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KEY POINTS

e Institutions should create protocols for managing neurologic emergencies during the
pandemic that allow for rapid and thorough evaluation of patients while also minimizing
viral exposure to other patients and staff.

e Less than 5% of patients with coronavirus disease 2019 will have cerebrovascular com-
plications and these typically occur in patients who are critically ill.

Persons with epilepsy may face significant challenges with regards to care and prevention
of seizures, although there does not seem to be an increase in emergency department
presentations with seizure.

e Seizure is a rare complication of coronavirus disease 2019 with antiepileptic drug selec-

tion impacted by concurrent organ failure, drug—drug interactions with coronavirus dis-
ease 2019 therapies, and ongoing drug shortages.

As the coronavirus disease 2019 (COVID-19) pandemic continues, the scientific com-
munity is working diligently to rapidly expand knowledge of the disease and dissem-
inate this knowledge worldwide. As of January 2021, there have been more than
90,000 scientific publications relating to COVID-19." The rapid expansion of data on
this topic has led to novel means of interpretation and dissemination, including expe-
dited reviews for publication in peer-reviewed journals, open source platforms for re-
view of article preprints, widespread use of social media, and protocol sharing among
academic institutions.? The literature regarding neurologic features of COVID-19 spe-
cifically has been primarily in the form of case reports and a few case series, limiting
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the generalizability of this information owing to the inherent heterogeneity of these
studies and patients.® Here, we review what has thus far been published about the
intersection of COVID-19 and neurology with particular attention to cerebrovascular
disease and seizure. Considerations in managing the acute presentations of these
conditions in the context of the pandemic can serve as a model for management of
other neurologic emergencies.

CONSIDERATIONS FOR MANAGING ACUTE STROKE DURING THE PANDEMIC
Initial Evaluation

Given the rapid sequence of events that unfold upon the activation of a stroke alert, it
is critical that hospitals have standardized measures in place to protect staff from po-
tential exposure when patients are known or suspected to be infected with severe
acute respiratory syndrome novel coronavirus 2(SARS-CoV-2). Many groups have
proposed adjustments to institutional stroke protocols to continue to offer timely
stroke care while preserving personal protective equipment (PPE) and limiting provider
exposure.*~® For regions with high community prevalence of COVID-19, it is reason-
able to consider all patients undergoing stroke alerts to be persons under investiga-
tion. A surgical mask should be placed on the patient and 1 member of the stroke
team should be designated to don PPE and enter the patient’s room for the evaluation.
This provider, who is charged with interviewing the patient and performing the initial
examination, is then able to communicate with other members of the team (either
by phone or tablet computer already placed within the room) to facilitate joint
decision-making on eligibility for acute intervention. Although it is common practice
at many institutions for the stroke team to accompany patients to neuroimaging
studies, it is recommended that, in the case of patients with suspected or confirmed
COVID-19, the initial evaluator remain in the patient’s room with PPE donned to limit
PPE use and accidental exposure while doffing. Upon the patient’s return to their
room, further examination by the designated team member can be used to guide
decision-making on thrombolysis and mechanical thrombectomy.

Mechanical Thrombectomy

Unfortunately, a number of centers have seen significant delays in the delivery of me-
chanical thrombectomy during the pandemic, particularly for those patients arriving
from another facility.”® As a result, measures that simultaneously conserve PPE and
maintain provider safety while still providing timely interventional therapy during the
ongoing pandemic are necessary. In a recent consensus statement, the Society of
Vascular and Interventional Neurology outlined several recommendations on the peri-
procedural management of patients who are deemed candidates for mechanical
thrombectomy.® Before mechanical thrombectomy, it is recommended that all pa-
tients undergo screening (and testing if feasible) for COVID-19 and be placed in
negative-pressure isolation if warranted. The Society of Vascular and Interventional
Neurology also recommends that the number of involved personnel be limited and
endotracheal intubation be avoided if possible to conserve ventilator capacity and
decrease the risk of ventilator-associated injury in patients who may be managed
with conscious sedation. For those requiring intubation, centers have adapted tech-
niques (such as the use of negative-pressure rooms and barrier enclosure) to minimize
the circulation of respiratory droplets.’®'" After completion of the procedure, the So-
ciety of Vascular and Interventional Neurology recommends that initial neurologic and
puncture site evaluations take place in the interventional suite while the patient awaits
bed placement elsewhere in the hospital to limit donning and doffing of PPE.
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Postacute Stroke Care

