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- Review Article

COVID-19-Associated Acute Disseminated Encephalomyelitis:

A Systematic Review

Abstract

Objective: The objective of this study was to provide an overview of acute disseminating
encephalomyelitis, a potential and serious complication of COVID-19. Methods: Three primary
databases were used, PubMed, LitCovid, and WHO. The final review articles reported acute
disseminated encephalomyelitis (ADEM) in COVID-19-positive patients and were full-text,
peer-reviewed articles. Articles which did not have patient data such as in vitro studies and
articles with unclear inference were excluded. Results: Out of 21 cases of ADEM, the diagnosis
of severe acute respiratory syndrome-coronavirus 2 was confirmed in 18 and suspected
in 3. Among the neurological symptoms, altered consciousness was most common (7/21), followed
by anosmia (3), paraplegia (3/21), brain stem involvement (3/21), sphincter involvement (2/21),
and quadriplegia (1/21). Raised inflammatory markers were most commonly seen in 9/17. Central
nervous system imaging was abnormal in 19 cases and unavailable in 2 cases. Fifteen patients were
treated with corticosteroids, 11 patients received intravenous immunoglobulin, while 3 patients
received convalescent plasma. Two patients needed surgical intervention. Complications included
seizures (1), acute kidney injury and septicemic shock (1), raised intracranial pressure (1),
and supraventricular tachycardia secondary to hydroxychloroquine (1). One patient recovered
completely and one had good recovery with mild deficits. Thirteen patients had incomplete
recovery with residual neurological deficit while three patients died as the consequence of
the disease. Conclusion: The physicians and neurosurgeons should be diligent while treating
the COVID-19 patients with neurological manifestations and include ADEM as a differential
diagnosis and stress on early diagnosis and treatment to reduce mortality and achieve satisfactory
clinical outcome.

Keywords: Acute disseminating encephalomyelitis, COVID-19, neurological complications,
neurological manifestations

autoimmune demyelinating disease of
the central nervous system (CNS),*19 is
often preceded by a viral infection, but
the evidences depicting its occurrence
as a complication of SARS-CoV-2
are scarce!'™  Our study aims to
provide an overview of this potential but
serious complication of COVID-19.

Introduction

The coronavirus pandemic began in
December 2019 with Wuhan, China,
being the epicenter.!! As per the latest
reports on August 8, 2020, there have
been 20,806,961 cases worldwide with
747,258 deaths due to COVID-19.2

Many reports have indicated extrapulmonary
involvement of severe acute respiratory
syndrome-coronavirus 2 (SARS-CoV-2).B57
The common neurological manifestations
include headache, anosmia, hypogeusia,

Methods

A systematic search was conducted for
research articles on COVID-19-associated

4 altered . hil - ADEM. Three primary databases were
encephalits,  meningitis, encephalopathy, 'S0 PUb-Med, LitCovid, and WHO.
Phalitis, SIS, phalopaty, The search strategy used the keywords,
demyelination, and stroke are potential . .
. Do 0o corona virus, COVID-19, neurological
serious complications.®! . . .
complications, and acute disseminated

Acute  disseminated
(ADEM), an acute

encephalomyelitis
inflammatory

encephalomyelitis, and was comprehensive
with cross-checking of reference lists from
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the articles retrieved. Selected articles were independently
reviewed by two authors. All disagreements were resolved
with discussion between the two authors and mutually
agreed upon by the authors. The Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines
were used [Figure 1].1'% The final review articles fulfilled
the following criteria:

1. Reported ADEM in COVID-19-positive patients

2. Full-text, peer-reviewed articles (case studies and case

series).

Articles which did not have patient data such as
in vitro studies and articles with unclear inference were
excluded.

This study did not require ethical approval as data were
obtained from already available databases and patients
were not directly involved.

Risk-of-bias assessment

Risk-of-bias assessments were performed at the outcome
measurement level during data collection. The National
Institute of Health scale was used for case series and case
report studies!'¥ [Table 1].

Results

A total 135,160 articles were found from the database
using the abovementioned keywords until August 8, 2020.

Articles from WHO COVID Database

searching up to August 8" 2020

Articles from PubMed searching up to
August 8% 2020

N=58672

N=40,851

Articles from Lit. COVID-19 NCBI NLM
NIH searching up to August 8" 2020
N=35637

}

Total articles i

N= 135160

n the database

A

Duplicate articles removed
N =61660

4

Total articles after De-duplication
N =73500

Articles excluded for not pertaining
to COVID 19 Neurological

Articles pertainit
Neurological manifestations
N =4932

ing to COVID-19

A 4

manifestations
N =68568

Articles excluded for not pertaining
to COVID-19 Associated ADEM

A 4

Articles focusing on

N=

COVID-19 associated

ADEM

1585

N =8126

Articles excluded as per Exclusion
Criteria

A

Articles fulfilling the Inclusion Criteria
680

A 4

N =905

Articles excluded (not contributing
to objective of the review)

N=

Full-text articles assessed for relevance
to the aim of the review

22

N =668

Articles excluded (unclear evidence,
outcome is not available, no

A

Articles included for Qualitative Synthesis
N=14

inference regarding ADEM)
N=8

!

