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Abstract
Background and Purpose: Reports have suggested that severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
causes neurologic manifestations including encephalopathy and seizures. However, there has been relatively limited electro-
physiology data to contextualize these specific concerns and to understand their associated clinical factors. Our objective was to
identify EEG abnormalities present in patients with SARS-CoV-2, and to determine whether they reflect new or preexisting brain
pathology. Methods: We studied a consecutive series of hospitalized patients with SARS-CoV-2 who received an EEG, obtained
using tailored safety protocols. Data from EEG reports and clinical records were analyzed to identify EEG abnormalities and
possible clinical associations, including neurologic symptoms, new or preexisting brain pathology, and sedation practices.
Results: We identified 37 patients with SARS-CoV-2 who underwent EEG, of whom 14 had epileptiform findings (38%). Patients
with epileptiform findings were more likely to have preexisting brain pathology (6/14, 43%) than patients without epileptiform
findings (2/23, 9%; p¼ 0.042). There were no clear differences in rates of acute brain pathology. One case of nonconvulsive status
epilepticus was captured, but was not clearly a direct consequence of SARS-CoV-2. Abnormalities of background rhythms were
common, as may be seen in systemic illness, and in part associated with recent sedation (p¼ 0.022). Conclusions: Epileptiform
abnormalities were common in patients with SARS-CoV-2 referred for EEG, but particularly in the context of preexisting brain
pathology and sedation. These findings suggest that neurologic manifestations during SARS-CoV-2 infection may not solely relate
to the infection itself, but rather may also reflect patients’ broader, preexisting neurologic vulnerabilities.
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Introduction

As the coronavirus disease 2019 (COVID-19) pandemic has

grown, there has been concern about its possible neurologic

consequences.1 COVID-19 is caused by the severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2) virus,

whose presentations range from asymptomatic to severe.2 One

early series of patients with severe infection described neuro-

logic findings of impaired consciousness (14.8%) and seizure

(1.1%),3 while another noted that 27% of patients had seizure

risk factors, though clinical seizures appeared rare.4 However,

routine EEG data to support or contextualize these concerns

has been limited to smaller series,5-8 with some series abstain-

ing from EEGs altogether due to safety concerns,4 including

limited personal protective equipment (PPE), risks of techni-

cian exposure, and possible iatrogenic spread through

personnel or equipment contamination. A paucity of EEGs

could underestimate the rate of seizures and epileptiform

activity in SARS-CoV-2, given reports of seizures in other

coronavirus outbreaks9 and reports of patients with

SARS-CoV-2 with nonconvulsive or focal status
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epilepticus.10,11 It is therefore imperative to understand what

EEGs might reveal in a broader series of patients with

SARS-CoV-2.

Concerns have also been raised about the neuroinvasive

potential of SARS-CoV-2.12 In some cases, the presence of

neurologic symptoms has even been used to infer central ner-

vous system (CNS) invasion,13 and there is at least 1 possible

case of meningoencephalitis with a positive cerebrospinal

fluid (CSF) reverse-transcriptase polymerase chain reaction

(RT-PCR).14 Autopsy series, however, have been conflicting

regarding rates of neuroinvasion,15 with the largest series sug-

gesting that neuroinvasion is limited.16 It is therefore unclear

whether seizures or encephalopathy in SARS-CoV-2 are due

to new CNS injury, reflect increased sensitivity in patients

with preexisting vulnerabilities, or are associated with aspects

of clinical care such as sedation.

We may be able to disambiguate this etiologic complexity

by determining the burden and clinical associations of EEG

abnormalities in SARS-CoV-2. We therefore undertook a

study of all patients at our institution with SARS-CoV-2 who

received an EEG, to test the hypothesis that there is a moder-

ate rate of epileptiform discharges in patients with

SARS-CoV-2, but that they are most common in patients with

preexisting, rather than new, brain pathology.

Methods

Patient Cohort

We retrospectively identified all inpatients who received an EEG

at an academic medical center in Boston, Massachusetts, starting

after identification of the second case of COVID-19 statewide

(March 2, 2020 – May 6, 2020). Patients receiving EEGs were

cross-referenced against a centralized hospital database of

COVID-19 status and SARS-CoV-2 results, detected using

RT-PCR from nasopharyngeal samples. All patients with at least

1 positive SARS-CoV-2 result and a clinically interpreted EEG

were included. To minimize bias, there were no further inclusion

or exclusion criteria. The sample size was determined by the

number of cases during the review period.

