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Abstract

Purpose of Review This review presents an overview of the known neurocritical care
complications of severe acute respiratory virus 2 (SARS-CoV-2). We present readers with
a review of the literature of severe neurologic complications of SARS-CoV-2 and cases from
our institution to illustrate these conditions.
Recent Findings Neurologic manifestations are being increasingly recognized in the liter-
ature. Some patients can have severe neurologic manifestations, though the true preva-
lence is unknown.
Summary Severe neurologic complications of COVID-19 include large vessel occlusion
ischemic stroke, intracranial hemorrhage, encephalitis, myelitis, Guillain-Barre syndrome,
status epilepticus, posterior reversible encephalopathy syndrome, and hypoxic-ischemic
encephalopathy. These conditions can manifest in COVID-19 patients even in the absence
of risk factors and must be promptly identified as they can have a high mortality if left
untreated.

Introduction

In December 2019, patients in Wuhan, China, were
diagnosed with a serious pneumonia subsequently
found to be caused by the novel severe acute respiratory
syndrome coronavirus (SARS-CoV-2). Between 36 and
69% patients with coronavirus experience neurologic

manifestations, which can range from anosmia, head-
ache, dizziness, and myopathy to encephalopathy, sei-
zure, and acute cerebrovascular disease and are more
common in patients who experience severe illness [1,
2]. Neurologic manifestations may be difficult to
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recognize in patients who are intubated and being treat-
ed with sedatives and paralytics. Several mechanisms of
neuroinvasion have been suggested including
transsynaptic spread across infected neurons such as
the olfactory nerve and invasion across the vascular

endothelium via leukocyte migration across the blood
brain barrier. Secondary issues include evidence of hy-
percoagulability and thrombosis as well as conse-
quences of a dramatic inflammatory response.

Large Vessel Occlusion Ischemic Stroke
Case 1: COVID-19 Presenting With Large Vessel Occlusion Ischemic Stroke

A 39-year-old man with a history of hypertension and hyperlipidemia present-
ed with the sudden onset of left-sided weakness. The NIH stroke scale (NIHSS)
was 18. Neurological examination was notable for right gaze preference, left
face weakness, left-sided neglect, and left hemiplegia. CT angiogram of the head
and neck showed right posterior cerebral artery occlusion and bilateral lung
opacities. He underwent thrombectomy with TICI 2C recanalization compli-
cated by intra-procedure atrial fibrillation which was controlled with amioda-
rone. Post-procedure his NIHSS improved to 4 with the improved left arm and
leg strength and he was antigravity.

Chest X-ray on admission showed bilateral airspace opacities and nasopharyn-
geal PCR was positive for SARS-CoV-2 (Fig. 1a). MRI of the brain showed a large
right posterior cerebral artery (PCA) territory stroke (Fig. 1b). Stroke work-up
revealed a hemoglobin A1C of 11% and an ejection fraction of 33%. Inflammatory
markers were elevated on admission with a ferritin of 1564 ng/mL, C-reactive
protein (CRP) of 91.4 mg/L. He suffered acute hypoxic respiratory failure and
required endotracheal intubation and transfer to the neurocritical care unit. A repeat
CT scan a week later demonstrated the evolving hypodensity within the right PCA
territory associated with sulcal effacement andmass effect on the temporal horn of
the right lateral ventricle (Fig. 1c). His course was complicated by renal failure
requiring initiation of continuous hemodialysis, and worsening hypoxemia and
septic shock. He developed refractory metabolic acidosis and hyperkalemia

Fig. 1. Acute ischemic stroke. a Chest X-ray on admission with bilateral airspace opacities; b Isotropic MRI sequence demonstrating
a right posterior cerebral artery ischemic stroke; c CT head performed 1 week following MRI of the brain demonstrating the evolving
hypodensity within the right PCA territory associated with sulcal effacement and mass effect on the temporal horn of the right
lateral ventricle.
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andwas unable to continue CVVHD. The patient expired on the eleventh day of his
admission.