For acute ischemic stroke patients not meeting criteria for intervention with intrave-
nous (IV) tissue plasminogen activator (tPA) or mechanical thrombectomy, priorities
generally shift to postevent monitoring for clinical progression, as well as workup of
potential etiologies and initiation of secondary prevention measures. Some institutions
have moved toward the use of video evaluation by nursing staff and/or the stroke team
to decrease PPE use and limit provider exposure, as well as deferring diagnostic
testing that is not thought to impact inpatient management.* An example of a modified
approach to monitoring poststroke patients who do not undergo thrombolysis or me-
chanical thrombectomy is shown in Fig. 1.

For patients undergoing acute intervention with IV tPA and/or mechanical thrombec-
tomy, postintervention monitoring before the pandemic was largely centered around
frequent examination by both bedside nursing and members of the stroke team.’® A
recent study (albeit one conducted before the pandemic) evaluated the safety of a
low-intensity monitoring protocol for patients meeting a predefined threshold for low
risk for neurologic decompensation and found that selected patients who underwent
less frequent neurologic and vital sign checks in the 24 hours after the administration
of IV tPA did not see an increased incidence of clinical worsening requiring transfer to
an intensive care unit.’® Similarly, investigations questioning the usefulness of routine
surveillance neuroimaging in otherwise stable postintervention patients have called
into question their necessity.'*'® These findings have been extrapolated to inform pol-
icy about post-thrombolysis and post-thrombectomy care in the COVID-19 pandemic,
when intensive care unit beds have been in short supply and frequent evaluations by
providers increase the risk of exposure.* %17 Examples of this process of risk stratifi-
cation and disposition decision-making are shown in Figs. 2 and 3.

Impact on Stroke-Related Outcomes

Hospitals across the world have reported significant reductions in admissions for all
types of stroke patients during the pandemic, with the most impact usually occurring
during times of local government restrictions on activities and in patients with a transient
ischemic attack or minor stroke. Specifically, this phenomenon has been reported in the
United States,®2? Canada,?® China,?* Spain,?® Amsterdam,?® Brazil,>” Bangladesh,?®

Admit to Inpatient Floor
or Step-Down Unit with
No to Al neurologic check when
nurse enters room for
other care tasks

Large Hemispheric Infarction?

Acute Stroke Not
Eligible for IV rtPA or
Emergent Mechanical
Thrombectomy

Requiring ICU

level of care®? Location Within Cerebellum?

Altered Mental Status on Presentation?

Yes

Yes to Any
2

Neuro ICU

Admit to Step-Down Unit
with tablet at bedside, exam
frequency determined at
beginning of each shift

Fig. 1. Neurologic monitoring frequency in patients not receiving IV tPA or emergent me-
chanical thrombectomy. @Indications including (but not limited to) vasoactive medications,
insulin drip for hyperglycemia, need for mechanical ventilation. ICU, intensive care unit.
(Adapted from Optimization of Resources and Modifications in Acute Ischemic Stroke
Care in Response to the Global COVID-19 Pandemic. J Stroke Cerebrovas Dis 2020
Aug;29(8):104980, with permission.)
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Yes to Any

e Pre-/post-rtPA NIHSS >10?

e Significant complications during
infusion?

¢ Significant alteration in

Patients receiving IV consciousness (NIHSS 1a>0)?

