemorrhage of aneurysmal origin (right middle cerebral artery), right temporal intraparenchymal
hematoma (A) that generates mass effect with 4.8 mm midline shift and no ischemic lesions. (B) 3-hour later, a new CT scan showed an ischemic stroke in the right
cerebellar hemisphere and compression of the cistern and brainstem.
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and take a biopsy of the brain parenchyma, a sample processed at the
national health institute, which was positive for SARS-CoV-2 infection,
confirming the diagnostic hypothesis of viral meningoencephalitis. Two
days after the surgical procedure, the patient improved her neurological
status with GCS 14/15. Postoperatively she presented infectious symp-
toms, with seropurulent discharge from the surgical wound, leukocy-
tosis of 19,000 with neutrophils of 80% and C-reactive protein (CRP) of
67, neuroimaging suggests brain abscess, so she was taken to surgery for
drainage of the collection and antibiotics were started with coverage of
the central nervous system.

2.3. Case 3

A 59 year old male patient, with no relevant medical history, was
admitted to the ED for headache and vomiting of 6 h of evolution,
associated with a paroxysmal episode of upward gaze deviation, without
abnormal movements or loss of consciousness. Physical examination on
admission revealed drowsiness, eye opening to verbal call, GCS 14/15,
increased polygon of sustentation and ataxic gait. Simple brain CT scan
(Fig. 3) showed a Fisher IV subarachnoid hemorrhage due to aneurysmal
origin of the right middle cerebral artery, right temporal temporal
intraparenchymal hematoma deviating the midline, and absence of
ischemic lesions.

As per medical center protocol during the COVID-19 pandemic, a
chest X-ray was performed, which showed a ground-glass pattern in the
pulmonary base and right apex, confirming by RT-PCR the suspicion of
SARS-CoV-2 viral pneumonia. Three hours after admission the patient
deteriorated to a GCS 7/15 and pupillary dilatation not reactive to light,
so airway protection and a new brain CT scan were performed. The latter
revealed a new finding of right cerebellar ischemic stroke causing
cisternal and brainstem compression, possibly secondary to cerebral
venous sinus thrombosis. During the first 12 h, endovascular manage-
ment with phenon 17 microcatheter that is located within the aneurysm
of the right m1 segment of the middle brain, the aneurysm is embolized
with 7x30, 5x15, 3x8 and 3x8 coils. Neuroprotective care is imple-
mented, the patient is kept under sedation but due to the injuries and
neurological status the patient dies.

3. Discussion

We reviewed recent literature in different databases on the mecha-
nisms of invasion to the nervous system by SARS-CoV-2 virus, neuro-
tropism and neurological manifestations. The research resulted in
limited scientific evidence, so we wish to expand and share the infor-
mation and our clinical experience. We have discussed three clinical
cases of adult patients of different sexes with a diagnosis of SARS-CoV-2
viral infection, confirmed by PCR, with no risk factors for hypercoagu-
lable state, who have a clinical presentation of cerebral thrombotic and
hemorrhagic events requiring emergency neurosurgical intervention.

The pathophysiological mechanisms of the damage caused by SARS-
CoV-2 in the nervous system are not clear; indirect and direct infection
have been described [6,9-1]. Indirect infection occurs when the virus
crosses the blood-brain barrier, there are two hypotheses of the mech-
anisms of neuroinfection: a first pathway is hematogenous through the
angiotensin converting enzyme receptor (ACE2) found in the micro-
vascular endothelium of the brain, which leads to alteration of binding
complexes generating mitochondrial damage and/or activation of
NADPH oxidase, favoring an increase in free radicals causing damage by
oxidative stress, increasing the permeability of the blood-brain barrier
and consequently the invasion of the virus into the central nervous
system, triggering the release of cytokines and proinflammatory sub-
stances generating neuroinflammation, which would explain the di-
versity of symptoms [6,9,11]; On the other hand, hypoxic neuronal
damage secondary to viral infection has also been described in the res-
piratory system damaging the respiratory alveoli generating vasodila-
tation, hypercapnia, hypoxia and anaerobic metabolism, inducing
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cellular edema, decrease of cerebral blood flow leading to cerebral
ischemic events [9], this invasive mechanism could explain what
happened in case 1 and case 3, which presented alteration of the state of
consciousness due to multiple hemorrhagic and ischemic cerebral
vascular damages, including thrombosis of the venous sinus.

