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RESUMO

A doenga COVID-19 representa uma importante ameaga a saude numa escala global,

constituindo, até a0 momento atual, a maior crise de satde publica do século XXI.

Estima-se que 85 a 90% dos casos correspondam a infe¢des pauci-sintomaticas ou
ligeiras. No entanto, até 15% das infegbes sé@o graves exigindo, eventualmente, admisséo em

Servigos de Medicina Intensiva / Unidades de Cuidados Intensivos (UCI).

As infegbes graves sdo aquelas que se revelam mais impactantes tanto pela morbilidade
provocada, como pelo acréscimo na letalidade associada a doenga. Sao multiplos os fatores
descritos como predisponentes de maior mortalidade pela COVID-19. No entanto, e apesar da
plausibilidade bioldgica para um efeito particularmente adverso das comorbilidades neurolégicas
na mortalidade atribuivel a COVID-19 critica, a literatura é escassa no que se refere a estudos

especificamente desenhados para avaliar este impacto.

Por este motivo, consideramos importante avaliar o efeito da presenga de comorbilidades
neuroldgicas, especificamente a doenga vascular cerebral (DVC), na mortalidade de doentes
criticos COVID-19.

Para tal, desenvolvemos um estudo de coorte prospetivo incluindo consecutivamente 178
doentes COVID-19 criticos. A DVC prévia, presente em cerca de 10% da amostra, revelou-se um
fator independente para mortalidade em UCI no contexto da doenca COVID-19 critica,

consubstanciando-se com um risco de morte 2,51 vezes superior.

A doenga COVID-19 cursa primariamente com sinais e sintomas respiratorios, cuja
severidade € o principal determinante da gravidade da doenga. No entanto, sinais, sintomas e
sindromes neuroldgicos foram descritos em todo o espetro clinico da COVID-19, apontando para
um eventual neurotropismo virico e potencial neuro-invasivo. No contexto de UCI,
independentemente do diagndstico de admisséo, existe também um risco acrescido de se
verificarem complicagdes neurolégicas relacionadas com a prépria doenga critica e com o seu

tratamento.

Neste sentido, é relevante investigar se, em doentes criticos COVID-19, a disfungédo
neuroldgica é apenas um epifenémeno da doenca critica ou se esta diretamente relacionada com

0 potencial neurotropismo e neuro-invasividade do SARS-CoV-2.



Por este motivo, desenvolvemos um estudo de coorte prospetivo incluindo
consecutivamente 54 doentes internados em UCI por Sindrome de Dificuldade Respiratoria Aguda
(SDRA) de etiologia infeciosa. Neste trabalho, foram diretamente comparados doentes com SDRA
a SARS-CoV-2 (n=27) com doentes com SDRA a outros patdgenos infeciosos (n=27), no que se
refere & prevaléncia e caracteristicas da disfun¢éo neuroldgica. Um total de 61% dos doentes
incluidos apresentaram pelo menos um sinal, sintoma ou sindrome neuroldgica durante o
internamento em UCI. Nos doentes COVID-19 verificou-se um risco 1,98 vezes superior de
desenvolver estas complicagdes, em comparagdo com 0s casos que tinham sido admitidos por

SDRA a outros patégenos infeciosos.

Na abordagem ao doente critico, um outro aspeto que consideramos fundamental foi o da
avaliagdo e intervencdo por Medicina Fisica e de Reabilitacdo (MFR), como determinante de
reducdo da morbilidade e da mortalidade associada a doenga. O desenho e implementagéo de
programas de MFR pode ser influenciado por multiplas condicionantes, como sendo as lesdes por
pressdo. Apesar da prevaléncia, impacto clinico e economico das lesdes por pressdo no doente
critico, os modelos preditivos de risco desta complicagdo nos doentes COVID-19 criticos sao

€SCassos.

Assim, desenvolvemos um estudo de coorte retrospetivo incluindo consecutivamente 205
doentes COVID-19 criticos, em que foram avaliados multiplos potenciais preditores acessiveis a
admissdo na UCI, visando identificar fatores de risco para o desenvolvimento desta complicagéo.
A prevaléncia de lesdes por press@o na amostra incluida foi elevada, afetando mais de 50% dos
doentes. Identificamos quatro preditores independentes para o desenvolvimento de lesdes por
pressdo em doentes COVID-19 criticos: sexo masculino, hipertensao (comorbilidade) e valores
mais baixos de hemoglobina e albumina & admisséo na UCI. Estes fatores constituiram o modelo
PRINCOVID. De modo a facilitar a aplicabilidade deste modelo num contexto real de pratica
clinica, convertemo-lo num score. O score PRINCOVID varia entre 0 e 15 pontos, com dois grupos
de risco distintos: “emrisco” (< 7 pontos) e “alto risco” (> 7 pontos). Foi também feita a comparacao
direta entre 0 PRINCOVID e o standard da pratica clinica (escala de Braden), sendo que o modelo

PRINCOVID apresentou um poder preditivo significativamente superior.

Uma vez que os doentes mais graves s&o também os que apresentam, a priori, uma
probabilidade superior de desenvolver sequelas relacionadas com a COVID-19, o impacto a longo
prazo da doenga nesta populacdo € muito importante. De facto, o elevado nimero de

sobreviventes a doenga COVID-19 critica tem criado um peso significativo nos sistemas de saude
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ao longo do continuo de cuidados, com ulterior necessidade de politicas estruturais de
reorganizagdo dos mesmos. No entanto, a extenséo, evolu¢do temporal e caracteristicas das

sequelas da doenca critica COVID-19 encontra-se pouco documentada na literatura.

Exatamente por este motivo, definimos também como objetivo desta investigagéo
caracterizar as consequéncias clinicas e funcionais da doenga COVID-19 critica ap6s alta da UCI.
Para tal, desenvolvemos um estudo de coorte prospetivo incluindo 42 sobreviventes de
internamento em UCI por SDRA a SARS-CoV-2. Estes doentes foram avaliados em consulta de
MFR aos seis e doze meses apos a alta da UCI. Nestas avaliagdes clinicas foram caracterizados
os dominios fisico, mental e cognitivo da Sindrome Pés Internamento em Cuidados Intensivos,
através do exame objetivo e multiplas escalas de avaliagdo. Além disso, foi também avaliada a
funcionalidade destes doentes. Os resultados deste estudo revelaram que, aos seis e doze meses
apds alta da UCI, sobreviventes de COVID-19 critica apresentam alteragdes consideraveis nos
dominios fisico, mental e cognitivo, apesar de se ter verificado uma evolugéo positiva significativa
em todos estes dominios ao longo do periodo de seguimento. De realgar ainda que apenas cerca
de metade da amostra estava auténoma seis meses ap6s a alta da UCI, valor que aumentou em

cerca de 20% nos seis meses subsequentes.

Em suma, esta investigagao visou contribuir para a melhor compreenséo do doente critico
COVID-19, numa abordagem “antes, durante e depois da UCI", com particular enfoque na
disfuncdo neuroldgica e no impacto clinico e funcional da doenga. Assim, foi explorado o efeito de
comorbilidades neuroldgicas na mortalidade em UCI, avaliado se a disfungéo neurolégica é, ou
nao, mais comum em doentes criticos COVID-19 (em comparagdo com doentes com SDRA por
outros patogenos infeciosos), e analisado o impacto a longo termo da doenga critica COVID-19
nos dominios mental, fisico e cognitivo e na funcionalidade. Ademais, foi também desenvolvido
um modelo preditor de risco de lesdes por pressdo para esta populagdo, dado o impacto de
programas de MFR na prevengao destas complicagdes e o potencial efeito da presenca de lesbes

por pressao no desenho e implementagéo de programas de MFR.
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SUMMARY

COVID-19 disease poses an important health threat on a global scale, thereby constituting

the most significant public health crisis of the 21st century, so far.

Indeed, 85 to 90% of COVID-19 patients have paucisymptomatic or mild infections.
Nevertheless, up to 15% have severe diseases, some requiring admission to Intensive Care Units
(ICU).

Severe infections are the most impactful, not only because of the morbidity caused but also
due to the presumed increase in the disease-associated lethality. In the hitherto literature, there
are several described risk factors for higher mortality from COVID-19. However, and despite the
biological plausibility of a particularly adverse effect of neurological comorbidities on mortality due

to critical COVID-19, the literature is scarce regarding this topic.

For this reason, we considered important to evaluate the effect of neurological
comorbidities, specifically cerebrovascular disease (CVD), on the mortality of critically ill COVID-

19 patients.

Accordingly, we performed a prospective cohort study with consecutive inclusion of 178
critical COVID-19 patients. Previous CVD, present in about 10% of the sample, was an independent
risk factor for mortality. The presence of this comorbidity was associated with a 2.51-fold higher

risk of death during an ICU stay.

This virus mainly causes respiratory signs and symptoms, which are the main determinants
of disease severity. Nevertheless, neurological signs, symptoms, and syndromes have been
reported in the full clinical spectrum of COVID-19, pointing towards a viral neurotropism and
potential of neuro-invasiveness. In an ICU setting, there is an inherent risk of neurological
complications regardless of the admission diagnosis. These complications may be related to the

critical iliness itself and/or the required treatment.

As so, one of the most pressing questions in this area is whether neurological dysfunction
in critically ill COVID-19 patients is just an epiphenomenon of the critical iliness or directly related
to the alleged neurotropism and neuro-invasiveness of SARS-CoV-2.

For this reason, we developed a prospective cohort study including consecutively 54
patients admitted to ICU due to infectious Acute Respiratory Distress Syndrome (ARDS). In this
analysis, patients with ARDS due to SARS-CoV-2 (n=27) were directly compared with patients with
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ARDS due to other infectious pathogens (n=27), regarding the prevalence and characteristics of
neurological dysfunction. A total of 61% of the sample had at least one neurological sign, symptom,
or syndrome during ICU stay. COVID-19 patients presented a 1.98-fold higher risk of developing
these complications when compared to cases admitted with ARDS due to other infectious

pathogens.

In the treatment of critically ill patients, Physical and Rehabilitation Medicine (PRM)
intervention is of paramount importance. Indeed, PRM programs have a significant effect on the
reduction of both morbidity and mortality associated with COVID-19 disease. The design and
implementation of PRM programs pends on several factors and considers multiple constraints,
namely the presence of pressure injuries. Despite the prevalence, clinical and economic impact of
pressure injuries, predictive risk models are scarce for this complication in critical COVID-19

patients.

Thus, we developed a retrospective cohort study with consecutive inclusion of 205 critical
COVID-19 patients, in which multiple potential predictors accessible at ICU admission were

evaluated, aiming to identify risk factors for developing this complication.

The prevalence of pressure injuries was high, affecting more than 50% of the sample. Four
factors were identified as independent predictors for developing pressure injuries in critically ill
COVID-19 patients: male gender, hypertension (comorbidity), and lower values of hemoglobin and
albumin at ICU admission. These factors constituted the PRINCOVID model. To facilitate the
applicability of this model in a real-life clinical context, we converted it into a score. The PRINCOVID
score varies between 0 and 15 points, with two distinct risk groups: “at risk” (< 7 points) and “high
risk” (> 7 points). Furthermore, a direct comparison between the PRINCOVID and the standard of
clinical practice (Braden scale) was performed: the PRINCOVID model presented a significantly

higher predictive power.

Since severe patients are also those who have, a priori, a higher probability of developing
COVID-19-related sequelae, the long-term impact of the disease in this population is very
important. In fact, the high number of survivors of critical COVID-19 has created a significant burden
on health systems along the continuum of care, with a further need for structural policies to
reorganize them. However, the extent, clinical path, and characteristics of COVID-19-related
sequelae are poorly documented in the literature.
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In accordance, we also defined as an objective of this investigation to characterize the

clinical and functional consequences of critical COVID-19 iliness after ICU discharge.

As so, we developed a prospective cohort study including 42 survivors of critical ARDS
due to SARS-CoV-2. These patients were evaluated in a PRM ambulatory appointment at six and
twelve months after ICU discharge. The physical, mental, and cognitive domains of Post Intensive
Care Syndrome were characterized through physical examination and multiple scales. In addition,
the functionality of these patients was assessed. This study highlights that six and twelve months
after ICU discharge, survivors of critical COVID-19 have considerable impairments in the physical,
mental and cognitive domains, despite a significative positive evolution in all these domains
throughout the first year after ICU discharge. Furthermore, only about half of the sample was
independent six months after discharge from the ICU, a value that increased by around 20% in the

subsequent six months.

In brief, this investigation aimed to contribute to a better understanding of the critically ill
COVID-19 patient, in a “before, during, and after ICU” approach, with an essential focus on the
topics of neurological dysfunction and the clinical and functional impact of the disease. Indeed, we
have explored the impact of neurological comorbidities in ICU mortality of COVID-19 patients,
assessed whether neurological dysfunction is more frequent in critical COVID-19 patients (in
comparison with patients with ARDS due to other infectious pathogens), and analyzed the long-
term impact of critical COVID-19 in the mental, physical and cognitive domains and in the
functionality. Furthermore, we have also developed a predictive model for pressure injuries in this
population due to the effect of PRM programs in the prevention of this complication and the potential

impact of pressure injuries in the design and implementation of PRM programs.
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INTRODUGCAO

A DOENGA COVID-19: O MOMENTO EM QUE A NOSSA VIDA MUDOU

Em dezembro de 2019, o Hubei Integrated Chinese and Western Medicine Hospital, na
cidade chinesa de Wuhan, reportou um surto de pneumonia grave de etiologia virica provavel. Nos
trinta dias seguintes foi possivel a identificagdo do virus SARS-CoV-2, tendo-se constatado uma
disseminagao rapida da doenga a nivel global, a qual foi subsequentemente designada Doenca
Coronavirus 2019 (COVID-19)".2.

Pela propagacdo massiva da doenca foi declarado em margo de 2020, pela Organizagao
Mundial de Saude (OMS), o estado de pandemia por COVID-193. Atualmente, trés anos depois,

foram reportados mais de 765 903 278 casos a nivel mundial e de 5 582 987 casos em Portugal®.

A COVID-19 alterou o paradigma da area da saude, tendo tido também um impacto
significativo na sustentabilidade socioecondmica global®. O impacto social da pandemia,
essencialmente pela alteragao dos padrdes de vivéncia em comunidade e na sociedade, foi muito
significativo tanto no modo, como na qualidade de vida da populagdo mundial, algo que se
relaciona diretamente com o efeito das adaptacdes existentes a nivel psico-emocionalé. Além
disso, também o impacto econdmico desta situagdo foi devastador em mdltiplos contextos,
designadamente nos setores primarios (agricultura, pecuaria, industria do petréleo), secundarios
(envolvidos na génese dos produtos finais, como a industria da manufaturaco) e terciarios (que

incluem os Servigos, como a educagao, industria financeira, turismo, imobiliaria, entre outras)’.

Numa perspetiva histérica, em dois momentos prévios nos ultimos vinte anos os
Coronavirus j& haviam desencadeado quadros infeciosos que se revelaram importantes ameagas
a saude publica globalmente: o Severe Acute Respiratory Syndrome (SARS) em 2002-2003 e o
Middle Eastern Respiratory Syndrome (MERS) em 2012810, Apesar dos agentes etioldgicos destas
trés entidades pertencerem a mesma familia filogenética, sdo multiplas as caracteristicas que os
distinguem tanto no que se refere & sua patogénese, como & apresentagéo clinica’®. 1. E, contudo,
de destacar que a mais relevante diferenca clinica entre estes micro-organismos &€ a maior

prevaléncia de portadores assintomaticos da infegdo por SARS-CoV-210. 12,

A significativa proporgéo de individuos assintomaticos, aliada ao facto de a apresentagéo
da COVID-19 ser dindmica e frequentemente distinta entre doentes, conduz a inerentes

dificuldades no diagnostico precoce, contribuindo assim para a disseminag@o desta doenga'e.
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Adicionalmente, a auséncia de imunidade protetora e a capacidade do SARS-CoV-2 para
ultrapassar mecanismos de imunidade inata, constituiram também aspetos essenciais na

propagacao deste virus'4.

A transmissibilidade do SARS-CoV-2 ocorre, essencialmente, através de aerossois, 0s
quais podem permanecer no ar, nas maos e em superficies's. O tempo mediano de incubacéo do
SARS-CoV-2 varia entre dois e doze dias, sendo que a transmissao por individuos assintomaticos
foi ja amplamente descrita'® 7. Parecem existir alguns fatores predisponentes para um risco
acrescido de contrair esta infe¢do, designadamente de indole sociodemogréfica (idade avangada,
sexo masculino, estado civil casado, maior nimero de elementos no agregado familiar) e

comorbilidades (fatores de risco vasculares, patologia oncoldgica, patologia psiquiatrica)’e.

Estas particularidades de propagacdo e transmissibilidade do SARS-CoV-2 foram o
substrato essencial para o planeamento e operacionalizagéo das medidas de prevencao primaria,
implementadas com o objetivo fundamental de reduzir a taxa de incidéncia da COVID-19¢. Entre
as medidas com maior eficacia presumivel, destaque para o distanciamento fisico, o isolamento e
restricdo de circulagdo, a utilizagdo de material de protecdo da via aérea e a identificagdo e
isolamento de casos e contactos, as quais condicionaram uma diminuig&o global no indice de

transmissibilidade, na taxa de incidéncia da COVID-19 e na mortalidade atribuivel a doenga'. 20,

Ao longo do tempo verificou-se uma significativa desaceleragao na transmissibilidade, na
gravidade e na mortalidade associada a COVD-19, algo que se encontra provavelmente indexado
a estas estratégias de saude publica de base populacional, a vacinagdo, a otimizagdo da

capacidade diagnostica, aos avancgos terapéuticos e a modificagdo adaptativa do virus2!.

O gold-standard para o diagnéstico da COVID-19 ¢é a andlise da Reverse Transcription
Polymerase Chain Reaction (RT-PCR) do SARS-CoV-2 em amostras recolhidas através de
zaragatoa naso- e oro-faringea (via preferencial), aspirado traqueal ou lavado bronco-alveolar??.
A especificidade deste método de diagndstico € muito elevada, no entanto a sua sensibilidade
varia entre 40 e 60%2%. Além do método de RT-PCR, a anélise de amostras recolhidas da via
aérea pode também ser feita com recurso a testes de antigénio, os quais apresentam um poder
diagnostico inferior, particularmente nas novas variantes viricas, em doentes pauci-sintomaticos e

nos primeiros dias apds a infe¢cdo em que existe uma reduzida carga virica sistémica2 25,

Globalmente, estima-se que 85 a 90% dos casos de COVID-19 correspondam a infegdes
pauci-sintomaticas ou ligeiras?2. No entanto, até 15% das infe¢des séo graves, cursando com
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faléncia respiratéria e, por vezes, disfungdo multiorganica, condicionando assim a necessidade de

admissdo em Servicos de Medicina Intensiva / Unidades de Cuidados Intensivos (UCI)26.

A capacidade de predicdo da gravidade e da mortalidade atribuivel a doenca é
extraordinariamente importante na priorizacdo correta dos doentes, particularmente ao nivel das
UCI27. Varios modelos preditivos de gravidade e mortalidade associada a COVID-19 foram sendo
descritos na literatura, incluindo variaveis sociodemogréaficas, comorbilidades, sinais e sintomas a
admissdo hospitalar, complicagdes relacionadas com a doenca, entre outros factores?8-32, A
existéncia destes modelos reveste-se de particular importancia na otimizagao dos cuidados de

saude prestados®.

O limitado nimero de vagas em UCI impds desafios organizacionais significativos, em
termos de dotagdo de camas e de recursos humanos. Globalmente, verificou-se um impacto
negativo significativo da pandemia COVID-19 na abordagem a doentes ndo COVID-19,
especificamente no que se refere a acessibilidade a métodos de rastreio, diagnostico precoce e
tratamento atempado34 35, Apesar do presumivel efeito deletério desta situagdo pandémica na
mortalidade por outras doencas além da COVID-19, é de realgar que, entre os doentes admitidos
em UCI por outras doengas criticas na era pandémica, ndo se verificou uma diferenca significativa

na sua mortalidade, em comparagdo com os resultados da era pré-pandémicass 36,

Existindo a necessidade de admissdo em UCI, os cuidados clinicos preconizados neste
contexto sao basilares na reducdo da mortalidade associada a doenga?2. As taxas de mortalidade
por COVID-19 séo variaveis entre diferentes paises, estando relacionadas com a saturagéo das
UCI, o seu nivel de preparacao e grau de diferenciagao, bem como com a eficacia das estratégias
de prevengao primaria de base populacional, incluindo a vacinagdo, e com a implementacédo de

intervencgdes terapéuticas dirigidass: 22. 37,38,

No que se refere ao tratamento em fase de doencga aguda, na vasta maioria dos casos a
abordagem é conservadora, no domicilio, com medidas primariamente sintomaticas3®. No entanto,
a hospitalizagao e a eventual admissdo em UCI podem ser necessarias de acordo com a gravidade
do quadro clinico e caracteristicas do doente®.

O tratamento dos casos graves de COVID-19 inclui, fundamentalmente, medidas

farmacoldgicas e tratamentos de suporte8. 3943,

Apesar da ampla investigagéo clinica na area da terapéutica farmacologica dirigida a

COVID-19, e da existéncia de recomendagdes em constante atualizagéo pela OMS, ainda ndo se
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encontram claramente definidas linhas de abordagem terapéutica farmacologica preferencial®. 43.
Globalmente, as intervengdes farmacolégicas dirigidas a doenga COVID-19 podem ser
categorizadas em trés grupos: 1) agentes antiviricos, 2) terapéuticas com alvo no hospedeiro

(como os anticorpos neutralizantes) e 3) outros agentes8. 44,

Para além das intervengdes farmacoldgicas, o tratamento de suporte é algo determinante
na melhor abordagem a estes doentes*? 46, O suporte ventilatorio (com métodos de ventilagéo nao
invasiva, invasiva e extracorporeal membrane oxygenation), renal (com terapéutica de substitui¢do
desta fungéo), cardiovascular (através do suporte vasopressor, inotrdpico ou extracorporeal
membrane oxygenation), nutricional, entre outros, s@o alguns dos métodos incluidos neste
ambito#!. Além destas intervengdes mais especificas da Medicina Intensiva, também a Medicina
Fisica e de Reabilitacdo (MFR) tém um papel primario na prevengdo e na gestao de potenciais
complicagdes na doenga aguda COVID-19, configurando-se como uma abordagem de suporte

adjuvante muito relevante?’.

A DOENGA COVID-19: MAIS DO QUE UMA DOENGA RESPIRATORIA

O virus SARS-CoV-2 causa, essencialmente, sinais e sintomas respiratdrios, cuja severidade
é o principal determinante da gravidade da doenga“. Entre os individuos afetados, cerca de 20%
desenvolve quadros de pneumonia, 0s quais podem ter caracteristicas compativeis com Sindrome
de Dificuldade Respiratoria Aguda (SDRA)#.

De acordo com a definicdo de Berlin, a SDRA consiste num quadro de inflamagao pulmonar
aguda com aumento da permeabilidade alvéolo-capilar, associado a hipoxemia e opacidades
bilaterais objetivaveis em imagem de térax, sem evidéncia de insuficiéncia cardiaca esquerda®
51, De acordo com o nivel de oxigenacgao, a SDRA é categorizada em ligeira (PaO2/FiO2 entre 200-
300 mmHg, PEEP ou CPAP =5 ¢cmH.0), moderada (PaO./FiO2 entre 100-200 mmHg, PEEP =5
cmH20) ou grave (PaO2/FiO2 < 100 mmHg, PEEP = 5 cmH,0)%0. 51,

Na COVID-19, a progressao para a SDRA ocorre em varios estadios, sendo caracterizada
inicialmente por alteragbes na perfusdo pulmonar, no contexto da hiper-inflamagéo,
hipercoaguabilidade e embolizagdo pulmonar, com envolvimento minimo dos espagos aéreos.
Posteriormente, existe um estado de progressivo edema inflamatério e subsequente consolidagéo
parenquimatosa, sendo esta fase mais similar @ SDRA classica em termos de mecanica pulmonar

e resposta ao suporte respiratdrio*s. 52,
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No inicio da pandemia, a suspeita clinica de COVID-19 surgia mediante a apresentagao de
sintomas respiratérios. No entanto, atualmente é conhecido que sinais, sintomas e sindromes
atribuiveis a disfuncdo dos sistemas nervoso, cardiovascular, digestivo, hematoldgico, endécrino,
entre outros, podem constituir parte do quadro clinico da COVID-19'3. Assim, apesar da disfungéo
respiratéria ser a caracteristica-chave da doenga, a COVID-19 pode ter uma afegao multisistémica,

conforme detalhado na Figura 1.

A presencga de manifestagdes multiorganicas na COVID-19 prende-se, essencialmente, com
o tropismo que 0 SARS-CoV-2 apresenta para o recetor da Enzima de Conversao da Angiotensina
2 (ECA2)'3, Especificamente, pensa-se que a entrada deste virus nas células do hospedeiro seja
mediada pelo recetor da ECA2, sendo este o0 seu alvo primario3® %4, A lesdo multiorganica surge
por eventuais fenomenos ulteriores de toxicidade virica direta, lesdo das células endoteliais,
trombo-inflamagdo, desregulacdo da resposta imune e do sistema renina-angiotensina-

aldosterona®s.

Apesar da diversidade de 6rgados e sistemas afetados pela doenga, verifica-se uma lesao
preferencial de determinados tecidos%. Pensa-se que esta predilecéo se relaciona diretamente
com a expressividade relativa dos recetores da ECA2, mais presentes no epitélio da via aérea,

parénquima pulmonar, células renais, intestino delgado, endotélio vascular e sistema nervoso®,

Sistema Nervoso Sistema Hematologico
o « Linf . PP i
+ Sinais, sintomas e sindromes (9663 troml;ocitop:il:;rOHIIa‘
(Figura2) R + Elevagdo de marcadores inflamatérios (VS,
‘ Z%@ PCR, ferritina, DHL, IL-6)

~

« Elevagao dos D-dimeros e fibrinogénio,

. . prolongamento dos intervalos PT e aPTT
Sistema Cardiovascular
N Arritmias (fibrilagao e flutter auricular,
. taquicardia e bradicardia sinusal, v i Arrt
X prolongamentos do intervalo QT, v _SIStema Endocrlno

torsades de pointes) % Cetoacidose
AN ) « Cetose euglicémica
+ Cardiomiopatia (uni- ou bi-ventricular) + Hiperglicemia
« Insuficiéncia cardiaca - T.p.g
- Isquemia miocardica © Tiroidite
. Miocardite + D ¢éo do eixo hipofise-supra-renal
« Anorexia » Hematdria, proteindria
« Diarreia, obstipagao * Acidose Metabdlica
* |+ Dorabdominal + Alteragoes eletroliticas (hipercalémia,
« Nauseas, vomitos hiponatrémia, hipernatrémia)
« Elevagio das  transaminases, + Leséo renal aguda
hiperbilirrubinemia, hipoalbuminemi
+ Hemorragia digestiva
* Hepatite .
« Colite isquémica ou isquemia Pele e faneras
mesentérica - Petéquias
- Livedo Reticularis
Sistema Musculo-esquelético " Bash frimatoso, pruriineso, ouros)
+ Artralgias, mialgias
l + Elevagdo das enzimas de degradagdo
muscular (CK, Mioglobina)
' « Miosite

Figura 1. Afecdo multiorganica da doenga COVID-19: exemplificagdo do envolvimento extra-respiratorio

Legenda: DHL: Desidrogenase lactica; IL-6: Interleucina 6; CK: Creatina Quinase; PCR: Proteina C Reativa; VS: Velocidade
de Sedimentagéo; PT: Tempo de Protrombina; aPTT: Tempo de Tromboplastina Parcial Ativado (adaptado de Cayman Chemical ©)
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A DOENGA COVID-19: O UNIVERSO DO SISTEMA NERVOSO

Os sinais, sintomas e sindromes neuroldgicos s&o particularmente comuns nos doentes

COVID-19, estando presentes em até 90% dos casos sintomaticos®’.

As manifestagdes neuroldgicas podem ocorrer a apresentagdo da doenga, ou durante o seu
curso, tendo sido reportadas em todo o espectro clinico da COVID-1957. %8, Inclusivamente, a

disfuncéo neuroldgica foi descrita como manifestagéo clinica Unica em doentes COVID-19%°.

