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ABSTRACT 

SARS-CoV-2 infection can present with neurological symptoms due to 

direct or indirect invasion of the central nervous system. There are 

many hypotheses of why this happens, focusing on systemic 

inflammation, cytokines and cells, but none of them are completely 

understood. We present a case of a 66-year-old female that 

presented with a severe encephalopathy during her COVID-19 

infection. We discuss physiopathology, risk factors, work up, possible 

treatments according to the physiopathological damage and 

prognosis according to the treatment response. 
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Introduction 
SARS-CoV-2 related infection has several 

neurological complications, including anosmia, 
ageusia, headache, acute disseminated 
encephalomyelopathy, and Guillain-Barre 
syndrome,1,2 however, the most common 
neurological complication of SARS-CoV-2 is 
encephalopathy, which has been reported in 2.3% 
to 28% of cases. 2–4 COVID-19-related 
encephalopathy has a wide spectrum of 
manifestations, but the principal symptoms are 
altered mental status, delirium, seizures, and 
neuropsychiatric symptoms 1,5–7. There is no 
consensus when these manifestations present with 
different reports during the active infection or after 
it. The encephalopathy diagnosis usually may 
comply with four criteria to attribute it to the 
COVDI-19 infection: 1) SARS-CoV-2 diagnosis, 2) a 
plausible temporal relationship, 3) exclusion of 
alternative etiologies unrelated to SARS-CoV-2, 
and 4) clinical characteristics compatible with brain 
dysfunction secondary to systemic SARS-CoV-2. 2  

The progression of COVID-19 to an 
endemic state 8 reinforces the need for a better 
understanding of its complications and treatments, 
especially regarding the serious and severe 
neurological complications such as encephalitis or 
meningoencephalitis with a myriad of 
manifestations with a common denominator been 
the qualitative or quantitative involvement of the 
consciousness. Nevertheless, the prognosis cannot be 
assured today even though we are aware of the 
central nervous system involvement is frequent and 
that we need to treat as soon as possible. There is 
no general agreement when these manifestations 
can happen or if we should be screening for them 
in every patient independently of the COVID-19 
status (active or inactive).  

We present a case of COVID-19 related 
encephalopathy that allows us to discuss the 
possible pathophysiology, the different 
neurological manifestations, the necessary work up 
for the diagnosis and the benefit of different 
immunomodulatory and immunosuppressant 
therapies to treat the condition with it caveats. 

  
Case report 

66-year-old woman with a medical history 
of hypertension and hypothyroidism, presents with 
severe respiratory failure and a thorax CT 
compatible with COVID-19 infection, requiring 
intubation and being admitted to the ICU. Torpid 
course with slow respiratory improvement requiring 
tracheostomy and intubation. One month after 
admission, she achieves wakefulness and response 
to simple commands but starts with episodes of 

myoclonic proximal bilateral movements on the four 
extremities requiring sedation. The physical 
examination showed decreased global muscular 
tone with symmetrical mobilization of the 4 
extremities in the context of critical patient. Because 
of suspected central nervous system (CNS) 
involvement, imaging, electrophysiological and 
cerebrospinal fluid studies were requested. Brain 
MRI ruled out tumor, ischemia, or hemorrhage; 
electroencephalogram (EEG) did not show 
epileptiform activity; cerebrospinal fluid (CSF) with 
normal levels of proteins and glucose with low cell 
count, normal CSF - IgG levels, and a negative viral 
meningitis panel. 

After ruling out the other diagnoses, it was 
decided to treat it as immune-mediated chorea and 
encephalopathy (there was still involvement of the 
cognitive functions) post COVID-19. Initially, it was 
given benzodiazepines, levetiracetam and 
tetrabenazine, with poor response. It was decided 
to start immunoglobulin (IVIG) in a dose of 
0.4gr/kilo for 5 days with regular response. New 
brain MRI and CSF study showed no difference with 
the previous ones, so the hypothesis of immune-
mediated syndrome post COVID-19 was still the 
diagnosis with suboptimal response to first line 
treatment with immunoglobulin. Subsequently, it was 
decided to start new immunotherapy with 
methylprednisolone 1g daily for five days, 
followed by 5 days of plasmapheresis, which were 
well tolerated. Slowly the patient started to recover 
after these two treatments, decreasing the need of 
sedation to control the abnormal movements due to 
the encephalitis and full awareness again. The 
patient was discharged after one month due to the 
need of rehabilitation, but no rebound of the 
encephalitis has been reported in this patient till 
today. 