Protocol Approvals and Patient Consents

This study of human subjects was approved by the Institu-

tional Review Board (IRB) at Massachusetts General Hospital

(Boston, MA), including review of EEG and other clinical

data. The Partners Healthcare Human Research Committee

provided a waiver of consent for this retrospective study.

EEG Recordings

Protocols were developed to perform EEGs in the context of

institutional guidance on care for patients with COVID-19, con-

sistent with the American Clinical Neurophysiology Society’s

recommendations.17 Given uncertainty about the prevalence of

EEG abnormalities, there were no pre-specified triaging

restrictions to determine which patients could receive an EEG.

EEGs were recorded using disposable Ag/AgCl scalp electrodes

(Rhythymlink) using standard international 10-20 electrode pla-

cement. Care was taken with the angle of the head of the bed and

manipulation of intubated patients was minimized. Although

electrode placement in prone patients was anticipated, with a

plan to use disposable printed electrodes and related supplies

(Spes Medica TechSystem), no patient was prone at the time

of electrode placement; though 2 were proned prior to removal.

Single use bags were made for all items including skin prep

(NuPrep) and conductive paste (Ten20). No air hoses or collo-

dion were used. Leftover supplies were kept in patient rooms for

possible later use and to minimize cross-contamination. Activa-

tion procedures, such as photic stimulation and hyperventilation,

were not performed. Following use, computers and devices were

wiped down using germicidal disposable wipes (Sani-Cloth).

Portable EEG equipment was kept in a separate room for at least

1 hour after cleaning, away from people and other EEG

machines.

All EEGs for patients with SARS-CoV-2 were performed

by a single, experienced EEG technician, who volunteered to

lead the division’s pandemic care. This technician sequestered

at least 2 meters away from all other staff and had an exclusive

computer. EEG technicians worked on a limited hour basis in

the hospital depending on daily inpatient needs. All hospital

employees were required to wear a surgical mask for their

entire shift while on-site, except when working in private

individual offices or in areas where employees were reliably

separated by more than 2 meters. Additional precautions in

rooms of patients with known or suspected COVID-19

included an N95 respirator, gloves, gown, and eye protection

(goggles or face shield). All hospital employees had to attest

daily to not having COVID-19 related symptoms, including

fever, sore throat, new cough, new nasal congestion, muscle

aches, new loss of smell, or shortness of breath.

EEG Interpretation

EEG recordings were reviewed by 2 clinical electroencephalo-

graphers (1 board-certified attending physician and 1 fellow)

before reports were finalized in the electronic medical record.

Electroencephalographers interpreted recordings remotely via

secure Internet connections, which also allowed access to rou-

tine clinical data. Clinical disagreements were resolved

through virtual discussion.

Medical Record Review

Clinical EEG reports were reviewed by 2 neurologists to iden-

tify various possible abnormalities (listed in Table 1), includ-

ing Background/Rhythm abnormalities, Rhythmic and

Periodic Patterns, Sporadic Discharges, and Seizure activity.

The characteristics of sporadic and periodic discharges were

recorded, including whether they were identified as focal,

multifocal, or generalized, and with triphasic morphology
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present or absent. If more than 1 morphology was reported

then all were extracted. Patients with epileptiform findings

were those with status epilepticus or seizures, with burst sup-

pression with epileptiform activity, and with focal, multifocal,

or generalized discharges, without triphasic morphology

present.

Medical records were reviewed to extract clinical informa-

tion including age, dates of symptom onset and hospitaliza-

tion, medications, epidemiological risk factors,18 bedside

assessments of arousal and sedation (Richmond Agitation

Sedation Scale, RASS),19 neurologic exams, chest and brain

imaging, and initial COVID-19 related labs. We also noted the

clinical questions prompting EEG. Any disagreements were

resolved through virtual discussion.

Statistical Analysis

Proportions, medians, and inter-quartile ranges (IQR) were

calculated for descriptive analyses. Quantitative data was

compared using rank-sum tests, and proportions were com-

pared using Pearson Chi-square (w2) tests with Yates’ conti-

nuity correction. The significance level for all tests was p <

0.05. No corrections for multiple comparisons were performed

given the exploratory nature of the study. Analyses were per-

formed in MATLAB (R2018b, MathWorks).