HtPA ¢ Evidence of infarction >1/3

MCA territory or significant
hemorrhage on CT?

e Large cerebellar infarction?

e Other ICU needs??

No to All

Step-Down Unit

Fig. 2. Disposition determination algorithm after the administration of IV tPA. 2Indications
including (but not limited to) vasoactive medications, insulin drip for hyperglycemia, need
for mechanical ventilation. CT, computed tomography; ICU, intensive care unit; MCA, mid-
dle cerebral artery; NIHSS, National Institutes of Health Stroke Scale. (Adapted from Optimi-
zation of Resources and Modifications in Acute Ischemic Stroke Care in Response to the
Global COVID-19 Pandemic. J Stroke Cerebrovas Dis 2020 Aug;29(8):104980, with
permission.)

Singapore,?® and Norway,*° among others. These data suggest that a large number of
patients with symptoms of ischemic stroke chose not to seek medical care, a decision
that, in many cases, could have a significant impact on their long-term functional status.
In addition to a decrease in acute stroke presentations, delays in hospital arrival after
symptom onset have been reported for those patients who do seek care,?’ likely owing
to the fear of exposure to COVID-19 in a hospital setting. Upon arrival to the emergency
department (ED), patients met further delays in arrival time to computed tomography
scan,?' door-to-needle time for IV tPA,>' and door-to-groin time for mechanical throm-
bectomy.® These in-hospital delays are suspected to be due to the need for donning of
PPE and sanitization procedures between patients. Delays in stroke treatment have
been shown to significantly increase the risk of poor functional outcomes.®?

CORONAVIRUS DISEASE 19-ASSOCIATED CEREBROVASCULAR DISEASE
Epidemiology

Infection with SARS-CoV-2 has been associated with a myriad of neurologic compli-
cations (Table 1) and the presence of neurologic symptoms seem to be quite
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Yes to Any

e Pre- / post-procedure NIHSS >
10?

¢ Unsuccessful recanalization
(TICI 2a or lower) or significant

. X complications during

Patients undergoing procedureb?

emergent mechanical ¢ Significant alteration in
thrombectomy consciousness (NIHSS 1a >0)?

¢ Evidence of infarction >1/3
MCA territory or significant
hemorrhage on CT?

e Other ICU needs®?

No to All

Step-Down Unit

Fig. 3. Disposition determination algorithm after emergent mechanical thrombectomy. 2 In-
dications including (but not limited to) vasoactive medications, insulin drip for hyperglyce-
mia, need for mechanical ventilation. ® including (but not limited to) dissection,
hemodynamic instability, and respiratory decompensation requiring intubation. CT,
computed tomography; ICU, intensive care unit; MCA, middle cerebral artery; NIHSS, Na-
tional Institutes of Health Stroke Scale; TICI, thrombolysis in cerebral infarction. (Adapted
from Optimization of Resources and Modifications in Acute Ischemic Stroke Care in
Response to the Global COVID-19 Pandemic. J Stroke Cerebrovas Dis 2020
Aug;29(8):104980, with permission.)

common, occurring in up to 84% of those with critical illness.® The majority of acute
cerebrovascular disease associated with COVID-19 infection is acute ischemic stroke,
but there have been reports of intracerebral hemorrhage,®* venous sinus throm-
bosis,>® posterior reversible encephalopathy syndrome (PRES),>° reversible cerebral
vasoconstriction syndrome,®” and endotheliitis without parenchymal infarction.®®
Ischemic stroke has been reported in 1% to 5% of patients hospitalized with
COVID-19, with the higher end of that range coming from very early reports out of
Wuhan, China, in predominantly critically ill patients.>°~*° Although nonspecific neuro-
logic symptoms (such as headache, dizziness, and fatigue) are frequently reported
early in the course of infection,® there is a suggestion that cerebrovascular disease
tends to occur an average of 10 days (range, 0-33 days) after the onset of respiratory
iliness.>° Most studies report that COVID-19-associated cerebrovascular disease oc-
curs in predominantly male patients who are more than 60 years of age and have
known vascular risk factors.*%4143-45 However, several studies reported out of New
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Table 1

