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Abstract

Background. Interest in electroencephalographic (EEG) coronavirus disease 2019 (COVID-19) findings has been growing,
especially in the search for a specific-features EEG of encephalopathy. Methods. We made a retrospective analysis of 29 EEGs
recorded in |5 patients with COVID-19 and neurological symptoms. We classified the EEGs as “Acute EEG” and “follow-up
EEG.” We did a statistical analysis between voltage and respiratory status of the patient, stay or not in the intensive care
unit (ICU), days of stay in the ICU, sedative drugs, pharmacological treatment, type of symptoms predominating, and outcome.
Results. We found EEG abnormalities in all patients studied. We observed the amplitude of background <20 pV at 93% of “acute
EEG,” versus only 21.4% of “follow-up EEG.” The average voltage went from 12.33 +5.09 pV in the acute EEGs to 32.8 +
20.13 pV in the follow-up EEGs. A total of 60% of acute EEGs showed an intermittent focal rhythmic. We have not found a
statistically significant association between voltage of acute EEG and nonneurological clinical status (including respiratory)
that may interfere with the EEG findings. Conclusions. Nonspecific diffuse slowing EEG pattern in COVID-19 is the most common
finding reported, but we found in addition to that, as a distinctive finding, low voltage EEG, that could explain the low prevalence
of epileptic activity published in these patients. A metabolic/hypoxic mechanism seems unlikely on the basis of our EEG findings.
This pattern in other etiologies is reminiscent of severe encephalopathy states associated with poor prognosis. However, an
unreactive low voltage pattern in COVID-19 patients is not necessarily related to poor prognosis.
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there was no increase in the number of infections.” Thanks to

this, it has been possible to demonstrate the usefulness of
EEG studies in severe acute respiratory syndrome coronavirus

Introduction

Since neurological complications have been reported in patients
with COVID-19,'® interest in EEG COVID-19 findings has
been growing, especially in the search for a specific features
EEG of encephalopathy in the setting of COVID-19. Today,
continuous monitoring of EEG activity is a routine practice in
certain specialized units such as critical care units or epilepsy
units, and the advantage of follow-up studies in all types of
EEG disturbances is becoming increasingly evident. At the
onset of the pandemic, fear of increased COVID-19 infections
led many clinical centers to cancel all EEG studies, especially
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continuous EEG monitoring studies. However, in hospitals
where some activity has been maintained in the EEG units, it
has been found that in strict compliance with safety rules,

Ramoén y Cajal, Carretera de Colmenar, Km 9.100, 28034 Madrid, Spain.
Email: isabelm.saez@salud.madrid.org
Full-color figures are available online at journals.sagepub.com/home/eeg


https://orcid.org/0000-0003-1089-4004
https://orcid.org/0000-0003-4965-2707
https://orcid.org/0000-0001-8416-5205
mailto:isabelm.saez@salud.madrid.org
https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/eeg

216

Clinical EEG and Neuroscience 53(3)

2 (SARS-CoV2)-infected patients with neurological manifesta-
tions and especially the importance of EEG monitoring. Given
the high temporal resolution of the EEG, it allows us to perform
a functional study of the patient, which also helps us to better
understand the pathophysiology of the disease and its evolu-
tion: EEG is not only important for their acute clinical manage-
ment but also might contribute to our understanding of the
pathophysiological mechanisms of this novel disease, espe-
cially now that central neurological sequelac are being
discovered.

At the beginning of the pandemic, there were many case
reports concerning nonconvulsive status epilepticus (NCSE)
and epileptic seizures (many of them in patients with preexist-
ing neurological vulnerability),'®* but relatively few case
series with available descriptive EEG studied systemati-
cally.®**" In the recent literature the most prevalent EEG
finding was generalized continuous slow-wave activity as an
expression of diffuse encephalopathy; and curiously, epileptic
activity, NCSE and seizures were less prevalent than observed
in other infectious pathologies!®-243-28-32,

We describe the different electroencephalographic findings
collected in patients with respiratory COVID-19 infection
requiring hospital admission and neurological symptoms as
well as its clinical and EEG evolution.

Material and Methods
Study Population

We retrospectively reanalyzed 29 EEGs performed in 15 patients
diagnosed with COVID-19 (positive reverse transcription poly-
merase chain reaction for SARS-CoV-2), from March 29, 2020
to May 29, 2020, at Ramoéon y Cajal University Hospital
Clinical (Madrid, Spain), during the coronavirus pandemic.

EEG recordings were carefully chosen from the Local EEG
Database from the neurophysiology department. In addition,
the medical charts of these patients have been consulted.

Study Design

We classified the EEGs according to the time they were
performed with respect to evolution of the neurological symp-
toms in: “Acute EEG” (first EEG record performed urgently
by neurological onset of symptoms); and “follow-up EEG”
(performed for the second/third time on the patient as assess-
ment of neurological development).

We performed 15 acute EEGs to 1 patient located in the
Emergency Unit, 8 patients in the ICU and 6 patients in the non-
intensive care unit (standard ward). These patients (14 male and
1 female, between 58 and 94 years of age) shown clinical alter-
ations such as low level of awareness (7 patients), disorientation
(6 patients), agitation (4 patients), suspicion of epileptic seizure
(5 patients), aggressiveness (2 patients), aphasia (1 patient),
confusion (1 patient), inattention (1 patient), dyscalculia
(1 patient), disinhibition (1 patient), acute worsening of

cognitive impairment (1 patient), and hemiparesis (1 patient).
According to the predominant clinical symptoms, we classify
encephalopathy into hypoactive (9 patients) and hyperactive
(6 patients) (see Table 1).

In addition, we have performed 14 follow-up EEGs to 11
patients (4 deceased) done at variable times between 2 and 51 days.

At all times, the safety rules established in our hospital were
strictly respected, and the recommendations of the Spanish
Society of Clinical Neurophysiology were followed. All per-
sonnel who were in contact with patients infected with
SARS-CoV2 (both for electrode placement and clinical exam-
ination during the EEG study) followed safety protocols: per-
sonal protective equipment for COVID-19 (protective suits,
filtering facepiece particle masks, double gloves, goggles, and
face shields). No SARS-CoV2 infection was reported in the
staff during EEG performance/interpretation. Equipment and
material were carefully cleaned and there was no transmission
to other patients who were not infected with SARS-CoV2.