Results

Patient Characteristics

We studied EEG findings in hospitalized patients with

SARS-CoV-2. A total of 307 patients received an acute care

EEG during the study period, of which 37 tested positive for

SARS-CoV-2, all before EEG. From the date of the first EEG

in a patient positive for SARS-CoV-2 (3/27/2020), 25% of

subsequent EEGs were in patients with SARS-CoV-2

(37/149 patients). This sample of 37 patients was studied

among a total of approximately 1,128 adults admitted with

known or possible SARS-CoV-2.

The patients’ clinical characteristics are displayed in

Table 1. Most patients had chest imaging findings consistent

with COVID-19 (32/37, 86%), and most were intubated (28/

37, 76%). Mos patients had at least 1 epidemiological risk

factor for COVID-19 (Supplemental Table 1) and laboratory

studies revealed elevated inflammatory markers (Supplemen-

tal Table 2). 81% of patients (30/37) had a neurologist

involved in their care at the time of EEG. Of the remaining

7 patients, 4 were referred for EEG by psychiatry, and 3 by

intensivists.

Neurologic Context for EEG Studies

Patients had diverse neurologic characteristics (Table 2). Only

1 patient had a history of epilepsy prior to presentation

(1/37, 3%), secondary to prior intraparenchymal hemorrhage.

Seven other patients had a history of central nervous system

(CNS) disease. One patient had Dementia with Lewy Bodies,

and 6 patients previously had ischemic strokes, including 1 in

the context of cerebral aneurysm coiling and 1 in the context

of metastatic small cell lung cancer. Acutely, most patients

had altered mental status, even in the absence of sedation or

persistently during sedation weans (28/37, 76%). Some

patients were reported to have anosmia (4/37, 11%). New

focal signs were relatively rare: 2 had patients had gaze pre-

ferences and 1 had hemiparesis (3/37, 8%).

Based on clinical evaluation, neuroimaging, and cerebrosp-

inal fluid (CSF) studies, 9 patients were determined to have

acute CNS pathology (9/37, 24%), including 3 with ischemic

stroke, 3 with intracerebral hemorrhage, and 1 each with cryp-

tococcal meningitis in the setting of virally unsuppressed HIV

infection, paraneoplastic encephalitis in the setting of small

cell lung cancer, and subacute combined degeneration in the

setting of nitrous oxide abuse. The latter 3 non-vascular events

were thought not to be direct results of SARS-CoV-2 per care

teams.

Several concerns prompted EEG, including convulsions

with unresponsiveness concerning for seizures (11/37, 30%),

altered mental status (24/37, 65%), and monitoring during

Table 1. Neurologic Context for EEG Studies in Patients With
SARS-CoV-2.

Neurologic Characteristics n/Subset (%)

Past Seizure History 1/37 (3%)
Past History of CNS Pathology 8/37 (22%)
Past Psychiatric History 16/37 (43%)
Altered Mental Status in the absence of sedation 28/37 (76%)
Anosmia 4/37 (11%)
New Focal Exam Finding 3/37 (8%)
Known Acute CNS Injury 9/37 (24%)
Empiric Anti-Epileptic Drug prior to EEG 11/37 (30%)
Neuroimaging Performed 35/37 (95%)

Computed Tomography (CT) 35/37 (95%)
Magnetic Resonance Imaging (MRI) 9/37 (24%)
MRIs performed with Gadolinium Contrast

demonstrating Meningeal Enhancement
0/7 (0%)

Neuroimaging Acutely Abnormal 9/35 (26%)
Cerebrospinal Fluid (CSF) Testing 4/37 (11%)

CSF Studies with Abnormal WBC or Protein 3/4 (75%)
CSF Studies with Abnormal WBC (>5 cells/mL) 2/4 (50%)
CSF Studies with Abnormal Protein 1/4 (25%)

Reason for EEG n/Subset (%)
Possible Seizure 11/37 (30%)
Altered Mental Status 24/37 (65%)
Cardiac Arrest 2/37 (5%)

