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1. INTRODUCAO



1.1. SARS-CoV-2

Os coronavirus sdo virus integrantes da ordem Nidovirales, familia Coronaviridae,
subfamilia Coronavirinae, divididos em trés géneros: Alphacoronavirus, Betacoronavirus €
Gammacoronavirus (1). Seu nome deriva de sua aparéncia morfoldgica observada por
microscopia eletronica, devido ao fato de ser envolto por um halo de espiculas semelhante a
uma coroa solar (2).

Este virus tem o genoma composto por um RNA de fita simples e polaridade positiva,
envolto por um envelope formado por trés proteinas principais: a proteina de envelope (E), a
hemoaglutinina esterase (HE) e a proteina de espicula (S). A proteina S é responsavel ndo s6
pelas espiculas caracteristicas dos coronavirus, como também pelo reconhecimento de
receptores ACE-2 (3,4).

Em dezembro de 2019, na cidade de Wuhan, na China, foi observado o surgimento de
um novo virus da familia Coronaviridae, altamente patogénico. Esse virus se espalhou
rapidamente pelo mundo, causando uma doenga aguda caracterizada por pneumonia
potencialmente letal e sintomas clinicos semelhantes aos relatados na sindrome respiratoria
aguda grave (SARS-CoV) e na sindrome respiratoria do Oriente Médio (MERS-CoV) (5,6). A
doenca foi nomeada pela Organizagdo Mundial da Saude como COVID-19, e o novo virus
denominado SARS-CoV-2, devido a sua homologia com o0 SARS-CoV e provavel agdo sobre

o mesmo receptor celular (7,8).

1.2. COVID-19

Os coronavirus sdao virus de RNA que, normalmente, causam infec¢des entéricas e
respiratorias. O tropismo viral depende da distribuicdo tecidual dos receptores nos
hospedeiros. A entrada do SARS-CoV na célula humana ¢ mediada pela enzima conversora
de angiotensina 2 (ECA2), expressa no epitélio das vias aéreas, parénquima pulmonar,
endotélio vascular, células renais e intestino delgado (6,9).

O cérebro também expressa receptores ECA2 em neurdnios e células da glia,
tornando-o um alvo potencial da COVID-19 (10). Assim como o SARS-CoV, o SARS-CoV-2
utiliza a proteina de pico S1 para interagir com o receptor ECA2, apresentando afinidade de
ligacdo de 10 a 20 vezes superior a do SARS-CoV (§,11).

O neurotropismo ¢ uma caracteristica reconhecida dos coronavirus. O envolvimento
cerebral pode ocorrer por disseminagdo hematogénica ou via olfatoria através da placa

cribriforme, nas fases iniciais ou tardias da infecgao (12). Na microcirculagdo, a proteina de



pico interage com ECA2 no endotélio capilar, e rupturas endoteliais podem levar a

hemorragias cerebrais e consequéncias fatais (13,14).

1.3. Manifestacoes neurologicas associadas a COVID-19

Em um estudo com 214 pacientes em Wuhan, China, manifestagdes neurologicas
ocorreram em 36,4% dos infectados (15). As manifestagdes foram classificadas em trés
grupos:

. Envolvimento do sistema nervoso central (tontura, cefaleia, alteragao de
consciéncia, crise convulsiva, AVC agudo, ataxia);

. Envolvimento do sistema nervoso periférico (anosmia, ageusia,
disturbios visuais, neuralgias);

. Lesao muscular esquelética.

Os sintomas neurologicos foram mais prevalentes em casos graves, com destaque para
tontura (16,8%) e cefaleia (13,1%) (15). Outros estudos apontam manifestagdes como
encefalopatia necrosante hemorragica, meningoencefalite, sindrome de Guillain-Barré e
sindrome de Miller Fisher (16—18).

O envolvimento do tronco cerebral, descrito em autdpsias ¢ modelos experimentais,

sugere possivel relagdo com insuficiéncia respiratéria central (19,20).

1.4. Doencas cerebrovasculares e COVID-19

A pandemia de COVID-19 imp0s carga sem precedentes aos sistemas de saude (21).
Estudos indicam associagdo entre infecgdo por SARS-CoV-2 e aumento da incidéncia de
doengas cerebrovasculares, inclusive em pacientes jovens e previamente higidos (22-24).

Acredita-se que o virus possa induzir disfun¢do endotelial e estado pro-trombético,
favorecendo AVCs isquémicos e hemorragicos (25-27). Comorbidades como hipertensao
arterial sist€émica, diabetes mellitus e dislipidemia agravam o risco € o prognostico (28,29).

Diante da relevancia epidemioldgica e da alta morbimortalidade das complicagdes
neurolégicas da COVID-19, ¢ essencial compreender o perfil dos pacientes acometidos,

visando estratégias preventivas e terapéuticas mais eficazes (30).



2. OBIJETIVOS



2.1. Objetivo Geral

Avaliar e caracterizar o perfil clinico, epidemioldgico, laboratorial e radiologico de
pacientes com diagnostico de doenca cerebrovascular associada a infeccdo pelo
SARS-CoV-2, atendidos em um hospital tercidrio de referéncia em neurologia na

cidade de Sao Paulo, Brasil.

2.2. Objetivos Especificos

Descrever o perfil demografico e clinico dos pacientes acometidos por eventos
cerebrovasculares durante ou apés a infecgdo por SARS-CoV-2, considerando idade,
sexo, comorbidades e gravidade da doenca.

Identificar os principais tipos de eventos cerebrovasculares observados na amostra,
com énfase na prevaléncia de acidente vascular cerebral isquémico, acidente vascular
cerebral hemorragico e trombose venosa cerebral.

Analisar os parametros laboratoriais e de neuroimagem associados aos casos,
destacando achados compativeis com processos inflamatorios, endoteliais e
tromboticos relacionados a infecgao viral.

Avaliar os desfechos clinicos dos pacientes com doencga cerebrovascular associada a
COVID-19, incluindo tempo de internacdo, necessidade de ventilagdo mecéanica,
permanéncia em unidade de terapia intensiva e mortalidade hospitalar.

Investigar potenciais fatores progndsticos e correlagdes entre a gravidade da
infec¢do pelo SARS-CoV-2 e a ocorréncia de eventos cerebrovasculares, contribuindo

para o melhor reconhecimento e manejo clinico dessas complicagdes.



3. METODOS



3.1. Delineamento do Estudo

Trata-se de um estudo observacional, prospectivo e descritivo, realizado
com o objetivo de analisar as caracteristicas clinicas, laboratoriais, radioldgicas e
desfechos de pacientes com diagndstico de doenga cerebrovascular associada a
infeccao pelo SARS-CoV-2.

Os dados foram obtidos a partir de avaliagdes clinicas presenciais e de
informacgdes contidas em prontudrios eletronicos, seguindo protocolo padronizado de
coleta. O estudo faz parte de um projeto institucional sobre manifestacdes
neurologicas relacionadas a COVID-19 conduzido no Hospital da Santa Casa de

Misericordia de Sdo Paulo.

3.2. Periodo do Estudo

A coleta de dados foi realizada entre dezembro de 2020 e dezembro de 2023,
periodo que abrange diferentes ondas de incidéncia da infecgdo por SARS-CoV-2 no
Brasil. Foram incluidos casos diagnosticados tanto durante a fase aguda da infeccdo
quanto até¢ 60 dias apos o evento infeccioso inicial, de modo a contemplar

manifestagdes cerebrovasculares subagudas e tardias.

3.3. Local do Estudo

O estudo foi desenvolvido no Hospital Central da Irmandade da Santa
Casa de Misericordia de Sao Paulo, institui¢do terciaria de referéncia em neurologia
e doencas cerebrovasculares, localizada na cidade de Sao Paulo, Brasil.
Todos os exames laboratoriais, de imagem e acompanhamentos clinicos foram
realizados de acordo com as rotinas assistenciais e protocolos institucionais da

institui¢ao.

3.4. Selecao da Amostra

3.4.1. Critérios de Inclusido

Foram incluidos pacientes que atenderam aos seguintes critérios:

. Diagnostico confirmado de infec¢do por SARS-CoV-2, comprovado
por RT-PCR e/ou sorologia positiva;

. Presenca de evento cerebrovascular agudo (isquémico, hemorragico ou
trombose venosa cerebral) durante a infec¢do ou até 60 dias apos;

. Idade igual ou superior a 15 anos;



. Atendimento em qualquer unidade do Hospital da Santa Casa de Sao
Paulo durante o episddio neuroldgico.
3.4.2. Critérios de Exclusiao

Foram excluidos pacientes que apresentaram:

. Testes laboratoriais negativos para SARS-CoV-2 sem soroconversao
subsequente;

. Diagnostico alternativo que explicasse o evento neurologico;

. Dados clinicos ou de imagem incompletos impossibilitando analise;

. Recusa em participar ou auséncia de consentimento livre e esclarecido.

3.5. Coleta de Dados

A coleta foi conduzida por neurologistas e médicos pesquisadores previamente
treinados, utilizando formulario padronizado. Os pacientes foram avaliados em trés
momentos:

. Avaliacdo inicial, at¢ uma semana ap6s o inicio dos sintomas
neurolégicos;

. Reavaliacao de 30 dias (£15 dias);

. Reavaliacao de 90 dias (£15 dias).

Foram registradas varidveis sociodemograficas, clinicas e laboratoriais,

incluindo:
. Idade, sexo, comorbidades e uso prévio de medicamentos;
. Tipo de evento cerebrovascular e tempo entre o diagnostico de COVID-

19 e o inicio dos sintomas neuroldgicos;

. Necessidade de internacdo, ventilagdo mecanica e uso de corticoterapia;
. Tempo de hospitalizacdo, permanéncia em UTI e mortalidade
hospitalar.

3.6. Neuroimagem

Todos os pacientes com suspeita clinica de evento cerebrovascular realizaram
tomografia computadorizada (TC) e/ou ressoniancia magnética (RM) do encéfalo,
conforme disponibilidade e condicdes clinicas.

. TC: realizada em cortes axiais, sagitais e coronais;



. RM: sequéncias T1 axial e sagital, T2 axial, FLAIR, DWI/ADC, SWI,
e pos-contraste (T1 Gd e FLAIR Gd).

Os exames foram revisados por radiologistas e neurologistas experientes.
Foram classificados conforme o tipo de evento (isquémico, hemorragico ou venoso) e

sua topografia.

3.7. Dados Laboratoriais

Foram analisados os seguintes parametros:

. Hemograma, ureia, creatinina, eletrolitos, funcio hepatica e
marcadores inflamatérios (PCR, D-dimero, LDH, ferritina, lactato);

. Sorologia e/ou RT-PCR para SARS-CoV-2;

. Sorologias complementares para descartar causas infecciosas
concomitantes (sifilis, HIV, hepatites).

Os resultados foram comparados entre os diferentes tipos de evento

cerebrovascular para identificacdo de possiveis marcadores progndsticos.

3.8. Planejamento da Analise Estatistica

A andlise estatistica foi realizada com o software IBM SPSS Statistics®
(versao 25.0). As varidveis continuas foram expressas como medianas e intervalos
interquartis (IQR), e as varidveis categéricas, como frequéncias absolutas e
percentuais.

As comparagdes entre grupos (por tipo de evento e gravidade clinica) foram
realizadas com testes nao paramétricos (Mann—Whitney e Kruskal-Wallis) e testes de
Qui-quadrado ou Exato de Fisher para varidveis  categodricas.

Valores de p < 0,05 foram considerados estatisticamente significativos.