No que se refere a sua base fisiopatoldgica, globalmente existem duas teorias principais: a da

disseminagao hematogénica sistémica e a da disseminagéo neuronal retrégrada.

Na teoria da disseminag&o hematogénica sistémica, postula-se que ap6s a infegao das células
da via aérea, 0 virus possa transitar através da barreira epitelial e ganhar acesso a corrente
sanguinea, acedendo ao sistema nervoso através da infecdo ativa das células endoteliais da
barreira hematoencefalica (BHE) e/ou do plexo coroideu. Adicionalmente, por um mecanismo tipo
“cavalo de Troia”, o SARS-CoV-2 podera infetar diretamente outras células, designadamente os
leucdcitos, os quais podem migrar para multiplos outros tecidos corporais e ai atravessar a BHE,
ganhando desta forma acesso ao SNC®. Em ambas as hipoteses, pensa-se que existe um
compromisso da integridade estrutural e/ou funcional da BHE, levando a morte de células
neuronais pela viremia®®. Neste sentido, é possivel encontrar RNA virico no liquido
cefalorraquidiano (LCR), de acordo com o inicialmente postulado por Moriguchi et alé?. No entanto,
tal nem sempre se verifica, uma vez que a dete¢do de marcadores viricos no LCR requer um certo
limiar, 0 qual ndo é comummente atingido mesmo que na presenca de conteudo virico, além de
que a presenca de produtos hematicos no LCR pode interferir com a capacidade de detegéo de

particulas viricas®.

Relativamente a teoria da disseminagdo neuronal retrograda, esta postula que existe
entrada do SARS-CoV-2 através do bolbo olfativo, via mecanismos primariamente celulares, com
subsequente transmissdo superior por via transcribiana, e ulterior atingimento encefalicot2. Além
destas vias principais, foram também descritas vias ancilares, designadamente por afe¢éo primaria

dos nervos periféricos®.

Independentemente da via de entrada no organismo, e particularmente no sistema nervoso
central (SNC), destaca-se que a predilecdo por este sistema e o0 potencial neuro-invasivo do

SARS-CoV-2 esta previsivelmente relacionado com o tropismo do virus pelo recetor da ECA2. De
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facto, nas células da glia, nos neuronios, nas células endoteliais e do musculo liso arterial
encefélico, existe uma elevada expressividade desde recetores, o que torna o sistema nervoso um
alvo preferencial do SARS-CoV-264.65, Em termos estruturais, a preponderancia destes recetores
€ maxima ao nivel da substancia nigra, dos ventriculos, do giro temporal médio, do cortex
cingulado posterior e do bolbo olfativo, algo que constitui a possivel base estrutural explicativa de

alguns dos sinais, sintomas e sindromes neurol6gicos mais comuns nesta infe¢ao®.

Em suma, e apesar de as vias e bases fisiopatoldgicas para o neurotropismo e neuro-
invasividade do SARS-CoV-2 ainda ndo se encontrarem totalmente esclarecidas, a existéncia de
afecéo neuroldgica pelo SARS-CoV-2 é, atualmente, clarab?. %, Na literatura, a descri¢do de sinais,

sintomas e sindromes neuroldgicos é vasta, conforme explicitado na Figura 2.

SINAIS E SINTOMAS SINDROMES

Alteracéo do estado mental

Alteracio da acuidade visual Doengas do Movimento

Ataxia Encefalite, cerebelite
Cefaleias meningite, meningoencefalite, mielite
Crises sintomaticas agudas Encefalopatia (aguda necrotizante
Diplopia hgn!o.rrégica, ne.crotizante' pos
Disfungdo gustativa e/ou olfativa hipoxica, pos.teno_r reversivel)
Mioclonias !Ep||ep5|a.
Sinais meningeos Polineuropatias

Sindrome disexecutivo
Sindromes vasculares cerebrais
Vasculites do SNC

Sinais piramidais
Tonturas

Figura 2. Sinais, sintomas e sindromes neurolégicos da doenga COVID-19 descritos na literatura.

Legenda: SNC: Sistema Nervoso Central

No que se refere a relagdo entre a gravidade da doenga COVID-19 e a probabilidade de
apresentar disfungdo neuroldgica, a literatura ndo € unanime. Em alguns estudos, a prevaléncia
de disfuncdo neuroldgica nao € significativamente diferente entre doentes criticos e doentes pauci-
sintomaticos®’. No entanto, em outros trabalhos, os doentes mais graves parecem apresentar um
risco superior de alteragdes neuroldgicass®. Estudos dirigidos a populagdo de doentes criticos no
ambito do estudo da disfun¢do neuroldgica e do seu impacto s&o escassos. Na populagéo de
doentes COVID-19 criticos, uma das quest6es fundamentais é se as manifestagdes neurolégicas
sdo apenas um epifendémeno da doenga critica ou se estdo diretamente relacionadas com o
neurotropismo do SARS-CoV-2.

Além das amplas descri¢des clinicas de alteragdes neurolégicas nesta populagéo, ja
previamente explicitadas e ilustradas na Figura 2, destaca-se que alteragbes estruturais em
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estudos de imagem do SNC tém sido também detalhadas. Multiplos padroes foram descritos,
incluindo micro-hemorragias, alteragdes hipdxico-isquémicas, alteragdes da substancia branca,
variagdes da perfusao cerebral, alteragdes do realce lepto-meningeo, entre outrasé®. No que se
refere a topografia destas lesdes, na substancia cinzenta as areas mais frequentemente descritas
como afetadas foram os ganglios da base e o cerebelo, ao passo que na substancia branca parece
haver um predominio pelo trato cortico-espinhal, seguido pelo corpo caloso?. O trato cortico-
espinhal é uma via major de substancia branca, que conecta estruturas corticais a estruturas
subcorticais criticas (como o talamo e os ganglios da base), sendo também uma via primordial de
conexao cortico-medular’’. A sua fungdo &, assim, essencial na veiculacdo de informagao
referente ao controlo motor voluntario’2. Consequentemente, a afe¢do desta via associa-se a
presenca de alteragdes do controlo e fungdo motora, objetivaveis clinicamente como défices de
forga muscular. Adicionalmente, a lesdo desta via pode estar também associada a alteragbes da
integridade do arco reflexo, ilustradas clinicamente pela presenga de reflexos miotaticos
hiperativos e clénus. Ademais, este tipo de lesdes pode condicionar alteragdes do tdnus muscular,
como sendo a espasticidade. Por ultimo, uma lesdo do trato cortico-espinhal pode conduzir a
desrepresséo de reflexos primitivos segmentares, entre os quais se enquadra o reflexo cuténeo-
plantar em extens&o (sinal de Babinski)’!- 72, Por outro lado, o corpo caloso desempenha um papel
fundamental na comunicagao inter-hemisférica, sendo que leséo desta estrutura pode condicionar
défices cognitivos multi-dominios e sindromes disconectivos’. Apesar da potencial relevancia
neste ambito destaca-se, contudo, a marcada caréncia de estudos neuro-imagioldgicos funcionais,

incluindo avaliagdes tratograficas, conectdmicas e com paradigmas de ativagao funcional.

Adicionalmente, também em estudos eletrofisioldgicos, foram ja documentadas varias
alteragdes em doentes COVID-19 criticos, incluindo neuropatias agudas e subagudas, sensitivas,
motoras ou mistas, de predominio axonal e/ou desmielinizante, com afeg¢éo de um ou mais do que

um nervo perférico’™. 75

Além da elevada prevaléncia e possivel morbilidade associada, a disfungao neuroldgica
parece ter também um impacto na mortalidade associada a doenga COVID-1976.77, De facto, ndo
s6 doentes com alteragdes neurologicas em fase aguda, como também doentes com patologias
neuroldgicas prévias, parecem ter um maior risco de morte pela doenga COVID-1978. No entanto,
especificamente em doentes criticos, o impacto da doenca neuroldgica prévia na mortalidade intra-
hospitalar ainda ndo se encontra esclarecido, ao contrario do que ja acontece com outras
comorbilidades, como a hipertens&o arterial, a dislipidemia, a diabetes mellitus, a doenga pulmonar

obstrutiva crénica, a patologia cardiaca, renal e oncoldgica’®. 80,
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As interconexdes neuro-respiratérias podem ser a justificagéo para o impacto negativo da
patologia neuroldgica nos doentes com infegdes respiratorias. De facto, a presenca de uma leséo
neurolégica pode ser, por si s6, um fator de agravamento da disfungdo respiratoria,
nomeadamente na presenca de lesées com afecdo regional do tronco cerebral (por disfungao dos
centros cardiorrespiratérios)81-85, Adicionalmente, esta relagdo pode também ser explicavel pelo
facto de a funcéo respiratdria estar diretamente relacionada com o sistema nervoso auténomo e

com o controlo central da respiragao®?.

A DOENGA COVID-19: O FOCO NO DOENTE CRITICO

No doente critico, independentemente do seu diagndstico principal de admisséo, existe
um risco inerente de complicagdes relacionadas com o sistema nervoso, nomeadamente as lesdes
de nervos cranianos, neuropatias periféricas, lesdes encefalicas e/ou medulares adquiridas (de
etiologia toxica, metabdlica, vascular ou traumatica)?. 87. De facto, um em cada trés doentes
admitidos por patologia nao neuroldgica em UCI desenvolve complicagbes neuroldgicas, as quais

podem surgir no contexto da propria doenga critica e/ou do seu tratamento (por iatrogenia) 8688,

A existéncia de complicagdes neurolégicas em doentes criticos associa-se a um aumento

para o dobro da duragéo do internamento e a um risco de mortalidade duas vezes superiorsé. 88,

No doente COVID-19 critico, a importancia destas alteracdes é ainda maior, uma vez que
além da afecdo do sistema nervoso potencialmente indexada a doenca critica e/ou ao seu
tratamento, multiplos sinais, sintomas e sindromes neurolégicos foram descritos como

caracteristicas integrantes da infe¢do por SARS-CoV-2.

Assim, 0 exame neuroldgico tem particular relevancia na avaliacéo clinica destes doentes,
especificamente num contexto de diagnostico, orientagéo terapéutica e progndstico®. 90, Esta,
pois, recomendada a avaliagdo neuroldgica de todos os doentes admitidos em UCI, incluindo a
avaliagéo do nivel e conteudo da consciéncia, da cogni¢do, dos nervos cranianos, da fungao do
tronco cerebral, da capacidade motora e vestibulo-cerebelosa®. No entanto, estas avaliagbes

podem revelar-se dificeis dado o contexto da doenga criticad®. 89,

Como tal, a suspeigao clinica deve ser elevada e a presenca de respostas andémalas deve
ser particularmente valorizada®. Entre outros, o exame detalhado e rigoroso dos sinais de
disfungéo do trato cortico-espinhal (SDTCS), onde se inclui a apreciagdo dos reflexos miotaticos,

dos reflexos cuténeos e do tonus, é criticamente importante neste contexto. A avaliagdo dos

25



reflexos miotaticos permite a rapida distingdo entre patologia do primeiro e segundo neurdnio
motor (respetivamente, aumento ou diminui¢do/auséncia da resposta reflexogénica)®!. A presenca
de clonus e do sinal de Babinski (reflexo cutaneo-plantar em extensao) séo sinais caracteristicos
de lesdo do primeiro neurénio motor®!. A avaliagdo dos SDTCS é um componente do exame
neuroldgico cuja execugao € rapida, informativa e sem necessidade de significativa colaboragéo
do doente. Esta questéo é particularmente relevante no contexto da atividade clinica em UCI,

nomeadamente por ser uma avaliagdo aplicavel em doentes sedo-analgesiados®'.

No entanto, a literatura é escassa no que se refere a prevaléncia de SDTCS no contexto
de UCI, bem como a sua relevancia clinica%>%. De facto, a influéncia real da iatrogenia
farmacoldgica e da propria doenca critica nestes sinais encontra-se ainda por caracterizar2%,
Além disso, algumas complicagdes diretamente relacionadas com o internamento em UCI, entre
as quais o exemplo paradigmatico é a Fraqueza Muscular Adquirida nos Cuidados Intensivos
(FMACI), podem mascarar a expressao destes sinais uma vez que, classicamente, esta entidade

se associa a uma reducao do ténus e a diminuigdo ou aboligo dos reflexos miotaticos9-97.

Assim, a incluséo do exame neuroldgico, e em particular da avaliagdo dos SDTCS, na
avaliagao sistematica do doente critico é importante uma vez que, além da possibilidade de gerar
a suspeicao clinica de uma eventual afe¢do do sistema nervoso, é também fundamental para a
eventual adaptacgéo da intervencao de MFR realizada a estes doentes, especificamente no que se

refere aos seus objetivos, estratégias e componentes.

A DOENGA COVID-19: A REABILITAGAO EM FASE AGUDA

No doente critico, independentemente de a etiologia da doenga ser a COVID-19 ou néo, o
estado de doenca hiper-aguda, a disfungdo multiorgénica, a iatrogenia medicamentosa e técnica,
a desregulacdo da cronobiologia e o afastamento da familia s&o fatores predisponentes ao
desenvolvimento de multiplas complicagdes, designadamente neuroldgicas, musculo-

esqueléticas, cardiovasculares, respiratdrias, vesico-esfincterianas, cutaneas, entre outras® %,

Estas complicagdes podem ser evidentes logo durante o internamento em UCI, ou apenas
apds a alta da unidade. Independentemente do timing do diagndstico, mas particularmente nos
casos em que se verifiquem complicagbes precoces relacionadas a doenga critica, programas
integrados, multimodais e abrangentes de MFR tém demonstrados beneficios clinicos e funcionais
a curto, médio e longo prazo®. 100104  De facto, a implementagado de programas de MFR em

doentes criticos associa-se a uma melhoria da fungao fisica (respiratéria, motora, manutencéo da
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integridade do revestimento cutéaneo) e qualidade de vida, bem como a redugdo do numero de

dias sob ventilagdo mecanica invasiva (VMI) e da duragéo do internamento em UCI e hospitalar®.
100-105

Numa perspetiva histérica, apenas nos ultimos 20 anos comegou a surgir mais evidéncia
relativamente ao impacto da MFR na abordagem ao doente critico. No entanto, na tltima década,
tem-se verificado um crescimento exponencial da quantidade e qualidade de estudos nesta area

do conhecimento, acompanhando assim os avangos técnico-cientificos da Especialidade06. 107,

De facto, a avaliagao e intervencdo por MFR esta preconizada como parte dos standards de
abordagem clinica ao doente critico em multiplas recomendagdes internacionais'03. 105. 108 Apesar
de ndo se encontrarem totalmente estabelecidos os critérios de sele¢éo e a “dose” 6tima desta
intervencdo, existe consenso relativamente aos seguintes factos: 1) a mobilizagdo precoce é
segura e pode reduzir os custos associados aos cuidados de salde; 2) devem existir critérios de
seguranga para o inicio do programa; 3) devem ser adotadas abordagens protocoladas e
estruturadas; 4) é recomendada uma intervengdo multimodal e multiprofissional, com profissionais
capacitados e diferenciados para a intervengao neste contexto; 5) o doente e a familia devem ser
envolvidos na intervencao e 6) a avaliagéo dos resultados do programa e a valorizagao de medidas

de resultado sdo um componente-chave da intervengéo108. 109,

Globalmente, a intervencdo de MFR na UCI tem como objetivo principal reduzir a prevaléncia
da FMACI, resultando num impacto positivo na autonomia, capacidade funcional, qualidade de
vida e sobrevida'®. 102, Adicionalmente, existe também evidéncia do impacto da reabilitacéo
respiratéria na reducdo do tempo sob VMI, na duragdo do desmame ventilatério e na
mortalidade104.110. 111 Especificamente no doente critico com disfungéo neuroldgica, a intervengéo
de MFR ¢ particularmente importante, devendo ser iniciada 0 mais precocemente possivel com

vista a evitar adicionais sequelas estruturais e funcionais®.

Particularizando ao doente COVID-19 critico com aparente ou confirmada disfungao
neuroldgica, a abordagem da MFR, em conformidade com os standards da Especialidade, deve
ser feita de acordo com a Classificacdo Internacional da Funcionalidade, com objetivos e
intervencgdes dirigidos a estrutura e funcao, atividades e participagdo’2 113, A implementacdo de
estratégias de mobilizagdo e verticalizagdo precoce, combinada com reabilitagéo respiratoria,
cognitiva e abordagens multissensoriais, integrados num programa abrangente e multimodal, tém
efeitos na fungéo neuroldgica, respiratéria e global nestes casos, com beneficios expressivos no

que se refere a morbilidade e a mortalidade®®. A existéncia de protocolos de reabilitagao dirigidos
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a doentes criticos COVID-19 na literatura, conforme detalhado nos estudos de Levy et al. e Curci
et al. é particularmente importante na homogeneizacdo das avaliagdes e intervengdes
realizadas'4-116, Apesar da existéncia destes protocolos, orientados essencialmente para a
disfuncdo respiratéria caracteristica da doenga, realga-se a auséncia de protocolos
estandardizados que entrem em linha de conta, e apresentem intervencgdes dirigidas, a disfung¢do

neuroldgica possivelmente indexada a COVID-19.

Para a implementag&o de programas de MFR em doentes criticos € imperativa a presenca de
determinados critérios de seguranga'®. As condicionantes respiratérias (incluindo estado e
parametros ventilatérios e necessidade de terapéuticas adjuvantes), cardiovasculares
(compreendendo a estabilidade hemodindmica e a necessidade de dispositivos e/ou terapéuticas
adjuvantes) e neurologicas (referentes ao estado de consciéncia e a pressao intracraniana) sao

basilares no que se refere a seguranga para iniciar o programa de MFR109,

Os efeitos adversos relacionados com a intervencdo de MFR sé&o raros (<4%), pelo que é
relativamente unanime que os beneficios superam os potenciais riscos associados'%. Realce para
o facto de determinadas condi¢des poderem néo ser inviabilizadoras do inicio do programa de
MFR, mas serem impactantes no seu desenho e implementacao. Um exemplo classico é o das

lesGes por pressao.

As lesdes por pressao sao definidas, em conformidade com o consenso do National Pressure
Ulcer Advisory Panel de 2016, como lesdes localizadas na pele e/ou tecidos moles sob uma
proeminéncia 6ssea ou relacionadas com a presenga de determinados dispositivos, como
resultado de presséo intensa e/ou prolongada ou pressdo em combinagdo com cisalhamento 7,
As lesbes por pressao estdo associadas a resultados desfavoraveis em salde (relacionados com
a morbimortalidade) e a um aumento dos custos em saude''8. Os doentes criticos sdo
particularmente propensos ao desenvolvimento destas lesbes, com prevaléncias duas vezes

superiores aos doentes hospitalizados em enfermaria®19-121,

Na SDRA por SARS-CoV-2, esta complicagdo é ainda mais comum?22, A maior prevaléncia
de lesdes por pressdo em doentes COVID-19 criticos parece estar na dependéncia de mdltiplos
fatores, nomeadamente os que estéo diretamente relacionados com a infegédo por SARS-CoV-2,
com a prépria doenga critica e com o0 ambiente da UCI. No que se refere a infegéo virica, nestes
casos o caracteristico estado de coagulopatia sistémica e inflamagao, combinado com a ocluséo
e lesdo trombogénica microvascular, parece contribuir de modo significativo para o

desenvolvimento destas complicagbes. Ademais, a propria doenga critica, pela hipotenséo,
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hipoxemia e compromisso na perfusdo tecidular potencia o desenvolvimento de lesdes por
pressdo. Adicionalmente, a limitagdo nos posicionamentos pela instabilidade hemodinamica ou
hipoxemia profunda resultantes da doenca critica, pode também resultar no desenvolvimento de
alteracOes cutaneas no contexto da permanéncia de periodos temporais prolongados na mesma
posicdo. Por ultimo, o ambiente da UCI exerce também uma influéncia significativa na
manifestacdo destas lesdes cutaneas tanto pelas associadas alteragdes nutricionais, como pela
utilizacdo de tecnologias médicas, como sendo as canulas de traqueostomia, os sistemas de
oxigenoterapia, as sondas oro- e naso-gastricas, os cateteres urinarios, as linhas e cateteres

arteriais e venosos, entre outros123-127,

A importancia clinica e socioecondmica das lesdes por pressao torna essencial a identificagao
precoce de doentes de risco acrescido, visando a atempada adogao de estratégias preventivas e
de monitorizag&o, incluindo programas de MFR, com o objetivo de reduzir a incidéncia desta
complicagao, particularmente no contexto de UCI. Destaca-se ainda que, pelo facto de as lesdes
por pressdo poderem consubstanciar-se com um fator condicionante no inicio, estrutura e

execucao de programas de MFR em UCI, a sua prevengao de importancia major.

A DOENCA COVID-19: E DEPOIS DA ALTA?

O estado de saude a longo termo dos sobreviventes de um internamento em UCI tem sido
objeto de interesse e estudo crescente nos Ultimos anos'2. Independentemente do diagndstico de
admisséo, os sobreviventes a um internamento em UCI apresentam classicamente sequelas a
curto, médio e longo termo'28, Estas esto relacionadas com a doenga critica, com o tratamento e
suporte de drgaos recebido, e com o proprio ambiente da UCI'28. Além da morbilidade, sabe-se
também que os sobreviventes da doenca critica tém um aumento significativo do risco de

mortalidade nos anos subsequentes?29,

O elevado nimero de sobreviventes a doenca critica tem criado um peso significativo nos
sistemas de saude ao longo do continuo de cuidados, sendo tal particularmente exemplificado
com o advento da doenga COVID-19. De facto, o impacto das sequelas a longo termo nos
sobreviventes a COVID-19 parece ser tdo ou mais significativo do que em outros doentes

criticos130,

Classicamente os doentes com COVID-19 critica, em comparagdo com outros doentes
criticos, ttm um maior nimero de dias de internamento, sob VMI e sob sedo-analgesia e bloqueio

neuromuscular'31-133, Estes doentes tém, também, no contexto da sua doenca de base e da
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necessidade terapéutica associada, maior carga de fatores de risco para desenvolverem
Sindromes Pos Internamento em Cuidados Intensivos (SPICI)131-133, Além disso, pelo menos na
primeira vaga pandémica havia alguma incerteza por parte dos profissionais de salde na
seguranga dos programas terapéuticos de MFR em doentes COVID-19 internados em UCI, com
quadros clinicos de elevada gravidade'34. Por todos os anteriores motivos, poderia pensar-se que
a prevaléncia e gravidade das sequelas da doenga critica seria maior nesta populagdo, em
conformidade com alguns estudos da literatura’35. No entanto, num estudo comparativo realizado
por Hodgson et al, ndo foi encontrada uma diferenca significativa na prevaléncia, severidade e
impacto da SPICI entre doentes com COVID-19 e outros doentes criticos!36. De destacar que,
além da duvida existente relativamente ao efeito da etiologia da doenca critica nas caracteristicas
da SPICI (especificamente quando nos referimos & comparagéo direta entre doentes com e sem
COVID-19), a prevaléncia da sindrome nesta populagdo de sobreviventes a uma infecao critica a
SARS-CoV-2, a sua evolugdo temporal, bem como a necessidade (ou n&o) de alteragéo da
definicdo e nomenclatura da sindrome dado o contexto epidemioldgico, ndo se encontram ainda

totalmente esclarecidas's’.

A SPICI é um termo “guarda-chuva” para a presenga de alteracdes, de novo ou agravadas,
nos dominios fisico, mental e cognitivo, com impacto na autonomia, funcionalidade e qualidade de

vida, em sobreviventes de doenga critica’3e.

No que se refere ao dominio fisico, 0 achado predominante desta sindrome é a FMACI.
Esta entidade consiste na perda combinada de massa e fungdo muscular. Na sua base

patofisioldgica, esta incluida a combinagéo de fendmenos miopaticos e (poli)neuropaticos28. 139,

Quanto ao dominio mental, os principais achados incluem a ansiedade, a depresséo e 0s
sintomas de stress psicologico (incluindo stress pds-traumatico), algo que esta primariamente

relacionado com a iatrogenia medicamentosa e com o préprio ambiente da UC] 140-142,

As alteragdes cognitivas incluem a disfungdo em um ou multiplos dominios, sendo os mais
comummente afetados a meméria, funcionamento executivo e a velocidade de processamento?43.
Os principais fatores de risco para disfungdo cognitiva neste contexto sdo a hipoxemia, a
hipotens&o, a desregulagéo glicémica, a iatrogenia medicamentosa (especificamente por sedo-
analgésicos) e as encefalopatias agudas secundarias 4.

A SPICI é uma entidade comum, sendo a prevaléncia de afe¢do do dominio fisico de 25
a 80%, de afecdo do dominio mental de 8 a 57% e de disfungéo cognitiva de 30 a 80%145-147. Além
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dos amplos intervalos de prevaléncia de disfun¢do de cada um dos dominios, destaca-se que
existe também uma heterogeneidade significativa nas descrigbes da extenséo, intensidade e
duracao dos sintomas de SPICI128, Esta variabilidade podera estar relacionada com os critérios de
diagnostico utilizados e timing da sua aplica¢do, com a disparidade das caracteristicas estruturais
e funcionais dos centros onde decorrem os estudos existentes, bem como com caracteristicas

metodoldgicas destas investigagdes.

No que se refere a abordagem a esta entidade, existem algumas estratégias preventivas
que se encontram recomendadas e, como tal, séo idealmente implementadas durante o
internamento em UCI. A redugéo da intensidade da sedacgéo, tanto no que se refere a sua duragéo
como as classes farmacologicas utilizadas (evitando, sempre que possivel, 0 uso extenso de
benzodiazepinas), a otimizagdo nutricional, a instituicdo precoce de programas de MFR e a
inclusao das familias com liberalizagao das visitas aos doentes enquanto internados em UCI, séo

alguns dos exemplos mais caracteristicos 48150,

Especificamente no que se refere a intervencdo de MFR, esta encontra-se preconizada
em doentes criticos, desde a UCI até ao retorno a comunidade®'. Efetivamente, e logo na UCI, a
precocidade da intervencdo associa-se a maiores beneficios clinicos e funcionais 101. 130,152, Dada
a persisténcia e impacto a médio e longo prazo da SPICI, o seguimento clinico multidisciplinar,
incluindo por MFR, encontra-se preconizado’3. Ademais, a intervencdo por MFR deve ser,

idealmente, prolongada no tempo de acordo com a necessidade do doente53.

Nos doentes COVID-19 a presenga de uma doenga critica é de facto impactante:
aproximadamente um em cada quatro sobreviventes a COVID-19 critica que eram previamente
independentes apresenta, a data de alta hospitalar, um estado de dependéncia funcional de
novo'30. Exatamente por isto, 0 seguimento e intervencdo por MFR apds a alta da UCI revela-se
extraordinariamente importante. No entanto, existe ainda muito por esclarecer neste é@mbito,
especificamente no que se refere a evolugdo temporal do perfil da SPICI COVID-19 e aos

programas de MFR ideais a implementar na pratica clinica nesta populagéo.
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A DOENGA COVID-19: A MINHA VISAO E MOTIVAGAO

A minha ligacao a esta linha de investigacao que aborda o doente critico COVID-19, nas
vertentes da indexada disfungdo neurolégica e do impacto funcional da doenga, surgiu de
dificuldades praticas e desafios diagndsticos e terapéuticos na abordagem a estes doentes no
inicio da pandemia COVID-19.

Nesta fase, o nivel de conhecimento relativamente as caracteristicas da doenga e as
abordagens terapéuticas com eventual eficacia era parco. A confrontagdo com esta realidade no
ambito da avaliacéo e intervengéo por MFR do doente internado por COVID-19, nomeadamente
do doente COVID-19 critico, revelou-se um desafio. Deste modo, as questdes de investigagéo de
cada um dos trabalhos constituintes desta Tese surgiram de duvidas clinicas e de dificuldades
reais, pelo que o objetivo ultimo desta dissertagéo é o de melhorar a qualidade na pratica clinica,

especificamente os cuidados prestados a estes doentes.