The relationship between COVID-19 and acute ischemic stroke (AIS) has
been controversial, with some centers reporting higher rates of large vessel
occlusion (LVO) during the COVID-19 outbreak in New York City while others
reported no change in numbers [3–5]. Between 0.9 and 5.7% of patients with
COVID-19 are diagnosed with AIS regardless of the presence of concurrent
respiratory symptoms [1, 5–9]. Patients with AIS associated with COVID-19
have a median age in their 6th or 7th decade and have cardiovascular risk
factors, although young healthy patients have also been diagnosed [3, 5, 6, 10].
AIS is usually diagnosed between 10 and 16 days after the onset of COVID-19
symptoms, and more than one-third of strokes occur in patients with severe
infection and those requiring mechanical ventilation [3–5, 9]. Importantly, in
young patients without cardiovascular risk factors and mild respiratory symp-
toms, the incidence of LVO is much higher than would be expected [3, 10].

Patients with coronavirus are at a high risk of thrombotic events despite the
use of pharmacologic prophylaxis [1, 4]. Previous studies have shown that
sepsis and viral infection are risk factors for ischemic and hemorrhagic stroke
[11, 12]. Approximately 8.5%of stroke patients have had an episode of sepsis in
the preceding year and the risk of a stroke remains 2.5 times higher the
following year [11]. The risk appears to be even higher for COVID-19 patients
who have at least 7.5 times higher risk for stroke compared to patients with
influenza [4]. Several mechanisms for this hypercoagulable state have been
proposed including the severe inflammatory state due to the release of activated
neutrophils and proinflammatory cytokines, disseminated intravascular coag-
ulation (DIC), or coagulopathy due to antiphospholipid antibodies (which can
transiently rise in critical illness) [13–16]. Blood thromboelastography (TEG)
studies suggest a state of hypercoagulability distinct from DIC [13].

A recent case series suggests that alteplase (tPA) was not associated with
symptomatic complications and most patients have clinical neurologic im-
provement [17]. However, some centers have reported that COVID-19 patients
with LVO have a high mortality despite treatment with tPA and mechanical
thrombectomy, though their mortality may be driven primarily by the severity
of their COVID-19 disease [5]. The hypercapnia and hypoxia associated with
acute respiratory distress syndrome (ARDS) can cause cerebral vasodilation and
may accelerate the development of malignant cerebral edema. Early reports
indicate that COVID-19 patients with malignant cerebral edema secondary to a
large hemispheric AIS can have positive outcomes with decompressive
hemicraniectomy [18]. Based on the hypercoagulable profile of patients with
coronavirus, hospitals are creating individual anticoagulation protocols to use
treatment dose anticoagulation for the prevention of thrombotic events in these
patients [19, 20]. Low molecular weight heparin (LMWH) (40–60 mg
enoxaparin/day) for 7 days was associated with a better 28-day mortality in
patients with severe COVID-19 coagulopathy [8].

Intracranial Hemorrhage
Case 2: Massive Intracranial Hemorrhage in a Patient With COVID-19

A 77-year-old woman with a history of diabetes and hypertension presented to
the emergency department with 5 days of productive cough and shortness of
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breath. Her initial oxygen saturation was 76%. Chest X-ray showed bilateral
infiltrates. Admission serum studies showed WBC 15.7 ×10E3/uL, LDH 651
u/L, CRP 272 mg/L, ESR 73 mm/HR, D-dimer 920 μg/mL, troponin of 2.3 ng/
mL, and creatinine of 5 mg/dL. EKG did not show ischemic changes. A naso-
pharyngeal swab confirmed COVID-19 infection. She was started on a heparin
infusion per hospital protocol for empiric anticoagulation due to elevated D-
dimer.

On the third day of her admission, she was found unresponsive with a right
gaze preference and sluggish pupils. Heparin drip was immediately stopped. A
CT scan revealed a large right frontal acute intraparenchymal hemorrhage with
surrounding edema and 14.2 mm midline shift. There was right uncal hernia-
tion and reduced mammillary pontine distance consistent with downward
central herniation. She was given protamine for reversal of heparin infusion.
She was taken for emergent decompressive hemicraniectomy but post-operative
exam was consistent with brain death. Post-operative head CT showed global
cerebral edema and diffuse ischemic injury and she was declared dead by
neurologic criteria.