I

}

Case Report Retrospective Webpage/News
N=11 Cohort Study article
N=1 N-1

Case Series
N=1

Figure 1: PRISMA diagram
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Table 1: Quality assessment of the included studies

NIH quality assessment tool for case series/case reports

Study name Was the study Was the study population clearly Were the cases Were the subjects Was the intervention
question or objective  and fully described, including a  consecutive? comparable? clearly described?
clearly stated? (yes/no) case definition? (yes/no) (yes/no) (yes/no) (yes/no)
Novi et al. Yes Yes NA NA Yes
Abdi et al. Yes Yes NA NA Yes
Utukuri et al. Yes Yes NA NA Yes
Parsons et al. Yes Yes NA NA Yes
Reichard et al. Yes Yes NA NA Yes
Zoghi et al. Yes Yes NA NA Yes
Zhang et al. Yes Yes NA NA Yes
Sharma et al. Yes Yes NA NA No
McCuddy et al. Yes Yes Yes Yes Yes
Paterson et al. Yes Yes Yes Yes Yes
Yong et al. Yes Yes NA NA Yes
Chalil et al. Yes Yes NA NA Yes
Poyiadji et al. Yes Yes NA NA Yes
Zanin et al. Yes Yes NA NA Yes
NIH quality assessment tool for case series/case reports
Study name Were the outcome measures clearly defined, Was the length  Were the statistical Were the results Quality
valid, reliable, and implemented consistently  of follow-up? methods well well described? rating (good,
across all study participants? (yes/no) adequate? (yes/no) described? (yes/no) (yes/no) fair, poor)
Novi et al. Yes Yes NA Yes Good
Abdi et al. Yes Yes NA Yes Fair
Utukuri et al. Yes No NA Yes Fair
Parsons et al. Yes NA NA Yes Fair
Reichard et al. Yes Yes NA Yes Good
Zoghi et al. Yes NA NA Yes Good
Zhang et al. Yes Yes NA Yes Good
Sharma et al. No No NA Yes Poor
McCuddy et al. Yes Yes NA Yes Good
Paterson et al. Yes Yes NA Yes Good
Yong et al. Yes NA NA Yes Fair
Chalil et al. Yes NA NA Yes Good
Poyiadji et al. Yes Yes NA Yes Fair
Zanin et al. Yes Yes NA Yes Good

NIH - National Institute of Health; NA - Not applicable

After de-duplication, 73,500 articles were screened
and 4932 were found to be pertaining to neurological
manifestations of COVID-19. Out of which, 1585 were
focusing on COVID-19-associated acute disseminating
encephalomyelitis. After the initial screening, articles were
reviewed, out of which 680 articles matched the inclusion
criteria. These articles were then screened in the second
review. Before the qualitative synthesis, 668 articles were
removed from the listed articles as they did not contribute
to the manuscript’s objective. The final analysis contained
14 articles [Figure 1]. Two independent reviewers
reviewed all articles. Out of the 14 articles, 11 articles are
case reports, | article is a case series, 1 is a retrospective
cohort study, and 1 is a webpage/news article.

Novi et al.,'"¥ Parsons et al.,'"> Zoghi et al.,l'! Zanin et al.,l'"
and Zhang et al'™ reported cases of ADEM following
COVID-19 while Abdi et al.™ reported the ADEM case

without prominent clinical pulmonary symptoms. The case
reported by Utukuri et al.?? had no respiratory symptoms
of COVID-19 while Reichard et al.?"! described the case
where ADEM was confirmed by autopsy. Sharmal*
reported India’s first COVID 19-associated ADEM.
McCuddy et al.®®! presented a case series of three cases
of COVID-19-associated ADEM while Paterson et al.**
described the retrospective cohort study of neurological
manifestations of COVID-19 including ADEM. Yong
et al!® reported the cases of acute hemorrhagic
leukoencephalitis while Poyiadji et al.*® described acute
hemorrhagic necrotizing encephalopathy [Table 2].

Demographic data

From the 21 total cases, 10 (47%) were male patients
and 11 (53%) were female patients. Female:Male ratio
is calculated to be 0.9:1. The age range of the patients

Asian Journal of Neurosurgery | Volume 16 | Issue 3 | July-September 2021 459



Mahapure, et al.: COVID-19-associated acute disseminated encephalomyelitis contributors

