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Abstract

Background Coronaviruses mainly affect the respiratory system; however, there are reports of SARS-CoV and MERS-CoV
causing neurological manifestations. We aimed at discussing the various neurological manifestations of SARS-CoV-2 infection
and to estimate the prevalence of each of them.

Methods We searched the following electronic databases; PubMed, MEDLINE, Scopus, EMBASE, Google Scholar, EBSCO,
Web of Science, Cochrane Library, WHO database, and ClinicalTrials.gov. Relevant MeSH terms for COVID-19 and neuro-
logical manifestations were used. Randomized controlled trials, non-randomized controlled trials, case-control studies, cohort
studies, cross-sectional studies, case series, and case reports were included in the study. To estimate the overall proportion of each
neurological manifestations, the study employed meta-analysis of proportions using a random-effects model.

Results Pooled prevalence of each neurological manifestations are, smell disturbances (35.8%; 95% CI 21.4-50.2), taste distur-
bances (38.5%; 95%C1 24.0-53.0), myalgia (19.3%; 95% CI 15.1-23.6), headache (14.7%; 95% C1 10.4-18.9), dizziness (6.1%;
95% CI 3.1-9.2), and syncope (1.8%; 95% CI 0.9-4.6). Pooled prevalence of acute cerebrovascular disease was (2.3%; 95%ClI
1.0-3.6), of which majority were ischaemic stroke (2.1%; 95% CI 0.9-3.3), followed by haemorrhagic stroke (0.4%; 95% CI
0.2-0.6), and cerebral venous thrombosis (0.3%; 95% CI 0.1-0.6).

Conclusions Neurological symptoms are common in SARS-CoV-2 infection, and from the large number of cases reported from
all over the world daily, the prevalence of neurological features might increase again. Identifying some neurological manifesta-
tions like smell and taste disturbances can be used to screen patients with COVID-19 so that early identification and isolation is
possible.

Keywords COVID-19 neurological manifestations - Acute cerebrovascular disease - SARS-CoV-2 infection -
Meningoencephalitis - Guillain-Barré syndrome - Smell and taste disturbances

Background [1]. They are divided into four genera: alpha, beta, delta, and

gamma. Alphacoronavirus and betacoronavirus cause human in-
Coronaviruses are enveloped, positive-stranded RNA viruses  fections [1]. Betacoronaviruses are further divided into 4 clades,
that mainly cause respiratory and gastrointestinal tract infections ~ a—d [2]. SARS-CoV and MERS-CoV are betacoronaviruses
which caused outbreaks in 2002 and 2012 respectively [3]. The
likely reservoirs of SARS-CoV and MERS-CoV viruses were
identified as bats [2]. SARS-CoV-2 is a coronavirus and is clas-
sified into the betacoronavirus 2b lineage; however, a distinct
clade from the SARS-CoV and MERS-CoV [4, 5]. It has been
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The most common symptoms of COVID-19 are similar to
other coronaviruses which include fever, fatigue, dry cough,
anorexia, shortness of breath, myalgia, and headache [10-12].
Old age and co-morbidities are associated with higher mortal-
ity and morbidity as compared with younger patients and
those without any co-morbidities [10, 12, 13].

The neuroinvasive and neurotropic potential of
coronaviruses like SARS-CoV and MERS-CoV has been
demonstrated in many previous studies [14, 15]. A similar
mechanism is suggested for the SARS-CoV-2 also [16].
Neurological manifestations reported of SARS-CoV,
MERS-CoV, and other coronaviruses include peripheral neu-
ropathy [17], myopathies with elevated creatinine kinase [17],
large vessel stroke [18], olfactory neuropathy/anosmia [19],
meningoencephalitis [20, 21], post-infectious acute dissemi-
nated encephalomyelitis [22, 23], Bickerstaft’s encephalitis
overlapping with Guillain-Barré syndrome [24], and
Guillain-Barré syndrome [24]. This review is aimed at
discussing various neurological manifestations in COVID-
19, including the frequency of neurological symptoms, mor-
bidity, mortality, laboratory parameters, and imaging findings
associated with patients with neurological symptoms. In the
meta-analysis, we estimated the proportion of COVID-19 pa-
tients developing neurological manifestations.

Methods
Selection criteria and search strategy

We searched the following electronic databases for articles
published between 1st December 2019 to 25th June 2020;
PubMed, MEDLINE, Scopus, EMBASE, Google Scholar,
EBSCO, Web of Science, Cochrane Library, WHO database,
and ClinicalTrials.gov. The MeSH terms and keywords used
include: “COVID-19” OR “COVID 19” OR “SARS-CoV-2”
OR “2019 novel coronavirus” OR “2019 nCoV” AND
“Neurological” OR “Brain” OR “CNS features” OR “central
nervous system features” OR “peripheral nervous system
features” OR “neuropathy” OR “skeletal muscle” OR
“myositis” OR “neuromuscular junction” OR “headache”
OR “anosmia” OR “olfactory” OR “ageusia” OR “cranial
neuropathy” OR “seizures” OR “encephalitis” OR
“meningitis” OR “stroke” OR “cerebrovascular disease” OR
“cerebral hemorrhage” OR “intracerebral hemorrhage” OR
“cerebral infarct” OR “cortical venous thrombosis” OR
“deep cerebral venous thrombosis” OR “impaired
consciousness” OR “confusion” OR “weakness” OR
“Guillain-Barre’ syndrome” OR “Miller Fisher syndrome”
OR “ataxia” OR “myopathy” OR “myelitis” OR
“myelopathy” with an additional filter of “studies in human
subjects”. The search was done between 3 1st March 2020 and
25th June 2020. To ensure literature saturation, we inspected
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the references of all studies included in this review. The
protocol of this review was registered at PROSPERO (ID-
CRD42020185593) prospectively in May 2020.

Inclusion and exclusion criteria

All published randomized controlled trials, non-randomized
controlled trials, case-control studies, cohort studies, cross-
sectional studies, case series, and case reports, if they had
sufficient data on neurological features, laboratory parame-
ters, imaging findings were included in this review. Only
those studies were included in which subjects were diagnosed
with SARS-CoV-2 infection by real-time RT-PCR or high
throughput sequencing analysis of swab specimens or serolo-
gy or culture. We also included pre-prints and letters if they
included data on neurological manifestations in COVID-19.
Editorials, systematic reviews, meta-analysis, narrative re-
views, conference abstracts, commentaries, animal studies,
post-mortem studies, and where translation into English was
not possible were excluded. The authors were contacted twice
by email if any missing data in the articles.

Data extraction and study quality assessment

Databases selected were searched independently by two mem-
bers (TF and AP) in the team, and, following duplicate remov-
al, reviewed all the articles and selected articles based on in-
clusion and exclusion criteria. Reporting was done according
to the recommendations of the PRISMA statement [25].
Quality of the non-randomized studies was evaluated using
the Newcastle-Ottawa Scale [26, 27] and the quality of one
randomized controlled trial was assessed using the
CONSORT criteria [28]. Any disagreements between two
main reviewers were discussed with a third evaluator. Data
about the author’s name, publication date, study setting and
design, time and duration of the study, follow-up, the total
number of patients evaluated, study population, age, gender,
co-morbidities, neurological features, laboratory parameters,
imaging findings, morbidity, and mortality were extracted.

Outcome measures

Primary outcomes assessed were neurological manifestations
in COVID-19 patients and its prevalence. For the categorical
variables, simple and relative frequency and proportions were
used. For continuous variables, central tendency (mean or
median) and dispersion measures (standard error, standard
deviation) were used. To measure association, risk ratios, odds
ratios, and hazard ratios were used and 95% confidence inter-
vals calculated. We also assessed secondary outcomes like the
association of neurological manifestations with age, co-mor-
bidities, lab parameters including CSF study, imaging fea-
tures, length of hospital stay, ICU admission, time from onset
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of typical COVID-19 symptoms to neurological manifesta-
tions, and morbidity/mortality.

Strategy for data synthesis, statistical analysis for
meta-analysis

Data synthesis and illustration were done in tables and figures.
For the categorical variables, simple and relative frequency
and proportions were used. For continuous variables, mea-
sures of central tendency (mean or median) and dispersion
(standard error, standard deviation) were calculated. The pri-
mary aim of our study was to synthesize the findings from
multiple studies that investigated the issues related to neuro-
logical manifestations in COVID-19 and thus provide a quan-
titative summary, to better direct future work. The data are
available in the form of proportions, defined as the number
of cases of interest in a sample with a particular characteristic
divided by the size of the sample. To achieve the objective of
obtaining a more precise estimate of the overall proportion for
a certain event (neurological manifestations) related to
COVID-19, the study employed meta-analysis of proportions
using a random-effects model and by the DerSimonian-Laird
method [29, 30]. We performed data analysis using meta-
packages in R (version 3.5.0). Heterogeneity was assessed
using the I? value. I? can take values from 0% to 100% and
it is assumed that an I? of 25%, 50%, and 75% indicate low,
medium, and large heterogeneity respectively [31]. Forest plot
was used to visualize the point estimates of study effects and
their confidence intervals. Publication bias was evaluated
using the funnel plot.

Results

Among the 6789 articles identified, 212 studies were included
in the systematic review and 74 studies in the meta-analysis
(PRISMA flow diagram (Fig. 1)). Out of them, most were
retrospective studies, 18 were cohort studies, 11 were prospec-
tive studies, nine were cross-sectional studies, one was a ran-
domized controlled trial, one was a case-control study and the
rest were all case series and case reports. Among these studies,
we found only 19 studies, which investigated specifically neu-
rological features in COVID-19 patients. Other studies, eval-
uated parameters in general. Table 1 shows a summary of all
the observational studies included.

Neurological manifestations

Neurological manifestations have been reported in patients
with COVID-19 from all over the world. A multicentre, retro-
spective study by Mao et al. [32] was the first study to evaluate
the neurological manifestations in COVID-19 and found that
neurological manifestations were present in 36.4% of total

214 patients, out of which most common was CNS manifes-
tations(24.8%) followed by peripheral nervous system mani-
festations(8.9%). Other large retrospective observational stud-
ies reported the incidence of neurological manifestations as
4.3% [45], 15% [47], and 57.4% [49]. The most common
neurological manifestations reported in COVID-19 were
smell disturbances, taste disturbances, headache, myalgia,
and disturbances in consciousness/altered mental status. The
prevalence of all the neurological manifestations assessed is
given in Table 2. A summary estimate of pooled prevalence
and heterogeneity of each neurological manifestation are giv-
en in Table 3. Forest plot and funnel plot is given in Figs. 2
and 3 respectively.

Smell and taste disturbances

The overall incidence of smell disturbances in the studies
ranged from 4.9-85.6% [49, 54] and the most common type
of smell disturbance was anosmia. Other smell disturbances
noticed were hyposmia, phantosmia, and parosmia [54].
Similarly, the incidence of taste disturbances reported was
0.3-88.8% [47, 54] and the most commonly reported were
dysgeusia and ageusia. In the meta-analysis, we found 17
and 14 studies, which assessed the prevalence of smell and
taste disturbances respectively and disturbances of smell
(35.8%; 95%CI 21.4-50.2) and taste (38.5%; 95%CI 24.0—
53.0) sensation were the most common neurological manifes-
tation followed by non-specific neurological manifestations.

A case-control study of 79 COVID-19 patients and 40 his-
torical controls of influenza patients from Spain [52] revealed
that new-onset smell and taste disorders were significantly
higher in the COVID-19 group. Patients in COVID-19 were
significantly younger. Another study reported olfactory and
taste disturbances occur more frequently in females than
males [53]. Lechien et al. [54], Gilani S et al. [140], and
Rachel Kaye et al. [141] reported that anosmia can be the
initial and early manifestations of COVID-19. Population sur-
veys on new-onset olfactory dysfunction from Iran [142] and
UK [143] have reported an increase in olfactory dysfunction
during the COVID-19 pandemic.

Non-specific symptoms

The most common non-specific neurological symptoms re-
ported in SARS-CoV-2 infection were myalgia, headache
syncope, and dizziness. The overall pooled prevalence es-
timate of the proportion of cases are given in Table 3.
Incidence of myalgia reported in various studies ranged
from 1.8-62.5% [47, 111], headache from 0.6—70.3% [90,
111], and dizziness from 0.6-21% [47, 113]. In children,
myalgia and dizziness were less common and rarely report-
ed. In health care workers, the incidence of myalgia, head-
ache, and dizziness was higher compared with the general