Compared to ischemic stroke, intracranial hemorrhage (ICH) is a rare
complication of COVID-19. In a case series from Wuhan, China, only 1 out
of 88 COVID-19 patients had an ICH, though no patients were on
anticoagulation [21]. In an Italian case series where anticoagulation status was
not commented upon, 5 out of 26 patients with COVID-19 and neurological
manifestations had an ICH [22]. From the onset of COVID symptoms, the
average time to ICH is 32 days [23].

There are several hypotheses as to why COVID-19 patients can develop ICH
even in the absence of vascular abnormalities, including mechanisms related to
the infection itself. One hypothesis is reduction in ACE receptor availability.
Viral particles enter hosts via the angiotensin-converting enzyme 2 (ACE-2)
receptor in the human cell surface, which has reduced expression in patients
with hypertension [24, 25]. As SARS-CoV-2 occupies human ACE-2 receptors,
their expression is further reduced, which has been suggested to elevate blood
pressure and increase the risk of ICH [24, 25]. Intraparenchymal and subdural
hemorrhage has also been found in a patient with COVID-19 related menin-
goencephalitis whose cerebrospinal fluid (CSF) PCR was positive for SARS-
CoV-2, suggesting direct infection may cause parenchymal hemorrhage [26].

Another proposed mechanism is the coagulopathy associated with the
disease. Patients with COVID-19 can develop coagulopathy with a pattern
distinct from DIC with prolonged prothrombin time (PT), increased D-dimer,
and decreased platelet count [27–29]. COVID-19 infection may also result in
thrombocytopenia through the formation of autoantibodies, immune com-
plexes or direct infection of hematopoietic stem cells, megakaryocytes, and
platelets [30]. Immune thrombocytopenia purpura may also be triggered by
COVID-19 [31].

Empiric anticoagulation has been shown to lower the 28-day mortality
among patients with severe COVID-19 or associated coagulopathy [8]. Thus,
medical centers have created anticoagulation protocols most often based on
elevated D-dimers [19, 20, 32]. However, therapeutic anticoagulation places
patients at an increased risk of ICH [33]. A recent report of 33 COVID-19
positive patients with ICH found that 66.7% of themwere receiving therapeutic
dose anticoagulation and 9% were receiving prophylactic dosing. Of these
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patients, 25% had punctate hemorrhages, 60.7% had small-moderate size
hemorrhages, 14.3% had a large hemorrhage without evidence of herniation,
and 15.2% had parenchymal hemorrhages with mass effect and herniation
[34]. While most of the hemorrhages without mass effect were thought to be
likely a result of hemorrhagic transformation of ischemic stroke, the hemor-
rhages with evidence of mass effect and herniation were thought to be likely
primary hemorrhages. In a small case series, the patients whose hemorrhage
caused mass effect had 100% mortality [34]. In addition, patients undergoing
treatment with extracorporeal membrane oxygenation for COVID-19-
associated severe acute respiratory distress syndrome (ARDS) with refractory
hypoxia are at increased risk of ICH as therapeutic anticoagulation is required to
maintain therapy [35]. Thus, while therapeutic anticoagulation may benefit
some patients, there should be a low threshold to acquire head imaging in
these patients.

Guillain-Barre Syndrome
Case 3: Autoimmune Demyelinating Polyneuropathy Following COVID-19 Infection

A 67-year-old woman presented to the emergency department with back pain,
anorexia, nausea, and dry cough. At that time, she had a COVID-19 nasopha-
ryngeal swab done which was positive. She was discharged home with a
lidocaine patch for back pain but developed bilateral lower extremity weakness
and numbness as well saddle anesthesia, followed later by involvement of the
upper extremities, prompting a return to the emergency room.

Her physical examination revealed weakness in all extremities, depressed
biceps, triceps, and brachioradialis reflexes, and areflexia of the patellar and
Achilles tendons. She reported pins and needles sensation from the knee down
bilaterally. Lumbar puncture (LP) revealed cytoalbuminologic dissociation
withWBC0/uL and protein of 222mg/dL. She was hyponatremic on admission
to 119mEq/L. Electromyography and nerve condiction studies (EMG andNCS)
were deferred to reduce clinician exposure. She was transferred to the
neurocritical care unit for initiation of plasma exchange (PLEX) for progression
of weakness now involving the left side of the face. PLEX was chosen over
intravenous immunoglobulin (IVIG) given the potential for thrombotic com-
plications with both COVID-19 infection and IVIG.