EEG recordings were performed using 2 models of a
32-channel digital system: EEG32U, NeuroWorks, XLTEK;
and EEG32U, Sienna Ultimate, MS biomedical. In this study,
we used the Clinical Neurophysiology department protocols,
with an electro-cap with 21 electrodes using the International
Standard 10/20 System and an additional electrocardiogram
channel (full montage for evaluation of the temporal lobe and
the inferior part of the frontal*®). Electro-caps instead of subder-
mal needle electrodes were used to allow us to minimize imped-
ances and artifacts of head movement, and to avoid accidental
injury to the technicians. Recordings were performed at a
512 Hz sampling rate, with a filter bandwidth of 0.5 to 70 Hz
and notch filter of 50 Hz. Electrode impedance was usually
bellow 15kQ. The recordings were synchronized with a
video and had a minimum duration of at least 20 min.

Depending on the patient’s level of consciousness, the
exploration of the reactivity of the trace was different: in
patients with a good level of consciousness or discrete ten-
dency to sleepiness at the time of the EEG, we ask the patients
to open and close their eyes and external stimuli of the sound
type (patients were called by their names) were performed;
when the level of consciousness was diminished, external
stimuli of the sound (patients were called by their names)
and pain type (strong pinch held in the submental region)
were performed for all patients. EEG background reactivity
was defined as any change in amplitude or frequency after
external stimuli.®*

Although the aim of the recordings was to perform a stan-
dard EEG of short duration and not a complete sleep analysis,
spontaneous sleep was recorded in 8 EEG out of 29 made (5
acute EEG and 3 follow-up EEG), which allowed us to better
characterize the encephalopathies see Table 2.

The studies were carried out without sedation effects or any
drugs with EEG influence in a known way, except in 5 patients,
whose hemodynamic situation only allowed the withdrawal of
sedative drugs 1 h before our study (patient #1, patient #3,
patient #11, patient #12, and patient #14) (see Table 1).



(panunuod)

*(uoissiwpe 03 snoiaaud
juswaredwi aARIuUS0d

Pllw Yaim a3.aeydsip uadAxo (9AnoeJaadAY) sulpap
e Aysedojeydasus NDI ON/uoIssiwpe [eauswa|ddns [e3usw pue ‘uoiyelide
ON) 9|qeJOAR] 'SSNJp PaAIdda.U J0U SeH oN Joue 0] + Aep HIF/PICAA ON/%S6 9SeasIp sJawipyz|y 93eis-Aje] ‘uoneluslIosiq g/ W ‘g
*(uoneyuaiosip WY3
pue uoney3e Sunenionyy ‘WOA ZD4 ‘NdW ‘sAep 9| paieqmul
:Ayzedojeydasus ‘419 1dW ‘LZV ‘skep /| MDJ/uolssiwpe (aAnoe0dAy)
93849pOl4 "NDI) 3|qeIs ‘14D “W/Ad1 ‘ODH ON J93e g +Aep HII/NDI AI/%L6 sIsoIsaqse Areuowing SSOUAEME MO 99 W '
(sAnoeaadAy)
*(98.ueydsip Api8ia Aseaunjoa
e Ayzedojeydedus NDI ON/uoIssiwpe % ‘souaAISsa.S3e
PIIW) 3lqeJoaey 17V ‘14D “/Ad1 ‘OIH ON 4934 7€ +Aep DIF/PIEAA ZOH/ON/%b6  eiwapidiisAp pue uoisuaiiadAq ‘uonejudlIosIq T8 W /L
“elwapidisAp
*(pa4inbau a8ueydsip pue ‘g adA1 sn (Anoe0dAy)
e uonell[Iqeya. Joow so19qeIp ‘uoisualuadAy ‘sisaJedea3al piodeyy
‘SQuUII| JOMOJ JO SSIDEIM 912d ‘NdW ‘4av 'skep 7| paeqmul pue A11s2qo pigJow ‘pue ‘uoniqiyuisip
[enpisay “Aysedojeydadus  “TZ7 ‘WA “TdIWN DL ‘skep /| MDJ/uolssiwpe %1€ ‘wsipeuo3odAy Arepuodas ‘eljnojeasAp
JO uonN|osaYy) 3|qeJoAey 17V “Ad1 ‘ODH oN Jo)ye 97 + Aep DI/PIeAA LOHINN%96 ‘wisiploAyrodAy Arepuodag ‘uoneluaLIoSI] TG W 9
*(8uiroadw
‘uonelualiosip [esodwsl 1n03 snoaseydol (9AnoeaadAY)
[enJed :a8ueydsip sAep g pajeqniul uadAxo ‘s1sojea)s onyeday ‘snuiA uonualIeUl
e Aysedojeydsous ‘skep ¢ NDJ/uolssiwpe [eauawa|ddns g snnedsH aAnoeUl dlUOIYD pUE UO[IBIUSLIOSIP
PIIIN) d|qe.oAey 419 “/Ad71 ‘ODH °N Jaye 6€ +Aep DIF/PIeAA ON/%96 “J31LIBD SISOJEWOIYIOWDH ‘uonendy |9 w-g
*(98.aeydsip
18 93835 [edi3ojounau (9AnoeaadAY)
aY3 jo uonnjosau NDI] ON/uolssiwpe %S€ uoisualiadAy ‘Aiisaqo UOIIBIUSLIOSIP pue
219|dwo)) a|qedoney DL 17V ‘14D ‘ODH oN Jo)e €7 +4Aep DIF/PIeAN  COM/IWUN/%LE ‘7 2dA smyjpw sa19qelq  uopnelse ‘UoISNJUOD | £ Wy
sAep g paieqniul
‘skep £ MDI/uolssIWpe Aouapiynsul Jelpaed (sanoeodAy)
pasesd2Q 419 “1OL “/AdT ‘ODH SOA J4a34e 87 +Aep HII/NDI Al/%86  ‘uoisudiiadAy ‘Aisaqo ‘ewyisy SSOUABME MO 9/ W g
"(a8eydsip (Anoe0dAy)
18 93835 [edi3ojoanau 177 ‘NdIW sAep gz paieqnaul $S9USNOISUOD
ay1 Jo uonn|osa. “IdIW ‘d1Dd ‘AQy ‘skep 6 NDI/uolssiwpe %S€ BLIMEBWSYO.IDIW JO [9A3]
939|dwoD) d|qeoney ‘419 “1DL ‘14D “YAd1 °N 4aye g€ +4Aep H3I/NDI LOH/WNA/%LE ‘9SEasIp 1JBSY DJWIYIS|  paJIE DIUSJOUWOS |9 W T
*(98.aeydsip
1€ 97835 [edi80j0anau 14D ‘ODH nol aduedyIUBIS pauILLIDIDpUN
9y3 Jo uonnjosal  ‘ADV ‘1ZV 933 pug ON//UOISSIWPE 9. %HT Jo Ayredowwred [euopouow (sAnseaadAy)
919|dwoD)) 3|qeJOABY  PUB IS| DY USIMIDG A\ Aep ©jz/wood A>usdiowg TOH/DN/%Y6 ‘wsiplodAyrodAy [esiulpgng uoneyde ‘eiseydy g w °|
swomnno SPoM (®33 3y2 uoneqniul N Jo paau TOl14/uadAxo sanIpIgiowor) (Ayredojeydaous a3e
snolAsJd Juswneady  aJojeq Y < /9HJJ O UOISSIUPE ddUIS [eausws|ddns aAndeodAy) H33 Xas ‘ou
[ed180jodeWLIRYY [emMeJpUUM)  sAep/H3JT] e eade [eadsoH Juolyeanies 1sonbau Joj uoseay  Jusned
s8nup uadAxo Auejider
SAIEpag

