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Summary. Introduction. COVID-19 can damage the nervous system by direct viral damage
to the neural cells or by immunopathology. More serious medical conditions such as cerebral
edema, neuronal degeneration, encephalitis, acute disseminated encephalomyelitis,
Guillain-Barré syndrome, Bickerstaff’s brainstem encephalitis, Miller-Fisher syndrome,
polyneuritis, toxic encephalopathy, and stroke can occur.

Case report. We report a case of a 40-year-old patient with previous history of hyperten-
sion and no other chronic disease who was admitted to the hospital with respiratory distress
due to SARS-CoV-2-induced bilateral pneumonia. A few days later, he developed worsen-
ing respiratory function with an acute seizure episode. Head CT scan revealed subarachnoid
hemorrhage with diffuse cerebral edema as a lethal neurological complication, possibly sec-
ondary to COVID-19.

Discussion. COVID-19 induces CNS damage through various mechanisms including
ACE-2 receptor damage, cytokine storm syndrome, secondary hypoxia, blood-brain barrier
disruption, and neuroinflammation. Neurological symptoms correlate with the severity of
COVID-19 disease and may range from asymptomatic infection to severe and lethal forms.
Acute cerebral edema, asillustrated by our case, may result from a combination of diffuse en-
dothelial dysfunction, cytokine release syndrome, and hypoxic damage from pulmonary
dysfunction.
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INTRODUCTION

ther by direct viral damage to the neural cells or by
immunopathology. Headache, nausea, vomiting,

The novel infection of coronavirus disease 2019
(COVID-19) caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) began in December 2019 in
China. The World Health Organization declared it a pan-
demic on March 11, 2020. More than 267 million people
have been affected worldwide and more than 5 million
have died by December 2021 [1]. There is increasing evi-
dence of neurological complications in patients with
COVID-19. The virus can damage the nervous system ei-
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hyposmia, and hypogeusia are mild neurological symp-
toms. More serious medical conditions such as cerebral
edema, neuronal degeneration, encephalitis, acute dissem-
inated encephalomyelitis, Guillain-Barré syndrome,
Bickerstaff’s brainstem encephalitis, Miller-Fisher syn-
drome, polyneuritis, toxic encephalopathy, and stroke can
also occur [2, 3]. Understanding of the nervous system in-
volvement patterns and neurologic manifestations can be
helpful in improving the assessment and management of
SARS-CoV-2 patients.

CASE REPORT

A 40-year-old man was admitted to our emergency depart-
ment. Despite the fact, that the patient was in good physical

© Neurologijos seminarai, 2022. Open Access. This article is distributed under the terms of the Creative Commons Attribution 4.0 In-
ternational License CC-BY 4.0 (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and repro-
duction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative

Commons license, and indicate if changes were made.

NEUROLOGIIOS SEMINARALI - ISSN 1392-3064 / eISSN 2424-5917 85


http://creativecommons.org/licenses/by/4.0/
mailto:rasa.sadeckaite@kaunoligonine.lt

M. Puodzianaité, R. Sadeckaité, A. Cikotiené

Fig. 1. Chest X-ray on admission demonstrates bilateral pulmonary infiltrates (A). Chest CT scan showing typical CT findings
of COVID-19: bilateral peripheral ground-glass opacities in the lungs (B, circle).

