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Abstract

Background Severe acute respiratory syndrome coronavirus 2 (SARS-CoV?2) infection has many neurological mani-
festations, and its effects on the nervous system are increasingly recognized. There has been no systematic analysis

of electroencephalography (EEG) characteristics in children exhibiting neurological symptoms of Coronavirus disease
2019 (COVID-19). The primary aim of this study was to describe the EEG characteristics caused by COVID-19 infection
in children who were showing neurological symptoms and to assess the relationship between COVID-19-related EEG
changes and clinical features in these children. Method: This study included 125 pediatric patients infected with SARS-
CoV2 and showing neurological symptoms, and their continuous EEG was recorded. In addition, the demographic
and clinical characteristics of these patients were analyzed and the correlation between the two was investigated.
Results: Abnormal EEG findings were detected in 31.20% (N =39) of the patients. Abnormal discharges (43.59%) were
the most common EEG abnormalities, followed by background abnormalities (41.03%). The proportion of patients
diagnosed with febrile seizure was higher in the normal EEG group than in the abnormal EEG group (P=0.002),

while the opposite was true for epilepsy and encephalitis/encephalopathy (P=0.016 and P=0.003, respectively). The
independent associated factors of abnormal EEG were age and total length of stay (P<0.001 and P=0.003, respec-
tively). Non-specific EEG abnormalities were found in COVID-19-related encephalitis/encephalopathy. Conclusion: Our
study corroborated that a small group of pediatric patients infected by COVID-19 and showing neurological symp-
toms may exhibit abnormal EEG. This study could help improve the understanding of clinical and EEG characteristics
in children with COVID-19 and inform triage policies in other hospitals during the COVID-19 pandemic.
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Introduction

Coronavirus disease 2019 (COVID-19) is a novel infec-
tious disease caused by 2019 novel coronavirus (2019-
nCoV) or severe acute respiratory syndrome coronavirus
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systems. In particular, neurosystem-related complications
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have become a concern for medical researchers [3, 4].
COVID-19 infection may affect the central nervous sys-
tem to very different degrees. Patients with COVID-19
were observed to develop encephalopathy, clinical sei-
zures, and subclinical seizures. Electroencephalography
(EEQG) is an essential neurological diagnostic technique
widely used to diagnose such disorders and guide related
treatment decisions [5, 6].

Several previous studies have observed the neurologi-
cal effects of COVID-19 by using EEG. In a retrospective
study, Pellinen et al. analyzed continuous EEG findings in
111 patients with COVID-19. They showed a high rate of
non-specific EEG abnormalities, while seizures and epi-
leptiform activity were less frequent in the EEG [6]. In
parallel, another study’s researchers examined continu-
ous and routine EEG of 22 patients. They found a higher
frequency of epileptiform anomalies on EEG of COVID-
19 patients with encephalopathy compared to the con-
trol subjects, and electroencephalographic seizures were
observed in the COVID-19 patients [7].

As time passes after the first outbreak of the COVID-
19 pandemic, there are increasing reports of pediatric
COVID-19-infected patients presenting with neurologi-
cally relevant symptoms. Luckily, current data suggests
that children diagnosed with COVID-19 often have
milder diseases than adults, and deaths have been spo-
radic [8]. A meta-analysis showed that the percentage of
children infected by COVID-19 with non-specific neu-
rological symptoms such as headache and myalgia was
16.7%, and the portion of specific neurological symp-
toms such as seizures and encephalopathy was 1% [9].
In another study involving 50 children with COVID-19
infection, 4 (14.8%) patients presented with neurological
symptoms, including encephalopathy, brainstem involve-
ment with dysarthria or dysphagia, meningism, and cer-
ebellar ataxia. EEG recordings showed diffuse slowing in
2 of these patients, while 1 had mild slow activity in the
anterior part of the brain [10]. Another study reported a
child with COVID-19 infection whose initial symptom
was a headache, and her EEG showed remarkable back-
ground slowing and frequent frontal intermittent rhyth-
mic discharges [11]. The current studies on the EEG
performance of pediatric patients with COVID-19 are
mainly case studies, and no studies have been conducted
to analyze it systematically. Therefore, the presence or
absence of specific EEG features for acute COVID-19
infection in children showing neurological symptoms has
not been determined.

To the best knowledge of the authors of this study, this
is the first study to date to investigate the clinical and
EEG features in pediatric COVID-19-infected patients
who show neurological symptoms. The main objectives
of this study were to investigate the EEG manifestations
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caused by COVID-19 infection in children who were
showing neurological symptoms and to assess the rela-
tionship between COVID-19-related EEG changes and
clinical features in these children.

Methods

Study population and EEG recording

We performed a retrospective analysis at the Second
West China Hospital of Sichuan University from Decem-
ber 1, 2022, to March 31, 2023 (COVID-19 pandemic
in China). The study was divided into three stages. In
the first stage, the inclusion criteria of subjects were: (1)
age<18; (2) the diagnosis of COVID-19 was confirmed
by nasopharyngeal swab polymerase chain reaction
(PCR); (3) patients were performed EEG because of neu-
rological symptoms (e.g., suspected seizures or altered
mental status). The exclusion criteria were: (1) patients
with electrolyte or metabolic disorders; (2) patient was
infected with common viruses or bacteria other than
COVID-19, such as influenza virus, parainfluenza virus,
adenovirus, respiratory syncytial virus, cytomegalovirus,
mycoplasma, chlamydia, streptococcus pneumonia, hae-
mophilus influenzae (throat swab specimens by PCR);
(3) parents of the children refused to perform an EEG.
In addition, to directly observe the effect of COVID-19
on EEG, we performed a second stage analysis. Patients
included in the first stage who had previous EEG (before
the infection of COVID-19) findings were included in the
second stage of the study. Finally, to assess the EEG char-
acteristics of COVID-19-related encephalitis or encepha-
lopathy, the patients with encephalitis or encephalopathy
from stage one were included in the analysis of stage
three. All patients in this study underwent standard,
continuous video and EEG monitoring using a 19-chan-
nel EEG with electrodes placed using the international
10-20 system for 4 h. This study was approved by the
Ethics Committee of West China Second University Hos-
pital, Sichuan University.

