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Abstract

Background and purpose Among the most common post-COVID symptoms, many patients experienced subjective cogni-
tive deficit, commonly named “brain fog,” that might be present also in those individuals without severe acute COVID-19
respiratory involvement. Some studies have investigated some of the mechanisms that might be associated with the brain
fog with objective techniques including transcranial magnetic stimulation and neuroimaging.

Methods The aim of this study was to investigate the presence of electroencephalographic (EEG) alterations in people with
post-COVID self-reported cognitive deficit.

Results Out of the 90 patients attending the post-COVID neurology ambulatory service, twenty patients presenting brain fog
at least 4 weeks after acute non-severe COVID-19 infection, and without previous history of epilepsy, were investigated with
19-channel EEG, Montreal Cognitive Assessment (MoCA), and magnetic resonance imaging (MRI). EEG was found altered
in 65% of the sample, among which 69% presented a slowing activity and 31% were characterized by epileptic discharges
principally in the frontal areas. None of the patients showed DWI MRI lesions.

Conclusions These findings highlight the usefulness of EEG analysis to objectively describe possible neurophysiological
abnormalities in post-COVID patients presenting subjective cognitive deficit.
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Introduction

Novel coronavirus disease (COVID-19) represents a world-
wide burden not only due to the severe respiratory symp-
< Paolo Manganotti toms during the acute phase of the infection, but also for the

pmanganotti @units.it plethora of complications which may result in the different
stages of the disease. During the acute stage, neurological
manifestations have been consistently described in a large
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are still present (or appear ex novo) has been defined “post-
acute COVID-19” and defined as a syndrome characterized
by persistent symptoms and/or delayed or long-term com-
plications beyond 4 weeks from the onset of COVID-19 [7],
although some other authors used the name “long-COVID”
with different time-course definitions [8]. These neurologi-
cal manifestations have been suggested to not depend on the
severity of the infection and therefore may manifest also in
paucisymptomatic COVID-19 patients [7].

Cognition, in particular, may be impaired after the
acute phase of the disease, as follow-up investigations 2
to 4 months after COVID-19 have reported a prevalence
of cognitive deficits in 36% of the patients [9, 10]. Despite
the burden of these symptoms in the post-acute COVID-19
period, which severely impact individuals quality of life,
sometimes these patients are stigmatized as “functional” and
not properly assessed [4]. Electroencephalography (EEG)
represents an objective non-invasive tool to determine
neuronal activity and a prime candidate functional marker
of synapse dysfunction and loss in cognitive impairment
[11]. During acute COVID-19, EEG has been commonly
indicated in those patients with altered mental status and
seizure-like events [12, 13], showing frequent abnormal
background activity and generalized slowing, and epilep-
tic discharge in up to 20% of the investigated individuals
[14]. Therefore, EEG in severe COVID-19 patients has been
recommended to monitor brain activity, as commonly per-
formed also in severe intensive care unit patients [15, 16]
and acute brain ischemia [17, 18].

The aim of the present short clinical report was to inves-
tigate the EEG patterns of the paucisymptomatic COVID-19
patients, who reported a subjective cognitive impairment in
the post-acute period.

Material and methods

Participants who referred to the post-COVID neurology
ambulatory service of the University Hospital of Trieste from
01.01.2021 to 31.03.2021 were screened for the presence of
self-reported cognitive impairment in the post-acute COVID-
19 period (diagnosis confirmed by SARS-CoV-2 nasopharyn-
geal swab). The cognitive impairment had to be present
(persistent or ex-novo) at least after 4 weeks from acute
COVID-19 symptoms manifestation. Exclusion criteria were:
age < 18 y or> 65 year, previous neurological or psychiat-
ric diseases, major vascular alterations to the neuroimaging
study, previous history of cognitive deficits, and consumption
of agents affecting the nervous system (e.g., antipsychotic,
antidepressant or antiepileptic drugs). In addition, for this
study, we excluded those patients who suffered from moder-
ate/severe COVID-19 disease, defined as a positive patient
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to SARS-COV2 with clinical and radiographic evidence
of lower respiratory tract disease. All the individuals who
presented to the post-COVID neurology ambulatory service
reported at least one neurological clinical manifestation, and
those reporting a subjective cognitive impairment after the
initial clinical evaluation were prospectively assessed with
the Montreal Cognitive Assessment (MoCA) screening test
and EEG recording. Participants were further investigated
with neuroimaging (computed tomography, CT, or mag-
netic resonance imaging, MRI) and routine blood biochemi-
cal analysis. Both EEG and MRI were performed within
20 days from the neurological evaluation. All MRI performed
included T1, T2, FLAIR, and DWI sequences.