Sedation Context n/Subset (%)
Recent sedation 27/37 (73%)
Propofol 19/27 (70%)
Dexmedetomidine 13/27 (48%)
Midazolam or Lorazepam 8/27 (30%)
Ketamine 2/27 (7%)
Sedation targeted for ventilator dyssynchrony 13/27 (48%)
Sedation decreased during EEG 10/27 (37%)
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post-cardiac arrest hypothermia (2/37, 5%). Most EEGs

involved long-term monitoring (LTM; 23/37, 65%), with a

median of 22.5 hours (IQR 0.4 – 43.4 hours). Most patients

had received recent sedation, either on the day of EEG or the

day prior (27/37, 73%), and patients had a median RASS of -3

(IQR -4 to -2). Only 10 patients could have sedation weaned

during EEG. Sedation was often specifically targeted to deep

levels due to ventilator dyssynchrony in the context of acute

respiratory distress syndrome (ARDS) (13/27 deeply sedated

for dyssynchrony, 48%).

EEG Results

EEG revealed findings in all patients (Table 3). The most com-

mon EEG findings were generalized abnormalities of back-

ground rhythms, including absent posterior dominant

rhythms (34/37, 92%) and generalized delta and theta slowing

(Figure 1A). Due to the possible effects of sedation on back-

ground rhythms, we stratified patients according to whether

they had recently received sedation. Patients who had recently

received sedation were more likely to lack a posterior dominant

rhythm (absent in 27/27, 100%), compared to 7/10 (70%), of

patients who had not recently received sedation (w2 p¼ 0.022).

EEG studies in 7 patients included capture of convulsive or

concerning events, but none had electrographic correlates of

discrete seizures. Electrographic seizures were also uncom-

mon, with only 1 case of nonconvulsive status epilepticus

(2.7%; 95% confidence interval 0-7.9%). This patient was a

woman in her 60 s with a history 20 years prior of a left posterior

communicating artery aneurysm, whose coiling was compli-

cated by a left precentral gyrus infarct. She had no prior history

of seizures. She presented acutely with syncope, and Chest CT

Table 2 EEG Findings in Patients With SARS-CoV-2.

EEG Findings
Total (N ¼ 37)

n/Total (%)
No Recent Sedation
(n ¼ 10) n/Subset (%)

Receiving Recent Sedation
(n ¼ 27) n/Subset (%)

w2 p
value

Any EEG Abnormality 37/37 (100%) 10/10 (100%) 27/27 (100%) 1.000
Background/Rhythm Abnormalities

Absent Posterior Dominant Rhythm (PDR) 34/37 (92%) 7/10 (70%) 27/27 (100%) *0.022
Asymmetry 4/37 (11%) 0/10 (0%) 4/27 (15%) 0.488
Generalized Delta Slowing 31/37 (84%) 7/10 (70%) 24/27 (89%) 0.378
Generalized Theta Slowing 31/37 (84%) 10/10 (100%) 21/27 (78%) 0.260
Excess, Diffuse Alpha 6/37 (16%) 1/10 (10%) 5/27 (19%) 0.903
Excess, Diffuse Beta 5/37 (14%) 1/10 (10%) 4/27 (15%) 0.872
Focal/Unilateral Delta Slowing 2/37 (5%) 0/10 (0%) 2/27 (7%) 0.947
Focal/Unilateral Theta Slowing 1/37 (3%) 0/10 (0%) 1/27 (4%) 0.600
Burst suppression with epileptiform activity 4/37 (11%) 0/10 (0%) 4/27 (15%) 0.488
Burst suppression without epileptiform

activity
1/37 (3%) 0/10 (0%) 1/27 (4%) 0.600

EEG Unreactive 1/37 (3%) 0/10 (0%) 1/27 (4%) 0.600
Intermittent brief attenuation 8/37 (22%) 1/10 (10%) 7/27 (26%) 0.552
Moderately low voltage 1/37 (3%) 0/10 (0%) 1/27 (4%) 0.600

Rhythmic and Periodic Patterns
Generalized Periodic Discharges (GPDs):

Triphasic morphology absent
4/37 (11%) 1/10 (10%) 3/27 (11%) 0.617

Generalized Periodic Discharges (GPDs):
Triphasic morphology present

8/37 (22%) 2/10 (20%) 6/27 (22%) 0.761

Stimulus-induced rhythmic, periodic, or ictal
discharges (SIRPIDs)

3/37 (8%) 0/10 (0%) 3/27 (11%) 0.673

Lateralized Periodic Discharges (LPDs) 0/37 (0%) 0/10 (0%) 0/27 (0%) n/a
Generalized Rhythmic Delta Activity (GRDA) 5/37 (14%) 1/10 (10%) 4/27 (15%) 0.872
Lateralized Rhythmic Delta Activity (LRDA) 1/37 (3%) 0/10 (0%) 1/27 (4%) 0.600