Clinical variables

We extracted the data from the electronic medical
record system. The extracted data included baseline
demographic and clinical information: gender, age, fever
(during the current episode), state of consciousness and
Glasgow Coma Scale score at the time of performing
the EEG, brain imaging findings (if any), diagnosis, clini-
cal seizure before the EEG, form of seizure, presence of
status epilepticus, seizure frequency compared to pre-
vious (if a patient’s seizure interval was significantly
shorter after infection with COVID-19 than before, then
we considered that the patient’s seizure frequency was
increased, and vice versa), history of neurological illness,
prior family history of seizures, whether take antiseizure
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medicine before EEG, and the interval time between EEG
and last seizure.

In addition, we recorded whether the patient was hos-
pitalized, the department where the patients stay (outpa-
tient, neurology department, intensive care unit [ICU],
infection department, transition ward, or other depart-
ments), the total length of stay, and the outcome at dis-
charge as of March 31, 2023.

EEG variables

EEG variables were abstracted from hospital EEG
reports. Our EEG reporting physicians, who were quali-
fied in EEG, read the EEG results and classified EEG
according to the International League Against Epilepsy
(ILAE) criteria. The EEG findings were categorized into
normal and abnormal in the first stage (Tables 1 and 2).
The abnormal EEG was further categorized into back-
ground abnormalities (background slowing and focal
slowing), abnormal discharges, and background abnor-
malities combined with abnormal discharges. In the
second stage (Table 3), the last EEG findings, EEG find-
ings after infection with COVID-19, and the differences
between these two EEGs were recorded. In addition, the
details of background waves and abnormal discharges in
patients with encephalitis/encephalopathy were recorded
in the third stage (Table 4).

Statistical methods

Clinical and EEG characteristics were summarized using
descriptive statistics (mean and standard deviation of
age, median [inter-quartile range, IQR] of other continu-
ous variables, and proportion of categorical variables). To
determine which factors of patients were most likely to
be associated with abnormal EEG findings, we compared
the normal and abnormal EEG groups’ demographic
and clinical characteristics using univariate statistics
(Mann—Whitney U test for continuous variables and chi-
square for categorical variables). Probability (P) values
of<0.05 indicated statistical significance. Demographic
and clinical variables with P<0.1 were included in logis-
tic regression analyses to assess the association between
demographic and clinical characteristics and abnormal
EEG. SPSS 22.0 (Statistical Package for Social Sciences
for Windows, version 22.0.) software package was used to
conduct the statistical analyses of the research data.

Results

Patient characteristics

Table 1 exhibits the demographic, clinical, and EEG char-
acteristics of pediatric COVID-19 patients with neu-
rological symptoms. Of the 125 pediatric patients, 77
(61.60%) were male, and 48 (38.40%) were female. The
age of all patients ranged from 0.1 to 14.6 years, with a
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mean of 5.24+3.44 years, of which 104 (83.20%) had a
fever (during the current course). At the time of the EEG,
most patients (N=116, 92.80%) had a normal state of
consciousness, and 9 (7.20%) patients had an abnormal
state of consciousness. Four patients were rated by the
Glasgow Coma Scale, with a median of 10.5 (7, 8, 13, and
15, respectively). Fifty-one patients had brain imaging
studies completed, of which 11 (21.57%) were suggestive
of abnormalities.

The most frequent diagnosis was febrile seizures
(N=51, 40.80%); 29 (23.20%) patients were diagnosed
with complex febrile seizures, 23 (18.40%) with epilepsy,
and 4 (3.20%) with encephalitis [12]/encephalopathy,
while the remaining diagnoses included: epileptic sei-
zures (N=7, 5.60%), febrile seizure plus (N=4, 3.20%),
and other diagnoses (N=7, 5.60%). Almost all patients
(N=122,97.60%) had seizures, and most (N=81, 64.80%)
had one seizure. The form of seizures was predominantly
generalized clinical seizure (N=112, 91.80%), and sta-
tus epilepticus occurred in 6 patients (4.80%). Sixty-six
patients (52.80%) had no previous history of seizures, 16
patients (12.80%) had an increase in current seizure fre-
quency compared to previous (seven epilepsy, six com-
plex febrile seizures, two febrile seizures plus, and one
febrile seizure), and 25 patients (20.00%) had no change
in seizure frequency.

Most of the patients (N=68, 54.40%) had no prior
history of neurological diseases. Thirty-five patients
(28.00%) had a prior history of febrile seizure, and 15
patients (12.00%) had a prior history of epilepsy. Most
patients (N=115, 92.00%) had no prior family history
of seizures, while ten patients (8.00%) had a prior family
history of seizures.