“uonenyis [edUND | dqeL

217



*(Al) uone|uaA dAIseAUl (LYN) dSeW Jayaeaigaiuou ((J4A) dSew LINUSA {(DN) SB|NUUED [BSBU ‘qRWIIXNIUDIG ‘X | Yg ‘WEBIDBGIAR/BWIPIZEYDD ‘AVHD

‘OUIDBXO[JOA3]| “T47 ‘wauadiwi ‘|| “AIAOPRIDUES ‘ADD) {lozexolawe)|ns/wiidosIswl “XIAS/dINL (OUIDBXOOAS| ‘X4 ‘g BUIDLISIOJUE ‘GNY ‘BUIDBIWE YV ‘euniwoidep ‘| 4 ‘euniweiusd ‘|1 O ‘euniduwre)l
‘d4Y ‘euidunjodsed ‘44D ‘BUDIWONLID ‘| YT BPIWE|OZEIDIE ‘LD BUIIDEXO]D ‘DX ‘BUIDILOIUBA ‘YDA {[OZBUOIN| ‘ZD4 ‘euidnjenpiue ‘4QV ‘pljozaull “TZ7 ‘wauadodsw ‘NdlA ‘euojosiupaidinaw “IdiN
‘weideqozel euljdedadid ‘g Dd ‘Uodayerng ‘4| g HIAISSPWSL ‘AQY {qeWnzI|inol ‘T ‘JIABUOILI/IABUIdO| (/AT ‘BUIDIWIOIIIZE ‘| 7V ‘JIAOPIDE ‘ADY ‘BUOXELIYDD ‘] 4D ‘BuinbouopIXoIpAy ‘DDH suoneirsiqqy

X144
‘AV4D 147 ‘ADD
‘4dD ‘NdW ‘WA skep ¢/ a1eqmul (oandeOdAY)
IWI‘91Dd “1dW “1ZV ‘skep 6/ ND|/uoissipe ewoydwi| sisa.ediwey
pasesd=g ‘14D “Y/Ad1 ‘ODH °N 4oye 02 +4Aep H3F/NDI NI/%L6 [192- L dhasejqounwiwiioiduy  pUe SSSUDJeME MO 6/ 4 G|
ANV ‘ADD ‘d4Y XS
/dWL X417 ‘d1Dd skep g€ pareqmul
‘(ssouaseme 9771 “1dIW ‘DL ‘skep £¢ MDJ/uoIssiwpe (9AnoeOdAY) saunzias
Mo "NDI) 2198IS 17V “4/Ad1 ‘ODH SOA 4oye 7§ +4ep D33/NDI NI/%96 paiiodaa auoN  dndsjids Jo uopidsng g9 w |
uoisuauadAy (oAnoeOdAY)
‘(Ayredounau4jod sAep /| paieqniul pue ‘g adA3 snyjpw saJnzias dndajids +
‘Ayredojeydsdus oN We19deI119A9 T "NdI ‘skep 0 NDI/uolssIwpe %05 $919qeIp ‘S10JBjUl JBUNDE|  SISOPIJBOISY| dNI™qeIp
‘pazijedson) "d|qelorey ‘JQV “1Z7 ‘14D ‘ODH °N 4aye /7 +4Aep H3F/NDI COH/WA/%86 21wayds! [eriouate.dns dluoayD ‘SSOUBIEME MOT 09 W €|
ANV ‘Ldd ‘WLO
‘d4Y ‘4dD ZD4 OXD skep ¢ pareqnaul
“9Z71 ‘NdIW “1dIW 101 ‘skep € ND|/uolssIwpe (9Anoe0dAy)
paseadag ‘14D “4/Ad1 ‘ODH SOA 49y o +Aep H3I/NDI NI/%96 pa3odau suoN SSOUR.JEME MOT €9 W T
1Z1 ‘NdW sAep g| paieqniul (A1n2e0dAY)
“1dW 101 ‘LZV 'skep £T ND|/uoissipe Ausaqo snuopoAw
pasesd=g ‘14D “Y/Ad1 ‘ODH SSA J93e H€ +Aep HII/NDI Al/%¥6 Pue ‘eiwapidijsAp ‘uoisuslIRdAH  pue ssaudJeme MOT T9 W ' |
*(uorssiwpe 03 snoiaaud (9AnoeaadAY)
juswuaredw aA3US0d SSQUDAISSa.33e
Pliw Yaim 3aeydsip ejwapidijsAp pue ‘uonejusliosip
1e Aysedojeydedus ND] ON/uolssiwpe ‘uolsuaiadAy ‘wsiploadylod~Ay ‘saunzies
ON) 3|qe.oney 17V ‘ODH ON 4aye 7| +Aep DII/pIeAA %YTUDIN/%LE ‘uawuredu aan1uS0d piiy  d1dajida Jo uopidsng e W Q|
awodInQO ISEEYY (GEEED: uoneqniul N Jo paau ZOl14/uadhxo SanIpIqiowor) (Ayredojeydaous a3e
snolAaud Jusuneasy  2JoRq Y |<  /9JJ O3 UOISSIWPE dUIS [eauswsa|ddns aAndeodAy) 533 X3s ‘ou
[ed130j0oeWLIRYY [emeJIpYIM)  sAep/5)J7] e ea.e [eaidsoH Juone.nies asonbau Joj uosesy  3usney
sSnup uagdAxo Auejjider
SAnEpag

(panunuod) | sjqeL

218



(panunuod)