@ Springer



Neurol Sci (2020) 41:3437-3470

3440

6L VN 0T0T YOIBIAl (IST O} PIET  APNIS [01)U00-0SED ANUIIN[NUI JOI] paystqnd
VSN ‘stout]|[ ‘05eary)
SOLIOS 3SBD
0S VN 020T ‘0¢ 14dY 01 ‘07T ‘T YoreN [EUONEAIDSGO DATDASONIY ‘10Ju0)) [EIIPIIN ANSIOAIUM) YSTY  PaysIqng [16] euurq eysnueig
020T 'WLT oouely ‘sjendsoy 91
LE VN udy 03 ‘0707 “WET YOI Apmys 110709 aAnadsonay ‘K30]01peIOMAN JO AJ9I00S YOUdL]  PAySIqnJ [0s] 1owoary] oueydalg
lov]
020T ZOUOUBS-0IOWOY
18 VN 981 [udy 0) 3T YoIe]A [eUOIEAISSQO dAOds0NY uredg 0jo0Rq[y ‘SIQJUAD OM],  PIYSIQNJ [onUBIA SO[IE)
SOLIOS 9SED VSN 10 [BSIPAA [8%] ysouewpey
199¢ SyoaMm ¢ 020T ‘1€ pue | yorep [BUOIBAISSQO 2ANOAdSO1Y ouo3ueT AJISIOATU) JIOX MAN  Paysiqng BZOIY
Apmig [L] tpowrureyepy
SCL VN v [udy 01 67 qod [EUONEAIDSGO dANDSONIY Afeif ‘onuoonny  paysiqnd Jopey[opqy
SISAJBUE [BUOIOIS-SSOIO
LT VN 020T ‘7z Tudy aAndadsonoy BUEBISINOT ‘SUBOIO) MAN ‘IOJUd0 9[Surg  paysiqnd [9t7] uormog I91AT,
(816 12101 0S) euIy) ‘9oursoid uenyorg
(papnoxa juaned 020T YoIBN ‘Krediorunur Sutb3uoy) ‘ueynpy
onewoydwAse 1) £16 VN 07 pue Axenuef g Apms 110109 9A10adsonoy ur sjepdsoy 96 paysiqng [s#] Suory 1xropm
020T ‘sA Tudy Apeyy “Aprequioy
9s VN 01 °070T ‘1T Areniqo, Apms 11040 ‘aAndadsonsy ‘fendsoy I1ALD 1epads 1SSV paysiqnd [#17] 1ssnuog opeqry
020T ‘€1 SHOA MON
8Ice VN [udy pue ‘0zog ‘T YoreN 10Y03 2Andadsonay (S19U00 )onudonnIN  pAYsiqng [ep] urer vefey
0202 ATe)] ‘onudon|njA ‘saseasi(] SnondJu]
891 SY02M 7 1589 1Y [udy 01 01 “0Z0T YOIBIN ST Apms oanoadsonay oLeIpAEd JO AJOI00S UBIE)]  PaysIqnd [zy] owmzzeren eianlg
(1v]
394 VN 020T°0T [udy 01 [ yorey Apms oanoadsonay Ao, (SI01U00 @) QNUGOHNAL  PAYSIqNg THIspues] O 3epos
douely ‘rendsoy
0S1 . (udy 020T ISTE Pue pIg YoIe]Al Apms 11000 0AT)0ads0I g AIen1o) YouoI B JO SIOUAO OM],  Paysiqng [ot] swyoy arnp
SOLIOS 3SBD
86 VN 020T ‘¢ Tudy pue ¢ yorey aAnadsold reuoneAIdsqQ oouer] ‘Smoqsens  paysiqng [6€] swyoy arnp
020t VSN “HOA
T8¢ VN ‘WL udy pue IST Yorey Aprys 110405 oAnvadsonay MON ‘woIsAs YIeaH SUOSURT NAN  PAYSIqnd [8¢€] exSo( yueypprs
(dn-moyj03 03350] 1) 26 VN 020T ‘7T 1udy 031 9 yoIenl Apms aanoadsonoy Qouel] ‘anudd J[3uIg paysiqng [L€] osste1 uedo
ey “ueqrN ‘TendsoH yoreasoy [9¢] eiSipoy
88¢ VN 020z 1dy o1—Areniqaq €1 Apmys 110409 2An0dsonoy pue [ed1ur[) SeyiuewNg ‘nuad JSuIg paysiqng ope1o)
020°TTT
81 skep p[ [udy 01 “070T WL YoreN Aprys aAnoadsord SPUBIOUION ‘@NUNNA  paysiqnd [selsor v
eury) “Anjediorunu
Sutb3uoy) ‘vouraoid uenyorg
$0€ VN 020T ‘81 A1enigo, 03 g1 Arenue[ Apms aanodadsonay  ‘@ouraoid 1qny woly Apnys anuadnnA paysiqng [pel n1ng
BUIY)) ‘UByNAy ‘ASo[ouyoq],
020T Areniqoq SOLIOS 9SBO PuE 20USIOS JO ANSIOAIUN Suoyzeny
12¢ VN 62 01 ‘0707 Arenuer 9] [eUONEAISSQO ‘2ATI0RdSONY Jo [endsoy uorun ‘onuad o[uI§  paysIqng [g€] 1T ueue x
BUIYD) ‘UBYNA\
0202 ‘61 Areniqo SOLIOS 9SBD ‘A30[ouyod [, pue 20UIOS JO ANISIOAIUN
y1T VN 0} ‘0202 ‘91 Arenuep [eUONEAIRSQO ‘9ATI0adsoney  Suoyzenp jo [endsOH uoIUN) JO SISO € paysiqng [z€] oen Sury
(N) swuaned uonemp
JO Ioquinu [ejo ], dn-mo[joq JJep JuoW[oIuY Apms Jo odK [, Sumes Apmg  2dK) oponry Joyine ISI1j

SUOTJB)SOJIUBW [EOISO[0INAU PUB PAPN[OUI SAIPMJS JO SONSLIAJOBIEY))

L 31qeL

pringer

Qs



3441

3437-3470

Neurol Sci (2020) 41

cl

)1
¢

69

Sel

8¢

(449

66

S8
yLT

cs
10T
84
66
6601
8¢l

41!

€01

lol¢

949
€€

L

0T

Ly

6S

VN

VN
020T 01 9°d

0T0T ‘¥ Areniqaq
020T ‘¥ Arenigoq

020t
Areniqaq §

0T0T “TT Areniqaq

VN
0T0T ‘€T Areniqa,

0T0T ‘ST Areniqa
020T Areniqa 8¢

0202 ‘6 9°d

0707 ‘€1 Areniqaq
VN

0T0T‘ST Uef [ILL
VN

PIE "2 [ILL

0T0T ‘WT Yo

VN
VN

VN
VN

VN
VN
VN

VN

0C0C ATenIqS ]

11 0} 00T Arenuef ¢
020T ‘1€ uer

01 ‘610T ‘6T 2°d

020T ‘01 924 01 0T uer
174

Areniqo] 0} 7 Arenuef

0202 ‘62
Arenue[ 0} 9] Arenuer
020C
Areniqaq § - Arenuef ¢
0T0T ‘01 Arenigef
01 020 ‘6T Arenuef
020T ‘€T Y9TRIN 03 “0Z0T ‘€ YoeN
0202 ‘0T Areniqa,f 0} 9] Arenuer

0T0T ‘1 Areniqa] o) 6 Arenuef

0T0T Areniga 7| -Arenuef ¢|

0202 ‘9T uef 01 ‘610T ‘T 92d

0T0T ‘9T Arenuef pue -6 ‘T 1quiddaq
020T ‘T Uef 01 ‘610T ‘91 924

020T ‘0T uer 03 | uef
0T0T ‘1€ Arenuer 03 ‘610 ‘[T 1oquIdd

020T ‘8T Arenuef 0} | Arenuef

0Z0T “WLT YOIEN 011ST YoTR|

020 ‘L1 11dV 0} ‘0Z0T ‘¢ YdIeN
020T ‘1€ YOIBIA - 0TOT ‘8 YOIBIN

VN
020T W1 pue ye [udy

020T ‘9 Tudy pue [¢ yorey
0T0T “TT YOIBIN Pue 6] YoIEN
VN

0C0T UIEIN 61

SALIAS 3se)

110109 dA1d2dsonay
Aprys 9An09dsonay

SOLIOS ASB))

SALISS 9sed ®>ﬁooamobom

SALIAS ased ®>ﬁoomm 01y

Apmys oAnoadsonoy

[UONOAS SSOID)

SOLIOS 9580 9ANIdsonaY
Apmys

[euOnEBAISSqO ‘DAndadsonay

SOLIOS 9SBO 9ANVdSONIY
Aprys

[euONEBAISSqO ‘0Andadsonay]

110109 dAndadsonay

110409 2Andadso1d

Apmys oAnoadsonoy

Apms aanoadsonoy

SOLIAS 3SBD ‘9ANdadsonaY

[euonEBAISsqo dAddSONY
Apmys
amreuuonsanb suoydoyd)

[BUO1OIS-SS0I0 dA1}OAdS0I]
MOTAISIUT

suoydaje) oanoadsol
Apms 110409

2A109dsoxd anusonniy

Apmys aAn0adsorg
[BUONBAIOSqO

SOLISS 9sed 2Andadsord
Koains

ouoydajo) [euonods SSoI)
SOLIOS 9SO [BUONBAIISQO

Kaans 9A109dso1g
MOTAIO)-UT

[eqIoA ‘Apnys [eUOI}0S-SSOID)

BUTYD U] AJISTSATUT ]
urfif Jo [epdso pater|yfy ISty
'uIy) ‘ueynpy ‘Tendsoy Areuowng
ueynA\ pue [endsoy uejuIAulf ‘SINUD 7
eury) ‘Suifiog ‘sendsoy £ ‘onusoniny
BUIYD) ‘UBYnAy
‘[endsoH s uaIp[Iy) ueynp

BUIYD) ‘ueynpp ‘fendsoy] uorun)
eury) ‘Sutb3uoy)

‘Tendsoy sa3100)

dary [, Ayisioatun) SutbSuoy)

eury) ‘weynpy [endsoy 1fSuoy,

SlLL1e]

BUIYD) ‘NPSUY)) “IAQU)) [BIIPIN
[edMUI[D) W[ERH 1[qnd npSusy)

BUIYD ‘UBYNA [e)dSOH uorup) ueynay
pue [e)dSOH UBUURH ‘Sanudd 7
BuIyD ‘ueynp ‘Tendsop tfBuog,

'uIy)) ‘UeynAy ‘Te)dsoH uej-urx uif
eury) ‘ueyn [epdsoy uepukurp
'UIY) ‘UeynA\ ‘[edsoy uejur A uif
eury) ‘ueqny ‘rendsoy uepurkurp
'UIyD) I saourAoxd ()¢ ‘onuadnmiy
BUIYD) ‘UBYNAN UT AJISIOATU() UBYNA\ JO
[endsoy ueuSuoyz‘anudd 9[3urg
oouelr] ‘rendsoy
(9nuo-oyouery pIoN) DAN

PUBLIOZ)IMG ‘NeIRy ‘Neley [endssuojues]
BIIOY INOS
UONRIOOSSY [BOIPIJA NBoe( YL,

AJe] ‘onuaonnjy
A[e)] “anudonnjy

Apey] ‘uresseg jo [endsoy AsIoArun)

ATe)] ‘rendsoy [euoi3ay osiAdl],
adomnyg ‘enueonniy
‘SOAI-OA J0 104 JseL 61-AIAOD

Aey] ‘ue[nA ur epdsoy oooeg T
ureds ‘pupep
(S9Mudd 7) nuadnnA

paystqnd

pausiand
paystand

paystand

paysiand

paystand

paysiand

paystang

paystand

paysiand
paysqnd

paysiand
paysiand
paysiand
paysiand
paysand
paysiqnd

paystand

paystqnd

paystang

paystand
pausiand

paystiqnd

paystqnd

paustqnd

paystand

[sL]n@eN

[L] noyz 104
[¢L] werp eifig

[zL] ung ueq

[12] Suep SuerSuoyz

[0L] uep urxng

[69] Suep Suog
[89]

SO[BIOIN-ZoNSIPOY

[ OSuoj|y
[L9] Buoyz jSuox

[99] nq uoyzdurx
[9] uay) oef,

[9] Suex oqoerx
[£9] npurwoey )
[¢9] Suenpy urjoey)
[21] woyD ueysueN
[11] veno arf-lom

[01] Suem romeq

[19] wrasuaydoryy "L

[09] teds ‘A SuspreN

[65] @277 unkyguo g

[85] exreA opBuy 1By
[Ls] exep oduy 1By

[96] emrep ojeSuy 1Smy

[s¢] oreurdg owooeln

[§] uoryooT
QIO

[€6] 1ewooern earpuy
[¢s] rpeqio)-uenjeg

OTRATY

(ponunuoo) 1 3[qe],

pringer

Qs



Neurol Sci (2020) 41:3437-3470

3442

16

91

LOT

101
0T

86
¥s

L

Clol
orl1

691

98

LST

SLT

0001

811

LTl

Ll

Sv9

1

88L

9

€61

06
LEl

0T0T ‘01 Areniqa
VN
VN

0707 Areniqoq g
0T0T ‘01 Areniga

020T ‘6T YN
VN

VN

Arenigo] ¢z
VN

020 ‘L udy

020T ‘9T YN

020¢ ‘8¢ [udy

VN

udy 0¢

020T ‘81 1udy
VN

020C Ateniqoq [1
VN

020T YoIeIN W61
020T ‘T1 "9d
VN

VN

VN
VN

020 ‘01 Areniqag 01 0z0T ‘91 Arenuey
020T ‘v udy 01 [ yorey
0202 ‘01 Areniqaq o1 dn

020¢ Arenuer gz 03 Arenuef pug
020 ‘01 ATeniqaq 0 070 ‘¢ Arenuer

020 ‘6T YoeN 03 dn
020T ‘01 Ateniqeq o) /[ Arenuef

020 ‘€1 Areniqa, 0} 9] Arenuef

020T A1en1qo 71 0} A1eniqo, /
020T ‘6 Areniga, 03 | Arenuef

0202 ‘L 11dy 03 “0Z0T ‘91 yoreN

(sarep mara1un) OZOT ‘91 Yo
PUE ‘0Z0T ‘T Yo

020 ‘1 1udy 03 T yorey

0202 11dy €7 03 YoreIn O

020T [1dy G 01 YaIe |
020T
‘81 [udy 0} g Arenuep

0T0T ‘0T Y2IBIN 03 0] 92
020¢ Areniqoq
01 03 ‘0z0t Arenuef 7z

§ A1eniqo, 03y L[ Arenuep
020T Yolew me ] 03131S] o4

0T0T ‘L 994 03 L uef
020 Arenuep

97 01 ‘070T Arenuef O
020 ‘v Areniqa,f

0} 070 ‘0T Arenuef

020T Y9IBIAL 6C O3 YoTe]N O
020 ‘pT Arenuef 0} ‘610T ‘0€ 10quI20d(

Apmys oAnoadsonoy
Apms aanodadsonay
Apms aandadsonoy

Apmys aAnoadsonoy
Aprys 9An09dsonay

Apmys aAnoadsonoy
SOLIAS 3sBI dAndadsonay

Aprys 9An0adsonoy
Apmys oAnoadsonoy
SOLIOS 9SEO 9ANVAdSONIY
Apms aandadsonay

[BUOTOAS SSOID)