De facto, a atividade multidisciplinar e multiprofissional reveste-se de particular
importancia na otimizagao dos cuidados prestados nos Servigos de Saude. Particularmente no
doente critico, a avaliagéo etioldgica e diagndstica, a instituicdo de medidas de prevengao de
complicagdes e o tratamento atempado das mesmas, assenta em principios de abrangéncia e

integrac@o na abordagem clinica.

A clara noc¢do da imprescindibilidade da abordagem a estes doentes num ambito
multidisciplinar, com a incluséo na avaliagdo dos doentes COVID-19 de vérias Especialidades
além da Medicina Intensiva, nomeadamente a MFR, funcionou como um catalisador do presente
Doutoramento. Adicionalmente, o meu particular interesse na reabilitagédo do doente neurolégico
e do doente critico e a compreenséo profunda dos desafios na abordagem a estes doentes,
constituiram também uma alavanca para o desenho e desenvolvimento dos trabalhos constituintes

desta Tese.

Assim, esta dissertacao pretende contribuir para a expansé@o do conhecimento em torno
destas tematicas, particularmente no dmbito da avaliagdo clinica, funcional e da predi¢do de
complicagdes no doente COVID-19 critico enquanto internado em UCI, bem como na orientagao

destes casos apds a alta da UCI.
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OBJETIVOS

Compreendendo o impacto da doenca critica COVID-19, no que se refere a amplitude e

importancia clinica e funcional das suas manifestagdes (quer na fase aguda, quer a médio e longo

prazo), e efeito na mortalidade, este projeto de investigacdo centrou-se principalmente nesta

populagéo de doentes.

A corrente investigagdo pretendeu estudar os doentes COVID-19, numa perspetiva de

‘antes, durante e depois” do internamento em UCI, com particular enfoque na disfuncdo

neuroldgica e seu impacto clinico e funcional, de acordo com o fluxograma explicitado na Figura

3.

DURANTE

O INTERNAMENTO
EM UCI

Objetivos 2e 3
Estudos 2,3 e 4

2
8
@

Objetivo 1

Estudo 1

W

Objetivo 4
Estudo 5

>

Figura 3. Fluxograma da organizag&o dos objetivos e estudos da Tese.

Em suma, os objetivos especificos deste projeto foram:

DEPOIS

DO INTERNAMENTO
EM UCI

1) Avaliar o impacto de comorbilidades neurologicas, especificamente a doenga vascular

cerebral (DVC) prévia, na mortalidade de doentes criticos COVID-19;

2) Investigar se a doenga critica por SARS-CoV-2 cursa, mais frequentemente, com sinais,

sintomas e sindromes neuroldgicos, em comparagdo com SDRA causados por outros

patdgenos infeciosos:

a. Descrever os principais sinais, sintomas e sindromes neuroldgicos existentes nesta

populacao;
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Identificar a prevaléncia destas alteragcbes em UCI, comparando entre doentes com e
sem COVID-19 critica;
Identificar outros fatores, além da etiologia da doenca critica, potencialmente

associados a disfungéo neurolégica em UCI;

3) ldentificar fatores preditivos de outras complicagdes comuns em UCI, designadamente das

lesGes por presséo, dadas as suas consequéncias clinicas e potencial impacto no desenho e

implementagao de programas de MFR em doentes criticos COVID-19:

a.

Caracterizar as lesdes por pressao, no que se refere a sua prevaléncia, severidade e
topografia, em doentes criticos COVID-19;

Identificar fatores preditivos, a admissdo da UCI, para o desenvolvimento destas
complicagdes;

Desenvolver um modelo preditivo para este evento adverso;

Converter o modelo num score de risco, visando facilitar a sua aplicagéo na pratica

clinica;

4) Caracterizar as consequéncias a longo termo da infegéo critica a SARS-CoV-2

a.

b.

Descrever as consequéncias fisicas, mentais e cognitivas, bem como o seu impacto
na funcionalidade;

Monitorizar a evolugao temporal destas consequéncias.
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ARTICLE INFO ABSTRACT

Keywards: Ohjectives: We aimed to evaluate the effect of previous cerebrovascular disease (CVD) on mortality rates of
Stroke _ eritically ill COVID-19 patients.
Ceochopvancutar discase Materials & methods: A prospective cohort study was performed berween May/2020 and May,/2021, at a tertiary-

g":qnl.qun\:m.]g care-center. We consecutively included adult patients admitted to intensive care units (ICU) having as primary
M;:;irv. diagnosis Acute Respiratory Distress Syndrome due to SARS-CoV-2, requiring invasive mechanical ventilation for

=48 h. We considered as exposure the diagnosis of previous CVD and as main outcome the in-ICU mortality.
Results: The study sample included 178 patients: 74.2% were males, with a mean age of 63 + 12.4 years-old{vo).
Previous CVD was documented in 17 patients (9.6%). During the study period, the mortality rate at ICU was of
33.1% (n = 59). The proportion of mortality at ICU was higher in patients with prior CVD (58.8% vs 30.4%; p =
0.02). Also, older patients (66 + 11.4 yo vs. 62 = 12.7 yo, p = 0.04) and those with higher score at SAPSIT at ICU
admission (47.8 = 15.4 ve. 40.7 = 15.% p = 0.01) had a higher ICU deathrate. Patients with previous CVD had a
2,70 (95%C] = 1.36-5.39) higher likelihood of dying compared to those who had no previous CVD. Afier
adjustment (for gender, age, SAPSII and total length of stay), multivariate Cox analysis revealed that previous
CVD remained a strong predictor for in-ICU death in critically i1l COVID-19 patents (HR = 2.51; 95%C1 =
1L15-5.51).

Conchusions: Previous CVD was significantly associated to higher mortality in critical COVID-19 patients. We
suggest that, in patients with previous CVD, prioritization of vaccination strategies should be implemented
alongst with higher surveillance when infected with SARS-CoV-2.

1. Introduction Part of the biomedical research has focused on identifying risk fac-
tors associated with greater severity or higher mortality in COVID-19

COVID-19 firstly emerged in December 2019, with a report of severe patients, in order to improve preventive and therapeutic strategies.

flu-like-illness in China [1]. After the disease spread to over 110 coun-
tries, a global pandemic was declared on March 2020 and as of that date
the number of cases has been increasing daily, posing a severe health
threat at a global scale [2]. After almost two years, this novel disease has
provoked over 5 million deaths [3].

Most infected patients are asymptomatic or paucisymptomatic.
Nevertheless, up to 15% have severe disease and around 5% became
critically ill requiring ventilatory support [4].

Demographic factors, such as age and gender, as well as comorbidities,
such as diabetes, obesity, and cardiovascular diseases, were repeatedly
associated with higher mortality [5). Regarding the association between
previous cerebrovascular disease (CVD) and mortality due to COVID-19,
most studies have found a positive association [6-8]. Nevertheless, prior
studies included both ambulatory and hospitalized patients, and thus
were not directed to eritically ill COVID-19 patients.

As so, we aimed to access the impact of previous CVD on the
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mortality rates of critically ill COVID-19 patients.
2. Materials and methods

2.1. Study design and definitions

Prospective cohort study including patients admitted to Intensive
Care Units (ICU) of an Intensive Care Medicine Department of a tertiary-
care center in Portugal, from May 2020 to May 2021. The sample
recruitment methodology was systematic, with consecutive inclusion of
all eligible patients.

Inclusion criteria encompassed the diagnosis of Acute Respiratory
Distress Syndrome (ARDS) due to SARS-CoV-2 requiring 1CU admission
and invasive mechanical ventilation for =48 h, and age > 18 years-old
(ya).

The study was approved by our institutional review board and per-
formed in accordance with Helsinki declaration.

A COVID-19 case was assumed when a positive result on real-time
reverse-transcriptase—polymerase—chain-reaction  (RT-PCR) assay of
nasal and pharyngeal swab specimens was depicted before ICU
admission.

ARDS was defined as an acute syndrome of lung inflammation and
increased alveolar-capillary permeability associated with severe hyp-
oxia and bilateral infiltrates on chest radiographs, with no evidence of
left heart failure, in line with the Berlin definition [9].

Invasive mechanical ventilation (IMV) was defined as a form of
artificial ventilation that included an endotracheal tube (ETT) and a
mechanical ventilator [10].

We included under the label “previous CVD" any past cerebral
infarction (ischemic strokes and silent infarctions), transient ischemic
attacks and intracerebral hemorrhages (stroke and silent intracerebral
hemorrhages), in accordance with the American Heart Association/
American Stroke Association definitions [11,12].

The cause of death was determined using a pre-specified set of syn-
dromes defined a priori, based on the review of the existing literature
[13]. COVID-19 related multiple organ dysfunction syndrome (MODS)
was defined as the dysfunction of two or more systems/organs, including
pulmonary, hematologic, cardiac, neurological, renal, hepatic, and
gastrointestinal, that were not existent before SARS-CoV-2 infection
[14]. ICU-acquired infections were defined according to confirmed
microbiological assessment or strong clinical suspicion without micro-
biological assessment. Indeed, we have considered secondary infection
as a cause of death according to (1) the existence of a secondary infec-
tion, and (2) a compatible clinical course with clinical deterioration
occurring after a transient improvement following admission [13]. Re-
fractory hypoxemia was identified in case of a Pa02 < 60 mmHg for =1
h while receiving a FiO2 of 1.0 that led to intractable hypoxemia and/or
hypercapnia [15]. Fatal mesenteric or limb ischemia, fatal myocardial
infarction, pulmonary embolism leading to cardiac arrest and major
strokes accounted for fatal thromboembolic events [12].

2.2, Data collection methods

The main investigator was responsible for the assessment of elec-
tronie clinical records (ECR) of included patients. Previous CVD was
considered in the presence of confirmed clinical and/or neuro-
imagiological (including computed tomography and magnetic reso-
nance imaging, reported by senior newroradiologists of our center)
findings. Data from selected patients were gathered on an anonymized
electronic database and each patient received a unique code number to
secure their anonymity.

2.3, Predictive variables and outcomes

Mortality at ICU was the main outcome. Data regarding the severity
of the disease (including number of days at ICU and total length of stay;
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number of days under IMV, extracorporeal membrane oxygenation
(ECMO), renal replacement therapy and vasopressor support) were also
evaluated. The predictive variables were the following: age, gender,
previous functional status assessed through the modified Ranking scale
(mRS), comorbidities (including hypertension, diabetes melline, hyper-
lipidemia, obesity, smoking habits, atrial fibrillation, ischemic heart
disease, heart failure, peripheral vascular disease, chronic pulmonary
obstructive disease (CPOD), asthma, sleep apnea, chronic kidney dis-
ease, psychiatric pathology, oncologic pathology and immunosuppres-
sion [6,160]), previous cerebrovascular disease (type) and a severity
score at ICU admission (the Simplified Acute Physiology Score (SAPS) 11).

2.4, Sample size calculation and Statistical analysis

Due to lack of data on the effect of previous CVD on mortality in
critical COVID-19 patients, we used data from a population-based cohort
[&]. Considering an expected prevalence on the unexposed patients of
0.10, a relative risk of 3, a power of 80% and a level of significance of
0.05, we estimated that a total sample size of 118 patients would be
required.

Statistical analysis was performed using SPSS program version 27
(IBME Corporation, Armonk, NY). Categorical variables are summa-
rized as frequencies and percentages, and continuous variables as mean
and standard dewviation (variables with normal distributions). Normal
distribution was checked using histogram visual inspection. Chi-square
test or Fisher's exact test were used, as appropriate, to compare cate-
gorical variables, Continuous variables were compared between groups
using independent samples #test. For the time-to-event analyses
regarding the main outcome (mortality), cumulative incidence of event
curves was estimated for each group (previous CVD versus no previous
CVD). They were considered separately by using the Kaplan-Meier
method and were compared statistically by using the log-rank test. We
fitted a multivariable Cox proportional regression model, with the time
unit being the number of ICU days until death. The model was adjusted
for all covariates with a significant association with the dependent
variable using the Backward-Wald methodology (cut-off for entry =
0.05; cut-off for exclusion = 0.10). All reported p-values are two-tailed,
with a p-value <0.05 indicating statistical significance.

3. Results

The study sample consisted of 178 eligible patients admitted to the
1CU during the study period, with a mean age of 63 = 12.4 years-old
(o), 74.2% were men. Cases with previous CVD were 17 (9.6%), mostly
ischemic strokes (47.1%), followed by transient ischemic attacks
(23.5%), silent (17.6) and hemorrhagic (11.8%) strokes. Socio-
demographic data, comorbidities and characteristics regarding critical
respiratory illness, with a comparative analysis between cases with and
without previous CVD, are summarized in Table 1.

Patients with previous CVD were more frequently dyslipidemic and
had more often a history of ischemic heart disease. Patients with pre-
vious CVD had higher SAPS II at ICU admission; nevertheless, no sig-
nificant differences were found regarding other parameters used as
metrics of the severity of critical illness, as the number of days at the 1CU
and the total length of stay, number of days under IMV, ECMO, renal
replacement therapy and vasopressor support.

During the study period, the mortality rate at the ICU was of 33% (n
= 549). ICU deathrates at 30 and 90 days were 64.4% (n = 38), and 84.7%
(n = 50), respectively. After ICU discharge, there were 2 additional
deaths (one on the first 90 days, and another on the first 180 days).

Atotal of 58.8% (n = 10) of cases with previous CVD died during 1CU
stay, compared to 30.4% (n = 49) of the patients without previous CvD
(p-value = 0.018). The median time to death was 25 days for patients
with previous CVD and 116 days for patients without this comaorbidity.

Causes of in-1CU death of the sample were the following: COVID-19
MODS (n = 26, 44.1%), ICU acquired infections (n = 20, 33.9%),
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Table 1
Sociodemographic, comorbidities and characteristics regarding the critical
illness of the sample.

Characteristic Total No previows  Previous >
cohort {n CVD (n = CVD (n = witlae
= 178) 161} 17}

aphic char

Male gender, nl%) 132 117{72.7) 15 [BE.2) 025
74z
Age, mean (SD) 63.1 627 (12.5) 678 (10.6) o1l
{124)
mis, ni%) 018
o 176 160 (59.4) 16 [(94.1)
(38.9)
1 o o im L]
4 2011 1(0.6) 115.9)
3 oo oo 0o
4 oo o[m o
5 oo om oo
Coamorbidities
Hypertension, n(%) 108 96 (50.6) 12 (0.6 0.38
60.7)
Diabwebes Mellins, n(%) 69 (38.K) 59 [36.6) 10 [5E.E) ooy
Hyperipidemia, n(%) 89(50.0) 76 (47.2) 13765 0.02
Obesity, n{%) T8 (43.8) T3 [453) 51(29.4) 021
Smoking habits, n(%) & (3.4) & (3.7} 0 (0.0} 1.00
Atrial Abrillation, n(%) 13 (7.3) 13 (8.1} 0 (0.0} E2
Eschernic heart disease, n{%) 12{B67) 8(5.00 4 [23.5) <001
Heart failure, n%) 10 (5.6) B(5.00 2(11.8) 0.25
Peripheral vascular diseass, 19 (10.7) 17 [10.6) 21011.8) 1.00
ni¥)
CPOD, n%) 739 7 (4.3} 0 (0.0} 1.00
Asthma, ni%) 10 {5.6) 9 (5.8} 115.9) 1.00
Sheep apnea, nl%) 0{11.17) 18(11.3) 2(11.8) 1.00
Chronic kidoey dissase, n 12 (6.7) 9 (5.6) 3(17.6) LX)
(%)
Peychiatric pathology, ni%) 2157 27 (16.8) 1(5.9) 48
Oncologic pathology, (%) 20(11.2)  18(11.2) 2(11.8) 1.00
Immunes uppression, n(%) 13 (7.3) 12(7.5) 1(549) 1.00
3 comorbidities”, n (%) 104 12 (70.6) 92 (57.1) [ ]
58.4)

Characteristics regarding eritical respiratory illness

SAPS II, mean (SD) 43.0 414 (14.7) S8.6(207) <001
{16.00

IO length of stay [days), 15 30 (199) 19 (100) 017
median (IQR) {1549}

Hospital length of stay 42 (309) A3 [260) 33 [306) 023
[clays), median (IQR)

Mumber of days under IMV, 20 (197} 20(197) 19 (1011 021
median (IQR)

Number of days under 501300 5(130) 3(3E) 0.56
vasopressors, median
(18R]

Number of days under ECMO 51 {193) 53 (193) 22 (B1) [y )
support, median (IQR)

Number of days under renal 2 {71 22(71) 13 (31) 0BT

replacement therapy,
median (IQR)
Legend: CVD = Cerebrovascular disease; CPOD = Chronic pulmonary obstrue-
tive disease; ECMO = extracorporeal membrane oxygenation; mRS = modified
Rankin scale; n = number of patients; 8D = Standard deviation.
* Including all aforementioned comorbidies.

refractory hypoxemia (n = 11, 18.6%) and fatal thrombaotic events (n =
2, 3.4%). No significative differences were found regarding the causes of
death between patients with and without previous CVD. COVID-19
MODS was the cause of death in 23 patients without previous CVD
(46.9%) and in 3 patients with previous CVD (30%; p-value = 0.08). A
total of 16 patients without previous CVD (32.7%) and 4 patients with
previous CVD (40%) died from ICU acquired infections (p-value = 0.27).
Refractory hypoxemia was responsible for 9 deaths (18.4%) in the group
of patients without previous CVD and for 2 deaths (20%) in the group
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with previous CVD (p-value = 0.60). The remaining cases (2 patients
without previous CVD and 1 patient with previous CVD) died from fatal
thrombotic events (p-value = 0.31).

Regarding the two patients that died after 1CU discharge, none had
previous CVD; in one patient, the cause of death was a fatal thrombaotic
event whereas in the other patient cause was death was not captured
(out-hospital death).

Having a previous CVD was associated with an increased likelihood
of dying in the ICU of 270 (95% Confidence interval (95%C1)
1.36-5.39) - Fig. 1A, compared to critically ill COVID-19 patients
without this comorbidity.

We also found that older age (66 + 11.4 yo vs. 62 £ 12.7 yo, p-value
= 0.04) and higher Simplified Acute Physiology Score (SAPS) 11 at
admission (47.8 = 15.4 vs. 40.7 £ 15.9; p-value = 0,007) were associ-
ated with higher mortality (Table 2). Additionally, patients that sur-
vived 1CU had a significantly higher ICU (34 (199) vs 18 (194); p-value
= 0.02) and total length of stay (49 (309) vs. 23 (201); p < 0.01)
(Table 2).

Using multivariate survival Cox analysis to adjust for the effect of
gender (male gender; HR = 2.59; 95%0C1 = 1.12-5.97; p-value = 0.026),
age (HR = 1.02; 95%CI = 0.93-1.04; p-value = 0.165), SAPS 11 at
admission (HR = 0.99; 95%CI 0.98-1.01; p-value = 0.568) and total
length of stay (HR = 0.95; 95%CI = 0.93-0.96; p-value<0.01), previous
CVD remained independently associated with an increased risk of death
in critically ill COVID-19 patients (HR = 2.51; 95%CI = 1.15-5.51; p-
value = 0.021) - Fig. 1B.

In order to address specifically the impact of CVD on in-ICU mor-
tality, we have also performed a subanalysis to access if patients without
previous CVD that presented a similar level of ischemic disease (previ-
ous ischemic heart disease) also had higher mortality rates. Indeed, in
our sample, the presence of ischemic heart disease was not significantly
associated with a higher ICU deathrate (41.7% vs 32.5% p-value =
0.54).

4. Discussion

Our study revealed that, amongst critically ill COVID-19 patients,
having previous CVD more than doubled the risk of death during 1CU
stay, irrespective of age, gender, severity of disease at ICU admission
(SAPS 11 score) and total length of stay. The positive association of CVD
with COVID-19 mortality has been previously described in some studies
[6-£], but not unanimously [17]. Indeed, patients with previous CVD,
possibly due to weaker immune functions (namely post stroke immu-
nosuppression) and poorer organ functions, are thought to have higher
risk of severe infections and mortality, according to Zhang L et al®. Alse,
and according to Lazeano U et al population-based study, individuals
with previous CVD might carry a higher risk of mortality due to a pre-
vious impaired functional status or to their higher risk of cardiovascular
events that can be precipitated by the setting of infection and hyper-
coagulability related to COVID-19 [6]). Nevertheless, data specifically
regarding eritically ill COVID-19 patients still lacks in the hitherto
literature.

Our investigation differs from previous studies, as most of these were
retrospective cohorts including ambulatory and hospitalized patients,
and none was an exclusively 1CU patients’ prospective analysis. Addi-
tionally, previous studies have shown lack of standardization regarding
CVD definition using broader and less well-specified definitions [15,19].
Indeed, our study used the international definitions, endorsed by in-
stitutions of reference of this area of knowledge [11,12). Moreover, our
study included data regarding the cause of death in the ICU patients,
which was also not captured in previous analysis [6,20].

Several mechanisms have been proposed to explain the increased
risk of mortality amongst critical respiratory patients with previous
CVD. The presence of brain medullary cardiorespiratory or autonomic
nervous system dysfunction may potentially cause circulatory and res-
piratory dysfunction, which can increase the risk of contracting
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Fig. 1. Surwival curve performed through Kaplan-Meyer method (unadjusted; A) and through Cox regression (adjusted; B).
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Table 2
Bivariate analysis of characteristics associated with mortality in the ICU.
Characteristic Total Survivor Non >
cobort (n (n = 119) survivor (n value
= 178) « 59)
Male gender, n(%) 132 87 (73.1) 45 (76.3) 0.65
74.2)
Age, mean (SD) 63.1 61.7(12.7) 65.8(11.4) 0.04
(12.4)
mRS, n[%) 1.00
o 176 118 (99.2) 58 (98.3)
(98.9)
1 0 0(0) 00
2 2(11) 1(0.8) 1(1.7)
3 0(0) 0(0) 0(0)
4 00 0(0) 0@
5 0 0(0) 0
Comorbidities
Hypertensian, n{%) 108 74 (62.2) 34 (57.6) 0.56
(60.7)
Diabetes Meflitus, n(%) 69 (38.8) 47 (39.5) 22 (37.3) 0.78
Hyperlipidemia, n(%) 89(50.0) 61(51.3)  28(47.5) 0.63
Obesity, n(%) 7B (43.8) 57 (47.9) 21 (35.6) 0.12
Smoking habits, n(%) 6(3.4) 5(4.2) 1(1.7) 0.67
Atrial fibrillation, n(%) 13(7.3) 9(7.6) 4(6.8) 1.00
Ischemic heart disease, n(%)  12(6.7) 7(5.9) 5(8.5) 0.54
Heart failure, (%) 10 (5.6) 6(5.0) 4(6.8) 0.73
Peripheral vascular disease, n 19(10.7) 13(10.9) 6(10.2) 0.88
(%)
CPOD, n(%) 7(39) 4(3.4) 3(51) 0.69
Asthma, n(%) 10 (5.6) 9(7.6) 1(1.7) 0.17
Sleep apnea, n(%) 20(11.2) 14(11.8) 6(10.2) 0.75
Chronic kidney disease, n(%) 12(6.8) 7(5.9) 5(8.5) 0.53
Psychiatric pathology, n(%) ~ 28(15.7) 21 (17.6) 7(11.9) 0.32
Oncologic pathology, n(%) 20(11.2) 13(109) 7(11.9) 0.85
Immunasuppression, n(%) 13(7.3) 6(5.0) 7(11.9) 075
Previous CVD, n(%) 17 (9.6) 7 (5.9 10 (16.9) 0.02
Ch istics regarding critical respiratory illness
SAPS II, mean (SD) 43.0 40.7(159) 47.8(15.4) <0.01
(16.0)
ICU length of stay (days), 285 34 (199) 18 (194) 0.02
median (IQR) (199)
Haospital length of stay (days), 42 (309) 49 (309) 23 (201) <0.01
median (IQR)

Number of days under IMV, 20(197) 21(159) 18.5(197) 0.80
median (IQR)

Number of days under 5(130) 5 (130) 5(123) 0.73
vasopressors, median (IQR)

Number of days under ECMO 49 (193) 46 (155) 74 (192) 0.08
support, median (IQR)

Number of days under renal 21 (71) 185 (50) 225(7M) 0.83
replacement therapy,
median (IQR)

Legend: CPOD = Chronic pul y ob e di CVD = Cereb
cular disease; mRS = modified Rankin scale; n = number of patients; SD =
Standard deviation.

opponunlstic infections (viral and bacterial) [21]). Another possible

hypothesis is the relative i bility of post-stroke patients, which in-
creases the risk for hypcrcoagulablc state that culminates in thrombus
formation [22]. Additionally, emerging evidence demonstrates that
extrapul y viral i ion, including of the central nervous system,

causes substantial neuronal damage [23]. Indeed, it seems extremely
plausible that, in patients with lower neurological reserve, an infectious
pathogen with pism can lead to higher damage, in comparison
with patients with absence of previous neurological dysfunction.
Moreover, acute stroke patients with COVID-19 seem to have higher
mortality rates than stroke patients without this infection, in accordance
with Harrison SL et al study [24].

Patients with previous CVD were similar to patients without previous
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CVD in most characteristics, with the exception of having significantly
higher rates of hyperlipidemia and ischemic heart disease, in line with
previous studies [6,20]. Moreover, we analyzed which factors were
associated with higher mortality rates: asides from CVD, older age and
higher scores on SAPS 1l were also significantly associated with higher
mortality. These data are also in line with previous studies outside the
ICU setting [£,17,19).We found a higher mortality rate in patients with
previous CVD compared to other studies, which probably stems from
restricting the study sample to critically ill COVID-19 patients who have,
a priori, a higher risk of death than those admitted to other hospital
medical wards. Indeed, our data also suggests that previous CVD is an
independent risk factor for ICU mortality on COVID-19 patients, which
is in line with Lazcano U et al population-based study [6]. Also, not only
previous CVD eritical COVID-19 patients had higher mortality rates, but
also had a lower median number of days until this adverse event, also in
accordance with the literature [6].

Our study presents some limitations. Sample size was calculated
based on rates in the general population, given the absence of studies in
ICU patients. This study data was abstracted from ECR, and as blinding
of data collectors to previous DVC status of patients was not possible, an
ascertainment bias could not be excluded. Nonetheless, all information
was collected following a prespecified standardized form. We are aware
of the fact that ethnicity information was not incorporated, and non-
White ethnicity has been found to be a risk factor for COVID-19 mor-
tality in population-based studies [7). Also, and due to the fact that not
all patients have performed neuro-imaging studies, additional cases of
silent CVD could be overlooked, with an underestimation of the real
prevalence of this entity. Likewise, cases of transient ischemic attacks
could also have been underestimated due to underreporting. Further-
more, and given the pandemic effect on the ICU rates of admission, this
earlier and higher rate of mortality of the CVD population can also be an
overestimation since in critical COVID-19 patients with severe comor-
bidities (as previous CVD patients), the therapeutic roof could not be the
same (o patients without any prior comorbidities. Nonetheless, our
sample had mostly often previous functional independence on all daily-
life activities, in line with the ICU setting of the study.

5. Conclusions

We believe that our study provides valuable information with im-
plications on clinical practice. As we repart a higher rate of mortality
amongst critical COVID-19 patients with previous CVD, even after
adjusting for diseases’ severity at admission and length of stay, we
conclude that prioritizing vaceination and heightened surveillance in
this subgroup of COVID-19 patients should be implemented. Addition-
ally, we encourage prognostic research to include CVD as a component
of prognostic models. Further studies, ideally multicentric, are war-
ranted to access the possible differential impact of previous CVD be-
tween critical and non-critical COVID-19 patients.
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ORIGINAL ARTICLE

Critical COVID-19 and neurological dysfunction -
a direct comparative analysis between SARS-CoV-2
and other infectious pathogens

ABSTRACT

Objective: To evaluate whether
critical SARS-CoV-2 infection is more
frl:qu.cn[l}r associared with signs of
corticospinal tract dysfunction and
other ncumlﬂgical signs, symptoms,
and syndromes, than other infectious
pathogens.

Methods: This was a prospective
cohort study with consecutive inclusion
of patients admirted to intensive care
units due to primary infectious acure
respiratory distress syndrome requiring
invasive mechanical ventilation > 48
hours. Eligiblc patients were mndcml}f
assigm:d to three investigators for clinical
evaluarion, which encompassed the
examination of si ans of corticospi nal
other ncumlngical complications and
possible predictors, were independently
obtained from dinical records.