(ATl ) passauddns :jenuaisjey

snonuiuo) / (AT £) passauddns :uejodig U9sqy  IudsaUd UdsqY eI[pQ—-tIvy uasqy dlIPWWAS 0 Aeq HIJ 5| 0l
(ATl €€) rewaiou :[enua.spRy (zH01-6)
snonunuo’ / (AT 67) rewuou wuejOdIg JU9sadd  IUIsAUd JuasaUg eydyy JUasaUy JPWWAS  G7+ DHIJ pug
(ATl £1) moj :enua.aey
snonunuo) (bT/L) asqy (AT €1) mo) wuejodig Jespun  Jussaud JU9sa.d (zH /£) &3yl uasqy dlIPWWAS g Aeq HIJ Is| 6
(AT £7) lrwuou :eIURIRRY
snonupuoy / (AT 07) [ewuou wuejOdig uasqy  Udsald Wasqy (zH £) ®=RYL Uasqy JBWWAS g + HIF pug
(AT 1) moy :enua.agey
snonupuo’) / (AT 11) mo| uejodig Jussqy  Judsaud uLsqy BI[9Q-®I™Yy L BIVEN«\ dIPWWAS o Ae@ H3F 15| 8
(AT 87) lrwaoU :ERUSIBRY
snonunRuo? / (AT £7) rewuou :sejodig JU9Sald  IUdsAUd Juasa.y (zH 6-8) eydly Ju9saUd dBWWAS 8§+ HIJ pug
(ATl £1) moj :ennus.inpey
snonunuo’) / (AT 1) mo| wuejodig uasqy  Udasqy Juasqy eydiy< uasqy dPWWAS o Ae@ H3F 15| L
(AT £7) lrwaou :ERUSIBRY
snonupRuo? / (AT 0€) rewuou :sejodig U9SAdd  IUdsaUd Juasa.y (zH £-9) B39yl JU9saUd JBWWAS /| + DIF pIE
(AT £7) |rwuou :ERURIRRY
shonunuoD) (07/9) 2uasqy (AT 0€) |ewuoU :uejodig Juasadd  Judsald Juasa.g (zH £-9) =30y Juasa.d JIIBWWAS 0] + ©3IJ pPug
(AT 61) moj :enus.ajey
snonunuo) (07/S) asqy (AT 81) mo| wuejodig JU9sqy  JudsaUd UdsqY '™y uasqy dIPWWAS 0 Ae@ D37 15| 9
(s7/5) rewaouge (ATl 97) [ewdou :[enualaey
shonupuo> Inq JU3sa.y (AT §7) [ewuou wuejodig JU9sadd  IUISAUY JuasaUy (zH 2) ®dYL U9sa.d JPWWAS g + DHIJ pug
(AT 91) moj :ennua.agey
snonunuo) / (AT 1) mo| wuejodig JU9sqy  IudsaUd URsqyY eIeQ-®IvYy L u9sqy dIPWWAS 0 Aeg H3F 15| S
(AT 1 €) lrwaou :ERUSIBRY
snhonupuo’ / (AT g€) [ewuou wuejodig Jespun  Juasaud JUasaUy (zH 8-2) ®39yL Uasqy dLPWWAS | + DIF €
(AT |$) [BwaoU ERIURIREY
snonunuo’) / (AT p€) rewuou wejodig Jespun  Juasaud JUasaUd (zH 2£) ®RYL uasqy JIPWWAS 7|+ 93IF pug
(AT 91) mo| :lennuaJajey
snonunuo) (0€/01) uasqy (AT 71) moj wuejodig u9sqy  Judsald uRsqyY ejpQ-eIvy | uasqy dlPWWAS g Aeq H3IJ 15| ¥
(AT ) passauddns :jennusuajey
snonunuo’ / (ATl £) passauddns wuejodig  juasqy  Juasqy uasqQy 214309]905] uasqy J1IDWWAS 533 35| €
(AT Z11) [ewuou :[enuausjey
snonunuo) / (AT 06) lBwW.OU tuBjOdIg BIVERCNN R NENCN | Ju9sa.d (zH 01) 'rydiy Ju9sa.d dBWWAS P 9% +'D3F T
(e7/S1) rewaouqge (ATl z) passauddns :enuaiaey
snonupuo> Inq JU3sa.y (ATl ) passauddns wuejodig  Jespun  juasadd Juasqy 1EYg AR ] uasqy dlBWWAS o Ae@ D3 35| Z
(AT 97) |ewuoU :ERIURIREY
snonunuo’) / (AT $7) rewuou wejodig JUdsald  IUdsaUd JuasaUd eydy JUasaUd JIPWWAS P | S+ 'D3JF pug
(AT 91) mo| :lennuaJajey
snonupuoD) / (AT G 1) moj wuejodig URsqQY  IURsqQy uRsqy epQ-eIvy | uasqy dlPWWAS g Aeq H3IJ 15| el
Aununpuo) (Buipaodau (AT) a3eajon [enuauapey “(AT) Aianoesy Aujiqelep uaipesd Aduanbauy 33 wiyaky. AarowiwiAg Juaney
uiwydaays a3e3joA Jejodiq [euipmiduoT] JolRisod-oumuy  punoudypeg JueUIWOp
ulw) sjudIsue.) Jolia3sod

dagys || a8eag

‘533 dn-mojjo4 + (H33) weuSojeydsdusou1d9|3 91Ndy puno.dieg g dqeL

219



'sodueyd ou dpdsjidenue Jsyy,
"WaY3 JO [[B Ul JUSSQE 1290 Ydea.g

(AT 61) moj :ennua.aey

snonunuo> / (AT 61) mo| wuejodig U9sqy  Judsald uRsqyY epQ-eIvy | uasqy d143WWAS EERN Sl
(AT 61) Mmo| :[ennuausjey
snonuiuo’ (17/L1) 3uesqy (AT G 1) moj :uejodig Jespun  ussqy JuasqQy BIPpg—eI_Y | uasqy SUPBWWAS /| + D3] pIE
(Al 61) moj :ennua.agey
snonunuo? / (AT G 1) moj :uejodig wuesqy  Iuasqy usqy epg-eIvY | uasqy JIBWWAS || + DIF pug
(AT 81) Mo :[ennuauajey
snonunuo’ / (AT £1) mo| wuejodig uasqy  JUasqy JUasqy 1ETg AR uasqy 1IDWIWAS 533 15| ¥l
(AT 7€) [rwuoU ERUSIBRY
snonuiuo’ / (AT op) rewuou tuejOdIg JuUasadd  JUSsAUd BIVER VN (zH 6) rydiy JU9sad JIPWWAS | + HIF pug
(AT 77) lrwaou :enUSISRY
snonupuo’ (£T7/6) WdsqQY (AT 07) rewuou wuejOdig Juasqy  Udasald JUasaUg (zH £) ®RYL uasqy dPWWAS o Ae@ H3F 35| €]
(ATl 81) moj :ennua.agey
snonuiuo’ / (AT £1) mo| wuejodig udsqy  IUdsqy uasqy BI[eQ-®IdYy L hIVEN«\ J1IDWWAS 933 15| 4|
(ATl £) passauddns :jenuaisjey
uoissauddns-3sing / (ATl g) passauddns wejodlg  3uasqy  Iudsaud uasqy epQ-eIoYy | uasqy LI WIWAS 533 35| 11
(AT 97) lrwaoU :ERUSISRY
shonupuoD) (£7/01) 3ussqy (AT £7) |rwuou :uejodig Ju9sald  IudsalUd Ju9sa.d (zH 8) eydy JuasaUg JIIBWWAS 9| + HIJ pug
Aununuo) (Buipaodau (A1) 28e3j0A [BIUBIBRY “(AT]) AlAndeay Aujiqeliep jualpesd Aouanbayy 33 wyakyJ AnpwwAg juaIey
uiwydaays a3e3joA Jejodiq [euipmiduoT] Joupisod-oumuy  punouddpeg JueUIWOp
ulw) sjudIsue.l Jo1493150(
doag|s || a8e1g

(ponunuod) -z s|qel

220



Sdez-Landete et al

221

A specialist (with several years of experience in EEG) and a
resident in Clinical Neurophysiology (MD) were present during
the complete performance of all the recordings and prepared
clinical reports.