) <
S
qems LIS m
[eaSuAreydoseu snorosuooun J[qe[IeARUN j10da1 smou ‘mwpe J
J[qe[reaeun ejeq SNOIoSUOdUN) 2A1ISO] ur Jy3noig eeq J|qe[reaRUn BIR(  O[BW/9E I /3edqopm euIRyS w,
SSoUsEOM Teq[nq pue owm =l
Te1o.] Y[ priur ‘doudrajord oy} Je pIsa) Jou %
dATIR3U 2IMND aze3 jy3u ‘Ayjedoreydosud Jlqe[reAeun  19A9J ‘eifeAw  inq swoydwAs erwopidisAp ‘I j2 @
[eL19108q ‘[EULION ‘eLyresAp ‘erdeydsAq Bleq ‘QuoepedH skep 11 pue uoisuoyodAy  opewdy/Of 1 110dox ose) Sueyyz 2
SunIuoa ©
‘oadde jo m
81 Mmo1oq Juduuaredur A10suog $SO] ‘73nod 2
"IOAQJ ‘UOnUR)RI Areurin aanonpoiduou >
[p/SW O [/4€ @s0on[3 ssouyeom Ajrwanxo soddn Jeo1y) W
p/Sw ygz wrjoxd  osye ‘sisaredered Suruosiom aanisod 2I10S ‘S[[IYO 12 W
0ST JUNOJ [0 [BJ0L JA1ssa1do1d ‘AsmoIq DJ[ wnog M IOAD] SyooMm ¢ N Jrewy/ g I y10dax ase) ysoz 8
qems puewdp udgAxo  Ajoaneradojsod w
eaSukreydoseu Sursearour uonoJul ‘wp Z
Quop JoN oANISOJ  ‘ssausso[yiealg Pajoenuo)) 21qnop ‘v ‘dHI  dewy/[L I uodorase)  pleyoroy ﬂOa
1u9sqe 0£d STop =
191 1dooxo ‘sudts ways urerq 3
oAane3oN  juasaxd ‘G1/€ SOD 10IB[IIUAA qems erxod£y 110dar &
2amno [esuny pue uo sAep g1 Joye judsisiod  [eaSuAreydoseu ‘eIpIROAYDE) 9580/1031P9 ‘w2
[e119)0Bq ‘[EWION pue aaoxdwir 0y aInjreq oANISOd  ‘19A9J ‘BoudsAq sAep g1 dlqe[reABUN BIB(  J[BWJ/S I 011097  suosied
“BIXE)R () [RIOR[Iq Y[em
0} AJI[IqRUI ‘SUOI}BSUIS JO SSO[ qems swoydwAs 110dalr
pue ssouseom quif-lomo] [eda3ukreydoseu K1oyendsar 9S80/1031p9 v j2
[eULION [eI0JB[1q ‘UONURIAI ATRULI) 9ANISOJ - Joud oN IIN  oeu/pt I 0jI10p9]  unymN
swo)dwuAs
QoueqIsIp J1e3d qems [euonmnsuod 110dox
‘ssouyeam T ‘ssousnorosuod  [eadukieydoseu JAreuowrnd 9SBY/10)1pd
[eULION JO [2A9] pasea1daq 2A1ISO] - Joud oN Jleuy/gg I 0} 1019 [P 12 1PQV
ud1s pysuiqeq oy
Ui erxogaadAy quir-10mof
POPIS-1JI] PUE ‘[9A9] AIOSUS
[eurwiopqe JyS11 ‘ssof [ensIA
QIOAQS ‘BIWISOUE PUE BISNOTE qems
90930p Areqidnd juoropge  [eoJukieydoseu
1p/8w 76 QA1 [RISJR[Iq ‘QUOBPBIY oAne3au Ayredowued
U19301 ‘ WI/S[[do ‘(A3111qeILLIT) SanI[RWLIOUqE ‘oansod BIsnoge [euojoouow pue
7T :Unoo [[39 [e)0], [BIOIARYDQ PIIA 03] wnIog pue eruusouy skep g uorsuouedAy  orewdy/49 1 j10dorase) Iv 12 IAON
sisougerp [(17Xe)) aiAo0dD sjyuaned yo Apmys Joyjne
aunpnoI JSH uoneyudsaid [8IIG0[0aNAN  T-A0D-SAUVS  Jo swoydwAg Jo uonean(q SanIpIq.I0Wo)) X9§/08Yy  JoquinN Y} Jo adAy, ISa1q

SOIISLId)IBIRYD ApN)S :7 d[qEL

460




Mahapure, et al.: COVID-19-associated acute disseminated encephalomyelitis contributors

Do)

JUaWIddURYUD }SBIIUOD ON

‘sonIsuuLIdAY Y1V 14 UunLLoj
snondoaqido JuOoSBYJOWEXIP ureIqpiw [esiop pue Aei3 ‘YD ‘1ed pasiey JdAne3au
yreaq snjel§ JSOP-MO[ AT AV doap xeu0)) - ureiq YN ‘eruodoydwA a00 4SD ANE3IN QANE3aN 7P 12 1PQY
[9A9] 8L
o) 1 uoIs9| pioo [eurds
J[3UIS B QUOWIOURYUD uroped
DIAI aA1ou ondo [e1ojeriq Ioiw gHO
‘ouostupaid [e1o0 q/f )M UreIq 9Y) JO SUOIS9] D3] ‘Apoqnue
K19A0001 quojostupaidjAyrow Suroueyquo jsenuodsod DOJA Pue  9[qe[iearun
[enied IIN Al NFAV 1L ojduniy - ureiq YN yOV 9ane3oN ered 9ANISOd ‘7P J2 IAON
sisougeip sisA[eue  Pued [eaia NDd-LA Joyine
dwonnQ suoneddwo) JUdUBIL], [eury Suidewrt SND V(N (IREIN unwuwiomy I 4SD  A0D-SAVS ASD Isang
SI/CI SOD 0} oeq s1edk 07
PAIOA0IDI LAY} ‘OOUIUTUOOUL qems parerodo wisAmoue
Areurn pue 91q on3uo) yim  [edSukreydoseu eIsnagde dIqe[reARUN  A19)1E FUNLOIUNITIOD ‘32
[WION  SNOIOSUOJUN PUNOJ - AINZIOS 9A1ISOJ BIWUSOUY eeq IOLQUY  O[BWdJ/HS I y10dax ase) uruez
JAneSoU qems
S/0 [eLI21ORY "PI)SI} [ea3uireydoseu Jrewdy v 12
jou ‘dej onjewner], SSQUSNOIOSUOD PAIANY JAISOd I0A9J “4sno) sAep ¢ Jlqe[reaeun eje  /0S e I yodarose)  1lpeikog
qems  SSouss9[yIeaIq
D9 OTXEE S0TX9L soxogas  [eadukieydoseu Y3noo A1p ‘I j2
JUNOd [[99 [BI0], wo)S uleIq JUISqe ‘ASmoiq JANISOd  ‘BIF[eAW 10Ad] SyoaM ¢ [IN o[ewdy/8fy 1 110do1 ose) 11eyD
e13o[dupenb ‘osuodsar woys qems 110dal
(dD1 ureiq joejul ‘ooewl3 Ajuo  [eaSukreydoseu erAISOuE erwopidiprodAy 9S80/1031p9 v j2
paster) pautioyrad JoN ‘SSQUSNOIOSUOD PASBAINA(] AISOJ Y3nod 1A sAep 81 NA ‘NLH Jrew/19 I 01 19139 Suox
realq
pasiel SSOUQUINU SSAUNBIM Jo ssauyIoys
urjord 4§D ‘paster oy ‘sisaredupenb ‘Funrwoa ‘e1d[eAw
amssaid Suruado JSO ‘QuoeyoEq ‘OuoBpRIY Z ur 91qeqoad ‘eoudsAp 110402 ‘12
‘oAne3au g-o 4SO ‘SSOUSNOIOSUOD PASLaIdNdJ ‘Ul 9AT)ISO( ‘Y3n0o 1049 SAep 01-¢ IIN 19-L¥ 9 oAnoadsonoy — uosIded
SSouyeOM
Jane3au ISNYIP 219A9S “doudrdjord Jrewioy |
saImn)) ‘[p/sw oze3 1391 ‘uoneqmxalsod aanisod ¥YDd SAYYV 1049} Jrewr /0L ‘v j2
G6-SS urdoxd pasrey ssauaatsuodsoru)  IAQD WIS ‘p1od ‘ondne,y SYoIM € na -8¢ ¢ SOLIdS 9se)  AppnDoN
sisougerp [(17Xe)) aiAo0dD syuaned yo Apms Joyjne
aunpnoI JSH uoneudsaad [8IIG0[0aNAN  7T-A0D-SAVS  Jo swoydwAg Jo uonean(q SanIpIq.I0Wo)) X9§/08Yy JoquinN Y} Jo adAy, ISa1q