110400

[eUOIIBAISSqO 9A1ddS01gd

SOLIAS A5 dAndadsonay

MOIADT 9ANddSOTOY

SOLIAS A5 dAnvadsonay

[ewn g oseyd ‘pastwiopuer

‘[oqe[-uado ‘aanodadsorg
SOLIOS A5 dAndadsonay

Aprys 9An0adsonoy
SOLIOS 3SBD

[eUONEAIOSQO dATVdSONOY

Apmys aAnoadsonoy

SALISS ased ®>ﬁouamobovm

[eUONEAISSQO ‘DATI0ddSONY

aneuuonsanb
snowuoue duruQ
Apmys oAnoadsonoy

eury) ‘noyzguif
[endsoy [enua) noyz3urp
VSN ‘o) jutod Ayrun
BUIYD) ‘Q0UIA0I] 1oqnH ‘[endsoH
INYSIY PUe UBYNAN UI AJISIOATUN)
ueynpy Jo [endsoy ueusuoyz
BUIYD ‘UBYNA\ AJISIOATUN)
ueynAp Jo [endsop uruuoy
'uIy) ‘9ourroid nsSuelf anuULdHNIA
B2I0Y YINOS ‘NSor( UI 12U
[BIIPIIN ANSIOATU) WeuSuno X
BUIYD) ‘URUNY ‘ONUdNNIAI
eury)) ‘oouraoxd
IXURRYS ‘UB, Y dNUN[NIA
BUIYD) ‘UBYAY
‘rendsoy SueoJue nyrxSuog
ueynpy [epdsoy 1f3uoy,
puejod
‘mesIeAn ‘[edsoy [eorur)) [enud)

spueproyIoN ‘sepdsor Suryoes) g
VSN YHOA MmN

‘10JU0)) [BOIPIIN SUIAI]

Ayis1oAtun BIQUIN[OD M Parer[yfe
s[endsoy] ueLAqsaid-310 A MON

Srewua(g ‘[endsoy 1A0pIAHq
VSN MOX MIN
‘I9JUQ)) [BIIPIIN SWIAI] ANSIOATUN)
BIQUINO)),/URLIAIAQSa1-3H0 AMON
BUIYD
‘ueynA “[eNdsOH s UIpIYD UByn

eury)) ‘Suoy] Suoy ‘@nuddnnN
'UIY) ‘noyze(] ‘[endsoH [enus)) noyzeq
eury)) ‘Suerfoyy ‘onuddonnjy
Suelfoyz Jo UOISSILIWO)) YIeOH
eIpu] ‘[endsoy Sunfrepyes
eury)) ‘oouraoid Suerfdyyz ‘onuednniy
Qou1A01J SuelfoyZ JO UOISSIUWO)) [[BSH
eury)) ‘oouraoxd Suerfoyy ‘onuadnniy

euIy) ‘ueynp ‘Tendsoy tfSuog,

SPUBLIOYION
eury)) ‘9outaold roqny ‘spendsoy Arenio) g

paystand

paystqnd

paystang

paystand
paustand

paystand
paysqnd

paystand

paysiand
paysqnd

paystqnd

paystang

paystqnd

paystqnd

paystang

paystqnd

paystand

paystang

paystand

paysiand

paysIand

paystand

paystang

paysand
paystand

[001] oYz Surx-ury
[66] remre3sy yqemes
[86] Suem oM

[L6] 1 oeASusy
[96] Bueny my

[s6] Suoy oog Sunky
[t6] Sueny Suoi)

[e6] nr1oyz

[z6] Suepm "X
[16] reT uenboery

[06] SeamoN fozerg

[68] udzog
uop ueA-sueUnAN[Y|

"0 "4 umejoliey

[88] sSuruuny

[ MayneN
[£8] uasyorisy
dnnseg suoung

[98] ouerzua3ry
[9BYOIN

[c8] np uenyg

[vs]
Suny 1e3N-ue UeA|

[eg] 1o

[8] Sueyyz roerx
[18] ®dno ysanN
[08] wery ueys-Suelr
[6L] nX oM -0BIYX
[8L] uex n8uox

[£2] uueunso], ewy
[oL] nry my

(ponunuoo) 1 3[qe],

pringer

Qs



3443

3437-3470

Neurol Sci (2020) 41

6S
9¢

SL
S6

1cC
SS1

£3
34!

148!
(a1reuuonsonb
parerdwod gy
AJuo ‘paprwpe

St [e10) TH
(L906 10 e1ep
x05) (G168 10§
elep o5e) (LOLY
10§ ejep wojdwAs)
876

44!
06
0s

ovl

(&uo 0z

ur swoydwsAs jo
e dJqe[Ier) [T
9¢
144

8¢

01
(ayordwoour
UOT)EULIOJUT SB
papn[oxa Juoned
jueugaxd 1) 801

891

VN

020T ‘1 9od

VN
09 udy

020T ‘ST 9od
VN

VN
VN

020T ‘0T Areniqaq

YOI JO (ST

VN
VN

VN

VN

020T ‘WS 9°d
0T0T ‘T Arenigaq
0T0T ‘8T 9o

0T0T ‘€T YoIBN
020T ‘WL1 Areniqo]

020T ‘ST Areniqag

€ YoreN
00T ‘BT YoreN

0TOT ‘6T U2IBIN PUE ‘0TOT ‘¢ YoIBIN
020T 01
qod - I uef

00T ‘91 904 0} [ uef
00T ‘TOS YOTEIN 0} [IOT YOTeI

020T ‘01 Areniqaq 03 ‘0z0z ‘T Arenuef

)g Areniqaq o) 3] Arenuef

0T0T ‘61 924 01 “0T0T ‘91 uef
020C ‘8T A1eniqo4-0z0g ‘S| Arenuep

020T ‘ST Ateniqeq o) Oz Arenuep

0T0T ‘€T 9 01 Yore\

0202 ‘6 Tudy 01 71 Areniqa

020T ‘01 11dy 0} 7T yorey

020¢ ‘v Arenigoq pue ‘00z ‘¢z Arenuef

00T
A1enigo 0y Arenuef

020 ‘WoI Areniqa o)y Arenuey

020 ‘LT Arenuer 0} 6107 JoquIada(J L]

020T ‘1 YoIBIN 03 L] Uef
020T ‘6 YOIRIN 01 $7 A1eniqa

0T0T ‘WL A1eniqa,f 0} ‘0z0T ‘W61 Arenuer

0T0T “7c Areniqaq 03 ‘0z0z ‘y¢ Arenuer

020C ‘11 A1enigo4- 0Z0T ‘0¢ Arenuer
070T ‘Ui ATeNIq94 01 9| Arenuer

unopjerd paseq-Jrewo
PUE -JOUIAIUI [BUONIIS-SSOID)

Aprys 9Anoadsonoy

Apmys aAnoadsonoy
Apms aandadsonay

SOLIOS 9sED 9AVdsOnaY
Apmys aandadsonay

Apmys aAndadsord
Aprys [euoN00s-SS0I)

Apmys aanodadsonoy
[rewd pue

o[Iqow e1A arreuuonsonb
M 9Anoadsonoy

Apms aandadsonay
Apnys [BUO1}0IS-SSOID

‘[euoneAIdsqQ

Aprys 9Anoadsonoy
Aprys 9An0adsonoy
110109 dA10dsonay
Aprys 9An09dsonay
110109 dAndadsonay

Apms aanoadsonoy

Aprys oAnoadsonor
QU APIMUOTIEN

SOLIOS 0SB0 dANdAdsoNey

110109 dA102dsonay
Apmys oAnoadsonoy

VSN ‘BuIope)
‘B[[Of BT ‘YI[EOH 0501
ueg BILIOJI[RD) JO AJSIOAIUN)
BUIYD) ‘UBYA,
‘UeyNA JO [eNdsoH qyLg
BUIYD “RJOH DLSN
Jo [endsoH pajer[yyy Isitg
N ISNIL SHN (011 YHON
BUIYD) ‘UBYNAN “‘ANISIOATUN)
ueynp\ jo [endsoy ueuSuoyz
BUIYD) ‘UBYNAN ‘ANISIOATUN)
ueyn Jo [endsoy ueusuoyy
eury)) ‘SuopSueny) ‘[eydsoyq
s.91doad pary [, uoyzuays
euIy)) ‘ueynpy ‘[endsoy ueyssuoyy
BUIYD ‘UBYNA\ ‘ANSIOATUN)
ueynp\ Jo [endsoy urnuudy

[ORIS] “IIUDD) [EIIPIIN AIAY [OL

VS ‘Sojeis pajun)
‘wrea I, asuodsay 61-AIA0D DAD

adoing ‘anudonniy
eury) ‘noyz3ueny) ‘reydsoy
s.o1doad yySrg noyz3uenn

eury) ‘Surfiog ‘onuso o[3uIg
eury)) ‘Suerfoyy ‘Ao noYyzuap
“(SIOURO €)aNUdNNIA

eury) ‘ueyna ‘qendsoy 1Euog,
eury) ‘Suerfoyy (¢) enueonnjy
VS “OMeds (6)2nusonm
BAI03] INOS ‘61-ATAOD
JO JuowdSeuRA [EOIUID)
JOJ 9ONTWIWIO)) [BUONBN BIIOY
ruy)
douraold nsuerf ‘onudonnjy

Bulyy
‘@ourAoid 1eqny ‘Ao Sued3ueny
‘1)U [BOIPIJN URYSAIqe(
eury) ‘ueynay ‘repdsop 1suog,

paysiqnd
yundorg

jutrdarg
paysiqond

paystqnd
paystiqnd

yundaig
jutrdarg

juuidaig

paystang

paystang
paystang
paustangd
paysiand
paysiand
paysiang
paystang
paustand
paysiand

paystiqnd

paysIiqnd
paysiand

[ze1] uex "H [ore)
[121] Sueny Surg

[oz1] oeyz oeySuoz
[611] surquog, 1ojruuoag

[811] Sueyz utb-nH
[L11] o SusyzSuig

[911] usyD Suruny)
[S11] Suepm veq

[¥11] nyz nx

[€11] vosuiaaT iy

[z11] Joxmg 7 A1royg
[111] uergoa ~ sworer
[or1] nx 1

[601] nx ueng-nx
[801] Sue orfuop
[£01] usy) Suenn

[901] n1Q) vedrey

[so1] nfeneyq "3 ueaeq
[+01] wry 3ng ng

[co1] nuz 11

[zo1] oeX unyoSuIg)
[107] Suoy wesIx

(ponunuoo) 1 3[qe],

pringer

Qs



Neurol Sci (2020) 41:3437-3470

3444

(8'7) 9—0SBaSIP JB[NISBAOIQAID NI
(S°L) 91—ssausnorosuod paireduy
(I°€T) 8T—oydepesH

(8'91) 9¢—ssourzziq

(870 €5—SND

ons J13eyLIowY
T ‘O0nS JTWIBYOSI §

sjuoned

VN QI9AJS-UOU SA ISASS (9¢) 8L—Auy (Lov) L8 SSIFLTS pazi[endsoy 9ANNoASU0) [ce] oy Sury
(40D uerpaw 10
(93uer)uerpowr
10 ds
(9) u samedy F ueowW
(9) u owoonQ (paredwod sdnoig) syreway] [eo130[0moN (%) U (Srewr) XoS ‘(s1e0k) a3y uoneindod Apmg Joyine IsI1,j
vpbe  dn-moyoy skep 7 0T0T ‘ST Areniqa 01 00t ‘S Arenuer 1oyo) eury) ‘endsoy fSuol,  paysiqng [6€1] Suep Suex
[43 VN 020T Arenigof qg[-Arenuef 1s|¢ Aprys oAnoadsonay eury) ‘xueeys [endsoy wysio uery  paysiqng [8€1] uey ueu-ex
101 VN VN Apys aanoadsonay BUIYD) ‘UBUNH (SISO §7) SNUSINNN  PAYSIqnd [L€1] oeyz rop
BUIYD) “OOUIAOI
1oqny ‘Sueyor A ‘feydsoyq
00T 020T ‘9T 9°d 0T0T 8 994 03 0€ uef Aprys oanoadsonay s,01dood [enuo) Sueyork  paysiqnd [9¢1] Suex uenyng
Uy ‘0890 [eIIPOIN
1f3uog, jo rendsoy uorun
8 020T ‘W8 44 0T0T ‘€T el 03 ‘610T ‘0T %2 Aprys oanoadsonay 1o [endsoy uepuiAuif weynpy - paysiqng [s€T] S mysoq
eury)) ‘sodurroxd
14 VN 020€ ‘LT Arenuef 0} 0z0g ‘g1 Arenuer SOLIOS 05E0 dAN0AdsOnaY € (S19U00 ¢) dnudony  paystqng [#€1] Suny) [eeydIA
eury)) ‘oouraoxd
ns3uerf ‘K10 noyzguey)
IS 0T0T ‘LT Arenigoq 0T0T'81 Areniqa o) ¢z uef HoYod aAndadsonsy ‘noyzguey) Jo [edsoy pIyy  paysiqngd [e€T] nx urwwery,
eury) ‘[endsoy
4! VN 020T ‘0T uef 03 [ uef SOLIas ose)) s.o[dood piy L uoyzuays  paysiqnd [cer] i exBurg
(&juo ¢ 105
J[qe[IeAR BjRp
swoydwiAs 10y adomy ‘(3IN
nq ‘e [e10)) 1€ 0TOT Areniqoq [¢ 0T0T Areniqof [g o) Arenuef 4, Aprys [Buono0s-ss01) 1dooxo)uorfoy ueodomg QHA  Paustiqnd  [1¢1] wands ooueyyuers
BUIYD “AISIOAIUN
6¢¢ S Yol 0T0T °9 494 03 T uef Aprys aAnoadsonay ueynAg Jo [endsoy uruuey - paysiqnd [0¢1] Suep Sue
BUIYD ‘UBYNA\ ‘ANSIOATUN)
6 020T ‘v 44 0T0T ‘1€ uef 03 0T uef SOLIOS 5E0 dAn0adsonay ueynpg jo [endsoy ueusuoyz  paysiqngd [6z1] uoyD unfing
eury) ‘Sutliog
€1 020T ‘v Arenigeg 020 ‘6T Arenuer 01 “0z0g ‘91 Arenuef SOLIAS 95B)) ‘(SI9)UAD €) dNUAONINIA  PAYSIqn [8z1] Sueyd o
eury) ‘ueynp ‘rendsoy
201 0207 Areniqoq g1 0207 Areniqo, | 0) Arenuef ¢ 110409 9A109dsonoy ueuSuoyz ANSIOAIUN) Ueynpy  Paysiqnd [Lz1] oeD 1o1uEIp
£6¢ w1 [udy 0T0T ‘LT Y2TRIN 0} € YIIBN SOLIOS o5E0 dANAdsONaY VSN YHOA MON ‘SaqUO T pIysIqnd [921] 1eAon Sereq
(amsodxa 03
anp payse) pue
onewoydwAse se
papnjout jou ¢ty Aprys [sz1]
woy 1d 1) ¢f 020T YT 1€ 020T Y2IBN €6 aaeyenb [euoneAlesqO KemIoN ‘Tendsoy wnueg  poysiqng ussueH-o[yJ uodeH
8¢ VN 020 Areniqoq 11 0) Arenuef / Aprys aanoadsonoy eury) ‘ueynpy ‘[endsoy Buor  paysiqng [¥z1] nyd oerloerp
sTe VN 020C ‘1T Areniqo 03 0gog ‘1 Arenuer Aprys vanoadsonay BUIYD) UBYNAN ‘SINUSd T paysiqnd [€z1] Suoq uex

