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Abstract
Objective: Acute encephalopathy may occur in COVID-19-infected patients. We in-
vestigated whether medically indicated EEGs performed in acutely ill patients under 
investigation (PUIs) for COVID-19 report epileptiform abnormalities and whether 
these are more prevalent in COVID-19 positive than negative patients.
Methods: In this retrospective case series, adult COVID-19 inpatient PUIs under-
went EEGs for acute encephalopathy and/or seizure-like events. PUIs had 8-channel 
headband EEGs (Ceribell; 20 COVID-19 positive, 6 COVID-19 negative); 2 more 
COVID-19 patients had routine EEGs. Overall, 26 Ceribell EEGs, 4 routine and 7 
continuous EEG studies were reviewed. EEGs were interpreted by board-certified 
clinical neurophysiologists (n  =  16). EEG findings were correlated with demo-
graphic data, clinical presentation and history, and medication usage. Fisher's exact 
test was used.
Results: We included 28 COVID-19 PUIs (30-83  years old), of whom 22 tested 
positive (63.6% males) and 6 tested negative (33.3% male). The most common in-
dications for EEG, among COVID-19-positive vs COVID-19-negative patients, re-
spectively, were new onset encephalopathy (68.2% vs 33.3%) and seizure-like events 
(14/22, 63.6%; 2/6, 33.3%), even among patients without prior history of seizures 
(11/17, 64.7%; 2/6, 33.3%). Sporadic epileptiform discharges (EDs) were present 
in 40.9% of COVID-19-positive and 16.7% of COVID-19-negative patients; frontal 
sharp waves were reported in 8/9 (88.9%) of COVID-19-positive patients with EDs 
and in 1/1 of COVID-19-negative patient with EDs. No electrographic seizures were 
captured, but 19/22 COVID-19-positive and 6/6 COVID-19-negative patients were 
given antiseizure medications and/or sedatives before the EEG.
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1  |   INTRODUCTION

The global spread of severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infections (COVID-19) and the grave 
prognosis in certain people who manifest more severe illness 
and rapid decline urges for the identification of early predic-
tors of outcomes and progression as these predictors may lead 
to more effective interventions to improve chances for rapid 
recovery. While the initial reports of COVID-19 illness high-
lighted the respiratory decline, multi-system organ failure and 
resultant mortality, particularly in vulnerable populations, re-
ports on neurological manifestations are currently emerging.1–7 
A report from China on 214 COVID-19 patients indicated that 
more severely affected COVID-19 patients were more likely 
to have neurological involvement (45.5% in severe vs 30.2% 
in less severe COVID-19-positive individuals), including acute 
cerebrovascular diseases (5.7% vs 0.8%), impaired conscious-
ness (14.8% vs 2.4%) and skeletal muscle injury (19.3% vs 
4.8%).1 Additional neurological manifestations included epi-
lepsy (0.5%), peripheral nervous system disorders and muscle 
injury.1 In a retrospective study of 274 patients who were ei-
ther deceased (n = 113) or recovered and discharged (n = 161), 
disorders of consciousness upon admission were far more 
prevalent among the deceased (22%) than the recovered pa-
tients (1%) and hypoxic encephalopathy was seen in 20% of 
the deceased.2 Altered mental status, presenting with delirium 
or encephalopathy, is a recognized neurological manifestation 
among COVID-19 patients;8 this may stem from the many met-
abolic derangements, cardiorespiratory disturbances, the ongo-
ing viral infection and cytokine storm, or the coagulopathy that 
may be present in the acute phase of the illness. Whether and 
when direct transmission of the virus to the CNS and associated 
regional neurotropism may also contribute to this encephalopa-
thy or other CNS neurological manifestations is unclear.

Our hospital network has been operating within the epicen-
ter of the COVID-19 pandemic. Systematic testing for COVID-
19 has been has been performed beginning in early March 2020 
when the first cases were recognized in New York. To minimize 
healthcare personnel's exposure to high risk for COVID-19 
transmission patients, we have utilized an 8-channel headband 
EEG system (8ch-EEG), Ceribell rapid response EEG that can 

be quickly applied by personnel without having prior training as 
EEG technologists.9,10 We report our first findings from med-
ically indicated EEG studies, performed predominantly using 
8ch-EEG, on admitted acutely ill COVID-19 PUIs. We found 
that a sizeable proportion of COVID-19-positive patients had 
suspicion for seizures and/or epileptiform discharges (EDs) in 
their EEG compared to COVID-19-negative patients, albeit 
these differences did not reach statistical significance. The find-
ings are discussed in the context of clinical indication, respi-
ratory status, prior medication and additional relevant history.