3.9. Aspectos Eticos

O estudo foi aprovado pelo Comité de Etica em Pesquisa da Irmandade da
Santa Casa de Misericordia de Sao Paulo, sob o parecer consubstanciado n°
4.675.341, em conformidade com a Resolu¢ao CNS n° 466/2012.

Todos os participantes, ou seus responsaveis legais, assinaram o Termo de
Consentimento Livre e Esclarecido (TCLE) antes da inclusdo no estudo. A

confidencialidade dos dados foi integralmente preservada.



10

4. RESULTADOS
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Durante o periodo de dezembro de 2020 a dezembro de 2023, foram avaliados
pacientes com diagndstico confirmado de infec¢do pelo SARS-CoV-2 e manifestacdes

cerebrovasculares agudas atendidos no Hospital da Santa Casa de Misericordia de Sao Paulo.

Os resultados da pesquisa foram consolidados e apresentados sob a forma de trés
artigos cientificos, publicados (ou aceitos para publicagdo) em periddicos indexados,

conforme descrito a seguir.

Artigo 1 — Neurological Manifestations of COVID-19 and the Importance of

Magnetic Resonance Imaging.

DOI:10.2174/1871527320666210122093458
Qualis CAPES: A3 (Area: Medicina I)

Resumo:
Este artigo descreve as manifestacdes neuroldgicas associadas a infec¢ao pelo SARS-CoV-2,
com énfase no papel da ressonancia magnética (RM) na caracterizagdo das lesdes do sistema
nervoso central. A analise destacou o envolvimento cerebral multifocal, a presenga de micro-
hemorragias e lesdes isquémicas subcorticais, refor¢ando o papel da neuroimagem na
avaliacdo diagnostica precoce. Os resultados sugerem que o SARS-CoV-2 possui potencial
neurotropico relevante, afetando tanto o sistema nervoso central quanto periférico, e que a
RM ¢ uma ferramenta fundamental para identificar essas alteragdes mesmo em estagios

iniciais da infeccao.

Artigo 2 — Neurological Syndromes Associated with COVID-19: A Multicenter
Study in Brazil

BMC Infectious Diseases. 2025; 25:123.
DOI: 10.1186/s12879-025-10504-6
Qualis CAPES: A3 (Area: Medicina I)

Resumo:
Trata-se de um estudo multicéntrico brasileiro que avaliou as manifestagdes neurologicas de
pacientes com COVID-19 atendidos em diferentes centros hospitalares. Entre as complicagdes
descritas, destacaram-se as encefalopatias agudas, acidentes vasculares cerebrais, sindrome de

Guillain-Barré e outras neuropatias inflamatérias. O estudo evidenciou alta prevaléncia de


https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-025-10504-6
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manifestagdes neurologicas em pacientes com COVID-19, especialmente em casos graves, €
demonstrou correlagdo entre marcadores inflamatorios elevados, estado pro-tromboético e

maior risco de eventos cerebrovasculares.

Artigo 3 — Neurological burden of covid-19: a study of cerebrovascular events in
a Brazilian tertiary hospital.
ISSN: 0025-7680 - Qualis CAPES: B1 (Area: Medicina I)
Status: Aceito para publicagdo (pré-impressao)
Resumo:
Este artigo analisou a ocorréncia e o perfil clinico-radioldgico dos eventos cerebrovasculares
em pacientes com COVID-19 no Brasil. A maioria dos casos identificados foi de acidente
vascular cerebral isquémico, seguido por eventos hemorragicos e raros casos de trombose
venosa cerebral. A idade média dos pacientes foi superior a da populagao geral de infectados,
e observou-se maior incidéncia em homens com comorbidades cardiovasculares prévias. Os
resultados indicam que a COVID-19 pode atuar como fator desencadeante ou agravante de
eventos cerebrovasculares, possivelmente mediado por mecanismos de disfungdo endotelial,
hipercoagulabilidade e inflamagao sistémica. A taxa de mortalidade hospitalar foi maior nos
casos com hemorragia intracraniana e nos pacientes submetidos a anticoagulacao terapéutica
prévia. O estudo destaca ainda a importancia de protocolos de monitoramento clinico e
radioldgico continuo durante e apos a infeccdo, e ressalta a necessidade de estratégias

preventivas voltadas ao rastreamento precoce de fatores de risco e controle de comorbidades.
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Artigo 1 — Neurological Manifestations of COVID-19 and the Importance of Magnetic
Resonance Imaging. CNS & Neurological Disorders — Drug Targets, 2021.

DOI:10.2174/1871527320666210122093458
Qualis CAPES: A3 (Area: Medicina I)
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LETTER TO THE EDITOR

Neurological Manifestations of COVID-19 and the Importance of Mag-

netic Resonance Imaging

NTHAM
IENCE

Rubens 1. Gagliardi"'__ F.enan Dcrmingucs', Cristine Cukier', Maria F. Mendes', Vivian D.B.

Gagliardi' and Francisco T.M. de Oliveira'

"Department of Medicing, Santa Casa de San Paulo School of Medical Sciences, Discipline Newrology, Sdo Paulo/SP,

Brazil

ARTICLE HISTUORY

Abstract: A letter to the editor to discuss several uses of beain magnetic resonance imaging (MRI1)

Bocerved lusc 3K, 2003
Fevisal: Gichs 2l
Arrepint Ocisker 19, 110

im the investigation of nearelogical manifestations of covid-19. Described several siations in
which the MRI i3 needed. Brain MRI is an important diagnostic method in the covid- 19 scenario,

to iwizatigate possible neurological complications of the disease.
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DEAR EDITOR:

In the face of the pandemic due to the new coronavirus,
COVID-19, the number of patients with neurological in-
volvement is increasing. Meurotropism has been described
as a common feature of coronaviruses. Brain involvement
can result from the spread of SARS-CoV-2 through the cincu-
lation or the olfactory pathway from the cribriform plague
during an early or later stage of nfection. After invading the
central nervous system, the virus usually spreads quickly, in
a multifocal and generally symmetrical manner, involving
the thalamus, brain stem, brain white matter and cerebellum.
Some rescarchers have already detected the SARS-CoV nu-
cleic acid in Cerebrospinal Fluid (CSF) and braim tissue dur-
ing the autopsy of these patients'.

The new coronavirus, like SARS-CoV, uses a peak 51
protein that allows the connection between virion and cell
membrane, interacting with the host's Angiotensin Convent-
ing Enzyme 2 {ACE2) receptor. The binding affinity of this
SARS-CoV-2 protein has been shown to be 10 to 20 times
higher than that of SARS-CoV [1].

Banifestations in the central nervous system are fre-
quent, ranging from dizziness, headache, ataxia, to severe
conditions such as encephalitis, acute toxic encephalopathy,
myelitis, stroke, and neurogenic respiratory failure [2. 3]
Mamy of the changes in the nervous system are tyvpically rep-
resented in brain Magnetic Resonance Imaging (MR,

Headache 1= o common symptom in patients with
Covid-19, occurring in wp to 53.3% of cases. The mech-
amsms that cause headache m Covid-1% patients are not yet
fully understood, with the participation of inflammatory me-

* Adiress comespondence to this author at the Depanment of Medicine,
Santa Cas de San Paule Schoel of Medical Sciences, Discipline Newralo
£y Sho PauledSP, Braxl: Tel: 45511 9915113466,

E-miail: nabensjgimapmuorg. e

1906-2181/2 1 S65.00.00

diators being suggested when the headache is the result of
systemic viral infection. Headache can be secondary to sever-
al mechanisms and conditions, such as encephalitis, ne-
cro-hemorrhagic encephalopathy and cerebral vascular dis-
ease, including stroke and cerebral venous thrombosis. The
differentiation of these conditions is very important and has
therapeutic implications. Brain MEI is the preferred imaging
test to establish this differentiation, allowing quick and effec-
tive action. In some cases of encephalitis and necro-hemor-
rhagic encephalopathy, MR was more sensitive than tomog-
raphy to identify brain lesions. Therefore, MRI is an essen-
tial tool to examine the proper management of patients with
Covid-19 and headache [3, 4].

It 15 also known that patients with COVID-1% have a
higher risk of thromboembolic events, including stroke, and
an increase in cases of occlusion of large cerebral vessels
due to this infection has been described [5]. These proximal
occlusions can lead, in addition to paralysis and dysphasia,
to episodes of altered level of consciousness and thus some
patients may have the onset of the condition undefined. A
head tomography exam, in this scenano, 15 not indicated be-
cause it does not allow estimation of the time of occurrence
of ictus [6]. MBI is mandatory in this situation, as described
in the last consensus of the American Academy of Neurolo-
oy in conjunction with the American Academy of Stroke, be-
cause it can estimate the patient's wius time (by FLAIR/D-
W1 mismatch or perfusion studies), thus providing an adequ-
ate acute treatment [T]. With the MEI exam, 1t iz possible to
treat stroke patients due to COVID-19, allowing an adequate
and precise intervention with significant reduction of seque-
lae and deaths.

Severe cases may present with a behavioral or cons-
cience disorder and eventually epileptic serzures, as seen,
for example, in acute necrotizing encephalitis, have shown

© 2021 Bemthum Science Publishers
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o MR great cerebral involvemen, confirming the dizgno-
sis omal guiding the conduct [B].

Theretore, MELI is essential for a comect and fast diagnos
sis of the frequent neurnlagical complications in COVID-19.
Even cases with initially subtle manifestations can be man-
aged more precisely and with greater safety and possibly
with better funclional cutcomes, Early dingnosis through
MEI may even prevent invasive and expensive procedures,
contribuling foa mare effective and quick treaiment.

CONCLUSION

Adthough MED may bave its unique funclian in diagnns-
ing COVID:19 newrological manifestations, chest CT, High
Resolutian CT (HIRCT) is still the most effective way for the
OV 19 confirmation, sinee the diagnosis i based on the
comsbination of chest CT and brain MEI coald he mare pre-

rise.
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Neurological syndromes associated 2O

with COVID-19: a multicenter study in Brazil
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| Abstract

Background Neurolagical manifestations associated with COVID-19 remain partially described, mainly in low-
and middle-income countries whene diagnostic taals are limited. To address this, we assembled medical cent-
ers in Brazil with the goal of describing neuralogical syndromes associated with CCVD-19 during the first wave
of the pandamic.

Methods From June 151, 2020 to June 11, 2021, non-consecutive adult patients with new onset of six nearclogical
syrdromes up to 60 days after confirmed COVID-19 were included. Data were compiled fram four tertiary centers
and compared with geneal local COVIC-19 data, as well as with a previous cohort focused on vascular syndrome.

Results 197 patients were included, presenting with vascular syndromes (81), encephalopathy (&8), encephalitis
(19), Guillain-Barré syneromea [13), other neurcpathies (129, and reoelitis (4). The incidence curve of newrocovid mir-
rored that of COVID-19. Meurclogical syndromes were present regardless of COVID-19 severity. The median time
from COVID-1% o onset of neurclogical symptoms was 14 days, suggesting a post-infectious immune-rmediated
rrechanism. Patients were 10 times more likely to die (7 {1)= 35655, p<0.01, 08 = 1089 and 38 times mare likely
to be hospitalized than ather COVID-19 patients {x* (1)= 11679, p <001, OR=3822). Those developing vascular
syndromes patients were 3 times more likely to requine KU &7 (11=37.12, p< 001, OR=378) and 4 times mione likely
to die (i (1) = 58,808, p <001, OR=4.73) than patients with vascular syndromes due to different eticlogies.

Conclusions Our study correborates the association of newrological syndrarmes with COVID-19. The incidence care-
lated with local waves of COVD-19, and patients with newrocovid exhibited a higher susceptibility to adverse out-
comes compared ta ather COVID-19 patents. Amaeng all neurclogical syndromes, vascular syndrames wire the most
common, and their severity surpassed that of vascular syndromes not attributed to COVID-14.