Her course was complicated by PEA arrest in the setting of hypoxia with
return of spontaneous circulation after 4 min. Tracheostomy was placed due to
inability to wean from the ventilator. Her neurological exam improved after 5
sessions of PLEX. She was transferred to a rapid weaning unit where she was
weaned off the ventilator and her tracheostomy was decannulated. Her neuro-
logic exam improved, but she had residual lower extremity weakness and was
discharged to acute rehabilitation [36].

Guillain-Barre syndrome (GBS) is a monophasic immune-related
polyradiculopathy usually provoked by an antecedent infection. The infection
triggers an immune response which cross-reacts with proteins of the Schwann
cell surface membrane or myelin, resulting in demyelination. In the acute
motor axonal neuropathy variant, the membranes of the axon are the primary
target for injury. The etiology of GBS in COVID-19 is unknown, but is hypoth-
esized to occur as a consequence of molecular mimicry due to similarities
between the ACE-2 receptor and various glycoproteins and gangliosides on cell
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surfaces [37]. Another theory is that nerve damage occurs due to T-cell activa-
tion and release of inflammatory mediators due to the heightened immune
response.

The exact incidence of acute sensorimotor polyneuropathy in COVID-19 is
unknown, but several cases have been observed in patients with SARS-CoV-2.
Although GBS has been reported in patients who only experienced anosmia
and ageusia, most cases are reported in patients with fever and respiratory or
gastrointestinal symptoms [38, 39]. The onset of GBS symptoms has been
about 5–10 days after COVID-19 symptoms onset [38, 40–44]. The most
common subtype is AIDP, followed by AMSAN, MFS, and AMAN [45].

Diagnostic studies are similar to those of GBS not associated to COVID-19.
About 75% of patients have cytoalbuminologic dissociation in the CSF and
antiganglioside antibodies and SARS-CoV-2 have not been detected [39–46].
EMG and NCS most commonly show demyelination, but there has been
evidence of axonal damage in some cases [38–44, 46].

In most cases, patients improved after one course of IVIG. However, some
patients have required a second course of IVIG or PLEX [39–44, 47]. The
additional risk of thrombotic complications associated with IVIG must be
considered, though no IVIG-related thrombotic complications have been re-
ported in COVID-19 patients.

Encephalitis and Myelitis

There is evidence that coronaviruses can invade the central nervous system [48].
Direct invasion has been suspected in numerous cases, but only proven by
histopathology, imaging, or CSF in a small fraction of cases.

The pathophysiology of COVID-19 encephalitis is unknown, but it may
be a consequence of direct invasion of the virus into the neural tissue, as a
consequence of the hyperinflammatory state, or molecular mimicry [49–
51]. Brain autopsies of patients with SARS-CoV revealed tissue edema,
neuronal degeneration, and SARS-CoV viral particles [52]. Similarly, low
levels of SARS-CoV-2 have been found in brain autopsies of COVID-19
patients [53]. The hyperinflammatory state and massive cytokine release
induced by SARS-CoV-2 could alter the permeability of the blood-brain
barrier, which could result in activation of the neuroinflammatory cascade
[54]. SARS-CoV-2 may also induce production of antibodies against neural
or glial cells in a mechanism similar to that demonstrated in HSV-1,
Ebstein-Barr virus, and Japanese encephalitis [50, 55].

Presenting symptoms of COVID-19 encephalitis vary and can include
disorientation, dizziness, dysarthria, refractory seizures, and psychosis [51,
56–59]. First symptoms of encephalitis are reported to be between 3 and
11 days after onset of respiratory symptoms, which in many cases have
been mild [51, 57–60]. Work-up should include a LP which can show a
viral inflammatory pattern with elevated opening pressure, lymphocytic
pleocytosis, and elevated protein [51, 59–61]. SARS-CoV-2 PCR has been
tested in the CSF with inconsistent results, hypothesized to be because the
viral particles are mainly cell-bound or because viral concentration in the
CSF is below the level of detection [51, 58, 60, 62]. Other serum inflam-
matory markers such as IL-6, IL-8, TNF-a, and B2 microglobulin have been
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detected at increased levels which normalize as the course of the disease
improves [51]. The most common MRI findings are cortical signal abnor-
mali t ies on FLAIR images, cort ical diffusion restr ic t ion, and
leptomeningeal enhancement [63]. Acute necrotizing encephalitis has also
been reported [57]. Most reported cases respond to intravenous steroids
and IVIG [51, 58].