The MoCA was administered after the first visit by a
trained neurologist using the validated Italian version [19]
and was further described by domain scores [20] based on
single item scores (orientation: spatial and temporal orien-
tation; attention: digit span, letter A tapping, subtraction;
executive: trail making, abstraction, word fluency; visuo-
constructive: cube copying, clock drawing; language: nam-
ing, sentence repetition; memory: delayed word recall). The
global MoCA test score was corrected for years of educa-
tion (YoE; + 1 point if <12 YoE). Domain scores were not
adjusted for YoE. A cut-off of 26 was used to define mild
cognitive impairment (MCI) [20]. The fatigue severity scale
(FSS), consisting of 9 sentences related to the interference of
fatigue with daily activities and subjectively rating its sever-
ity on a 7-point scale (1 =*“strongly disagree”; 7= “strongly
agree”), was administered during the visit [21].

Nineteen-channel (10-20 system) 20-min standard clini-
cal surface EEG was acquired by using the Be Plus PRO
amplifier (EB NEURO, Florence, Italy) and Ag/AgCl elec-
trodes. All patients underwent photic stimulation and hyper-
ventilation during the recording. All electrode impedances
were kept below 5 k Q, and the sampling rate was set to
128 Hz. EEG signals were filtered by second-order band-
pass Butterworth filter with 0.1-30 Hz cut-off frequencies,
and the epochs containing artifacts were discarded. Brain
oscillatory activities were assessed by standard clinical
qualitative visual inspection of EEG tracings by two expe-
rienced neurologists (G.F. and P.M.), in order to identify
clinically significant epileptiform patterns and EEG rhythm
alterations. In addition, we also performed the quantita-
tive EEG analysis. The offline analysis was performed by
scripts developed in MATLAB (MathWorks Inc., Natick,
MA). Power spectral density (PSD) for each channel was
estimated on 60 s artifact-free EEG epochs by using Welch’s
periodogram. The relative power for each of the spectral
bands (delta: 1-4 Hz; theta: 4-8 Hz; alpha: 8—13 Hz; beta:
13-30 Hz) was calculated for each channel. The relative
powers were obtained by normalizing with a total power
across the 1-30 Hz range. Relative power for each spectral
band was averaged over all nineteen channels.
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Statistical analysis

Single data were reported for each patient included in the
present case series. Descriptive analysis, including medians
(25-75th percentile) for continuous variables and propor-
tions (%) for categorical variables, has been used to sum-
marize the results. To explore a possible correlation between
equivalent scores on MoCA test with Aiello correction and
the presence or absence of EEG abnormalities, a Fisher test
was performed as appropriate.

Data availability

The authors confirm that the presented data of this study are
saved at the Clinical Unit of Neurology, Trieste University
Hospital ASUGI, Italy. They are available upon reasonable
request and according to the local institutional and ethics
regulation.

Results
From January 2021 to April 2021, 114 individuals with one

or more neurological symptoms in the post-acute COVID-
19 period attended the post-COVID neurology ambulatory

services. Twenty-two reported a self-reported cognitive defi-
cit, and two of them were excluded due to severe COVID-
19 symptoms and pre-existing epilepsy. Twenty were then
included and performed the cognitive and EEG evaluation
(49 + 11 year, 14 females). Demographic and clinical charac-
teristics are presented in Table 1. All participants underwent
magnetic resonance imaging, and none of them presented
lesions in DWI. Other comorbidities included migraine
(20%), cardiomyopathy (5%), hypertension (10%), asthma
(10%), dyslipidemia/diabetes (35%), history of neoplasia
(10%), hypothyroidism (10%), and obesity (10%). During
the acute phase of SARS-CoV-2 infection, main symptoms
were upper respiratory airways involvement (70%), dysp-
nea (60%), fever (80%), headache (80%), myalgia/arthralgia
(65%), hyposmia (45%), tachycardia (15%), and diarrhea/
gastrointestinal distress (30%). Only 10% were hospitalized
and underwent oxygen antibiotics, and 15% received pro-
phylactic low molecular weight heparin.

