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A B S T R A C T   

Background: Growing evidence of neurologic involvement seen in COVID-19 infection necessitates the pooling of 
neurodiagnostic findings like electroencephalography (EEG) that may guide clinical management. The objective 
of this study was to review the EEG findings in patients diagnosed with COVID-19 infection through a systematic 
review of published articles. 
Methods: We systematically searched until July 25, 2020 for published articles that reported on descriptive EEG 
findings in patients diagnosed with COVID-19 in PUBMED by Medline, EMBASE, and CENTRAL by the Cochrane 
Library. 
Results: From a total of 94 identified records, 29 relevant articles were included in this review. A total of 177 
patients with COVID-19 with descriptive EEG reports were analyzed. The most common indication for EEG was 
unexplained altered mental status. Disturbances of background activity such as generalized and focal slowing 
were seen as well epileptiform abnormalities and rhythmic or periodic discharges. There were no consistent EEG 
findings specific to COVID-19 infection. 
Conclusion: The EEG findings in COVID-19 appear to be non-specific. Further research on the relationship of the 
EEG findings to the clinical state and short- or long-term prognosis of COVID-19 patients may be conducted to 
help clinicians discern which patients would necessitate an EEG procedure and would eventually require 
treatment.   

1. Introduction 

The coronavirus disease of 2019 (COVID-19) infection caused by the 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pri-
marily presents with respiratory signs and symptoms. Nevertheless, a 
growing literature suggests that this condition may present with 
neurologic manifestations and/or complications, which include but are 
not limited to encephalopathy, seizures, meningoencephalitis, and ce-
rebrovascular diseases [1,2]. Patients with critical medical illnesses are 
known to be at risk for neurological complications like seizures and 
status epilepticus; however, the evidence is substantially limited in the 
context of COVID-19 infection [3]. With growing evidence of neurologic 
involvement seen in COVID-19, there may be an increasing demand for 
important neurodiagnostic tools such as electroencephalography (EEG). 

The exponential growth of the body of knowledge on COVID-19 

infection and its association with neurological complications necessi-
tates a comprehensive evaluation and characterization of electro-
diagnostic findings like seen in the EEG. Thus, the objective of this study 
was to review the EEG findings in patients diagnosed with COVID-19 
infection through a systematic review of published relevant articles. 

2. Methods 

This systematic review is reported in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines [4]. 

2.1. Criteria for considering studies for review 

We considered case reports/series, cross-sectional and cohort studies 
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that reported on descriptive EEG findings in patients diagnosed with 
COVID-19 infection. We also considered other article types such as let-
ters to the editor and brief communications. We did not apply any re-
strictions on age, sex, or ethnicity of patients in the studies. We excluded 
animal studies, unavailable full-text articles, and non-English articles. 

2.2. Search methods for identification and selection of studies 

Two investigators (KTR, AIE) performed an electronic search up to 
July 25, 2020 using the following major healthcare databases: PUBMED 
by Medline, EMBASE, and CENTRAL by the Cochrane Library. We uti-
lized the following general and MeSH terms: ("EEG" or "Encephalograph" 
OR “Encephalography” OR “Encephalographic” OR “Encephalogram”) 
AND ("COVID" OR "Coronavirus" OR “COVID-19” OR “SARS-CoV-2” OR 
“nCoV disease”). We screened the references of all identified relevant 
articles for studies to be included in this review. We assessed the titles 
and abstracts using predefined screening criteria. Relevant articles were 
retrieved in full-text articles and were subjected to predefined eligibility 
criteria. Studies that satisfied these criteria were included in the anal-
ysis. Any disagreement in the inclusion of the studies was resolved by 
consensus with two more investigators (MLF, JCG). 

2.3. Methodological assessment of included studies 

Two investigators (KTR, AIE) evaluated the methodological quality 
of the included studies using the Murad tool for non-comparative co-
horts and case reports/series [5]. Comparative cohorts and 

cross-sectional studies were evaluated using the Newcastle-Ottawa Scale 
in terms of selection, comparability, and outcome domains [6]. We 
considered “poor”, “moderate” or “good” quality when 3 or fewer, 4, or 
5 of the criteria were fulfilled in the Murad tool, and 3 points or fewer, 
4–5, or 6 and above in the Newcastle-Ottawa Scale. Any disagreement 
was resolved by consensus with two more investigators (MLF, JCG). 