Most patients (N=100, 80.00%) did not take antisei-
zure medicine before EEG, and 25 (20.00%) patients took
such medicine, including levetiracetam (N=12), valp-
roic acid (N=8), oxcarbazepine (N=4), phenobarbital
(N=4), lamotrigine (N=3), topiramate (N=2), clonaz-
epam (N'=2) and lacosamide (N=1). Eight of the patients
were taking two kinds of medicines at the same time, and
three patients were taking three kinds of the medicines.
The median length of interval time between an EEG per-
formed and the last seizure was three days (IQR=1 to 8
days).

Twenty-seven patients (21.60%) were hospitalized in
the neurology department (N=15, 12.00%), ICU (N=4,
3.20%), infection department (N=1, 0.80%), transi-
tion ward (N=3, 2.40%), and other departments (N=4,
3.20%). The median length in the hospital was seven
days (IQR=5 to 11 days). One hundred and twenty-two
patients recovered at the time of discharge, and three
patients (2.40%) were discharged with neurological
sequelae, one with a language barrier, one with dystonia,
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Table 1 Demographic, clinical and EEG characteristics
Variable
Gender Male 77 (61.60%)
Female 48 (38.40%)
Age (Mean+SD, year) 5.24+3.44 (overall range:
0.1-14.6)
Fever No 21 (16.80%)
Yes 104 (83.20%)
Consciousness Normal 116 (92.80%)
Abnormal 9 (7.20%)
Glasgow Coma Scale score 10.5 (7.25,145) N=4
Brain image Normal 40 (7843%)  N=51
Abnormal 11 (21.57%) N=51
Diagnosis Epilepsy 237 (18.40%)
Febrile seizures 51 (40.80%)
Complex febrile seizures 29 (23.20%)
Febrile seizures plus 4 (3.20%)
Epileptic seizures 7 (5.60%)
Encephalitis®/encephalopathy 4 (3.20%)
Others 7 (5.60%)
Clinical seizure None 3 (2.40%)
Once 81 (64.80%)
Twice 19 (15.20%)
More than twice 22 (17.60%)
Form of seizure Generalized clinical 112 (91.80%) N=122
Focal clinical 10 (8.20%) N=122
Presence of status epilepticus 6 (4.80%)
Seizure frequency compared to previous No prior seizures 66 (52.80%)
Increase 16 (12.80%)
Same as before 25 (20.00%)
Decrease 0 (0.00%)
Unknown 18 (14.40%)
History of neurological illness None 68 (54.40%)
Febrile seizures 35 (28.00%)
Epilepsy 15 (12.00%)
Others 7 (5.60%)
Prior family history of seizures None 115 (92.00%)
Yes 10 (8.00%)
Antiseizure medicine before EEG None 100 (80.00%)
Yes 25 (20.00%)
Interval time between EEG and last 3 (1,8)
seizure (median [IQR], day)
Hospitalization None 98 (78.40%)
Yes 27 (21.60%)
Department Outpatient 98 (78.40%)
Neurology department 15 (12.00%)
ICU 4 (3.20%)
Infection department 1 (0.80%)
Transition ward 3 (2.40%)
Other departments 4 (3.20%)
Total length of stay (median [IQR], day) 7 (511)
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Table 1 (continued)
Variable
Outcome at discharge Recovery 122 (97.60%)
Neurological sequalae 3 (2.40%)
EEG Normal 86 (68.80%)
Abnormal 39 (31.20%)
Background abnormalities 16 (41.03%) N=39
Background slowing 1 (2821%)  N=39
Focal slowing 5 (12.82%) N=39
Abnormal discharges 17 (43.59%) N=39
Background abnormali- 6 (15.38%) N=39

ties+abnormal discharges

Abbreviations: SD standard deviation, IQR Interquartile range, ICU intensive care unit

2. Seven of the 23 patients were first diagnosed with epilepsy during our study period

b The criteria of encephalitis were used as described in the Consensus Statement of the International Encephalitis Consortium [12]

and the remaining one with both language barrier and
dystonia.

EEG findings

The 125 patients with COVID-19 in this study all had
one EEG during this course of the disease. Most patients
(68.80%) had normal EEG, and 39 patients (31.20%) had
abnormal EEG. Of these, abnormal discharges were the
most common (N=17, 43.59%). The EEGs of sixteen
patients (41.03%) exhibited background abnormalities,
and it could be further divided into background slowing
(28.21%) as well as focal slowing (12.81%). The EEGs of
six patients (15.38%) exhibited background abnormali-
ties + abnormal discharges.

Difference of normal and abnormal EEG

Eighty-six patients with normal EEG and 39 patients with
abnormal EEG were included in this study (Table 2). The
rate of males in the normal EEG group was higher than
in the abnormal EEG (P=0.046), and the age of patients
in the normal EEG group was significantly younger than
that of patients in the abnormal EEG group (P<0.001).
Abnormal EEG was associated with the level of con-
sciousness. Patients in the normal EEG group were more
likely to be conscious (P=0.017). The proportion of
patients diagnosed with febrile seizures (P=0.002) was
higher in the normal EEG group than in the abnormal
EEG group, while the opposite was true for epilepsy and
encephalitis/encephalopathy (P=0.016 and P=0.003,
respectively). The form of the seizure (P=0.006) and his-
tory of neurological illness (febrile seizures P=0.034)
were significantly different between the two groups. The
rate of antiseizure medicine used before EEG was higher
in the abnormal EEG group than in the normal EEG
group (P=0.001), and the interval time between an EEG

performed and the last seizure was significantly longer in
the normal EEG group than in the abnormal EEG group
(P=0.001). In addition, patients with normal EEG had a
lower hospitalization rate, shorter stay, and higher recov-
ery rate (P=0.002, P<0.001, and P=0.009, respectively).
There was no statistically significant difference between
the fever rate, brain image, diagnosis (epilepsy, complex
febrile seizures, febrile seizures plus, and epileptic sei-
zures), clinical seizure, status epilepticus, increased fre-
quency of seizures, history of epilepsy, and prior family
history of seizures.