(ponunuoo) 1 3[qe],

pringer

Qs



3445

3437-3470

Neurol Sci (2020) 41

VN
¢l—pald

[0[—uoIssiupe ND]
9¢—Ppasreyosiq

VN

VN

VN

paSreyosip syuaned 1

paIp suoned oyons ¢
oAl[e PagIeyasip (% <)

8L Pue paIp (%01

VN

pandxa syudned
oIS JIFRYLIOWAY |
pue 9301)S OIWALYDST

swojdwiAs

[ed130j0mau yim syudned
(%¥S) 0S/LT Ut ouop TYIN urelgq

SAYYV 61-AIAOD

sa syuoned  SAYV

61-dIAOD-Uou,, JO 110100
2An0adsoxd [esuo)si

VN

uonOasal

Jowin) I9)Je ‘Sase)sejout
urelq ur SuIpad|q ‘ewnern

0} A1epuoods

oSeyIowoy se popnoxo f
nq ‘oSeyowoy pey /¢

sixe[Aydordoquioay) paAdoal [y
siuoned prem 9,6/ pue ND]
9001 W srxejAydoidoquioxyy
‘SIOAIAINS-UOU SA SIOAIAINS

‘prem [e1ouad sa D[
srxe[Aydoxd

oquoIy} paAIadas syuaned v

[eONLD
‘QIOAS SA QJeIdPOUT ‘PIIA

EN =N
JEJNOSEAOIGRIRD INOYIM

SA 9SEOSIP JB[NOSBAOIGAIOD
IIM “0I0ASS-UOU SA QIOADS

(°0) [—s1soquioryy
SNUIS 9SIDASURI) OINOY

(LE) LT/0T—sdFewl YTV 1A
Uo sanIfeuLouqe [eusdis [ed1100)
(17) 0s—swoydwAs [eo130[0maN

(0—S3uryorew 1oye uonendod)
(€°1) Z—10NR JIWARYDSI [RIGAID))
(£2) €1/6—0Y0nS SIUSLYST [BIGAID)
(001) 11/11—SODI[BULIOUQE UOISLIO]

(79) €1/8-1udWId0URYUD
TeaSuruowoydo]— N

(9€) 6€/1—OWOIPUAS SANNOIXISA(
(L9) 85/65—sugis 10en [eurdsoonio)
(69) 85/0r—uonensy

(duop

SurSewomoau g/, ut A[uo) (§°0)
€€—o0[0mS JIFRYLIOWAY ANOY
(T'0) t—or3eyuowoy
(T'0) T—omuseyos]

(€'%) —oseasip
IB[NISBAOIGRIAD ANOY

(S'7) 6—20MS OIWALYOST ANNOY
(3301 OMURRYST [[B) (8°7)
G—OSBASIP IB[NOSBAOIGAID NOY

AHV ¢—OSeasIp JeJNISLAO0IGOId) NIy
(L-1) 1—oS3eyLowaey [eIqRI)D)
(L-L) 1—stsoquuioxyy
SNUIS SNOUSA [BIGRI0))
(9-48) T1—o%OnS JIUOETOS]
(6:9)
€ [—9SBASIP TR[NOSEAOIGAID JNOY
(L°01) Z—Amnlur oposnut [e30[0NS
(¢7) g-ured aATON
(1) e—Iuswaredwr UOISIA
(1°S) [1—S9ouBqIMISIP [[oWIS
(9°6) T1—S90UBQIMISIP ASE],
(6'8) 61—SNd
(S0) 1—omnziog
(§0) T—exery

(8L) 1T

(€18) ¢tl

VN

(8'8L) €€/9T

(6L) €L

(89) 92

VN

(6°6S) T81

(€69 1€1

(L8¥€) €9

(1L-€9) €9

€9

(syuoned ¢¢
Buowe) (£8-L€) 79

(0L=$9) 19

(SL-69) 99

VN

(ST65—¢€¢) vt

6-S1F €S

NI 0} panIwpe sjuaneq

SV 10§ NI 0} pauajal

syuaned 9ATINOASTOD [TV

syuoned N[
paziendsoy 9ANOASUO))

syuoned pazijendsoy v

syuened NI A[UO

spuoned D] [9 ‘pamupe

syuoned onewoydwAs
J[Npe 9ANNIISUOD)

syuoned NI AlUO

s101u09 d[dnnux
woy syudned parp 10
PISIBYDSIP 9ANOISUOD)

syuoned
paziendsoy 9ANOASUO))

[1%]
T[TwOpuE ) 1epas

[oy] swieH srnr

[6¢] swpey arnp

[8¢] exSo( yueypprs

[L€] 9ssrex] ueSoN
[9¢] merSipoy
OopelLo)

[selsor "v'd

[yl n1ng

[¢€] 17 ueuex

(ponunuoo) 1 3[qe],

pringer

Qs



Neurol Sci (2020) 41:3437-3470

(L9) 1—dud
VO d—UoISn[290 [3sSoA d31e]
(L€) I—4SON
(8'¥1) —oons
OTWdRYISI dndeqnsg
(61) s—Ayedonosep
(L) 7—Auyedoreydooud
Surznooou Aoy
(L) 0c—Aupedoreydoouy
VN DF4 pue SurSewy

0e—Ppald

(6'%1) —=e13o1diay 10 sisarediusy
(L) T—309[ouroH
(I°11) ¢—uoneIAsp azen
(L°¢) 1T—sqdnd paxrg
(L°¢) 1—dooup [eroeg
(L°€) 1—Suumsod 91191909
(0°LE) 01—N0ya( [8904]
(t'L) T—oydepesq
(L°€) [—SSouyeom PIZI[BIoudn)
(L°¢) T—ersnadsAq
(€796) 9T—SMeIS [EIUSW PAII Y
7—dwe1d sposny
7—Iowen/o1] (IO [euonoun,j
8—oyoepeay J1j1ads-uoN
7—oyoepeay a10A0s paurejdxoun
[—ei13[emnou [endiodQ

(z—39su0 AJ1ed) ()]—IudpIooe
IB[NOSBAOIQRID)) ANOY
[—Amfur ureiq onewner],
(€°0) ¢—odooufg

(£7) 17—WnNLIOP/SSAUSNOIOSUOD
JO 9ouRqIMSI(T

saIned) [eo130[0Imnau
I SISED QIOAIS

[ot] ueymog 10141,

Sy 1—paziendsoq SJUQAD [0130[0INJU (€9) 6—SIdAd sjuoned
T L—PpaSTeyosi(q [BOI)LID-UOU SA [BONLI) [e0130[01N3U JOSUO-MON (SS) +0S ULIF LSy onewo}dwiAs dANNIISUOD [y [s4] Suory rxtom
(8'90) S1—wnuipg
(1I°L) y—Asdopdg
(0°L) ¢—>oons 13eyLIOWoH QWOJNO JJIULIP € Pey pue
(F'18) SE—ad0NS OIUSBYIS] aseasIp [edrSojomau
(91D S—VIL 10§ papiwipe syusned
(S'L€) TT—Anenoy 61-AIAOD-UoU sA 61-AIAOD (8'9L) £1r—0SeasIp IL[NOSBA0IGAI) (009 8T (8'€8-0°L9) O°LL (pro sreak g1 <) ynpe [[v/ [#+7] 1ssnuog oneqry

($'0) 1—suieydeouyg

©
7—Am(ur ureiq orxoue orxodAH
(#7) 6—2oxons oISy LIOWSH
(7)) 6—Ieunoe|
(S'pb) L1—10ssoA o1
(5'89) 97—o%OnS SIUBLTOS]
(§°76) se—ovons
(¥'8) 8¢—oAnIsod SurSewr

(%1+1)
VN $Sp—ouop SurSewr oInoN
89 [—PAIIA0IIY VN

(%¥'1) erxery
(%1°7) aInziag
(9%87) ssouizziq
(%8°¢) dyoepeoq
(%) odoouAksg
(%€°L1) ons
(%9°L€) wnuiap
IO STE)S [eJUOU PAIY
(FSP) Teorury
1—snieydooug
7—Am(ur ureiq orxoue orxodAH
6—o13eyLIOWoH
Q7—OIWARYDS|
(I'1) g¢—oseasip
IB[NOSBAOIQRID INOY
(81¢¢) SwiSewy
(T'1) T—saImzIos o[l
(8'1) €—S2INZIdS J[LIGIJ-UON
(#0) 1—A10)1119) 19} [BIQRIDD
9[ppIw JySLI Ul UondIBUI ANJY

pantwpe syuaned [y

syuoned omeIpo

[cp] urer uefey

[zv] owzzeren eiAlg

3446

(ponunuoo) 1 3[qe],

pringer

Qs



3447

3437-3470

Neurol Sci (2020) 41

(T €0) L61—AnerHoN

(PIN 10 1D)
VN SurSewn JuamIdpun g

uonen[eAd
SuIeWIOMOU POAIdIAI
801 AJUO ‘IAIMOY
‘sswoydwAs [ed130j0mau

VN pey syuoned 61|
(T'T1) g—snuruo)

YOI SISOud)s [e204

QIIAIS SA QIIAIS-UON

(10) 1—snunau ondo
(1°0) 1—snieydoouy
(L°0) 9-SISPIOSIP JUSWSAOIA
(°0) £—oSeyLowaYy [erURIORIU]
(€°1) 11—3aY0xns OISBYIS|
(1°¢) 9T -Apedok
(1'1) 6—SsisA[oAwopqeiy
(T'6) §L—rmuaDRIAY
—ddiv
($'7) 17—enwouomesA(q
(L°0) 9—samnzI1ag

(9°61) S9]—SSAUSNOLISUOD
Jo s1oplosI(q
(7'9) gs—e1snagskg
(6) 14—ernusouy
(9°0) s—odooukg
(1°9) 15—ssourzziq
(I'F1) 611—oYoepesH
(@LD) St1- seiSeAN

(¥°LS) £8p—suonesayruew
[eo130[0InaN
0€—310133p 2130[0INAU [890,]
sjuaned g7 ) [[ey/edoouis
(%6°7) TOT—SNIEIS [EJUDW PoIONY

(snoraaxd Surpn[oxo) /—oFeyLoworHq

€ [—3I0IeJUIaINORqNS/QINOY
7—uoneqiedexa anbed A
7—Aypedoreydaoud orjroads-uoN
1—Ayedoreydoous ooy
[—SHdd

I—SdIN

—Ssdgo

7—SISOqUIOIY} SNOUA [2IqAI0))

I—Ayedoreydaoud orweeyost orxodAH

9-HOI

(€:0) z—enwusodAy

(€°0) T—exey

¢—eI3[emoN

(9 0)—ssouzziq

0]—SsaInzag

(8D c1—eISeAN

(8'1) €1—oyoepeaq
(a10y pappe Ayjedoreydooud
arxodAy st [ Inq

‘€ SeM [B)0})£—ONOINS OTSRIDS]

(8'8)y9—sme)s [ejudwW paIdNy
(s1) 801—swoyduiAs

[eo130[0INdU AINOY

(£°¢) 1 eidordupend

(T99) €Ly

VN

VN

96 V1 FTv'99

VN

VN

pringer

Qs

[67]
Z3youeS-0IWoyY

paptwpe syuoned v [onuey sore)

[8] yseuewpey
pasouSerp syuoned [y BZAIY

syuoned pazijendsoy
QAIINIASUOD

[Lp] poureyey
Jopey[pqy

(ponunuoo) 1 3[qe],



Neurol Sci (2020) 41:3437-3470

3448

VN VN

syuoned eZzuon[juI UOSLIS
0202/610T 3o dnoig

[BOLIOISIY ()—[0[UOD

VN siuened 61-QIAOD—2sED

(Aprus oty
JO suongjuIf o ut
pauonuau ‘swodwAs
[eo1So[oInou J0J pajen[eAd
[1® 10U ‘I0AIMOY
{059 21om [endsoy
oy ur syuoned [e103)
9%/, [—SUOTB}SAJTU.
VN [ed1Soj0InoN

aamsod YDOd-1d

T-AOD-SUVS ASD
sauoned [—JSD

SULIOJ OIFeyLIOWoY

(¥1) s—para SA OIFRYLIOWDY-UON

%9 T1—erasojueyd
(#07) ¢L—enwusodAy
(9°6L) 87—erusouy

(9°68) Ls¢—uonoungsAp
A10)08J10
[ 1—I10pIOSIp JJSe],
]—S10pIOSIp A10)9BJ[O

(6°€€) 0T—s1opI0SIp
9)se) Jo/pue K10)9BJ[O
(t'€) T—oydepesy
(T'SP) 1¢/41€ISNATe—UOWOD ISOA
(Yb'S€) 8T—I0pIOSIp d)se ],