“TpIU0)) T 9qEL

461

Asian Journal of Neurosurgery | Volume 16 | Issue 3 | July-September 2021



Mahapure, et al.: COVID-19-associated acute disseminated encephalomyelitis contributors

Do)

JUSWAJUBYUD

Jsenuod Ayojed Teudis g1,
Ke13 doap pue [eonI0oqNs
[eULIOUQqY - Ulelq [YIN

K19A0001 DIA] ‘QUOXBLIIO ‘uonjenuapeodAy Iopew ‘v 12
Suro3uQ ‘ournboioyoAxoIpAH INAQVY  auym ordnn - ureiq 1D o[qe[ieAeun Ble(]  d[qe[learun ejeq JAIESON JA1IESON Sueyy
JUSWAIURYUD
OU ‘UOILNSAT UOISNIJIP
ON ‘wnso[res sndioo
‘suod ‘soounpad ‘1§D
u1 AyisudjurodAy
T1A0[dKoe AIV71d - ureiq RN
AI9A0001 ‘wouodorow wnpoads J10BIOYJOIIAIID ‘v 12
ordwoouy ‘uroAwoouep  OINN<NAAY INLAT - durds YN [BUWLION ANB3ON JANEB3IN JANE3IN 3oz
LIdD
Surposu amnyrey
K10ye11dsar s1ossaidosea
[o0Ys 0} ‘SPIOIA)S ASOP SSANS Ksdone UILLIOJ dlqe[reARUN ‘v 12
qea AIepuodas [V ‘UONB[NUIA SUOIJ U0 OYI] WHAVY J[qe[reaeun ejeq  9-T[ LD POstey  O[qe[IBARUN BIB( Ble@  Q[qe[leABUN B  PIBYIIY
a3eyrIoway
IR[NOLIUSARIU]
“JUSWAIUBYUD JSEIUOD
PIIW )M J13RYLIOWAYUOU ASD pue
‘sonisuaiul [eudIs wnios ur gOO
DIAI 93 L [eantooexnl "SaIpoquuE OV
K19A0001 JuojostupaidjAyjouwr pue oudydsiuay ‘SIIYdAs “VONV ‘v 12
9ordwoou IIN Al Ndav doo - urerq [N 9[qe[reaeun ejeg VNV 2A1E3N JAIESON JAIESON suosied
SUOIS9]
J13BYLIOWY ON "SUOISI]
[eontooeixn( [eyorred
1J9[ UI JUSWIAOUBYUD
‘suors9] osudjuLIadAy
ZL [eontooeixnl pue JAne3ou
IemnoruoaLidd urerg spueq [euo[2031]0
"SUOIS9[ asuauLIddAy ASD ‘TewIou
71 P10J J10BIOY) pUR S[OAJ] DV
[BIIAID)) - YN ouldg ‘[ewIOU SIONIEW
DIAI 9/ puE Urelg JUSWIIOULBUD K1oyewrwegut
AI9A0001 quojostupaidjAyow Ayored ‘uorsuedxo ‘oanjegou dnyjrom ‘v 12
ordwoouy [IN Al Waav snuo) - YN Fequn [ewIoN  o130[0jeWNAYY JANE3IN JANE3IN N
sisougeip sisA[eue  [oued [eaia ADL-LA Joyine
dwodnQ suoneddwo) JUDU)BIL]L, [eurq Suigewt SND A30]0.49§ Junwwioyny  JYo S  A0D-SUVS ASD ISIIq

TpIuo) T dqeL

Asian Journal of Neurosurgery | Volume 16 | Issue 3 | July-September 2021

462



Mahapure, et al.: COVID-19-associated acute disseminated encephalomyelitis contributors

Do)

(o1wrepeyy) "suoIs9 maj Jo
JuoweoueyUd 9)9[dwoour
Ayored -o13eyriowdy
SUOIS[ ‘Wt ()] JO PIYS