2.4. Data collection and analysis 

We extracted data from the full text of the articles using a predefined 
data extraction form. The following information was obtained from each 
included study: author and year, publication date, study design, study 
duration, setting, number of included patients, age, sex, descriptive 
electroencephalographic findings, indication for the EEG study and the 
recording type, and other clinical information of subjects. Categorical 
variables were pooled as frequencies and percentages while continuous 
variables were summarized using means or medians with standard de-
viation or ranges. 

3. Results 

3.1. Included studies 

The literature search as shown in Fig. 1 yielded 94 articles. After the 
removal of 25 duplicates, 32 out of 69 articles fulfilled the screening 
criteria. Of the remaining 32 studies, a total of 29 articles were included 
in the review after satisfying the eligibility criteria. There were sixteen 

Fig. 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram of the study.  
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case reports [7–21], ten case series [22–31], two cohort studies [32,33], 
and one cross-sectional study [34]. Six studies reported utilization of a 
retrospective design. 

The characteristics of the studies and their quality assessment are 
shown in Table 1. Included studies came from various countries such as 
United States of America (USA), Italy, France, Spain, Switzerland, Ger-
many and the United Kingdom (UK). The sample size of the included 
studies ranged from 1 to 22. All case reports and series except four 
studies were assessed to have poor methodological quality. The rest of 
the studies were scored 4–5 stars for the cohorts and 3 stars for the cross- 
sectional study. 

3.2. Population characteristics 

A total of 177 COVID-19 patients with available descriptive EEG 
findings were included in the analysis. The demographic information is 
shown in Table 1 while other relevant clinical information is available as 
a Supplementary Material. Only one study reported on a single pediatric 
patient while the rest of the studies analyzed adult subjects [15]. 

The age of the included subjects was from 6 weeks to 97 years while 
the female-to-male ratio was 17:39. Of the included subjects, 125 were 
specified to be critically ill. The use of psychoactive medications at the 
time of EEG recording was not stated in the studies except for one 
retrospective study [29]. Eight patients had a history of epilepsy or 
seizure [12,21–23,25]. Twenty subjects had SARS-CoV-2 RT-PCR testing 
for CSF, which were all negative [7–10,13–15,17,22,23,26,33]. 

3.3. Electroencephalographic findings in COVID-19 

Overall, the indication for performing EEG was due to altered mental 
status, encephalopathy, or poor responsiveness after the withdrawal of 
sedation in 160 cases (90.4 %) and seizure-like activity in 48 cases (27.1 

%). 
Ten studies employed continuous EEG recording [7,11,15,25,27,30, 

31,34–36]. A few studies employed a limited montage with a minimum 
of nine electrodes [22,23,25]. The antiepileptic medications and seda-
tives received by the patients at the time of EEG were not specified in all 
studies. The electroencephalographic findings in COVID-19 patients are 
summarized in the Supplementary Material. 

Normal EEG was recorded in six cases (3.4 %) [9,18,29]. Distur-
bances of background rhythm were seen such as generalized slowing in 
113 cases (63.8 %) [8,10,16,17,20,22–26,29–34,37]. In those with 
diffuse slowing, anterior emphasis was reported in 16 patients (9%) [23, 
24,31]. On the other hand, focal slowing was noted in 14 patients (7.9 
%) [14,24,25,37]. The localization of focal slowing was not reported in 
most of the included studies. One study revealed focal slowing arising in 
the left temporal lobe in a patient with an infarct on the same location on 
neuroimaging [37]. Slowing of the posterior dominant rhythm (PDR) 
was seen in five cases (2.8 %) while an absent PDR was in 18 patients 
(10.2 %) [19,25]. Burst suppression pattern was noted in one patient 
(0.6 %) [25]. Triphasic waves were also reported in two patients (1.1 %) 
[19,23]. 