Lsy)
1 £/t ] —®BIWSOULR-UOWIIOD JSOJA))
(S9°'1€) ST—IOpIOSIp WS

(T69) 1€
—IOPIOSIP )k} JO/PUE [[oWS
[—rexey
[—SeIsayjsare
¢—AsJed [e108] [RI)E[IUN PAJR[OS]
G—SONI[EWIOUQE 9[OSNIU JE[NOOBIIXT
¢—enusodAYg
G—eIsnagsAp eisnoSodAH
9—3ID PAreAdd ym Amnfur o[osnjy
g—-eruouoynesAq
SNd
I—VIL
—Sddd
p—HVS [BWSAINoue-uoN
—HDI
[—Am(ur urerq orueeydst orxodAH
01—930NS OIWABYDSI ANy
6]—IUSPIOOE JB[NOSBAOIGRID 9JNOY
71—SS0] AToWaw ULId}-110ys
Cl—9ydepeay
€]—SsaInzIdg
0€—SME)S [eIUAW PN
SNO

(1$)S1-SHun a1ed dAISUdIUL
ur ssounjoyem [eorsojoyed
(61)L-uone)sy
(z¢) z1—uorsnjuo)

(€L) LT—Ssd
USNOIOSUOD JO SAOUBGINSI]

(1 1)f7—IUSUWIOAOAUT 0BT}
Teurdsoon109 Jo suSis [esrur))
(#1) G—samziog
(1) ¥—oydepesy

(6'61) L91—swoidwks
oeryoAsdoInaN

(6'9€) ¥S1

(8°L9) OF

(8°09) 8t

VN

(18) 0¢

syuoned owoy
pue pazijendsoy (papnjoxe

SOSEd D) SASED dJeIOpO [#6] uaryooT

V11F69¢ 0} pliw ‘s1eak g <INpy duwioisf
POMOIAIUI 9q 0} J[qE AIOM

(rL0$) 09 oym syuoned paziendsoy [y [¢6] 1[iowooeID BaIpUY

sreak g < ‘pozifendsoy [zs] ruipeqio)-upnog

YLIFOT19 sjuoned 9ANNOASU0D) OTBAlY
parpmys st A3ojoInau
0} POIIAJAI IO pIem
A3ojo1nou 0} popIwIpe

VN siuoned og AJuQ [16] euutq eysnuerq
A[UO TN [ewIouqe

(8.-8) 19 s syuoned 210408 [0g] 1owary] sueydag

(ponunuoo) 1 3[qe],

pringer

Qs



3449

3437-3470

Neurol Sci (2020) 41

(89) 8T—a8reydsIq

(L1) [—uoneziendsoy

(I11) 11—po1a

(1€) 1¢—paSreyosiq
(85) Ls—{endsoy

N Gm ﬁQEEEuM

(8°0) 6—AI0A000Y

(9°€6) 620 1—uoneziendsor
(0°S) Sg—Ppasreyosi(y

(F'1) ST—yeeq

VN

(PrS/c—uesa

VN

VN

VN

VN

VN

VN

NDI-uou sa N3]

VN

QIOADS-UOU SA AIOAJS
v

NDI-uou sA N3]

VN

VN

BISNA3E 1O BILUSOUR JO
QOUASQR SA AOUISAIJ

QUOP JUAWISSASSE 9ATIAqO)

Quop 1593 A1038ISN3 pUE
K10)08J]0 paId)SIUIIPE-J[IS
© JO uonepleA

Ppasn $1s9) 2A12[Q0

VN

(8) 8€/€—2ydepesH
() 81—on3ney 1o BIS[AN

(6) G—uoIsnyuoy)
(8) 8—oyoepeal
(1) 11—9yoe josnjy

(T°0) T—sIsAjoAwopqey
(6'71) $91—e13[exyme 10 BIS[EAN
(9°€T) 0ST—oydepesy
(S'9) 6—oyoepeoy
(¥'6) g1—ssourzziq
(8'%¢) 8t—eIS[eAIN
(T8) ¥S/vy—oyoepesy
(¥L) ¥S/0—e1S[eAN
(S8) ¥S/9p—eIsnagsAq
(Ly) vs—rerwusouy
%8 6¢—eISNABY
YT S-Ise) @wmmo‘_owﬁ—
(0°'59) L9—uonounysAp A1ojeisnoy
%9 9p—erusouy
ckv@.vﬁlzoam —uuwwo.SQQ
(Z'19) £9—uondurysAp K10085]0
€Ge—eIsnady
68¢—erusouy
(€°1) 881
‘Sm:oww Jo/pue erwusouy/
149 NL@.?OmSU dse],
ST C-1opIosIp \Couosﬁo
(T¥L)9sT
%H@UHOmEu J)se} Ho\ﬁ:d \Qou.ow.ﬁo
(S'TS)LT—I0pIOSIp dJsE ],
(S'TS) L1—opIosip A10J9BJ]O
(9°€9) 1Z—sIopIOSIp
J)se) pue A10398J]O
(T4S) 6g—IopIosIp dJse],
(1'19) p—op10SIp A10J9B|O
(9°¢L) €5—sI1opIOSIp
d)se) ﬁﬁm \Qouom.:o
(9°'TH) 0€—ayoepeday
(%Y 19)—0¢1
Jjse} 10 :OEw mo ASUdS ﬁo‘_v:xx
(6°€1) 87—ssourzzi(q
(9%¥) 06—sured jurol 10 dpasnjy
(9°2t) 98—oydEepEdH
W1 ﬁm‘mpo\/mﬁ
d)se) 0) %ﬁﬁ@s UvﬁOumMQ
%68 L—PONUIUOISIP/PIINPIY
(8'88) THg—SI10pIOSIp A103EISND)
Yty cg—reruusoreq

(€L) o€

(89) L9

(1°85) 9601/L£9

(€S SL

VN

(S'8t) 05

991911

(€Th) 9p1

(€€9) 11

(L9 LT

(0'8t) L6

(0-85—0-1) 0-6

[-€1F6-SS

(0'85—0°SE) 0'LY

(89-2h) 9§

VN

VN

(0°8S—0'sD0vr

8TIFS8Y

01 FCTLY

LEIFT6V

(L9=SP) 9

pazirendsoy

syuoned pazifendsoy v

d[qe[reAe erep yim sjuaned 1y

papmupe sjusned 9ANN0aSU0D)

S)npe panIwpe [y

(popnpoxa
paseadap pue D) danisod [y

Uone[oSI
Aoy 10 uonezijendsoy

Sunreae spuoned 61-AIAOD
(syuonyed uone[muoA
PAISISSE POPN[IXI) SIBOK Q] <
‘syuaned paunuerenb

owoy pue pazijendsoy yrog

s1eoA QT < 93e ‘paupnuerenb
Quioy ‘Jyels a1ed yyesHq

(syuoned
UONB[IJUA PAISISSE PIPN[OXI)
93e Jo s1BOA Q] 19A0 SHNPY
(syuoned paSeuew
woy AJuo) onewoydwAs
A[p[TWI pUB Passasse
A19ANNI2SU0D
(s1e0K QT ) SINPY

[¢9] Suenyy urjoey)

[z1] woy) weysueN

[11] uveno srf-lopm

[01] Suem romeq

[19] ureysuaydoryy “1,

[09] wads ‘N sudEN

[6S] 991 unkySuo x

[85] eareA oppSuy 1By

[Ls] emep oeSuy 15m]

[9¢] exreA opduy 1By

[s¢] oyeurdg owooern)

(ponunuoo) 1 3[qe],

pringer

Qs



Neurol Sci (2020) 41:3437-3470

3450

0—weq
(7) 1—o8reyosIq
(86) 19—uorssiupe [endsoH

(0°95) 801—ANeHON

VN

(L11) 91—pesq
(T°9S) LL—Ppaziendsoy
(1°2€) $v—pasIeyosIq

VN

yS—PpaIq

L€ 1—PpasSreyosiq

(6°0) ¢—weaq

(L°18) y1z—uoneziendsoy
(TL1) s—o8reyosi(y
G—padreyosiq
e—paziendsop

(§'L) s—meeq

(6:97) 81—o31EYdSIQ
(L"$9)py—uoneziendsoy
(L0) I—eaq

(6°Th) ST—o81eydsiq
(6'88) 0T 1—uoneziendsoH
p—pazipendsoy
TI—PpasIeyosig

T1—paa

VN
VN

§8—Ppald

Pa19A003I AT
[91°P3IP €11
Z1—poziendsoyq
8—PpoSIeyosiq
(S-19) ze—Ppard
(9" 1L)¥r 1—Ppa3reyosiq
(617 vP—eed
(ST) 9—eaq

skep ()] > SA
sAep (] < 1osuo woydwAg

SIOAIAINS-UOU SA

SIOATAINS “OTJQqRIP-Uou
871 SA OLPQEIP 8

JAnEe3ou
sA oAnisod soIom
a1ed ey onewoydwAg

VN

VN

JOATAINS SA JOAIAINS-UON]
(eruownoud-uou
‘onwoydwAse

PIIU) UOWILIOD SA JIIAJS

VN

06 < ods sa g > zodg

QI0AdS SA PIIA

NDI-uou sa N3]

VN
It A[[eonuo-uou
SA [[1 A[reonty

VN

PAI9A0IAI SA SYIEA

SIOATAINS-UOU SA SIOATAINS

SAYV-Uou sA SV

(¥€) 1z—oyoepesy
(zS) Te—on3ney 10 BIS[RAN

(6°01) TT—oyoepesH
(1"'1L) 06/79—ouoepesH
(€°€9) 06/LS—2Yde SN
(8'9%) 6L/L¢—emusouy

(S'6)ET—oydrpEoH
(1'2€)py—onsney 1o eS[eAN

(02) ¢—oyoepesy

(ST) 67—CIS[BAN

(§'9) L1—eyoepesy
[—>9oydoepesH
[—on3ne; Jo eIS[eAIN
(L) g—ssowzzI(q
(1) 01-eyoepesy
(0¢) 1-e13[eAN

(L'L1) yT—aYoepesy
(5'2€) p—onSney 10 BIS[eAN

(L°01) ¢—oyoepedy

(5'¢) Te—eIB[AN

(8'%9) L6S—Yoepes
(T1) T1—oyoepeay

pue ayoE S[asnjA

(L¥) —oyoepesyq

(5°91) F1—eIS[eAN
(6) ¥T—Ayredoreydoous

orxodAH

(8) 17—ssaurzzi(q

(1) 1¢—oyoepesy

(20) 09—e18[eAN

(9) ¢—ayoepesy
(S-11) 9—eIS[eAN

(€'2¢) s9—erS[eAw 10 onTney

(99) s¢

(169 ¥11

(1I'120) 61

(Svh) 19

(€¥SL

(@9 611

(S8%) LTI

9

9r)ze

(€9 L

(sL1t

VN
(T9)1s

(6TL) 79

(T9) 1L1

(L9) s¢

(L€9) 8T1

(TS—29) 1%

(€L-6%) ¥9

VN

(€8-00) LS

(6L-€0)ST'SY

(0-L9-0-9%) 0-9S

F6-1 S'Ly

SIBOA G 0} Sypuowt ¢

079050k

(S5—9¢) Ly

06F9'89

VN
S 81 F 067

TYIF8'S9

(0'0L~0'%%) 029

(€-€1) L-6S

09-¢) 1§

syuoned pazijendsoy Jnpy
(papnpout
219y paptwpe pazijendsoy
11e) 219A9s ‘pazifendsoy
‘sT80K Q1 IOAO SYNPY

SIOIOM 218D By A[UO

syuoned pazijendsoyq
sjuoned
pazifeidsoy 9ANNOASU0))
syuoned
PaSIBYDSIP 10 PEIP IO
pue pazifendsoy g1 < npe [[v

sdnoi3 a3e e ‘paziendsoy
(&juo Tt Ajeonto
PUE QI9AS) D] OLIBIPIJ

syuoned pazijendsoyq

syuoned pazijepdsoyq

syuoned paziedsoy ‘oneqer

61-dIAOD
JO sased paynou IS
sage [y
pazifendsoy AjoAnnaasuo))

sjuoned 9I0AdS ANNIISUO))
syuoned
PASZIBYOSIP PUL PAIGAOII

Ay 19T pue pap ¢ 1

DI ur panrwpe
tuoned [t Ajjeonio Auo

syuoned pazijendsoy [y

[6L] nx tom-oerx

[8L] uex nSuox

[£2] uueunso], ewy

[9.] nry myy

[sL]naeN

[¥L] noyz 104

[¢L] uery eifig

[zL] ung veq

[1,] Suep, SuerSuoyz

[0L] uep urxng

[69] Suepy Suog
[89]

SO[RION-ZoNSLIPOY
‘[ OSUOJ[Y
[£9] Suayz ySuox

[99] nq uoyzsur

[59] uayp oe

[#9] Suex oqoerx

[€9] npurwoey)

(ponunuoo) 1 3[qe],

pringer

Qs



3451

3437-3470

Neurol Sci (2020) 41

(1'9) s—paig

(9°0€) 0¢—PpaseyosIq
(7'86) Ls—Tendsoy

ur Surety

G—paSreyosiq
0p—pazireydsoq
0—PaIQ
Te—Pasreyosiq
(8°06) 616—(endsoy
uuﬁﬁoﬂd 0} _uwho,wmﬂ.mb
10 pozijendsoHq
(T'6) £6—a8reydsIq
0—paIQ

(60) I—pa1d
(€90 9r—Ppa1a

(£°97) 9p—Ssea1e uone[os!
03 10 dwoy pagreydsiq

(L Sp)08—Paziendsoy

() ¢—uorsstwpe [ejdsoy
(TO) 61—Pa10A00Y

(8¢) 86—Ppazifendsoy
(6€) 101— para

(£7) 8S—oaAIfe pagreyosiq
(970 er—pa1a

(€79) 601—padreyosiq
(1°€1) gT—Ppaziendsoy
oz [Hdy uo
06—Ppazijendsoy
[1c—paa
669—pasIeydsiq
0—para