Sporadic Discharges
Focal 1/37 (3%) 0/10 (0%) 1/27 (4%) 0.600
Multifocal 6/37 (16%) 2/10 (20%) 4/27 (15%) 0.903
Generalized: Triphasic morphology present 9/37 (24%) 1/10 (10%) 8/27 (30%) 0.421
Generalized: Triphasic morphology absent 8/37 (22%) 1/10 (10%) 7/27 (26%) 0.552

Seizure Activity
Discrete Seizures: Generalized 0/37 (0%) 0/10 (0%) 0/27 (0%) n/a
Discrete Seizures: Focal 0/37 (0%) 0/10 (0%) 0/27 (0%) n/a
Nonconvulsive Status Epilepticus:

Generalized
1/37 (3%) 0/10 (0%) 1/27 (4%) 0.600

Nonconvulsive Status Epilepticus: Focal 0/37 (0%) 0/10 (0%) 0/27 (0%) n/a
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revealed an ascending aortic dissection with rupture and tam-

ponade, but no signs of viral pneumonia. She tested positive for

SARS-CoV-2. She underwent emergent repair, and aortic

pathology revealed focal chronic inflammation composed pri-

marily of CD3þCD4þ T-cells and CD68þCD163þ macro-

phages, but no diagnostic features of active aortitis.

Post-operatively she developed left sided head and arm twitch-

ing while being weaned from propofol. CT did not reveal acute

pathology. Her EEG demonstrated occasional right frontal

sharp waves, but moreso generalized periodic discharges,

whose frequency increased to 3-4 Hz when propofol was held

(Figure 1B; Supplemental Figure 1), which was determined to

be consistent with non-convulsive status epilepticus according

to the Salzburg criteria for epileptiform discharges >2.5 Hz.20

After treatment of non-convulsive status epilepticus, an MRI

revealed small acute infarcts in right middle frontal gyrus and

left superior parietal lobule, consistent with emboli from her

dissection. Following care, she was discharged to a rehabilita-

tion facility.

Sporadic and periodic discharges were also observed in the

EEG studies (Figure 1C). Discharges were morphologically

classified by clinical EEG readers, and patients sometimes had

more than 1 morphology. There was no definite frontal or

temporal predominance. We identified patients with epilepti-

form findings as those with focal, multifocal, or generalized

discharges, excluding those with triphasic morphology, as

well as patients with electrographic seizures, status epilepti-

cus, or burst suppression with epileptiform activity. 38% of

patients had epileptiform findings (14/37, Table 4). We eval-

uated what clinical characteristics were more common in

patients with epileptiform findings. A history of CNS pathol-

ogy was more common in patients with epileptiform findings

(6/14 patients with epileptiform findings had a history of CNS

pathology, compared to 2/23 patients without epileptiform

findings, w2 p¼ 0.042). EEGs with epileptiform findings were

also obtained earlier in patient’s courses (p ¼ 0.044).

Care was escalated in 4 patients with epileptiform findings.

Two patients received increased antiepileptic therapy. Two

additional patients received benzodiazepine trials for general-

ized periodic discharges, one of which improved clinically but

was ultimately thought to be more consistent with catatonia

than nonconvulsive status epilepticus.

EEG Safety

To date, none of our EEG staff has tested positive for

SARS-CoV-2, including the technician performing the studies,

other EEG technicians, and interpreting neurophysiologists.

Additionally, there have been no known cases nor safety reports

in our institution regarding cross-contamination of other patients

as a result of EEG testing.

Discussion

SARS-CoV-2 and Epileptiform EEG Findings

All patients with SARS-CoV-2 in our study who received

EEGs for clinical purposes had EEG abnormalities, including

epileptiform findings in just over a third of the patients,

despite only 1 patient having a history of epilepsy. These

findings have been seen in other types of critical illness,21,22

suggesting that direct neuroinvasion need not occur to explain

such findings. Epileptiform activity appeared to be associated

with preexisting brain pathology, but not acute clinical or

radiographic findings. Case reports of status epilepticus in

SARS-CoV-2 have been described both with11,23 and with-

out10,24 prior CNS pathology. Although several patients had

acute CNS pathology, a direct effect of SARS-CoV-2 was

sometimes hard to ascertain, even for our patient with non-

convulsive status epilepticus.