shape and had a normal body mass index (BMI), he was di-
agnosed with primary arterial hypertension. The latter was
effectively controlled with a fixed dose of angiotensin-
converting enzyme inhibitor (ACEI) perindopril. The pa-
tient developed general fatigue, febrile fever, and cough. A
couple of days later he tested positive for SARS-CoV-2
polymerase chain reaction in a nasopharyngeal swab test
performed on the outpatient basis. The patient was not vac-
cinated and contracted the virus from one of his unvacci-
nated family members. Within a few days his symptoms
deteriorated as his cough intensified and severe dyspnea
presented. The ambulance took him to the emergency
room as the patient developed acute respiratory distress
syndrome (ARDS) with prominent tachypnea (the respira-
tory rate was approximately 22 times per minute) and
desaturation (SpO, was 86-88%). Oxygen therapy was ad-
ministered using a non-rebreathing mask with oxygen
flow rate of 10 L/min. Chest X-ray revealed bilateral infil-
trates (Fig. 1A). Blood tests showed minor thrombo-
cytopenia at 102x10°/L (reference range: 130-400x10°/L)
and increased inflammatory markers with CRP of
146.3 mg/L (reference range: 0-10 mg/L) and white-cell
count of 8.53x10°/L (reference range: 4-10x10°/L) with
neutrophilia (80%). The neutrophil-to-lymphocyte ratio
was 4. In addition, other prognostic markers were also poor
with ferritin being as high as 1892.47 pg/L (reference
range: 30-400 pg/L) and the lactate dehydrogenase (LDH)
702.86 ng/L (reference range: 135-225 pg/L). For further
treatment, the patient was admitted to the Covid-19 unit of
our hospital. The patient was treated with intravenous anti-
biotics (1.2 g of amoxiclav 3 times a day), dexamethasone
(8 mg once a day given intravenously), and a prophylactic
dose of nadroparin (5700 IU/0.6 ml given subcutane-
ously). As the patient had normal renal and liver function,
the 5-day course of remdesivir was initiated. Inflammatory
markers decreased with the course of antibiotics and anti-
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viral treatment, however, the severity of respiratory dis-
tress progressed, thus oxygen demand increased sharply.
Thereupon, the patient was started oxygen therapy through
a re-breathing mask with a flow rate of 15 L/min. Arterial
blood gas test depicted severe hypoxemia with pO2 of
54 mmHg and arterial saturation of 88%. Chest computed
tomography (CT) was performed in suspicion of pulmo-
nary embolism, but no filling defects were discovered. CT
revealed a large extent of lung damage, as ground-glass
opacities characteristic of COVID-19 were seen in around
80% of the lung tissue (Fig. 1B).

Suddenly, the medical staff found the patient in his
ward experiencing a seizure episode. The latter was termi-
nated by 10 mg of diazepam given intravenously. After the
seizure episode, the patient remained unconscious, react-
ing to a painful stimulus by bending arms up, so the Glas-
gow Coma Scale (GCS) score at that moment was esti-
mated to be 6 utmost (M-4, E-1, S-1). The pupils were
equal in size, reactive to light. Increased muscle tone in the
lower extremities and positive Babinski sign on both sides
were also present. Urgent head CT scan was performed,
which revealed signs of brain stagnation, diffuse cerebral
edema, and subarachnoid hemorrhage (SAH) on both
sides (Fig. 2). Due to the therapeutic condition, signs of
brain stagnation, and loss of differentiation between white
and grey matter, neurosurgeons did not recommend ur-
gent surgery, therefore, conservative treatment of brain
edema was recommended. Shortly after, the GCS score
decreased to as low as 3 (M-1, E-1, S-1), and for further
treatment, due to progressing cerebral edema and respira-
tory failure, the patient was admitted into intensive care
unit (ICU) where he was immediately intubated. Brain
stem reflexes on subsequent clinical neurological exami-
nation were absent. Given the infaust prognosis, further
treatment was considered futile, and the patient died
shortly afterwards.
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Fig. 2. Non contrast head CT scan demonstrates diffuse cerebral edema with subarachnoid hemorrhage (A and B).

DISCUSSION

There are several different mechanisms involved in
COVID-19-associated damage to the central nervous sys-
tem (CNS), in particular activation of inflammatory and
thrombotic pathways and a direct viral effect on the endo-
thelium and the parenchyma. Around 40% of patients with
COVID-19 develop neurological symptoms. Cerebral
edema has been detected in autopsy studies of brain tissue
of COVID-19 patients [4, 5]. Several identified risk factors
predispose patients with COVID-19 for having neurologi-
cal complications: patient age (severely ill patients were
significantly older (58.2+15 vs. 48.9+14.7 years) and
comorbid conditions, especially hypertension (36.4% vs.
15.1%) [6].

The coronavirus uses angiotensin-converting
enzyme 2 (ACE-2) receptors in the epithelial cells of the
respiratory and gastrointestinal tract for penetration [7, 8].
The virus can enter the CNS by hematogenous dissemina-
tion (using endothelial ACE-2 receptors expressed in brain
vessels or crossing a leaky blood-brain barrier (BBB) af-
fected by systemically produced cytokines) or by neuronal

Table. “NeuroCovid Stages”

and olfactory pathways [1, 7, 9, 10]. Moreover, the high
availability of ACE-2 receptors in the enterocytes cells of
the gastrointestinal tract and the direct connection of the
enteric nervous system with the brain via the afferent end-
ings of the vagus nerve from the lungs provides an addi-
tional route for the virus to enter the brain [10].