Keywaords COVID-19, Viral infections, Infection, Post-Infectious Disorders
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Background

Throughout history, viral emergencies have consistently
exhibited an intriguing association with concurrent neu-
rological manifestations [1]. It s noteworthy that these
neurological sequelae, although not typically the primary
syndrome characterizing an epidemic, frequently emerge
as a striking and critical facet, demanding specialized
medical attention [2].

The COVID-19 pandemic serves as a pertinent con-
temporary example of this phenomenon. From the earli-
est reported cases in Wuhan, a significant proportion of
infected individuals, estimated to be around 30%, exhib-
ited newrological symptoms [3). As our understanding
of the novel coronavirus, SARS-CoV-2, progressed and
global infection rates rose, these neurclogical presenta-
tinns transitioned from sporadic symptoms to worrisome
syndromes that have yet to be fully characterized [4].

Shifting our attention to the South American epicenter
of the SARS-CoV-2 outhreak, Brazil bears a concern-
ing burden with over 37 million confirmed COVID-19
cases and a tragic toll of more than 700,000 fatalities
[5]. And while these numbers have been publicized and
been the focus of a combination of political and social
challenges [6, 7], the potential long-term health issues
associated with COVID-19, such as newrological, cardio-
vascular, and musculoskeletal problems were consistently
overlooked.

Recognizing the crucial gap in comprehending and
addressing the broader implications of the pandemic, we
proactively initiated collaboration with neurology refer-
ence centers experienced in newrovirelogy. This collabo-
ration aimed to rapidly navigate the challenges posed by
lockdown situations, with the overarching goal of charac-
terizing and accounting for neurological manifestations
associated with COVID-19 during a period of different
variants insurgence [8, 9] and lack of vaccination.

In this report, we share our experience with the study
of COVID-19-related neurological syndromes from the
cohort assembled by the NeurocovBR study group during
the early pandemics in Brazil.

Methods

NeuwrocovBR

In March 2020, following confirmation of the first case
of COVID-19 in Brazil [6], the NeurocovBR study group
was established. This group was comprised of national
neurclogy reference centers (in public or private practice)
with prior experience in neurovirology and was coordi-
nated by the Tropical Medicine Institute of Sao Paulo
[IMT USP). IMT USP also conducts bench research in
virology and had the additional shared responsibility of
developing and validating new assays related to SARS-
CoV-2 in Brazil during the pandemic.
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MeurocovBR was organized into two distinet layers: a
comprehensive clinical-demographic laver and a labo-
ratory layer. Each clinical participating center had the
option to contribute solely to the clinical-demographic
layer or to engage in both layers, depending on whether
their internal protocols and contamination control meas-
ures allowed for full participation.

Study design and patient selection

For the dinical-demographic layer, a total of four sites
situated in hotspot regions for COVID-19 participated
in the study in addition to [IMT USE Three of these sites
were located in Sao Paulo State (Instituto de dnfectolo-
g Ewmilio Ribas, frmandade Santa Casa de Misericor-
dia de Sao Paulo and Hospital fsraelita Albert Einstein),
southeast Brazil, while the fourth site was in Ceara State
[Hospital Geral de Fortaleza), in the northeastern region
of the country. Enrollment started on June 1, 2020, and
continued wuntil June 1, 2021, If the patient had the frst
COVID-19 and neurological symptoms starting before
June 1, 2020, enrollment was acceptable if he remained
with neurological signs or symptoms (it could be a seque-
lae) by the study start.

Inclusion criteria required patients to be 18 years of age
or older, fulfill WHO criteria for COVID-19 [10], meet
the provisional Ellul criteria for SARS-CoV-2 neuro-
logic-associated syndromes [4], and exhibit novel neuro-
logical symptoms within 60 days of COVID-19 infection
[Table s1}.

It was admissible for patients to be referred to the des-
ignated study sites by general practitioners, and indi-
viduals also had the option to personally request an
evaluation. Every patient, whether as an inpatient or an
outpatient, underwent an evaluation conducted by a neu-
rologist affiliated with the study group, to ensure the pre-
cise classification of the neurological syndrome.

Patients presenting with isolated neurological symp-
toms, such as anosmia, myalgia, or headache, were
excluded from the study if no further neurologic syn-
drome developed in 60 days. This timeframe was adopted
to ensure that syndromes, incuding those that may
develop after mild symptoms, such as Guillain-Barré
Syndrome, and persist for up to an additional four weeks,
were not overlooked [11]. COVID-19 vaccination was not
an exclusion criterion; however, during the study period,
it was not available to participants for various reasons,
and no patients received the vaccine.

Evaluation

Demographic data were collected from medical records,
patient interviews, or interviews with a designated proxy
when the patient was unable to provide the information
directly. A structured interview was designed specifically
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for this study (supplementary material). It included infor-
mation such as age, gender, comorbidities, the date of
onset of the first COVID-19 symptom, the date of the
first neurological sign or symptom, COVID-19 signs and
symptoms, and parameters for assessing the severity of
COVID-19 [12].

For patients with vascular syndrome, the severity of
COVID-19 was classified based on symptoms and signs
observed the day before the onset of the first neurological
symptom. This was necessary because otherwise, a stroke
would automatically classify patients as having critical
COVIDR-19, preventing us from demonstrating that indi-
viduals with mild, moderate, and severe COVID-1% could
also develop COVID-19-associated stroke.

To assess the severity of neurological syndromes, we
employed the Modified Rankin Scale (mR5) and the
Glasgow Coma Scale (GCS) for all syndromes. For vas-
cular syndrome patients, mRS was scored 24h after acute
phase treatment. Furthermore, the Liverpool Outcome
Score (LOS) was used for encephalopathy and encephali-
tis, the NIH Stroke Scale {WIHSS) for vascular syndrome,
and the Owverall Neuropathy Limitations Scale (OMNLS)
for conditions such as Guillain-Barré syndrome and
other neuropathies.

To account for overall patient outcomes, we collected
in-hospital data, which included the need for admission
tor the intensive care unit {(1CU) and/or mechanical venti-
lation [MV) assistance, as well as the presence of compli-
cations such as acute kidney injury (AKI) or coinfections.
We also documented the length of in-hospital stay,
recorded cases of mortality, and tracked time-to-death.

All patients underwent SARS-CoV-2 testing through
one or both of the ELISA Igh (Euroimmun, Lubeck,
Germany) in serum samples and/or RT-PCR methods
(RealStar RT-PCR kit, Altona Diagnostics, Hamburg,
Germany)] from oropharyngeal swab (samples dur-
ing the COVID-19 acute phase). It is worth noting that
additional cerebrospinal fluid {CSF) and serum measure-
ments are not covered within the scope of this report.

Data storage

Drata were stored in an electronic data capture system
specifically designed for this study. Only the local site
coordinator and the principal researcher designated
by them were granted access to input the data. Subse-
quently, this data was centrally reviewed by the study
coordinators to mitigate any potential inconsistencies.

Syndromic reclassification

After the latest data inclusion, all entries underwent
review for a second confirmation of diagnosis. In our
study design, we adopted the provisional Ellul criteria
[4] to define neurocovid syndromes, which determines
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meningitis, encephalitis, acute disseminated encephali-
tis, myelitis, Guillain-Barré syndrome and cerebrovascu-
lar disease as primary syndromes. However, distinct and
consistent clusters emerged within our sample. To high-
light these differences and provide greater clarity to the
reader, we reclassified the encountered syndromes into
six distinct categories: (i) Vascular syndromes, encom-
passing confirmed cases of ischemic stroke, hemorrhagic
stroke, or cerebral venous thrombosis; (i) Encepha-
lopathy, characterized as level 3 and 4 of SARS-CoV/-2
encephalitis [4]; (ili) Encephalitis, identified as level 1
and 2 of SARS-CoV-2 encephalitis [4]; {iv) Guillain-Barré
syndrome, specifically  associated with SARS-CoV-2
[2]: (v} Other neuropathies, referring to acute neuropa-
thies related to SARS-CoV-2 [4], (vi) Myelitis, defined
as SARS-CoV-Z-induced myelitis [4] (supplementary
material, Table s1). It is noteworthy to mention that no
instances of other syndromes were encountered within
our sample.

Comparison data

To compare the NeurocovBR data with general COVID-
19 data from the states of Ceara and Sao Paulo, we
accessed publicly available information from the Brazil-
ian governmental health authority (Coronavirus Brasil,
OpenDATASUS) [5]. For comparing the MeurocovBR
vascular syndrome data with data on vascular syndromes
predating the COVID-19 pandemic, we relied on detailed
local stroke data from a previously published article [13].

Statistical analysis

Continuous data were summarized as the mean and
standard deviation or median plus interquartile range
(1R}, Categorical data were presented as counts and
percentages. Group comparisons were conducted using
the chi-square test for categorical data, with Yates' cor-
rection applied in cases where expected cell frequencies
were less than 5. Non-parametric rank tests were used
for continuous data, except when comparing with general
vascular data, where we employved a one-sided t-test. In
this parametric test, no difference in results was observed
when using bootstrapping with 2,000 repetitions on Meu-
rocovBR vascular data to achieve normality assumptions;
therefore, we worked with the original sample, assuming
the central limit theorem.

‘We used Cohen's d to determine the size effect when a
one-sided t-test was used and odds ratios for chi-square
tests. P-values less than 0.05 were considered statistically
significant. Statistical analysis was performed, and graphs
were created, using the R programming language version
33.04.
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Standard Protocol Approvals, Registrations and Patient
Consents

This study obtained approval from the ethics com-
mittee at the Universidade de $%io Paulo (CAAE:
31,378,820.1.1001.0068) and the ethics committees of
the study sites. Written informed consent was obtained
from all patients or their next of kin, and their personal
information is protected by ethical procedures. The study
adheres to the ethical standards outlined in the 1964
Declaration of Helsinki and its subsequent amendments,
as well as relevant Brazilian regulations.

Results

Patient selection

From an initial cohort of 233 patients, 36 individuals
[15.5%) were excluded, resulting in a final analysis cohort
of 197 patients (Fig. 1). Among the ten syndromes that
were not associated with COVID-19, eight were linked
to various causative agents, while two were classified as
psychogenic. Within the subset of six patients exhibit-
ing isolated neurological symproms, four presented with
isolated headaches, one experienced a temporary loss
of consciousness, and another reported vertigo. Fur-
thermaore, among the patients with vascular syndrome,
encephalopathy, and encephalitis, three, five, and two
patients, respectively exhibited concurrent neuropathy,
which was categorized as critical illness polyneuropa-
thy. This comorbidity was attributed to their prolonged
in-hospital stay and their clinical conditions, rather
than being directly linked to SARS-CoV-2. Additionally,
one patient diagnosed with encephalitis also manifested

Pagedal 12

myelitis with minimal clinical manifestations, ultimately
receiving a final classification of encephalitis.

NeurocovBR

Among the six primary neurslogical syndromes, two—
vascular syndrome and encephalopathy—accounted
for over 75% of the cases, while the remaining four -
encephalitis, GBS, other neuropathies, and myelitis — col-
lectively accounted for less than 25%. It is noteworthy
that obesity, which is recognized as risk factors for severe
COVID-19, was not prevalent in this context [14]. Symp-
toms such as fever, cough, and dyspnea were commaonly
reported, with anosmia/hyposmia exceeding 30% only in
cases of encephalitis (Table 1, Table s2).