JuojostupaxdjAyrow QUI[PIW Pasned uoIsy| 9-T11
onaredupenb ‘DIAT ‘Toyruuew [BO1}I0D )T "SUOISI] J_opewl ‘(I ‘d¥YD UNLLIS) avo ‘191
‘AI10A0021 ‘urredexoud 9JIYM [BO1}I0OQNS [BOT)I0D WnIds pasiel “YVANVN YOV dlqe[reaeun ‘v 12
o1dwoouy SIAISOPWOY WAHY [e20JnNIA - urelq [YIN ‘eodoydwd] ‘DO 2anB3IN Bleqg Fuox
PIys aulpruu
pUB BWOPS JTUOTOSLA
219A9s pey juaned suQ
'soFew jsenuooysod
U0 JUIWAOURYUD
PAMOUS SUOISI JWOS
PUE SUOISI[ WOS UT
sogueyd O13eyLIOWOH
"POAJOAUT WIA)S UTRIq
‘wnsoqes sndio)
sSnip "SUOIS9[ asuouLIddAy
qleap [eIIAT}UR ‘SOII0IqUIUE L Jopew Kei3 doop 7 ur eruadoydwA] I ur oAne3ou
1 ‘K19A0091 ‘ondopidonue ‘OIAT ‘s9qO[ Je[nsul pue oIquIl| ‘4 ur /3 avo ‘191 ADd anssn ureiq
Suro3uo ‘ouojostupardjAyow NAQV ~ Ionew d1yMm [edrIooqns 000 08 - /31 “UVANVN YOV ¥ ul ‘¢ ur aAneSou ‘v 32
ajo[dwoduy ¢ Al 1 ‘INAHV S asngI[ - urelq TYIN 0911 ad  ‘DOIN eAnESaN oAneSoN UOdIY ASD  uosided
OIAI PIAISSAL
SPI0I)S HIM
aaoxdwr jou pIp oym
syuoned 7 (quoned | D1 .L U0 JUdWaduByud
10J QUOSEBYJAWEXOP [eWIUIA 9T eyLIOWY Ou
7 10] ‘syuanyed ¢ 1oy “JUSWIDA[OAUL UID)S UTRIq
K19A0001 [OIPIN-N[OS) pue wnso[ed sndio)
9jodwoouy Sp1012)S A pue *SuoIs9] osuayuLIadAy D3] pue ‘v 12
‘PoIOA0IDY | ewsed juadsajeauo) Waav 71 1oy Iym asnjig [eULION gD0 2A1RION JA1IESON aAneSoN  AppnDoN
o[qerreArun ‘12
PoI0A0IY DIAI WAav o[qe[reArun vlR(] O[qe[IEARU() BlR( O[qE[leARUN BIR(] eleq  9[qe[reAeun eye( BULIRYS
sisougeip sisA[eue  [oued [eaia ADL-LA Joyine
dwodnQ suoneddwo) JUDU)BIL]L, [eurq Suigewt SND A30]0.49§ Junwwioyny  JYo S  A0D-SUVS ASD ISIIq

TpIuo) T dqeL

463

Asian Journal of Neurosurgery | Volume 16 | Issue 3 | July-September 2021



Mahapure, et al.: COVID-19-associated acute disseminated encephalomyelitis contributors

0 urnqojdounwiwi] - D3] Jo AI0ISIH - 0/Y (AQ PAMO][0,] - q/F ‘UIRIP JR[NOLIIUAA [RUINXY - JAH JowIp- - dJ ‘Apoquue t-uniodenby - OV Ainfur Aoupny a1noy - [V
‘snrpeAworeydaoud o1Seyoway ANOY - WHHY eIpIedAyoe) se[notnudaeldng - 1 AS (Aderoy juswdoedar [euas snonunuo)) - 1D ‘Ayredojeydasudoyna] o1Seyioway SUIZ01odu
ANOY - FTHNYV eondo snijoAwornaN - QAN ‘D ulnqojgounwl AJ - DIA] ‘SNOUABHU] - A] ‘SHI[QAWO[Ydooud PAJRUIWASSIP ANV - INHAY 1988 [eurdsoonto) - 1S snijoAw

JSIOASURI) QAISU)XD A[[eurpnISuo - INH 1T SSuiSewr 90uBUOSAI QUSRI - [YIA 9-UINIMINU] - 9-T] ‘AIOA0II UOISIAUL PAjenudye-pim|] - Y[V 14 u103oid 9A10eaI-)) - LD ‘WoIsAs

SNOAIOU [BIIUR)) - SN IOPIOSIP AJoIXUE PAZI[RIUdD) - VD Apoqnue drwse[doi&o [rydonnau juy - YONV Apoqnue [lydonnau nuy - YNV QWAZUS SUlIdAUOI-UISUOISUY - DV
‘u1301d094[3 914001pudpoFI[0 UIRAIN - DOIA {129 PoO[q PAY - DY eanssaxd [erueioenu] - DI ‘pueq [eUo[o031O - gD 9[edS BWo)) M0Fse[D) - §OO pmy [eurdsorqard) - 4SO
fuonoeal ureyd aserdwkjod-osejdirosueny 9SIAY - YD d-LY QWOIPUAS ssansip A10jeardsal N0y - SAYYV 6107 2SLISIP SIABU0IO)) - 6[-(IAQD T SNIIARUOIO-OWOIPUAS A10jR1Idsar
INJL AIIAIS - T-A0D-SUV'S SmI[[ow sajoqel( - INJ ‘uorsuduadAH - NLH Sunyeid ssedAq A1ope A1euolo)) - Dy 9seasIp A1d)e A1euolo)) - () ‘9seasIp 1eay J1wayds] - qHI