Independent associated factors of abnormal EEG

Among clinical variables, including demographics, medi-
cal or neurological manifestation, medications, and
hospitalization, the independent associated factors of
abnormal EEG were age (odds ratio [OR] 1.295, 95% con-
fidence interval [CI] 1.134—1.478, P<0.001) and the total
length of stay (OR 1.212, 95% CI 1.065—1.380, P=0.003).

Comparison of previous and current EEGs

As shown in Table 3, 11 children with previous EEG were
included in this study, suffering from epilepsy, febrile sei-
zures, and complex febrile seizures. Ten patients exhib-
ited generalized clinical seizures, and one exhibited focal
clinical seizure. Three children with epilepsy were taking
antiseizure medicine. Six children infected with COVID-
19 had varying degrees of severity of background wave
slowing or slow waves. Compared with the previous
EEG, three patients with COVID-19 infection exhibited
slower background waves, three affected patients showed
discharge range expansion, and one patient exhibited
increased discharge.
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Table 2 Difference between the groups in terms of different parameters
Variable Normal EEG Abnormal EEG P
Gender Male 58 (67.44%) 19 (48.72%) 0.046
Female 28 (32.56%) 20 (51.28%)
Age (Mean 5D, year) 438+3.10 711+344 <0.001
Fever 75 (87.21%) 29 (74.36%) 0.075
Consciousness Normal 83 (96.51%) 33 (84.62%) 0.017
Abnormal 3 (3.49%) 6 (15.38%)
Brain image Normal 25 (80.65%) N=31 15 (75.00%) N=20 0632
Abnormal 6 (1935%) N=31 5 (25.00%) N=20
Diagnosis Epilepsy No 75 (87.21%) 27 (69.23%) 0.016
Yes 11 (12.79%) 12 (30.77%)
Febrile seizures No 43 (50.00%) 31 (79.49%) 0.002
Yes 43 (50.00%) 8 (20.51%)
Complex febrile seizures No 64 (74.42%) 32 (82.05%) 0.349
Yes 22 (25.58%) 7 (17.95%)
Febrile seizures plus No 83 (96.51%) 38 (97.44%) 0.786
Yes 3 (3.49%) 1 (2.56%)
Epileptic seizures No 82 (95.35%) 36 (92.31%) 0493
Yes 4 (4.65%) 3 (7.69%)
Encephalitis/encephalopathy No 86 (100.00%) 35 (89.74%) 0.003
Yes O (0.00%) 4 (10.26%)
Clinical seizure 84 (97.67%) 38 (97.44%) 0.936
Form of seizure Generalized clinical 81 (96.43%) N=84 31 (81.58%) N=38 0.006
Focal clinical 3 (3.57%) N=84 7 (1842%) N=38
Presence of status epilepticus 3 (3.49%) 3 (7.69%) 0.308
Increased frequency of seizures 11 (2895%) N=38 5 (23.81%) N=21 0.535
History of neurological illness Epilepsy No 80 (93.02%) 30 (76.92%) 0.1
Yes 6 (6.98%) 9 (23.08%)
Febrile seizures No 57 (66.28%) 33 (84.62%) 0.034
Yes 29 (33.72%) (15.38%)
Prior family history of seizures 8 (9.30%) (5.13%) 0425
Antiseizure medicine before EEG 10 (11.63%) 15 (38.46%) 0.001
Interval time between EEG and last 4 2,8) 2 (1,8) 0.001
seizure (median [IQR], day)
Hospitalization 12 (13.95%) 15 (38.46%) 0.002
Total length of stay (median [IQR], day) 6 (4,8) 9 (6,20) <0.001
Outcome at discharge Recovery 86 (100.00%) 36 (92.31%) 0.009
Neurological sequalae 0 (0.00%) 3 (7.69%)

Abbreviations: SD standard deviation, IQR Interquartile range

Detailed EEG in patients with encephalitis/encephalopathy
A total of 4 patients in this study suffered from enceph-
alitis/encephalopathy. As shown in Fig. 1, all patients
showed different degrees of EEG background wave slow-
ing, and one of the patients with encephalopathy also
exhibited typical sleep spindle and parietal wave deficits,
and unclassifiable sleep cycles. In addition, the EEGs of
2 patients showed abnormal discharges (Fig. 2). How-
ever, these findings were non-specific EEG abnormalities.
Three patients were discharged with neurologic sequelae,

including language barrier and dystonia, details of which
are shown in Table 4.