Motably, in cases of GBS (4, 30.4%), vascular syndrome
(11, 13.6%), encephalitis {1, 5.3%]), and encephalopathy (1,
1.5%), some patients were asymptomatic for COVID-19
infection and were diagnosed through mandatory SARS-
CoV-2 in-hospital screening (Table 1). The manifestation
of neurological syndromes appeared irrespective of the
severity of the associated COVID-19 infection and rypi-
cally developed approximately two weeks following the
initial infection (median 14 days, IQR 7-24). The time-
line for the onset of neurological syndromes varied, with
vascular syndromes and encephalitis presenting in a
shorter period and neuropathies emerging over a longer
duration {Table 1).

In-depth assessments of patients’ clinical condi-
tions revealed a significant proportion of individuals
with moderate or severe scores on outcome scales such
as GCS to all syndromes, LOS to encephalopathy and

233 patients

36 patients excluded:;

{11) > 60 days from COVID-19 1% symptom
{10} not associated with COVID-19

(9) incompleta data

(B} isclatad neuralogic symplom

197 patients included

B1 Vascular

syndrome * 19 Encephalitis

68
Encaphalopathy,

12 Cther

13688 neuropathies

4 Myeditis

Fig-1 RewocooBR patients Mowchart. Legends: * The vascuar symdnome includes 52 cases of ischamic stroke, 11 cases of hermorr haaic siroke,

and 8 cases of cerabiral vencus thrombasis G35 =CGuilin-Bamé Syndrome
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Table 1 Demography of NeurccovBR patients
Al patients  Vascular  Encephalopathy  Encephalitis GBS Meuropathies  Myelitis
m, %] 197 {1000 &1 4110 £E1{34.5) 19096) 13 (5.6} 12 &1} 411
Age, reedian, I0F) 57 A3-ET) a2 (50-71) 57 {435-£3) 55(41.5-605) 45(43-54) 40{34 25-53] 40 [26-56.25)
Fernake, n, %] 109 {353) 46 (568} 41 4a03) 4211 8115 40(33.3) 250
Comorbidities, n, (%)
HEF B4 4426 45 (51,1} 290426) 5263 3230 e oo
D ST{IBEY 28 (31.8} 16423.5) 5363) 2{154) SALT} 1135]
Chesity 005 141155 2132 oim 2{154) 5041.7 o4
SeTHEr arNan 15 (17} 132 115.3) 2{154) @ 040
AuLsrnmure dseacs ] 2{13) 1(53) oim am am o4
Mo Carmorbidities 47 (235) 18 [20.5} 17(25) 4 L20.0) {383 1[83) 24500
COWVID-19 signs and symptoms, n, (%)
Feswer 133 {B& 5] 53 (602} S0(73.5) 13 (684} 733E 875} 175
Craugh 136 64) 55 G225} 4B (FOE) Qa7 4) 5385) B (547} 1425)
Zare throat 22012 3434) 156221} 24103 aim 1E3) 1423)
Rurirry rose 260132} 2{13) 16(21.5) 44211 ETPER)] am 1425
Mlyalgia 47 (235} 12 1134) 26(3E.2) 44201 3423m 20147} 0404
Headache 45 (228} 1805 200204 54263) L 1E3) 0
Asthenia 53 (29.5 I8 [205) 200184} 34263) 4430E) 54179 1 (25)
Dyspriea 85 (431} 45131.1] 320470} 145.3} 1477 4 {30} oo
5002 <05 53 (29.5 33(375) 14 (20.5} 24105 142.7} 3|25} el
Anosmiatyposmia 32 143} 21423} 21(3E) E431.E) 142.7} 21671 oot
My COWID spmiplarns 14 (7.0) 748} 1{1.5% 1 (5.3} 4430E8) am 1 (25}
COVID-19 severity, n, (%)"
Agyrrglamatic 17 BE) 11{1286) 1{1.5% 1 (5.3} 44308 am oo}
Mlikd 58 (284) 15 {185) 21 (309} 10{526] B 462y 335 175
Madarate 2N&A 12 {14E) 14 (206} 1105 24154y 1{E3) 1 (25}
Severe 21007 ST ailin ENAEE: Do aim a0
Critical -=RELY 3443 23338 10158 1(77} BE6T) am
At COVID-Neura, d, median, (IQR) 2 (7-24) B(3-24} 13 {15-24)

104E~14)

18 (12-31}

24 (1675-325) 18{11.25-14)

Legerds: GFS Guilain-Barrd Syndromes, H8P high blocd pressune, OW diabstes melbtus. * COWD-19 severity was attribated befare the wasoular syredrome ictus

encephalitis, MIH55 to vascular syndromes, and ONLS
to GBS and other neuropathies upon admission {Table 2,
Table =3). Additionally, patients from all syndromes pre-
sented with co-infections (vascular syndromes, 67.8%;
encephalopathy, 38.2%; encephalitis, 52.6%; GBS, 30.8%;
other neuropathies, 66.7%: myelitis, 25%), while acute
kidney injury was present in only four syndromes (vascu-
lar syndromes, 59.3%; encephalopathy, 32.4%; encephali-
tis, 31.5%; other newropathies, 33.3%). The mortality was
higher among patients with vascular syndromes [55.6%),
followed by encephalitis (15.8%), encephalopathy (11.8%)
and other newropathies (8.3%), while absent for GES and
myelitis [Table 2).

MeurocovBR - vascular syndromes vs. encephalopathy

In a separate analysis comparing detailed data from vas-
cular and encephalopathy syndromes, which were sig-
nificantly more prevalent (¥ (5)= 16468, p<0.01), we

found that wvascular patients were older [U'=213%9.5,
p=0.019), with a nearly equal gender distribution (y*
[1)=007, p=0.79) in comparison with encephalopathy,
and COVID-19 severity was not a determining factor for
these syndromes (y* {4)=7.24, p=1L12). Details are pro-
vided in Tahle 3.

The period between the onset of initial COVID-19
symptoms and the first neurological symptoms was
found to be shortest in vascular patients versus encepha-
lopathy patients {U=3476.5, p=0.01). Additionally, vas-
cular patients exhibited more severe clinical symptoms
when compared with encephalopathy patients, as indi-
cated by a significantly higher probability of presenting
with mRS=3 (3 (1)=29.605, p<0.01l, OR=821) and a
GOS89 (" (1)=1651, p<0.01, OR=T41).

Six vascular patients (7.4%) and four encephalopathy
patients (5.9%) (supplementary material, Table 52} had
a previous ischemic stroke. Only two patients from the
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Table 2 Clirical characteristics and cutcomes of MeurocowBR patiants
All patients  Vascular Encephalopathy Encephalitic GBS Meuropathies Myelitis

s, { %) 197 (100 Bl 1.1} AR {34.5) 19408} 13 45.4} 121601 42.1)
mRS at admission, n, (%]

<3 63 {32 11 §13.6) 05T} 5263} 10771 & {501 1 125}

=3 132 (67} a0 (5.2 2R(41.15 144737 12452.3) & [50) 3 (75}

unkrawn 241} 1012 10135) D} L[] o L]
Specific scales at admission, n, (%)

GCs #—12 _ 24 (25.6) 4[65) 3(15.8) - - -

G549 _ 303N 5074) 30158y _ - -

LOs3 _ _ 17(25) 7 (348} _ _ _

LOS<3 _ _ 31040 2 (135} _ _ _

MIHES §—15 _ 21 26y - - - - -

MIHES = 15 _ 43(51.8) - - - - -

OhLs 5—2 _ _ _ _ 503835 1483} .

ChLS =3 _ _ _ _ EREE| 3425) _
Haspitalization, n, (%)

Vai 156 (79.2) 71(8E.5 AE (67 .4} 140735 12092.3) 10 (B2 3] 250

Meeded 10U 137 [B05) 65 (302} 45 (552} 11 (57.8) G463 Qi7s) 11251

o il 105 [323] 55 (675 28 (413} Bi42.1} 4 [30F) E{EaET aim

Meurgeonyid identified BZ 1.6 42 (51.5 27 (397} 5 (243} 17N TiAE3) aim
during hespitalization

Mauraconvid identified ITIIEE) G {74y 20 (254} 2 (135} 17 BEE T i
after extubaring

At hospitaization, d, X441 13652 24(11-4D 175(825-51)  15(13-21) 36 {1 7-48} 11 (18-17)
rredian, {[I0F)
In-hospital complications, n, (%)

Co-mfecians 104 [325] 55 (67.59 26 (38.2} 100524 EREE | B {&ET 11351

AK]with dialysis 414208 26321} 12101745 1153) U RIn] IEd oo

AEwithaut 30410 22273} 10(14.7} 5263 am I{1em 00y
Specialist decision treatments, n, (%)

HID S4a 2158} 5Ty 1153) aom 1 (83} 040

Anlicoagulans 131 {E635] 62 (815} 34 (3N 121(63.2} a1615] T(5E3) o4

Comicosencid thaiapy 125 B3 5] 33 654} 41 (613} 16(84.2} ERRER)] E86.N 31473

Tacikzumab 2101 o 1415 o 175 D 040
Ohutoomes

Dwath, r, () ST (26.Ch 45 (5546} 118 3{158) ajm 183 [

Aar COVIC-death, d, 24(17-34) 22 (165-2585} 3(24.5-64) 92 (72.2-106) - 43 -
median [0F]

A Meuracoreid-death, d, 15 (7-24) 15 [E-215) 185 (15-40.8 715 (GIE-855} - 18 -
rechan, [I0R)

Legends: GES Guilain-Samé Syndroms, mAS modified Fankin scale, 508 Glasgow coma scale, 005 Lverpool outcome scome, MHES NIH stroke scale, DS overall
neurapatiy limitations scale, (CU intensiie care unit, MY mechanical ventilation, A% scute ddney injury, HED hydraoaychianoauine

vascular syndrome group had a previous mRS score of
3, while all others had a score 1 or 2, thus not signifi-
cantly affecting the mRES comparison between groups.
In the encephalopathy group, two patients (2.9%) had
mild dementia, with a prior mRS score of 2. All patients
with a previously altered mRS showed and increment of
at least 1 point in the study evaluation.

Wascular patients were also 3.83 times more likely
to require hospitalization (y* {1)=8.8751, p<0.0L,
OR=383) and 9.38 times more likely to die
(1)=29.05, p«0.01, OR=938] when compared to
encephalopathy patients.
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Table 3 Characteristics of patients with Vascular Syndromes versus Encephalopathy

Vaseular

n a1
Agga, rivdian, I0R); rrean 2500 a2 (53-71)
Female, r, (26 &4 (568}
COVID-19 severity, n, (%)

Asymplomalic 11 (134}

ild 15185}

Maderare 120148}

Sayens afim

Crirical 34042)
A COVID-Meuro, d, median, (IQR) 13 a-14}
mAS at admission, n, %)

23 G5 (352}
Specific scales at sdmisdion, n, (%)

GLE< A ER]
Hospitalization due to COVID-19, n, (%)

s 72 (885

Mesaclad KL a5 (302}

Mesdad ki 55 06781

Meurcoadd identifed durirg hospitaization A2 (515

Meirocoid identifed Al'l:erexl.l.'_mﬂuv:‘l & [74)

Ar hespiralization, d. rmadian, [IQF]) 13 (65-22}
In-hospital complications, n, (%)

Cominlections 55 (678

AR with dialysis 260321}

Al warhour 23027
Duteomes

Deaath, r, (#} A5 [(55.8)

ArCOD-deatk, o, (0R}; mean (4 500

Al Mewoooid-death, d, madian, 10F) 11.5[6—21.5)

23(165—1495)

Page7al 12
Encephalopathy I oR
£ =001 _
57 43 5-65) <005 -
41 [E03) o _
141.5} Dz _
21309
14 [204]
af1iy
23 (334)
18 [12-31} <001 -
ZE41.1] <001 821
574} =001 741
46 |67 6] =001 ZE3
45 (662 ooF 207
ZE 42 <001 30
FrRE=N] nis _
rage=p] =001 ang
2411-42} =005
382 =001 2485
120074] noe 220
a4 oo _
BiLE) =001 938
W 245—64) <05 -
185 {(15—ADE) ooy _

Legends: mits madified Rankin scale, G5 Glasgow coma scale, MU irensive care unit, MV machanical vertilation, A8 acute kidrey injury

Comparative analysis

NeurocovBR vs COWID-T9

The incidence histogram of neurclogic syndromes mir-
rorved the incidence histogram of confirmed COVID-19
cases (Fig. 2). MeurocovBR patients were generally older
compared to the general Brazilian COVID-19 population
(347 £15.9 vi. 43.2+ 159 years, p=<0.01). Furthermaore,
MNeurocovBR patients were 38 times more likely to require
hospitalization {x* (1) = 1167.9, p<0.01, OR=138.22), and
the presence of a neurclogical syndrome was associated
with an increased likelihood of mortality (%" (1) =356.55,
p<0.01, OF = 10.89). Refer to Table 4 for details.