Neurologic complications of COVID-19

Acute Complications Parainfectious and Postinfectious Complications

Encephalopathy Acute disseminated encephalomyelitis

Myalgias Acute necrotizing hemorrhagic encephalopathy

Anosmia/dysgeusia Steroid responsive (autoimmune) encephalopathy

Headache Myositis

Cerebrovascular complications Critical illness neuromyopathy

Seizures Guillain-Barre syndrome

Meningoencephalitis Transverse myelitis

Cranial and peripheral Myalgic encephalomyelitis, with or without
neuropathies dysautonomia

Myoclonus Sudden sensorineural hearing loss

Movement disorders Unknown late neurologic complications

Psychosis

York City*?%¢ found strokes, particularly large vessel occlusion (LVO) strokes, occur-
ring in younger patients. The majority of strokes reported are attributed to cardioemb-
olism, many considered cryptogenic.*>*” In the United States, cerebrovascular
disease seems to be a complication of COVID-19 seen more commonly in racial mi-
norities (Blacks and Hispanics),*>~** but this may be due to more data coming from
larger urban hospitals and the disproportionate effect COVID-19 has had on minority
communities overall.

The mortality of ischemic stroke in COVID-19 is high (25%-44%),%9*® leading to
some speculation that stroke is predominantly associated with preexisting critical
iliness. Patients admitted with COVID-19 and neurologic disease have been found
to have a higher in-hospital mortality (37.5% vs 4.3%) and greater disability at
discharge (modified Rankin Scale of 5 vs 2) compared with patients admitted with
the same neurologic diagnoses without COVID-19.48 Similarly, when patients with
COVID-19-associated ischemic stroke were compared with propensity score
matched patients with stroke alone, they were found to have greater stroke severity
(National Institutes of Health Stroke Scale 10 vs 6), higher risk for severe disability
(modified Rankin Scale 4 vs 2; P<.001), and higher mortality (odds ratio, 4.3).%° These
findings suggest that COVID-19-associated cerebrovascular disease is more severe
with worse functional outcomes and higher mortality than non-COVID-19-associated
cerebrovascular disease.

Intracerebral hemorrhage occurs less commonly in patients with COVID-19 than
acute ischemic stroke. Several reports in the spring in the United States noted that
hemorrhage occurred predominantly in hospitalized patients on anticoagulation, often
prescribed for elevated p-dimer levels.344450951 Other risk factors associated with
intracerebral hemorrhage include a prolonged international normalized ratio and par-
tial thromboplastin time independent of anticoagulation use, thrombocytopenia, older
age, non-White race, and mechanical ventilation.>*°%%" Patients with COVID-19 and
intracerebral hemorrhage experienced very high in-hospital mortality, up to 84.6%
in 1 center.®"

Cerebral venous sinus thromboses have been infrequently reported despite an
abundance of evidence reporting deep vein thromboses elsewhere. Unlike other ce-
rebrovascular complications, cerebral venous sinus thromboses seems to occur
more often in females, with a wide age range reported. This finding is similar to pat-
terns seen in non—-COVID-associated cerebral venous sinus thromboses. It seems
that cerebral venous sinus thromboses associated with COVID-19 may occur at the
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same time as typical respiratory or gastrointestinal symptoms, but may also occurin a
delayed fashion, up to weeks after initial infection.®

Thirteen cases of PRES in the setting of COVID-19 have been reported as of June
30, 2020.%¢ Unlike the majority of patients with PRES outside of COVID-19, these pa-
tients had only modest fluctuations in blood pressure. Risk factors for COVID-19-
associated PRES include an underlying infection or immunomodulatory agents with
endothelial effects. In general, as with other associated etiologies, the neurologic
prognosis for COVID-19-associated PRES is favorable.®