Results: We consecutively induded 54
patients with acute respiratory distress
syndrome, 27 due w SARS-CoV-2 and

27 due to other infectious pathogens.
The groups were comparnblc in most
characreristics. COVID-19 patients
prcscnrcd a significanrly highcr
risk of neurological complications
(RR = 1.98; 95%CI 1.23 - 3.26).
Signs nfcorticospinal ract dysﬁlnction
tended to be more prevalent in
COVID-19 patients (RR = 1.62;
95%CI 0.72 - 3.44).

Conclusion: Qur study is the
firse comparative analysis between
SARS-CoV-2 and other infecrious
pathclgcns, in an intensive care unitc
setting, assessing neurological dysfunction.
We report a signiﬁcanﬂy highcr risk
of neurological dysfunction among
COVID-19 patients. As such, we
suggest systematic screening for
ncuralagicnl complications in severe
COVID-19 parients.

Keywords: SARS-CoV-2, COVID-1%;
Respiratory distress syndrome; Coronavirus
infections; Neurological manifestations;
Pyramidal tract; Intensive care

INTRODUCTION

Coronavirus disease 2019 (COVID-19) poses a severe health threat ona
global scale. Most infected patients are asympromatic or paucisympromaric.
Nevertheless, up to 15% have severe disease, and approximately 5% become
critically ill."”

This virus causes mainly respiratory signs and symptoms, whose seriousness
greatly determines the severity and mortality of the disease. Nevertheless,
ncumlngical signs, symproms and syndromes have been rcpnrtcd in the

full clinical spectrum of COVID-19.112) Descriptions include olfactory and

gustatory dysfunction, cranial nerve and peripheral neuropathies, signs of

corticospinal tract dysfunction (CSTD), cognitive impairment, deliritm,
{1-5)

seizures, meningitis, cnccphaﬁtisr mycl[ris and acute cerebrovascular disease.

This is an opan access atice under tha CC BY license hetps:/craativecommons. nag/frenses by 0]

49




It remains unclear whether ncurﬂlogical dysﬁ.mction
is sulcly an cpiphcnomcnon of respiratory illness or
directly related to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection."™ The paucity
of comparative studies dcsignr:d [0 assess ncumlogical
dysfunction berween COVID-19 and non-COVID-19
patients is the main reason for the persistence of this
gap in knowledge.

We aimed to idcntiﬁv whether SARS-CoV-2 is more
frequently associated with signs of C5TD and other
neurological signs, symproms, and syndromes, than other
pathogens causing severe respiratory failure.

METHODS
Study design and definitions

This was a prospective cohort study with consecutive
inclusion of parients admitted to four intensive care units
(ICUs) of an intensive care dcpartmcnr in a rertiary-care
center berween May 2020 and Seprember 2021.

Inclusion criteria were age older than 18 years old and
ICU admission diagnosis of infectious acute respiratory
distress syndrome (ARDS), requiring invasive mechanical
ventilation (IMV) for more than 48 hours.

Acute respiratory distress syndrome was defined in
accordance with the Berlin definition as an acute syndrome
of lung inflammarion and increased alveolar-capillary
permeability associated with severe hypoxia and bilateral
infiltrates on chest radiographs, without evidence of left
heart failure.'®

Exclusion criteria were the presence of previous
known central or peripheral neurologic pathologies
reported in electronic dinical records (ECR) and death or
discharge before the first 24 - 72 hours after ventilatory
weaning,

The study was appravcd b'y our institutional review
board {Comissio de Ftica of the Centro Hospimfar
Universitdrio de Sio Jodo of the Faculdade de Medicina,
Universidade do Porte - n® 169/20) and pcrﬁ:rrmcd in
accordance with the Helsinki Declaration. Written
informed consent was waived cnnsidcring the srud)'
setting, so verbal consent was obtained before clinical
evaluarion.

Sampling consisted of consecurive inclusion of all
cligible patients until the calculated sample size was
achieved.

A COVID-19 ARDS case was assumed when a positive result
on a real-time reverse-transcriptase polymerase chain reaction
(RT-PCR) assay of nasal and pharyngeal swab specimens
was found during the first 24 hours after hospiral admission.
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Other infectious ARDS cases were assumed when
there was a primary ARDS due to other pathogens
{identified through respiratory tract samples, blood,
or urine cultures), with a negative RT-PCR assay for
SARS-CoV-2.

Aphasia was defined as an impairment of comprehension
or formulation Dflanguagc, including semantic, grammar,
phonology, morphology or syntax impairments.”
Dysarlhria was considered when there was a motor spccch
impairment causing slowness, weakness and/or imprecision
in speech ability® and dysphonia when there was an
impairment in voice production.” Focal weakness was
assumed when there was a muscle strength deficit involving
one or more limbs."” Delirium was defined as an alteration
of attention, consciousness, and cognirion, with a reduced
ability to focus, sustain or shift attention."" A seizure
was considered a change in the level of consciousness,
behavior, memory, or feelings related to uncontrolled and/
ar abnormal electrical activity of the brain."* In accordance
with the American Heart Association (AHA),59
cerebrovascular diseases were classified as: (1) transient
ischemic atrack (TIA), a transient episode of neurological
dysfuncrion caused by focal brain ischemia; (2) ischemic
stroke, when there was an episode of neurological
dysfuncrion caused by focal cerebral infarction and (3)
hemaorrhagic stroke, when a focal accumulation of blood
within the brain parenchyma or ventricular system, that was
not caused by trauma, occurred. Encephalopathy refered to
dysfunction of the level or contents of consciousness due
to brain dysfunction, possibly resulting from global brain
insults or a focal lesion in relation o primary neurological
or systemic conditions."” Encephalitis was assumed
when there was an acute infection of brain parr:nchyma
characterized clinically by fever, headache, and an altered
level of consciousness,"® and my’clil‘is when there was an
inflammatory disorder of the spinal cord, characterized by
acute or subacute dysfuncrion affecting the motor, sensory,
and/or autonomic systems.""” Peripheral neuropathies
encompassed disorders of peripheral nerve cells and fibers,
including mononeuropathies, multifocal neuropathies and
polyneuropathies."'¥

Data collection methods

The main investigator, supported by two senior
physicians of physical medicine and rehabilitation (PMR)
and intensive care medicine, was responsible for assessing
the ECR of all patients admitted to the ICU daily. This
assessment was used to identify patients fulfilling eligibility
criteria for the study and to evaluate the timing of their
ventilatory weaning (withdrawal from ventilatory support).

Rev Bras Ter Intensiva. J022;34{3)-342-350
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All patients were extubated at the time of the clinical
evaluation. Data from patients who fulfilled eligibility
criteria were gathered on a darabase, and each parient
received a code number to secure their anonymity.

Eligible patients, 24 - 72 hours after ventilatory
weaning, were randomly assigned rhrough a computer-
generated allocation sequence to one of three
independent investigarors for clinical assessment. The
investigators were blinded to the patients’ characteristics
and to the study research question and aims. These
investigators were PMR physicians with specific training
on critical care and ncurological rehabilitation. To
ensure common evaluation methods, an educational
session taught by a board certificated PMR specialist
was attended before the study began. Clinical
evaluation included assessment of level of sedation
(using Richmond Agitation-5Sedation Scale - RASS)
and the evaluation of signs of CSTD, namely enhanced
deep tendon reflexes (DTR) and the Babinski sign. Each
patient was evaluated by the same investigator in the first
24 - 72 hours after ventilatory weaning and re-evaluared
every 24 - 72 hours, until three observations were
completed.

Decp tendon reflexes were evaluated using a
predefined T-shaped reflex hammer at the following
locations: biceps, triceps, brachioradialis, patellar
and Achilles tendons. The grading of reflex response
was performed in accordance with an adapted form
of the National Institute of Neurological Disorders
and Stroke (NINDS) myotatic reflex scale as follows:
0 - absent, 1 - hyporeflexia, 2 - normoreflexia, 3 -
hyperreflexia, 4 - hyperreflexia with unsustained clonus
(< 5 bearts), and 5 - hyperreflexia with sustained clonus
(> 5 beats)."”

The Babinski sign was evaluated using the reflex
hammer dull point by running up, with light pressure,
the lateral plantar side of the foot, from heel to toe. The
response of each hallux and toe was recorded as extensor
(Babinski sign), fexor or neutral.™"

Both on DTR and on Babinski sign evaluations, when
in doubt, the investigarors rcpcatcd each evaluation up to
three times, rr:cording the most consistent response. The
investigators rcgistr:rcd the ananyrnizr:d measurements
through an anonymized electronic form.

Outcomes and predictors

The primary outcomes were the presence anigns
of CSTD and the presence of other neurological
signs, symptoms, or syndmmcs (aphasia, dysarthria,
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dysphonia, focal weakness, delirium, seizures, stroke,
transient ischemic attack, encephalopathy, encephalitis,
myelitis, peripheral neuropathies). Signs of CSTD were
defined as the presence of a Babinski sign in at least one
extremity or hyperreflexia in at least two extremities. "
We considered that signs of CSTD were present when
identified in all clinical evaluations. Information regarding
other ncurolagical signs, symproms or syndromes
was recorded from the ECR. First, we analyzed the
presence of each neurological complication individually.
Moreover, we performed further analysis considering a
combined dichotomic endpoint (neurological dysfunction
composite). This composite considered, for each patient,
the presence of at least one neurological sign, symptom,
or syndrome, regardless of the number of neurological
manifestations.

Several other data were extracted from the ECR by
the main investigator before assessing data regarding
clinical examinartion, namely, age; sex; previous
autonomy on daily-life activities assessed through
the modified Rankin scale (mRS); comaorbidities
(hypertension, diabetes mellitus, hyperlipidemia,
obesity, smoking habits, atrial fibrillation, ischemic
heart disease, heart failure, peripheral vascular disease,
chronic pulmonary obstructive disease, asthma, sleep
apnea, psychiatric pathology, oncologic pathology
and immunosuppression); number of days in the ICU
and total length of stay; number of days under IMV,
noninvasive ventilation and oxygen thcrapy; need for
prone sessions; need, type and number of days under
cxtracarpan:al membrane oxygenation (ECMOY}; and
need and number of days under renal replacement
therapy, vasopressors, sedanalgesics, neuromuscular
blockers and corticosteroids.

The presence of other complications during the [CU
stay was also recorded. Cardiovascular complications
included bradyarrhythmia, rachyarrhythmia (atrial
fibrillation, flutter, other tachyarrhythmias), rachycardia-
bradycardia syndrome, secondary myocardial injury, cardiac
arrest, pcricarditis, pcricardial effusion, endocarditis,
acute heart failure and cardiogenic chock. Abdominal
cnmplicaﬁons included hcpatitis, elevated liver enzymes,
gastrointestinal bleeding, pseudo-obstruction and
obstruction, diarrhea, and constipation. Infectious
complicarions were considered when [CU-acquired
infections were observed, irrespective of admission
diagnosis. Muscular weakness was assessed six to nine days
after ventilatory weaning through the Medical Research
Council-Sum Score (MRC-85).
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Sample size calculation and statistical analysis

Due to a lack of data on the characteristics and
significance of DTR assessment in the ICU serting,
data from a general population study were used.”**
Considering an expected prevalence of the unexposed of
0.36, a relative risk (RR) of 2, a power of 80% and a level
of significance of 0.03, we estimated a rotal sample size of
54 patients (27 per group).

Startistical analysis was performed using Statistical
Pakage for the Social Sciences (SPSS) software, version
27. Caregorical variables are summarized as frequencies
and percentages, and continuous variables are summarized
as the mean and standard deviation (variables with normal
distribution) or median and interquartile range (variables
with skewed distributions). Normal distribution was
checked using histogram visual analysis. The chi-square
test or Fisher’s exact test was used, as appropriate, to
compare categorical variables. Continuous variables were
compared between groups using independent samples t
test or the Mann—Whitney U test, in accordance with
the variable distriburion. The RR, its standard error and
its 95% confidence interval (95%CI) were calculared
according to Altman et al.*” Binary logistic univariate
analysis was also performed, using the composite of
neurological complications as the dependent variable. All
reported p values are two-tailed, with a p value < 0.05
indicating statistical signfﬁcancc_

RESULTS

A total of 207 patients diagnosed with primary
infectious ARDS were admitted ro the ICU during the
study period. Were excluded 153 patients: 89 died, 42
were transferred to other haspitals before ncurological
assessment, and 22 had previous neurological pathology.
Fifry-fnur patients were consecutively included in
accordance with the samplc size calculation: 27 with
ARDS due to COVID-19 and 27 with ARDS due to other
infectious pathogens.

charding the group with ARDS due to other
infectious pathogens, most agents (56%) were Gram-
negative bacteria (Serratia, Rickettsia, Prendomonas,
Moraxella, Legionella, Klebsiella, Escherichia coli,
Haemophilus influenzae), but other agents, including
gram-positive bacteria (Staphylococcus, Streptococcus,
Enterococens) and fungal pathogens (Preumocystis,
Aspergillus), were also identified.

Table 1 details the sample’s sociodemographic
and clinical characteristics. Despite being comparable
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in most characteristics, COVID-19 patients were
immunosuppressed less often (0% wversus 26%: p
value = 0.010). Immunosuppression in the ARDS due to
other infecrious pathogens group was due to posttransplant
status (n = 3), alveolar proteinosis (n = 1), ANCA-
MPO vasculitis (n = 1), neoplasms (n = 1) and human
immunodeficiency virus infection (n = 1).

Regarding characteristics related to critical respiratory
illness (Table 1), the groups were also comparable.
Nevertheless, COVID-19 patients had a significanty
higher number of days in the ICU (p value = 0.006) under
IMV (p value = 0.039), sedoanalgesia (p value = 0.025),
and corticosteroids (p value = 0.004), with higher rates of
prone positioning (p value < 0.001).

Regarding the primary outcome, 61% of the sample
presented at least one neurological sign, symprom, or
syndrome. Nevertheless, each neurological complication
was per se rare (< 5%), except for defirium (30%) and signs
of CSTD (33%).

We compared the groups on the presence of each
neurological complication and on the neurological
dysfunction composite. We identified significant
differences berween groups when analyzing the composite
(p value = 0.002), with COVID-19 patients presenting
with an RR 1.98-fold higher (95%CI 1.23 - 3.26) than
patients admitred for ARDS due to other criologics
(85% versus 43%). In the analysis of each complication,
our data did not reach statistical signiﬁcancc (Table 2).
Moreover, 44% of COVID-19 patients presented signs
of CSTD, while in non-COVID patients, its prcvalcncr:
was 27%. Although signs of CSTD tended to be more
prevalent in COVID-19 patients (RR = 1.62; 95%CI
0.72 - 3.44), this difference did not reach srarisrical
signiﬁcancc (p value = 0.20). charding the RASS at
the time of neurological examination, no differences
were found between groups for any of the evaluations (p
values: 1# observation: 0.649; 2 ghservation: 0.093; 3+
observation: 0.170).

To identify factors potentially associated with
nr:un:llogical complicatinns, we pcrﬁ:rrmcd a univariate
analysis (Table 3), in which no other variables, apart from
COVID-19 dia.gnclsis, were associated with this adverse
event.

Moreover, we ana])rzcd whether there were differences
between groups in nnnncuralogical camplicarians
{Table 2). No signiﬁcanr differences were observed,
except for infectious complications (p value < 0.001):
COVID-19 patients had a 3.29-fold higher risk (95%CI
1.70 - 6.34).
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Table 1 - Sociodenographic and clinical features

Total COVID-19 ARDS Other infectious ARDS i value
{n = 54) n = 21) (n = 27)

Sociodernographic features
Age 62 + 12 B& = 12 59+ 13 oo
Men 38 [70) 18 (67) 20 (74 0551
Modified Randan scala 1.004

0 53 (98) 27 (100} 26 (96
El 12 0 {0} 114

Comorbidities
Hypertansion 25 [46) 14 (52} 11141 0411
Diabetes Meatfitus 22 (41) 11 {41) 11141 1.00%
Hyperlipidarmia 19 {35) 13 (48) 6(22) 0.05t
Dbesity 10 (28) 11 (41) 4{15) 0.051
‘Smaoking habits 11420 3y 8 (30) 0.09%
Atrial fibrillatian 417 3y 114 061
lzchemic hean disease 3 (6) 00y (1) 0.24%
Cardiac insufficiency 509 114 4{15) 0.35%
Paripheral vascular disease B(11) 5019 1 (4] 0.19%
CPOD B(11) 114 5(19) 0.19%
Asthma 3(6) 3 00 0.243
Sleep apnea 7113 2(7 5(19) 0.42%
Psychiatic disorders 11(20) 7 [26) 4(15) 0311
Cancer 10{19) 5(19) 5(19) 1.00%
Immunasuppression T3 0 {0y 7 (26) 0.01%

Characteristics regarding critical respiratory ilness
APACHE Nn=+7 19+5 2+8 014
SAPSII 4+ 16 40 = 15 4 = 18 0.15*
Days on ICU 17 {1B5) 22 (185) 13 (42 0.0%
Tatal length of stay 36 (228) 38 (228) 31 [89) 0.09%
Days under MV 11 {157) 14 (157} 9 (36) 0.04%
Diays under NIV 2013 3113) 1M 0.06%
Days under HFNG therapy 0.5 (300 10104 0 {30) 011%
Prone position 31 (57) 21 (78) 10 (37 <00t
ECMO 10(189) B (22) 4{15) 0481
Days under ECMO 27 (146) B3 (146) 17 131) 0.268
Corticosteroids 33 161) 22 |82) 11 (41) = 001t
Days under corticostemids 7(28) 10 (24) 0{28) = 0018
Vasopressor need 45 (89) 24 (B9) 24 [89) 1.00%
Days under vasopressor support 5(75) 7175) 5122) 0.16%
Renal replacemant thesapy {17 31y 6{22) 047
Days under renal replacement therapy 14 53] 23 47) 10 (40§ 0.38%
Neuromuscular block = 24 hours 43 (91) 6 (96 23 (85) 0.35%
Days under neuromuscudar block 5 (93] 7193) 4 19) 0.09%
Sedoanalgesia 54 (100) 27 (1004 27 (100) —
Days under sedoanalgasia 11 (184] 15 (184) 9 (32) [.038

ARDE - mcute respiratory distress syndreme; CPOD - cheonic pumonary cbstnective dszase; APACHE - Acute Physiclogy and Chrenic Health Evalustion; SAPS - SEimpified Acute Physiology Scone; ICU - intensive care mnit;

N - ivasive ' som; NIV - neninvass son; HFND - high fiow nasall mopgen; EEMI - exiracorponsal messhrane moygenation; |0R - interquartile mnge. * Independent samples 1 3es; T Pearson chi squane test;

2 Fisher exact test; § Mann-Whitney U test. Resutts sxpressed as mean & standard deviation; n (%); or median finterquartie range|.

Table 2 - Complications of critical respiratory illness

Total COVID-19 ARDS Other infectious ARDS RR value
in = 54) {n=27) in = 27) (95%C1) ’
Meurological comglications
Detiriom 16(30) 933 7 (28) 1.28 (0.56 - 2.95) 0.55"
Seizures 214) 20 o0} 5.00 (0.25 - 99.57) 0.48t
Transient ischamic attack 1(2) 104 (o) 3.00 (013 - 70.54) 1.00t
Encephalopathy 112 144 o0 3,00 {0.13 - 70.54) 1.00f
Encephalitis 00) 00y 00} - -
Myalitis o) 040) oo} - -
Paripharal neuropathy 2(4) 20 oo} 5.00 {0.25 - 99.52) 040t
Aphasia 10 144) o) 3.00 {0.13 - 70.54) 1.00t
Dysarthiia or dysphonia 11 104) (o) 3.00 {0.13 - 70.54] 1.00t
Focal weakness 0 00 (o) - -
Signs of CSTD4 18 (33) 11144 727 162 (0.72 - M) 0.20°
Comgasite of neurological complicationss 33 [61) 22 (85) 11 (43) 1.98 (1.23 - 3.26) < 001"
Overlap with ther infiactions 30 (56) 73 (85) 7 126) 3.9 (1.70- 6.34) < 001"
Abdominal complications 22 (41) 11 441) 11 §41) 1.00 (0.53 - 1.90) 1.00°
Cardivascular comphications 15 (28] 10(37) 5 (19) 1.53 (0,66 - 3.45) 013
ARDS - cute respiratory distress syndeome: AR - nelative risk; 35%01 - 5% confidence interval CSTD - corticospinal tract dysfunction. * Pearson chi square test: T Fisher exact test; § defined as the presence of the
Babinski sign in at least one extremity or other pyramidal tract signs in at least I extremities{21]; § induding all described o jons. Results exp s n (%)
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Table 3 - Univariable logistic analysis of possible factors associated with neurological complications

C ite for logical licati Odds ratio (95%C1) p value®
Age 103 (0.99- 1.08) 016
Men 2.00 {0.60 - 6.54) 028
IModified Rankin scale - -
Hypertension 0.78 (025 -239) 0.66
Diabetas Melitus 0.73 (0.23 -2.28) 059
Hyperigdemia 2.05 |0.60 - 7.05) 0.25
Obesity 0.91(0.27 - 3.11) 0.89
Smaking habits 0.70 [0.16 - 3.05) 0.63
Atrial fibsillation 1.97 (0.19 - 20.32) 0.57
Ischemic heart disease 0.29 (0.03 - 3.43) 033
Cardiac neuficiency 0.93 [0.14-6.12) 0.94
Pesipheral vascular diseasa 0.13 {0.01-1.25) 0.08
CPOD — -
Asthma 1.27(010-14.9) 0.85
Sleap apnea 0.41 {0.0& - 2.08) 029
Peychaatric disordars 1.17 (029 - 4 54) 0.83
Cancer 252 (0.47 - 13.6) 028
ImmunosUparEssian 059 (0.11-3.24) 054
APACHE 1.01 (0.93-1.11) 0.67
SAPS I 098 (0.95-1.02) 0.44
Days on ICU 1.01 {0.99 - 1.03) 0.25
Total length of stay 0.96 {0.96 - 1.00] 0.21
Days under IMV 1.01 (0.98 - 1.03] 0.59
Days undes NIV 1.20 (0.94 - 1.54] 0.15
[lays under owcypen therapy 1.09 (0.91-1.30) 032
Prone pasition 0.97 {0.31 - 3.04) 0.96
ECMO 1.31 (0.29- 5.95) 0.73
Days under ECMO 1.01 (0.95 - 1.05) 0.59
Conicosterids 1.91 (061 -5.97) 027
Days undes corticostercids 1.00 (0.92 - 1.09) 0.93
Vasopressor need 1.71 (031 -942) 0.54
Days under vaSOpEsSOr suppart 1.00 (0.96 - 1.04) 098
Renal replacemnent therapy 252 (047 -13.58) 0.28
Days under renal replacement therapy 1.68 (0.65 - 4.35) 0.28
Meuromuscular block > 24 hawrs 2.65 (0.40 - 17.44) 0.31
[lays under neuromuscular block 1.03 {096 - 1.10) 047
Seduanalgesia = 24 hours
Days under sedoanalgesia 1.01 (0.99 - 1.03) 0.49
IMRC-55 1.03 (0.97 - 1.09) 031
COVID-19 ARDS 5.73 (1.65-19.91) =00

5% Cl - 95% cunfd:nne |m:rﬂL CPDD :hmm: pulmnnn' chstructive disease; APACHE - Acute Physiolegy and Cheonic Health Evalustion; SAPS - Simplified Acute Physinlogy Score: ICU - imtensive cane unit;

BV - invasive mech - dation; ECMD -
* Obtained threugh Binary logistic analyss.

real memkrane

DISCUSSION
Critical COVID-19 patients presented a 1.98-fold

higher risk of developing neurological complications than
patients admitted to the ICU for other infectious ARDS.
To our knowledge, this is the first study comparing the
presence of signs of CSTD and other ncurological signs,
symptoms and syndromes, between COVID-19 and non-
COVID-19 critical ARDS parients.

Several signs, symptoms and syndromes of neurological
dysfuncrion have been reported in up to 80% of COVID-19
patients on the disease’s full clinical spectrum. These findings
have gcncmtcd considerable concern due to their passiblc

impact on mortality, morbidity, disability, and quality of life. 2

MAC-55 - Medical Research Council Sum Score; ARDS - acute mespirstory distress syndrome.

Clinical and preclinical dara have shown that SARS-CoV-2
has some degree of neurotropism, and different mechanisms
have been suggested to account for this.**** First, it is thought
that SARS-CoV-2 exploits the angjotensin converting enzyme
2 receptor to enter cells, namely, in the respiratory system
and in ncu.rolnglcnl rissue.”” Nonetheless, non angiotensin
converting enzyme 2 pathways have not been excluded. Both
a direct transsynaptic route via the olfactory bulb and a blood
circulatory pathway, through which systemic inflammarion
compromises the blood-brain barrier, have been proposed.™”
Another possible explanation is that the combination of
hypoxia and neuroinflammation damages hippocampal and
cortical areas, resulting in neuropsychiatric effects.
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Indeed, multiple studies have addressed the frequency
and characteristics of neurological dysfunction among
COVID-19 patients,"** burt there is still a substantial
gap in knowledge in several domains, specifically regarding
critically ill patients. Both central and peripheral nervous
system involvement have been extensively reported in ICU
patients, either as a manifestation ofsystcmic critical illness
or its treatment.”” Furthermare, one in three patients
admitted due to nonneurological pathology in the ICU
dcvclop ncumlogica] complicatinns, which doubles the
length of stay and mortality rate, increasing postdischarge
disabilicy.*" As such, critical COVID-19 parients could
be prone to dcvclop not onl)r pﬂssiblc disease-associared
neurological dysfuncrion (neuro-COVID) bur also
ICU-related neurological complications.

In our study, both groups were cumpsmblc regarding
most baseline characreristics. Nonetheless, COVID-19
patients were immunosuppressed less often than
non-COVID-19 patients. Add.[liana]lyr COVID-19 patients
had a higher number of days in the ICU, under IMV and
under sedoanalgesia. As these factors could possibly influence
the rates of neurological dysfunction, we analyzed whether
any were associated with neurological dysfunction, and
no significant differences were found. Additionally, when
assessing the between-group differences in the RASS, we also
aimed to identify the impact of those characteristics on the
clinical status at the time of clinical examination, and again,
no significant differences were found. Thus, COVID-19
patients had a higher risk of neurological complications
regardless of the critical illness severity or its treatment.

In our sample, the overall prevalence of neurological
dysfunction was §5% among COVID-19 patients, similar
to the literarure.”" Each neurological complication was per
se rare, which is also similar to the Deana et al. study.""
Nevertheless, delirium (33%) and signs of CSTD (44%)
were common complicatiuns, with a lower prcvalcncc
in comparison to other studies.*” Regarding delirinm,
despite its ﬁtqucncy and impacr, the use of screening, wools
remains low, lcading wa potcnlial underestimartion of its
real prcvalcncc in our samplc_ Add.itianally, rcgarding the
signs of CSTD, its prcvalcncc in our samplc was also lower
than that in previous studies, which could be due to the
application of different diagnostic criteria (in relation ro
the absence of a standard).

In our study, we assessed signs of CSTD as an objective
measure of neurological involvement. In the ICU, a detailed
neurological examination can be extremely difficult to
perform. However, the evaluation of signs of CSTD can
be an important tool since it does not require patient

collaboration, which is frequently compromised in this setting,
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DTR assessment allows a rapid and clear distinction between
upper and lower motor neuron pathology (enhanced and
depressed/absent reflexes, respectively), and the presence
of the Babinski sign is a characteristic finding of upper

motor neuron pathology.”” Few studies have evaluated

the prevalence of CSTD in the ICU setting and its clinical
relevance, as well as the real influence of iatrogenesis (namely,
neuromuscular blockage) on this manifestation.'**5%
Moreover, intensive care unit acquired weakness (ICUAW),
which can have an increased prevalence in this population
as risk factors are significantly more common, can also mask
the presence of signs of CSTD because, when ICUAW
is present, the DTR response is reduced or absent, so an
underestimation of CSTD can be present in our analysis
given the study serting.“*** However, magnetic resonance
imaging studies of COVID-19 parients showed that
cnrrlcospinal tract lesions were the most common lesions
of the white matter.”” Indeed, in our analysis, COVID-19
patients tended to have highcr rates of CSTD signs, with a
1.2-fold higher RR.