JUQWOJULYUD
JSBIUOD OU {[9AJ] 9,

UOoISSTWpe UOTJR[IUSA 03 uonoun( Arejnpaw
90UIS JJuow uoneqmul UOT)B[IIUSA qnq WoIj SuoIsa] pIod
I Ioye parmbai [BOTUBRYOIW TeuSts yS1y pue suoIso|
pasSreyosip ‘orxodAH ‘sondonidonue Io)JRW AIYM JUINPUOD uddouriqy
AIOAOJ2I  "UOTIRIOLIDIIP QUOSEBJOWEXIP IeOLNUIALIdd - TN I pastex ‘w12
9ordwo) [earur|) 9sop-y3IH Waav ourds pue urerg ‘eruadoydwAT  oqe[reaeun vleq JATIESON. JATIESON. uiuez
uoI3a1 Ie[nsul qns pue
[erodwa) [RIpOW ‘TWIR[RY)
Ul SUOISI SurouByUd
WL OIS YLIOWdY - [N
‘Iwe[ey) oq ut ‘w2
umouyun DIAI ATHNV uonenudpeodAH - urelq 1D 9[qe[ieAeun ele(] d[qe[leARUN BlR( oAnE3oN  Quop 2qjou pjnodo  ipeikog
ud9s
JUSUIOOUBYUD ‘SOFBYLIOWY
Jy Surpunorns
sanisuauLddAy Jref g
T1 - IIN "snjeydaooipdy
SHOYIP JINde ‘UOISUIIX
[eo130[01ndu snjeydoooIpAy Je[noLuUdABIUL
[enpisax [eAIo)ul 10} AT UM sageyrIowdy SO°'1 (opdwres
‘A10A0931 1,0 paduojoxd ‘qewnzi[100) pue [ewAyoudredenur AD  xopur DJ[ ‘GE']  O[qe[leABUN  UTRIP JB[NOLIJUSA ‘v 12
ordwoouy pue LAS oumboiojyoAxoipAH WHHY  rendiooo (ejoured /g -1D  UBLLIQ] pasiey onel D3] SO BB [BUIOIXO) dAIBION 1eyD
sisougeip sisA[eue  [oued [eaia ADL-LA Joyine
dwodnQ suoneddwo) JUDU)BIL]L, [eurq Suigewt SND A30]0.49§ Junwwioyny  JYo S  A0D-SUVS ASD ISIIq

TpIuo) T dqeL

Asian Journal of Neurosurgery | Volume 16 | Issue 3 | July-September 2021

464



Mahapure, et al.: COVID-19-associated acute disseminated encephalomyelitis contributors

was 21-71 years with a mean age of 51.36 years. Diabetes
mellitus was the most common comorbidity seen in four
patients, followed by hypertension seen in three patients.
Other comorbidities were ischemic heart disease (1)
and dyslipidemia (1). One patient had a past history of
anterior communicating artery aneurysm clipping 20 years
ago. Four patients had no prior illnesses, and details of
10/21 patients were not mentioned in the studies.

History of COVID-19

Out of 21 cases of ADEM, the diagnosis of SARS-CoV-2
was confirmed in 18 and suspected in 3. Out of 18
confirmed cases, 14 patients had positive oropharyngeal
swab SARS-CoV-2 reverse transcriptase—polymerase
chain reaction (RT-PCR), 1 patient had positive serum
SARS-CoV-2 RT-PCR, 1 patient had positive cerebrospinal
fluid (CSF) SARS-CoV-2 RT-PCR, and 2 patients tested
positive for serum SARS-CoV-2-immunoglobulin G (IgG)
with a negative oropharyngeal swab.

Only 15 patients presented with prior symptoms of
SARS-CoV-2 infection. One patient contracted the infection
in postoperative period while they were unspecified in
three patients. Fever was the most common presenting
symptom (9), followed by cough (6), fatigue, and myalgia (3).

Symptoms/clinical presentation

The duration of COVID-19 symptoms ranged from 3 days
to 25 days before onset of neurological symptoms. Among
the neurological symptoms, altered consciousness was
most common (7), followed by anosmia (3), paraplegia (3),
brain stem involvement (3), sphincter involvement (2), and
quadriplegia (1). Only two patients directly presented with
neurological symptoms.

Laboratory investigations

Blood investigations and CSF analysis were done in
17 patients. Raised inflammatory markers were most
commonly seen in nine (ferritin raised in four, C-reactive
protein in five, and D-dimer in five), and lymphopenia was
seen in four patients.

CSF analysis was not reported in four patients. The reasons
for the same were traumatic tap (1), raised intracranial
pressure (ICP) (1), pandemic reason (1), and unknown
reason (1).

Eight patients had normal CSF analysis on routine
microscopy. Out of nine abnormal reports, increased CSF
protein level was the most commonly reported abnormality
in six, followed by lymphocytic pleocytosis in four patients.
Meningitis was ruled out by negative CSF bacterial cultures
in 5 and viral panel in 15 out of 17 patients. One CSF
sample grew Staphylococcus capitis which was probably
contaminated.

Although there was neurological involvement in all cases,
CSF SARS-CoV-2 PCR was positive only in | patient out

of 13 who were tested. One patient had brain tissue CoV-2
PCR negative on autopsy.

CSF autoimmune analysis was done in 17 patients. Only
one patient had a CSF-IgG ratio of 1.35, one patient had
four oligoclonal bands (OCBs), while one patient had
mirror pattern of serum and CSF IgG. Antibodies for myelin
oligodendrocyte glycoprotein (MOG) and aquaporin-4 were
negative in nine patients.

Radiological investigations

CNS imaging was abnormal in 19 patients and
unavailable in 2 patients. Diffuse white matter changes,
occasionally involving the deep gray matter, were the most
common finding. Out of 21 cases of ADEM spectrum,
13 were ADEM, 7 were AHEM (acute hemorrhagic
encephalomyelitis [AHEM]), while 1 was acute necrotizing
hemorrhagic leukoencephalopathy (ANHLE).

Treatment

Fifteen patients were treated with corticosteroids,
11 patients received IVIg, while 3 patients received
convalescent plasma. Two patients needed surgical
intervention: one patient underwent decompressive
craniectomy (ADEM with hemorrhage) and the other one
underwent external ventricular drainage.

Complications

Complications included seizures (1), acute kidney
injury (AKI) and septicemic shock (1), raised ICP (1),
and supraventricular tachycardia (SVT) secondary to
hydroxychloroquine (HCQ) (1).

Outcome

One patient recovered completely and one had good
recovery with mild deficits. Thirteen patients had
incomplete recovery while three patients died as the
consequence of the disease. The cause of death in these
three patients was status epilepticus, septicemic shock
with multiorgan failure and severe necrotizing encephalitis
respectively.