Discussion

As the COVID-19 pandemic continues, there is a need
to better understand the neurological manifestations and
EEG features of COVID-19. This study reports the first
large series of clinical and EEG characteristics associ-
ated with pediatric COVID-19 infections. The prevalence
of abnormal EEG was 31.20%, and these abnormal EEG



Page 7 of 15

49

(2024) 24

Yang et al. BVIC Pediatrics

dasys buunp
sanem dieys
2UOZ [RIUD puUR
[PIUOI) 3| JO

dagys buunp
uoibal [enuad
146U Y3 Ul SaAeM
Ids pue dieys jo
uojssiws a|dinw

uolsuedxa ENETR)] ‘533 jooydsaid 210j2q se |ed
abues abieydsig [PUOISEDDQ [ewlouqy i aules VdA Asdajid3 Ui [ed04 L ON Asda|id3 [ ElEI ¥
spouad
Buidasls pue
Bupiem bui
-Inp suoibai
[eIUOIY pUR
|ejuolyaid oy ul
SIABM MO[S pUB
(MmO|s) saulds
(s1dnjnw) jo
([syruow /£ s1eak 9]  uOISSIUID Juanb pouad das|s bul
ZH 8-9 «— [Syiuow 9 -3)) "7 'SOABM  -INP PANSS| SIARM
sieah G] ZH 6-8) punoibyoeq Jo Ids jesodwiay el
Buimols punoibyoeg  Buimolsybls | Jouaisod [eianss [l 9583.10U| OoN Asdajidy  pazijessusn 4 oN Asdajid3 99 Bl <
(uoibal |e1uUd
1ybu sy ul
Ajueujwopaid)
dasys buunp
SIARM MO[S puB SIARM
soyds peaids auids-nnw pue
-9pIM Jo suolbais ‘duids ‘oyids
|eJodwa) pue MOJ JO 3ouenss|
|eudi>20 ‘|eyaied 1uanbaly yum
‘le]Jusd ‘el suolbal [eioduwal
-uouy sy uj Jousisod pue
uolsuedxa  saAeM MO|S pue 3|ppiw pue 210J2q se [e1uld
abuesabieydsig  sayids usnbai4 ‘leyalted ‘lennus) I'6 aweg ON Asda|idy  pazijesauan l ON Asdajid3 901 dle 4
(%05 01 dn
xapul abieydsip
pouad W3YN pue
Soueulwopaid
peaidsapim
yum) Aouanbauy
9ABM MOIS ‘MO|S
suds-nnw
‘(Moys) saulds 1o
soy1ds peauds
-3pIM JO Sseale
sul|piw ‘lejodwiay
‘leyd1220 ‘|eyaled
padnpal sbieyd ‘lel1uad ‘jeruoyy
-SIp dIYM ‘(zH 9) Buimoys anem  ‘eyuodyaid pouad [e21UlD
Buimo|s punoibyoeg punoibyoeg dasys buniep (X4} umouyun  INdL Pue VdA ‘9d Asdajidy  pazijessusn L ON Asdaid3 oYl EIE |
21049q 01
$D31  61-AINOD YIMm pasedwod D33 21049q ssau|! snopdajids
OM] 93U} US9M]3q  UOI}Ddjul IdYe D33 (1eak) D33z A>uanbaiy aupipaw  [edibojoinau 2InzIas s2InzIvs snjejls Jo
saduaIRYIq sbuipuy D33 1se| Jo sawodINQ 1se| Jo aby ainziag ainzidsnuy Jo K101SIH Jowio4 JouaqunN 2udsald sisoubeiq (sieak) aby J9pusn JaquinN

$H3J3 1Ua1ND pue snoiaaid Jo uosuedwo) € ajqelL



Page 8 of 15

49

(2024) 24

Yang et al. BVIC Pediatrics

uolsuedxa
abuels abieydsiqg

SoARM

g Apueuiwopaid
‘([syyuow / s1eak €]
ZH 81 «— [syauow /
1894 1] ZH 9-)
Buimols punoibyoeg

sableydsip paseaidu|

SUON

das|s buunp
suolbas aul|piu
[B1IUSD pue
‘SUl|pIW [eIUOI)
‘|eIuoI) 9Y3 Ul
sonem dieys Jo
ases|al
[PUOISEIDO

spouad
Buidaals pue
Bupjem buunp

Suolbal F:OQEwM

Jouisod pue
[e3d1220 sy Ul
SIABM MO[S

0 pue Q JO 3dUr
-nssi 1usnbauy
‘7 'SOABM
punoibyoeq jo
Buimoys ybs |

asuodsai
wisAxosed oyoyd
aAIsod ‘7
‘(9dueuiwopaid
peaidsopim
yum) dasjs bul
-jem bulnp
(souids) soxids
peaidsapim Jo

suolbai jesodway

Jouaisod ‘jey
-1d1220 ‘|eraned
[BIIUSD ‘|eIUOI}
‘leyuolyaud ayy ul
SIARM MO[S puUR

MO[S JO s9dUe

-nssiajdinuwi “|

[BULION

dagys bunnp
e3JE [PIUOI) DY) U
sanem yids
|eUOISEID0

ZH 9 J0

SaAeM punoib
SPeq Yam saxyids
|eIUOL} JO BDUR
-NSs| [euoiseId

POAISSO 21oM
saljewlouqe oN

[PULION

¥l

9l

9¢

210§2q se
awes

210§2q se
awes

2109 se
awes
2102 se
awes

ON

oN

ON

WDTPUB VdA

Salnzias
3|lge4

NEIVAEN
3|lga4

Salnzias
ajugeq

Asdayid3

[CRINTEY
pazijesausn

fespulpd
pazijeausn

[e2a1ui>
paziesauan
[earud
pazijesausn

L soA ON

L soA ON

TR ON

L ON ON

SaInZIas
ajlge4

Salnz|as
aluga4

Salnzias
aluga4

Asdaid3

€t SEA 8

'€ dlewsd L

9%  Slewsd 9

(33 o[eN S

BDEE]
0M} 3y} USIM}D]
sadualayIq

61-AINOD Yum
uondayul Jd)e

sbuipuy 533

533
1se| JO sBWodNNQ

(+eak) o33
1se| jo aby

21049q 01
pasedwod
A>usnbaiy

2Inzias

533 240499
aupipaw
ainziasnuy

ssau||
|ea160j04nau
J0 L101sIH

ainzias
Jo wio4

snondajids
snjejs Jo
duUdsald

sainzids

JoJequinN  J19A94

sisoubeiq

(s1eak) aby Jspudn JdqUINN

(panunuOd) € 3jqey



Page 9 of 15

49

(2024) 24

Yang et al. BVIC Pediatrics

we1adelland)] 477 ‘aplwesode )7 ‘@rewelido] Wdi ‘pioe d1oidiea v, ‘lergieqousyd g4 suoipiraiqqy