(001) 8 1—padreyosiq

0-tpesq
C1—pazifendsoy
G—pagreyosiq

VN
§1—PpaSieyasiq

0—eaqg
(98°0) Tre—poBreyosiq

NDI-uou sa N3]

QIIAIS SA uowwo))

QIOAQS SA It
sA pjeorjdwooun

dn morjoy
Suunp uoneaei3de
mnoym pue fIA

noyim
SA 61-AIAOD UM MOH

SIOAIAINS-UOU SA SIOAIAINS

PL< sA swoydwAS
JO JOSUO QY JO P £
UM MOTAIU]

VN

NI SA PIeA [BIOUSD)

NDI SA prem sa AouoSiowg

VN
(naeuoy—naeurdor)dnoi3d
[01U09 sA Snip

Tenanue o7din uoneuIqUIo)

PagaeyosIp-uou sA pagreyosiq
Surgeun
[ewrouqe sA SurSewn [eULION

VN
JNOYIM SA amsodxo

ueqnA YHAM

(8'LE) Le—eIS[BAN

(9°6) ¢—ssourzziq

(9°5) ¢—oydrpeoH

(L'91) G—SSaURIOS J[ISNIA

(9°5) —oydepeoy
(L'6) L—SSQUQIOS J[ISNJA]

(8°91) 0L1—CIS[BAN

(0°ST) TST—oydepesy

(8°17) yg—ssourzziq

(0°0€) £e—oyoepeay

(S°S%) 0S -OYdr SN

(0°09) 99—on3uey 10 eF[eAN

(L'1) ¢—ersnoSe pue eruusouy
[—oyoepesH

(L) 9 -o1se1 JO
9SUDS 150 J0 PAIY

(LS) 6t—ouoepesH
(£9) 1S -e13[eAw d10A0S

() 01—oydepeay
(97) L9 -eIS[eAN

(6°7) S—91S8) JO ISUS PAId)Y
(€£'81) TE—oyoepesy

(€'97) 9r—eIS[eAN

(8'%) 8—odooukg

(1'01) T0T—9yoepesH

(8'97) 897—eIS[EAN

(¥"¢) s—oyoepesy
(£6°¢) s—erusouy
(TL'y) 9—oyoepesy
(LT'¥1) 8T—eIS[eAN
(8°11) g—ssourzziq
($°€0) p—eIS[eAN
(6€°01)L9-0ydepesH
(10T 1)1 L-9Yo S[osnA

(9°€1) £—ayoepesy
(2§ 6)SL—ouoepesy
(FS 11 16—9Ydr S[osny

(8'8€) 8¢

(6'15) 8T

(T¥S) 6¢

(8°19) ¥Ts

(T80 1¢

(S'19) L8

(LD s1

(L9) 1L1

(9'81) S8

(9°65) 96

(S'ov) 09

(#$°€S) 89
(629 6
($8°0$)8z¢
(L'99) v1

(S9°19)L0Y

ULIFYSS

(Is-1¢) 1¥

6'STFTIY

(85-6€) 0§

(0°Ly0'09) $'9¢

961 FLEY

(99-20) 61

(TL-19) 29

(18-69) 1L

(0°SL=00$) 0°€9
sypuowr(¢z[-81) #8
VN

(§9-T0) Sy
STIFI'SH

VN

(€L-9D €ov

VN

syuoned
pazifeydsoy 9ANOASU0))

syuoned pazijendsoy v

pazijendsoy [[v

(papnour
[endsoy jeyy ur paprwpe
Juoned [[e ‘1oAomoy)

1t Ajeonio-uou AJuQ

SIIOM 21D ey A[UQ

paziendsoy
sjuaned 9AnNIASUOD

pajoayur
SIONIOM dIed YP[eay ATUQ

SIBOK Q] <
page synpe |1 AjeonLo A[uQ

pazijendsoy
‘g1 < Inpe ‘spuaned 9AnNdIsuU0)

Anuad 03 pAuasaid

sjuaned 9A1INOISUOI ()OO ISI]
AJuo sased

9)eIOPOW PUB P[It JLIRIPOJ

panIwpe
‘s1edK Q1 1SBI] IR NPV

syuoned pazijendsoy [y
syuonjed pazijendsoy v
anuod oty

ur syuoned pazijendsoy [z 1si]

SOSEO POULIFUOD [V

[s6] Suoy oog Sunky

[-6] Sueny Suordy

[c6] nr1oyz

[z6] Suem X

[16] re uenboery

[06] sremoN fozerg
[68] ysreg
udp ueA-sueunANTy
'O "d wooliey
[88] sSururunyy
[ MOYNEN
[£8] usspoeas]

dnnseg suowg

[98] ouerzuodry o
[9BYOI

[c8] np ueny

[vs]
Suny 1e3N-ue UBAJ

[eg] 111
[z8] Bueyz foerx
[18] eadno ysauN

[08] wery ueys-Suerr

(ponunuoo) 1 3[qe],

pringer

Qs



Neurol Sci (2020) 41:3437-3470

3452

VN
VN

VN

(0°0) 0—paa

(66°'8%) £L—padreyosiq
(10°15) 9L—{endsoy

E_ _uvﬂmmauﬁ

N|—u®.~®>ooum

r—pag

pamo [

(0€) L—pazirendsoy

(17) s—Ppasreyosiq

(09) ZI—pa1a

g —paziendsoy

01—Paseyosiq

(0°0$) s—paziendsoy

(0°0S) s—padreyosiq

96—pasSreyosiq

T1—pata

S1—Tendsoy

9¢ [—oSreyosiq

(6'8)L1—Pa1d

(T0 —paa

(#°S1) ¥ 1—Ppasreyosiq
(¥'28) sL—Tendsoy

UL PauTetudy

T—papupy
1 1—PpaSreyosiq
(61) €—parg

88—PIAIAING

61—Pparq

(LE) LE—pam)

(z§) gs—uoneziendsoy

(1D 11-Wesq

(0) 0—yreaq

(£'81) Lg—08reyosip [endsoH
(L°18) s91—{endsoy

Gm Uoﬁﬂmaum

(1'9) 9—paLIdysuel],

93e uo paseg

VN
QIOADS AJ[BONIIO SA
QIOADS SA QJEIOPOW SA PIIA]

VN

QJRIOPOUI SA AIAIS
Q)eIdPOUT SA PIIA

VN
VN

VN
PEOp QIOAIS SA OAI[E
QIOAJS SA QIOAIS-UON

S[eway SA A

PITUWI SA 910A0S

OU SA B3P “Yooys ‘NDI

SIOATAINS-UOU SA SIOAIAING

[eOTPAW-UOU SA JJe)S BOIPIA

QIJAJS-UOU SA JIAIS

($°79) L88—eIS[BAIN

(TH1) T0T—IPWSs Jo uononpay
(T0L) L66—T1ous Jo ss0]
(€°0L) 866—oUoEPEIH

(¥) y—oyoepeay

(87) ST—eIS[BAN

(91) 8—ayde o[asny

(01) S—oyoepeoy

(%TL'8)€T—oyoepesy
(9%9¢"¢)s—ured sposnjy
(%0°01) 07/¢—9YdepedH
(9%0°0t) 07/3—e1S[eAN
(8) ¢ -oyoepeay

(8) T—oydepeay
(0°S7) L—oyoepesy
(0°57) L—e18[eAN

(0°07) T—oyoepEdH
(6°0) T—oydepeoy
(6'57) 87—>on3ney 10 BIS[EAN

(Tp)L—ssouzziq

(I'€1)gg—oyoupesy

(9'87) 8—eIS[EAN
(€°¢) £—SsaUSNOSUOd

Jo doueqISIq

(¢7¢) ¢—ssouzziq

(5'91) gT—eIS[eAN

(61) ¢—ersnadsAq

(61) ¢—rrwusouy

(S7) —aydrpeay

(61) g—ssoupapeayiy3r]

(5'9) L—sseurzziq
(§'9) L—oyoepea
(80¢) cc—eIS[eAN
(9) 9—oydepeay
() —03moA

(91) 91—eIS[BAN

(6°S) TI—ayoepeoy
(#01) 1T—oyoe d[osnjA

(€77¢) 8st
(€¥) 6

(89) 6T

18
018 L1
¥9) €T

(€9) S1

(9€9) S1

009§

(8°6€) €

98

(8°€9) 6v

(sL) el

(€°€9) LS

(8%) 8t

LS 911

60CIFLI'6E
(98-81) 0§

891 F6'EY

SEEIFISY
(0°59-0°08) 095
SEFES

(L6-€0) 8T F19

YEIFIOTY

VN

(85—L€) TS

I'STFL9S

0091

(56-8¢€) L9

(0°59-099) 0°'1S

0'19-0LE 0°1S

O¥S0€E) 0pt

(pauodax
[Te 1nq)djeIopou 0} PIIA

syuoned pazipendsoy v

syuoned pazijendsoy [y

syuoned
paziendsoy 9ANOASUO))

syuoned pazijendsoy v
s1edk 910 dtnerpad v

syuened NI [t Afreonto AjuQ
pazijendsoy ‘ea103y]
Jo oqnday ur syuoned gz Isig

ULIP[IYO ‘SIBIA Q1]
pantwpe

sjuoned Jnpe 9ANOISUO))
(syuonyed |yt
A[[eONLID 10 219AS
QIoM [[B)panIlIpe

QAINIASUOD [y

syuoned pazijendsoy [V

syuoned paprwpe v
([o1]a Suep yum deforo
siuoned 88)61-AIAOD
PAULIJUOd
ynm syuened (peap
pue dwoy e dAI[R)
PaBIeYOSIp o [TV

sjuoned pauLjuod
JO uonoses wopuey

pasirendsoy [y

[T11] uoryooT -y owolor
[oT1]nx X

[601] nx veng-nx

[801] Sue g arfuop
[£01] usy) Suenn
[901] miO vedrey

[s01] nfeneyq "3 ueaed

[0 1] wry] 3ng ng

[cor] nyz 11

[201] oex unyofu)

[101] SuoN uepLx

[001] oeyz Surx-ury

[66] [emieSSY yqemes

[86] Suepm remeq

[L6] 1 oeASusy

[96] Suenpy my

(ponunuoo) 1 3[qe],

pringer

Qs



3453

3437-3470

Neurol Sci (2020) 41

(2°99) 097—padreyosiq
(To1) 0F—Pala

VN

VN

91 [—PaIoA0IY
601—PaId

VN

9¢—pald

VN

(67) 0¢—poziendsoq
(¢p)pr—pasreyosiq
(12) 1T—pa1a
(¥'S) T1—weaq
(0°61) Th—o8reyosiq
(0°9L) 891—uoneziendsoy

VN
0—Ppald

VN
(L'€DLT—Peed
(€9L) L8—0AY

VN

(%9°0-€°0) L—P31a

(%§~7) $81—uoIssiupe D]

(9%01-8) €gL—Ppazifendsoy
(%06)

09L9—pazifendsoy JON

S68 JO BR(

UONE[IUAA [EQIUBYOUL
QAISEAUI OU SA UOTJR[JUOA

[EOTUROAUW DAISBAU]

[EOIILID SA QIOADS

dAnESaU SA YDd- 1Y danisod
‘QIOAIS SA UOWIIOD)

dnoi3 paroaodar sa dnoi3 yreaq

61-dIAOD-uou

SA 61-AIAOD
Q1008

UONOBI[0 0ATIOR[NS TIAL

VN

VN

VN

QISAIS-UOU SA IIIAIS

AI0}0BIJQI SA [RIOUAD)
VN
[BOT)LID/210ADS

SA QJeIdPOU/PIIA

QISAIS-UOU SA 9I9AIS

VN

VN

(T'L7) LOT—CIS[eAN

(61) §—UOISNJUOI JASUO-MIN

(£°6) T—ayor dsny

(S'T1) £1—oyoepesy

L S—an3nej 10 BIS[eAN

(8°L9) O -erwsouy

(T'1L) cr—esnady

(L'79) Lg—e1S[eryire/eIS[eAN

(1'99) 6¢—oYoepesy
(TT'TT) 8—SSauSNOIdsuod

JO adueqImsSI(

(8L7) T—eIS[BAN

(L9'9) 6— oyoepeay

(00°71) 6—SSAUIOS JISNIA

(T'¢) ¢—erusouy

(S°'6) 6—oyoepesy

(1°'1) 1—omnzies

(127) 0z—uoIsnyuo)

(F1) e1—eISeAN

(L' L)L1—oyoepeoy

(¥°7) g-sseurzziq

(8°6) 8-oyoepeoH

(0'19) 0Ss—®e1S[eIuE 10 BIS[EAN

(T'€) 1—oyoepesy
(6'7)L—>yoepesy
(€'¥€)6r—eIS[RAN

($¢) —eIS[eAN

(17) 6—ssaurzziq

(9¢) s1—ersnedsA(

(€¢) y1—ernusouy

(8%) 0T—oyoepeaHq

(LS) yg—eid[enyie 1o BIS[EAN

(91)0SL—2IS®} 1O [[oUIS JO SSO']
(S9)810¢—oyoepesy
(99)TTTE—oyoR SpsnN

(T¥S) 0LL—uonoungsAp ajse],

(9°09) 8€T

(L9) 8¢

(Te9) ¥T

YTl

(Teb) 6T

(¥+'69) ST

99) ¥

(€9) 09

(6'81)801

(') 98
6'19) €1
O19)€L

(885) L9

€C

(LOY9YT

(L'€L~9'8%) TT9

(S6-09) sz

(99-92) 6€

VN

VN

#9°6) TT'69

(SS—¥¢) Ly

(T8-68) SL

(§'99-0'6€) 0°SS

(99-2p) ¥§
SEYFECL
(L9—6£)8S

(T8-TL) 9L

(z8-sD) v€

(¥S—79) T

s1BaA Q1 < Ss)npe ‘paziendsoy
syuoned 9ANNDASUOD ISII]

PINIWPE JANINOISUOD [V
(s1591
proe
darponu 10§ dANsodge AJuo
Inq ‘pAlsa) ,G)JFeIs [eaIpaul A[uQ
pantwipe sjuoned