2  |   METHODS

2.1  |  Study design, inclusion and exclusion 
criteria

The study has been approved by the Montefiore Medical 
Center Institutional Review Board. This is a preliminary 
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Significance: This is the first preliminary report of EDs in the EEG of acutely ill 
COVID-19-positive patients with encephalopathy or suspected clinical seizures. EDs 
are relatively common in this cohort and typically appear as frontal sharp waves. 
Further studies are needed to confirm these findings and evaluate the potential direct 
or indirect effects of COVID-19 on activating epileptic activity.
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Key Points
•	 Mental status changes prompting EEG evaluation 

of COVID-19-positive patients included new en-
cephalopathy (68.2%) and poor recovery after dis-
continuing sedation (13.6%).

•	 Mental status changes prompting EEG evaluation 
of COVID-19-negative patients included new en-
cephalopathy (33.3%) and altered mental status 
due to acute neurological insults (50%).

•	 Suspicion for new clinical seizures prompted EEG 
requests in 63.6% of COVID-19-positive and 
33.3% of COVID-19-negative patients.

•	 Epileptiform discharges appear in 40.9% of 
COVID-19-positive patients who had medical in-
dication for EEG with frontal sharp waves as the 
predominant pattern.

•	 Future studies need to establish whether COVID-
19 infection increases the risk for epileptiform 
abnormalities and to investigate pathogenesis.
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retrospective case series review of EEG findings, mostly 
using 8ch-EEG, obtained on adult male and female patients 
who had been admitted to Montefiore Medical Center and 
its affiliated hospitals, had EEG studies performed be-
tween March 1st and April 15th of 2020 for medically 
indicated reasons and results were available in their elec-
tronic medical records. In addition to 8ch-EEG, a small 
number of other EEG studies [routine or continuous EEG 
(cEEG)] that were conducted on COVID-19-positive pa-
tients were also included (see Table 1). Only adults were 
included given that the Ceribell EEG was only utilized 
within adult intensive care units. We excluded EEG stud-
ies that were performed on patients who were either not 
tested for COVID-19 or their results were not available 
in the electronic medical records at the time of our data 
collection and analysis. These EEGs were interpreted by 
board-certified clinical neurophysiologists from the EEG 
Division of Montefiore Medical Center, using a standard-
ized report template within the Epic electronic medical 
records system (Epic Systems Corporation, Verona, WI, 
USA). The results included in this study are based on 
these reports. For patients who had additional EEG stud-
ies (routine, cEEG), these results were also reviewed and 
documented. A suspicion for clinical seizure-like events 
was based on reports by the primary team or neurology 
consult of paroxysmal changes in the neurological state 
or behavior concerning for seizures that prompted the re-
quest for the EEG.

2.2  |  Encephalopathy vs other mental status 
designations, seizure reports

Coding was done based on the impressions and diagnoses of-
fered by the primary and consulting teams in the Epic reports. 
In Table 2, we utilized the following classification:

•	 “New encephalopathy” indicates report of new “confu-
sion” or “delirium” or “encephalopathy” at time of hospi-
talization or prior to the EEG request.

•	 “Chronic encephalopathy” designation is used when the 
history of encephalopathy already existed with no clear 
change.

•	 “Altered mental status” designation was attributed to new 
neurological events, for example, intraparenchymal or sub-
dural hematomas.

•	 “Poor responsiveness after sedation discontinuation” im-
plies no appropriate improvement of mental status after 
sedation was stopped, per the primary team's assessment.

•	 “Seizure-like events” in Table  2 indicates motor sei-
zure-like events or seizures or confusion resembling prior 
seizures, all of which were logged during the current 
admission.

2.3  |  COVID-19 status determination

COVID-19 testing had been undertaken as clinically indi-
cated and was due to the presence of symptoms suspicious 
for COVID-19. COVID-19 status was determined by SARS-
CoV-2 virus real-time PCR detection in nasopharyngeal 
swabs, using FDA-approved assays: Abbott, Luminex Aries, 
Cepheid Xpert Xpress SARS-CoV-2, or Hologic Panther 
Fusion real-time RT-PCR SARS-CoV-2 assay.