Afterwards, the description of the EEG records was made
according to the American Neurophysiology Society standardized
critical-care EEG terminology, albeit not all patients were in the
ICU, to have a systematic procedure for a better comparison
with other series® (see Tables 2 and 3). We applied the Salzburg
Consensus Criteria to the diagnosis of suspicion of NCSE.*®

Voltage amplitude (in uV) was obtained in longitudinal
bipolar recordings with standard 10-20 electrodes measured
from peak to trough as required by the American Clinical
Neurophysiology Society’s Standardized Critical Care EEG
Terminology, in occipitoparietal differential channels, and we
choose the higher value. The same channels were used to identify
the dominant frequency of the posterior rhythm. Additionally,
the voltage amplitude was measured in referential montage (ref-
erenced to average) in the channel “P4.” (see Table 2).

Additionally, we have consulted the medical charts of
these patients, and the following variables were studied:
bio-demographic characteristics, personal history, metabolic
disturbances, inflammatory markers and thyroid hormone in
serum analytic, cerebrospinal fluid analysis (if performed), cap-
illary oxygen saturation, clinical symptoms, clinical evolution,
the place where the EEG (critical care unit or standard ward)
was performed, neuroimaging findings, present of sedative
drugs during EEG recording, and drugs used in the previous
weeks (see Table 1).

Most of the variables of the EEGs did not offer variability in
the characteristics found (100% of the traces were symmetrical,
100% of the acute EEGs did not present a dominant posterior
rhythm, 13 EEGs out of 15 showed reactivity absent, 14 EEG
out of 15 were continuous). For this reason, we did not make
a statistical analysis relating these variables of the EEG trace
with the clinical parameters.

However, we did an exploratory statistical analysis, since we
have a small number of patients, shown in Table 4. We considered
the voltage variable as continuous and analyze it separately with
measurements in bipolar montage and with measurements in refer-
ence montage. We will analyze the relationship of this variable
with the respiratory status of the patient at that time, using the var-
iable as ordinal (no oxygen supply required, nasal cannulas,
Venturi mask, no rebreather mask, invasive ventilation); with
days of stay in the ICU (as a continuous variable); with
outcome, using the variable as ordinal (favorable, stable, deceased);
with the stay or not in ICU (categorical variables); with sedative
drugs withdrawal >1 h before EEG or not sedative drugs (categor-
ical variables); with pharmacological treatment in the previous
weeks or no pharmacological treatment (categorical variables);
with type of symptoms predominating in encephalopathy: hypoac-
tive or hyperactive (categorical variables). We use Spearman’s cor-
relation coefficient (Rho of Spearman) for continuous variables and
Mann—Whitney U for categorical and ordinal variables.

A cutoff P-value of 0.05 was considered significant.

Results

The demographics description, clinical symptoms and evolu-
tion, capillary oxygen saturation, serum analysis, hospital
area where the EEG was performed, days since admission to
EEG, need of ICU/intubation, if sedative drugs were used at
time to perform EEG, pharmacological treatment previous
weeks to perform EEG, are shown in Table 1. All patients
remained above 94% saturation, although they needed different
oxygen supplies due to their variable respiratory situation.

Cerebrospinal fluid analysis was performed in 7 patients and
was normal. Cranial magnetic resonance imaging (MRI) or com-
puterized tomography demonstrated no specific findings, except
patient #3 (acute diffuse punctiform lesions) and patient #14
(acute left frontal hematoma). Metabolic analytical data at the
time of EEG showed no hepatic, renal alterations, or acidosis.
Thyroid hormones were normal in all patients except one (near
normal, for previous subclinical hypothyroidism). All patients
showed inflammatory data (interleukins or C reactive protein).

In total, 29 EEG recordings were analyzed.

The descriptions of the 15 acute EEG recordings (performed
urgently on each patient for presenting all of the neurological
symptoms at that moment) and 14 follow-up EEGs are shown
in Table 2 (background activity) and Table 3 (superimposed
rhythmic or periodic activity).

With respect to the background activity, 100% of acute EEG
and follow-up EEG were symmetric; 100% of acute EEG
versus only of 35% of follow-up EEG presented an absence of
a posterior dominant rhythm; the background EEG frequency
was: alpha at 6.6% on acute EEG versus at 42.8% of follow-up
EEG, theta at 20% of acute EEG versus at 42.8% follow-up
EEG, theta—delta at 66.6% of acute EEG versus at 14.2% of
follow-up EEG, and isoelectric at 6.6% of acute EEG versus at
0% of follow-up EEG; the antero-posterior gradient was absent
in 86% of acute EEG versus only in 21.4% of follow-up EEG;
the variability was absent at 33.3% of acute EEG versus at
14.2% of follow-up EEG; reactivity was absent at 86.6% of
acute EEG versus only at 14.2% of follow-up EEG; unclear at
13.3% of acute EEG versus at 21.4% of follow-up EEG, and
present at 0% of acute EEG versus at 64.2% of follow-up EEG;
the voltage was similar when measured in bipolar montage than
when measured in reference montage; in total voltage <20 pV
at 100% of “acute EEG,” versus only 21.4% of “follow-up
EEG”: was suppressed at 26.6% of acute EEG versus at 0%
follow-up EEG, low at 66.6% of acute EEG versus at 14.2% of
follow-up EEG, and normal at 6.6% of acute EEG (only 1 EEG
at just 20 uV) versus at 85.7% of follow-up EEG; when spontane-
ous sleep was recorded at standard records (duration of
20-30 min), stage II sleep transients were absent in 80% of
acute EEG with sleep versus in 75% of follow-up EEG, present
but abnormal in 20% of acute EEG versus at 25% of follow-up
EEG, and present and normal at 0% of acute EEG versus at 0%
of follow-up EEG; 93.3% of acute EEG versus 100% of follow-up
EEG was continuous, and 6.6% of acute EEG versus 0% of
follow-up EEG showed a burst-suppression.