Subjective cognitive impairment was reported to manifest
from 2 weeks to 2 months after SARS-CoV-2 infection. At
the time of the evaluation, MoCA score was found indicative
of mild cognitive impairment in 14 subjects, with a median
score of 24.3 (22.0-26.9). Fatigue severity scale ranges from
2.90 to 6.80. Abnormal EEG was found in 65% of the sample,
among which 69% presented a slowing activity and 31% were

Table 1 Demographics and

. v Subject Sex Age Years of study Time from onset of Post-acute COVID-
f:hnlcal characteristics of the COVID-19 (days) 19 neurological
included .post-ac.ute COVID-19 symptoms
neurological patients

1 F 39 8 80

2 F 48 16 88

3 F 43 13 33 Hyposmia

4 F 48 12 79 Headache, hypos-
mia, dizziness,
paresthesia,
tinnitus

5 M 58 15 59

6 M 21 13 121 Tinnitus

7 F 51 12 97

8 M 47 16 113 Hyposmia

9 F 48 16 66

10 F 52 13 42 Headache, dizziness

11 M 60 10 76

12 F 58 10 360

13 M 57 8 160

14 F 60 13 155 Hyposmia

15 F 55 12 149 Myalgia

16 F 52 17 159 Headache, dizziness

17 F 34 13 394

18 F 64 17 126

19 F 38 13 128

20 M 40 16 76 Hyposmia, myalgia
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Table 2 Cognitive evaluation (MoCA score), fatigue (FSS), and qualitative EEG in the post-acute COVID-19 neurological patients

Subject MoCA FSS EEG
C.score U.score Visuocons Executive Attention Language Memory Orientation
1 26.98 26 4 3 6 4 3 6 4.10 Normal
2 24.15 27 4 4 6 5 3 6 6.20 Bilateral frontal slow wave
3 24.15 25 4 4 6 6 0 6 6.78 Normal
4 23.15 24 2 4 3 5 4 6 6.20 Bilateral frontotemporal slow wave
5 21.52 24 4 3 6 4 3 4 6.80 Normal
6 21.59 23 2 4 4 5 4 5 4.50 Left hemisphere slow wave
7 24.52 25 4 4 4 4 2 6 2.90 Right frontal epileptiform discharges
8 22.15 25 4 4 5 6 2 6 2.90 Normal
9 30 30 4 4 6 6 5 6 4.30 Bilateral epileptiform discharges
10 24.52 25 4 4 3 4 4 6 6.80 Bilateral slow waves
11 19.98 20 2 3 4 4 1 6 6.50 Bilateral slow waves
12 2752 28 4 3 5 5 5 6 6.20 Normal
13 27.65 26 4 4 6 6 4 6 4.50 Bilateral frontotemporal slow waves
14 26.52 27 4 4 4 6 4 6 6.40 Left frontal epileptic discharges
15 28.52 29 4 3 6 6 5 6 4.50 Normal
16 25.52 28 4 4 5 6 4 6 5.00 Right frontotemporal slow waves
17 21.98 21 3 2 3 5 2 6 6.00 Normal
18 21.98 24 3 2 4 5 5 6 5.00 Bilateral frontotemporal slow waves
19 23.15 26 4 3 6 5 2 6 4.70 Left temporal slow waves
20 25.15 29 4 3 6 6 5 6 6.0  Left frontal epileptic discharges

Table 3 Number (%) of patients with/without EEG abnormalities
divided for equivalent score (ES) after Aiello’s MoCA correction

Abnormal EEG group Normal EEG group
ES=4 5 (25%) 3 (15%)
ES=3 4 (20%) 0 (0%)
ES=2 2 (10%) 3 (15%)
ES=1 2 (10%) 1 (5%)

characterized by epileptic discharges. Among the abnormal
EEG, 46% were characterized by an asymmetric pattern, and
62% presented a prevalent frontal involvement (Table 2).
After EEG evaluation, 15% of the sample presented one epi-
sode of focal seizure and started antiepileptic therapy. The
median (IQR) values of delta, theta, alpha, and beta relative
powers in our sample were d=0.28 (0.16-0.38), 6=0.15
(0.13-0.18), «=0.32 (0.19-0.46), and p=0.16 (0.14-0.26),
respectively.