2.4  |  EEG studies

Ceribell rapid response EEGs (Ceribell) were done using a 10 
electrode/ 8-channel system including Fp1, Fp2, F7, F8, T3, 
T4, T5, T6, O1, and O2 electrodes (referred to herein as “8ch-
EEG”). Sampling rate was 250 Hz. EEGs were read using a 
bipolar montage. High pass and low pass filters were usu-
ally at 1 Hz (range 0.1-1 Hz) and 30 Hz (range 15-100 Hz), 
respectively. 8ch-EEGs were read using the EEG portal ver-
sion 2.1.3. Routine and continuous videoEEGs were accom-
plished using the XLTEK EEG acquisition system (Natus 
Medical Inc) sampling at a 500 Hz frequency. During read-
ing, high pass and low pass filters were usually at 1 Hz (range 
0.05-5 Hz) and 70 Hz (range 5-100 Hz), respectively.

2.5  |  Statistics

Fisher's exact test was used to evaluate statistical signifi-
cance. Statistical significance was set at .05. JMP 10.0.0 
software was used for statistics (SAS Institute Inc). Results 
of continuous variables are presented as both means or medi-
ans ± standard deviation (SD) (Table 1).

3  |   RESULTS

3.1  |  Study population and COVID-19 status 
among inpatients evaluated with 8ch-EEGs

We identified 40 8ch-EEGs studies undertaken during this 
period, and 2 routine EEG studies of another two COVID-19-
positive patients were added (Table 1). Seven of the patients 
evaluated with 8ch-EEGs also had additional EEG stud-
ies (routine or cEEG), which were also reviewed and com-
pared with the 8ch-EEGs reports. From the 40 8ch-EEGs, 
13 were excluded because there was no COVID-19 testing 
done (32.5%), to avoid including patients with different clini-
cal presentation that could confound the results. From the 
27 remaining studies, one study was excluded as there was 
no COVID-19 results yet available at the time of the study 
analysis. Among the 26 COVID-19 PUIs who underwent 
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T A B L E  1   Cohort characteristics and EEG findings in acutely ill COVID-19 PUIs

Characteristics COVID-19 Positive COVID-19 Negative P value

Cohort characteristics

Number of patients with EEGs (n) 22 6  

Patients with 8ch-EEG [n, (% of total 8ch-EEGs)] 20/ 26 (76.9%) 6/26 (23.1%)  

Age (y)

Mean ± SD 63.23 ± 11.9 (30-83) 57.6 ± 21.6 (30-76) .1951

Median 64 64  

Gender [M/total, %M] 14/22 (63.6%) 2/6 (33.3%) .3541

Past medical history

Prior epilepsy 4/22 (18.2%) 0/6 (0%) .5487

On ASM 2/4 (50%) 0/0 1

Prior neurological disorders, except epilepsy 7/22 (31.8%) 2/6 (33.3%) 1

Prior psychiatric disorders history 5/22 (22.7%) 3/6 (50%) .3107

Clinical indication for EEG

R/o NCSE, altered mental status 20/22 (90.9%) 6/6 (100%) 1

Motor Sz-like events or Sz at presentation or confusion resembling prior 
seizures

12/22 (54.5%) 1/6 (16.7%) .1727

Confusion at presentation, no prior seizures 1/22 (4.5%) 0/6 (0%) 1

Gaze deviation 2/22 (9.1%) 1/6 (16.7%) .5299

Respiratory status (day of EEG study)

Acute respiratory failure, hypoxic 21/22 (95.5%) 6/6 (100%) 1

Unremarkable (only sore throat) 1/22 (4.5%) 0/6 (0%) 1

Intubated 14/22 (63.6%) 6/6 (100%) .1412

Nasal cannula/ high flow nasal cannula/ nonrebreather mask 7/22 (31.8%) 0/6 (0%) .2883

Renal insufficiency or liver dysfunction

Renal insufficiency (Creatinine > 1.5 mg/dL) 10/22 (45.5%) 2/6 (33.3%) .673

Normal renal function 12/22 (54.5%) 4/6 (66.7%)  

Liver dysfunction (abnormal transaminases) 17/22 (77.3%) 4/6 (66.7%) .6219

Normal liver function 5/22 (22.7%) 2/6 (33.3%)  