PA12A0221 pue peap AuQ

(saseo ppiw
AIe JS0W)AdAINS pajodwiod
oYM 61-AIAOD 2Amsod [y

AJUO SIOAIAINS UON

saseo aanisod [y

sjuoned
paziendsoy [enuanbas 1y

syuoned pazijendsoy [V

syuoned
PANIWPE JATINOISUOD) [y
syuoned pazijendsoy
‘s1ek g1 > ‘ommerpad AuQ

sjuaned PaRIWIPE SANNOISUOD [V

sjuaned (L <)A[9p[d AU
(prrw a10m
pantwipe [[e) swoydwAs
PIIW pue ‘(sI1eok
G < 93e) syueosajope
pue synpe paziendsoq

Teuosiod o1ed yy[eay A[uo
DD 03 parodar sase)

[9z1] rekon Sereq
[sz1]
UasSuBH-o[y[ uoyeH

[z 1] nyp oerfoery

[¢z1] Suaq uex

[ze1] uex "H [ore)

[121] Sueny Su g

[oz1] oeyz oeySuoz

[611] suruuog, xopruuap

[811] Sueyz utb-no

[£11] o Sudyz3uig
[911] uoy) Surumy
[S11] Suepm veq

[¥11] nyz nx

[€11] uosuaoT iy

[z11] oxmg 7 Arroyg

(ponunuoo) 1 3[qe],

pringer

Qs



Neurol Sci (2020) 41:3437-3470

3454

9z—paziendsoy
(L'L8) $8T—paBreyosiq
(L8€) €c1—Ppard

Z¢—Ppoadreydsiq

VN
(S°L) ST—yesq

(17) ¢y—o8myosIq

(S 1L) ¢y 1—uonezirendsoy

VN

VN

VN
VN

[—Ppaia
(T61)59—pa1a
(0'7S)€81—Ppaziendsoy
(897) 16—padreyosiq
0—paIa
UHIq QAT Ul [V
Avoﬁﬁgézw 1ms
1) PAIdA0AI [
(L9T)LT—PaIa
(£°¢8) $8—adreyasiq
(L €2) €6—owdwoour
‘ejep awodn)

SIOATAINS-UOU SA SIOAIAING

SINPe SA SOLURIPIB]
(9ouap1A? [ed130jorwapida
pUR [BOIUI[O UO PIseq
papnjoul 7) pauLjuod

qe1 (%8°€6) TE/0E ATUO

dnoi3 KousSrowo-uou
SA Kouadrowyg

NDOI1-uou sa N1

VN

VN
(qems [eue yIm pasousSerp
juaned 1) Arenio)

SA A1BpU099s SA paptoduy
VN

euryd sa ddong ur pajodgu|

Peap SA [BAIAING
VN

VN

SIOAIAINS SA SIOAIAINS UON

(9°7) 6—s1sAjoAwopqery

(synpe [[e)¢ 1-ondue; 1o eS[eAN

(891) L1—on3nej 10 vIS[RAN

($"€1)—LT dyoepesy

(0°70) vy—osrerew o BIS[eAIN
(Q) —sseuizziq

(9) s—oayoepesy

(1) £—SSoULIOS A[ISIIA]

(¥1) ¢—oyoepesy

(L S1g—eIS[eAN
(¢ €©)y—eIS[eAN

(TT©) 1—e18eAN
O‘o&o&ﬁmom

($°¢) TI—oyoepesy
(8°¢) ¢1—ssourzziq
(Lt) 91—®IS[eAN

(%€€) ¢—eIS[eAN
(1'€7) ¢—oyoepedsH
(1°€0) ¢—eI8[RAN

(€'7E)SE—oyor d[osnN

(0TS 6L1

91

(t's9) 98

0°6%) 86
(To) v

(@9 €1

4

94

(6¥)991
VN
(LL) 01

€S

(TL=T9) 9

VN

(SL=LDvY v

I'LTFSS

0-TTFS6F

vIFIS

VN
S1BOK 701

(18-0tv

(9L-69) 69
SIBOA 09T
(8r—+¢€) v€

(L9=LE) ¥S

(noD 1
A[eonuo pue AJoI19A0S

syuoned paprwpe 1y
1D JuamIopun oym

61-AIAOD pawIyuod
K10)LI0QE] OAIINIASUOD)

syuored paprwpe [y
Quop 159Yd

LD pey pue papiupy
1D 1S9y JuomIopun

oym syuened poprupy

panupe syuaned

panIwpe syuoned
3IN 1dooxa
uor3a1 ueadoing

OHAM 9Y} uI Sased 3sI1,{

pIo s1eak ()9
JIOAO SOSED JAIINOASUO))

syuoned jueudaid AluQ
syuoned pazijeyndsoy [y

paptwpe syuaned v

[6¢1] Suep Suex

[8¢1] vey ueu-ex

[LeT] ovyZ T

[9¢1] Suex uenyn
[s¢1] s mysoy
[ 1] Suny) [peyarN

[ee1] nx urwuer,
[zer] nry erxSu g

[1¢1] nendg osueguern

[0¢1] Suep Sue
[621] uoyD unfimpyy
[8z1] Bueyd o

[Lz1] 0D 10URIf

(ponunuoo) 1 3[qe],

pringer

Qs



Neurol Sci (2020) 41:3437-3470

3455

6789 articles identified
through database searching
articles)

286 additional articles
identified through other sources
(From reference list of other

Total 7075 articles identified

—

A 4

3821 titles screened

3254 duplicates removed

2949 articles excluded

872 abstracts screened

A 4

Title not relevant to the topic

451 records excluded
328 not focussed on the topic
57 did not mention symptoms

421 full-text articles assessed for
eligibility

A 4

37 COVID-19 status not clear
29 methodology not clear or proper

209 full-text articles excluded
32 systematic reviews and meta-analysis
28 editorials
32 narrative reviews
38 commentaries

4

212 studies included in qualitative
synthesis

74 studies included in quantitative
synthesis (meta-analysis)

\ 4

36 not in English and could not be
translated

19 insufficient relevant data

13 not meeting inclusion or exclusion
criteria

11 symptoms not mentioned

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram

population. Syncope was reported in three studies with in-
cidence of 0.3% [45], 0.6% [49], and 4.8% [86]. Few stud-
ies showed an increase in creatine kinase, LDH, and myo-
globin in COVID-19 patients [12, 62, 66].

Acute cerebrovascular disease

Acute cerebrovascular disease (CVD) was reported in 0.5—
5.9% [33, 48] of COVID-19 patients. Out of them, the most
common type was acute ischaemic stroke and severe
COVID-19 patients were more at risk of developing the
acute CVD [33]. From these studies, the incidence of acute
CVD in severe/ICU patients reported were 0.8-9.8% [33,

41]. The incidence of ischaemic stroke, hemorrhagic stroke,
and cerebral venous thrombosis reported from various stud-
ies ranged from 0.4-4.9% [33, 48], 0.2-0.9% [38, 48], and
0.3-0.5% [33, 47] respectively. A study by Mao et al. [32]
reported that two patients presented with hemiplegia with-
out any typical COVID-19 symptoms. The median time to
onset of cerebrovascular disease was 9 days. Another study
by Li Y et.al [33] showed that acute CVD was more likely
to be present with severe COVID-19; however, they were
older, and had cardiovascular risk factors. These findings
were similar to the above study by Mao et al. [32]. In both
these studies, the laboratory parameters in patients with
CNS symptoms were different from the other COVID-19

@ Springer
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Table 2 Prevalence of

neurological manifestations Studies (V)  Sample size (V)  Cases (n)  Prevalence (95% CI)

reported from systematic

assessment Smell disturbances 17 7919 2488 31.4% (30.4-32.4)
Taste disturbances 14 7033 1979 28.1% (27.1-29.2)
Headache 54 13,623 2751 20.2% (19.5-20.9)
Myalgia 38 11,169 2288 20.5% (19.7-21.2)
Disturbances in consciousness/altered 9 6687 408 6.1% (5.5-6.7)

mental status

Syncope 3 1000 56 5.6% (4.3-7.2)
Dizziness 12 2595 137 5.3% (4.5-6.2)
Acute cerebrovascular disease 8 10,186 148 1.4% (1.2-1.7)
Ischaemic stroke 7 9268 108 1.2% (1.0-1.4)
Hemorrhagic stroke 7 12,704 60 0.5% (0.4-0.6)
Cerebral venous thrombosis 2 946 3 0.3% (0.1-0.9)
Seizures 5 2043 23 1.1% (0.7-1.7)
Ataxia 2 939 3 0.3% (0.1-0.9)

patients, with a higher white cell and neutrophil counts,
reduced lymphocyte and platelet counts, elevated CRP
and D-dimer levels [32, 33].

We found two studies that specifically studied the
thrombotic complications in COVID-19 patients and found
acute ischaemic stroke in COVID-19 patients receiving
thromboprophylaxis [35, 36]. A retrospective observational
case series in COVID-19 patients from Italy [144] reported
six cases of stroke, four were ischaemic and two were hem-
orrhagic. Five of them had pre-existing vascular risk fac-
tors. Three patients with ischaemic stroke and one patient
with hemorrhagic stroke showed hypercoagulable blood
parameters [144]. Two studies reported six cases of stroke
in young(< 50 years) COVID-19 patients, out of which
three patients did not have any risk factors [145, 146].

Also there are multiple case reports and case series of isch-
aemic stroke including large artery [147], aneurysmal [148,
149] and non-aneurysmal SAH [51], deep cerebral venous
thrombosis [150—157], hemorrhagic stroke [38, 158, 159]
and CNS vasculitis [160] from all over the world in
COVID-19 patients [38, 51, 147-173].

Meningoencephalitis, encephalopathy, disturbances
in consciousness

Several cases of meningoencephalitis and encephalopathy
were reported in COVID-19 patients [39, 43, 49, 174-183].
The incidence of encephalitis reported in two retrospective
studies was 0.03% [43] and 0.1% [49]. Only in four of the
15 reported cases of encephalitis, CSF RT-PCR test was

Table 3 Meta-analysis, summary

estimate of pooled prevalence and Number of ~ Summary 95% Cl1 2

heterogeneity of each studies (N) ~ estimate (%)

neurological manifestations
Smell disturbances 17 358 (21.4,50.2) 99.87
Taste disturbances 14 38.5 (24.0, 53.0) 99.65
Headache 54 14.7 (104, 18.9) 99.09
Myalgia 38 19.3 (15.1, 23.6) 98.98
Disturbances in consciousness/altered mental status 9 9.6 (4.9, 14.3) 98.26
Dizziness 12 6.1 (3.1,9.2) 93.44
Acute cerebrovascular disease 8 23 (1.0, 3.6) 96.61
Ischaemic stroke 7 2.1 0.9,3.3) 96.67
Hemorrhagic stroke 7 04 0.2, 0.6) 62.36
Cerebral venous thrombosis 2 0.3 (0.1, 0.6) 0.00
Syncope 3 1.8 0.9, 4.6) 98.48
Ataxia 2 0.3 0.1,0.7) 0.00
Seizure 5 0.9 0.5, 1.3) 9.03
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positive for SARS-CoV-2 RNA, and surprisingly two cases
among them had negative nasopharyngeal swab [50,
174-176]. Two reports showed elevated levels of cytokines like
IL-6, IL-8, TNF-«, 32-microglobulin, IP-10, MCP-1 in CSF
[177, 181]. Interestingly, fluid from the surgical evacuation of
subdural hematoma was positive for SARS-CoV-2 RT-PCR in a
COVID-19 patient [184]. Isolated meningoencephalitis without
any respiratory involvement has also been reported [175, 185].
Another case of rhombencephalitis as a rare complication
of COVID-19 patient has been reported [186]. Few ret-
rospective studies [32, 47, 49] reported seizures with the
incidence ranging from 0.5-1.4% [32, 47]. Cases of all
types of seizures like febrile seizures [42], focal seizures
[180, 187-189], generalized tonic-clonic seizures [183,
190-192], myoclonic status epilepticus [193], status ep-
ilepticus [188, 194] and non-convulsive status epilepti-
cus [46] were reported in COVID-19 patients.
Generally, the SARS-CoV-2 virus causes mild disease in
children. However, a study from Italy showed a total five
patients with seizures, and out of them, two had febrile sei-
zures (three children had a known history of epilepsy, one
child had a history of febrile seizures, one child had a first
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episode of febrile seizures) [42]. Also, a case of a 6-week-
old infant with SARS-CoV-2 in addition to rhinovirus, pre-
senting with brief 10—15-s episodes of upward gaze and bilat-
eral leg stiffening was reported with normal EEG and MRI
brain [195]. Another case of an 11-year-old child with
COVID-19 viral encephalitis has been reported, with CSF
showing viral encephalitis picture [194].

PRES syndrome has also been reported in studies [47, 51].
Transient cortical blindness like presentation of PRES syn-
drome with MRI brain at admission revealing bilateral T2/
FLAIR hyperintensities, especially left occipital, frontal corti-
cal white matter and splenium of the corpus callosum and
diffusion restriction in DWI revealing vasogenic edema has
been reported [196]. Repeat MRI after 2 weeks showed a
complete resolution of findings. Cases of acute necrotizing
hemorrhagic encephalopathy [191, 197], hypoxic brain injury
with encephalopathy [43, 47, 51, 65], delayed post-hypoxic
leukoencephalopathy [198], mild encephalitis/
encephalopathy with a reversible splenial lesion(MERS)
[199], ADEM in elderly females [200, 201], MS plaque exac-
erbation [47] and CIS [176] were reported in SARS-CoV-2
infected patients.
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Fig. 3 Funnel plot for assessing publication bias of each neurological manifestations studied

Incidence of disturbances of consciousness/delirium
ranged from 3.3-19.6% [49, 100] in retrospective studies.
S.R. Beach, et al. [202] reported four cases of elderly
COVID-19 patients, who presented to the hospital with altered
mental status without any respiratory complaints, and only
one among them developed respiratory complaints during
the hospital stay. Similar cases have been reported in elderly
patients from Saudi Arabia [203], Norway [204] and China
[205]. An observational case series from France [39] in 58
COVID-19 patients with ARDS admitted in ICU reported
agitation in 40(69%) patients, confusion in 26 of 40 patients,
diffuse corticospinal tract signs in 39 patients (67%) and out of
the 45 patients discharged, 15(33%) had a dysexecutive syn-
drome. MRI Brain showed enhancement of leptomeningeal
spaces in eight patients, bilateral frontotemporal hypoperfu-
sion in 11 patients who underwent perfusion imaging, two
asymptomatic patients with small acute ischaemic stroke and
one patient with subacute ischaemic stroke.