The possible course of the COVID-19 disease can be
divided into three “NeuroCovid Stages” based on the anal-
ysis of the potential pathophysiological mechanisms in-
volved in neurological manifestations of SARS-Cov-2
(Table) [11].

Patients infected with COVID-19 may have a massive
inflammatory reaction due to the rapid accumulation of
T-cells and macrophages releasing cytokines into the
bloodstream, which aim to destroy the virus, resulting in
cytokine storm syndrome (CSS), characterized by in-
creased IL-1, IL-2, IL-6, granulocyte-colony stimulating
factor, interferon-y inducible protein 10, macrophage in-
flammatory protein 1o, and tumor necrosis factor (TNF)-o
[1, 12]. This hyperinflammatory response can manifest
with high levels of C-reactive protein, coagulopathy (ele-
vated D-dimer levels, low platelet count, and fibrinogen

Stage I

impairments and often recover.

SARS-Cov-2 binding to ACE-2 receptors is limited to the nasal and gastrointestinal tract epithelial cells. The
cytokine storm activated by the virus remains low and controlled. Patients may have only smell or taste

Stage 11

SARS-Cov-2 activates a strong immune response with high levels of cytokines, which increase the levels of
ferritin, C-reactive protein, D-dimer. The hypercoagulable state triggers the formation of blood clots. Immune
response also causes vasculitis in muscles or CNS.

Stage III

SARS-Cov-2 cytokine storm damages the BBB and results in infiltration of inflammatory factors in the CNS.
The resultant edema and brain injury lead to delirium, encephalopathy, and/or seizures. High titers of virus
occupy a higher portion of ACE-2 and therefore levels of angiotensin II increase. Then, heightened peripheral
vascular resistance and hypertension increase the risk of intracranial hemorrhage.
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levels), tissue damage (elevated LDH and alanine
aminotransferase and aspartate aminotransferase levels),
macrophage/hepatocyte activation (elevated ferritin lev-
els), and cytopenias (thrombocytopenia and lymphopenia)
[1, 13]. Furthermore, immune dysregulation with hyperin-
flammatory response contribute to the damage of lympho-
cytes, especially T-lymphocytes, therefore an increased
neutrophil-to-lymphocyte ratio may be present. These lab-
oratory biomarkers are used to predict disease severity. In
severe cases, the cytokine storm results in ARDS, charac-
terized by a serious shortness of breath and hypoxemia,
and is the principal cause of death [8, 14-16].

Based on the clinical symptoms and laboratory test re-
sults (high level of C-reactive protein, elevated D-dimer,
LDH, ferritin levels, low platelet count), our patient had a
severe form of COVID-19 infection with CSS. Acute clini-
cal deterioration could be related to pathophysiological
mechanisms described in “NeuroCovid Stage” III. Despite
this, it remains unclear whether diffuse cerebral edema was
the result of anoxia induced by severe viral lung damage
(80% according to chest CT scan data) and cytokine storm,
or another cause (primary SAH, vasculitis, or encephalitis)
because cerebral CT angiography and lumbar puncture
were not performed due to the poor overall condition of the
patient: he developed respiratory failure, which required
urgent intubation and ICU admission.

One of the potential mechanisms for neurological
complications can be related to SARS-CoV-2-induced
ARDS and hypoxia. Normal blood oxygen level is around
95%, and the brain may not receive sufficient oxygen if
this level falls below 90% [10]. Diffuse alveolar damage in
COVID-19 leads to impaired gas exchange by the respira-
tory system and to general hypoxia. Anaerobic metabo-
lism in the mitochondria of brain cells results in acidosis. It
causes BBB disruption which can contribute to CNS com-
plications: intracerebral vasodilation, brain edema, ob-
struction of cerebral blood flow. As a result of continuous
hypoxia, intracranial hypertension can appear [1, 4, 8].
This can cause a change in the level of consciousness and
even coma. Brain edema is assumed to be secondary to the
COVID-19-related cytokine storm, ARDS, and either
leads to the seizure. In this case, severe hypoxic brain dam-
age may explain rapid clinical deterioration of our patient.
On the other hand, an acute seizure episode can result from
meningeal irritation due to the CNS infection or SAH. Ac-
cording to several publications, SARS-CoV-2 binding to
the ACE-2 receptor may raise blood pressure in the brain,
enhance the permeability of BBB, and increase the risk of
hemorrhage. Hypertension, especially with the presence
of thrombocytopenia and bleeding disorders, is a factor
that may contribute to cerebral hemorrhage in patients
with COVID-19 [17-19]. In addition, critically ill patients
with severe SARS-CoV-2 infection often show elevated
levels of D-dimer and severe platelet reduction, which
puts these patients at higher risk for acute cerebrovascular
events [20]. COVID-19 has been associated with coagulo-
pathies such as disseminated intravascular coagula-
tion (DIC), thrombocytopenia, elevated D-dimer, and pro-
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longed prothrombin time, which can result in hemorrhage
[21]. In our case, the patient had a reduced platelet count,
and this may be a factor predisposing bleeding complica-
tion.