Epileptiform discharges were described in 34 patients (19.2 %) [7,8, 
11,13,19,21,24,25,27,28,30,32]. Only two studies included patients 
showing epileptiform abnormalities on EEG with a history of seizure or 
epilepsy [19,21]. Status epilepticus was reported in eight of 177 patients 
(4.5 %); of these, five cases (2.8 %) were non-convulsive [7,8,12,19,21, 
27,30,34]. In three cases of status epilepticus, neuroimaging was unre-
markable [7,8,19]. In contrast, one patient with post-encephalitic epi-
lepsy had left temporoparietal lobe gliosis and atrophy while another 
patient had T2-weighted hyperintensities on the right orbital prefrontal 
cortex, right mesial prefrontal cortex and right caudate nucleus on MRI 
[12,21]. Among cases of status epilepticus with CSF studies, one patient 
had a CSF picture consistent with viral meningoencephalitis [8], but 

Table 1 
Characteristics of the included studies and population, and quality assessment.  

Author and Year Setting Sample (N) Study Design Age in years Mean or Median (SD or Range) Sex (F:M) Quality 
Assessment 

Balloy 2020 France 1 Case report 59 0:1 Poor 
Bernard-Valnet 2020 Switzerland 1 Case report 64 1:0 Poor 
Canham 2020 United Kingdom 10 Case series 65 (18− 74) 2:8 Poor 
Cecchetti 2020 Italy 18 Case series 46− 79 7:11 Moderate 
De Stefano 2020 Switzerland 1 Case report 56 1:0 Poor 
Dugue 2020 USA 1 Case report 0.125 0:1 Poor 
Duong 2020 USA 1 Case report 41 1:0 Poor 
Farhadian 2020 USA 1 Case report 78 1:0 Poor 
Fasano 2020 Italy 1 Case report 54 0:1 Poor 
Filatov 2020 USA 1 Case report 74 0:1 Poor 
Flamand 2020 France 1 Case report 80 1:0 Poor 
Galanapoulou 2020 USA 22 Retrospective case series 30− 83 7:11 Poor 
Haddad 2020 USA 1 Case report 41 0:1 Poor 
Helms 2020 France 8 out of 58 Case series 63 NR Poor 
Hepburn 2020 USA 2 Case series 76, 82 0:2 Poor 
Le Guennec 2020 France 1 Case report 69 0:1 Poor 
Logmin 2020 Germany 1 Case report 70 1:0 Poor 
Morassi 2020 Italy 1 Retrosepctive case series 76 1:0 Poor 
Pastor 2020 Spain 20 Cohort 61.5 (36− 97) 3:17 Moderate 
Petrescu 2020 France 36 Retrospective case series 67 (43− 97) 5:13 Moderate 
Pilotto 2020 Italy 1 Case report 60 0:1 Poor 
Romero-Sanchez 

2020 
Spain 2 out of 841 Retrospective cohort NR NR Moderate 

Scullen 2020 USA 12 out of 27 Retrospective cross-sectional 
study 

59.8 (35− 91) NR Poor 

Sohal 2020 USA 1 Case report 72 0:1 Poor 
Somani 2020 USA 2 Case series 49, 73 0:2 Poor 
Vellieux 2020 France 2 Case series 37, 42 0:2 Poor 
Vespigani 2020 France 26 Retrospective case series 67 (58− 70)* 1:4* Poor 
Vollono 2020 Italy 1 Case report 78 1:0 Poor 
Zanin 2020 Italy 1 Case report 54 1:0 Poor 

NR – not reported. 
*Representative cases. 

K.T. Roberto et al.                                                                                                                                                                                                                              



Seizure: European Journal of Epilepsy 82 (2020) 17–22

20

none revealed a positive result for those tested for SARS-CoV-2. 
Rhythmic or periodic patterns recorded in the studies were as fol-

lows: (a) generalized periodic discharges (GPDs) in 13 (7.3 %) [22,29], 
(b) lateralized periodic discharges (LPDs) in 13 (7.3 %), two of whom 
had LPDs arising from the right frontal lobe [21,22,32], (c) bilateral 
independent periodic discharges (BIPDs) in 1 (0.6 %) that later evolved 
into status epilepticus (SE) [30], (d) generalized rhythmic delta activity 
(GRDA) in 7 (4%) [22,25], (e) unspecified rhythmic delta activity (RDA) 
in 8 (4.5 %) [29], (f) lateralized rhythmic delta activity (LRDA) in 1 (0.6 
%) arising from the left temporal region [25], and (g) frontal intermit-
tent rhythmic delta activity (FIRDA) in 1 (0.6 %) [23]. 