Status Epilepticus

At least 0.5% of patients have seizures as a neurological manifestation of
COVID-19 infection [21]. Critical illness, acute neurologic insult, hypoxia,
metabolic derangements, or organ failure can provoke seizures in patients with
COVID-19 [64–67]. Seizures may also occur as a result of cortical irritation due
to the interaction of SARS-CoV-2 with endothelial receptors and glial tissue
receptors [68]. Seizures and status epilepticus have been reported in patients
without prior history of seizures and with varying degrees of respiratory symp-
toms [65, 66, 69–71].

Detection of clinical seizures in COVID-19 patients may be difficult due to
the use of paralytic agents and isolationmeasures. 89.3% of seizures in critically
ill patients have no clinical signs [72]. Patients with COVID-19 can have
rhythmic movements, acute encephalopathy, or slow awakening after sedation
which can be concerning for seizures or nonconvulsive status epilepticus
(NCSE). Some patients may experience periods of impaired consciousness,
while others may have focal motor seizures that progress to NCSE [69, 70].

Themost common indications for EEG in critically-ill patients with COVID-
19 are encephalopathy, motor seizure-like events, poor recovery of conscious-
ness after discontinuation of sedation, and gaze deviation. Use of EEG, howev-
er, is limited by the need to minimize contact to protect healthcare workers,
prone-positioning, and contamination risk to equipment [66]. Thirty-eight to
40.9% of COVID-19 positive patients who had an EEG for concern of enceph-
alopathy or seizure-like event had epileptiform discharges with frontal spikes as
the predominant pattern [66, 67]. The presence of epileptiform discharges was
not associated with the presence of renal or hepatic failure [66].

When available, some institutions opt for a rapid response 8-channel EEG
instead of routing or continuous EEG to reduce the time of patient contact [73].
As one considers anti-epileptic therapy in these patients, special consideration
must be given to concomitant circumstances that may affect antiseizure medi-
cation pharmacokinetics, such as renal or hepatic failure or extra corporeal
membrane oxygenation [67]. While there currently is no data on the optimal
duration of anti-epileptic therapy in COVID-19 patients with new onset sei-
zures or status epilepticus, one may consider continuing anti-epileptic therapy
throughout the course of the hospitalization with possible discontinuation as
an outpatient depending on the clinical course.

Posterior Reversible Encephalopathy Syndrome

Posterior reversible encephalopathy syndrome (PRES) can develop in COVID-
19 patients even without dramatic fluctuations in blood pressure [74–78]. The
pathophysiology of PRES remains controversial, but it is hypothesized to occur
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due to impairments in cerebral autoregulation or endothelial dysfunction [79].
Some studies suggest that SARS-CoV-2 and its related systemic inflammatory
response can induce endothelial dysfunction, disrupting the integrity of the
blood brain barrier making it highly permeable and susceptible to the devel-
opment of cerebral edema [80]. In addition, hypoxia in patients with severe
respiratory symptoms may increase anaerobic metabolism in the brain which
can lead to cerebral vasodilation and development of interstitial edema [81].

The presenting symptoms can vary and include altered mental status, agita-
tion, blurry vision, cortical blindness, seizures refractory to multiple antiseizure
medications, and status epilepticus [74, 75, 77, 78, 82, 83]. PRES has been
reported both on presentation and in the hospital when infectious symptoms
have begun to improve [74–78]. MRI shows the typical PRES findings of
symmetric vasogenic edema with parieto-occipital predominance and can at
times show scattered foci of hemorrhage [74–78, 82]. EEG is advised if there is
any concern for concurrent seizures. In most cases, the symptoms and imaging
findings normalize after strict blood pressure control [74, 76–78, 82, 83].