The second mechanism described is related to the autoimmune
response, related to the cross activation of antibodies and autosensiti-
zation of T leukocytes; the migration of leukocytes through the
blood-brain barrier by means of a mechanism known as “Trojan Horse”,
it is important to emphasize that T lymphocytes favor invasion but not
viral replication [7,8].

The direct pathway is neuronal, through trans-synaptic transfer [5].
It has been suggested that one of the main entry points of the virus is the
nasal cavity, through the olfactory epithelium; once the virus comes into
contact with the olfactory nerve, it can enter the central nervous system
through the cribriform plate of the ethmoid [5]. It has also been
described that the virus can affect peripheral nerve endings, which it
invades through synapses by anterograde or retrograde transport by a
mechanism of endocytosis and/or exocytosis. Once the virus is inside the
cerebrospinal fluid it easily affects more areas of the brain including the
brainstem where there is greater ACE2 activity, this may be one of the
reasons for acute respiratory failure [5,8-10]. Based on the current
scientific literature it is hypothesized that the second invasive mecha-
nism could have occurred in case 2, but it is not possible to clarify an
exact mechanism, even several invasive mechanisms may be present in
the same patient.

SarsCoV-2 infection is characterized by a hypercoagulable state
generating thromboembolic events despite thrombotic prophylaxis,
mainly pulmonary thromboembolism. Ischemic strokes, however,
venous sinus thrombosis has been reported in 2% of patients with viral
infection [12,13], a manifestation evidenced in case reports, which leads
to neurological deterioration and are the main causes of surgical
requirement.

Studies in the population of China categorized the neurological
clinical manifestations in 3 categories: “manifestations of the central
nervous system (CNS) (dizziness, headache, altered consciousness, acute
cerebrovascular disease, ataxia and convulsions), manifestations of the
peripheral nervous system (PNS) (altered taste, altered smell, altered
vision, and nerve pain) and manifestations of muscle damage” [4].
Percentage-wise, 36.4% of the patients presented manifestations of the
nervous system, of which 24.8% were patients with central nervous
system involvement whose most frequent symptom was dizziness and
headache, 19% with peripheral nervous system involvement, the most
frequent symptomatology was alteration of taste and smell, and
musculoskeletal lesion in 23% [4].

The neurological symptoms of COVID-19 may be due to the large
number of ACE2 receptors expressed in neuronal and glial cells of
structures such as the olfactory epithelium, cortex, striatum, substantia
nigra and brainstem, but the proinflammatory state, metabolic alter-
ations or immune mechanisms are also considered [1,4,6]. Neurological
manifestations occur in a range of 22.5 to 36.4% of all patients with
COVID19 among different studies [4,8]. Some cases with a diagnosis of
SARS-CoV-2 viral encephalitis have been reported, however, many of
them did not present changes in the images; most of the confirmed cases
of viral infection in the parenchyma were postmortem [9-11], therefore
the importance of documenting case 2 where the infection in the brain
parenchyma is confirmed in a patient who is still alive.

4. Conclusion

COVID19 has presented a rapid spreading, declaring itself a
pandemic in a short time generating a high mortality rate, therefore
multiple mechanisms of invasion and viral tropism are still unknown,
mechanisms by which the diverse symptoms that have been documented
are generated. It is known that the main symptomatology is respiratory,
however it is not exclusive of this system, virus invasion in the nervous
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system has been documented as evidenced in Case 2 where meningo-
encephalitis is confirmed by biopsy of brain parenchyma. Also, in the
literature there are reports of viral infection in the cerebrospinal fluid,
but the information is limited. It is important to perform neuropatho-
logical studies of patients infected by SARS-CoV-2 virus, and to evaluate
acute symptoms in order to know the natural history of the disease and
to generate best treatment algorithms. Long-term neurological sequelae
have also been described; therefore, it is suggested to make reports of
infected patients to clarify the pathophysiology of the disease and the
potential for virus lesions in the central nervous system.
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