Regarding ICU complications, there were no differences in
the rates of muscular weakness, cardiovascular and abdominal
complications, data consistent with the literarure. ™

We highlight that this is the first comparative study in
the ICU setting, aimed at assessing neurological dysfunction,
thar established a direct comparison between ARDS due
to COVID-19 and other pathogens. The study design and
methodological strengths reinforce our major findings.
To assure the external validity of our results, there was
a consecutive sampling of participants and inclusion of
patients from different ICU. Regarding the internal validity
of our data, we stress that the main investigator collected the
predictive variables before assessing dara regarding neurological
bedside examination and that the three associated investigators
were independent (so blinded to the patients’ characteristics).
Addirionally, rcgarding the evaluation method, the same
material {to decrease the risk of instrumental biases) was used,
and the investigators were trained by the same expert to ensure
common evaluation techniques. Additionally, to evaluate
possiblc confaunding factors, we pcrformcd a univariate
analysis that confirmed that no factor other than COVID-19
diagnosis was significantly associated with the presence of
ncurolngjcal dysﬁ.lnction.

Our study presents some limitations. Sample size was
calculated based on CSTD rates in the general population,
given the absence of studies in ICU patients when our study’s
recruitment started. Nevertheless, Helms et al.s data, published
during our recruitment period, reveals a higher prevalence of
signs of CSTD in the COVID-19 population, which is probably
related to the heterogeneity of the criteria for defining CSTD.#
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Indeed, in critical ARDS patients, neuromuscular blockage
is used as a standard of care, and ICUAW is present in
more than 50% of cases. As the effecr of both on the DTR
response is thought to be its reduction or abolition, this
should be Fully considered when these examinations are
performed in the ICU.%** Moreover, in our sample size
calculation, we considered an RR of 2, so the absence of
differences in our population regarding the CSTD signs may
be because the relartive risk is 19% lower than expected. As
such, CSTD rates in the ICU setting may be lower, and thus,
the sample size may have been underestimared. Additiomllly,
DTR assessment and rating are dependent on subjective
judgment and are operator dependent, implying inter- and
intraobserver variabil.ity, the extent of which has been r:in:ly
reported.”" Moreover, the signs, symptoms and syndromes
of neurological cl}rs[:uncrinn included in the compaosite
(aphasia, dysarthria, dysphonia, focal weakness, delirium,
seizures, stroke, transient ischemic attack, encephalopathy,
encephalitis, myelitis, peripheral neuropathies) were only
considered when registered in medical records; thus,
registration bias must be considered.

Given the higher percentage of neurological dystunction
among COVID-19 parients, we suggest that patients with
severe forms of COVID-19 should be systematically screened
for ncurological complicariani Moreover, it is thought
that patients with neurological complications during index
hospitalization have signiﬁcnml)r worse G-month functional
outcomes.? Early evaluation of physical medicine and
rehabilitation may allow early diagnosis of neurological
complications and implementation of tailored therapeutic
interventions to reduce the long-term impact of these
sequelae.*+

Further studies are warranted to assess the long-term
impact of neurological dysfunction in COVID-19 patients.
The relationship between the signs of CSTD and neurological
synd.mmcs, as well as inter- and intraobserver rcliability for
CSTD, remains to be characterized in the ICU setting.
Additionally, a causal rclarlanship berween discase severity
and fn:qur:nc_v and the characreristics of ncumlogical
involvemenr remains controversial.

CONCLUSION

In brief, critical COVID-19 parients pn:sx:nm:l a ﬂg:ruﬁcnnd}r
higher risk of developing neurological complications than
patients admirtted to the intensive care unit due to other
infectious acute respiratory distress syndromes. Thus, we
suggest that patients with severe forms of COVID-19 should
be systematically screened for neurological complications
due ro its impacr on parient marbidity and qu.ali[y of life.
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HIGHLIGHTS

» In an intensive care unit, nenrological complications are frequently encountered.

= CRPS may occur after peripheral nerve injuries, leading to increased disability.

= The systemic hyperinflammation of severe COVID-19 may contribute to neuronal sensitization.
» Peripheral and central neuronal sensitization can lead to chronical and disproportionate pain.
» A multidisciplinary approach is important in prompt diagnosis and treatment.

ARTICLE INFO ABSTRACT
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Peripheral nerve lesions usually follow a well-recognized clinical
course, depending on lesions” topography and severity, but if there is a

1. Introduction

Neurological complications are frequently reported in an intensive
care unit (ICU), as a manifestation of a critical systemic illness or of its
treatment [1]. These complications may present during the ICU stay
(stroke, anoxic-ischemic injuries, peripheral nerve injuries, delirium,
seizures) or after ICU discharge (Post-traumatic Stress Disorder and
depression) [1]. Specifically on COVID-19 patients, peripheral nerve le-
sions (PNL) most commonly occur as a manifestation of SARS-CoV-2
infection (post-infectious neuropathy), a sequela of COVID-19 critical
illness (positioning-related neuropathy) or as consequence of a treatment
(iatrogenie lesions) [2].
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superimposed development of Complex Regional Pain Syndrome (CRPS),
a diverse array of clinical features may develop [3, 4]. This syndrome is
characterized by regional pain, seemingly disproportionate to the usual
course of any known lesion, usually associated with a distal pattern of
abnormal sensory, motor, sudomotor, vasomotor and/or trophic findings
[3]. It may be clinically diagnosed through the Budapest Criteria and its
severity could be acvessed using the CRPS Severity Score (CS5) [3, 5].
The present therapeutic standard-of-care is a multimodality approach
including patient education, rehabilitation, psychological support, and
pharmacological intervention [4].
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2. Case report

We report a case of 35-year-old woman, right-handed, previously
independent in all basic and instrumental daily-life activities (DLA), with
history of congenital confluent pink spots located on the dorsal surface of
the hands and forearms, asthma and morbid obesity. The patient was
admitted to an Infectious Diseases-1CU due to acute respiratory distress
syndrome (ARDS) 5 days after the diagnosis of SARS-CoV-2 infection.
The progressive respiratory failure led to the need of respiratory and
vasopressor support. Invasive mechanical ventilation was started on the
&' U Day and by that time an arterial line was placed on the lefi
brachial artery by an experienced physician (through the antecubital
fossa, guided by superficial anatomy references).

Twenty-four-hours later, the patient presented with a hematoma next
to the line insertion site and absence of radial pulse. An upper-limb-
doppler was requested, depicting a reduction of both radial and ulnar
arteries flow. As so, the line was removed, and anticoagulation was
started. A favorable clinical evolution was observed, and the patient was
weaned from ventilation at the 12 1CU Day.

Ten days later, the neuro-motor examination revealed an asymmetric
muscular strength impairment affecting mainly the left upper limb - ac-
cording to Medical Research Council (MRC) scale, the score for the
segments of the right upper and lower limbs strength was 4/5, also 4/5

Heliyon 7 [2021) 08462

for the left shoulder abduction and 3/5 for the left elbow flexion and
extension, wrist flexion and extension and palmar prehension - with
normal passive and active range of motion on all segments of the upper
and lower limbs, normal deep tendon reflexes and muscular tonus,
without any superficial sensorial alterations or complaints.

Due to the asymmetric muscular strength impairment, an electro-
myography was requested, depicting severe axonal lesion of the median
nerve on the forearm. On nerve conduction studies, a significantly
increased latency and decreased amplitude was reported on the left limb,
both on the segments wrist-abductor pollivis brevis and elbow-wrist. On
needle electromyography, signs of acute partial denervation on the left
abductor pollicis brevis, first dorsal interosseous and flexor carpi radialis
were identified. No other peripheral nerve injuries were identified.

An ultrasonographic evaluation was then performed, excluding the
presence of hematomas on the nerve path or on other accessible plans on
the superior left upper limb. Regarding pharmacological treatment, we
highlight the absence of neurotoxic medications administered previously
and during the hospital stay, as reported on Table 1. After sustained
clinical stability, the patient was transferred to a rehabilitation facility.

On the clinical appointment three months after discharge, the patient
presented with moderate pain of the left hand (Numerie Scale of Pain: 4/
10), pinprick hyperesthesia on the dorsal surface of the hand, regional
temperature and skin color asymmetry (with increased regional

Table 1. Pharmacological treatment administered to the patient.
Before hospitalization During Hospitalization After discharge
Desogestred 0,075 meg/day Bronchodilators Desagestrel 0,075 mog Aday

Fluticasone, Salmeteral 250 meg/50 meg 1 inhalation
on demancd

Ipratropium Bromide, B0 mog; 4./day; 28 days
Salbutamold, 100 meg; 3/day; 30 days
Cocti ich

Dexamethasone, 7.5mg: 1/day; 10 days
Prednisolone, 20mg; 1/day; 2 days
Antiviraks

Cweltamivir, TSmg; Léday; 5 days
Non-stervidal anti-inflammatory drugs
Eetorolsc, 30mg: 1/day; 4 days
Dickofenac, Tamg: 1/day; 4 days
Ibuprofen, 400mg; 3/day; 2 days
Parecoxib, 40mg; 1/day; 4 days
Anti-thrombotic

Aspirine, 100mg; 1/day; 10 days
Enaxaparine, 60myg, 1/day, 5 days; B0mg, 3/day; 15 days: 120mg: 1/
day; 5 days

Antibiotics

Ampicilin, 2000mg: 2/day; 3 days
Ceftrimnne, 1000mg; 1/day; 6 days
Piperacillin/ tazobactam, 4000 + 500mg, 1/day: 5 days
Vancomicine, 1000mg; 2/day; 5 days
Proton pump inhibitors

Pantoprazole, 40mg; 1/day; 19 days
Antiemetics

Ondansetron, Bmy 1/day; 6 days
Metoclopramide, 10myg: 3/day; 6 days
Diureti

Furosemide 40mg: 2/day; 2 days -> 20mg; 1/day; 16 days
Spiromolactone SOmg; 1/day; 3 days
Laxatives

Bisacodyl, 10mg; 3/day: 4 days
Lactulass, 15eml; 3/day; 5 days
Newromuscular block

Rocuronium bromide, 7 days
Sedative-Hypnotic

Propafal, 11 days

Fentanil, 13 days

Dexmedetomidine, & days

Folpidem, 10mg; 1/day; 2 days
Vasopressar support

MNoradrenaline, 7 days

Fluticasone,/Salmeterol 250 meg/50 meg 1 inhalation
on demand
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Figure 1. A: Clinical presentation on the first appointment. B: Clinical presentation on the second appointment, after multimodality therapeutic intervention.

temperature and redness on the affected hand), trophic changes (absence
of nails growth and altered skin texture - thickness), hand edema and a
“pointing finger” deformity, maintaining the muscular strength impair-
ment with predominant involvement of the distal left upper limb
(Figure 1A). These complains impacted the performance of some DLA,
namely driving, shopping and manual tasks requiring fine motor control
(e.g. preparing food, management of financial matters and medication).
Due to these clinical manifestations, and in accordance with Budapest
Criteria, CRPS was diagnosed, with a severity score of 14 according to CSS
(Table 1).

A multimodality therapeutic approach was started, including patient
education, rehabilitation and pharmacologic intervention. The patient
education was performed by a Neurologist and a Physical Medicine and
Rehabilitation doctor, in accordance with the European Federation of
Pain recommendations [4). The rehabilitation approach included
twice-a-week one-hour i of occupational therapy with the
following techniques: contrast baths, joint mobilization of the hand and
wrist, manual isometric muscular strengthening of intrinsic and extrinsic
hand muscles, mirror visual feedback therapy, fine motor control reed-
ucation and analgesic massage. The pharmacologic intervention con-
sisted of a 2-week cycle of ibuprofen 400mg three-times a day.

After eight weeks and fifteen rehabilitation sessions, there was a
significative impr on !hc ' subjective plains and on
objective R

g subjective complains, the patient
suffered paroxysmal pain less frcquently, reported a subjective muscular

were scheduled each 8-12 weeks to evaluate patients’ evolution and
optimize therapeutic interventions.

3. Discussion

Irrespective of the admission diagnosis, PNL are not rare in the ICU
setting, and can occur after intravenous or intra-arterial line placement or
removal. The most frequently affected nerves are the superficial branch
of the radial nerve, the medial and lateral antebrachial cutaneous nerves
and the radial and ulnar dorsal sensory branches of the hand [1]. PNL
may result from pressure ncuroprana secondary to fluid extravasation or

yma near the lation site, from chemical damage from med-
ications or it can be directly mfhctcd by the needle [1]. CRPS is an un-
usual (incidence of 0.82/100000 person-years) but potentially disabling
complication of any PNL, typically classified as type 2 in this context [4].
Given the heterogeneous and labile nature of the syndrome, clinical
presentations may differ substantially between patients and even for the
same patiem time; therefore, assessment, tracking of changes and ther-

lanning may be chall g in the setting of CRPS.

Tomrknowledgc,lhhuthcﬁmrcpoﬁofCRPSaftcranxamxuuc
nervous lesion on a critically ill COVID-19 patient. Although there have been
no dedicated mechanistic studies at how the SARS-OoV-Z virus might
directly impact nociception, the broad sy ic hyperi ion seen in
severe COVID-19 may contribute to peripheral and central neuronal sensi-
tization, leading to chronicand possibly disproportionate pain, which canbe

strength increase that was confirmed on neuro-motor
(scoring 4/5 on the MRC on the hand and wrist segments and 5/5 on !hc
proximal segments of the left upper hmb), rualmmmng the “pointing
finger” deformity and an asy ic vaso/ pattern. On
objective measurements, the CSS was 7 points lower (Figure 1B), which
represented as significant improvement in accordance with CSS smallest
real difference value (4,9 points) [5]. Moreover, the patient was already
able to perform all basic DLA and almost all instr | DLA, including
shopping, driving for small distances, managing financial matters and
medication. Nonetheless, the patient still meponed some disability on
some steps of food p ion and heavy d ic work duc to the lack
of manual dexterity. C quently, the therap approach was further
tailored, focusing specially on muscular slrcngth:ning and sm:tchmg,
well as on normalization of hand use and gesture reeducation, along:

a ibl | ion for the devel of CRPS on this case [2].

F ¥ L

4. Conclusions

This case lughllghts a potcnnal hazard of arterial puncture of the
brachial artery - periph nervous | -, even under controlled
conditions, speaﬂczlly on COVID-19 patients. Although unusual, CRPS
may occur after a peripheral nerve injury, leading to potentially sig-
nificant function losses. An effective multidisciplinary approach is
extremely important to attain a prompt diagnosis and successful treat-
ment. Wc highlight the need of an mcrcascd of this synd:
and its d ic and th hes, both on acute and sub-
acute slagm after an mjury [é-] 11ns know]cdgc is critically important,
b carly diag and are associated with better prog-

with the prescription of ibuprofen on demand. Follow-up appointments

nosis [4, 7].
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The PRINCOVID Retrospective Study
A Predictive Model of Pressure Injuries for Critical COVID-19 Patients

Ana Teixeira-Vaz, MD, José Afonso Rocha, MD, Mafalda Oliveira, MD, David Almeida e Reis, MD,
Tiago Simdes Moreira, MD, Ana Isabel Silva, MD, and José Ariur Paiva, MD, PhD

Ohbjective: The am of the study 15 to chamotenze pressure injuries,
identify risk factors, and develop a predictive model for pressure inju-
ries at intensive care unit admission for aritical COVID-19 patients,
Design: This study was a retrspectve analysis of 2 consecutive sample
of patients admitted to intensive care unit between May 2020 and
September 202 1. Inclusion criterin encompassed the diagnosis of acte
mespiminTy distress syndrome due to SARS-CoV-2, requirmg invasmve
mechanical ventilation more than 48 hrs. The following predictors wen:
evaluated: sododemographic chamcteristics, comorbidities, as well as
chimcal and bboratory fmdings at intensive care umit admission, The
primary outoome was the presmce of pressure injunes.

Results: Tao hundred five patients weme included, mostly males
(7¥4) with a mean age of 62 ym Pressure inury prevalence was
58%. On multivariable anabysis, male sex, hypertension, hemoglobin,
and albumin at intens ive care unit admission were independently asso-
ciated with pressure injuries, constituting the PRINCOVID model.
The model reached an area under the recetver opemting chamcteristic
ourve of 071, surpassing the Bmden scale (P = 0.0015). The
FPRINCOVID score mnges from 0 to 15, with two sk groups: “at
nisk (=7 points) and “high risk™(>7 points).

Conehosions: This study proposes FRINCOVID as 2 mubtiariable model
for developing pressure inunes m ertical COVID-9 patients. Based on
four paramicers (sex, ypatengon, hemoglobn, and albumin at inensmve
care unit admission), this moded fairy predicts the development of pres-
sure injuries, The PRINCOVID'score alkows patients” classification into
two groups, faciltating carly dentification of high-nsk patients,

Key Words: Pressure Injuries, Pressure Ulcers, COVID-19,

Critical Niness
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What Is Known
* Pressune injuries (Pls) interfere with phiysical, psycho-
logical, and social well-being, increasing length of
stay and health-related costs. In critical COVID-19 pa-
tienits, this issue is even mome pressing.
What Is New

* Because the standardly used Braden scale has a lower
predictive value in COVID-19 patients, a score for P
prediction (the PRINCOVID) that includes four easily
assessable parameters (male sex, hypetension, and
values of hemoglobin and albumin at intensive cane
unit admission) was developed. The PRINCOVID
scome ranges from O to 15 points, with two Pl risk
groups: “at risk” (=7 points) and “high risk™ =7
points). In comparison with the standardly used
Braden scale, the PRINCOVID is of easy and rapid ap-
plication, including only four parameters that ane
standardly incloded in medical records. Moreowver,
this model has a significantly higher area under the re-
ceiver operating characteristic curve in this popula-
tion, when companed with the Braden scale.

C OVID-19 firstly emerged in December 2019, with a re-
port of severe flu-like illness in China.! After the disease
spread to more than 100 countries, a global pandemic was de-
clared on March 2020 and, as of that date, the number of cases
has been i mcreasmg daily, posing a severe health threat on a
global scale? Most infected patients are asymptomatic or
pancisymptomatic. Nevertheless, up to 15% have severe dis-
ease, and approximately 5% become critically ill, requiring
ventil atory support.

COVID-19 patients are susceptible to several complica-
tions due to the primary disease and its treatment (iatrogeiy),
mainly if critically ill. A common problem resulting from sep-
sis and prolonged intensive care unit (I°U) stays is the develop-
ment of pressure injuries (Pls).” Pressure injuries are frequent
in mncalty il COVID-19 panemund dn:marui 3 times more
care than in other hospitalized patients.” Several factors have
been pointed out for the increased risk of P1 in COVID-19 pa-
tients: by poxia, hypotension, w%termcttwambngemc microvas-
cular injury, poor perfusion, and immobility,®

Asg Plare a significant problem associated with several ad-
verse health outcomes (morbimortality) and increased health-
care costs, its prevention is a relevant goal !

Onr investigation aimed to characterize P1in critically ill
COVID-19 patients, identify sk factors, and develop a
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predictive model to identify COVID-19 patients with a higher
risk of developing Pl at ICU admission,

MATERIAL AND METHOD S

A retrospective cohort study was performed, including pa-
tients admitted to four 1CUs of a tertiary care center in Pormgal
from May 2020 to September 2021,

Patients with the diagnosis of acute respirtory distress syn-
drome (ARDS) due to SARS-CoV-2 infection requiring 1CU
admission and invasive mechanical ventilation for more than
48 hrs and age older than 18 yis were consecutively inchuded.
The clinical reasoning for the cutodf of the invasive mechani cal
ventilation minimal length was to ensure similar levels of re-
spiratory disease (ARDS) severity.

A COVID-19 case was assumed ifa positive result on real-time
reverse-ranscriptase chain reaction assay of nasal and
pharyngeal swab specimens was depicied before 10U admission

Acute respimtory distress syndrome was defined as an acute
syndrome of hmng inflammation and increased alveolar-capillary
permeahility, associated with severe hypoxia, and bilateral infik
trates on chest mdi ,with no evidence of left heart taihire,
in line with the Berlm definition®

Invasive mechanical ventilation was defined asa form of
artificial ventilation that included an endotracheal tbe and a
mechanical ventilator.”

This investigation was by our institrtional re-
view board and performed following the Helsinki declaration,
Verbal informed consent was obtained in accordance with our
institutional review board awthorization. This study conforms
to the Strengthening the Reporting of Observational Smdies
in Epidemiology guidelines and reports the required informa-
tion accordingly (see Supplementary Checklist, Supplemental
Digital Content 1, hitpe/links. lww.com/PHM B965)

The main nvestigainr was responsible for assessing nichision
criteria Data were obained fiom dectronic clinical records. The
evahmted variables were grouped as outcomes or predictors. Data
weie therefore gathered on an anorymized eledronic datmbase, and
each patient received a 1nique code number to secure anonymity,

The of Pl was the primary cutcome. A Pl was de-
fined following the Mational Pressure Ulcer Advisory Panel con-
sensus of 2016' as a localized damage to the skin andfor under-
lying soft tissue over a bony prominence or related to medical o
other devices as a result of ntense and'or prolonged pressure o
pressure in combination with shear.'” Data regarding P1 location
and severity were also evaluated Based on the Revised Pressure

Injury Staging System, " P1 severity was graded in the four caie-
gories: (1) geade 1: intact skin with a localized area of erythema
{nonblanchable or blanchable) or changes in skin sensation, tem-
per;mre or firmness; (2) grade 2 partial-thickness loss of skin
with the exposed dermis, with a wound bed that was viable, pink
or ted, and moist; (3) grade 3: fullthickness skin loss, in which
adipose tissue was visible nﬂmubermﬂgrmﬂmmm
and (4) grade 4: fullthickness skin and tissue loss with exposad
or directly palpable fascia, muscle, tendon, ligament, cartilage,
or bone mtheulcermThesmdysamplemsmcrmtedﬁnma
population of critically ill patients admitted to specialized
ICUs where the standard of care comprises several measures
to prevent PI risk, inclhiding routine risk assessment and imple-
mentation of preventive measures, such as adequate nutr tional
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support, proper positioning and repositioning (2-howly trns,
altermating sides, pending on the general medical condition,
skin condition, and comfort), early mobilization (with the col-
laboration of a rehabil itation team), proper skin care and use of
10U specific beds, matresses, and pressure-redistibuting surfaces,

Skin injuries registered as vascular, surpical, traumatic, or
neoplastic were not considered P, heeding the applied definition.

Several possible predictors were evaluated, namely, socio-
demographic characteristics (age and sex), comorbidities (hy-
pertension, diabetes mellits, hyped ipidemia, obesity, smoking
habits, cardiac pathology [atrial fibrillation, ischemic heart dis-
ease, heart failure], peripheml vascular disease, respiratory pa-
thology [chronic pulmonary obstructive disease, asthma, sleep
apnea), neurological disorders [previous cerebrovascular dis-
ease, traumatic brain injury, migraine and other forms of head-
ache, Parkinson disease and other movement disorders, epi-
lepsy and cognitive impairments], psychiatric disorders and
oncologic pathology), clinical status at ICU admission (evah-
ated through the Simplified Acuwte Physiology Score 1 and
the Acute Physiology and Chronic Health Evahuwtion
[APACHE II] scores) and laboratory findings at 1CU admis-
sion (inchuding hemoglobin, leucocytes, platelets, total pro-
teing, albumin, creatinine, ghicose, C-reactive protein [CRP],
lactates, lactate deh; ase, procalcitonin, niyoglobin, cre-
atine kinase [CK] and CK-MB). Laboratory values were com-
piled fiom the first laboratory smdy performed after ICU ad-
mission, including exclusively evaluations conducted in the
first 48 hrs of 1CU stay.

The scome on the Braden scale at ICU admission was also
evaluated. The Braden scale for predicting P1 risk is a widely
and standardly used insrument that contains six subscales
(sensory perception, activity, mobility, moistre, nutrition,
and friction/shear). It classifies patients according to the global
punctuation in “at risk™ (total scores of 15-18), “moderate
risk™ (total scores of 13-14), “high risk™ (total scores of
10-12), and “very high risk” when total scores are of 9 or
less.'""™ This instrument is a standandized, evidence-based as-
sessment that accumtely predicts P risk, with a moderate pre-
dictive validity with good sensnmty and low specificity in
adult critically ill patients,'*!

Statistical analysis was performed using SPSS version 27
{IBM Corporation, Armonk, NY) and the MedCale (Version
20.112) software, Categorical varables are summarized as fre-
quencies and percentages, and continuous variables as means
and standard deviations (varables with normal distributions)
or medians and interquartile ranges (variables with skewed dis-
tnh.ltu:ms} Naﬂmldjm"hmmmsexmnmedusmghlmgmn
visual inspection. As appropriate, the % test or Fisher exact
test were used to compare categorical variables. Continuous
variables were compared using independent samples 1 test or
Mann-Whitney L/ test, in agreement with the variable distribu-
tion. Varables were independently tested in univariable Cox

ional hazard regression models, with the dependent var-
iable being the occurrence of PL Exponentials of regression co-
efficients were interpreted as hazard ratios (HRs). Independent
variables with at least marginal association with the outcome
variable ( P < 0.100) in univariable analyses were included in
the multivariable logistic regression model, Therefore, the final
multivariable regression model (PRINCOVID) inchuded all co-
variates with a significant association with the dependent
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The PRINCOVID Retrospective Study

variable after adjustment for other independent variables using
the Backward-Wald methodology (cutoff for entry = 0.05; cut-
off for exclusion = 0.10). The number of points associated with
each variable/category (score points) was obtained by multi-
plying the adjusted regression melﬁcmts by three and
rounding the result to the nearest unit."® To facilitate the score
computation, continnous variables included in the multivariate
mdel were cateporized: hemoglobin was grouped into <8 g/dl;
8-10 g/dl; =10 g/dl, and albumin was grouped into <34 and
234 g/l. Receiver opemting chamcteristic (ROC) curve anal-
ysis for the model was performed to assess its’ forecasting ac-
curacy. The comparison of ROC curves to test the significance
of the difference between the areas under ROC curves
{PRINCOVID and Braden scale) was performed according to
ﬂmm}mdaf[]elmgetalmlnaﬂnmweperﬁﬂneda
classification tree(based ony 2 statistic determination and with
a significance level of 0.05 for node splitting) to define possi-
ble cutoffs for the PRINCOVID score. To perform internal val-
idation, 5-fold cross-validation of the score results was per-
formed, as well as of the “risk groups™ identified by the classi-
fication tree (“at-risk™ and “high-risk™ groups). All reported P
values are two-tailed, with a Pvalue less than 0.05 indicating
statistical significance,

RESULTS

A total of 205 patients were induded, mostly males (73%)
with a mean age of 62 yis (SD, 13.1). Most patients presented
at least one comothidity. Hypertension (55.1%), hypedipidemia
(46.3%), md obesity (39.5%) were the most commonly identi-
fied. Table 1 ilustrates the chamcteristics of the inchuded sample.

The prevalence of PI was 58% (n = 118), and multiple
(w0 or more) P1were depicted in 61 patients (51.7% of the pa-
tientswith P1). Regarding its severity, most of the P1 were grade
2 (452%), with 16.6% (n = 34) of patients having severs PI
(graded as a 3 or 4) In patients with severe PL the majority
(91.2%) were approached with deessing care, with two cases
requiring antibiotic therapy combined with dressings and one
case requiring surgical intervention. Pressure injuries were
depicted in 11 locations, most often on the sacrum (64%) and
face (61%), as detailed in Figure 1.

Several potential predictors for PI development were ana-
lyzed, inchuding sociodemographic characterstics, comorbidi-
ties, and clinical and laboratory findings at ICU admission

Table 1).