Pathophysiology

Several mechanisms may lead to ischemic stroke in patients with COVID-19 (Box 1).
One of the more widely accepted hypotheses is that SARS-CoV-2 causes damage to
endothelial cells, which leads to activation of inflammatory and thrombotic pathways,
microvascular and macrovascular injury, and ultimately coagulopathy similar to that
seen in sepsis, characterized by elevated fibrinogen, partial thromboplastin time, p-
dimer, and sometimes thrombocytopenia.®*° Some studies have also noted a high
prevalence of antiphospholipid antibodies®?°® in critically ill patients with COVID-19.
SARS-CoV-2 can also trigger a hyperinflammatory state and cytokine storm similar
to that which occurs in hemophagocytic lymphohistiocytosis.>**° Cellular entry of
SARS-CoV-2 via the angiotensin-converting enzyme 2 receptor leads to the downre-
gulation of receptors with consequent overactivation of the classic renin-angiotensin
system axis causing vasoconstriction and a prothrombotic state.>® Other investigators
have suggested a possible direct endothelial invasion and replication within the arterial
wall,>” a process previously described in varicella zoster virus.® Finally, the inherent
increased risk of stroke in all critically ill patients can also apply to patients with
COVID-19, with potential mechanisms including destabilization of atherosclerotic pla-
que, triggering of atrial fibrillation, or increasing thrombus formation in conditions of
hypoxia.®

Acute Stroke Treatment for Coronavirus Disease 19-Associated Stroke

In light of the finding that patients with COVID-19 are at risk of mixed hematologic
complications,®®=¢" the efficacy and safety of administration of IV tPA in this subset
of acute ischemic stroke patients has been a topic of debate. Although the efficacy
of thrombolysis outside of the context of the COVID-19 pandemic in decreasing

Box 1
Mechanisms of stroke in COVID-19

e Exacerbation of underlying risk factors
e Viral mediated hematologic derangement/hypercoagulable state
e Effects on the renin-angiotensin system

e Hyperinflammatory condition (cytokine storm)

Complication of COVID treatments

e General critical illness, hypoxia, hypotension

Myocarditis, stress cardiomyopathy

Atrial fibrillation

Endotheliitis/vasculitis

677



678

Shulman et al

long-term disability from acute ischemic stroke has been demonstrated clearly,5%%

there are limited data that address whether this specific patient population is at an
increased risk of clinically significant hemorrhagic transformation compared with the
general population, thereby altering the risk:benefit relationship. Data on this topic
are limited in quality and provide mixed results. One review found that 10.3% of pa-
tients with COVID-19 (3/29) receiving IV tPA had clinically significant hemorrhagic
transformation,®* although another did not report any instances (0/13).%° In the
absence of a true consensus regarding the risk of symptomatic hemorrhage in pa-
tients with COVID-19 with suspected acute ischemic stroke, the decision to administer
tPA is provider-dependent and should be made with consideration of non-COVID-
specific contraindications to thrombolysis and other patient-specific factors.

In addition to increased severity of stroke, presentation with LVO stroke has been
observed in patients infected with COVID-19.42:6466:67 Although emergent mechanical
thrombectomy in a patient with confirmed COVID-19 is feasible'! with appropriate
modifications as described elsewhere in this article,® the limited data available thus
far have unfortunately shown poor outcomes with increased mortality in patients
with LVO stroke and COVID-19 compared with LVO stroke alone.®®5° Specifically,
there have been reports of increased procedural complications including clot frag-
mentation, downstream emboli, and distal emboli to a new vascular territory.”® An in-
crease in postprocedural complications, including early cerebral reocclusion®® and
deep venous thrombosis and/or pulmonary emboli,®® has also been reported. Despite
these risks, mechanical thrombectomy is recommended in patients with COVID-19
and LVO stroke, with appropriate precautions.