Hypoxic-Ischemic Encephalopathy
Case 4: Hypoxic-Ischemic Encephalopathy in a COVID-19 Patient

A 59-year-old woman with a history of prediabetes presented to the
emergency department with respiratory distress and acute hypoxic respira-
tory failure. Her oxygen saturation on presentation was 40% which im-
proved to 65% with noninvasive supplemental oxygen. She was
emergently intubated and transferred to the critical care unit. On hospital
day 4, she was noted to have a persistent upward gaze deviation which did
not resolve with benzodiazepines. Rapid response 8-channel EEG showed
occasional left temporal lateralized periodic discharges (LPDs) (Fig. 2a).
She was started on levetiracetam for presumed seizure. Despite this, men-
tal status continued to be poor with the patient only opening her eyes, but
without tracking or purposeful movements.

MRI of the brain showed multiple patchy scattered areas of FLAIR
hyperintensity and restricted diffusion involving the cortical gray matter of the
cerebral hemispheres, as well as areas of confluent involvement of the cerebral
white matter including centrum semiovale and corona radiata, bilaterally. The
areas of restricted diffusion did not correspond to any particular vascular
territory and also involved the caudate heads and putamen bilaterally. There
was corresponding mild gyral expansion and sulcal effacement in the involved
areas of cortex. LP revealed RBC 1280/uL WBC 0/uL, and protein and glucose
within the reference range. An encephalitis biofire panel was negative.

She completed a course of PLEX due to initial concern for autoimmune
encephalitis without improvement in mental status. Repeat MRI showed exten-
sive brain parenchyma symmetric signal changes bilaterally which appeared
more confluent compared to the prior study as well as small new subarachnoid
hemorrhage in the high convexities (Fig. 2b and c). She did not have any further
improvement in her mental status and she was transferred to a skilled nursing
facility, as many as 74% of hospitalized COVID-19 patients have encephalop-
athy at some point during their admission [84]. Given the hypoxia and severe
respiratory symptoms often associated with COVID-19 infection, hypoxia is an
important cause of encephalopathy along with sepsis, metabolic derangements,
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organ failure, and prolonged use of paralytics and sedatives. Shortly after the
hypoxic insult, patients can have agitation, confusion, disorientation, altered
awareness, and myoclonus [2]. Imaging can often show diffuse edema, loss of
gray-white matter differentiation, and decreased basal ganglia attenuation. EEG
often shows non-specific changes and bifrontal slowing [2, 85].

Patients can also have prolonged or delayed encephalopathy even after
respiratory symptoms have abated or after prolonged intubation. MRI may
show confluent T2 hyperintensities in the periventricular, deep, and subcortical
white matter and restricted diffusion [86–88]. In some cases, punctate
microbleeds in the juxtacortical and callosal white matter, internal capsules,
brainstem, and cerebellar pedunclesmay also be present [86, 87]. This pattern is

Fig. 2. Hypoxic-ischemic encephalopathy. a Rapid response limited 8-channel EEG showing LPDs most prominent in the T5-O1
channel (4–5); b and c MRI with confluent areas of predominantly subcortical FLAIR hyperintensity (b) and restricted diffusion (c).
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s imi la r to what has been descr ibed in delayed posthypoxic
leukoencephalopathy (DPHL). The mechanism behind DPHL is thought to
be necrosis of oligodendrocytes in arterial border zones due to hypoxia with
subsequent failure of myelin turnover. This can result in widespread demyelin-
ation with axonal sparing [89].

Conclusion

As neurologicmanifestations of COVID-19 infection are increasingly identified,
neurointensivists must recognize severe neurologic manifestations. Hospitals
should work to implement frequent neurological checks in order to promptly
identify these severe neurologic manifestations as these can happen unexpect-
edly in patients without risk factors. In addition, clinicians should attempt
obtain head imaging and neurology consultation when there is a neurological
change in the patient. Since the use of sedation or paralytics can mask neuro-
logical deterioration, head imaging and neurology consultation should also be
obtained in patients with delayed recovery from sedation. Consideration to
bedside tests can bemade if the patient is too unstable tomove for imaging; for
example, bedside EEG, transcranial Dopplers, and optic nerve sheath diameters
may help diagnose and manage an unstable patient. Patients with severe
neurological complications should be monitored closely in a neurocritical care
unit when possible, as yet there are no COVID-19-specific treatments available,
and treatment should follow the standard of care for other etiologies of the
disease. However, further study should include the development of risk strati-
fication instruments to identify the patients withCOVID-19who aremost likely
to benefit from therapeutic anticoagulation.
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