(panunuoo)

onelg  snosueuodg  2AnESSN / un|g | snonunuod  (e39Y3) YAy 1j9|) pazifesae] p 9| + HIJ pug
(el
(AT 52) (zH 9) uoneJnp [eqodwai-o3uoly)
onelg  snoaueuodg  2AneSsN / Mo un|g | S/p< 9JBIPAWIAIU|  SNONUIUOD) vay pazijesa1e] (@ Ae@ H3IJ 35| ol
suJa13ed d1porsad Jo Jiwykyd oN P 7+ 933 pug
suJe1red diporsad Jo diwyikys oN 0 Ae@ DI 35| 6
suaa13ed d1potsad Jo dlwyakyd oN P 6] + D3J pug
(A s1) (zH9) (%08)
opelg  snosueluods  sAneSoN / MO unig S/p< pug epunqy  (e39y3) vQy paziessua  ( Aeq 933 Is| 8
suJtanred oipouiad Jo diwyAyl oN P 8+ D3 pug
suaa13ed dlpolsad Jo Jlwyadyd oN 0 Ae@ 93T 35| /
suaa13ed d1potsad Jo dlwykyd oN P £ + 933 pIE
suJa13ed d1potsad Jo d1wyIAys oN P 0] + D3 pug
(A" oz-01) (zH 3)
onelg  snosueuodg  2AneSSN / Mo un|g | S/p< pug uepUNQY (e39y3) VY paziesausn) ( Ae@ H3J Is| 9
suJa13ed d1porsad Jo Jiwykyd oN P 8] + ©33 pug
suJe1red oiporsad Jo diwyikys oN 0 Ae@ DI 35| S
(or39WWAse
(A" 0¥-5¢€) (so1>) (%5) [e422e!q :[eJodwal
onelg  snosueiuodg  aAneSsN / MO un|g | ZH |-S'0  Juq AIA  [euoisedd  EIRp Jendaud) 19|) pazifetade] p | + D3I pIE
(o1:n9wwAse
Ajuo (A" 0v-5€) (so1>) (%02) [e427e/q :[eJodway
onelg  snosueuodg  aAneSsN / MO un|g | ZH |-§'0 Mg Audp usnbauy  eaop Jen3auy) 39|) pazifesaae] p 7| + ©3J pug
Ajuo (Al ) (swogr) (zH £-9) (%08)
opelg  snoaueuodg  2AnRESSN / MO un|g I S/p< Joug wepunqy  (e3942) YAy paziesausn  ( Aeq H3J Is| ¥
suJa13ed o1poruad Jo d1wyakyd oN EEEN €
(=30
Ajuo (A oy)  padnoiuod JIWYIAY.LIE) (jesodwai-oauouy
onelg  snoaueuodg  2AnESSN / Mo Ajdreys | S/p< joLq AI9A  [RUOISEDDO B33 JejnSaul| 33|) pazi[eRIe] P 9% +'D3F T
(o1n9WwAse
[el93elig
(AT 08) (eajop pue ‘[eaodwia3-o3uo.y
onelg  snosueiuodg  aAneSsN / wnipaj| un|g | S/p< jpuq AIBA  [euolsEIDO eI943) YAy 9|) pazijeume] ( Aeq H3J Is| z
(e30y2
dlwykyaae)  -(d1IsWAse [euaie|iq
Ajuo (AMgr)  (swozo) (ZH 9%) (2 (%02) Laclt] ‘[edodwiar-ojuo.y
onelg  shosueuodg  AneSsN / Mo un|g | S/p< JEIN. PACYY usnbauy Jen3a.| 39|) pazifesse] p |§+ D3 pug
‘(d1139WWAse
(e321p) [ela3e)iq
(vay) S3WIBWIOS 3qO|
Ajuo (AT op) (sw9g7) Aanoe eaep [esodwai-ojuo.y
onelg snosueuodg  aAnedsN / Mo unig | S/p< g juepunqy SwyIdyy y|) pazijesare] ( AeQ D3IF | el
uonN|oA] pasnpul Asejoq opniudwe opmydwe sssuduseys seseyd jo Aousnbauy  uoneung DUBRASI]  , WIOJDABAA,, uonezieso,, 533 dn-mojjo4 3uaney
snjnwng SAEPRY  dInjosqy JaquinN| 533 aandy
T WJ3) urel | W) urel

sJayipow Jofel

‘533 dn-mojjo4 pue (H33) Aydes3ojeydaduaouids|g a1ndy :punouddpeg J9AQ pasodwiiadng suialied dIpoLIdd Pue dIWYIAYY °€ dlqel

222



"sedueyd ou Dnidsjidenue Jeyy,

(ad)
Ajuo (AT 05-0¥) sa8.eydsip (or139WWASE
onelg  snosueiuodg  2AneSsN < MO d.reys z s/| Suon snonupuoD olpoliad  [eJade|iq) pazijesaie] 533 35| Sl
susaned sipouad Jo diwyphyd oN P £ + 933 PIE
suaa13ed d1polsad Jo dlwyakyd oN P || + D3F pug
suJa3ed d1potuad Jo d1wyakyd oN EEEN ¥l
suJe3ed d1powiad Jo d1wyAyl oN P | + HIJ pug
(AT op) zH 1) (jeaodwiez-o3oLied
onelg  snosueuodg  2AnESSN / Mo un|g | s/1-5°0 joLq AI9A  [RUOISEDDO  BISP JejnSaud| 1y3u) pazijessre] ( Aeq H3J Is| €l
suaa13ed d1polad Jo dwyakyd oN EEREN I4
(At s1-€1) (zH 2)
onelg  snosueuodg  aAneSsN| / Mo un|g | S/p< pug usnba.y (e30y3) VY pszijeausn) 533 35| 11
(A §7) (zH 9) uope.np (3901
Mo ZH <  9Jelpawalu| [esodwiazoluo.y
uonn|oA3 pasnpul Aejod opnujdwe spnijdwe ssaudaeyg saseyd jo Aousnbaugy  uonednQg oUB[RASI] WLIOJOABAA,, uonezieso,, 533 dn-mojjo4 2usiey
sninwing dANE[RY  9Injosqy JaquinN 533 aandy
T WJa) Urel | W) urel

sJalipow Jofel

(penunuod) ‘g a|qe

223



224

Clinical EEG and Neuroscience 53(3)

Table 4. Statistical Analysis.