Neuroimaging: new findings 3/13 (23.1%) 6/6 (100%) .2262

Positive infectious workup (other than COVID-19) 5/21 (23.8%) 5/6 (83.3%) .0152

Positive blood cultures 0/21 (0%) 4/6 (66.7%) .0009

Positive respiratory cultures (1 patient did not have cultures) 5/21 (23.8%) 2/6 (33.3%) .6334

Suspicion of clinical seizure-like events 14/22 (63.6%) 2/6 (33.3%) .3652

Among patients with prior epilepsy 3/4 (75%) 0/0  

Among patients without prior epilepsy (1 patient's history of epilepsy  
was unknown)

11/17 (64.7%) 2/6 (33.3%) .3413

Medications in the hospital

Sedatives 14/22 (63.6%) 5/6 (66.7%) 1

ASM 12/22 (54.5%) 4/6 (66.7%) .673

Sedatives or ASM 19/22 (86.4%) 6/6 (100%) 1

ASM in patients with prior epilepsy 4/4 (100%) 0/0  

ASM in patients with no prior epilepsy 8/18 (44.4%) 4/6 (66.7%) .6404

(Continues)
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Characteristics COVID-19 Positive COVID-19 Negative P value

EEG findings

Types of EEGsa 

8ch-EEG (n) 20 6  

Routine EEG (n) 4 0  

cEEG (n) 7 0  

Duration of 8ch-EEGs (min/study)

Mean ± SD 190.9 ± 149.3 375.8 ± 180.6 .0224

Median 164.5 297.5  

Background abnormal 22/22 (100%) 6/6 (100%) 1

Bilateral slowing 22/22 (100%) 6/6 (100%) 1

Focal slowing 5/22 (22.7%) 2/6 (33.3%) .6219

Symmetric 18/22 (81.8%) 4/6 (66.7%) .6452

PDR absent 18/22 (81.8%) 5/6 (83.3%) 1

PDR slow 4/22 (18.2%) 1/6 (16.7%) 1

No AP gradient 17/22 (77.3%) 5/6 (83.3%) 1

Asymmetric 3/22 (13.6%) 2/6 (33.3%) .2855

Discontinuous or burst suppression 1/22 (4.5%) 1/6 (16.7%) .3889

Sporadic epileptic abnormalities 9/22 (40.9%) 1/6 (16.7%) .3746

Frontal, sharp waves 8/22 (36.4%) 1/6 (16.7%) .6296

Bilateral, symmetric or asymmetric 6/8 (75%) 1/1 (100%) 1

Focal, unilateral 2/8 (25%) 0/1 (0%) 1

Temporal or hemispheric, left sharp wavesb  2/22 (9.1%) 0/6 (0%) 1

Frontal sharp waves among patients with EDs 8/9 (88.9%) 1/1 (100%) 1

Sporadic EDs present

In patients with sedatives 6/14 (42.9%) 1/5 (20%) .6027

In patients with ASM 6/12 (50%) 1/4 (25%) .5846

In patients with either sedative or ASM 9/18 (50%) 1/6 (16.7%) .3408

In patients with neither sedative or ASM 0/4 (0%) 0/0 1

Sporadic EDs present 9/22 (40.9%) 1/6 (16.7%) .3746

In patients with prior seizure history 2/4 (50%) 0/0 1

In patients without prior seizure history 7/18 (38.9%) 1/6 (16.7%) .6214

In patients presenting with clinical suspicion/evidence of seizures 4/14 (28.6%) 0/2 (0%) 1

Sporadic EDs present

In patients with renal insufficiency 3/10 (30%) 1/2 1

In patients without renal insufficiency 6/12 (50%)c  0/4 .2335

In patients with hepatic dysfunction 7/17 (29.2%) 0/4 .2550

In patients without hepatic dysfunction 2/5 (40%)d  1/2 1

Sporadic EDs present

In male patients 4/14 (28.6%) 1/2 (50%) .1870

In female patients 5/8 (62.5%)e  0/4 (0%) .0808

Periodic, rhythmic discharges 4/22 (18.2%) 0/6 (0%) .5487

Generalized or frontal rhythmic delta 3/22 (13.6%) 1/6 (16.7%) 1

Bifrontal sharply contoured periodic waves 1/22 (4.5%) 0/6 (0%) 1

Lateralized rhythmic delta, Left, temporal 1/22 (4.5%) 0/6 (0%) 1

T A B L E  1   (Continued)

(Continues)
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8ch-EEGs with documented results, 20/26 (76.9%) were 
COVID-19 positive and 6/26 (23.1%) were COVID-19 
negative.