Hospitalized NeurocovBR vs Hospitalized COVID-19

When focusing solely on hospitalized patients {Table 4),
we observed that the mean age was similar between the
two groups, with a slightly increased chance of heing
female (" (1)=8.75, p<0.01, OR 162) in NeurocovBR.

The odds of death were also slightly higher for Neuro-
covBR patients (37 (1) = 12.55, p=0.01, OR 1.83).

Vascular NeurocovBR vs Vascular predating COVID-18

In a separate analysis comparing NeurocovBR vascu-
lar data with Brazilian vascular data from before the
COVID-19 pandemic (Table 5), we observed that Meu-
rocovBR patients were younger (HB0)=—4.70, p=0.01,
Cohen's d=0.52). Notably, hypertension (HBP), diabe-
tes mellitus (DM), and smoking were not identified as
risk factors among our patients. Despite the absence of
these well-established risk factors, NeurocovBR vascu-
lar patients were 3.78 times more likely to require 10U
care (x* (1)=37.12, p<0.01, OR=3.78), £.14 times more
likely to acquire co-infections during hospitalization
[y (11=75.95 p=0.01, OR=6.14), and 4.73 times more
likely to die {32 (1)= 58808, p=0.01, OR =473} ( Table 5)
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Fig-2 Incidence of general COVID-19 confrrnad cases and incidence of COVID-19 and neuralogical symptoms in NeurocovBR Legends: *Data

from hospitaized COVID-19 patients

Table 4 Demography and cutcomes comparsons between COMD-19 and NeurccovBR patients

COVID-19 NeurocovBR P

all cases
n 4428129 197
Age, y, mean (2 5D) 432(£159) 547 (2159 <001
Female, n, %) 2,368,087 (534) 109(55.3) 084
Hospitalzations, n, (%) 400901 (9 156(79.2) <001
Death, n, (%4} 159,552 (36) 57 (289} <001

Legends: OR odds ratia, SO standard deviation

when compared with vascular patients negative for
COVID-19.

Discussion
Our study corroborates the association of neurologic
syndromes with COVID-19 in the early pandemics.
Their incidence correlated with local waves of COVID-
19 infection. Although their occurrence remained lower
than that of respiratory tract infections, patients with
neurocovid exhibited a higher susceptibility to adverse
outcomes, as did hospitalized COVID-19 patients.
Among all neurological syndromes, vascular syndromes
were particularly prominent, and they were more severe
than comparable vascular syndromes attributed to other
well-known risk factors.

As in previous viral epidemics, like HIV, ZIKV, and
CHIKYV, the initial associated neurologic syndromes
tended to manifest in a small subset of patients and

oR COVID-19 NeurocovBR P OoR
hospitalized patients
400,901 156
58{% 166} 56(x156) 026
036 175, {437 87(558) <D 162
_22 400,901 {100) 156 {100}
1089 109,021 {303) 52(333) <001 183

mirror fluctuations in the incidence of the primary syn-
drome [15-21]. We observed here, similar to previous
epidemics, an average two-week interval between the
onset of infection and the emergence of neurologic symp-
toms. ‘This is consistent with a disease mechanism likely
associated with an inflammatory process [22]. The pre-
cise mechanism(s) for viral neuropathogenesis remains to
be determined. In vivo viruses may circumvent anti-viral
defense barriers, enter the bloodstream and by axonal
transport reach the CNS and activate innate immune
responses [23].

Considering that SARS-CoV-2 is transmitted pri-
marily through respiratory droplets [24], a CNS inva-
sion through the olfactory sensory nerves was the first
hypothesis. This was influenced by the high incidence of
anosmia and MRI studies demonstrating olfactory bulb
and adjacent cortical alterations [25-27]. A deeper inves-
tigation into the olfactory bulb parenchyma, however,
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Table § General stroke varsus NeurooowBR stroke

General Stroke "' NeurocovBR P OR
Stroke
i, (%] 2407 (1009 B1 {1034
Age rrean (2500 676 (£14.4) S95{x155) <007 _
Female, n (% 1248 (318 46 [S6E) 0 _
Comaorbidities, n (%)
HER? 2118 (e} 43 [51.1) <0010.17
o 1136 464 18 (31 E) < 005 050
Srriokar 736 {306) 15 {171 <005 051
Hospitalization, n, (%)
Meadad ICU 507 {04.8) 46 [SEE) <0071 278
Al hospitaliza- 154 (£200) 18T {23} 020 _
tian. d, rmean
[ ]
In-hospital complications, n, (%)
Ca-indactions 414 {17.6) 55 67 90 <001 &.14
Dutcomes
Ceath, i, (%] 5034209 45 [558) <0071 473

Legerds: OF cdds ratia, HBF high blood pressure, DM dabetes mallitus, 10U
intensive care um:,n'rl.::,l:

failed to identify SARS-CoV-2 RNA vestiges [28]. Sur-
prisingly, analysis of the adjacent leptomeninges sug-
gested not a cdassic neurotropism for the olfactory bulb,
but possibly the CSF as a carrier for viruses present in the
bloodstream or from a scaping of sustentacular cells of
the olfactory mucosa, SARS-CoV-2 target cells [28].

In our population, encephalitis patients presented with
the highest frequency of anosmia‘hyposmia (31.6%). This
led us to suggest an association between a high viral load
near the olfactory bulb and viral encephalitis. This might
also be a pathway for the initiation of other associated
neurological syndromes, but it is not likely to be the pre-
dominant mechanism in all cases [22].

Evaluating the vascular cases, we observed a higher
proportion of patients with recognized risk factors for
stroke, such as HBP [51%), DM (31.8%), obesity (15.9%)
and smoking (17%) |29, 30]. However, comparing those
with non-COVID stroke patients and evaluating the
majority of patients with NIH5S> 15 (therefore with
large vessel stroke), we realized that SARS-CoV-2 prob-
ably exerted a substantial influence on the pathogenesis
of these cases.

The median timeframe of 10 days between COVID-19
and vascular syndromes also suggests an underlving state
of increasing immune system activation, initially associ-
ated with vascular wall inflimmation. This hypothesis
gains support from a previous study [31] that compared
human autopsy specimens to rhesus macagques infected
with SARS-CoV-2. Their study revealed a likely evo-
lutionary cascade of inflammatory activation during a
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14-day period, where the infection triggered the up-reg-
ulation of the inflimmatory and complement pathways.
This resulted in the initial intense recruitment of innate
immune systemn components, leading to  significant
endotelitis [31].

‘This phenomenon would certainly justify the occur-
rence of small vessel vasculitis. But, it remains unclear,
however, if it is enough to address the high propor-
tion of large vessel strokes [32-34]. In thrombectomy
reports, large vessels appeared normal, while pulmonary
embaoli and deep venous thrombosis were prevalent in
many patients [32]. This underscores the consideration
of paradoxical embolism as a significant possibilicy [32]
and indicates that vasculitis is present and contributes
to COVID-19 stroke, but probably through an indirect
pathway.

Our general epidemiological findings on vascular syn-
dromes align with those of large cohorts from the Ameri-
cas, Europe, and Asia [35—40]. Similar to our study, these
cohorts reported younger patients, a higher proportion
of ischemic strokes (predominantly large-vessel strokes),
and increased mortality rates with more co-infections
when compared to stroke cases predating COVID-149.
Unlike our study, which focuses on all neurological syn-
dromes, those studies were specifically designed to
examine vascular syndromes. As a result, they had the
statistical power and appropriate methodology to inves-
tigate both traditional stroke risk factors and those asso-
ciated with neuro-COVID. However, apart from atrial
fibrillation, these factors do not appear to be the sole
determinants of vascular syndromes in neurocovid, rein-
forcing the hypothesis that an underlying mechanism
related to SARS-CoV-2, possibly inflammatory, is also
invalved.

Another consideration in favour of indirect inflamma-
tory COVID-19 damage to the CNS is the large propor-
tion of patients with encephalopathy. Patients referred
to different studies as having brain fog, curiously, rarely
present MREI alteration or CS5F pleocytosis. However,
their subacute cognitive impairment is evident [41]. Ina
previous report [42], we discussed the occurrence of such
symptoms in several infectious and autoimmune dis-
eases. Specifically, there is a possible influence of micro-
glial monitoring [43], with aberrant synaptic pruning in
inflammatory states such as in COVID-1%, accompanied
by massive complement recruitment. [43—45].

Surprisingly, neurologic syndromes occurred in our
cohort regardless of COWID-19 severity. Meverthe-
less, it became evident in our study that neurocovid
places a considerable burden on the healthcare system,
increasing the demand for hospital beds and medical
support. This is manifested by the considerably higher

odds ratios for hospitalizations and death. Patients were
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often hospitalized for more than 20 days, potentially in
ICU settings. Furthermore, it is worth noting that sur-
viving patients with high specific severity scores (mRS,
GOS8, LOS, NIHAS, OMLS) required an extended period
of rehabilitation and faced a heightened risk of post-
discharge mortality due to secondary complications
[46-50].

& recurring challenge in large neurovirology cohorts,
and thus a limitation, is the difficulty in gathering a suf-
ficient number of subjects that meet appropriate criteria
for statistical comparisons. Our cohort was no exception
and faced the additional issue of non-consecutive inclu-
sions due to asynchronous lockdown periods, shortage
of personal protective equipment limiting neurologist
assessments, and other pandemic restrictions. These
conditions limited, for instance, our capability to perform
subgroup analysis to statistically distinguish primary
neurological effects of SARS-CoV-2 from complications
secondary to systemic conditions, such as AKL present in
40.6% of our sample.

To mitigate these limitations, however, we imple-
mented rigorous inclusion criteria based on an experi-
enced neurological evaluation, classified patients into
strict syndromic categories, and included neurclogy
centers from different states with different economic
backgrounds, vet all allocated in the country’s COVID-19
epicenters. We believe these measures approximate our
findings from the actual numbers of neurological mani-
festations of COVID-1% in Brazil.

Conclusion

In conclusion, our findings illustrate the seriousness of
COVID-19-associated neurologic syndromes, shedding
light on how they intensify the burden on the healthcare
system and may result in potential chronic, long-term
consequences. The resemblance of certain data to that of
previous viral epidemics underscores the need for estab-
lishing ongoing neurovigilance centers with the capacity
for rapid national deployment. This will substantially aid
in the formulation of timely recommendations to reduce
maortality and disability.
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Abstract

Introduction: Neurological complications, particularly
cerebrovascular dizeases, have emerged as a significant
concern in patients with coronavirus disease (COVID-19]).
Understanding these characteristics is essential for im-
prowing the clinical management and cutcomes.