pouad bul
-daajs ayy buunp
U995 ale suoibal
|PIUOJ pUE
|eluolyaid oy ul
sanem dieys
|eJ2ASS *7 ‘poliad
Bupjem ay1 bul
-INp U9as aJe
suolbal aul|pIw

1uswidojanap

[PIUOIY PUR sbenbug|
‘leauouy ‘jeruol) pake|aQ
-aid ayp ul ‘sainzias saINzIas
SOARM MO|S SSARM MO[S-Q SEINENe[XEIEI saInzias EIIeEN [eo1ul> 3|ligay
|BD0J JO 9DUSS3Id s|dninwi -ty selijewlouge oN Y Joud oN ON xo|dwo)  pazieiausn 14 SOA SOA x| dwod 61 EIEN Ll
saunzias saInzias
BEE| 2l10J2q se °[lge} [ea1ul> °|lQqey
SUON abuel jewloN 933 abuel [eulioN ¥/ aules AT xa|dwo)  pazieiaus | SOA ON xa|dwo) 8/ Eli] ol
saInz|as
SUNINVEREYE] SUNINVES SEINENe[XSIEI Saunziss [eo1uld 3|lIgey
-paso|d JO 2dUasald 9A9-paso|)  saniewouge oN /'8 aseanu| ON 3ligeq  pazieIdusn | SOA ON  x9|dwod /0L EliE 6
31043 01
$D31  61-AINOD YiIMm pasedwod D33 210j2q ssau|! snopdajids
OM} 3Y) USDMIBQ  UOID3Ul JdYe D33 (1eah) o33 fouanbayy supipsw [ed160joinau ainziss sainzids snjejs Jo
sadualayla sbuipuy D33 31se|JO sawodINQ  3se| jo aby ainzias ainzidsnuy 0 101514 Jowio4 jouaquinN JaAs4 aduasald sisoubeiq (sieak)aby Jspusn JsquinN

(PanuNUOd) € 3jqey



Page 10 of 15

(2024) 24:49

we1adeiLaA3| AJ7 ‘|eaigieqousyd g4 suonbiraiqqy

das|s pue
ssaunysem bul
-INp spe3)

[N} 2Y1 Ul Jo
suolibal
[esodwal
Joujue ‘|e;juad
'|eIUOly ‘[PIUOLY

S9|2Ad
das)|s ajgeyls
-seppun yum

Yang et al. BVIC Pediatrics

quli| -aid ayrul 'S1DY3P 9ABM
Jaddnaybusyrur - swyikyl g pue  dol pue s|puids swioIp
2U01 JPSNW YbIy 1 Jo sabieydsip dagys [ed1dAL [ea1uld -UAs Ayiedoy
Ajybiys :eluoisAg ElleIMallN] ZH 6-S'| SUON SUON pazi|eJausn | SOA SUON -eydadua a1ndy oLl 9ewsS
siyeydasua
3suasUou 101d3d31
abenbue| uau o1enedse-g
-leq abenbue SUON ZH /ST SUON SUON [eDIUIPD 2204 L SIA SUON  -JAyIdW-N-huy /8 EIEN
SIIUWRIIXS B3 Ul
2U0} 3PsNW
MO| pue asuodsal
[BQISA OU SBM
31243 :Bjuo}
-SAp pue Jalueq [eo1uld siyjeydaous
abenbue SUON ZH €-G'L AT~ gd SUON pazi[eJausn / SIA SaA [BJIA 2I3ASS €7 dPwaA
(uoibai
|eJodwial Jona)
-sod b ayy Ul
Ajpueuiwopaid
‘das|s bulnp
Ajgelou)
spouad buy
-das|s pue
Bupem buunp
SIABM MO|S puE
(moys) dieys
|esodwiay Jou
-3150d pue |eyl
SuoN  -di>>0 Jusnbai4 ZH 9 qd SUON [EDIUIPD €204 / SOA SUON  -eydadus |elip 88 oewa4
sbieydsip D33 31049q ssau||t s2InzIds snondajida
je aejanbas sabieydsip SsaAeM aupipaw |eso16ojoinau ainzias jo snjejs jo
s160j0inaN |Jewouqy punoibypeg ainziasnuy Jo K1o1sIH jowlo4 Jaqunpy JaA34 9duasald sisoubeiq (1eak) aby Jopusn Jaquiny

Ayredojeydaduaysiijeydadus yim syuaned Ul 933 pajieisg ¥ alqel



Yang et al. BVIC Pediatrics (2024) 24:49

(A) Is 100uV

Fpi-Al
Fp2-Az
Al
FaA2
[ERV
caaz
Al
PA2 ) 0
o1l

0rar , p

F1-AL
F8-A2
raan ]
T4A2
TSAL
Te-a2
eany’ L/
Cran

PrAAVY

Xa-Ret!”