Other electroencephalographic findings reported in the available 
literature include isoelectric EEG consistent with brain death in two 
cases (1.1 %) in one study and fast activity superimposed on slow waves 
in three patients (1.7 %) [22,23]. The abovementioned findings were 
seen in adult subjects. Excessive temporal sharp transients and inter-
mittent vertex delta slowing with normal sleep-wake cycling was noted 
in one recording (0.6 %) done on an infant with COVID-19 [15]. Frontal 
sharp waves were suggested to be a possible biomarker of epileptic 
dysfunction in COVID-19 encephalopathy in one study [25]. 

EEG patterns and imaging correlation was not specifically performed 
in the included studies. A few patients in our review were seen to have 
focal EEG abnormalities that could be explained by the underlying focal 
structural pathology. These patients were noted to have encephalitis 
[21], leptomeningeal enhancement [28], gliosis [12,37], and crani-
otomy [13] in the same region. Of note, the presence of focal EEG 
dysfunction prompted neuroimaging to be done in one patient which 
then revealed cerebral microbleeds [14]. In contrast, three cases with 
focal EEG abnormalities showed normal findings [8] or chronic micro-
vascular ischemic changes with no acute findings on imaging [11,27]. 
As expected, one case with EEG findings of diffuse slowing with absent 
reactivity was reported to have MRI with perfusion studies compatible 
with hypoxic encephalopathy [31]. 

4. Discussion 

To our knowledge, our present review provides the most compre-
hensive summary of the EEG findings in patients with COVID-19 infec-
tion. None of the studies appear to have demonstrated a finding that is 
specific to COVID-19. It is suggested that SARS-CoV-2 has some pro-
pensity for neurotropism and given the presence of hypoxia, metabolic 
derangements, and primary brain injury itself, seizures may indeed be 
expected in COVID-19 [46]. Although it is well known that critically ill 
patients are at high risk for seizures and status epilepticus, our review 
provides more reliable estimates of the frequencies of EEG findings 
among COVID-19 patients reported in the literature. The aggregated 
information in our review may be crucial in guiding important clinical 
decisions in the management of this condition. 

It is important to highlight that unexplained altered mental status 
was the most common indication for performing an EEG procedure ac-
cording to our review. Moreover, the majority of the patients had mul-
tiple comorbidities and polypharmacy, was intubated for acute 
respiratory distress syndrome (ARDS), and was admitted to the intensive 
care unit. Thus, the findings of this study reflect similar findings of en-
cephalopathy in critically ill patients in general [3]. The clinical indi-
cation for the procedure in COVID-19 patients is consistent with those 
applied for critically ill patients. 

The majority of the EEG recordings showed non-specific EEG ab-
normalities of background rhythm like generalized/ focal slowing and 
epileptiform discharges. Generalized slowing is present in approxi-
mately 6 out of 10 patients with reported EEG in the literature. A wide 
range of etiologies may lead to diffuse background slowing such as 
sedative and anesthetic effect, various etiologies of encephalopathy, and 
central nervous system infectious processes. COVID-19-associated en-
cephalopathy was found to be encountered in older and critically ill 
patients and may be of hypoxic-ischemic, toxic-metabolic, and 

inflammatory origin [38]. It remains uncertain whether the neurologic 
complications of COVID-19 such as encephalopathy is due to direct viral 
neuroinvasion or is a result of the critical illness. In our review, none of 
the identified cases with cerebrospinal fluid (CSF) analysis turned out 
positive for the virus which limits the evidence of the potential contri-
bution of neuroinvasion of the virus to the EEG abnormalities seen. 
However, it should be noted that the difficulties in finding SARS-CoV-2 
in the CSF may be related to the possibly insufficient accuracy of the 
testing kits in detecting the virus in these samples. 