Epileptiform abnormalities were relatively diverse includ-

ing multifocal and generalized discharges, and other poten-

tially epileptiform findings such as discharges with triphasic

morphology. While there has been concern that intranasal

infection may be a potential route for coronavirus neuroinva-

sion,25 there was no clear association between epileptiform

findings and anosmia, nor was there a fronto-temporal predo-

minance to suggest specifically limbic involvement. Other

groups have noted frontally predominant abnormalities in

patients with SARS-CoV-2,7,8,26,27 but in at least 1 paper

frontal slowing appeared similar to that seen in metabolic

Table 2. Clinical Characteristics of Patients With SARS-CoV-2
Undergoing EEG.

Patient Characteristics (N ¼ 37 Patients)

Age in years, median (IQR) 66.0 (59.5 - 76.3)
Gender n/Total (%)

Female 10/37 (27%)
Male 27/37 (73%)

Preferred Language n/Total (%)
English 24/37 (65%)
Spanish 8/37 (22%)
Haitian-Creole 3/37 (8%)
Other 2/37 (5%)

Race/Ethnicity n/Total (%)
Hispanic/Latinx 9/37 (24%)
Non-Hispanic Black 12/37 (32%)
Non-Hispanic White 14/37 (38%)
Non-Hispanic Asian 2/37 (5%)

Respiratory Considerations n/Total (%)
COVID-19 Findings on Chest Imaging 32/37 (86%)
Intubated 28/37 (76%)
Timing of Care Median (IQR)
Days from Symptoms to Admission 5.0 (0.0 – 9.0)
Days from Symptoms to EEG 17.5 (8.5 – 27.5)
Length of Hospital Admission (days) 26.5 (12.5 – 41.0)
Disposition n/Total (%)
Death or Hospice 10/37 (27%)
Discharge to Facility 23/37 (62%)
Discharge to Home 3/37 (8%)
Continued inpatient care 1/37 (3%)
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Figure 1. Representative EEGs from Patients with SARS-CoV-2. A, Example EEG of a patient with SARS-CoV-2 who was not intubated and not
receiving generalized sedation, with absent posterior dominant rhythm and the presence of generalized theta slowing. For all panels, data was
filtered with a bandpass filter between 1-70 Hz and a notch filter at 60 Hz. EEG is shown in black in a longitudinal bipolar montage, EKG is shown
in red. The sensitivity is indicated in blue for each panel. B, Example EEG of a patient with SARS-CoV-2 who had nonconvulsive status epilepticus
as described in the Results, with generalized periodic discharges at a frequency of 3-4 Hz when propofol was held, displayed using a monopolar,
physical referential montage. C, Example EEG of a patient with SARS-CoV-2 with multiple discharge morphologies, including both triphasic and
otherwise generalized sharp wave morphologies, displayed in a longitudinal bipolar montage
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encephalopathies and correlated with systemic lab findings.7

Although a few encephalitides are associated with suggestive

EEG findings, such as very low frequency periodic complexes

in measles-related subacute sclerosing panencephalitisis28 or

lateralized periodic epileptiform discharges in HSV encepha-

litis,29 neither finding is necessarily specific. Our study did not

identify an EEG finding more specific to SARS-CoV-2 than

other syndromes, similar to other recent systematic studies

and reviews.30-32

Several EEGs included capture of convulsive or concern-

ing events, but none had electrographic correlates. This sug-

gests the need for care regarding the diagnosis of seizures

solely based on convulsions in patients with SARS-CoV-2,

which can also manifest with myoclonus.33 More detail may

be necessary when seizures are diagnosed or reported in

COVID-19 without description of ancillary data.

SARS-CoV-2 and EEG Background Rhythms

In addition to epileptiform abnormalities, the most common

EEG findings were background rhythms abnormalities, a non-

specific finding that can be associated with poor prognosis.34

Some abnormalities, for example generalized theta slowing,

were frequent even in patients who had not recently received

sedation, and this can be seen in non-encephalitic conditions

such as toxic-metabolic encephalopathies.35 However, the

increased lack of a posterior dominant rhythm in patients

recently receiving sedation suggests that some background

rhythm abnormalities in SARS-CoV-2 may not simply reflect

direct effects of SARS-CoV-2 infection, but may include con-

tributions from its management, such as sedation.