After adjusting MoCA results with Aiello correc-
tion for Northern Italian population [22], among the 13
patients with EEG abnormalities, 5 had an equivalent
score (ES) =4, 4 patients had an ES =3, 2 patients had
an ES=2, and 2 scored 1. In the normal EEG group (7
patients), 3 had an ES of 4, none had an ES =3, 3 patients
had an ES =2, and the remaining one scored 1 (Table 3).
After statistical analysis (Fisher test), no correlation was
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found between equivalent scores on MoCA test with Aiello
correction and the presence or absence of EEG abnor-
malities (p =0.40) (Table 3). The mean FSS for patients
with EEG abnormalities was 5.31 +1.14 (2.90-6.80),
while mean FSS for patients with normal EEG was
5.33+1.50 (2.90-6.80). No significant difference in FSS
values among these cohorts was found after statistical
analysis (p =0.98). In addition, no significant correla-
tion was observed between uncorrected/corrected MoCA
and FSS (r=-0.17, p=0.484, and r= - 0.19, p=0.418,
respectively).

Discussion

As the COVID-19 pandemic progresses, a growing number
of reports describe the frequent neurological involvement
during the acute and post-acute phase of the infection [7, 23].
Most of these reports evaluate these neurological manifesta-
tions through clinical observations and subjective reporting.

This study proposes EEG analysis as an objective tool
to identify abnormal neurophysiological function in people
with self-reported cognitive impairment in the post-COVID
period. In particular, of 20 individuals who participated in
the data collection, EEG was found indicative of epileptic
discharges in 4 subjects, while 9 individuals presented a
delta-slowing pattern (example in Fig. 1). As such, about
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Fig.1 A Male, 40 years, Montreal Cognitive Assessment 25.15, left
frontal epileptiform discharge with contiguous and contralateral chan-
nels diffusion. B Female, 51 years, Montreal Cognitive Assessment
24.52, bilateral frontotemporal epileptiform discharges. C Female,

two-thirds of the overall sample were characterized by unex-
pected abnormal EEG patterns.

To the best of the authors’ knowledge, this is the first
report presenting EEG pattern abnormalities in people
with self-reported post-COVID cognitive impairment.
Indeed, “brain fog” is among the most commonly reported
post-COVID neurological manifestations [23], and among
the patients who referred to the post-COVID neurology
ambulatory service, 24% complained about a cognitive
deficit, which was confirmed by a MoCA score indicative
of MClI in 14 individuals (around 2/3 of the sample). Previ-
ous reports suggest a prevalence of post-COVID cognitive
impairment in 7.5-31% of the post-COVID individuals
[24], but it could be one of the more frequent complaints in
those presenting post-COVID symptoms [23, 25]. A high
proportion of our sample was characterized by elevated
scores of the FSS, confirming fatigue as one of the most
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52 years, Montreal Cognitive Assessment 25.52, bilateral frontotem-
poral theta slowing with slight right prevalence. D Male, 60 years,
Montreal Cognitive Assessment 19.98, diffuse theta-delta slowing

common symptoms during the post-COVID period [26,
27]. A previous neurophysiological investigation using
transcranial magnetic stimulation (TMS) in post-COVID
individuals with fatigue and dysexecutive function showed
a markedly reduced GABAergic inhibition in the primary
motor cortex (M1) and a slightly reduced short-latency
afferent inhibition (SAI) that represents central choliner-
gic transmission [5, 28]. Taken together, these findings
suggest a possible effect of COVID-19 syndrome on cor-
tical transmission which might be objectively measured
by neurophysiological techniques. Indeed, the association
between cortical excitability measured by TMS and brain
oscillatory activity measured by EEG has been reported
in physiological brain aging and in different neurological
diseases, including epilepsy and MCI [29-31].
SARS-CoV-2 have been rarely detected in cerebrospi-
nal fluid and brain tissue; thus, so far many authors suggest
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widespread glial cell activation, possibly related metabolic
dysfunction, and further exacerbated inflammatory response
and blood-brain barrier dysfunction, as key mechanisms
to central nervous system involvement. Other factors have
been suggested to potentially result in post-COVID cogni-
tive impairment, as microvascular infarcts and hemorrhages,
or the effects of respiratory distress, hypoxia, prolonged
mechanical ventilation, and sedation [7, 32]; however, in
our sample, it is reasonable to exclude such mechanisms
based on neuroimaging findings (none of the participant
presented vascular lesions on MRI) and the exclusion of
severely affected acute COVID-19 patients.