 
Discussion 

SARS-CoV-2 respiratory infection releases 
pro-inflammatory cytokines (IL-1b, IL-6, and TNF), 
which can bind to brain microvascular endothelial 
cells (BMECs) receptors and cause loss of tight 
junctions. SARS-CoV-2 binds to BMECs, and 
angiotensin converting enzyme 2 receptors and 
migrate into the brain. S1 protein binding on 
BMECs, and IL-1R1-induced signaling can enhance 
barrier breakdown and adhesion upregulation. 
Barrier rupture releases substances like ATP, which 
link to microglia receptors and activate them, 
resulting in enhanced phagocytosis and antigen 
presentation. Increased transcellular permeability 
promotes inflammatory myeloid cell entry, causing 
neuronal damage. 1,9 In the CNS, anti–SARS-CoV-2 
antibodies that entered due to the blood brain 
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barrier (BBB) dysfunction or that are produced in 
the CNS compartment as a response to viral 
particles in the CNS, can directly induce or 
perpetuate neurologic damage by mobilizing 
complement or guiding SARS-CoV-2–infected 
macrophages 10,11 

Hypoxemia and hypotension produce brain 
tissue hypoperfusion, leading to neuronal damage 
secondary to glutamate toxicity, oligodendrocyte 
damage, blood brain barrier disruption and micro 
bleeding. Also, evidence of hypoxic-ischemic 
damage has been reported. 2 

Electrolyte disturbances, especially 
hyponatremia, are common findings, which may be 
due to several mechanisms, including IL-6 mediated 
vasopressin release, syndrome of inadequate anti 
diuretic hormone (SIADH), salt wasting syndrome, 
and metabolic complications (hepatic and renal 
failure). 2,9 

Also, it is important to mention that sepsis, 
multisystem organ dysfunction and cytokine storm 
can lead to inflammation (special role of IL-6 and 
increasing the permeability of the BBB, allowing 
invasion of immune cells in the CNS), endothelial 
dysfunction, micro hemorrhages and 
hypercoagulable states, which are known to 
produce encephalopathic states. 2,9 

If we only analyze the vast involvement of 
the CNS with SARS-Cov-2 infections and the 
different physiopathological ways, it is not strange 
to have a myriad of symptoms and presentations of 
this meningoencephalitis state, which can range 
from headache (13%), altered mental status 
(3,5%), confusion/disorientation (37%), focal motor 
deficits (22.22%), aphasia (9.25%) or visual 
hallucinations (3.7%) and nucal rigidity (11.11%), 
12 some of which were present in our patient.  

Now the problem seems to determine which 
of the above mentioned is the predominant 
pathological way that will attack the CNS and thus 
determine the timing of the neurological 
manifestations. Today there are risks factor of poor 
prognosis with COVID-19 infection13, but none of 
these link to “when” the patient will develop the 
CNS involvement. The main risk factors described 
for developing COVID-19 encephalopathy are 
advanced age (>65 years), male sex and a history 
of comorbidities such as cancer, cerebrovascular 
disease, other neurological disorders, heart failure, 
diabetes mellitus, obesity, hypertension, chronic 
kidney disease and liver failure.13 For example, a 
study focused on the evaluation of older adults with 
COVID-19 seen in the emergency department (so 
only one risk factor), it was shown that up to 28% 
had COVID-19 encephalopathy, with up to 37% 
being the only predominant symptom, without the 

other typical alterations such as fever or dyspnea 
which are more characteristic of the COVID-19 
infection.14.  

Among the subgroup of patients 
hospitalized in intensive care units, encephalopathy 
is commonly present between those admitted for 
acute respiratory distress syndrome (ARDS), such as 
the patient presented in this case. It has been shown 
that up to 84% of patients in this subgroup of 
patients develop encephalopathy15, this is why it is 
an important cause to consider since it has a 
profound impact on the study, prognosis and 
necessary treatment of the patient. 