Materials and methods: This observational study
analyzed data from patients hospitalized at Hospital da
Irmandade da Santa Casa de Misericérdia de 380 Paulo
between 2020 and 2021 We included patients aged =18
vears with a confirmed SARS-CoV-2 infection and a
diagnosis of cerebrovascular disease within 60 days of
symptom onset. Clinical, demographic, and outcome
data were collected and analyzed.

Results: Among the 1998 patients with confirmed
COVID-19, 550 {27 .5%) presented with neurclegical symp-
toms. Fifty patients were diagnosed with cerebrovascu-
lar disease: 27 (54%) had ischemic stroke, 20 (40%) had
hemorrhagic stroke, and three (6%) had cerebral venous
thrombosis. Patients with neurclogical symptoms had
significantly higher maortality rates and longer hospital
stays than those without neurclogical symptoms.

Conclusion: This study highlights the severity and clini-
cal irnpact of cerebrovascular events in COVID-19 patients.
These findings reinforce the need for early neurclogical
evaliation, and underscore the importance of accezsible
and cost-effective strategies for surveillance, prevention,
and timely intervention in high-risk populations.

Key words: COWVID-19, cerebrowascular disease, stroke,
SARS-CoV-2, cerebral wenous thrombosis, neurological
complications
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Resumen
Carga neurolégica en COVID-19: estudio de eventos
cetebrovasculares en un hospital terciarie brasilefio

Introduccién: Las complicaciones neurolégicas, en
partcular las enfermedades cerebrovasculares, han sur-
gido como una preccupacidn importante en pacientes
con enfermedad por coronavirus (COVID-19). Compren-
der estas caracteristicas es esencial para mejorar el
manejo clinico ¥ los resultados.

Materiales y métodos: Este estudio observacional
analizd datos de pacientes hoapitalizados en el Hospital
da Irmandade da Santa Casa de Misericdrdia de S0 Fau-
lo entre 2020 y 2021. Incluimos pacientes =18 afios con
infeccidn confirmada por SARS-CoV-2 y un diagndstico
de enfermedad cerebrovascular dentro de los &0 dias
posteriores al inicio de los sintomas. Se recopilaron y
analizaron datos clinicos, demogrificos y de resultados.

Reaultados: Entre los 1998 pacientes con COVID-19
confirmada, 550 (27.5%) presentaron sintomas neu-
rolagicos. Cincuenta pacientes fueron diagnosticados
con enfermedad cerebrovasculan 27 (54%) presentaron
accidente cerebrovascular isquémico, 20 (40%) accidente
cerebrovascular hemorrdgico y tres (8%} trombosis ve-
noga cerebral. Los pacientes con sintomas neuroldgicos
tuvieron tasas de mortalidad significativamente més
altas y estancias hospitalarias més prolongadas que
aguellos sin sintomas neurclégicos.

Conclusion: Este estudio destaca la gravedad y el im-
pacto clinico de los ewentos cerebrovasculares en pacien-
tes con COVID-19. Estos hallazgoes refuerzan la necesidad
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de una evaluacién neurolégica ternprana y subrayan la
importancia de estrategias accesibles y rentables para
la vigilancia, la prevencién y la intervencidn oportuna
en poblaciones de alto riesgo.

Palabras clawe: COVID-1%9, enfermedad cerebrovascu-
lar, ACV, SARS-CoV-2, trombosis cerebral venosa, com-
plicaciones neuwroligicas

KEY POINTS
Current knowledge

* The clinical impact of COVID-19 is still
being observed. Regarding neurological
aspects, evidence about the sccurrence of
cerebrovascular events is scarce.

Contribution of the article to current

knowledge

* This research contributes by highlighting
the clinical severity of these complications
in Brazil, reinforcing the need for early
diagnosis, prevention, and management
strategies to reduce mortality and sequelae.

The relationship between infectious agents,
particularly viral ones, and neurological mani-
festations with vascular invelvement in the cen-
tral nervous system has consistently been the
subject of clinical and epidemiological studies
and analyses®.

Studies gained momentumn mainly after De-
cember 2019, when in the city of Wuhan, China,
the emergence of a new, highly pathogenic vi-
rus from the Coronaviridae family, called SARS-
CoV-Z, responsible for the COVID19 pandermic,
was observed®.

Meurotropism is a common feature of coro-
naviruses. Brain involvement may result from
the dissemination of SARS-CoV-2 through sys-
ternic circulation or via the olfactory pathway
through the cribriform plate during the early or
late phase of infection. Given the epidemiologi-
cal, health, morbidity, and mortality relevance
of influenza-like syndromes with neurologi-
cal complications, especially those caused by
5ARS-CoV-2, and the possible relationship with
the occurrence of cerebrovascular disease, new
studies are necessary to evaluate the presence
of neurclogical signs and symptoms in patients

Meurowascular sequelse of SARS-Cav-2 cases in Brazil

with COVID-19. The studies were conducted to
prepare neurologists and non-neurologists for
the rapid detection and treatment of potentially
fatal and disabling conditions®*,

Regarding cerebrovascular diseases associ-
ated with COVID-19, several studies initially at-
tempted to establish, describe, or better study
the relationship between the events and infec-
tious agents. In May 2020, Ghannam et al. re-
ported that cerebrovascular incidents accounted
for 48 8% of all neurological events in patients
with COVID-19; of these, 87.5% had ischemic
strokes, 5% had cerebral venous thromboses, 5%
had intraparenchymal hemorrhages, and 2.5%
had subarachnoid hemorrhagess.

In this study, we will share the experience
of a tertiary neurclogical reference center for
cerebrovascular diseases that was part of the
MeurocovBR study group during the first wave
of COVID-19 cases, highlighting the study of
neurological manifestations in patients with
COVID19 and cerebrovascular diseases in the
service,

Materials and methods

Local of the study

In March 2020, following the confirmation of the first
case of COVID-19 in Brazil, the NeurocovBR study group
was established™.

The data presented in this work refer to cases evalu-
ated only at the Hospital da Irmandade da Santa Casa de
Misericordia de 580 Paulo and aimed to study the cases
of patients with COVID-19 and cerebrovascular diseases.

Inclusion criteria required patients to be 18 years of
age or older, fulfill the World Health Organization crite-
ria for COVID-159, meet the provisional Ellul criteria for
SARS-CoV-2 neurclogical-associated syndromes', and
exhibit novel neurclogical symptoms within 60 days of
COVID-19 infection.

Data assessment

Demographic information was obtained from redi-
cal records, patient interviews, or, when necessary, inter-
views with a designated proxy if the patient was unahle
to provide details directly. The severity of COVID-19 was
determined based on the symptoms and clinical signs
chserved on the day preceding the cnset of initial neu-
rological symptoms. To assess overall patient outcomes,
we gathered in-hospital data, including the need for in-
tensive care unit (ICU) admission and/or mechanical ven-
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tilation (MV) support as well as the occurrence of com-
plications. Additdonally, we documented the duration of
haoapitalization, recorded mortality cases, and monitored
the time to death. All patients underwent SARS-Col-2
testing using one or both of the following methods: ELISA
for IgA in serum samples and/or RT-FCR from aropharym-
geal swabs. Vascular syndromes included confirmed cas-
ez of ischemic stroke, hemorrhagic stroke, and cerebral
venous thrombosis.

Statistical analysis

Continuous data were expressed as the mean with
standard deviation or as the median accompanied by the
interquartile range (IQR). Categorical data are reported as
frequencies and percentages.

Standard protocol approvals, registrations and
patient consents

This study was approved by the ethics committee of
the University of 530 Paulo (CAAE: 31378820.1.1001.0068)
and ethics committees of the study sites. Written in-
formed consent was obtained from all the patients or
their next of kin, and their personal information was pro-
tected by ethical procedures. The study adhered to the
ethical standards cutlined in the 1954 Declaration of Hel-
ginki and its subsequent amendments as well as relevant
Erazilian regulations.

Results

Patient selection

Patients with positive test results for the
Sars-CoV-2 virus (1998 patients) were includ-
ed. Of these patients, 550 were admitted to the
hospital because of neurological symptoms and
1448 without neurological symptoms. Neuro-
logical manifestations were monitored in the
hospital environment through in-person evalu-
ations by a neurclogy team. The inclusion of
patients within the group with cerebrovascular

Original article

diseases (50 patients; 27 with ischemic strake,
20 with hemorrhagic stroke and 3 with cerebral
venous thrombosis) occurred through anamne-
sis, physical examination, and complementary
tests that confirmed the presence of cerebrovas-
cular disease.

Analysis of the length of hospital stay and
the outcome of patients hospitalized with con-
firmed COVID-19 (hospital discharge versus
death), in relation to the cases that presented
neurological manifestations upon admission
and those who were admitted to the hospital
environment without neurological manifes-
tations, showed that the length of hospital
stay was longer among patients who died in
relation to those who were discharged from
hospital and that this difference was statisti-
cally significant among all patients classified
with COVID-19 and in the subgroup of patients
with neurological symptoms upon admission
(Table 1).

Through these results, we can also observe
the long hospitalization time of these patients
from the first wave of covid1%, observe the high
mortality rate, and how admission with neuro-
logical symptoms was a determinant of greater
severity (Fig. 1).

Analyzing the most frequent diagnoses dur-
ing the syndromic approach upon hospital ad-
mission of patients, it can be seen that most pa-
tients were screened for neurclogical symptoms
and respiratory symptoms, with most receiving
a final diagnosis of neurslogical disease (cere-
brovascular disease) andfor COVID-19. A more
detailed analysis revealed that most patients
with neurological symptoms were only diag-
nosed with COVID-19 through screening that
was carried out during the pandemic, as these
were not the predominant symptorms at admis-
sion (Table 2).

Table 1 | Analysis of length of hospital stay and cutcome (hospital discharge versus death) in patients with COVID-19, in relation
to cases that presented neuralogical manifestations, and those patients admitted to the hespital withowt neurological manifestations.

530 Paulg-5F 2020-2021

Variable

Time In hospltalization (months) 11.3£14.3
Meurologlcal (n=550) 10.6221.9
Mon- neuraloglcal (n=1448) 11.6x9.9

MECHCIMG, (Buemas Adresh 0OO0; 00 0000

Discharge p- value
n=1231
25.8+6.3 61.2:24.1 <0.001
9.3:18.6 14.8230.1 =0.001
11.6+9.9 11.7210.0 0.755
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Figure 1 |Estimated survival time, according to clinical diagnosis of COMID19 and neurclogical or mon-neuralogical symptoms
during hospital admission. S3o Paulo-5PF, 2020-2021. (p <0.001 - Lag Rank Test)
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Table Z | Prevalence of the mast frequent syndromes according to the intemational coding of diseases, in
patients with neuralogical symptoms and without newrological symptoms on admission, hospitalized, with
confirmed diagnosis of COVID-19, 530 Paulo-5P, 2020-2021
Mon-neuroclogical MNeurological
n=1448 (%)

Syndromic diagnoses

in patients with COVID-19
Vertebrobasilar syndrorme —
Caratid syndrome 1 (0.1}
Transient ischemlic stroke —

Subarachnold hemorrhage 1 (0.1}

Cerebral infarction e

Viral preumaonia 437 (30.2) -
Adult respiratory distress syndrome 60 {4.1) -
Acute respiratory fallure 42 {2.9) -

By assessing the prevalence of the main
causes of death according to the international
coding of the maost frequent diseases in patients
with and without neurological symptoms who
were hospitalized and diagnosed with COV-
ID-19, it can be seen that those who were ad-
mitted with neurological symptoms died due to
neurological disease and not necessarily from
the COVID-19 infection (Table 3).