Discussion

The clinical spectrum of COVID-19 is commonly
represented by the respiratory system, but it also has
myriad extrapulmonary manifestations, and neurological
involvement is not unknown. Similar to other coronaviruses,
SARS-CoV-2 also has neurotropic potential and the
neurological manifestations of SARS-CoV-2 include
anosmia, headache, seizures, cerebrovascular accidents,
meningitis, encephalitis, ADEM, Guillain—Barre syndrome,
and cerebral venous thrombosis.?”!

SARS-CoV-2 may directly invade the CNS, or it may cause
a parainfectious autoimmune disease. ADEM is one such
parainfectious disease affecting the CNS. It is commonly
seen in pediatric population with few cases reported in
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adults. The pathogenesis of ADEM is still unclear. The
most likely mechanism is autoimmunity triggered by
cross-reaction of viral antigens to myelin proteins. AHEM
or ANHLE are variants of ADEM which have a fulminant
course.”!¥]

Recent literature on COVID-19 suggests that it also can
have neurological manifestations with mechanisms similar
to other members of its family. Yeh et al. reported the
first case of ADEM associated with coronavirus OC43
in 2003 where the virus could be isolated from the
CSFE.® Arabi et al. reported a case of ADEM following
a Middle East respiratory syndrome infection in 2015.2
The routes of spread to the CNS can be hematogenous
or retrograde via the olfactory nerves. The virus then
uses angiotensin-converting enzyme 2 receptors on
endothelial cells to enter the brain.’73% In an autopsy
study, Paniz-Mondolfi et al. confirmed the presence of
SARS-CoV-2 virus particles in the brain. They observed
these viral particles in the endothelial cells of the frontal
lobe of the brain.B!

We had 18 confirmed cases of SARS-CoV-2, out of which
only one patient had positive CSF SARS-CoV-2 PCR.

ADEM is a diagnosis of exclusion and needs high level
of suspicion. The medical fraternity is overwhelmed
with the current situation of the pandemic, and rare
diagnoses may not seem very obvious unless specifically
considered. According to a study by Pohl ef al. and Silvia
Tenembaum et al., ADEM is characterized by prodromal
symptoms, followed by acute-onset encephalopathy along
with multifocal neurological deficits.?%?13234 We studied
21 patients of ADEM in SARS-CoV-2 infection and found
that 71.4% (15) patients had a viral prodrome before the
onset of neurological symptoms. Fever (9) was the most
common presenting symptom, followed by cough (6),
fatigue, and myalgia (3). These may not always be present
in every case of ADEM and some patients may directly
present with the neurological symptoms. Lin et al. studied
50 cases of ADEM and concluded that previous history
of upper respiratory tract infection was seen only in
50% of the cases.’¥ In our study, Abdi et al.’*! and Utukuri
et al.?” described one case each where the patient directly
presented with neurological symptoms while Reichard
et al® described a case where an elderly patient contracted
the infection postoperatively.

Wender et al 1'% in their study mentioned that the presenting
clinical features of ADEM were altered sensorium, seizures
with focal neurological deficits like speech difficulty
and limb weakness. Our findings were parallel to the
literature and that altered sensorium was the most common
neurological presentation seen in seven patients. Brain stem
involvement indicates severe disease and was seen in three
patients; all were elderly patients aged 48, 51, and 59 years.
11524361 Other neurological symptoms in our study were
anosmia, limb weakness, and sphincter involvement. Less

common symptoms were limb ataxia described by Utukuri
et al®’ in one case and vision impairment described by
Novi et al.' in one case. Zhang et al. in their case report
described a case with seventh and lower cranial nerve
involvement with gaze abnormality.') Gaze abnormality

was also seen in another case described by McCuddy et al.
23]

Blood investigations were mentioned in 17 patients.
We found that the inflammatory markers were raised in
9/17 patients. It indicates pro-inflammatory state likely from
the preceding infection. Four patients had lymphopenia
suggestive of a viral infection. CSF analysis in suspected
cases of ADEM is done to rule out infection or CNS
pathologies. While CSF picture in ADEM is characteristic
for its lack of abnormality, it may be abnormal in almost
half of the patients.’”#!! The abnormal CSF findings were
mild lymphocytic pleocytosis and elevated proteins which
were seen in 30-40% of the patients.*>*4>4 In our study,
17 patients underwent CSF analysis which was normal
in eight patients (47%). Out of the nine abnormal CSF
analyses, raised CSF proteins were seen in six patients and
lymphocytic pleocytosis was seen in four patients.

Bacterial meningitis was ruled out categorically in 5 out
of 17 patients while viral panel was negative in 15 out of
17 patients. SARS-CoV-2 virus could not be isolated from
the CSF samples. PCR was performed in 13 patients out of
21 and it was positive only in | patient reported by Novi
et al.' Paterson et al. reported one case of ADEM with
hemorrhage who needed decompression craniectomy where
they obtained brain tissue for examination. They too could
not isolate the virus in the brain tissue.¥

Only one autopsy study by Paniz-Mondolfi et al. provides
evidence for the presence of SARS-CoV-2 virus particles in
the brain. They observed viral particles in the endothelial
cells of the frontal lobe of the brain.*!!

CSF and Autoimmune analysis is an important part of
investigations in ADEM cases. OCBs are inconsistently found
in CSF in patients of ADEM. They have been reported only in
10%-50% of cases.”*#! The presence of OCBs is suggestive
of evolution to multiple sclerosis (MS).*” In our study, CSF
autoimmune workup was available in 17 patients. Parsons
et al™ described one patient of ADEM who had 4°CBs in CSF.