( Renging sociodemographic characteristics, male sex
was significantly associated with the occurrence of PI
{ P = 0.009% in our sample, males had an HR. 2.29 folds higher
ofhaving PI {95% confidence interval [C1], 1 22-4.26). Oppo-
sitely, age was not signi ficantly associated with PL{P=0.118).
Nevertheless, Pls were more prevalent in patients with older
age (prevalence: <63 yrs, 54%; 65-75 yis, 57%%; =75 ys,
73%). However, on univariate analysis, age older than 75 yis
was not significantly associated with Pl development
(P = 0.054; HR, 2.21; 95% CI, 0.97-504),

Several comorbidities were also evaluated: our data re-
vealed that hypertension (P = 0.048; HR, 1.76; 95% CI,
1.01-3.08) was significantly associated with the presence of
PL Mo other comorbidity was statistically associated with PI
development. Nonetheless, patients with obesity tended to
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present Pl more often (44.9% vs. 32.2%), although statistical
significance was not reached (P = 0.065; HR, 1.72; 95%
CL, 0.96-3.06).

The APACHE and Simplified Acute Physiology Score I1
scores were used as metrics of disease severity. None of the
scores were signi ficantly associated with a higher risk of P1 al-
though a was found in the APACHE score. Patients
with P had higher APACHE scores at ICU admission (20.1
va 182 P = 0.08T)

Likewise, laboratory findings at ICLU admission were con-
sidered as possible predictors for PL Lower values of hemoglo-
bin (118 vs 126 gidl, P = 0.006) and albumin (27.9 vs.
296 gidl, P = 0.009) and higher values of CRP (1867 vs.
155.1 mg/l, P = 0.039) and CK-MB (17 vs. 12 pgl,
P =0.012) were significantly associated with PI development.

On multivariable analysis, we included in the regression
model all the predictors that had a P value less than 0,100,
Ag so, male sex, hypertension, obesity, APACHE score, hemo-
globin, albumin, total proteins, CRP, and CK-MB at ICU ad-
mission were included

After adjustment, male sex (HR, 430; 95% CI,
1.92-9.64), hypertension (HR, 2.08; 95% CI, 104-4.14),
and value of hemoglobin (HR, 0.86; 95% CI, 0.71-103) and
albumin (HR, 0.93; 93% CL 086-0.99) at ICU admission
were all independently associated with PI (Table 2). To facili-
tate the score computation, hemoglobin and al bumin were then
categorized to their introduction in the score. Finally, we mul-
tiplied the adjusted regression coefficients of those variables
by three and rounded the results to the nearest integer to deter-
mine the number of points for each variable for the final score
{Table 2). Based on that, we developed the PRINCOVID score,
which ranges from 0 to 15 points (male sex: 4 points; hyperten-
sion: 2 points; hemoglobin <8 gidl: 6 points; hemoglobin of
#-10 g/dl: 4 points; albumin <34 g/dl: 3 points).

The score presented a fair discriminative power and good
accuracy when tested against the outc ome variable, reachingg an
area under the ROC curve (AUC-ROC) of 0.71 (95% CI,
0.64-0.78; P < 0,01)

Subsequently, we compared the PRINCOVID with the
standardly used Braden scale. The score on the Braden scale
was significantly lower (indicating higher risk) in patients with
PI(123 ws. 13.8, P =0.007). Hence, we assessed the predictive
vahie (AUC-ROC) of the Braden scale for PI in this popula-
tion. The Braden scale had an AUC-ROC of 0.51, which indi-
cates a predictive index. When comparing both models,
the PRINCOVID AUC-ROC surpassed the Braden scale with
statistical significance (0.71 vs. 051, P=0.0015; Fig. 2).

To define possible cutoff points for the PRINCOVID
score, we tested it in a classification tree, which identified
two groups with different P1risks (Fig 3): “at risk™ (£7 points;
F1 risk, 45%) and “high risk™ (>7 points; P1 risk, 72%). The
percentage of correct predictions according to this classifica-
tion was 63%. We used cross-validation to test this sk classi-
fication against the occurrence of PL, obtaining an AUC-ROC
of 0.64 (95% C1, 0.56-0.71).

DISCUSSION
We propose the PRINCOVID as a multivariable model
that includes four parameters (sex, hypertension, value of
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TABLE 1. Sarnple characteristics and univariate analysis of potential factors associated with the development of presure in juries

Characteristic Total Cobaort Presence of PI Absence of PI HR (#5% CT) P
Sociedemographic characteristics
Male sex, m (%) 149 (727) (7T 551(63.2) 22E(122426) 000
Age, mean (SIN G124131) 632 (12.5) 0.3 (13.8) — O11E
Age =75 y1=, R (%) 33(1&1) 24 (20.3) 2{10.3) 221 {D97-504) 0054
Comaorbidities
Hyperension, r (%) 113 {551) T2 (6100 41 47.1) 176 {1.03-3.08) D4E
Diizbetes mellites, (%) TR 36 (30.5) 36 (41.4) 062 {035-1.11) 0107
Hyperipidemia, r (%) 95 (463) 54 45.8) 41 47.1) 095 (0.54-1.65) 047
Ohesity, m (34) Bl (39.5) 53 (4.9 28(32.3) 1.72 {D.96-3.06) 0065
Smoking habits, r (%) B(3m 6(5.1) 2{2.3) 228 (DA45-11.6) 0471
Atrial fibrilation, & (%) 14 (6.8) 9(7.6) 5(5.7) 135 (D441 0598
Izchemic heart disease, m (%) 12{5.9 759 5(5.7 1.03 {032-338) 0956
Heart failure, r (%) 1045 543 557 0.75 (020259 0621
Peripheral vascular disease, m (%) 200098 10 (8.5) 10(11.5) 071 {D2E-1.80) 0471
Meurological pathology, = (%) EINIER)] 17 (14.4) 14 (16.1) OLES (DAD-1.8%) 0739
CQOPD, ® (%) Ti34) 329 4 {4.6) 0,54 (0.1 2-248) D461
Axzthma, w (%) 12{59 5(4.2) TED) 051 0.1 6-1.65) 0251
Sleep apnea, ® (%) 21 {102) 13 (11.m 8(9.2) 1.22 {DA4E-3.0%) 0671
Peychiatric pathology, » (%) 32(156) 21{17.8) 11 {12.6) 150 {06832 03ls
Omecologic pathology, v (%) 3112 14 (11.% 2{10.3) L7 {D49-2E3) 0733
Severity scores at [CU admission
SAFS IL mean (SD) 428 (166) 440 (15.8) 41.2(17.6) — 03251
APACHE, mean (S0 193 (7.6) 2001 (7.4) 182 (7.8) — DOET
Labomatory findings at 17U admission
Hemoglobin, mean (S0, g/'dl 1224232) 11.E(2.4) 126 (1.8) — 0006
Leukocyies, mean (S0, cells] 924.0) 2045 Q.49 (4.8) — 0503
Platelets, mean (3D), cellsd 2121 (B9.8) 213.1 (97.3) 2105 (79.00 — 0834
Total proteins, mean (S0, g 60.1 {6 8) 594 (6.4) G611 4(7.4) — Q08T
Albumin, mean (SD), gl 286 (4.8) 279(4.3) 20.615.2) — 000
Creatinine, median (IQR), U1 1904 (94.2) 09(7.3) 0,79 (16.1) — 0241
Cilueose, mean (ST, mmal'] 1733 (108.8) 1908 (102.3) 19400 (82.9) — 0955
(C-reactive protein, mean (D)), mgl 141 (063) 1R6T (114.6) 155.1 (98.1) — 0039
Lactates, mean (3D, mmol] 4TR9 (207 2) 143 (0L.6) 140 {0.7) — 0746
Lactate dehydrogenase, mean (S0, U 032 (247.) 4654 (175.9) 497.5(243.4) — 0280
Procalcitonin, madian (IQR), ng/ml 1111 {6450.4) 033 (13.8) 0,31 {246.9) — 0270
Myog lobin, median (IQR), pel 162 (7TEDE) 1163 (4151 4) D655 (6450.4) — A48T
Creatine kinase, median (FQR), pg/l 150449 1805 (TG08) 1185 (4003) — 0332
Creatine kinase-MB, median (HQR), pg/l 150449 L7 (24.9 12449 — L L] e
QOFD, chronic obstrctive pul ry di s IOR, ind rtile range; SAPS, Simplified Acute Physolay Scone.

hemoglobin and albwmin at ICU admission) easily assessable at
ICU admission. This score ranges from 0 to 15 and faidy pre-
dicts the risk of P in critically ill COVID-19 patients. Patients
with a PRINCOVID score =7 have a risk of developing P1 dur
ing ICU stay of 72%. In comparison with the standardly used
Braden scale, the PRINCOVID is an easy and rapidly appliable
tool, which inchudes only four parameters that are standandly
available in electronic clinical records. Moreover, this model
has a significantly higher AUC-ROC in this population.
Pressure injuries are associated with adverse health out-
comes (morbimortality) and increased health costs. In the
United States, the treatment of hospital-acquired pressure inju-
ries represents incremental costs of up to S10.708 per patient,
totalizing $26.8 billion annually, based on 2.5 million reported
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cases.'” Hence, its” prevention is of maximum importance, so
models that are easy to apply and that accurately predict the
risk of this complication are required.

Pressure injuries are a more pressing concern in criti cally ill
patients than in other hospitalized o mrsing home patients, This
concern becomes even more relevant when the critical illness is
due o SARS-CoV-2 infection, in comparison with non—
COVID-19 patients.'® Several etiological factors have been
pointed out to justify this increased risk of PI development in
critically ill COVID-19 patients. Those factors have been gener-
ally grouped as (1) directly related to the viral infection, illus-
trated by the stats of systemic coagulopathy and inflanmmation,
combined with microvascular occlusion and thrombogenic mi-
crovascular lesioning (decreasing the potential of wound heal ing
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FIGURE 1. Pressure injury distribution per anatomic region. Edited from a Shutterstock image (license: 11167 9070).

significanthy'); (2) related to the critical illness, by the presence
of lypotension, hypoxia, poor perfusion, and the possible need
for medications (which reduce peripheml tissue per-
fision); and (3) related to in-hospital care, as the limited reposi-
tioning due to hemodynamic instability or profound hypoxia,
the useof prone position, and the use of medical devices(trache-
ostomy tubes, feede tubes, oxygen delivery devices, central
lines, mﬂmes} In addition, the role of immobilization
and nutritional depletion is highlightable® In short, COVID-19
patients have higher rates of PL as well as umsnual pmesmmu,

multiple Pls, em'her onset, and lesions of higher severity, ™
Moore et al. ™ systematic review estimated that the aver-

ape prevalence of P among published studies in Eurcperanges
from 4.6% to 27.2%. Nevertheless, studies in an ICU settin .z%
report a higher prevalence, rmgmgupmdﬂ%ofpaimtsz‘

Inour population, the prevalence of PI wassllghgr higher than
in other ICU studies with COVID-19 patients.”

Regardmg Pl locations, the sacrum was the most com-
ot Iucanm in our sample, "which is compatible with the lit-
erature.” In addition, the face was also commonly affected by
this complication, with higher rates than in pre-COVID-19
studies, though in Ime wrr.h studies launched since the begin-
ning of the pam:len'uc Indeed, in this population, facial le-
sions were extremely common in relation to the use of exter-
nal devices (such as feeding devices, endotracheal tubes,
high-flow, and standard nasal cannula) and prone posntmmg
The pmfvaleme of PIin other locations was also in line with
the literature, ™

The mte of severe P1 in our population was high (16.6% of all
patients with Pls). Theoretically, the same thrombogenic vascular
changes related to COVID-19 that occur in the skin may ocowr in
ﬂnmﬂerlymgscﬁmmmakmﬂmmh&smhmmm
the damaging efiects of pressure and shear® Mevertheless, the
clinical impact regarding possible interventions of more severe

TABLE 2. Binary logistics analysis of potential factors associated with the development of pressure injuries

Regressdon Coefficient HR (95% CT) P Score Points

Male sex 1458 4.30 (1.92-9.64) <0001 4
Hypertension 0.732 208 (1.04—4.14) 0.037 2
Hemoglobin, g/dl 0.10 (0. 71-1.02) 0.092

<§ 2,107 B22 (D.95-TETD) 0.053 [

E-10 1402 406 (1.03-1602) 0.047 4

=10 s “ 0
Alburnin, gl 0.93 (0.E6-1.00) 0.050

<34 1113 305 (0.93-995) 0041 3

=347 - “ ]

* Referemos Cabepry.
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FIGURE 2. Receiver operating characteristic curve comparison between the PRINCOVID model and the Braden scale,

lesions was lower in our population than in the analysis by Ziede
etal.,* as only one of the patients required surgical intervention.
Thirty-three possible predictors were analyzed in this inves-
tigation, inchuding sociodemographic characteristics, comorbid-
ities, and clinical and laboratory findings at 1CU admission
Repgarding sociodemographic characteristics, sex (male)
was significantly associated with PI development, which is a re-
sult that is consistent with some of the previous investigations
but unanimously, '**"* Both on univariate and bivariate logis-
tic analysis, this factor was associated with P1 development,

and in our population, males had an adjusted HR for PI four
folds higher than women.

The lﬁgm of older age on PI development remains con-
troversial ™' Aping may increase susceptibility to P1by reduc-
ing tissue tolerance and inducing cellular changes. The
meta-analysis by Serrano et al®' identified age as one of the
four more critical factors for P development. In our sample, af-
ter age categorization (>75 vs, <75 yrs), there was a tendency
to a higher risk in the elderly, in line with the study by Amini
etal? although statistical significance was not reached.

N Node 0
| _Category % nl:
S— 1= No 424 87|
TuNo | dnves 576 118]:
:l‘rl-s ! | Total 1000 205
P—— Y E‘
PRINCOWID
Adj, P-salue=0.001, Chi-square=15.
144, df=1
I
| |
-:l?lmﬂ }T-fw
Node 1 Node 2
Category % Category % n
No 550 60| [ No 281 27
B Yes 450 49| |® Yes 719 69
Total 532108 Total 468 96

FIGURE 3. Clawification tree used to identify cutoffs for the PRINCOWVID score, allowing to define groups with different Pl risks.
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Regarding comorbidities, only hypertension was signifi-
cantly associated with P1 development. Previous investigations
also showed that hypertension was a risk factor for developing
P12 Other comorbidities previously pointed out as of risk for
PL such as diabetes mellims and peripheral vascular dis-
ease,””' were not associated with P1 in our study. This may
be explained by the fact that skin lesions caused by mecha-
nisms other than pressure were not considered in our study.

W have also the impact of the patient’s clinical sta-
msat ICU admission through the APACHE and Simplified Acute
Physiclogy Scote 11 scores, factors that are usnally not associated
with P1. However, this information was assessed becanse of the
biological plausibility and the fact that in smdies lke Challoner
et al,” patients with more severe diseases had more frequently
PL. No significant sssociation was found, although a tendency
for patients with increased disease ity to present skin
complications was reported and is also a highlightable fact.

Regarding laboratory findings, 14 parameters were evalu-
ated Values of hemoglobin and albumin at ICU admission
were the only labomtory parameters that were independently
associated with the risk of Pl development, standing as the
main laboratory predictors for this complication.

To evaluate the predictive power of our model, we per-
formed an ROC curve analysis, which depicted an AUC-ROC
of 0.71. This value represents a fair discrimination power. For
more insight reganding the applicability of our model, we com-
pared it with the Braden scale in the same population. Indeed,
the Braden scale is a widely and standardly used score to pre-
dict the risk of PL In our population, we report significanthy
lower scores on the Braden scale in patients who developed
PL demanstraﬁn§ some accuracy in predicting the risk of
pressure injuries.” Nevertheless, the predictive value of this
seore was poor (AUC-ROC, 0.51), Alderden et al ** have pre-
viously described a lower predictive value of this scale on the
COVID-19 population, in comparison with non-COVID-19
patients, suggesting that clinicians should incorpormate factors
not inchuded in the Braden scale in the routine assessment of
COVID-19 patients, Other studies, namely, McLarneyetal ,'*
have identified additional predictive factors for PI besides the
Braden scale, Nevertheless, a direct comparison between new
models and the standardly used Braden scale have not been
previously performed.

In this investigation, a predictive score that fairly predicts
the risk of developing a Pl in critical COVID-19 patients was
developed. The PRINCOVID is easily applicable in a clinical
practice setting, inchiding four parameters that are simple to
obtain at ICU admission, The PRINCOVID is, to our knowl-
edpe, the first score created for application at ICU admission,
specifically designed for critically ill COVID-19 patients, In
addition, by stratifying the risk of P1, the PRINCOVID seems
to be a vahable tool with the potential to optimize critical
patients’ management,

Our study presents some limitations. As the study data
were extracted from electronic clinical records, an ascertain-
ment bias could not be excluded becanse Hinding for the pres-
ence of PI was not possible. Nonetheless, all information was
collectad following a prespecified standardized form. In addi-
tion, becanse of the retrospective design with a data collection
method from the electronic clinical records, there may be an
underestimation of'the prevalence and severity of P1in relation

02023 Wolers KTuwer Healh, fne AR nghis reverved.

1o less documented or lacked care information in an e of hos-
pital overload. Although this is a single-center study, the smdy
took place in a tertiary care center covering a wide geographi-
cal referral area, encompassing several specialized ICUs, and
receiving several patients tramsferred from other instimtions
for advanced ICU care, remhingza hi sample size than
most investigations in this field 02733, hence, the external
validity of our results is, nonetheless, considerable.

Further studies are warranted for the external validation of
the PRINCOVID on other crtical COVID-19 samples. In addi-
tion, additional investigations would be crucial to evahate this
model's suitability for non-1CU COVID-19 hospitalized and
non=COVID-19 ICU patients,

CONCLUSIONS

As Pl interfere with physical, psvchological, and social
well-being and increases the length of stay and health-related
costs, the prevention of this complication is of critical impor-
tance. This smdy proposes the PRINCOVID as a multivariable
model for the development of P1 in critical COVID-19 patients.
The PRINCOVID includes four parameters (sex, hypertension,
vale of hemoglobin and albumin at 10U admission) easily as-
sessable at ICU admission and that faidy predicts the risk of PI
in critically ill COVID-19 patients. This model was converted
in a score, which ranges from 0 to 15, By classifying patients
into two risk groups, our score seems clinically meaningfil
by creating an opportmity to improve preventive strategies
and therety reduce PI prevalence, especially in high-risk pa-
tients. Moreover, the PRINCOVID has a significantly better
AUC-ROC than the standardly used Braden scale,
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Surviving critical COVID-19: How functionality,
physical, mental and cognitive outcomes
evolve?

Ana Teixeira-Vaz-"~, José Afonso Rocha ', Mafalda Oliveira’, Tiago Simoes-Monmira’,
David Almeida e Reis’, Ana lsabel Silva’, Joseé Artur Paiva™

1 Physical Meditine and Rehabiitatinn Department, Centro Hospilakar Linkversl o de 580 Joda, Podta,
Porugal 2 Intensive Care Maediche Departmant, Cenfro Hosplalar Universtino de 530 Jodo, Poflg,
Paortugal 3 Faculty of Mediche, Unkanslyof Poda, Pora, Porfugal

Abstract

Purpose
To analyze the kong-term consaquances of criical COVID-19, regarding physical, mantal,
cognitive and fundional impaime nts, and to describe its evolution through tima.

Methods

Prospadive cohort study, with conseacufive inclusion of patients admitted due o SARS-
CoV-2 o intensive care units{ ICU) of a tertiany-care canter, batwean May/2020 and Sep-
tamber’202 1. All includad patients weara includedin Physical and Rehabilitation Medicine

[ PRM) inpatiant programs during ICU stay. Higible patients ware evaluated on PRM
appointmants 6 and 12 months after 1CU discharge. Ineach visit, physical examination and
a predafined set of scales were appliad, aiming to comprehansivaly evalu ate the threa
domains (physical, mantal and cognitie ) of posti nlensive care syndromsa and the patients’
fundtionality. Statistical analysis e ncompassed dascripiive and uniariate analysis.

Results

A total of 42 paients wara included: 66. 7% males, maan age of 62 yo. Inthe physical
domain, 6 manths after 1CU discharga, thare was a significant reduction in quality of iife (o
valua = 0.034), musche strength (p-value = 0.002),, gait ability (p-value<0.001) and bal ance

[ prvalues<0.001) and increased fatigua leveals (p-value = 0.009), in comparison with refer-
anca valuaes. Yat, a significative positive evolution was obsarwed in all refemed subdomains
[prvalues<0.05). Nevarthalass, 12 months after discharge, musde strength (pvalue=
10.001), gait (pvalue<0.001 ) and balance (p-valua<0.001 ) ware still significanfty compro-
mised. Regarding the mantal domain, both at § and 12 months after discharge, the levels of
amwiaty and deprassion wera ggnificantly increased (pvalues<0.001). Monathaless, a posi-
tive evolution was also found (pvaluas<0 02). Cognitive parformance was signiicanily
impairad in comparison with reference values, both at § and 12 months (p-walue<0.001).

Y at, a global improvemant was also depicted (p-valua =0.003). Six months aftar ICU dis-
charga, 54.8% wara autanomaous in activiies of dailylving, a valua thatimproved to 74 0%
in the subsequant & months (p-walue =0.002).
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Conclusion

Corifical OV D-19 survivors prasant significant physical, mental and cognitive impaimants
& and 12 months after ICU dischange , despite their pogitive evolution through timsa.

Introduction

Coronavirus Disease 2019 (COVID-19), a primarily respiratory disease caused by the SARS-
CoV-2 virus, firstly emerged in December 2019, with a report of severe flu-like lness in China
[1]. After the disease gpread to over 110 countries, a global pandermic was declared in March
2020 and as of that date the mumber of cases has been increasing daily, posing a severe health
threat ata global scale [2]. Worldwide, the re have been more than 75% 408 703 confirmed
cases, incuding & 866 434 deaths [1]. Specifically in Portugal, there have been 5 570 473 con-
firmed cases of COVID- 19 with 26 266 deaths [ 2].

Mt infected patients are asymptomatic or pauclsymptomatic. Nevertheless, up to 15%
have severe disease requining admission to intensive care units (ICL7). In these cases, ap propri-
ate critical care delivery is a cornerstone to reduce mortality, which reaches 75% in some series
(18

Rightfully, the initial focus of COVID-19 reseanch was on acute treatrent. However, after
three years, the high number of critical COVID-1% survivors has mised emerging questions
about mdd and long-term outcomes [4, 5]

Regardless of the primary disease, survivors of a prolonged stay in the ICU mayexperience
mid and long-termn complications related to the critical illness, to the thempy and to the ICU
environment itself [ &]. Post-Intensive Care Syndrome (PICS) isdefined as new or worsening
phiyacal, mental and cognitive disorders that negatively affect dally functioning and quality of
life (CQol.) in survivors of critical illness |7, 8]. This syndrome seems to be prevalent and
irnpactful in critical COVID- 19 survivors, at least inthe first year after ICU discharge [, 2]

A comprehensive description of these patients’ follow-up is essential to further assist the
design and imple mentation of rehablitation interventions and long-temn care managenme it
for individuals with PICS seco ndary to COVID-1%. Indeed, some previous investigations have
addressed the mid and long-term disabiities of critical COVID- 19 survivors [10-13]. Yet,
there is still a substantial gap in knowledge regarding the extent of the impairments and their
evolution through time, specifically in the physical domain and functionality. Also, the charac-
teristics of Physical and Rehabilitation Medicine (PRM) interventions and their impact on the
patient’s trajectory also require further clarification

Assn, the primary alm of this study was to describe the long-term consequences of critical
COVID-19, regarding physical, mental, cognitive and functional impaements, as well as its
evolution through time. As a secondary goal, we intended to characterize PRM intervention in
this subset of patients.

Materials and methods
Ethics commitlee approval statement

This study has been approved by our institutional research ethics commitiee before started

{ Comissio de Etica para a Saide do Centro Hospitalar Universitdrio de Sao Jodo; number of
approval: 22721), and it has been conducted in accordance with the prindples set forth in the
Helsinki Dedaration. Written informed consent was obtained from all patients.
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Study design
Prospective cobort study with consecutive inclusion of patients admited to one of four ICU of an
Intensive Care Departrient in a tertiary-care ceniter, between May/2000 and Septernber/2021.

Inclusion criteria were age = 18 years old and ICU ad mission diagnoss of acute respiratory
distress syndrome (ARDS) due to SARS-CoV-2, requiring invadve mechanical vent lation
(IMV) for = 48 hours (h). Patients who died during ICU stay were exduded.

Atfter hospital discharge, all patients were reached by telephone and asked to attend a spe-
cific post-COVID-1% PREM outpatient appointment. When it was not possible to contact the
patients through asingle telephonic contact, five more atternpts, in different days and at differ-
ent day hours (from 1dam to Spon, on week days) were performed. Firss PRM ap pointment was
scheduled at six months after ICU discharge. A re-evaluation visit was performed at 12 months
after ICLT discharge. If any of the appointments were missed, the patient was given two oppor-
tunities to reschedule in a one-month period

The appaointments were performed at the outpatient clink of the PEM department of our
center. All participants were interviewed face-to-face by the same PEM physiclan.

Definitions

ARDS was defined in accordance with the Bedin definition, as an acute syndrome of lung
inflammation and increased alveolar-capillary permeability assochated with severe hypoxa and
bilateralinfitrates onchest radiographs, without evidence of left heart failure | 14].

ACOVID-19 ARDS case was assurned when a positive result on real-time reverse-tran-
seriptase—polymerase-chain-reaction (RT-PCR ) assay of nasal and pharyngeal swab specimens
was deplcted in the first 24h after hospital admission.

Data collection and oulcome measures

Data regarding socio-demographic characteristics, functional status, comorbidities, character-
istics of the critical respiratory illnes and complications during ICU stay were collected by the
myain investigator from the elec tronic cinical records(ECR) using a predefined form.

Comorbidites induded hypertension, diabetes mellitus, hyperlipidemia, obeslty, smoking
habits, atrial fibrillation, ische mic heart disease, heart failure, peripheral vascular disease,
chronk pulmonary obstructive disease, asthima, sleep apnea, perchiatric pathology, oncologic
pathology and immunosupp ression

To describe the characteristics of the critical respiratory illness, information regarding
severity scores at ICU admibsion, namely Acute Phiydology and Chronic Health Evaluation
[APACHE) and Simplified Acute Physiology Score 1T {(SAPS IT) was retrieved. Additlonally,
data regarding the mumber of days at the ICU and total length of stay, number of days under
IMV, needand number of daysunder vasopressors, renal replacement therapy, extracorporeal
membrane oxygenation (ECMO) and the need for prone positioning were also collected. Sev-
eral potential com plications during IO stay were assessed, namely neurological, abdommimal,
cardiovascular, cutaneous and infectious. Neurslogical oo mplications (signs, sym ptoms and
syndmomes) comprised aphasia, dysarthria, dysphonia, dysphagia, focal weakness, deliriom,
selzures, cerebrovascular diseases, encephalopathy, encephalitis, mvelitis, peripheral neuropa-
thies and signs of corticogpinal tract dysfunction (CSTD). Cardiovasc ular complications
included bradyarrhythmia, tachyarchythmia (atrial fibrillation, flutter, others), tachycandia-
bradycardia syndrome, secondary miyocardial injury, cardiac arrest, pericarditis, pericandial
effusion, endocarditls, acute heart fallure and cardiegenic chock. Abdomin] complications
encompassed hepatitis, gastrointestinal bleeding, pseudo-obstruction and obstruction, diar-
rheaand constipation. Skin com plications incuded the presence of pressure injurles
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Infectious complications were consldered in the presence of KCU-acquired infec tions, super-
imiposed to the primary infectious diagnosis.

Data regarding the aforementioned charac teristics was gathered on a database where each
patient received a code number to secure their anonymity.

Atthe PRM appointments (6 and 12 months after discharge ), a detalled phiysical examina-
tion was performed, and a predefined set of scales wereapplied, alming to com prehe nsively
evaluate the three domains of FICS (physical, mental, and cognitive). Additionally, patients’
func tionality was systematically asmessed. The chosen outcome measures were preferentially
the anes recommended by the core outcome set for survivors of acute pegpiratory failure [15].