CONSIDERATIONS FOR MANAGING EPILEPSY DURING THE PANDEMIC

Like many chronic illnesses, medical care for persons with epilepsy (PWE) has been
impacted by the pandemic. With the shutdowns seen in many countries, there has
been a dramatic reduction in the availability of outpatient care such as visits with a
neurologist/epileptologist and electroencephalograms (EEGs). Even when in-person
visits have been available, many patients chose to defer medical care owing to the
fear of viral exposure in the clinic. The advent of widely available telehealth has
improved access to care but cannot entirely replicate an in-person evaluation or
EEG monitoring. With overcrowding and concerns about infection control, many hos-
pitals have canceled elective admissions and surgeries, delaying care for those await-
ing characterization of epileptic spells in epilepsy monitoring units or epilepsy surgery.

The American Epilepsy Society has reported survey data of their membership indi-
cating that 10% of PWE have noted worsening in seizure frequency unrelated to
COVID-19 infection during the pandemic, with increased stress, sleep deprivation,
and decreased access to medical care and pharmacies cited as potential contribu-
tors.”" This phenomenon has been seen in previous coronavirus outbreaks as well.
During the 2003 SARS epidemic in Taiwan, 1 epilepsy center noted that 22% of
PWE experienced inability to access antiepileptic drugs (AEDs) owing to lack of ac-
cess to health care providers and/or pharmacies, leading to increased seizure fre-
quency in 12% (including 2 patients with status epilepticus [SE] who required
intensive care unit admission).”?

However, not all reports about epilepsy care during the pandemic have been nega-
tive. Some epileptologists have noted improvement in seizure control in PWE during
the pandemic owing to better medication adherence and increased sleep.”' Despite
concerns that ED visits for seizures would increase if patients were not accessing
outpatient care, 1 health system in Italy actually observed a decrease in visits for
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seizures during the height of the pandemic in their country.”® Limited evidence has
also suggested that PWE without other comorbidities are not at higher risk for
acquiring COVID-19 or suffering from more severe complications,”* unlike patients
with a history of cerebrovascular disease.”>"®

Approach to Managing Seizures and Status Epilepticus During the Pandemic

For the most part, the evaluation and treatment of patients with seizures and/or SE
during the pandemic should be unchanged with regard to general management prin-
ciples, such as those outlined in the Neurocritical Care Society Guidelines.”” However,
there are some key, novel considerations regarding infection control, medications,
and resource use.

Convulsive SE should be considered aerosol generating and appropriate PPE
should be used for all treating staff. This point is most critical for physicians performing
endotracheal intubation. Although debate exists about whether early versus delayed
intubation is superior for patient outcomes in severe COVID-19 infection,”®"® infection
control may be considered in some centers. Some centers advocate for earlier intuba-
tion in respiratory failure given the potential for increased aerosolization associated
with the use of noninvasive ventilation (bilevel or continuous positive airway pressure)
and to a lesser extent high-flow nasal cannula, especially in the context of lack of
negative pressure rooms and sufficient PPE.®%8' These factors may influence
decision-making for patients with mild respiratory distress after a seizure.

During the pandemic, there have been several shortages of medications frequently
used for continuous sedation (IV midazolam, propofol) and AEDs (valproic acid, leve-
tiracetam) that have impacted the care of hospitalized epilepsy patients and in the
emergent management of seizures and SE. The main driver for these drug shortages
has been the massive increase in simultaneous worldwide need; up to one-third of
hospitalized patients with COVID-19 have severe respiratory distress requiring pro-
longed intubation and sedation.®? In addition, manufacturing shutdowns in China
and closure of exportation from India interrupted the usual supply chain to the United
States.®® Thus, it is important for health care systems to develop alternative sedation
and SE treatment protocols to account for potential shortages. In particular, ketamine
has experienced a recent resurgence for use in sedation as well as seizures and SE.
There may be a particular role in SARS-CoV-2 infection, because ketamine has an
anti-inflammatory effect, in particular lowering levels of IL-6, which are often increased
in COVID-19 infection.®485