Viral encephalitis and direct invasion of the virus to the
CNS can cause seizures. The accumulation of inflamma-
tory markers associated with SARS-CoV-2 infection, can
cause a local cortical irritation that precipitates seizures [1,
5, 10, 14]. In critically ill COVID-19 patients, metabolic
and electrolyte imbalances, ongoing hypoxia, and inflam-
matory/infectious processes may contribute to seizure
[21]. Unfortunately, in our case, cerebrospinal fluid (CSF)
analysis in order to exclude CNS infection was not per-
formed due to severe brain edema and SAH. On the other
hand, COVID-19 infection has been suggested as a cause
of infectious toxic encephalopathy, also known as acute
toxic encephalitis. It is a rare type of reversible brain dys-
function syndrome caused by factors such as systemic tox-
emia, metabolic disorders, and hypoxia during the process
of acute infection and is associated with cerebral edema
with no evidence of inflammation on CSF analysis. Pa-
tients with a mild form may develop headache, dysphoria,
or delirium, while more severe forms may lead to disorien-
tation, paralysis, loss of consciousness, and even coma [4,
5]

More recently, reversible cerebral vasoconstriction
syndrome has been described as one of potential mecha-
nism of CNS injury in COVID-19 patients. Endothelial
dysfunction can result in microcirculatory vasoconstric-
tion leading to posterior reversible encephalopathy syn-
drome (PRES). SARS-Cov-2 slows the conversion of an-
giotensin II to angiotensin. Higher levels of angiotensin II
are associated with vasoconstriction and peripheral vascu-
lar resistance. PRES has been reported in 10 patients with
COVID-19 from 8 studies and it usually presents with
acute impairment of consciousness, headache, visual dis-
turbance, and seizures. It is associated with cortical or
subcortical vasogenic edema, involving predominantly the
parietal and occipital regions bilaterally. In COVID-19,
endothelial dysfunction in combination with hemody-
namic instability and immunological activation with re-
lease of cytokines can increase the vascular permeability in
the brain tissue. Disruption of BBB in these cases may
cause vasogenic edema and PRES [21, 22].

Furthermore, SARS-CoV-2-induced decrease in
ACE-2 activity can lead to vasoconstriction and dysfunc-
tion of cerebral autoregulation and, subsequently, blood
pressure spikes, which can cause arterial wall rupture and
hemorrhage [4, 21, 23-25]. Intracranial hemorrhage (in-
cluding SAH) has been reported in 0.3-1.2% of patients
with COVID-19 based on a review of 9 cohort studies
(N=13,741 patients) [26]. In a retrospective study of
3,403 patients who were confirmed positive for
SARS-CoV-2 infection, Sawlani et al. reported that
neuroimaging showed abnormalities in 23% of patients:
the most consistent neuroradiological finding was
microhaemorrhage (60%) while SAH accounts for only
5% [27]. A potential mechanism for non-aneurysmal SAH
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may be vasculitis involving the medium and small-sized
arteries in the brain diagnosed by neuroimaging in patients
with COVID-19 [28]. In another study, Biittner et al. retro-
spectively analyzed brain CT and magnetic resonance im-
aging (MRI) scans of 34 hospitalized COVID-19 patients.
Pathological findings were detected in 38.2% of patients.
The most common findings were microbleeds (20.6 %) and
signs of hypoxic brain injury (11.8%). Furthermore, corti-
cal SAH, typical and atypical cerebral hematomas,
ischemic strokes, and generalized brain edema were docu-
mented. All neuroimaging findings occurred in patients
who were either intubated or treated by extracorporeal
membrane oxygenation (ECMO). Pathological neuroim-
aging findings seem to be relatively rare in general, but do
occur in a substantial proportion of patients with severe
COVID-19 disease needing intubation or ECMO [29].