Focal non-epileptic slowing is another EEG abnormality seen in a 
number of COVID-19 cases. This finding suggests possible focal under-
lying structural brain pathology of non-specific etiology. Among the 
cases reported, only one with focal slowing had a pre-existing or chronic 
structural lesion [37]. Other MRI studies of COVID-19 cases in other 
reports showed abnormalities in the medial temporal lobe, multifocal 
white matter regions and right gyrus rectus [39,40]; most findings were 
consistent with ischemic strokes, leptomeningeal enhancement and en-
cephalitis [41]. Further neuropathological studies revealed the presence 
of severe hypoxic and hemorrhagic phenotypes, thrombotic complica-
tions, acute disseminated encephalomyelitis, encephalitis and menin-
gitis [42–45]. Thus, these neuroimaging and pathological studies 
demonstrate pieces of evidence suggestive of the neuroinvasive capa-
bility of the virus in altering human brain cortices that could be a po-
tential source of focal or generalized abnormalities seen in the EEG 
tracings. 

Epileptiform abnormalities are also seen among the identified cases, 
which are present nearly 2 out of 10 patients with reported EEG. One 
retrospective case series suggested that epileptiform discharges are more 
common in COVID-19 patients than in other group of patients with 
encephalopathy [25]. In contrast, other retrospective case series 
revealed no epileptiform abnormalities; only non-specific EEG abnor-
malities and a normal or mildly altered background were recognized in 
the majority of the cases. These epileptiform patterns may be expected in 
critically ill patients at high risk for clinical seizures. The important 
question remains whether these epileptiform discharges are brought 
about by the potential neuroinvasiveness of COVID-19 or not. Moreover, 
the possible epileptogenesis of COVID-19 infection, which would 
necessitate long-term antiepileptic drug treatment, is yet to be 
established. 

In our review, only 2.8 % of cases were found to have nonconvulsive 
status epilepticus (NCSE). The EEG remains to be an important diag-
nostic tool to detect brain dysfunction especially in unexplained disor-
ders of consciousness particularly in the setting of NCSE. Suspicion for 
NCSE in patients with altered mental status without a known acute brain 
insult is a strong indication for continuous EEG monitoring as NCSE is 
related to high mortality and morbidity [47]. Due to the seemingly low 
occurrence of NCSE in the reported cases in our review, a high index of 
suspicion by the clinicians is crucial to be able to detect this condition. 

Furthermore, there has been a drastic decrease in the number of 
procedures done during this pandemic [48]. The conduct of continuous 
EEG during this pandemic is limited to urgent cases only because of the 
safety concern imposed by the contagiousness of the virus and concerns 
to reduce the exposure to SARS-CoV-2 of EEG technicians during this 
pandemic. Three centers included in our review opted to employ an 
eight-channel acquisition system using nine electrodes rather than a full 
montage EEG. In the context of COVID-19, a reduced EEG montage may 
be useful as it allows reduced contact time of EEG technicians to infected 
patients [49]; however, its sensitivity to detect epileptiform abnormal-
ities has been questioned. One study demonstrated the reasonable 
diagnostic utility of a reduced channel EEG for detecting generalized or 
hemispheric seizures and rhythmic periodic patterns [50]. We believe 
that the use of eight-channel montage in the COVID-19 context to guide 
patient management may be recommended when adequate evidence to 
support its use becomes available. 

This systematic review has limitations given the retrospective nature 
of the identified studies. We also observed among the included studies a 
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heterogeneous sample concerning illness severity, sedatives and anti-
epileptic drugs received at the time of EEG. The included patients had an 
urgent indication for EEG; hence EEG abnormalities were expected to be 
more frequently reported. Certainly, a number of cases who had un-
dergone EEG procedures were not documented yet in the literature 
which could limit the estimates provided in our review. The lack of 
uniform reporting of EEG findings, the interrater variability in inter-
preting EEG recordings, and the limited montage used in some included 
studies were other inherent limitations of the studies included. 

In summary, COVID-19 patients may frequently manifest with 
abnormal EEG particularly in severe cases. However, the abnormal EEG 
findings appear to be non-specific. Further research on the relationship 
of the EEG findings to the clinical state and short- or long-term prognosis 
of COVID-19 patients may be conducted to help clinicians discern which 
patients would necessitate an EEG procedure and would eventually 
require treatment with the ultimate aim of improving their clinical 
outcomes. 
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