Some patients may present to the ED with seizure or SE as the presenting feature of
COVID-19.8587 Therefore, it may be reasonable to consider all patients with seizure or
SE presenting to the ED as persons under investigation. Irrespective of COVID-19 sta-
tus, a typical diagnostic work-up for new seizure involves obtaining MRI and EEG.
Many investigators suggest the postponement of these studies during the pandemic
unless they might provide urgent information that would change management.”*
Because seizure in COVID-19 may occur secondary to conditions like stroke, cerebral
venous sinus thromboses, or meningoencephalitis, in our center we advocate for
obtaining these studies during admission for a new seizure diagnosis, especially if
there are no other provoking factors present.

Electroencephalography

Many health care systems decreased the use of EEG during the initial surge for all pa-
tients or modified indications and restricted access. Some eliminated the use of EEG
for inpatients suspected to have COVID-19 altogether or created treatment algorithms
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which modified the standard of care for typical evaluations such as myoclonus, en-
cephalopathy, and nonconvulsive SE.%8

Pursuing EEG for patients with COVID-19 requires consideration of the risk:benefit
ratio, given the risk of potential viral transmission to the technologist. If the study is un-
likely to change management decisions for the patient, strong consideration should be
given to foregoing the study. Most studies require prolonged set-up times and close
proximity to patients’ faces, which increase the risk of viral transmission (which may
be lessened by proper use of PPE). Although an EEG in itself is not an aerosolizing pro-
cedure, the patient population requiring EEG may have behavioral unpredictability
with the potential for yelling or coughing. For this reason, we recommend the use of
N95 respirators, face shields, gowns, and gloves for all technologists during EEG
lead placement and adjustment of all patients. Other infection control measures
may include having a dedicated machine exclusively for patients with COVID-19 or us-
ing only disposable electrodes and cables.®°

We recommend obtaining an EEG in cases of known SE who remain encephalo-
pathic or comatose after the initial treatment of the seizure, for myoclonus and
encephalopathy that has not responded to an empiric trial of an AED,®8 and for en-
cephalopathy or coma evaluation when other explanations have been excluded. If
EEG is pursued, a standard 10 to 20 EEG complement of electrodes with electro-
cardiogram should be used. Expedited studies with simplified montages to screen
for SE (generalized and most regional or focal types), encephalopathy, and
reactivity may be helpful in the intensive care unit setting if there are concerns
about resource use.’® The interpretation of specific patterns on the intensive
care unit EEG suggestive of encephalopathy, nonconvulsive SE, focal slowing (sug-
gestive of a lesion, such as a stroke), and postanoxic changes are beyond the
scope of this article, but we recommend EEG scoring as per the American Clinical
Neurophysiology Society guidance.’’ We suggest continuous video EEG moni-
toring to limit technologist active hands-on time in the room as well as to allow
the electroencephalographer to make clinical correlations with the EEG findings.
With reduced montages, however, there may be difficulty in identifying artifacts
and a failure to identify lateralized periodic discharges. Most societies have recom-
mended against the use of hyperventilation during EEG to decrease the risk of viral
transmission.®%:%°

Because patients with COVID-19 are often intubated (sometimes with less common
ventilation strategies), the electroencephalographer may be aided in interpretation of
the study if the mode and rate of ventilation is recorded. There is no reason why EEG
cannot be used for patients requiring the prone position, but experience with interpre-
tation is very limited. When prone, the typical artifacts that are usually seen in the oc-
cipital leads (representing contact with bedding for supine patients) would instead be
in the frontopolar leads.®® Furthermore, positioning affects the cerebrospinal fluid
(CSF) layer surrounding the brain parenchyma and shifts from supine to prone will
redistribute CSF by up to 30% owing to gravity. As CSF is more conductive than brain
parenchyma, and this factor will change the scalp potentials with thicker CSF layers
associated with a decreased EEG signal.®?