Guillain-Barré syndrome

There are multiple reports of GBS in patients with confirmed
COVID-19. GBS has also been reported to be a presenting
feature in one case report by Zhao H et al. [206] where the
patient, later on, developed fever and other symptoms of
COVID-19. All the variants of GBS like AIDP, AMAN,
AMSAN has been reported in COVID-19 patients [47,
206-219] including both para [206-212, 220-223] and post-
infectious pattern [210, 211, 214-219, 224-226]. Toscano
et al. [227] reported a series of five patients of COVID-19
with GBS, with the interval between the onset of fever, cough
and symptoms of GBS ranging from 5 to 10 days. Cases of
MEFS were also reported [47, 226, 228, 229]. One case of MFS
was associated with a positive serum GD1b-IgG antibody
[228]. Other rare variants reported were GBS/MF overlap
syndrome [219], AMSAN variants with severe autonomic
neuropathy [219], facial diplegia [222, 227] and post-
infectious pattern of the demyelinating type of GBS with
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brainstem and cervical leptomeningeal enhancement [225].
Cranial neuropathies with abnormal perineural or cranial
nerve findings [230], multiple cranial neuropathies [211,
219], peripheral motor neuropathy [231] and ataxia [32, 43,
51] are all reported as presentations of COVID-19.

Other neurological manifestations

The incidence of rhabdomyolysis has been reported between
0.2-2.6% in different studies [11, 49, 139]. A report illustrates
a 38 year-old COVID-19 patient presenting with fever, dys-
pnea, and severe myalgia, with high creatine kinase
(>42,670 U/L) and LDH (4301 U/La) and was diagnosed as
viral myositis [232]. Another two cases of adult COVID-19
patients with lower extremity pain and weakness with rhab-
domyolysis with high creatine kinase and LDH were reported
[233, 234]. First case developed rhabdomyolysis on the 9th
day of admission [233] and 2nd case presented to the hospital
with rhabdomyolysis [234]. An isolated case of post-
infectious myelitis has been reported from Germany in a
COVID-19 patient [235].

Three cases of generalized brainstem type of myoclonus
were reported from Spain, with normal CSF study in one
patient (others not done) and normal imaging findings.
However, nasopharyngeal RT-PCR for SARS-CoV-2 was
positive in only one patient. In all these patients, EEG was
showing mild diffuse slowing without any epileptic activity
[236]. Paresthesias [51] and cutaneous hyperaesthesia [237]
were reported as a presentation in COVID-19 patients. A case
of COVID-19 patient with oropharyngeal dysphagia followed
by aspiration pneumonia, taste impairment, impaired
pharyngolaryngeal sensation, and nasopharyngeal contractile
dysfunction with absent gag reflex was reported from Japan
[238]. Visual symptoms were also reported in a few studies.
Mao L et al. [32] reported visual impairment in 1.4% of the
COVID-19 patients. Cases of optic neuritis [49], isolated cen-
tral retinal artery occlusion [239], non-arteritic type of poste-
rior ischaemic optic neuropathy (PION) [240] as a COVID-19
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manifestation were also reported. The summary of all the neu-
rological manifestations reported in COVID-19 is given in
Table 4.

Heterogeneity

The heterogeneity was high in most of the neurological man-
ifestations studied except for hemorrhagic stroke (medium),
cerebral venous thrombosis (low), seizure (low), and ataxia
(low). The funnel plots were symmetric in hemorrhagic
stroke, ataxia, seizures, cerebral venous thrombosis and my-
algia, which is pointing towards no bias in the selection of
publications that are included in the study. However, the fun-
nel plots were asymmetric in other neurological manifesta-
tions studied, which pointed towards the heterogeneity in the

studies undertaken or bias in the selection of publications in-
cluded in the study.

Discussion

In this systematic review and meta-analysis, we assessed the
neurological manifestations, risk factors, mortality, laboratory
parameters, and imaging findings in those patients with neu-
rological features. Involving 30,159 patients, our meta-
analysis is the first and most comprehensive study about the
neurological manifestations of COVID-19.

The most common neurological manifestations reported
were smell and taste disturbances. Another interesting finding
is the geographical variations in the frequency of smell and

Table 4 Summary of all the
neurological manifestations of
COVID-19

Non-specific

CNS manifestations

Peripheral nervous system
manifestations

Myalgia
Headache
Dizziness
Vertigo
Lightheadedness

Disturbances in consciousness

Agitation

Pathological wakefulness

Encephalitis

Encephalopathy

Acute necrotizing hemorrhagic encephalopathy

Post-hypoxic encephalopathy/hypoxic ischaemic
brain injury

Mild encephalitis/encephalopathy with a
reversible splenial lesion (MERS)

Rhombencephalitis/myelitis

Seizure (focal, GTCS, NCSE, status epilepticus,
febrile seizures)

Acute cerebrovascular disease
Ischaemic stroke/TIA

Hemorrhagic stroke

SAH (aneurysmal and non-aneurysmal)
Cerebral venous sinus thrombosis
Ataxia

Dysexecutive syndrome

Corticospinal tract signs

Syncope

Short term memory loss

Movement disorders

Neuropsychiatric symptoms

PRES syndrome

MS plaque exacerbation

Clinically isolated syndrome (CIS)
ADEM

Post-infectious myelitis

Generalized brainstem type of myoclonus
CNS vasculitis

Taste disturbances (ageusia, reduced
taste, distorted taste)

Smell disturbances (anosmia,
phantosmia, parosmia)

Vision impairment

Nerve pain/neuralgia

Skeletal muscle injury
Rhabdomyolysis

Myositis

Occipital neuralgia
Dysautonomia

Extraocular muscle abnormalities
Isolated unilateral facial palsy
GBS (AIDP/AMAN/AMSAN)
DP (facial diplegia) variant of GBS
Miller Fisher syndrome

Cranial neuropathy
Oropharyngeal dysphagia

Optic neuritis

Posterior ischaemic optic neuropathy
(non-arteritic) (PION)

Central retinal artery occlusion
Cutaneous hyperaesthesia
Parasthesias
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taste disturbances. High incidence of smell and taste distur-
bances were noted in studies from most of the European coun-
tries [54] while studies from Asian countries showed a lower
incidence [32]. However, most of the studies which reported a
higher incidence of smell and taste disturbances evaluated
mainly olfactory and taste symptoms only and studied mild
to moderate cases and excluded severe/ICU patients compared
with studies with lower incidence. This bias might have
caused under-reporting of smell and taste disturbances in
severe/ICU patients or could also be because of decreased
awareness of investigator about these symptoms at the begin-
ning of the pandemic. Supporting our assumption, a study
from Spain which evaluated 841 COVID-19 patients with
neurological manifestations reported only 4.9% of cases of
smell disturbances and 6.2% cases of taste disturbances [49].
Other possibilities for these variations are, the difference in
affinity of SARS-CoV-2 to tissues between populations, a
different strain of mutated virus circulating in Europe com-
pared with Asian countries. However, more studies are re-
quired to confirm these assumptions. Interestingly a study by
Wan Y et al. [241] predicted that binding affinity between
2019-nCoV and human ACE2 may be enhanced by a single
N501T mutation. Also, ACE2 receptors are highly expressed
by sustentacular cells of the olfactory epithelium. Olfactory
and taste disorders were more common in younger patients
[52, 140] most occurs in the early stages as initial manifesta-
tions of the disease and even as the only manifestation of
COVID-19. Hence, olfactory and gustatory disorders can be
the initial and early manifestations of COVID-19 and early
identification of these symptoms might lead to early diagnosis
and disease containment.

Non-specific neurological manifestations could be just sys-
temic features of a viral infection. Similar to olfactory distur-
bances, the incidence of myalgia, headache, and dizziness also
shows geographical variations with the highest incidence re-
ported from Europe, the USA, and Chile. The incidence of
non-specific symptoms was lower in children. We noticed that
non-specific symptoms were higher among the studies con-
ducted in health care workers. This may be due to increased
knowledge and awareness of the symptoms and disease.

The most common type of acute CVD reported was an
ischaemic stroke. Hemorrhagic stroke, deep cerebral venous
thrombosis, SAH (both non-aneurysmal and aneurysmal), and
TIA were also reported; however, with much lesser prevalence.
Severe infection or ICU requirement, older age, cardiovascular
risk factors, prior co-morbidities, and hypercoagulable lab pa-
rameters were found to be a risk factor for developing acute
CVD [32, 33]. The apparent association of COVID-19 and
stroke is likely due to the sharing of similar risk factors. The
severity of COVID-19 has been proved to be directly related to
the presence of co-morbidities like hypertension and DM. An
earlier meta-analysis by Yang J et al. [242] comprising [46,
243] COVID-19 patients reported the prevalence of risk
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factors, hypertension in 21.1%, DM in 9.7%, and cardiovascu-
lar diseases in 8.4%. Also, hypercoagulable blood parameters
as shown by Li Y et.al [33], can lead to ischaemic stroke and
cerebral venous thrombosis. Nervous system involvement in
SARS-CoV-2 infection can be due to direct invasion of neural
tissues, inflammatory response, or immune dysregulation. The
SARS-CoV-2 virus uses the ACE2 and TMPRSS2 for entry to
the host cell and it is one of the main determinants of infectivity
[241, 244]. Susceptibility to infection correlated with ACE2
expression in previous studies [245].

Very few retrospective studies showed meningoencephali-
tis as a presentation of COVID-19; however, there are multi-
ple case reports from all over the world. The probable mech-
anism can again be direct invasion via the hematogenous route
or retrograde pathway via peripheral nerve terminals. Two
studies even showed higher levels of inflammatory cytokines
in the CSF analysis of these patients [177, 181]. SARS-CoV-2
could trigger a seizure in predisposing patients through neu-
rotropic mechanisms as explained earlier [188]. However,
more evaluation is required in this field to find a temporal
factor. All types of seizures were reported like febrile seizures,
focal seizures, generalized tonic-clonic seizures, status epilep-
ticus and myoclonic status epilepticus, NCSE and also
brainstem type of myoclonus. Demyelinating disorders like
ADEM, exacerbation of MS plaque, and the clinically isolated
syndrome were all reported in COVID-19 patients.

Cases of GBS and its variants were also reported in
COVID-19. Both post-infectious and pre-infectious pattern
of GBS were reported. The most common type of GBS re-
ported was AIDP. Other variants like AMAN, AMSAN,
Miller Fisher syndrome, and facial diplegic variant were also
reported. Patients presenting as GBS without any other typical
symptoms of COVID-19 were also reported. Possible patho-
genesis of GBS in COVID-19 includes immune dysregulation
secondary to systemic hyper inflammation and cytokines pro-
duced as described by McGonagle et al. [246] and Quin et al.
[247]. Hence, it is important to suspect and test for COVID-19
in those patients presenting with GBS and MFS. However,
more studies are required to conclude that these cases were
not just coincidental and COVID-19 itself is a trigger for GBS
and MFS. GBS was also reported in other recent important
viral infections like MERS-CoV [248] and Zika virus [243].

Change in laboratory parameters was also reported in
COVID-19 patients with neurological manifestations like higher
white cell and neutrophil counts, reduced lymphocyte and plate-
let counts, elevated CRP and D-dimer levels, and higher levels
of creatine kinase, LDH, and myoglobin [12, 32, 33, 62].

High heterogeneity in our study could be because of dif-
ferences in the selection of patients and ethnicity, the severity
of the disease, co-morbidities, only a few studies evaluated
neurological symptoms specifically, variation in the number
of patients in different studies, or due to publication bias and
differences in the methodology among the studies.
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Comparison with previous systematic reviews

Earlier meta-analyses addressing general clinical features in
COVID-19 were published. One such study showed myalgia
in (28.5%; 95%CI1 21.2-36.2), headache (14.0%; 95%C1 9.9—
18.6), and dizziness (7.6%; 95%CI 0.0-23.5) [249]. Our re-
sults also found similar results for myalgia, headache, and
dizziness, i.e. (19.3%; 95%CI 15.1-23.6), (14.7%; 95%Cl
10.4-18.9), and (6.1%; 95%CI 3.1-9.2) respectively.
Another similar meta-analysis also showed myalgia in
(21.9%; 95%CI1 17.7-26.4) and headache in (11.3%; 95%CI
8.9-14.0) [250]. One more study reported the prevalence of
headache as (8.0%; 95%CI 5.7-10.2) [251]. However, no
meta-analyses are published on the specific neurological man-
ifestations till now.

Strengths and limitations

The strength of our study is that we did a comprehensive
search in all the electronic databases. Study limitations include
high heterogeneity in the estimation of the prevalence of some
neurological manifestations, the inclusion of studies with very
small sample size, and lack of meta-regression analysis. We
excluded studies in languages other than English where trans-
lation was not possible. Most of the included studies were of
moderate quality. More good- quality prospective cohort stud-
ies are required to establish that the neurological manifesta-
tions reported in the studies were not just coincidental.

Conclusions

In conclusion, our study showed neurological manifestations
are common in COVID-19 and are even present as the only
symptom without any other manifestation of the respiratory
system involvement. Hence it is important to suspect every
COVID-19 patient with neurological manifestations. In this
pandemic, a neurologist needs to take necessary precautions
while examining the patients presenting to them. Also, some
symptoms like smell and taste disturbance can be used as a
screening tool for SARS-CoV-2 infection and can help isolate
suspected patients earlier to avoid the spread of the disease.
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