Bipolar montage

Referential montage

Median (percentile
25; percentile 75)

Mann—Whitney U

Median (percentile
25; percentile 75)

Mann—Whitney U

Stay in ICU No 14 (12; 15) 0.40 16 (16; 17) 0.89
Yes 12 (6; 16) 16 (7; 18.5)
Sedative drugs No 13.5 (11; 18) 0.29 16.5 (14; 19) 0.45
Yes (withdrawal >| h 13 (5; 13) 16 (7; 18)
before the EEG)
Pharmacological treatment No 14 (13; 15) 0.57 16.5 (16; 17) 0.99
previous weeks Yes 13 (7; 14) 16 (8; 18)
Type of symptoms Hypoactive 13 (7, 18) 0.79 18 (7; 19) 0.66
predominating in Hyperactive 13.5 (7; 15) 16 (16; 17)
encephalopathy
Spearman’s rho Signification level Spearman’s rho Signification level
P (P)
Respiratory status —-0.29 P=.28 —0.04 P=.88
Days of stay in ICU —-0.02 P=.92 0.17 P=.53
Outcome of the COVID-19 -0.31 P=.25 —0.11 P=.69

Abbreviations: ICU, intensive care unit; COVID-19, coronavirus disease-2019.

The average voltage of the background activity of the acute
EEG was 12.33 +£5.09 uV and of the follow-up EEGs was 32.8
+20.13 pV.

Four of the initial 15 patients died in the initial phase and we
did not perform a follow-up EEG. Of the 11 patients who
underwent EEG control, 6 patients progressed to normal EEG
and 4 achieved present and reactive background activity with
normal voltage but in the theta frequency: these findings corre-
late with the patient’s mental state at the time (asymptomatic or
returning to baseline), although we do not have EEG records of
those patients prior to COVID-19. And finally 1 patient per-
sisted with several similar low voltage EEGs and clinically
remained with a low level of consciousness.

Spontaneous sleep was recorded in 8 EEGs out of 29 made
(5 acute EEGs and 3 follow-up EEGs). Acute EEG: in patient
#2 of 23 min recorded, 15 were sleepy, with sleep spindles
present but abnormal; in patient #4 of 30 min recorded, 10
were sleepy, with absence of sleep spindles; in patient #6 of
20 min recorded, 5 were sleepy, with absence of sleep spindles;
in patient #9 of 24 min recorded, 7 were sleepy, with absence of
sleep spindles; in patient #13 of 23 min recorded, 9 were
sleepy, with absence of sleep spindles; follow-up EEGs: in
patient #5 of 23 min recorded, 5 were sleepy, with sleep spin-
dles present but abnormal; in patient #6 of 20 min recorded, 6
were sleepy, with absence of sleep spindles; in patient #10 of
27 min recorded, 10 were sleepy, with absence of sleep spin-
dles; at patient #14 of 21 min recorded, 17 were sleepy, with
absence of sleep spindles.

With respect to the superimposed rhythmic or periodic activ-
ity, 60% of acute EEG versus 35.7% of follow-up EEGs pre-
sented a superimposed rhythmic and monomorphic
theta-range focal activity, which appears intermittently over

the front temporal region in all of them. According to
American Clinical Neurophysiology Society's Standardized
Critical Care EEG Terminology none of these rhythmic or peri-
odic patterns had “Plus Modifiers.” Regarding to “Minor
Modifiers,” all of them had a “Sudden Onset,” but no
“Triphasic” morphology, nor was “Lag” observed. None of
them had “Sporadic Epileptiform Discharges.”

Only one EEG (Patient #15) presented continuous sharp lat-
eralized periodic discharges (generalized with predominance
over left frontal-central regions), 1/s frequency, and medium
absolute amplitude (just 20 pV). As “Minor Modifiers,” it had
a “Sudden Onset,” with no “Triphasic” morphology nor “Lag.”

As NCSE was suspected in patient #1 and patient #15, the
Salzburg consensus criteria were applied to assess the modifica-
tions of the traces after the administration of an intravenous
antiepileptic drug (lacosamide 200 mg), as they presented a
pattern with “epileptiform discharges (2.5 Hz) or rhythmic
delta/theta activity (> 0.5 Hz)*® with a continuous prevalence
and long duration. The pattern did not change after lacosamide
administration, with no changes in the symptoms, so NCSE was
discarded in both patients.

In Figure 1, we can see an example (patient #4) of the evo-
lution of the trace over time. In the left panel, we see a low
voltage acute EEG with no posterior dominant rhythm over
which a bilateral front-temporal intermittent thythmic activity is
superimposed, of left predominance (left panel). In the right
panel, we see a follow-up EEG (12 days later) with posterior dom-
inant rhythm, with normal voltage, over which a focal slow activ-
ity persists over front-temporal region (right panel). At the time of
the second recording, the patient is asymptomatic.

We have not found a statistically significant association
between voltage of acute EEG (neither measured with bipolar
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Figure |. Patient #4. Acute electroencephalography (EEG) with no posterior dominant rhythm and low voltage on which is highlighted
rhythmic activity bilateral fronto-temporal with left predominance (left panel); and 12 days later, follow-up EEG (right panel) with posterior
dominant rhythm and normal voltage on which is added arrhythmic left fronto-temporal activity. Notch filter 50 Hz; Filter bandwidth of 0.3 to

70 Hz 10 pV/mm; 30 mm/s.

nor with reference montage) and the respiratory situation
(P =.28 for bipolar montage; P =.88 for referential montage),
area of the hospital where the EEG is performed (P =.40 for
bipolar montage, P=.89 for referential montage), period of
stay in ICU (P =.92 for bipolar montage; P =.53 for referential
montage), sedative drugs withdrawal >1 h before the EEG or
not sedative drugs (P =.29 for bipolar montage, P = .45 for ref-
erential montage), pharmacological treatment in previous
weeks (P=.57 for bipolar montage, P=.99 for referential
montage), predominance of hyperactive or hypoactive enceph-
alopathy (P=.79 for bipolar montage, P=.66 for referential
montage), final prognosis (P=.25 for bipolar montage;
P = .69 for referential montage).

The way of measuring the voltage of the registers (bipolar
longitudinal montage vs. referential montage) did not cause
them to change category according to the ACNS classification.
In Figure 2, we can see the same trace of patient #5 presented at
bipolar longitudinal montage (left panel) and referential
montage (right panel).

Discussion

At the present time there is a great scientific debate on whether
the nonspecific but similar findings in the published case series
with COVID-19 encephalopathy (disorganized background

activity with diffuse slowing of frontal predominance, many
of them nonreactive) can be considered distinctive features of
COVID-19 or if on the contrary it is due to a multifactorial
origin not directly caused by the virus.