Similarly, drawing a parallel, it is evident that
patients with non-neurological symptoms and
COVID-19 died mostly due to metabolic condi-
tons, sepsis, and respiratory complications (Le.,
not due to neurological causes) (Table 4).

Discussion

In this study, 1498 patients with COVID-15
were studied, of whom 552 presented with neu-
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Table 3 | Prevalence of causes of death according to the international coding of most frequent diseases, in
patients with newrclogical symptoms and without neuralogical symptoms, hospitalized and dizgnosed with
COVID-19, 530 Paule-5F, 2020-2021

Maost frequent deaths in Non-neurclogical Neurological
patients with COVID-19% n=1448 (%) n=552 (%}
Tatal deaths BO9 (55.9) AZS(TT.0)
Septicemia 27 (1.9 4 (0.7}
COVID-19 304 (21.0) ===
Hyperkalemla 10 (0.F) e
Subarachnold hemorrhage 1 (0.1) 19 (3.4)
Cerebrovascular disease 1 {01} 27 (a.9)
Respiratony fallure 211(1.5) 71.3)
Circulatory shock 48 (3.3) 4 (0.7}
Sewere acute resplratory syndrome 23 (1.8) e

Original article

Table 4 |Pravalence of comorbidities, initial symptoms and most freguent hospitalization indicators in patients with cersbrovascular
disease hospitalized with COVID-19, comparison betwesn patients with ischemic stroke and patients with hemarrhagic stroke. 330

Paule-5F, 2020-2021

p- value

Variables Tatal Stroke ischemic Stroke hemorrhagic
Comorbidities Symptoms n=a7 (%) n=27 (57.4%) n=20 (42.6%)
Hospitalization indicators

SAH 26 (55.3) 18 (66.7) B (40.0)
oM 17 (36.2) 13 (48.1) 4 (20.0)
Aleoholism 2 (2.3) 1(3.7) 1 {5.0)
Obesity 11 (23.4) 7 {25.9) 4 (20.0)
Actlve neoplasia 5 (10.6) 5 {18.5) -
Smoking 10 (21.3) 7 {25.9) 3 (15.00
Previous stroke 5 (10.6) 5 {18.5) —
Fever 35 (74.5) 20 (74.1) 15 (75.0)
Caough 40 {85.0) 25 (92.8) 15 (75.00
Myalgla B (17.0) 5 {1B.5) 3 (15.0)
Headache 12 (25.5) 6 {22.2) & (30,00
Diarrhea 3 (6.4) 2(7.4) 1 {5.00
Anosmia 1(2.1) 1(3.7) ———
Haspitalization due to COVID 42 (89.4%) 26 (96.3%) 16 (B0.0%)
COVID ICU 41 (87.2%) 25 (92.6%) 16 (B0.0%)
VM by COVID 38 (80.9%) 22 (B4.6%) 16 (BO.0%)
Days of hespitalization (mean £ 50) 13.729.7 13.5£10.0 13.7+6.9
COVID-19 classification

Asymptomatic 1 (2.1%) - 1 (5.0%)
Severs 9 {19.2%) B (22.2%) 3 {15.0%:)
Critical 20 (63.8%) 17 (63.0%) 13 (B5.0%)
Moderate 5 {10.6%) 3(11.1%) 2 {10.0%)
nild 2 (4.3%) 1(3.7%) 1 (5.0%)

Sa4H. systemic arfenal hypertension, D diabates melitus, 1CU0 dntensive care ani; WD mechanical ventilation

BAECHCING, (Bueras Adresh DOOD; 00: 0000

0.069
0.067
0.828
0.737
0.063
0481
0.063
0.943
0.119
0.751
0.545
0.739
0.384
0.148
0.379
0.898
0.510
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rological symptoms during hospitalization that
were suspected to have neurolegical syndromes
[sequelae of previous events, recrudescence of
signs and/or symptoms, or acute conditions).
The general objective of interconsultations is
to distinguish between old conditions that have
worsened due to the infectious condition or to
identify new events that may require urgent,
emergency, or specific outpatient procedures.
We observed that approxirmately 2.3% of pa-
tients presented with neurological syndromes
compatible with recent cerebrovascular disease
[acute/subacute). Of the patients with confirmed
cases of recent cerebrovascular disease, 27 were
affected by ischemic stroke, 20 by hemorrhagic
stroke (1 patient with both findings), and 3 by
cerebral venous thrombosis. These data are like
those of previous studies whose evaluation pe-
riod is practically concomitant with that carried
out by our group (first and second waves of CO-
WID-19 cases before mass vaccination)™

When evaluating international records of
cases of cerebrovascular disease in hospitalized
patients with SARS-CoV-2 Infection, we found
that the overall risk of stroke varied consider-
ably from places with a rate of 0.5%%, others
with 0.9% of patients hospitalized with COV-
ID-19", and some with rates as high as 2%. This
difference in incidence rates may be related to
the profile of the hospital structures studied,
given the difference in the severity of patients
hespitalized with COVID-19 infection (higher
in tertiary and quaternary services in the care
lines) prevalence of cardiovascular risk factors
in the population studied (higher in outpatient
referral services for clinical specialties) ability to
accurately determine and diagnose all strokes
(at a time when medical services were overload-
ed) and differences in the availability of institu-
tional complementary examinations during the
pandemic period under study.

In the present study, 27.5% of patients hos-
pitalized for COVID-19 presented neurological
manifestations, notably 50 cases of acute cere-
brovascular disease (54% ischemic, 40% hem-
orrhagic, and 6% cerebral venous thrombosis).
Mao et al. (20200, in their Wuhan cohort, identi-
fied neurological manifestations in 36.4% of pa-
tients, with cerebrovascular events being among
the most serious findings, especially in patients

Meurovascular sequelae of SAR5-Cav-2 cases in Brazil

with severe disease and pre-existing risk fac-
tors. The comparison suggests a consistent pat-
tern across different scenarios, reinforcing that
the clinical severity and systemic inflammatory
profile of COVID-19 are associated with signifi-
cant neurological complications. However, the
relatively high proportion of hemorrhagic stroke
in our series may indicate regional differences
related to comorbidities, anticoagulation use
during hospitalization, and the severity of cases
treated at a tertiary referral hospital.

When compared with data from Yaghi et al.
{2020)#, who analyzed hospitalized patients in
Mew York and found a stroke rate of 0.9% among
those infected with SARS-CoV-2, our findings
reveal a higher incidence (2.5%). These same
authors highlighted that ischemic events were
predominant and were associated with high lev-
els of inflammatory and prothrombotic mark-
ers, suggesting a central role of the systemic in-
flammatory response in the pathophysiology. In
contrast, in the present study, there was a more
balanced distribution between ischemic and
hemorrhagic events, which may reflect both dif-
ferences in demographic profile and prevalence
of hypertension and diabetes, as well as chal-
lenges in clinical management in the context of
hospital overload. This comparison highlights
that, although thrombetic mechanisms are con-
sistent globally, clinical presentations and pro-
portions of stroke subtypes may vary according
to local and healtheare system characteristics.

The patients evaluated in the study at our
center mostly presented with COVID-12 and
cerebrovascular disease associated with severe
inflammation and infection, and therefore, were
in a hypercoagulable state. Significantly in-
creased inflammation may be one of the reasons
for abnormal coagulation function in the early
phase and may also be one of the reasons for
the onset and predisposition to cerebrovascular
disease’. In general, the mechanism underly-
ing cerebrovascular disease caused by COVID-15
rermnaing unclear. Currently, most opinions still
focus on the hypercoagulable state caused by
systemic inflammation'™*,

In recent years, evidence has shown that
several acute and chronic cardiovascular con-
ditions can occur after COVID-19 infection, in-
cluding acute pulmonary embolism, deep vein

MEDICINA [Buencs Alres] D000, O0: CODO

35



Meurawascular sequelse of SARS-CoV-2 cases in Brazil

thrombaosis, heart failure, arterial hypertension,
atrial fibrillation and diabetes. All these condi-
tions, especially if they remain undiagnosed
and untreated, may represent concormitant risk
factors for the onset of ischemic stroke. How-
ever, it is not yet possible to determine whether
the onset of these new cardiovascular diseases
represents a direct consequence of COVID-19, or
whether the virus may merely act as a triggering
factor in a clinical condition.

The data obtained are useful to alert the pop-
ulation of the risks and thus minimize the pos-
sibility of cerebrovascular disease events dur-
ing hospitalization, in the convalescence and
recovery phase of the infectious process, and
after hospital discharge in COVID-19 survivors.
Additional studies are needed to determine the
potential benefits of anticoagulant therapy (as
well as doses and duration of use) in reducing
the risk of ischemic stroke.

Compared with reports of ischemic events,
fewer cases of hemorrhagic stroke were ob-
served in patients with COVID-1%, as in our case
series”. Based on a cohort of 755 COVID-19-pos-
itive patients (out of a total of 2824) in whom
neuroimaging studies were performed during
hospitalization, Dogra et al. estimated that the
prevalence of intracranial hemorrhage (ICH)
was 44% (n = 37), representing almost 11% of
all cerebrovascular diseases in the investigated
group. Almost 80% of ICH cases occur in male
patients. The mean age of the COVID-19 pa-
tients with acute cerebrovascular disease was
higher than that of individuals not affected by
the infection. Fifteen percent of ICH cases were
parenchymal hemorrhages with mass effects
and brain herniation, with the mortality rate
reaching 100%=.

Punctate hemorrhages accounted for 25% of
intracranial hemorrhages, while small-to-mod-
erate hemorrhages were observed in 60% of the
patients._ It is noteworthy that 67% of the investi-
gated individuals received therapeutic anticoagu-
lation and 9% received prophylactic anticoagula-
tion before the onset of intracranial hemorrhage.
Given these data, it seerms that the use of anti-
coagulation, whether prophylactic or full, should
always be associated with a good overall clinical
evaluation so that the risks and benefits of this
medical intervention can be weighed™.
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In a systematic review, Maury et al. analyzed
data on COVID-19-related intracranial hemor-
rhage from nine cohort studies from Belgium,
China, France, Italy, the United Kingdom, and
the United States. The estimated prevalence
of ICH ranged from 0.2% in the French cohort,
which included 46 centers, to 0.8% in a study of
three centers in [taly*™* data were closer to the
values found in our case series.

Regarding cerebrovascular complications
due to Sars-CoV-2 infection, the relationship
between cerebral venous thrombeosis (CVT) and
COVID-19 is noteworthy because in infected in-
dividuals, the incidence of CVT is estimated at
42 8 per million®.

The incidence was even higher among hos-
pitalized COVID-19 patients (231 per million).
For better understanding and comparison, the
incidence of CVT in the pre-COVID era was esti-
mated at 13.59-20.2 per million*s,

“We had three cases in our case series, which
within the context of more than a thousand pa-
tients infected by a virus with neurotropism and
in serious conditions, we can conclude that it is
within numbers cloge to pre-pandemic values.

For comparative analysis purposes, we can
use the largest published series of cases of CVT
associated with COVID-19 in 2024, Scutelnic et
al* published data collected in 21 hospitals in
13 countries, with 70 patients, showing that, al-
though not significant, the mortality rate in pa-
tients with CVT and COVID-19 was higher than
in controls (7% vs. 3%). These results may have
clinical significance, indicating that COVID-19
contributes to the sequelae of CVT. In this study,
most patients with CVT due to COVID-19 {87%)
were asyimptomatic, mild, or moderate. In addi-
tion, the initial characteristics were quite simi-
lar in the COVID-CVT and control groups, prob-
ably explaining the similar results in functional
outcomes of surviving patients. The published
data show important analyses regarding signs
and symptoms, assessment of disability scales,
and functional outcomes; however, few differ-
ences in relation to the results were observed in
the pre-pandemic era™.