3.2  |  Patient characteristics

Comparison of COVID-19 positive with negative cohorts did 
not show statistically significant differences in age (Table 1), 
intubation status, prior history of epilepsy or neurological or 
psychiatric disorders. Most of the patients had acute respira-
tory failure, were intubated at the time of the EEG studies 
(63.6% vs 100%), and were receiving sedatives and/or an-
tiseizure medications (ASMs) (86.4% vs 100%) (COVID-19 
positive vs negative, respectively). The prevalences of renal 
or hepatic insufficiency were similar in the two cohorts.

Among COVID-19-positive patients, 5/21 (23.8%) 
showed positive bacterial cultures in sputum (n  =  5), 
whereas in COVID-19-negative patients, 5/6 (83.3%) had 
positive cultures in either blood (n  =  4) and/or sputum 
(n = 2, bacterial) (P = .0152). One COVID-19-positive pa-
tient did not have cultures done. A significant difference 
was seen in prevalence of positive blood cultures among 
COVID-19 negative patients (4/6, 66.7% vs COVID-19 
positive (0/21, 0%) (P =  .0009). COVID-19-negative pa-
tients had bacteremia (n = 3) or fungemia/viremia (n = 1). 
Neuroimaging revealed new findings in 3/13 (23.1%) 
COVID-19-positive patients as opposed to 6/6 (100%) of 
COVID-19-negative (P  =  .2262). In COVID-19-positive 
patients, new findings included subcortical and mild 
periventricular white matter signal hyperintensity (1 MRI), 
subarachnoid hemorrhage due to aneurysm (n  =  1), and 
subdural hematoma (n  =  1). In COVID-19-negative pa-
tients, new findings included subdural (n = 2), subarach-
noid (n = 1), thalamic (n = 1) hematomas, acute infarct at 

periatrial white matter and splenium of corpus callosum 
(n = 1) and evidence of subacute hypoxic ischemic enceph-
alopathy or infectious vasculopathy (n = 1).

3.3  |  Clinical indication for EEG studies

EEGs were requested to evaluate for altered mental status 
and/or rule out nonconvulsive status epilepticus (90.9% 
vs 100%) (COVID-19 positive vs negative, respectively). 
Encephalopathy or mental status change was a leading cause 
of EEG requests (Table 2). Many patients were intubated or 
sedated, rendering mental status assessment for encephalopa-
thy challenging. As shown in Table 2, new encephalopathy 
tended to be more common in COVID-19-positive (15/22, 
68.2%) than in COVID-19-negative patients (2/6, 33.3%) 
(P = .1741, Fisher's exact test).

Clinical concern for seizure-like events was reported 
in 14/22 COVID-19-positive (63.6%) and 2/6 COVID-19-
negative patients (2/6, 33.3%). In COVID-19-positive pa-
tients, these episodes included new gaze deviation (n = 2), 
and 12 with reports of motor seizure-like events which were 
described as: myoclonic seizures (n = 3), “abnormal trem-
ulous movements concerning for seizure” (n  =  1), motor 
seizures (n  =  5), confusional events reminiscent of prior 
seizures (n = 1), “abnormal movements,” or “shaking move-
ments” concerning for seizures (n  =  2). New events with 
gaze deviation concerning for seizure (n = 1) or seizure at 
home (n = 1) were described in two COVID-19-negative pa-
tients. Overall, the trend for more clinical seizure-like events 
in COVID-19-positive than in COVID-19-negative patients 
was independent of a prior history of epilepsy (see Table 1) 
and was also noted among COVID-19-positive patients with 
new onset encephalopathy (5/15, 33.3%) compared with 
COVID-19-negative (0/2, 0%) patients (Table 2).