In our series, we found similar results to those published
regarding a pattern with no background activity, largely nonre-
active, but the most striking finding is a reduction in voltage.
Few articles published on EEG and COVID-19 mention the
voltage of the background activity.?****! Some authors have
also found low voltage but relate it to metabolic or ischemic
causes without demonstrating it. We believe that the problem
may be that most published studies have been done with a dif-
ferent methodology than the standard: only 9 electrodes instead
of 21 (to reduce the risk of contagion). The currently accepted
voltage normality values as well as the criteria of the American
Neurophysiology Society standardized critical care EEG termi-
nology are obtained with 21-electrode assemblies, considered
the gold standard.®> It is known that the distance between the
electrodes influences the voltage®’ so that 10-electrode record-
ings double the interelectrode distance and obtain a higher
voltage, so they should have their own normative values (not
yet established).

Low voltage patterns are also described in 10% of normal
individuals®® who are not able to generate an alpha-dominant
rhythm, but always show reactivity, and beta and alpha

Figure 2. Patient #5. Acute electroencephalography (EEG) presented at bipolar longitudinal montage (left panel) and average referential (right
panel). Notch filter 50 Hz; Filter bandwidth of 0.3 to 70 Hz; 10 pV/mm; 30 mm/s.
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frequencies are intermixed. During sleep, typical waveforms
appear.>®*® In our series, we found 100% of our patient with
voltage at or below 20 uV and we rarely found reactivity. We
performed standard EEG with insufficient duration to explore
sleep, but when patient spontaneously fell asleep the spindles
were absent or were abnormal. In follow-up registers performed
in patients with a favorable outcome revealed the emergence of
a posterior dominant theta rhythm that ruled out that our
patients had a physiological absence of posterior alpha rhythm.

Low voltage or generalized suppression patterns is often
associated with extensive cortical and subcortical lesions such
as anoxic encephalopathy or severe head trauma. This pattern
was related to an unfavorable prognosis (score 4 qualitative
classification of EEG alteration: Amodio et al., 1999)** or
irreversible character as at ischemic encephalopathy®®***
with the exception of hypothyroid encephalopathy, which is
reversible except for cretinism.*******=7 but in our series
we found a good evolution in 60% of the patients. It has also
been described in diffuse neuronal dysfunction like hypother-
mia, intoxication by central nervous system depressant drugs
or anesthesia,>***** but we have ruled out all these causes in
our patients.

EEG patterns we observe has findings like those observed in
ischemic encephalopathy described in the literature (low
voltage and unreactive to external stimuli).*>*4**
However, by performing follow-up EEGs, we have been able
to document how our patients present a reversible picture
both in the clinic and in the EEG. So, we also believe that ische-
mia does not appear to be the cause of these EEG findings, in
addition to the fact that the respiratory and hemodynamic
status of patients does not suggest it (some patients did not
even need oxygen).

It could be thought that since the common feature of all our
patients is a respiratory disorder related to SARS-CoV-2, EEG
findings may be due to neurological manifestations of habitual
pneumonia. However, EEG findings in respiratory failure are
already known®>***® and different from what we have
observed in our series; moreover, our patients did not have
hypercapnia.

We have found a good correlation between the clinical situa-
tion at the time of performing EEG and voltage of EEG (both in
the acute EEG and in the follow-up EEG), but we have not
found a correlation between voltage of acute EEG and final
outcome.

A systematic review of EEG findings in 617 patients pub-
lishes frontal findings are frequent and have been proposed as
a biomarker for COVID-19 encephalopathy*® and there is 1
report describing focal frontotemporal hypoperfusion in
patients with COVID-19, in MRL® In 4 of our 15 patients we
have observed a focal rhythmic activity over frontotemporal
regions, without any structural abnormality in the standard
sequences of MRI. In two patients, we ruled out an NCSE
using the Salzburg consensus criteria. In the follow-up EEG
in some patients this focal activity persisted, but we do not
know how to explain the significance.

Our study is limited by the small sample size and the fact that
it is a retrospective study. However, perhaps the low prevalence
of epileptic activity (NCS, seizures, and interictal epileptiform
discharges) described in patients with COVID-19,6:24:25.28-31
could be explained by the low voltage findings in our EEG
series possibly due to desynchronization. Low voltage EEG
does not exclude the possibility of epilepsy but it is rarer to
find low voltage patterns in epilepsy.*® In our series, the only
patient who has presented epileptiform discharges is the one
with the highest voltage in the background activity of all our
patients (20 uV).

A recent publication, based on the high percentage of “alpha
coma/spindle coma” pattern in their case series (given how rare
this pattern is),”"** hypothesizes on a possible neurotropic
effects of SARS-CoV-2 on the ascending reticular formation
within the brainstem—talamus axis, which could also explain
some cases of associated flaccid tetraparesis. This debate is
very important because, a brainstem affectation (with the
danger of a respiratory center alteration) could totally change
the way patients are handled.

If this finding is confirmed, an affectation of the ascending
reticular formation (within the brainstem—talamus axis) would
be a possible cause of the low voltage finding in our series,
since a functional integrity of the ascending reticular system
is needed to generate a synchronization of the EEG trace with
higher voltage. It could even explain the absence of reactivity
in many of the EEGs, which in the rest of the pathologies has
always been classically associated with a poor prognosis
although it is not yet validated for the COVID, as it seems
that it could be an exception. In our series, we were not able
to predict the final prognosis of the patient with the acute
EEG and we have been able to demonstrate that an unreactive
low voltage pattern in COVID-19 patients is not necessarily
related to poor prognosis.

In addition to the level of affectation, it would also be nec-
essary to discover whether the mechanism of action is a func-
tional affectation (which may be transitory) or a structural
lesion (which would be more irreversible). Future studies are
needed in order to clarify the role of inflammatory agents in
the EEG findings, and whether there are transient alterations
in neurotransmitters as observed in septic or metabolic
encephalopathies.*®->°

Following safety protocols for personnel, continuous and
follow-up studies should be performed on patients with neuro-
logical manifestations in COVID-19, because of the valuable
information it provides.

Conclusions

We have found an unspecific pattern of EEG in patients with
COVID-19 similar to those described in the literature, which
is different from the ones encountered in other infectious or
metabolic encephalopathies. However, we found, as a distinc-
tive finding, a low voltage that has not been described in the
published reports of COVID-19, and is reminiscent of severe
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encephalopathy states associated with poor prognosis. We have
been able to demonstrate that an unreactive low voltage pattern
in COVID-19 patients is not necessarily related to poor progno-
sis. We have seen this common pattern both in ICU and stan-
dard ward patients and patients with favorable evolution or
progressive worsening. In those with a favorable outcome the
abnormalities found a trend to wane into a normal EEG. A met-
abolic/hypoxic mechanism seems unlikely on the basis of our
EEG findings. Our finding of low voltage EEG possibly due
to desynchronization could explain the low prevalence of epi-
leptic activity described in patients with COVID-19. Our
series points out the necessity of prospective and large-scale
studies (with complete international standard 10/20 montage)
to delineate precisely the neurophysiological manifestations
of COVID-19.
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