A consideration that was unexpected at the outset of this

study was how frequently patients were deeply sedated,

beyond typical sedation goals (for example to a RASS of -3,

rather than -1 to 0). While ICU sedation can unintentionally

become deeper than intended, especially when the number of

bedside evaluations are limited,36 sedation was also intention-

ally deep and rarely lifted successfully due to ventilator dys-

synchrony. The risks and benefits of deep sedation in Acute

Respiratory Distress Syndrome (ARDS) are complex,37 and

the sedation strategy that most effectively balances

patient-specific risks and benefits in SARS-CoV-2 remains

unknown. Heavy sedation is likely to affect EEG sensitivity

and specificity and has not been considered in all prior

SARS-CoV-2 EEG reports. Given that several of our EEGs

were prompted by convulsions in the setting of weaning seda-

tion, we recommend anticipating whether and when attempts

will be made to decrease sedation during long-term EEGs.

EEG and SARS-CoV-2 Safety Considerations

As the COVID-19 pandemic caused by SARS-CoV-2 contin-

ues, there will be increasing need to safely perform diagnostic

tests that were previously routine.38,39 Early in the pandemic,

dynamic institutional policies dictated overarching cessation

of elective clinical work, minimization of onsite staff, and

provision and limitation of PPE use. Protocols for specific

procedures, however, were entrusted to specific divisions. Uti-

lization of a single experienced technologist not only poten-

tially minimized potential exposures, it also made it easier to

adopt to evolving institutional requirements, to modify prac-

tices, to coordinate PPE, and to provide feedback.

Table 4. Clinical Associations With Epileptiform Findings in Patients With SARS-CoV-2.

EEGs without Epileptiform
Findings (N ¼ 23)

EEG with Epileptiform
Findings (N ¼ 14)

Rank-sum
p valuePatient Characteristics Median (IQR) Median (IQR)

Age (years) 66.0 (57.0 - 78.0) 66.5 (63.0 - 73.0) 0.888
Days from Symptoms to EEG 20.0 (10.8 – 28.0) 4.0 (1.0 – 16.5) *0.044
Patient Characteristics n/Subset (%) n/Subset (%) w2 p value

COVID-19 Findings on Chest Imaging 21/23 (91%) 11/14 (79%) 0.547
Past History of CNS Pathology 2/23 (9%) 6/14 (43%) *0.042
Anosmia 4/23 (17%) 0/14 (0%) 0.269
Altered Mental Status in the absence

of sedation
17/23 (74%) 11/14 (79%) 0.940

Known Acute CNS Injury 6/23 (26%) 3/14 (21%) 0.940
Recent Sedation 14/23 (61%) 7/14 (50%) 0.760

Reason for EEG n/Subset (%) n/Subset (%) w2 p value
Possible Seizure 5/23 (22%) 6/14 (43%) 0.321
Altered Mental Status 17/23 (74%) 7/14 (50%) 0.262
Cardiac Arrest 1/23 (4%) 1/14 (7%) 0.700

Impact of EEG n/Subset (%) n/Subset (%) w2 p value
Antiepileptic Drug Started 0/23 (0%) 2/14 (14%) 0.265
Benzodiazepine Trial Initiated 0/23 (0%) 2/14 (14%) 0.265
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To date there has been no clear transmission within or from

our division and our protocol may be helpful to other institu-

tions managing possible pandemic surges. However, there is

limited data to guide safety protocols and limit iatrogenic

spread, including among healthcare workers.40 Protocols are

likely to depend on local prevalence, PPE availability, and

evolving understandings of COVID-19 spread. The benefits

of masking patients remains uncertain, and exhalation airflow

is redirected by masks, potentially flowing superiorly, with

unclear consequences for EEG technicians who often stand

above patients’ heads.41 Tracking healthcare related cases of

SARS-CoV-2 would be helpful to understand risks of trans-

mission to and from specific provider roles.