Regarding work-up, the initial study should 
cover the broad spectrum of differential diagnosis 
with various studies. Brain MRI is the best option for 
structural imaging of the central nervous system 
complications of SARS-CoV-2. Multiple reports 
have described that the main alterations caused by 
COVID-19 are cerebrovascular, with ischemic 
stroke being the most common, followed by 
hemorrhagic stroke15. In the specific case of COVID-
related encephalopathy, brain alterations on MRI 
are nonspecific, showing various changes such as 
white matter hyperintensity in the FLAIR signal or 
leptomeningeal contrast enhancement.16 In the 
acute setting, a brain CT scan may be the initial 
approach to first rule out ischemia or hemorrhage. 
MRI angiography should be considered for 
searching vasculitis.2 Electroencephalogram (EEG) 
of at least 2 to 4 hours of monitoring is 
recommended in patients who present with fluctuant 
mental status, twitching, or clinical seizures. 2 In the 
patient with COVID-19 encephalopathy the 
predominant pattern is a generalized symmetrical 
slowing18. A lumbar puncture should be performed 
as part of a comprehensive initial study because, as 
is typical in CFS, the cell count can be normal or with 
pleocytosis12 with an increase in proteins in 40% of 
patients (>60 mg/dL). PCR of SARS-CoV-2 on CSF 
is only positive in 6% of patients with symptoms 
related to the CNS.19 The measurement of 
intrathecal synthesis of IgG and more specifically 
SARS-CoV-2 IgG demonstrates the immune 
mediated process in the CNS with the presence of 
BBB dysfunction 10 Other studies, like autoantibody 
tests looking for anti NMDAR antibody is useful, 
especially in patients with severe, prolonged or 
refractory encephalopathy, even though the 
association exits, the risk is not high.20  

The management of COVID-19 
encephalopathy is similar to that of other critically 
ill patients with altered mental status. In those 
patients, the presence of secondary brain damage 
is a top priority. Some case series have reported 
positive outcomes when using glucocorticoids or 
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other immunomodulatory therapies, as in the case 
presented 21 due to the systemic inflammatory 
storm, intrathecal cellular invasion with pro-
inflammatory cytokine exposure. The use of 
glucocorticoids such as methylprednisolone (1gr per 
day for 5 days), intravenous immunoglobulin (2gr 
per kilo) and even plasmapheresis is under review, 
but patients seem to be responders probably 
explained by an inflammatory mechanism as 
outlined previously.9,21 This was the case with our 
patient that did respond to the immunomodulatory 
therapy. For refractory cases or with severe 
symptoms or slow response to the 
immunomodulatory therapy, even with active 
COVID-19 infection, tocilizumab (for example 
400mg intravenously for one time) maybe useful 
due to its role blocking IL-6 and its effects in the 
dysfunctioning BBB22.  

The use of anti- CD20 therapies such as 
Rituximab or ocrelizumab is recommended as part 
of the therapy for autoimmune encephalitis, 
especially for cases with surface autoantibodies 
such as anti-NMDA receptor23 but they should be 
put on hold during the active or recent COVID-19 
infection. Data from registries24,25 of patients using 
these therapies chronically showed that they are at 
increased risk of developing severe outcomes from 
COVID-19 with risk ratios ranging from 1.7 to 5.5. 
These therapies deplete B lymphocytes with a 
preservation of the T lymphocytes; the question 
raises if whether cellular immunity (T-lymphocytes) 
in the absence of humoral immunity (B-lymphocytes) 
is sufficient to protect against severe COVID-1923. 
On the other hand, with COVID-19 infection 
patients experiment lymphopenia with a marked 
decrease of the T lymphocytes26 with increases the 
risk of a more severe disease or even the presence 
of other infections. The use of Rituximab for COVID-
19 immune mediated encephalopathy should be 
considered as an alternative therapy when 

tocilizumab has failed27 but in patients that normal 
lymphocyte counts and without active COVID-19 
disease, since it is an effective therapy for antibody 
mediated encephalopathies23.  

The prognosis of this disease is variable 
depending on the patient. In the short term, an 
increase in mortality up to four times is observed in 
elderly patients. In the long term, there is an 
increase in 30-day mortality after hospitalization 
up to three times.28 The most important factor is to 
be highly suspicious of the CNS involvement and the 
quick administrations of the immunomodulatory 
therapy. Guasp et al. 11 suggested that neuronal 
damage markers, and not pro-inflammatory 
cytokines predicts the long-term functional outcome 
in these patients, but these remains only in the 
investigation field and remains to be proven. 

 
Conclusion 

COVID-19-related encephalopathy is a 
common complication, that can present in a myriad 
of forms. Its diagnosis must be accompanied by a 
plausible temporal relationship, and other causes 
must be excluded. Brain MRI, EEG, lumbar puncture, 
and autoantibody tests are recommended. IVIG 
therapy, plasmapheresis, and immunosuppressants 
in severe cases can provide an optimal response; 
however, further studies are required to establish a 
protocol of treatment. The actual understanding of 
its physiopathological mechanisms can foster the 
development of new target-specific therapies, 
which can be useful in a COVID endemic state. 
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