Limitations include the fact that this is an ob-
servational study and is not multicenter, which
limits external validity. Furthermore, data col-
lection occurred during the first outbreak of the
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pandemic, a period marked by overburdened
health services and restricted access to addi-
tional testing, which may have led to underre-
porting or delayed diagnosis of cerebrovascular
events. Another important aspect was the lack
of post-discharge follow-up, making it impos-
sible to assess the functional progress and pos-
sible late sequelae of patients.

In conclusion, the absolute number of cere-
brovascular disease cases has considerably
increased. The contribution of several risk fac-
tors has also changed in recent years, and we
must remember the possibility of an associa-
tion between cerebrovascular disease and in-
fectious agents. In this study, we can observe
the severity of cases associated with COVID-19
and thus provide information that may help in
understanding the importance of effective, ac-
cessible, and economical measures to improve
surveillance and prevention of cerebrovascular
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Nos ultimos anos, evidéncias tém demonstrado que diversas condigdes
cardiovasculares agudas e cronicas podem ocorrer apds a infec¢do por COVID-19,
incluindo embolia pulmonar aguda, trombose venosa profunda, insuficiéncia cardiaca,
hipertensao arterial sistémica, fibrilagdo atrial e diabetes mellitus (1-4). Todas essas
condi¢des, especialmente quando ndo diagnosticadas ou tratadas adequadamente, podem
representar fatores de risco concomitantes para o desenvolvimento de acidente vascular

cerebral isquémico (5,6).

Ainda nao ¢ possivel determinar com precisdo se o surgimento dessas novas
doengas cardiovasculares representa uma consequéncia direta da infec¢do pelo SARS-
CoV-2 ou se o virus atua como um fator desencadeante em individuos predispostos (7,8).
Entretanto, a crescente incidéncia de eventos cerebrovasculares observada apos a
pandemia reforca a necessidade de vigilancia clinica e acompanhamento prolongado dos

pacientes acometidos pela infec¢do (9,10).

Os dados obtidos neste estudo contribuem para alertar a comunidade médica e a
populacdo sobre os riscos de eventos cerebrovasculares durante a hospitalizacdo, na fase
de convalescenca e no periodo pos-alta em sobreviventes da COVID-19 (11-13). Além
disso, reforcam a importancia de estratégias preventivas e terapéuticas especificas para
esse grupo de pacientes. Estudos adicionais ainda sdo necessarios para avaliar os
beneficios potenciais da terapia anticoagulante, assim como suas doses ideais e duragao de

uso, na redugdo do risco de acidente vascular cerebral isquémico (14,15).

Em comparagdo com os relatos de eventos isquémicos, observou-se menor nlimero
de casos de acidente vascular cerebral hemorragico entre os pacientes com COVID-19,
corroborando achados de outras séries clinicas (16—-19). Em uma coorte de 755 pacientes
com infec¢do confirmada, a prevaléncia de hemorragia intracraniana foi de 4,4%,
representando aproximadamente 11% de todas as doencgas cerebrovasculares no grupo
estudado (20). A maioria dos casos ocorreu em homens e esteve associada a altas taxas de
mortalidade, sobretudo nas hemorragias parenquimatosas extensas e com efeito de massa

(21,22).

Em relacdo a trombose venosa cerebral, a associacdo com a infec¢do por SARS-
CoV-2 mostrou-se relevante. Em individuos infectados, a incidéncia estimada foi de 42,8

por milhdo, valor superior ao observado na era pré-pandémica, que variava entre 13,9 e
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20,2 por milhdo (23-26). No presente estudo, foram identificados trés casos de trombose
venosa cerebral, achado compativel com dados internacionais e que reforca a hipdtese de

que a infecgao viral possa atuar como fator precipitante em pacientes predispostos (27,28).

Os achados aqui apresentados sugerem que o uso de anticoagulagdo, seja em dose
profilatica ou terapéutica plena, deve sempre ser ponderado em conjunto com uma
avaliacdo clinica criteriosa, de modo a equilibrar riscos e beneficios. A ocorréncia de
eventos hemorragicos em pacientes sob anticoagulagdo reforca a importancia do

monitoramento cuidadoso e da individualiza¢ao da conduta terapéutica (29,30).

Entre as limitagoes do estudo, destacam-se o carater observacional ¢ unicéntrico, o
que restringe a validade externa, e o fato de a coleta de dados ter ocorrido durante a
primeira fase da pandemia, periodo marcado por sobrecarga dos servigos de saude e
acesso limitado a exames complementares. A auséncia de acompanhamento pos-alta
hospitalar também impossibilitou a avaliagdo de sequelas tardias e da recuperagao

funcional a longo prazo (31,32).

Em conclusdo, observou-se aumento consideravel no nimero absoluto de casos de
doenca cerebrovascular durante a pandemia de COVID-19, com alteracdo do perfil de
risco e da gravidade dos pacientes acometidos (33,34). A infeccdo pelo SARS-CoV-2
mostrou-se associada a mecanismos vasculares complexos, envolvendo inflamagdo

sistémica, disfuncao endotelial e estado pro-trombotico (35,36).

Os resultados refor¢am a importancia da adogdao de medidas eficazes, acessiveis e
sustentaveis voltadas a prevencao e vigilancia das doencas cerebrovasculares, com
especial atengdo ao controle rigoroso dos fatores de risco modificaveis, como hipertensao

arterial sistémica, diabetes mellitus, tabagismo e dislipidemia (37-39).

Além disso, o acesso oportuno a terapia intensiva e a reabilitacdo precoce deve
ser considerado um componente essencial na linha de cuidado do paciente com acidente
vascular cerebral, sobretudo no contexto da satde publica, onde tais medidas podem
reduzir significativamente a mortalidade e as sequelas incapacitantes associadas ao AVC

(40).
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ANEXO 2: TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Caro Participante:

Gostarlamos de te convidar para participar voluntaramente da pesguisa intitulada
‘PERFIL DE PACIENTES COM COVID19 E DOENCA CEREBROVASCULAR EM UM
CENTRO DE REFERENCIA DE NEUROLOGIA EM SAD PAULD, BRASIL", que se refere a
wm progeto de pesquisa coordenado pelo Dr Francisco Tomaz Mensses de Olivelra, médico
da neurologia da Irmandade da Santa Case de Miserictrdia de 560 Paulo, gque possul como
onentador o Prof. Or Rubens José Gaghiardi,

Este estudoe tem como  obpetivo  estudar a  preveléncie de  complicacbes
carebrovasculares nos pacientes com COVID-19 [doenca causada pelo novo coronavines —
Sars-Cov? atendidos na Santa Casa de Misericérdia de 530 Paulo.

Ma sua paricipacio, vocd permiticd gue sejam colhidos os dados contidos em seu
prontusno atraves de protocolo de pesquisa previamente estabelecido, além de informacdes
que wold masmo fornecard com o preenchimento de um questiondno que aveliard a pressnga
de comorbidades, sinfomas de sindrome gripel & sinais elou sintomas neurcldgicos.

Esses dados aerdo anexados a0 de oulros pacientes por meio de tabelas e, apos isso,
gerdo submetidos & avaliagio estatlstica e descritos em forma de artigos cientlficos. Em ceso
de necessidade de gravagbes & fémagena, epos a franscricdo desies para 08 bencos de
dados, elas serfo desgravadas e delstadas dos aparelhos eletrdnicos que realizeram Bs
gravagies. Em nenhum momento vocé sera identificado.

Os resuliedos da peaquise serdo publcados e, ainda assim, a sua identidade sera
preservada. Viood ndo tera nenhwm gasto & ganho financeiro por participar ne pesquisa.

Esta trabalho apresenta o risco de quebra da confidenciabdede, porém a protecdo da
confidencialidade serd assegurada pebo armazenamento cooreto dos dados, ndo havendo
vinculagio dos protocolos de pesguisa ao nome 4o sujeito pesgusado. Durante todo o
frabalh, o sigile do pacienta sard prasardado.

Exiate o rmco de devolugio ou comunicagho inepropriada de resultados dos estudos,
eate serd minemizedo treinando o5 pesguisadosss para gue sles tenham dominks de todas as
etapas da peagquisa. Os bensficios serdo acrescantar novos conhecimentos e dados ao perfil
dos pacsentes com COVIDTS e doengas cerebrovascularas.

Yoo & livee para deixar de participar de pesguisa a qualguer momento sam nenhium
prejulzo ou coagio. Ume via original deate Termo de Consantiments Livre & Eaclaracido ficara

cam wood, Seu nome néo sera ullizedo em gualguer fase de pesquise, o Que Jarante seu
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anonimats, bem como a divulgacio doa resultados serd feits de forma & ndo identificar os
voluntarios.

M&o sera cobrado nada, néo hawerd gastos & nAo estdo previstos ressarcimentos ou
indenizagiies, pois o estudo envohle somente entrevista e nenhum procedimenio ou
intar¢encBo sera realizedo no(a) senhos{a) ou outre raz8o.

Gostarlamos de esclarecer gue sua participagio & woluntaria e que podera se recusar
& participar ou retear o seu consantimento, ou ainda descontinuar sua participagdo =2 assim
o preferir, sem penalzagho alguma cu sem prejuize ao seu cuidado.

Camo aceite participar woluntariaments do estudo, ofa) senhor(a) ficard com wma cdpla
deste Termo de Consentimeanto Livre e Eaclarecido.

Cualquer divida & respeilo da pesquisa, vocd poderd entrar em contato com Dr
Francisco Tomaz Meneses de Oliveira no telefons (11} 2176-TO00 ou através do endereco
Rua Or. Cesario bMota Junior, 112, Vila Buargue, 580 Paulo'SF, CEP 01.221-010. Podera
tarmbérm entrar em contato com o Comité de Etica em Pesquisa — Hospital Santa Casa de Sio
Paulo: Fus Santa |sabel, 305, 4° andar, Vils Buarque, 580 Paule!SP, CEP 01.2219-010.
Contato: (11) 2176- 76859,

Dieade j&, agradecermnos sua atengdo e paricipagio e colocamo-nos & disposigio para
maiores informagbes.

Acredibto ter sido suficientemente informado & respeito das informagies gue |i ou que
foram Bdas para mam.

Eu discuti com Dr Francsco Tomeaz Meneses de Oliveira ou pessoa por ele delegado
sobre a minha decis&o em paricipar nesae estudo.

Ficaram claros para mim quais &0 0s proposilos do estudo, os procedimentos & serem
realizados, seus desconfortos e rniscos, a3 garanties de confidencialidade e de
eaclarecimentos permenentss. Ficou clare também gue minha paricipagdo &€ isenta de
deapasae e gque tenho geranfie do scesso & atamento hospitalar gquando necessario,
Concordo voluntariamente em participar do estudo e poderei refirar o meu consentimenic a
qualguer momento, antes ou durante o mesmo, sem penalidades ou prejulzo ou perda de

qualquer beneflcio gue eu possa ter adguirido, ou no meu atendiments neste ssrvigo.

Assingtura do paciente/representante begal. Data ! )

Ageingture da testermunhe. Data ! )
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Para casos de voluntarios, analfabetos, semianalfebetos ou poriadores de deficiéncia auditiva

ol wisual

Declare que oblive de forma epropriada e woluntdria o Consentmento Live 2
Eaclarecido deste paciente ou represeniante legal para a participago neste estudo.

Aasingtura do responsavel pelo estudo. Data ) [