©)

Fp2-a2 | :
LV

FaA2

caal WW /Mlﬂ/\ MJWV’/\'\“/M W\/ w’\w”w’\“’”'
caa2 ,,MM,\M Pt o ! \ ™y N Pt ‘\ Vg R
P3-Al /"‘”w\\ et WW//\\,\M ot /v\m\w e / \»"'\m.w-w\fj \WM,J’\\MNW%%
Pz | i A iy, ﬂmmwm J’"’\ A \*,u‘/u Mo
orar M Y//»MV\,\, /'\’““W“V\'\/V\.\ M ,J‘WM\/N"\\\M/ \\“\, W\MM S vl
02-A2 «W\\ A W«Awflw_«v\mwv»nwww MMM” LA Vg NWWNVWWPA
FRAL e L e L N T

F8-A2

T4-A2

TS-A1L

T6-A2

Feanl fw/““m //\W N mmwﬂ% “*\m%/ oy \M”‘mﬂww M

hy .

cranv) m\\/“/m N \/\r"‘ R / J an’*’y\,/w”' R i teeeNed

SV N -~ / W, o, RN e

Pr-AAY AVAR (g N0 /y‘w W e W“ e _Wﬁr

SR LI I V\LNV (SR |- L/\,M\‘ MLA,J\_/PV (IR, A
xsov = | Y | | \ e 1 | |

In |

] T3AL

Page 11 of 15

Fa-A2

”\Q/‘wm/\ W\Mf‘a m /w A A N»mm AL SNARNA
N N ;’}M REaVs ‘/ \pwx\";/n “/J\’»{:\“/\ﬂ WL:\»L’\Q
PIAL oy W wk/rg « Ty N M AW
e \/\‘ ‘J:’\\,M _/M/mwﬂ\";g% /:jk‘v,ﬂm o/ Y ANSRENCAY T

o1 \mwwf\ S A W w Ky ,,Ma o g ‘y
AN V,MWWA - ww"”\jﬂ/«

FT-AL o,
F8-A2
Taar [
T4A2
TsAL

T6-A2

M“\‘“w

FeAAY,

I'|llr.\l‘ [ o "‘ ‘, !
o gt P .
F3-A1 |

F4-A2 \ / . i . | ) B
o W/WWWWWWW
ca-A2 W\AMF\/WW/M\ A AN f"w/\‘w )
P3-Al MWWWWMMMW
PEAZ P\l NG AN AN AL |/ TIANIA AL AN e Mk
O1AL AT KNS P S VANV GUININEVI PRV Y
o022 '\"’\J\‘J\W\ WW«/W\W/M N A AN

FT-AL

F8-A2

Td4-A2

TSAL AN Gra N WA A A / . 9
oz o OSSN RPN

FLAAY WWW Mwwfw
oAV [N T TV NN A A A NAAN T S
preaav T VAN VNN e S SRS
X3-0V ‘fﬂjkfw\!\/\ "\‘P\/H\VW!\/ ‘qrv\qlh\/\'vl\f‘q"\/wls‘\/\/vlp\/\

Fig. 1 EEGs of patients suffered from encephalitis/fencephalopathy. All patients showed different degrees of EEG background wave slowing. A
was from patient 1 and showed diffuse §-6 slowing waves. B Was from patient 2 and showed diffuse & slowing waves. Figure (C) was from patient
3 and showed diffuse 6 slowing waves with a few a rhythms in the occipital region. Figure (D) was from patient 4 and showed diffuse 6 slowing

waves with a few & slowing waves

findings increased significantly with age and total length
of stay. Abnormal discharges (43.59%) were the most
common EEG abnormalities, followed by background
abnormalities (41.03%). The proportion of patients diag-
nosed with febrile seizures was higher in the normal
EEG group than in the abnormal EEG group, while the
opposite was true for epilepsy and encephalitis/encepha-
lopathy. Our study is the first to specifically examine the
effect of various demographic and clinical variables on
the EEG results of pediatrics who showed neurological
symptoms infected by COVID-19 to strengthen or refute
the existing practice. The information in this article may
be important in guiding critical clinical decisions to treat
this disease.

Our study’s clinical presentations and demographic
pattern (including male predominance) related to
COVID-19 infections were similar to a previous survey
researched in an Italian Pediatric Center [13]. The pro-
portions of clinical seizures in patients with COVID-19

have been reported to be 0.08-0.5% [14, 15]. A recent
study suggests seizures may be the initial manifestation
of SARS-CoV-2 infection in children, in the absence of
a prior history of neurological disorders, and a preva-
lence of about 18% of seizures in pediatric patients with
COVID-19 [13]. Our study found that febrile seizures
were the most common illness in this study population.
Febrile seizures are the most common seizure in child-
hood, with an incidence of 2 to 5% [16]. Most patients
(83.20%) in our study had a fever. The febrile response in
patients with febrile seizures could also reflect an altered
function of the cytokine network, with IL-1 and IL-6
being the most likely involved mediators [17]. On the
other hand, the SARS-CoV-2 virus induces a systemic
inflammatory response, which may promote increased
cytokine release, leading to the onset of febrile seizures
[18]. In three patients with febrile convulsions who had
previous EEG comparisons, we found that all EEGs
showed more severity after infection with COVID-19,
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Fig. 2 Abnormal discharges of patients suffered from encephalitis/encephalopathy. A From Patient 1, the EEG showed sharp and slow wave
discharges in the patient’s (a) right occipital region and (b) left and right posterior temporal regions. B From Patient 4, EEG showed low amplitude a
rhythmic discharges in the patient’s (c) bilateral prefrontal, frontal, and (d) frontal midline regions

as evidenced by background slowing, discharge range
expansion, and abnormal discharges. However, the sever-
ity of the EEGs in these cases was mild, and the EEGs
were performed during fever, so we could not know
whether the abnormal EEG changes were due to fever or
to direct viral invasion of the nervous system.