Physical examimation encompassed the evaluation of the patient's swallowing function,
nvuscle strength, sensory response, sgns of CSTD, balance and gait. Data regarding muscle
strength, sensory response and signs of C5TD was obtained from phiysical examination and
afterwards formally analyzed through statistical methods. Diata regarding swallowing function,
balance and galt were analyred using specific instruments, as described below. Muscle strength
was evaluated through manual musdle testing and gradedin accordance with the Medical
Research Council Sum Score (MBC-55). The myaximum score at this metric is 80 points
reflecting maximal strength in all evaluated segments bilaterally, so this value wasused as refer-
ence category [16]. The sensory exam included the evaluwation of light touch sensitivity inall
dernmatomes from C2-52 bilaterally. The presence of hiyper, hypo or anesthesia, andfor the
complains of dys or paresthesia during the sensory examintion, were considered as s nsory
impairments Signs of CSTD were evaluated through the examination of deep tendon reflexes
(DTR) and Babinski sign. Bicipital, tricipital, brachioradialis, patellar and achilles DTR. were
appraised using a predefined T-shaped reflex hamumer. The grading of reflex response was in
accondance with an adapted form of the National Institute of Neurslogical Disorders and
Stroke (NINDS) Myotatic Reflex Scale in: 0) absent, 1) hyporeflexia, 2) normal, 3) hyperre-
flexia, 4) hype rreflexia with unsustain clonus | < five beats), 5) hyperreflexis with sustain clo-
nus = five beats) [17]. Babinskl sgn was evaluated using the reflex hammer dull point by
running up, with light pressure, the lateral plantar side of the foot, from heel to toes. The
response of hallux and toes was recorded as extensor { Babinski sign ), flexor or neutral [18].
The presence of signs of C5TD was defined as 1) Babinski sign in at least one extremity or 2)
hyperreflexda in at least two extremities [19]. All data recorded from the physical examination
was induded in the physical domain.

To further characterize the phydcal domain, the Euro pean-Cual ity-of-Life-5- Dine nsions-
3-Level (BQ)-5D-3L) questionmaire was used to measure health-related Qol. The first part of
this questionnaire i a three -question compone it that explores five dimensions: mobility, self-
care, wsual activities, pain/discomfort and arecety/depression. Each dimension is rated on a
scale from 1 to 3. Inaccordance with Larson TM et al study we lave considered the result of
at least two points per question as cut-off value for impalrment (total score = ) [20]. The sec-
ond section isa visual analogue scale (EQ-VAS), which is a measure of self-rated overall health
status, ranging from O to 100%. According to Ferreira PL ef al study in the Poruguese popula-
tion, we have considered values below 75% as an lm pairment [21).

Fatigue was evaluated using the Portuguese vesion of Fatigue Assesament Scale (P-FAS)
[22]. The P-FAS is a self-re ported, 10-item ordinal questionnaire that varies from 10 to 50 A
total P-FAS score == 22 indicates the presence of fatigue [23].

Swallowing function was evaluated using the Functional Oral Intake Scale (FOIS) and the
Portuguese Eating Assessment Tool (P-EAT-10) [24, 25]. FOIS is a continuous scale that
ranges from 1 to 7. In accordance with Sassi FC et al. analysis, we divided patients in 1)
resolved dysphagis, when FOIS levels were of & or 7; or 2) non-resolved dysphagia, if the FOIS
levels were from 1 to 5 [16]. The P-EAT-101s a continwous scale, that varies fom 0 to 40, with
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soores over 3 in each question indicating increase risk of dysphagia, as detalled in Zhang PP
el al. metamalysis [27]. In socordance, we have considered 30 as the reference value for dyspha-
giaand 0 as the reference for the absence of swallowing complains

Crait was analyzed and described during physical examination and classified in sccondance
with the Hauser Ambulation Index (HAT) for analytic purposes [28]. This index ranges fromm
to % 'We have congdered b as the reference category, thereby chisifying patients with
scores > | as having a gait impairment.

Balance was evaluated ob jectively in the physical examination and classified accordingly to
the Berg Balance Scale (BBS). The BBS assesses the fund tional balance based on 14 items, with
a maximum score of 56 points. In accordance, we have consdered that scoring < 55 points
was suggestive of having a balance impairment [29). Additionally, we have consdered the cut-
off for higher risk of falls (46 points) as reference for the presence of a significative balance
impairment [30].

To summarize the obtained results, we have created a compaosite variable (PTCS-physical )
that included all subdomains related to the physical function. We have considered that there
was an lvolvement of the physical domain when any of the subdomains was altered.

For the mental domain, we used the Hospital Anxety and Depression Scale (HADS). We
considered O points as reference value, thought significant anxiety was defined as HAD S-anxi-
ety score > 8and significant depression as HADS-depression score = 8 [311]. When significant
depressionor anxety was reported, an impalrment on the mental domain as assumed.

To evaluate the cognitive domain, the Montreal Cognitive Assesment (MoCA) was
applied This score mnge s 0-30. A cut-off of 26 was used to define cognitive dysfunction in
acoondance with the Uterature [32].

Functionality was evaluated tho ugh self-reported Functional Inde pendence Measure
(FIM). The FIM is a validated and objec tive assesment of functional status [13]. Tt is an
18-itern ordinal scale, in which the global score varies from 18 to 126 [33]. Since multidisci-
plimary FIM assesment was not possible in this setting, we have considered self-reported FIM
values bllowing previous reports of moderate agreement between self- reported and observed
FIM [34] When the total punctustion at FIM was below 126 points, we considered that the
patient was not fully independent on ADL. Even though PICS original definition allocated
autonomy on ADLin the physical domain, in our analysis func tionality was evaluated se pa-
rately, since mental, physicaland cognitive dysfunction can impact functionality and auton-
omy on ADL.

Furthermore, information reganding PRM interventions was also collected. Through the
ECR, data reganding in-hospital (HOU and wards) rehabilitation programs was retrieved. In
each follow-up visit, information concerning FRM programs performed after hospital dis-
charge was obtained, namely, setting (in or cutpatient), modalities (uni or multimodal, indwd-
ing rehabilitation mirsing physical therapy, occupational the mpy, speech therapy and/or
neuro peyrchology), length (number of months under PRM intervention) and intensity (mam-
ber of sessons per week and each sesslon duration).

Statistical analysis

Statistical analysis was performed using Statistical Package for the Soclal Sclences (SPSS) statis-
tis softwane (version 27).

Categorical variables are sumimmarized as frequencies and percentages. Continuows variables
are sumimarized as means and standard deviations (varkables with nomal distribution) or
medians and interquartile ranges (variables with skewed distributions ). Nomal distribution
was checked wsing histogram visualinspection and the Shapiro-Wilk test.
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The chi-square test or Fisher's exact test was used, & ap propriate, to compare categorical
variables. Contimious variables co mparison between “induded” and “lost to follow-up™
patients was performed with independent sample t-test or the Mann-Whit ney U test, accord-
ing to the variable distribution.

Tocompare patient’s values with normative data (reference category), one sample t-test or
one sample Wik oxon Signed Rank Test were used, in accordance with the vardable distribu-
tion. Due to the absence of specific cut-offs for the applied scales in this post-critical COVID-
19 sample, and the diversty of results (regarding the used metric and the timing of exmina-
tion) available inthe literature, we com pared our results with the classic normative values of
each scale, s previowsly referred as the reference category.

Continuows varisbles were compared regarding its evolution throughout the & month fol-
low-up period using paired -samples t-test or related samiples Wilcoxon Signed Rank Test, in
acoo rdance with the varkable distribution

All reported p values are two-talled, witha p-value <0006 indicating statistical dgnificance.

Results
Sample characteristics

A total of %2 crtical COVID-1% patients were admitted and discharged alive foom our ICU,
between May 2000 and Septersber 2001,

Within this eligible sample, 5 patients died after ICU discharge (5.4%), 35 refused to be
obsemved in the appointment (38%) and 10 patients were not reachable (1009%). As 50, 42
patients were included (45.7% ). No differences were found between patlents included and
those lost to follow-up regarding socio-demographic ¢ haracteristics (gender and age), the
severity of disease at admision (APACHE and SAPS 11 scores), number of days at the ICU
and totallength of stay (51 Table ).

I the included samyple, 66 7% were males with a mean age of 62 years old (standard devia-
tion (SD) = 13.5). All patients were previously independent on ADL. Obesity (57.1%), hyper-
tension (54.8%), and hyperlipidemia (45 2%) were the comorbidities more frequently
identified.

The mean SAPS [Tscore was 4007 (5D = 15.3), with 73.8% (n = 31) of patients scoring over
30 podnts at IOU admission. Moreover, the median of ICU stay was 31.5 days (inte rquartile
range (IQR) = 15.5-51.3) and the median number of days under IMV was 25 (IQR = 10.0-
43.0). During [CL stay, several complications were registered, namely neurclogical (54.8%),
cardiovascular (14.3%), abdomdmal (42.9%), cutaneous (47.6% ) and infectiows (71.4%).

Diata regarding socio-demographic charcteristics, comorbidities, characterization of criti-
cal respimtory llness and complications at ICU are detalled in Table 1.

PRM care characterization

Throughout IO and hospital wands stay, all induded patients were evaluated and included in
PRM inpatient progeams, which consist of ane { physical therapy, occupational therapy, speech
therapy, and rehabilitation nusing) or more treatrnent modalities, pending on each patient
sequelse. After discharge, 88% (n= 37) maintained PRM treatments: 7 patients (16.7% ) were
admitted at PRM facilities for inpatient rebabilitation (followed by outpatient rebabilitation ),
and the remaining 30 patients were induded in outpatient rehabilitation programs. A total of
5 patients were not induded in PRM programs after hospital discharge since a full recovery in
neursmotor domains and autonomy on ADL was achieved. In most cases, PRM outpatient
intervention was unimodal (physical therapy; 70.2%: n = 26). The frequency of PRM interven-
tions ranged between 2 to 5 sesslons per week, in which each session length of 30 o 60
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Table 1. Sodo-demagraphic and dinical charatenistic of the sample

PLOS OME | hetpe/fdod

Characierisic | Tatal cohart n = 42)
Socio- demagraphic characierisocs
Mals gender, n{%) B {867}
Age, mean {50} 1.8 (135}
Frevioms anionomy on ADL,n %) £ (o0
o ras
Hyppertension, nf%} B (5.8
Dviabwetes Meilitus, n{%) 18 (42 5}
H pperiipidemia, n{3%]} 1 {452}
Obesity, ni%) {571}
Emaoking hab s, n{%]) 1{24)
Amia fibrillagon, nf%) 3(7.1}
Ischernic haart dissse i) 1{24)
Hean failure, n{%} 1{2.4)}
Peripheral vascular disease, n (%) 3{7.1)
CROD. i) 1{24)
Astima, n{%) 5{11.5)
Sl apnea, n %) &(14.3)
Faydiatric pathology, ni%]) {167}
Omun bogic pahaldagy, n{%) T{1a7)
ppressian, n{%} 1{24}
Charnacterist o regarding the aritical resp iratory illness
APACHETL, mean &0} B1{57
EAFE I, mean &0} 407 (153}
SAPEIL = 30,n (%) A {7400
Days & 1L, median (K3 R} 5 (15583}
Tatalkength of stay, median {IQR) 41 (220-815)
Womber of days ander [MY, median (IOR) 2 (100430}
Wewed fiar vasop ressor sup port, n &%) {74}
Womber of days ander vasopressors, med fan (KR} TIIO0-Z1.5
Meed for renalreplacement sherapy, n{%)} T{167)
Womber of days ander renal replacement thena py, mean S0} I {149}
Head of BCRE0, n (%) 5{11.5}
Wombver of days ander BOMO, mezan (S0 5 (304)
Wewd of prone poasaning n %) I is4 1)
Complications during ICL stay
‘Wenrok@cal complications, n (%)
Aphasia, dysardriaor dysphonia afod)
Lpsphagia s{11.5)
Focal waakness oo}
D riam: I3 {310}
o a{@
e redr oveason bar i sease 1{24)
Encephalopathy 2(4.5)
Encephalitis or myelitis [(=1:]]
Peripheral nearopashy (48}
Sigrs of CETD 11 {353}
Compod i of oy g call s g s, sy ar syndromes I {54 8}
{Continued )
e BOB4ET  June 23, 3003 THT
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Tahle 1. {Continosd)
Cardiovascular complications®. n f) 6({143)
Abdominal complications®, n (%) 15 {429
ot onmypdic it ioms {p imjnries), n{%) I (476}
It cos covmgd dcaticn s, n (%) 0 (714}

APACHE Ao Physiokogy and Chronic Health Ewaloatio ng B WO: extracanporeal membrans orpgenason; ICL:
Imtemesive Care Uit KR Intengoantle nange; CPOD: Chron e Prolmaon any Obetr notive Disease; CATT: Contionspi nal
tract dpsfoncton; SAPE: Smplified Aome Physiology Soore, £0- Sandard deviaton

= Kenrological oo mplimtons incloded aphasia d wargria, dysphonia, dysphagia, fooal wealn e, deliriom, ss mres,
cerehrovascolar disease, encep halopathy, encephalits, myeitis, peripheral nearopathies and signs of CETD. The
composite of nen nological signs, sympinms, or spndromescons dered, foreach patent, ghe presen o of of lastone
nennokagical sign, sympiom, or spndrome, regard less of the nomber of neanobo gioal manifestations.

¥, Cardicnmscolar compplications indodsd bradwrrhythmis, schyarth pthmia (atrial frillaion, fioter, other

tac byarrhyshmias), tachyoandia-bradycardia syndrome, seonn dary myocardial inj ary, cardiac anrest, pericand s,
pericard ial effosion, end oo rditis, acote heart fifore, and ardingenic dwode

. Abdaminal complicatio ns induded hepatins, devated lwer anrymes, gusmo intestinal blesding, pasnd o-obemoction
and abwmodion, darrhies, and onn stpation

e <k iy 0137 foarnal pone RRESSTS001

minutes At & months post-discharge, 62 2% remained under PRM intervention, while at 12
months 32 4% maintained PRM outpatient programs.

PICS analysis

Table 2 details the dinical status at & and 12 months, univariste analysis between the achieved
scores and the reference values and a comparative analyds (Cevolution” between scores at &
and 12 o ths.

PICS —Physical domain

PICS physical donxain was evalusted through multiple metrics in our analyds. Indeed, 76.2%
{n=32) of our sample had at least one physical impairment at & months decreasing to 71.4%
(=300 at 12 meonths (p-valse = 0.475)

Regarding QoL at & months after ICU discharge, COVID- 19 survivors had sgnificantly
higher ECQ-5D-3L median (72 (IQR =50-45), p-value = 0.034), and a lower mean EQ-VAS
(674 216, p-value = 0060), in companson with reference values. Nevertheless, one year
after ICU discharge, we found no diference either in BOQ-5D-3L nor in EQ-VAS compared to
normative values (p-value = 0180 and p-value = 0.573, respectively). In both Col. metrics,
there was a tend ency for lmprovement through the follow-up period, which was statistically
significant only for the EQ-WVAS (p-value = 0.038).

Conceming fatigue, COVID-19 survivors hada mean P-FAS of 34.5 + 320 at & months, a
significantly superior value in comparison with reference values (p-value = (O09). At 12
months, the median FAS decreased to 18.5 points (SD = 50.0 p-value = (43

Swallowing function was also analyzed In our sample, as part of the physical domaln. Both
at 6and 12 months, the median of FOIS and P-EAT- 10 were similar to the reference category.
At & months afier ICU discharge, 5% (n = 2) presented swallowing impaments whereas at 12
mnoniths none had this complication.

A total of 31% of OOVID-19 survivors had musde weakness at & months, and 28.6% main-
tained this impaimmentat 12 meonths (p-valse = 0002). In brief, both at & and 12 months after
ICU discharge, mwed tan valses at MRC-55 were dgnificantly below the o mnative value (&
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Table Sooresatsand 1IZmonths and comparbon with nomative values.

emanths 12 mangs pvaloe
St p-walue {onmparisan with Statm p-sabue foompari son with {svalaan}
referan e} referance)

Crality of Life
Bip-sD-31, median (R} Reference & T2 ({5025} ooy &4{50-7.0) oaE® anss”
points
BV AS, mean [SD) Reference 75% &T.4(21.8) BTy T33{185) os73a” oiE”
Fatigue
PAS: mean (S0 Reference 27 paints | aaspam | oo | 1zsisom | 030 [ oopgae
Swallowing fnarion
OIS median (KSR} Beference: 5 poimts 7.0(7.0) wisT 7.0{7.0) 100" o157
EATN: madian {QR) Reference: 0 poinis oo} o1’ o.ofo) a7’ o.zas”
Musds srength
MRC-S5 mesdian {TOR) Aeferems &0 £0.0{4% 0-80.0) oomn” &0 {56.8-60.0) oo’ oo
points
Gaiability
HAL median (TGR) Reference Opoints | 1ofoo-23p | comot | oogmo o | <ot [ omet
BES: median {IQR) Refrence 56 points | 51.0{42.3-560) | <o | 56 saosem | a1 | o’
Sensit ity
Trnpairment: n (%) | 7opem | | somn | | CEEl N
Signs of CST
Present: n (%) n0{523) 11.0{262) <o.oar’
Anmiety and depression
HADE-Anwiety: mean (3} Reference: 52(4.5) ol ® 40{4.3) < aoan? amz®
poirls
HADE Depreston mean (50} Refe &3(37) 0001 53({45) < Qoo < O001¢

 points

MoCA: median {TQR) Refremce 26 poinls | 20.0011.3-24.8) <ot 20160 <ot ooy
265}
P median (TQR) Reference |26 poimts 1260 (1250- oonE? 126 0{1260) oonE? [T
1260

BEE Berg Balance Srale CETD: Cortion spinal tract dysfoncion; EAT- 0 Bating Ass=mment Tool, FAS: Fatigoe Assesanent Scale; FIM: Panational Independ snce
M e wore: FOE: Fonctional Oral Ingake Soale HA DS Hospital Ancisy and Depression Srals HAT Haoser Ambolaton Index; KR Intenguantile range Mol
Montreal Cognigive Assascment MEC-55- Madical Research Conncil Sum Score; D 22 ndard deviaton

® O sarmple -fest;

® O sample Wikoxow Signed Rawk Test;

* Pired-sampies t-test:

* Redated Samaples Wikooxom Signed Ramk Test;

1 Fisher Exact Test:

¥ Chi-sguare fest.

Wida 01371 fournal pne RRESET 3002

mvanths: median = 8000, IOR = 48.0-60.0, p-value=0L002; 12 maonths: median = 8010,
IQR = 56 8-60.0, p-value = 0,001 ). Nonetheless, during the pllow-up peried, there was asig-
nificant improvement on this parameter (p-value = (L00E).
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Czalt, assessed objectively through the HAT, was also significantly impaired, in comparison
with reference values, both at & and 12 months after FCU discharge (& months: median = 1.0,
IQR = 0.0-2.3, p-value=0.001; 12 months median = 000, IQR = 0,0-1.0, p-value<00001). Slemi-
larly, there was a significative improvement in this subdomain through the follow-up period
(p-value=10.026).

Regarding functional balance, median BBS was 51.0 (IQR = 42.3-56.0) at & months and
560 (IR = 50.0-560)at 12 months, values that were significantly reduced in com parison
with the reference category (p-values<0.001). Nevertheless, this parmeter also evolved posi-
tively through time [ p-value = 0.1 ). Moreover, when analyzing the BBS through a cut-off for
higher risk of falls, at & months 28.6% had ahigher risk of this adverse event, a value that
decreased to 18.9% at 12 maonths (p-value = 0ukH).

Sensory impairments were present in 167 at 6 months and in 7.1% at 12-months. No sig-
nificant improversent on this subdomain was depicted through the study period (p-
value = 0.331).

Signs of CSTD were present in 523% (n=22)at & months, andin 262% (n=11) at one
vear follow-up (p=0.001).

PICS -Mental domain

Overall, at & months after ICU discharge, 310¢% (n = 13) had impairments on the mental
domsain of PICS, value that was reduced to 26.2% (n=11) at 12 months (p-value =0.15%)

Both atéand 12 months after JCU discharge, the mean score at the HADS-Anxiety (5.2
4.5 and 4.0+4.3, respectively) and at the HADS-Depression scores (6343 7 and 52449,
respectively) was significantly superior to the reference value (p-value<(U001). Using the 8
points cut-offs for significant aredety and depression, a significant differe nce from our values
was also reported (p-value = (0003 and 0.022), pointing to the shsence of significant i pair-
ments, despite the presence of alterations. Inboth anxiety and depression scores, there was a
significative positive evolution through the follow-up period (anxiety: p-value = 0.012; depres-
sion: p-value< 0001}

PICS —Cognitive domain

The prevalence of cognitive dysfunction at & months after BICU discharge was of 79.2%, value
that shifted to &4 %% at 12-months (p-value = 0003). In fact, significant disblement was noted
in comparison with reference values both at & months (median =200, IQR = 11.3-24 8, p-
value <0L001) and 12 months (median = 2.03; IOR = 16.0-26.5 p-value< 001 ). Yet, a global
improvement in this 1-year low-up was noted (p-value = 0.0031).

Functionality

In our sample, 54.8% of the patients were fullyactive on ADL & months after ICU discharge,
with a median FIM of 126.0 (IQR = 125.0-126.0), a value sgnificantly inferior to the reference
category (p-value = 0.018). Moreover, at 12-months after ICU discharge, functionality signifi-
cantly imnproved, with 4% of patients being totally independent (p-value = 0.002). Neverthe-
less, median FIM was still significantly diminished (median = 1260, 10R = 1260, p-

value = 02 )

Discussion

Ovur study revealed that critical COVID- 1% survivors present substantial physical, mental and
cognitive impairments & and 12 months after IO discharge, and that these impairments seem
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to improve theowugh time . Mevertheless, 1 vear after [CU discharge, dignificant disablements in
muscle strength, gait ability, balance, paycho-emotional status and cognitive performance per-
sisted. Approximately half of these survvors were fully independent on ADL & maonths after
ICU discharge, value that improved by ap proximately 20% on the subsequent & months.

Previous studies have described persistent signs, symptoms and reduced health related QoL
after COVID- 19 disease in hospitalized patients [10-13]. Irisson-Mora T ef al. suggested that
the grade of severity of disease (critically il vs. hospitalized patients) impacts the prevalence of
impairments in COVID-19 survivors [35]. Mone theless, studies investigating specifically criti-
cally il COVID-19 surdivors are still scarce and back on multidomain assessments and clinical
path analysis Previous investigations were generally limited to describing outcomes in specific
tirme frames, without exploring cdinical trajec torles [36, 37] or assessing global patient status,
not having in consderation FICS main domains and its” impact on fune tio mality [10, 11].
Additiorally, part of these studies” methodology induded telephone interviews, leading toan
absence of physical examination data and to additional biases [10, 11, 37). Furtheroso re, most
studies that induded face-to-face intervews focused on the respiratory and cardiovascular
sequelse of critical COVID- 19 disease, and pot in the physical and cognitive impalrments [13,
8] Owr investigation i, toour knowledge, the first to provide a comprehensive analyss of
PICS domains trajectory in critical COVID-19 survivors, induding notonly scales but also
physcal examination and functionality data

FICS ks known to be a common syndrome after critical care. In this COVID-19 era, due to
the marked increase in ICU admisions, the number of patients suffering from this syndrome
i rising. Also, critical COVID- 1% patients may be particularly prone to develop FICS [39].
Firstly, FICS fisk factors are frequent among the COWVID- 19 critical patient [40]. Secondly,
since median IO and hospital length of stay are wsually longer in this population, the subse-
quent prolonged bed rest and extended hospital stay oy contribute to musculsr weakness,
which is associated with substantial impairments in physical function and health related Qol.
[41]). Despite the possible increased risk for PFICS in the survivors of eritical COVID-19, the
prevalence of FICS and its definition for this population is still not et determined [35].
Hence, the posible differential extent and impact of PICS in COVID- 19 survivors, incompar-
iz0on with non-COVID- 19 ICU survivors, warsants further darification. Hodgson CL et all per-
formed acomparative analysis between critical COVID- 19 and non-COVID- 19 survivors,
reporting that the incidence and severity of disabilities, health related Col., parchological sta-
tus and cognitive performance at & months did not significantly differed between COVID-19
and non-COVID-19 survivors [ 37]. Nevertheless, this study included a non-matched sample
of patients from two different prospective coborts, inwhich there were some baseline differ-
ences that could affect the results Also, this study included a dngle telephone evaluation, so
data regarding physical examination and information reganding the dinical path was not
induded On the other hand, in-ICU studies, as Rahiminezhad E e al, that compared critical
COVID-1% and non-00WID- 19 patients regarding functional param eters, re ported signifi-
cantly higher disability in COVID-19 patients [41]. Also, the RECOVID study pointed to a
quicker recoveryin COVID- 19 patients in oomparison with patie nts with other TCU adrnis-
sion motives [43]. Therefore, the real impact of critical COVID- 1% on the prevalence, extent
and characteristics of PICS warrants further clrification, as this population may have specific
needs and different dinical courses

The baseline characteristics of our sample, namely socio-demographic Bctors, comorbidi-
ties and the characteristics related to the critical respiratory illness, were compatible with previ-
ous investigations in this field [10, 37]1. We highlight that the mean age of our sample was of
618 yearsold, ranging from 28 to 81 years old. This data is in line with most previous investi-
gations inthis field [4.6, 11-13 44]. Nevertheless, and as advanced age is not only a fsk factor
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for higher severity and mortality due to COVID- 19, but also a predictor of PICS we stress that
our study data and conclusions shouldbe considered as driven for a cohort of older adults [45,
46].
Regarding PRM intervention, all indluded patients were evaluated and incleded in intra-
hospitaller FRM programs and all patients who had dinical indication maintained these inter-
ventions after hospital discharge. Our data s in line with previousstudies, specifically concern-
ing the setting and median duration of FRM programs [35]. The transversal indusion on PFRM
programs in this sample, and the maintenance of these interventions for long perods, maybe
part of the explamation for the significative PICS improvement. Indeed, Berentschot JC elal
multicenter prospective cohort sudy highlighted the impact of post-discharge PRM programs
in several physical domains specifically when performed in multi-modal and comprehensive
settings [47]. Mevertheless, direct comparative analysis between different PRM programs
regarding its setting, modalities, duration, intensity and o ther characteristics, stilllacks in the
hitherto literature. As we have performed anobservational analyds, and notan experimental
or quasi-experimental study, a dear analysis of the impact of PRM intervention in the mutido-
main improvement on thissample was not possible to perform. Indeed, it would be clinically
relevant to access the specific contribution of PRM intervention in these patients’ clinical path,
differe ntlating the rate of improveme nt that is indexed to the diseases’ natural course from the
induced by FRM intervention Nonetheless, our findings e mphasize the long-term impact of
citical COVID-1%, with dear implications for clinical care, specifically in the field of FRM.

In our sample, OOVID-19 survivors had sgnificative impaiments on ol at & months,
with asignificative recovery during the first vear after ICU discharge. In companson with
Huang L ef al. study, BOQ-VAS was similar at 1-year, yet at & months lower scores were noted
i our sample [ 11). Simdlarky, significative fatigue at & months was noted, which positively
evolved untll the fist year after ICU discharge. In comparison with Hussain N ﬂufalm]].rsis.
our data points out to slightly lower prevalence of this symptom [48].

Swallowing function was also analyzed, as part of the physical domain. Nonetheless, it was
not possible to compare our data with follow-up analysis of critical COVID- 19 survivors at &
and 12 months in relation with its ahsence in the lite rature,

Muscle strength, gait and balance were also d@gnificantly impaired in owr sample, both at &
and 12 months, despite the dgnificantly positive evolution reported through the follow- up
period. Since previous studies did not measure these domains, neither at the same tmings nor
with the same instruments, a comparative analysis with other ICU (ideally COVID-19) studies
was not possible.

Sensory impairments were pot common in this smpleand did pot improve significanthy
over time. Due to the maore subjective mature of sensory com plains, clinical assessment ey
have underestimated the prevalence of these complication ar its dinical improvement. Most
previous studies that have addressed this impairment induded only subjective complains and
not objective analysis [43]. Nevertheless, according to Pinzon BT ef al. meta-analyss, sensory
impairments were reported in one in each three COVID-19 survivors, a value that exceeds our
data by around 50% [4%]. The indusion of specific se nsory examinations in follow-up analysis
of critical COVID- 1% survivors lacks in the literature, which seems tobe asignificative flaw as
a result of the negative lmpact of these alterations [50].