Characteristics COVID-19 Positive COVID-19 Negative P value

Seizures, electrographic

Present 0/22 (0%) 0/6 (0%) 1

Suspicion of clinical seizures and/or presence of EDs 17/22 (77.3%) 3/6 (50%) .3107

In male patients 11/14 (78.6%) 2/2 (100%) 1

In female patients 6/8 (75%) 1/4 (25%) .2222

Note: Statistical comparisons were done with 2-tail Fisher's exact test, α = 0.05. Bold P-values are statistically significant.
Abbreviations: 8ch-EEG, 8 channel EEG; AP gradient, anteroposterior gradient; ASM, antiseizure medication; cEEG, continuous EEG, usually 1-2 d duration; EDs, 
epileptiform discharges; F, female; M, male; NCSE, nonconvulsive status epilepticus; PDR, posterior dominant rhythm; SD, standard deviation; Sz, seizure.
aOne patient had only routine EEG done. Four patients had more than one study done (cEEG or routine EEG) in addition to 8ch-EEG. The results were usually 
concordant with the 8ch-EEG. Sporadic epileptiform discharges were seen in two of these patients, detected at the 8ch-EEG study as well as the routine or cEEG study. 
bOne patient had frontal sharp waves in the cEEG study and left hemispheric sharp waves in the 8ch-EEG study. 
cP = .4149, Fisher's exact test (EDs in patients with vs without renal insufficiency). 
dP = 1, Fisher's exact test (EDs in patients with vs without hepatic dysfunction). 
eP = .1870 Fisher's exact test (EDs in COVID-19-positive male vs female patients). 

T A B L E  1   (Continued)
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3.4  |  Medications during EEG study

Most patients were on either sedatives or antiseizure medica-
tions (ASMs) in both cohorts, including almost half of the 
patients without a prior epilepsy history (Table 1).

3.5  |  EEG findings

EEGs were uniformly abnormal with a slow and disorgan-
ized background, usually symmetric but no electrographic 
seizures were recorded (Table 1, Figure 1). However, 9/22 
(40.9%) COVID-19-positive patients had sporadic EDs, re-
ported as frontal sharp waves in 8/9 patients (88.9%). The 
frontal sharp waves were bilateral and symmetric in 3/8, bi-
lateral asymmetric in 5/8 and unilateral in 2/8. Left temporal 
sharp waves were seen in one COVID-19-positive patient 
with prior history of epilepsy. EDs were reported in only one 
COVID-19 negative patient with bilateral asymmetric frontal 

sharp waves and triphasic waves. Generalized rhythmic delta 
slowing, maximal frontal, was seen in 3/22 and intermittent 
left temporal rhythmic delta in 1/22 COVID-19-positive pa-
tients, respectively. In COVID-19-negative patients, 1/6 had 
generalized rhythmic delta slowing. No electrographic sei-
zures were captured.

Overall, COVID-19-positive patients tended to have 
more sporadic EDs than COVID-19-negative, even if expo-
sure to sedatives or ASMs or prior history of epilepsy was 
taken into consideration (Table 1). Renal insufficiency or 
hepatic dysfunction was common in both patients with and 
without EDs. However, many patients with suspicion of 
clinical seizure-like events were placed on ASMs prior to 
EEG, which may have reduced the likelihood of detecting 
epileptiform discharges. The rates of patients who had ei-
ther suspicion for clinical seizure-like events or EDs in their 
EEG were not significantly different between COVID-19-
positive (77.3%) and COVID-19-negative (50%) patients 
(P = .3107).

F I G U R E  1   Examples of frontal 
sharp waves or spikes in EEGs of COVID-
19-positive patients and encephalopathy. 
(A,B) Examples of 8ch-EEG from a 65 y 
old man with no prior history of epilepsy 
presenting with delirium (A) and a 77 y old 
woman with history of epilepsy presenting 
with an episode of confusion, reminiscent 
of her old seizures (B). The prior epilepsy 
classification is unknown for this patient 
whose prior medical care was outside our 
hospital network. EEGs demonstrate frontal 
sharp waves bilateral (A) or frontal spikes 
right more than left (B). High pass filter 
1 Hz, low pass filter 30 Hz. (C) Routine 
EEG of a 61 y old man with no prior history 
of epilepsy, who presented with fever, 
respiratory failure requiring intubation who 
manifested “20 second intervals of bilateral 
arm jerking with eyes rolling back” and 
“myoclonic seizure activity at the face and 
left arm” after taken off propofol. His EEG 
showed right frontal sharp waves. High 
pass filter 1 Hz, low pass filter 70 Hz. Scale 
bars indicate sensitivity and timescale. 
Horizontal bars indicate the times when 
epileptic activities are seen. ECGR-ECGL: 
electrocardiogram channel



322  |      GALANOPOULOU et al.