Acute symptomatic epileptic seizures and status
epilepticus are two of the most frequently reported

neurological conditions associated with SARS-CoV-2
infection and carry a high mortality rate (between 3
and 50%) [19]. Status epilepticus was reported in 4.5%
of the patients [20], comparable to 4.8% in our study. A
recent systematic review suggested that patients with
pre-existing neurological disorders (including epilepsy)
may develop worsening neurological problems after
being infected with COVID-19 [21]. This finding was also
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confirmed in our study, twenty-three patients included
in this study suffered from epilepsy, and seven had more
frequent seizures after COVID-19 infection than before.
In addition, some adult reports have speculated that up
to 3% of patients with severe COVID-19 illness have
subclinical seizures [22]. However, in children, it has not
been explored.

A previous systematic review of 177 patients reported
nonspecific EEG findings in patients with COVID-19 [20].
Our study showed that most patients had normal EEG,
and 31.20% had abnormal EEG. Part of the abnormal
EEG recordings showed nonspecific EEG abnormalities
of background rhythm, like generalized/ focal slowing and
abnormal discharges. This result suggests that pediatric
patients infected with COVID-19 and showing neuro-
logical symptoms may likely have encephalopathy. Clini-
cal seizure, fever, and antiseizure medicine may cause
encephalopathy. COVID-19 can also directly invade the
central nervous system or cause encephalopathy through
inflammatory responses mediated by cytokine storms
[23]. In addition, a small number of patients showed focal
EEG abnormalities, consistent with previous research
[24]. Focal abnormalities might be caused by complica-
tions of COVID-19, for example, encephalitis [25]. More-
over, the patient’s past medical history of brain disease or
preexisting chronic neurological diseases may also affect
focal findings on the EEG. There were ten patients with
epilepsy in the abnormal EEG, including nine patients
with a previous diagnosis of epilepsy, which further
indicates that the abnormal EEG cannot be ruled out as
caused by the previous disease. In addition, based on the
comparison of EEG before and after infection in epileptic
patients, we found no significant worsening of the EEG.
Therefore, we believe that COVID-19 did not necessarily
lead to abnormalities in EEG. This speculation requires a
large sample size and control group experiments for vali-
dation. Moreover, it is worth noting that the interval time
between EEG and the last seizure in the abnormal EEG
was significantly shorter than that in the normal EEG.
This might be because EEG recording in the early period
increases the probability of abnormality.

Another important finding in our study was the inde-
pendent associated factors of abnormal EEG. The
abnormal EEG findings increased significantly with age
and total length of stay. The mean age of the abnormal
patients was significantly higher than those with normal
EEG. A study in adults also found that abnormal EEG
increased with age [26], but the authors did not explain.
As for our result, we speculated this was due to the fact
that more patients at younger ages were diagnosed with
febrile seizures. Febrile seizures usually appear in chil-
dren between 1 and 5 years old, and the EEG is usually
normal [27]. In addition, the total length of stay was more
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likely to be associated with abnormal EEG. This is easily
explained by the fact that patients with abnormal EEGs
tend to be more severely ill and, therefore, require hospi-
talization for a more extended period.

Detailed EEGs of four patients with encephalitis or
encephalopathy were also analyzed in this study. It was
found that the EEGs of these patients in this study were
non-specific, with slow background activity. This result
was consistent with previously reported EEG findings in
two cases of encephalitis in COVID-19 pediatric patients
[28, 29]. Moreover, we noted abnormal discharge in the
frontal region of the patient suffering from acute encepha-
lopathy syndrome. A systematic review also found this
phenomenon and hypothesized that this manifestation
correlated with the purported entry of COVID-19 into
the brain and proposed a viral spread hypothesis [30]. The
researchers suggested that the virus first entered the nasal
and oral mucosa (anosmia and ageusia) [31], then spread
to the orbitofrontal region [32] and invaded the olfactory
bulb and orbitofrontal/frontal region via afferent nerves.

There were several limitations in this study. First of all,
20.0% of the patients included in this study had taken
antiseizure medicine before the EEG, which would affect
the results of the EEG, such as increasing the probabil-
ity of normal EEG. Secondly, COVID-19 was only con-
firmed by nasopharyngeal swab PCR and the lack of tests
for COVID-19 in the cerebrospinal fluid, which made it
difficult to associate this virus with neurological symp-
toms. Finally, follow-up data after discharge were hard
to obtain, so long-term functional outcomes could not
be assessed in this study. In future studies, long-term fol-
low-ups of patients infected with COVID-19 will be con-
ducted, and outcomes after discharge will be compared
to evaluate the extent of COVID-19-related impact on
long-term neurological functioning.

Conclusion

Our study corroborates that a small subgroup of pediat-
ric patients infected by COVID-19 and showing neuro-
logical symptoms may exhibit abnormal EEGs, and age
and total length of stay were associated with them. This
study could help improve the understanding of clinical
and EEG characteristics in children who showed neu-
rological symptoms and were infected by COVID-19,
and inform EEG triage policies in other hospitals dur-
ing the COVID-19 pandemic. Future researches 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. It would eventu-
ally require treatment with the ultimate aim of improving
their clinical outcomes.
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