Limitations

Our study has several imitations. This case series was drawn

from a single center in order to evaluate data efficiently, albeit

from a hospital with the largest caseload in a state considered

one of the United States’ early epicenters. The series was also

relatively small, though to our knowledge, this is one of the

largest known series to date of patients receiving standard

EEGs for any coronavirus. All EEGs were ordered at the dis-

cretion of providers, which may introduce clinical biases that

may limit generalizability to patients who do not prompt such

studies. Our rate of electrographic seizures and estimated con-

fidence interval, however, agrees with other, smaller series,

suggesting a �8% rate of seizures even in such selected popu-

lations.3,42-44 This series included a heterogeneous population,

including some patients who appeared asymptomatic from a

respiratory perspective. Asymptomatic patients will likely

form an increasing portion of SARS-CoV-2 studies as both

viral spread and testing increase. Additionally, while we have

shared the specific safety protocols undertaken by our division

at this time, we anticipate that protocols will evolve as more is

learned.

Conclusion

EEG provides a dynamic window into the dramatic ways in

which the brains of our patients are affected by the systemic

and neurologic consequences of SARS-CoV-2. Epileptiform

abnormalities were common in patients with SARS-CoV-2

referred for EEG and were associated with preexisting brain

pathology. These findings suggest that the neurologic conse-

quences of SARS-CoV-2, including seizures and encephalo-

pathy, may not relate solely to infection itself, but also to how

neurologically vulnerable patients are affected more broadly,

including the ways in which we care for them.
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33. Rábano-Suárez P, Bermejo-Guerrero L, Méndez-Guerrero A,

et al. Generalized myoclonus in COVID-19. Neurology. 2020;

95(6):e767-e772. Epub ahead of print May 21, 2020. doi:10.

1212/WNL.0000000000009829

34. Kimchi EY, Neelagiri A, Whitt W, et al. Clinical EEG slowing

correlates with delirium severity and predicts poor clinical out-

comes. Neurology. 2019;93:e1260-e1271.

35. Sutter R, Stevens RD, Kaplan PW. Clinical and imaging corre-

lates of EEG patterns in hospitalized patients with encephalo-

pathy. J Neurol. 2013;260(4):1087-1098.

36. Nassar AP, Zampieri FG, Salluh JI, et al. Organizational factors

associated with target sedation on the first 48 h of mechanical

212 The Neurohospitalist 11(3)

https://www.acns.org/practice/covid-19-resources
https://www.acns.org/practice/covid-19-resources


ventilation: an analysis of checklist-ICU database. Crit Care.

2019;23(1):34.

37. Shah FA, Girard TD, Yende S. Limiting sedation for patients

with acute respiratory distress syndrome—time to wake up. Curr

Opin Crit Care. 2017;23(1):45-51.

38. Haines S, Caccamo A, Chan F, et al. Practical considerations

when performing neurodiagnostic studies on patients with

COVID-19 and other highly virulent diseases. Neurodiagn J.

2020;1-18.

39. Gélisse P, Rossetti AO, Genton P, Crespel A, Kaplan PW. How

to carry out and interpret EEG recordings in COVID-19 patients

in ICU? Clin Neurophysiol. 2020;131(8):2023-2031. Epub ahead

of print May 13, 2020. doi:10.1016/j.clinph.2020.05.006

40. CDCMMWR. Characteristics of health care personnel with

COVID-19—United States, February 12–April 9, 2020. MMWR

Morb Mortal Wkly Rep. 2020;69(15):477-481. Epub ahead of

print 2020. doi:10.15585/mmwr.mm6915e6

41. Tang JW, Liebner TJ, Craven BA, Settles GS. A schlieren opti-

cal study of the human cough with and without wearing masks

for aerosol infection control. J R Soc Interface. 2009;6(Suppl 6):

S727-736.

42. Arentz M, Yim E, Klaff L, et al. Characteristics and outcomes of

21 critically ill patients with COVID-19 in Washington State.

JAMA. 2020;323(16):1612-1614.

43. Romero-Sánchez CM, Dı́az-Maroto I, Fernández-Dı́az E, et al.

Neurologic manifestations in hospitalized patients with COVID-

19: The ALBACOVID registry. Neurology. 2020;95(8):

e1060-e1070. Epub ahead of print June 1, 2020. doi:10.1212/

WNL.0000000000009937

44. Scullen T, Keen J, Mathkour M, et al. Coronavirus 2019

(COVID-19)–associated encephalopathies and cerebrovascular

disease: the New Orleans experience. World Neurosurg. 2020;

141:e437-e446. Epub ahead of print May 28, 2020. doi:10.1016/

j.wneu.2020.05.192

Ayub et al 213



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