Only a few clinical cases with diffuse cerebral edema in
COVID-19 patients have been reported. Van den Enden et
al. described a case of massive and rapidly fatal cerebral
edema in a 57-year-old patient (without comorbidities)
who was admitted to the ICU with severe ARDS due to
COVID-19-induced bilateral pneumonia. After 2 weeks at
the ICU, with respiratory conditions improving, the patient
developed lethal cerebral edema. The absence of histo-
pathological evidence or CSF analysis complicates deter-
mination of a certain diagnosis. Therefore, in this case, dif-
ferential diagnosis includes: (massive) cerebral venous si-
nus thrombosis, hemorrhagic/necrotizing (viral) encepha-
litis (and thereby developing reactive cerebral edema), and
(massive) vasculitis [30]. Acute fulminant cerebral edema
was previously more often reported in children (4 cases of
previously healthy children) with COVID-19. Itis arecog-
nized phenotype with high mortality both in adults and
children usually associated with other viral causes [29] as
mentioned above.

According to these findings, cerebral edema in
COVID-19 patients may either result from direct viral ef-
fects on the brain or secondary effects due to pulmonary
disturbances (hypoxia due to COVID-19 pneumonia and
ARDS), or from treatment consequences (invasive ventila-
tion, ECMO, or various medications), as well as a combi-
nation of these factors.
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UMINE SMEGENU EDEMA: LETALI NEUROLOGINE
KOMPLIKACIJA, SERGANT COVID-19 INFEKCIJA.
KLINIKINIS ATVEJIS IR LITERATUROS APZVALGA

Santrauka

Ivadas. Nervy sistemos pazeidimas, sergant COVID-19, gali at-
sirasti dél tiesioginio viruso poveikio nervinéms struktiroms
arba dél imuninés sistemos aktyvacijos infekcijos metu. I$ski-
riamos dazniausios neurologinés komplikacijos, kurios gali is-
sivystyti esant sunkiai ligos eigai: smegeny edema, neurony de-
generacija, encefalitas, iminis diseminuojantis encefalomieli-
tas, Guillain-Barré sindromas, Bickerstaff’ encefalitas,
Miller-Fisher sindromas, polineuritas, toksiné encefalopatija,
insultai.

Atvejo aprasymas. Pristatome klinikinj atveji apie 40 mety
paciento COVID-19 infekcijos eiga. Pacientas vartojo tik pries-
hipertenzinius vaistus, kity gretutiniy ligy neturéjo. Stacionari-
zuotas dél SARS-CoV-2 sukeltos abipusés pneumonijos, iSsivys-
¢iusio timinio respiracinio distreso sindromo ir atsiradusio de-
guonies poreikio. Po keliy dieny paciento buklé blogéjo, ryskéjo
kvépavimo funkcijos nepakankamumas ir ivyko traukuliy prie-
puolis su isliekanéiu samonés sutrikimu. Atlikus galvos smegeny
KT tyrima, buvo rasta subarachnoidinés hemoragijos pozymiy
abipus ir difuziné smegeny edema, galimai i$sivysciusi dél sun-
kios COVID-19 infekcijos eigos.

Aptarimas. Nervy sistemos pazeidimag COVID-19 infekci-
jos metu lemia daug patofiziologiniy mechanizmy: ACE-2 re-
ceptoriy pazeidimas, citokiny audra, hipoksija, kraujo ir smege-
ny barjero funkcijos sutrikimas ir besivystantis CNS uzdegi-
mas. Neurologiniy simptomy isreikstumas priklauso nuo
COVID-19 infekcijos sunkumo ir gali varijuoti nuo asimptomés
infekcijos ir véliau atsirandanc¢iy neurologiniy nusiskundimy
iki sunkiy ir letaliy komplikacijy. Musy aprasytu atveju staigy
CNS pazeidima su difuzine smegeny edema galimai lémé
SARS-CoV-2 sukeltas kraujagysliy endotelio pazeidimas, cito-
kiny audra ir imuninés sistemos aktyvacijos nulemtas dauginis
organy pazeidimas bei hipoksija dél ryskios plauc¢iy audinio dis-
funkcijos.

Raktazodziai: SARS-CoV-2, COVID-19, neurologinés
komplikacijos, smegeny edema.
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