4  |   DISCUSSION

We present the first preliminary case series report of EEG 
findings in patients under investigation for COVID-19 who 
presented with altered mental status, encephalopathy or 
suspicion for seizures and demonstrates evidence of EDs. 
Seizure-like behaviors prompting EEG investigation were 
common (63.6%) in COVID-19-positive patients and spo-
radic epileptic abnormalities were seen in 40.9%, predomi-
nantly in the form of frontal sharp waves. The sporadic EDs 
did not appear to correlate with the presence of renal insuf-
ficiency or hepatic dysfunction or the use of sedatives and 
ASMs. We did not see electrographic seizures in this cohort, 
possibly because patients had already been started on ASMs 
before the study. A single case report of COVID-19 encepha-
lopathy with left temporal EDs ipsilateral to an old encepha-
lomalacia has been recently reported,11 while in a group of 
8 COVID-19 patients with encephalopathy, EEGs showed 
slowing without EDs.8

Frontal sharp waves, bilateral symmetric or asymmet-
ric, were the predominant ED pattern, suggesting a frontal 
epileptogenic focus or dysfunction. It is intriguing that the 
frontal focus suggested in our study may be consistent with 
the idea of entry into the brain through the nasopharyngeal 
mucosa or via the olfactory nerves. The rapid clinical decline 
of certain COVID-19 infected patients is multifactorial. It 
has been recently proposed that the neuroinvasive potential 
of the virus may also contribute by invading the central ner-
vous system (CNS), such as brainstem, leading to the rapid 
respiratory decline of certain patients.4 In support of the CNS 
invasion potential of the virus, intranasally delivered SARS-
CoV or Middle East Respiratory Viral syndrome coronavi-
rus (MERS-CoV) viruses can enter the mouse brain possibly 
via transsynaptic transfer through the olfactory nerves12,13 
or through the hematogenous route. SARS-CoV may subse-
quently spread to other brain regions, including brainstem, 
thalamus, or limbic regions.13 The olfactory or taste deficits 
in the early stages of COVID-19 have triggered the specula-
tion that peripheral sensory nerves are the points of entry and 
subsequent transsynaptic transfer to the brain. However, age-
usia or anosmia may not be necessarily followed by neuro-
logical decline. Hematogenous transmission is another route 
of possible viral entry into the brain that has been proposed 
for similar viruses, potentially rendering patients with blood 
brain barrier disruption more vulnerable.14

In humans, COVID-19 virus has very rarely been detected 
by PCR in the cerebrospinal fluid (CSF).3,15 The poor avail-
ability of COVID-19 CSF testing so far and the efforts to 
minimize unnecessary exposure of healthcare personnel to 
COVID-19 has limited lumbar punctures to patients with in-
creased clinical suspicion of meningoencephalitis. There are 
anecdotal reports of two patients with meningitis/encephali-
tis, one of whom had seizures, who tested COVID-19 positive 

in their CSF.3,5 Furthermore, a 24-year-old man presenting 
with seizures, meningoencephalitis, and abnormal hippo-
campal MRI signal also had COVID-19-positive CSF, even 
though his nasopharyngeal swab had been negative.15 Yet, 
in 7 COVID-19-positive patients with encephalopathy, CSF 
was negative for COVID-19.8 It is currently unclear which 
factors render certain COVID-19-positive patients suscepti-
ble to CNS viral transmission, and if less invasive tests than 
CSF studies might identify early biomarkers predicting such 
adverse outcomes.

CNS viral infections as well as activation of neuroin-
flammatory pathways are known to lower the threshold for 
seizures and potentially facilitate epileptogenesis in certain 
individuals.16,17 Seizures have been reported in other viral 
encephalitides with variable prevalence depending on the 
virus.18 Case reports of NCSE or seizures have been reported 
in MERS infections,19,20 Influenza A H1N1 infection-related 
altered mental status,21–25 and Influenza A H3N2 encephali-
tis.26 EEG findings were predominantly background slowing 
occasionally with variable or unclear localization of epileptic 
activities. Similar to the rare case reports of CSF findings in 
COVID-19 infected patients with seizures,15,27,28 CSF abnor-
malities are not always seen in patients with viral encephalit-
ides and seizures even if the virus is detected,3,24 alerting the 
medical community that CSF testing for COVID-19 should 
be considered if clinically suspected.