CORONAVIRUS DISEASE 19-ASSOCIATED SEIZURES AND STATUS EPILEPTICUS

Seizures seem to be an infrequent complication in patients with COVID-19, with a
reported incidence of less than 1.6% in single health system studies*®:%3-°° There
are many mechanisms by which seizures may occur in COVID-19 (Box 2). PWE
may be at greater risk of seizure during COVID-19 (similar to other common
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Box 2
Mechanisms of seizure in COVID-19

e Exacerbation of underlying epilepsy
e Metabolic derangements
e Hypoxia

e Hyperinflammatory condition (cytokine storm)

Complication of COVID treatments
e General critical illness

e Meningoencephalitis, infectious, or parainfectious

Secondary consequence of cerebrovascular disease

infections), although the American Epilepsy Society reported survey data indicating
that most PWE (>80%) did not experience worsening of seizure frequency, although
they had symptoms of COVID-19 infection.”’ Metabolic derangements, organ failure,
hypoglycemia, hypoxia, and some medications used during critical illness may all
lower the seizure threshold. Moreover, subclinical seizures or nonconvulsive SE
are common in patients with other forms of critical illness and depressed mental sta-
tus.%® There have been reports of new-onset epilepsy in COVID-19, most of which
have been described in patients with a preexisting risk factor that lowered their
seizure threshold. However, not all patients have a history of epilepsy, identified pre-
existing risk factor, or current metabolic derangement to explain new-onset sei-
zures.®%”  Some of these patients have been determined to have
meningoencephalitis either from SARS-CoV-2 infection or as a parainfectious pro-
cess.B897-%9 Finally, COVID-related cerebrovascular complications may also lead
to seizures.

The management of seizures and SE in COVID-19 may have some notable differ-
ences with regard to AED selection. In general, we advocate for the use of an IV
AED formulation to avoid concerns of malabsorption. Critically ill patients with
COVID-19 are at risk for multiple organ system failures. Cardiac complications in
COVID-19 may be exacerbated by the combined effects of both COVID treatments
and AEDs that lead to PR and/or QT prolongation (such as hydroxychloroquine and
phenytoin). Hepatic injury and potential anticoagulation use may limit the use of
phenytoin, valproate, and carbamazepine. Acute kidney injury leading to the need
for renal replacement therapy or placement of patients on extracorporeal membrane
oxygenation may require dose adjustments to maintain therapeutic concentrations of
AEDs in serum.'® Finally, as noted elsewhere in this article, key drug shortages may
influence management decisions.

SUMMARY

Significant attention must be paid to the logistical challenges of managing neurologic
emergencies in the setting of the COVID-19 pandemic. Thoughtful modifications of
protocols allow for efficient delivery of high-quality care for all patients while protect-
ing health care providers from viral exposure during the pandemic. Although the per-
centage of SARS-CoV-2 infections associated with neurologic emergencies is small,
the large and still growing number of total infected individuals will likely result in a
high burden of COVID-19 associated neurologic disease.*® COVID-19-associated
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cerebrovascular disease and seizure are areas of active research that require further
investigation to clarify their pathophysiology and determine optimal treatment
measures.

CLINICS CARE POINTS

e Institutions should create protocols for managing neurologic emergencies during the
pandemic that allow for rapid and thorough evaluation of patients while also minimizing
viral exposure to other patients and staff.

e Less than 5% of patients with COVID-19 will have cerebrovascular complications and these
typically occur in patients who are critically ill.

e PWE may face significant challenges with regards to care and prevention of seizures, but thus
far there does not seem to be an increase in ED presentations with seizure

o Seizure is a rare complication of COVID-19 with AED selection impacted by concurrent organ
failure, drug-drug interactions with COVID therapies, and ongoing drug shortages.
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