Mirror pattern of OCB suggests that they are found in CSF
as well as the serum. It is not specific for the diagnosis of
ADEM. It only indicates the same autoimmune process
in the serum as well as the CSF. Novi et al.l' described
another patient of ADEM with positive mirror pattern of
OCB. Among the serum autoimmune studies to diagnose
ADEM, high serum anti-MOG antibodies are found in
almost half of the patients with ADEM, although they too
are not specific to ADEM. 048]

The diagnosis of ADEM is based on multifocal CNS
involvement, alteration of sensorium (encephalopathy),
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and brain and spine magnetic resonance imaging (MRI)
consistent with demyelinating lesions. Imaging is an
important pillar in the diagnosis of ADEM. The MRI
findings of ADEM in the studies by Pohl er al B2 and
TENEMBAUM et al B4 were multiple asymmetric bilateral
hyperintensities, involving subcortical and deep white
matter, grey white matter junction, deep grey nuclei, corpus
callosum, brain stem, cerebellum and in one third of the
cases even long segments in spinal cord. Bilateral thalamic
involvement is seen in ANHLE which is a fulminant
variant of ADEM. It is rapidly progressive and has high
mortality.[”!

Brain lesions may be small or large confluent. They are
usually hyperintense on T2-weighted and fluid-attenuated
inversion recovery sequences and at times may show
minimal enhancement. We found that almost all patients
had bilateral asymmetric extensive lesions involving
the subcortical and deep white matter. Novi et al.l'¥
described one patient who had optic nerve enhancement
in postcontrast MRI. It occurs due to breakdown of the
blood—brain barrier. We found that contrast-enhancing
lesions were seen in 7 out of 13 patients of ADEM, 5 out
of 7 patients of AHEM, and 1 patient of ANHLE. Contrast
enhancement is thus suggestive of a severe disease as seen
in AHEM and ANHLE. Four patients also had features of
myelitis on imaging involving long segments.

MS is a differential diagnosis of ADEM. Although there
are no absolute criteria, it is important to differentiate
ADEM from MS. Characteristics Multiple Sclerosis lesions
are periventricular in location, solitary, perpendicular to
corpus callosum and 'black hole appearance' on T1.5?! Gray
matter involvement and absence of CSF OCB also help
in ruling out MS. History is also important, and MS does
not follow a viral illness or vaccine. Other differentials
to consider are MOG antibody-associated disease,
neuromyelitis optica spectrum disorder, Progressive
multifocal leukoencephalopathy—John Cunningham virus,
and sarcoidosis.”

To date, there have been no randomized controlled trials and
treatment of ADEM is not standardized. High-dose steroids
are the first line of treatment, followed by intravenous
Ig (IVIG) and plasmapheresis in nonresponders. High-dose
steroids consist of intravenous methylprednisolone
administered at 30 mg/kg/d (maximum 1 g/day for 5 days),
followed by oral taper for 4-6 weeks that has shown to be
effective in 60%—-80% of the cases.%341:521

In our study, eight patients received combination therapy
with IV methylprednisolone as well as IVIg. There was no
mortality in any of these patients, and all of them showed
partial recovery. Four patients received only IVIg, while
other four patients received only IV methylprednisolone
and two patients received convalescent plasma. Acyclovir
was given in two, remdesivir in one, HCQ in two, and
antibiotics in four patients. Treatment details of one

patient were unavailable. Literature shows that supportive
empirical treatment with acyclovir is given in some
cases of encephalitis till infective cause can be ruled out.
The same, however, does not apply for empirical use of
antibiotics.[

We found that four patients developed complications. They
were status epilepticus (1), AKI and septicemic shock (1),
raised ICP with mass effect and midline shift (1), and
acute hydrocephalus and SVT (1). Out of these, AKI and
septicemic shock were secondary to SARS-CoV-2 infection
in a case described by Reichard et al.’! They describe a
71-year-old male patient who contracted SARS-CoV-2
postoperatively and subsequently developed ADEM. His
course was complicated by respiratory failure and AKI
secondary to septicemic shock. He required continuous
renal replacement therapy but eventually succumbed.

Abdi et al.P¥ describe a case of a 58-year-old male patient
diagnosed as ADEM, who had status epilepticus and finally
succumbed. Paterson es al.** describe a case with AHLE
who developed raised ICP and required decompressive
hemicraniectomy. Another patient of AHLE developed
SVT secondary to HCQ treatment which could be managed
medically. The same patient had also intraventricular
hemorrhage and obstructive hydrocephalus for which he
needed an external ventricular drain.ls!

ADEM has a favorable outcome in 10%—-50% of patients
who may show complete recovery.?#4% We observed that
14% (3) patients had good outcome at the end of treatment
while 66.6% (14) patients had partial ongoing recovery
including all those with AHLE, some patients may be left
with residual neurological deficits or may even have a
relapse. In case of a relapse, the likelihood of MS should
be kept in mind.

The mortality rate of ADEM is reported as 5%—12%073%
while another study reported it to be 25%.5* Adults have
a more serious course of ADEM as compared to children.
The rapidly progressive cases such as ANHLE or AHEM
can be fatal. In our study, mortality was 14% (3) while the
outcome of one patient remains unknown at the time of
writing this article.

Our study proves to be an important evidence in the
literature where data on ADEM as a rare complication of
COVID-19 are scarce. However, these findings could be
confirmed by larger scale studies. Another limitation of
our study is inclusion of data from webpages/news report
article® as the official case reports of few cases were
unavailable at present. This could reflect poor quality of
the included study.

Conclusion

In the current situation with very few studies available
focusing on this rare complication, our study proves
to be an important link in the evidence and literature.
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The importance of knowledge about this less known
but important clinical entity cannot be understated.
The physicians and neurosurgeons should be diligent
while treating the COVID-19 patients with neurological
manifestations and include ADEM as a differential
diagnosis and stress on early diagnosis and treatment to
reduce mortality and achieve satisfactory clinical outcome.
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