However, the multiple metabolic and electrolytic abnor-
malities and ongoing hypoxic, inflammatory/infectious pro-
cesses may also contribute to the abnormal EEG background. 
In our study, the presence of EDs was not significantly 
different between patients with or without renal or hepatic 
dysfunction. Most of our COVID-19-positive patients had 
abnormalities in inflammatory markers peripherally or signs 
of coagulopathy and we therefore cannot exclude that these 
may have played a pivotal role in activating the EEG. While 
sharp waves are not always epileptogenic, the relatively high 
prevalence of clinical seizure-like events at presentation and/
or epileptiform EEGs specifically in the COVID-19-positive 
cohort may suggest a pathogenic role of COVID-19 virus 
in triggering these potentially epileptiform events. Whether 
this is a result of direct insult of the virus within the CNS, 
indirect consequence of the complex systemic effects of the 
virus, or both needs further investigation. Our study suggests 
the importance of investigating patients with COVID-19 en-
cephalopathy with EEG studies, when medically safe and in-
dicated. However, both the potential clinical benefit as well 
as the increased risk of exposure of the EEG technologists to 
the virus need to be considered. In our center, the 8ch-EEG 
offered an opportunity to perform such studies while mini-
mizing healthcare personnel's exposure to COVID-19.

We attempted a comparison with COVID-19 negative pa-
tients who would have been more likely to have similar clinical 
presentation and EEG indications as the COVID-19-positive 
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patients. Unfortunately, due to the high prevalence of 
COVID-19 in our region, the majority of COVID-19 PUIs 
tested positive, limiting the number of COVID-19 negative 
patients. As a result, our study was not powered to confirm 
statistical significance among COVID-19 PUI subcohorts in 
the rates of EDs or clinical seizure-like events. Larger studies 
are needed to confirm whether such differences are preferen-
tially associated with COVID-19 infection or are a more gen-
eral trait of encephalopathy in the setting of viral infections.

Limitations of our study include the small sample size, 
as discussed previously. While 8ch-EEGs provide a rapid 
and easy method of EEG monitoring,9,10 the electrode cov-
erage includes 8 bipolar channels (frontal, temporal, occip-
ital), limiting the capacity to fully localize and characterize 
certain waveforms. In our study, two patients with EDs de-
tected by the 8ch-EEG also had routine and/or cEEG stud-
ies that confirmed the presence of EDs. We intentionally 
compared COVID-positive with COVID-negative patients, 
because of their similar clinical presentations. COVID-19 
negative tests by nasopharyngeal swab have sometimes been 
reported in patients who eventually tested positive in their 
CSF.15 Furthermore, there is a concern that many RT-PCR 
assays for COVID-19 carry a high false negative rate.29,30 
Consequently, these may have created a negative bias reduc-
ing the power of detection of cohort differences in our study. 
However, 5/6 COVID-19 negative patients had bacteremia or 
viremia and/or pneumonia from other confirmed causes that 
could explain their course. Finally, the EEG findings were 
based on the reports of multiple independent board-certified 
EEG readers. In some – but not all - cases, COVID-19 status 
was already known at the time of reading and therefore as-
sessment was unblinded. However, the fact that there has not 
been any prior report on EEG findings in COVID-19-positive 
patients, except for a single case report,11 reduces the possi-
bility of bias in the EEG interpretation. A prospective large 
scale study utilizing a more uniform and structured method 
of EEG scoring as well as subsequent follow up with the clas-
sical routine or cEEG to confirm these findings is needed.

Despite these limitations, we believe that this first case 
series of COVID-19-positive patients with encephalopathy 
investigated with EEG will be valuable in the clinical manage-
ment and understanding of the pathophysiology of COVID-
19 acute encephalopathy. We offer a first view on a candidate 
EEG biomarker of COVID-19 acute encephalopathy, frontal 
sharp waves, that could potentially herald the onset of new 
epileptic dysfunction. Long-term follow up of these patients 
as well as larger, powered and adequately controlled studies 
to validate our findings, test the specific effect of COVID-19, 
as well as elucidate the pathogenic mechanisms are needed.
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