Although EEG activity has been scarcely investigated in the
post-COVID period, more data are available during the acute
phase of COVID-19. A recent meta-analysis of the literature
found a prevalence of abnormal background activity in 96.1%
of the acute COVID-19 patients, with 20.3% of epileptiform
discharges and 92.3% of slowing activity [14]. In those patients
with altered mental status and seizure, SARS-CoV-2-related
encephalitis might be hypothesized due to a cytokine release
syndrome [33] or autoimmune mechanisms [34]. EEG can sup-
port this diagnosis, showing improved background activity after
intravenous immunoglobulin treatment [13]. Unfortunately, in
our sample, EEG was not performed during the acute phase
of the infection, and it is not possible to determine how many
were characterized by electrocortical abnormalities which were
already present during the early stage of the disease.

Some reports suggest a cognitive deficit character-
ized by a predominant executive dysfunction [23, 28, 35,
36]. A further involvement of the frontal lobe structures
has been corroborated by positron emission tomography
(PET) findings, showing glucose hypometabolism in the
fronto-parietal cortex which slowly improved with time
and was correlated with MoCA score [9]. EEG findings
from our study showed among the abnormal patterns, 62%
presented a prevalent frontal involvement, in line with
both the reported neuropsychological assessments and
the above-mentioned brain metabolism results. The EEG
slowing observed by qualitative EEG analysis is supported
by the results of quantitative analysis. Indeed, the relative
delta power values in our sample were higher than those
reported in literature for the healthy subjects [17, 37].
EEG slowing has been suggested to reflect brain hypop-
erfused areas in acute ischemic stroke patients and might
be considered as an index of neurovascular coupling [17];
nevertheless, there is a lack of data about brain perfusion
in post-COVID patients presenting cognitive impairment,
and future studies should address the association between
brain metabolism, perfusion, and oscillatory activity.

Taken together, these findings confirm previous observa-
tions suggesting a high prevalence of cognitive impairment
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among the most reported post-COVID symptoms, and most
of those reporting a subjective cognitive deficit were char-
acterized by MoCA scores suggestive of MCI. This study
provides evidence of altered EEG traces in most of these
individuals, which might be predominant in the frontal
areas. Among the four patients who were found with an
epileptiform EEG, three of them presented at least one
focal seizure in the following 4 weeks (never presented
before COVID-19). As known from the previous literature,
the presence of IEDs is related with decreased attention
and altered cognition faculties [38]. This finding encour-
ages the use of EEG analysis in the post-COVID period,
and in particular in those with subjective cognitive defi-
cit, to detect possible abnormal traces that might predict
the occurrence of new seizures. A limitation of this study
is represented by the small number of subjects who per-
formed both the neuropsychological evaluation and the
EEG recording, as well as the qualitative nature of the EEG
analysis. Another limitation was represented by the lack of
a control group of cognitively healthy post-COVID patients
who underwent EEG. Further studies on larger study sam-
ples are mandatory to confirm the results and to investigate
the nature of cognitive disorders in post-COVID-19 syn-
drome. Despite these limitations, this study presents data
from an acute respiratory pauci-asymptomatic sample of
COVID-19 patients, who developed a wide range of post-
COVID symptoms, including “brain fog.”

Conclusions

In conclusion, these findings suggest the use of objective
techniques (e.g., EEG) to better understand the neurophysi-
ological alterations underlying post-COVID cognitive defi-
cit. Indeed, in these patients with mild cognitive symptoms,
EEG pattern might be characterized by a predominant slow-
ing, and to a lesser extent, epileptiform discharges, in par-
ticular in the frontal areas.
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