Regarding signsof CSTD, none of the previows analyss of mid- and long-term morbidities
after critical illne ses have analyzed this manifestation. Asso, adirect companson witha litera-
ture wasnot viable. Nevertheless, there are several reasons to justify the formal search for dgns
of CSTD. Fistly, these analysis allow a rapid distinction between upper and lower motor neu-
ron pathology [51]. Secondly, as magnetic resonance imaging studies of COVID-19 patients
showed that corticospinal tract lesions were the most common lesions of the white matter,
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C5TD evaluation may raise dinical suspicion of peurological impairments, allowing eadier
diagnosis and treatment [52]. Lastly, as clonws can have adirect impact on gait ability, and
therefore influence the patient's functienality, its’ active exploration s warranted in the setting
of FRM outpatient appointments and therefore should be considered in subsequent invest iga-
tions that aim to access neurslogical and functional conseq uences of critical COVID-19. We
have compared this sample rates with the prevalence of CSTD slgns in our group cohort of
critical COVID-19 patients [ 23]. We highlight that, despite dmilar dinical methodology, mate-
rial and diagnostic criteria, higher rates of C5TD were encountered at 6-months after ICU dis-
charge, which is probably in relation with the impact of intensive care unit acquired weakness
on DTR response (its diminishment or abaolition) | 54]. Nevertheless, the number of patients
with signs of CSTD significantly decreased through the follow-up period, highlighting the
probably newurclogical recovery throughout the first vear affer ICU discharge.

FICS mental domain involvernent was inferior when compared to the physical domain in
ouranalysis. Yet, one in each four patients at 1-year maintained psychological com plains, data
compatible with the literature [2].

Poor cognitive performance after COVID-19 has been previoudy reported [37]. The pro-
portion of patients who recovered cognitive function over time is inline with previous reports
[10]. Nonetheless, in our sample, sgnificative cognitive impairments persisted at 12 months
after ICU surpassing previous data from Taniguchi ef al study [10]. Migoowiak KW et al pos-
tulated that cognitive impaiments were assockited with the degree of long-term pulimonary
dysfunction, increased respiratory symptoms and D-dimer concentrations duringacute ill-
ness, suggesting a potential link to restricted oxygen delivery to the brain [40]. Since our sam-
ple comprises a severe cobort of COVID-1% critically il patients, the overexpression of this
cognitive lmpairments is most lkely in this context.

(werall, FICS was prevalent inour study population, both at & and 12 monthsafter ICU dis-
charge. Since there is asignificative heterogenelty on PICS diagnostic criteria, direct oom pari-
sons between our data and the literature are hard to establish [ %]. When analyzing the
prevalence of each component of PICS, the main contribution for mid- and long-term impair-
ments was the physical dormain, which was confirmed in up to theee-fourths of the sam ple
bothat & and 12 months, data com patible with the lterature [12]. Moreover, we highlight the
continued recovery of FICS domains throughout our follow up period, data already hypot be-
sized by Zhang H ef al. [25).

The study design and methodological strengths relnforce our major indings. A prospective
cobort study was designed as it dearlyindicates the temporal sequence between exposure and
outcome, and allows a better characterization of the clinkal path. Mopeover, this study design
allows the examination of multple effects of a single exposure (namely, and applying to this
investigation, the effects of critical COVID-1% on phiysical, cognitive and mental domains)
[5£]). Toensure the external validity of our results, there was a consecutive sam pling of partici-
pants and indusion of patlents from different ICU. To increase patients’ engagement, thereby
reducing the rates of “lost to follow up”, several telephone trials were atternpted to recruit the
patients, and each patient that missed an appointie it was given up to two opportunities to
reschedule the visit. Indeed, and inaccordance with a prospective cobort study design, the rsk
of “losses to follow up” was not negligible. We aleo highlight that a differential loss to llow up
could have introduced additional blases. Hence, the mtes of “lost to follow up ™ of our study
were in line with previous studies [55). Moreover, “induded” and "lost to follow-up™ patie nis
wene com pared through statistical analyss, emphasizing the external validity of our data
Regarding the internal validity, we stress that all patients were evaluated by asingle investig-
tor (a PRM physician ), using validated instruments, and thereby ensuring high-quality data
and minimizing bias.
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Our study presents some limitations Firstly, we developed a single-center cohart study.
The local case-mix meay have influenced our results, and its generalization might be lmited.
Nevertheless, as the study took place in a tertiary care center covering a wide geographical
referral area, encom passing several speclalized ICU, and receiving several patients transferred
from other institutions for advanced 10U care, the external validity of owr results is, hence,
considerable. Furthermore, and in line witha cohort study design, variables and outcomes
wene only observed, without any intervention taking place 58] Secondly, we did not havea
contemporneous control group of critically ill respieatory patients without COVID- 19 infac -
tion, 30 we could not distinguish the specific long-term effects of this infection from those that
might result foom crtical illness itself. Also, samiple size cakculation was not performed due to
thelack of data an the dwsen outcome measurements available at the literat ure by the tinse
our recruitment started Lastly, all patients were evaluated by PRM physicians during hospital-
Ization, and most were Induded in tallored PRM trestments, which lead to an inability to estl-
mate the impact of PRM programs on PICS trajectory.

Further studies are warranted to characterize the long-term trajectory of PICS In critical
COVID-19 patients. Also, predictive models for PICS diagnosis and prognosis are desirable.
Maoreover, the prom slng effects of vaccines and other new treatmsents in PICS need further
description in COVID- 19 survivars. Furthermore, additional studies, preferably of an experi-
mental nature, designed to assess the impact of different settings, modalities and durationof
PRM programs are desirable to further determine the maost effective PRM programs in this set-
ting. Finally, future studies should explare the link between brain oxygen delivery and cogni-
tive putcomes and theraples that mayatienwate the effect of acute respiratory fallure on
cognitive impairment.

Conclusion

Critical COVID- 19 survivas present significative physdcal, mentaland cognitive inypairmsents
fand 12 months after ICU discharge, despite their positive evolution through time. Accord-
ingly, at least during the fiest-yvear post ICU discharge, but probably for alonger period,
COVID-19 patients benefit from PRM evaluations and interventions, since dinical and func-
tional impairments persist.
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DISCUSSAO

A presente investigacdo propds-se a contribuir para 0 aumento do nivel de conhecimento
sobre a doenca critica COVID-19, especificamente no que se refere ao impacto da mesma em
termos clinicos e funcionais, com particular enfoque na associada disfun¢do neurolégica. Desta
forma, nos diferentes estudos constituintes desta Tese, foi possivel identificar e quantificar o
impacto das comorbilidades neuroldgicas (especificamente a DVC) na mortalidade por COVID-19
critica, esclarecer que existe um maior risco de disfungéo neuroldgica na doenga critica a SARS-
CoV-2, em comparagdo com outros patdgenos infeciosos, analisar o impacto a longo termo da
doenga nos dominios fisico, mental e cognitivo e na funcionalidade, bem como desenvolver um

modelo de predi¢do de risco de lesbes por pressao para doentes COVID-19 criticos.

Assim, a corrente investigagéo pretendeu estudar os doentes COVID-19, numa perspetiva de
“antes, durante e depois” do internamento em UCI. De acordo com os propositos inicialmente
definidos para os estudos desta Tese, serdo de seguida revistos e discutidos os principais achados

deste projeto, de acordo com os objetivos listados previamente.

1) Avaliar o impacto de comorbilidades neuroldgicas, especificamente a DVC prévia, na

mortalidade de doentes criticos COVID-19.

Parte da investigacdo médica realizada no ambito da doenga COVID-19 focou-se na
identificagcdo de fatores de risco e no desenvolvimento de modelos preditivos que permitissem

identificar uma maior probabilidade de gravidade e mortalidade pela doenga28-32,

A presenca de comorbilidades neuroldgicas, especificamente a DVC prévia, tem
inerentemente plausibilidade biolégica para um aumento do risco de morte nos doentes COVID-
19 criticos'™ 155, A imunossupressdo pos DVC, o pior status funcional com subsequente menor
reserva global, a presenca de disfungdo autonémica sequelar a lesdo encefalica, o possivel
atingimento dos musculos inspiratérios e expiratdrios com reducéo global do seu trofismo e forga,
a afecdo dos centros cardio-respiratorios do tronco cerebral em lesbes vasculares com esta
topografia e o efeito da imobilidade e risco inerente de estados de hipercoaguabilidade sdo alguns
dos possiveis substratos justificativos de um maior risco de complicagdes, designadamente
infeciosas, e de que, na sua presenca, exista também maior morbilidade e mortalidade
associadas'™-157, Estes fatores assumem um papel ainda mais preponderante quando nos
debrugamos especificamente sobre uma infe¢do virica causada por um micro-organismo que

apresenta, presumivelmente, neurotropismo e potencial de neuroinvasividade56. 59. 60, 62, 63, 65,158,
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Como tal, constituiu um dos objetivos desta Tese avaliar se a presenca de DVC prévia se

associava a maior risco de mortalidade entre doentes criticos COVID-19.

Neste contexto, desenvolvemos um estudo prospetivo numa amostra de doentes COVID-19
criticos. Cerca de 10% da amostra apresentava antecedentes de DVC, a qual foi definida de
acordo com as recomendacdes da American Heart Association / American Stroke Association?59.
160, A definicdo de critérios de DVC prévia foi particularmente importante neste trabalho em virtude
da heterogeneidade existente na sua definicho em estudos prévios relacionados com este
topico’6!. 162, Adicionalmente, foi também avaliado, com recurso a escala de Rankin modificada, a
autonomia prévia de todos os doentes da amostra, com vista a tentar compreender se o impacto
na mortalidade era diretamente atribuivel a DVC ou imputavel as decorrentes alteragdes da

funcionalidade.

Na amostra analisada, a idade, a gravidade da doenca a admisséo e a DVC prévia
associaram-se a uma maior mortalidade pela COVID-19, a semelhanga do descrito em estudos
prévios realizados fora do contexto de UCI™. 162 163 Nenhuma outra caracteristica
sociodemografica, funcional ou clinica se associou de modo significativo a maior mortalidade nesta
amostra. Apos ajuste, através de analise multivariada, para a idade e a severidade da doenca a
admissdo da UCI, a DVC prévia manteve-se um preditor independente significativo. De facto, a
presenca desta comorbilidade resultou num risco 2,51 vezes superior de morte em doentes criticos
COVID-19.

E também de destacar que nos doentes com COVID-19 critica que morreram, o nimero de
dias até a morte foi significativamente menor nos que tinham DVC prévia em comparagdo com
doentes sem esta comorbilidade, achado concordante com a literatura existentel.
Possivelmente, as alteragbes estruturais e funcionais relacionadas com as sequelas do evento
vascular estdo na base desta menor reserva e maior fragilidade, a qual se expressa por uma menor

resisténcia a infecdo, com mais rapido envolvimento sistémico.

Na nossa anélise, tivemos como objetivo secundario perceber se doentes com outras formas
de doenga vascular, ilustrados pelos casos com cardiopatia isquémica prévia, tinham também
maior risco de morte, ou se este risco era indexado a topografia da les@o vascular (nomeadamente
a sua localizagdo no SNC). A presenca de doenga cardiaca isquémica ndo se associou de modo
significativo a maior mortalidade entre doentes criticos COVID-19, apontando para o impacto
especifico da topografia da lesdo vascular na mortalidade destes doentes, algo que podera estar

na dependéncia dos potenciais mecanismos causais previamente explicitados.
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Além do previamente referido, 0 nosso estudo acrescenta também de novo a literatura a
andlise das causas de morte destes doentes, ponto apontado como uma fragilidade em estudos
prévios realizados neste ambito'®8. 164, Uma proporgéo significativa da nossa amostra teve como
causa de morte a disfun¢do multiorganica relacionada a COVID-19, tendo sido possivel descrever
alternativas causas de morte nesta amostra. Nao se verificou uma diferenca significativa no que

se refere as causas de morte dos doentes com e sem DVC prévia.

Foi também feito o seguimento prospetivo dos doentes incluidos que sobreviveram ao
internamento em UCI, visando avaliar a eventual existéncia de letalidade ap6s a alta. No entanto,
nao foi possivel contribuir de modo significativo para o aumento do conhecimento neste ambito
dada a reduzida mortalidade da amostra no tempo de seguimento definido, o qual foi também
limitado. Além deste impacto na mortalidade, seria também relevante avaliar se existia uma

diferenga no que se refere a morbilidade e persisténcia de sequelas ap6s a alta da UCI.

Concluiu-se, com este estudo, que a DVC prévia é um fator de risco independente para
mortalidade em doentes criticos COVID-19, sendo o risco de mortalidade associado a presenca

desta comorbilidade de 2,51 vezes superior.

No que se refere ao impacto na pratica clinica desta anélise, a priorizagdo das estratégias de
vacinagao em sobreviventes de DVC, aliada a sua maior vigiléncia clinica aquando de uma infegéo
por SARS-CoV-2, sdo duas estratégias sugeridas e eventualmente passiveis de implementar nos

Servigos de Saude.

2) |Investigar se a doenca critica por SARS-CoV-2 cursa, mais frequentemente, com sinais,

sintomas e sindromes neuroldgicos, em comparagéo com outros patdgenos infeciosos.

No contexto de UCI, o envolvimento do SNC e do sistema nervoso periférico (SNP) foi ja
extensamente reportado, com uma prevaléncia descrita de até 33%86-88. 165, Especificamente nos
doentes com sépsis, a prevaléncia de disfungdo neuroldgica parece ser mais expressiva, com

afecéo descrita de dois em cada cinco doentes.®

A disfungao neuroldgica em doentes criticos aumenta para o dobro a duragéo do internamento
hospitalar, sendo considerada um fator major para o prolongamento da necessidade de suporte
ventilat6rio66, Adicionalmente, a presenca destas complicagdes associa-se a um aumento da taxa

de mortalidade em UCI88,

97



Quando o contexto de admiss@o em UCI é a doenga COVID-19 esta questao torna-se ainda
mais premente, uma vez que este € um virus com presumivel capacidade neurotrépica e
neuroinvasiva®. 59. €0, 62, 63, 65, 158 De facto, entre doentes criticos COVID-19 as prevaléncias de
disfungdo neuroldgica sao variaveis na literatura, com valores descritos entre 12 e 67%9% 167, A
elevada amplitude deste intervalo relaciona-se provavelmente com o tipo de sinais e sintomas
incluidos como parte da disfun¢éo neuroldgica e com o timing da avaliagdo neuroldgica, que neste
contexto é particularmente importante dadas as alteragdes do estado mental associadas a
iatrogenia medicamentosa. No entanto, era ainda incerto se a disfung¢éo neuroldgica era apenas
um epifenémeno da doenga critica, ou se estava diretamente relacionada a doenga COVID-19168.
169, Esta incerteza estava essencialmente relacionada com a auséncia de estudos comparativos
em populagdes de doentes criticos, com o objetivo de avaliar se existem diferengas na prevaléncia
e caracteristicas da disfungao neuroldgica entre doentes COVID-19 e doentes internados com

SDRA de outras etiologias.

Por esta razéo, desenvolvemos um estudo prospetivo incluindo consecutivamente doentes
internados em UCI por SDRA de causa infeciosa. Neste estudo, foram diretamente comparados
doentes com SDRA a SARS-CoV-2 com doentes com SDRA a outros patégenos infeciosos, no
que se refere a prevaléncia e caracteristicas da disfungdo neurolégica. Como potenciais
indicadores de disfun¢do neurologica, foram considerados os sinais, sintomas e sindromes
neuroldgicas descritos na literatura até a data de inicio do recrutamento para o estudo, incluindo
alteragdes do SNP e do SNC. Assim, consideramos como sinais e sintomas neurologicos a
presenca de alteragbes da fala e da linguagem, défices motores, SDTCS e convulsdes. Nas
sindromes neuroldgicas, foi considerada a presenga de DVC, delirium, encefalopatia, encefalite,
mielite e neuropatias periféricas. Deste modo, a presenca de sinais e sintomas menos especificos,
como as cefaleias, as mialgias e as alteracdes do olfato e paladar ndo foram formalmente
avaliadas neste contexto, algo também justificavel pelo facto de este estudo ter sido feito em
doentes internados em UCI, nos quais estas alteracdes, pelas caracteristicas clinicas mais frustres
e sem presumivel impacto direto na morbimortalidade intra-UCI, ndo sdo tdo frequentemente

valorizadas e documentadas.

Um total de 61% da amostra incluida apresentou pelo menos um sinal, sintoma ou sindrome
neuroldgica durante o internamento em UCI. No entanto, cada uma destas manifestacoes
neuroldgicas foi rara, com exceg¢éo do delirium e dos SDTCS. Néo foi encontrada uma diferenca
estatisticamente significativa na comparagcdo entre 0s grupos para cada uma destas
manifestagdes. No entanto, os doentes COVID-19 apresentavam tendencialmente uma maior
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prevaléncia destas alteragdes. Como tal, foi criada uma variavel categérica composta para melhor
caracterizar esta questdo (composite of neurological dysfunction). Neste contexto, considerou-se
que se verificava disfungdo neurolégica na presencga de pelo menos um sinal, sintoma ou sindrome
neuroldgica. Na analise comparativa utilizando esta variavel como outcome, os doentes COVID-
19 apresentaram um risco 1,98 vezes superior de desenvolver estas complicagdes, em

comparagao com os casos que tinham sido admitidos por SDRA a outros patégenos infeciosos.

Dada a multiplicidade de potenciais fatores em UCI eventualmente contributivos para a
disfungcdo neurolégica, foi também avaliado o possivel impacto de caracteristicas
sociodemogréaficas, comorbilidades, gravidade da doenga, e outras complicagbes com esta
relacionadas, no risco de desenvolver complicagdes neuroldgicas. Este foi um achado criticamente
importante do estudo: nenhum outro fator, além da etiologia da SDRA, se associou de modo

significativo ao desenvolvimento de disfun¢ao neuroldgica.

Realgam-se, ainda, algumas consideragbes conceptuais relativamente ao estudo

desenvolvido para tentar atender ao objetivo estabelecido.

Conforme referido, incluimos doentes com SDRA, a qual foi definida de acordo com os critérios
de Berlin®'. Nao foi feita a subclassificacdo da SDRA de acordo com esses critérios (em ligeira,
moderada ou grave) uma vez que a SDRA a SARS-CoV-2 é uma entidade nova, em muitos
aspetos distinta das SDRA classicas, na qual a classificacdo de Berlin ndo parece ser tao
adequada para a estratificagdo dos doentes'?0. Além disto, 0 outcome primario do estudo foi a
presencga de SDTCS, néo existindo evidéncia do impacto da classificacdo da SDRA neste dominio.
No entanto, e com vista a que fossem incluidos doentes com niveis minimos de severidade de
SDRA similares, foram apenas considerados elegiveis para o estudo doentes com periodos de
VMI superiores a 48 horas. Adicionalmente, e para esclarecer a existéncia de uma eventual
relacdo entre a severidade da doenca critica e a presenca de disfungdo neuroldgica, realizamos
uma analise comparativa univariada entre potenciais indicadores indiretos de severidade da
doenga, como sendo a duragao do internamento, do suporte ventilatério, vasopressor e renal, € a
presenca de alteragdes neuroldgicas (definidas como a presenca de pelo menos um sinal, sintoma
ou sindrome neurolégico). De facto, ndo foi encontrada uma associagao significativa entre nenhum

dos critérios de maior gravidade da doenga e a presenga de disfungédo neurologica.

No que se refere a avaliagdo clinica dos doentes incluidos no estudo, optou-se por eleger,

dentro das varias partes do exame neuroldgico, a avaliagéo dos SDTCS como ferramenta a aplicar
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no contexto real da pratica de investigagéo clinica. Esta escolha foi feita, essencialmente, porque
estas avaliagbes permitem, de uma forma rapida, sem riscos e sem necessidade de extensa
colaboragéo do doente, precocemente identificar sinais de disfungdo neuroldgica envolvendo o
SNC e/ou 0 SNP7'.91, Adicionalmente, e considerando a informag&o reportada por estudos neuro-
imagioldgicos, conceptualmente era légico avaliarmos este dominio dado que o trato cortico-
espinhal foi repetidamente referido como a estrutura da substancia branca mais frequentemente

afetada nesta doenga’0.72,

Uma questéo particularmente relevante neste ambito é a da estandardizacéo da defini¢do de
SDTCS adotada neste estudo. De facto, noutros estudos em que os SDTCS foram avaliados a
sua definicao era frequentemente vaga ou néo reportada®. 171, Deste modo, e visando uniformizar
0 que foi considerado como sendo patolégico, com base no estudo de Alvarez et al, definimos a
presenca de SDTCS como sendo hiperreflexia em pelo menos duas extremidades ou sinal de
Babinski em pelo menos uma extremidade'’2. A presenca de trés avaliagbes clinicas, € a
necessidade de existir consisténcia nestes achados para serem considerados como patoldgicos,

teve como objetivo aumentar o rigor e a validade dos nossos achados.

No entanto, é imperativo destacar algumas dificuldades inerentes neste contexto. De facto, a
iatrogenia farmacoldgica (especificamente a sedo-analgesia e o bloqueio neuromuscular) podem
conduzir a subvalorizagao da presenca de SDTCS9:94. 173 Além disso, também nos doentes com
FMACI, que correspondem a uma significativa percentagem dos doentes em UCI, alguns dos
SDTCS podem também n&o ser objetivaveis, condicionando também uma subestimagéo da sua
prevaléncia. Como tal, importa salientar que, pelo contexto do estudo, pode ter existido uma global
subvalorizagao da presenca de SDTCS, pelo que a interpretagdo dos nossos resultados deve ser

feita com estas ressalvas.

De realcar ainda que, neste estudo, foi utilizada a escala Richmond Agitation-Sedation Scale
(RASS), uma escala que avalia o nivel de sedagéo, ao invés de uma escala para avaliar o nivel
de consciéncia (como, por exemplo, a Escala de Coma de Glasgow)'74. Esta foi uma escolha
ponderada com base no ambito da sua utilizagdo: no nosso contexto investigacional, e dado o
previamente referido impacto potencial da sedo-analgesia na resposta dos reflexos miotaticos, a
escala foi essencialmente usada para garantir que as diferengas no grau de sedagéo néo fossem
um fator que interferisse de modo significativo na resposta reflexogénica. Ademais, foi também
utilizada no &mbito clinico, pela imprescindibilidade de serem cumpridas condigdes minimas de

colaboracao e seguranga para a avaliagdo destes doentes. Apesar de néo ter sido diretamente
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analisado o impacto do nivel de sedagao na resposta cortico-espinhal nesta populagao, foi feita
uma anélise comparativa da pontuagdo na escala de RASS entre os dois grupos de doentes
avaliados nos trés momentos de avaliagdo clinica, ndo tendo sido encontradas diferengas
significativas entre estes que pudessem justificar as diferengas encontradas no que se refere a

prevaléncia dos SDTCS.

Deste estudo conclui-se que, entre doentes respiratérios criticos, a etiologia da infe¢do ser o
SARS-CoV-2 duplica o risco de complicagdes neuroldgicas, comparativamente a outros patégenos
infeciosos. Uma vez que a presenga destas complicagdes tem um inerente impacto negativo na
funcionalidade a médio e longo prazo, a observagao clinica por MFR reveste-se de particular
importancia’”s. De facto, uma avaliagao precoce pela Especialidade podera permitir o diagndstico
atempado de complicagdes neuroldgicas, bem como a implementacao de estratégias terapéuticas

dirigidas para reduzir o impacto a médio e longo prazo destas alteragdes'73. 175,

Assim, e no que se refere ao impacto na pratica clinica deste trabalho, advoga-se o rastreio
sistematico de disfungdo neurologica nos doentes criticos COVID-19. Uma abordagem
multidisciplinar, com profissionais de Neurologia e MFR capacitados para a avaliagédo de doentes
criticos, suportados por profissionais da Medicina Intensiva, seria idealmente preconizada com o
objetivo de precocemente diagnosticar, explorar e intervir nas eventuais complicagdes

neuroldgicas da doenga COVID-19 critica.

Ainda no contexto da disfuncdo neuroldgica em fase aguda no doente COVID-19, e apesar de
o0 enfoque da literatura ser especialmente na patologia do SNC, destaca-se que a patologia do
SNP é também muito importante. As lesdes nervosas periféricas séo comuns no contexto de UCI,
apesar de a sua prevaléncia ndo estar ainda totalmente esclarecida’”®. Podem surgir no contexto
da propria doencga critica (polineuropatia do doente critico) ou do seu tratamento (mono ou
polineuropatias por iatrogenia)!76. 177, A polineuropatia do doente critico pode advir de alteragdes
microvasculares (vasodilatagdo, aumento da permeabilidade vascular, edema endoneural,
hipoxemia, extravasagéo), metabdlicas (hiperglicemia, desregulagdo hormonal, ativagdo de vias
proteoliticas) e elétricas (disfungdo de canais idnicos, despolarizagdo ou inexcitabilidade
celular)'”7.  As neuropatias periféricas iatrogénicas podem decorrer de determinados
posicionamentos (por compressao), do ato da colocagdo ou remogéo de cateteres e linhas arteriais
ou venosas (por extravasamento de fluidos ou por desenvolvimento de hematomas na
proximidade do local de canulagéo levando a uma lesdo compressiva, por leséo quimica induzida

pelos farmacos administrados, ou por traumatismo direto pela agulha)es.
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Especificamente no contexto da COVID-19, além dos mecanismos previamente descritos, é
possivel que exista um tropismo especifico do virus para 0 SNP, o qual decorre possivelmente de
mecanismos de mimetismo molecular, em que se verificam fenémenos de reatividade cruzada
entre as imunoglobulinas produzidas em resposta aos antigénios do SARS-CoV-2 com proteinas

especificas da mielina, estrutura axonal e jungdo neuromuscular’,

As lesdes nervosas periféricas apresentam um curso clinico bem esclarecido, dependendo da
sua topografia e severidade'”®. No entanto, a recuperagao destas lesdes € lenta e ndo raramente
incompleta’s. Além disso, podem destas lesdes decorrer complicagdes graves, das quais o
exemplo paradigmatico é a Sindrome Dolorosa Regional Complexa'®-183, Esta sindrome descreve
uma pandplia de condigdes dolorosas caracterizadas por uma dor regional continua (espontanea
ou evocada), associada a alteracdes troficas, vasomotoras, sudomotoras, sensitivas e/ou motoras,

que séo aparentemente desproporcionais, em tempo ou grau, ao evento inicial'82,

Na era pré-pandémica, a literatura era escassa no que se refere a existéncia de casos com
esta complicagdo em doentes criticos. Apesar da moderada ateng@o dada aos quadros algicos

pds UCI, a analise especifica de quadros de dor neuropatica era claramente parca's4.

Com o advento da COVID-19, este topico tomou particular importancia: num estudo de Ojeda
et al verificou-se que até 50% dos sobreviventes de uma doenga COVID-19 critica podem
manifestar quadros algicos de novo, dos quais até 30% tém caracteristicas neuropaticas'ss. Estes
achados foram ulteriormente reiterados na analise de Herrero-Montes et al, que descreveu uma

prevaléncia de sintomatologia neuropatica de 25% dos sobreviventes desta doenga'es.

Neste contexto, foi possivel descrever um dos primeiros casos COVID-19 na literatura com
esta entidade, numa abordagem essencialmente focada no diagnéstico precoce e no tratamento
multidisciplinar. A presencga desta complicacdo foi posteriormente também descrita por outros

autores187. 188,

Apesar de ndo existirem estudos mecanisticos dedicados ao impacto do SARS-CoV-2 na
nocicecdo, o estado de hiper-inflamagao sistémica existente na COVID-19 critica pode contribuir
para um fenémeno de sensibilizagdo periférica e central, condicionando assim quadros cronicos

de dor desproporcional, como sendo a Sindrome Dolorosa Regional Complexa'8.
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Com este caso, pretendemos acima de tudo alertar para a possibilidade de esta complicagao
surgir no contexto de UCI, e exemplificar um programa integrado, multimodal e individualizado de

MFR, bem como os seus resultados clinicos e funcionais significativos.

3) Identificar fatores preditivos para o desenvolvimento de lesdes por pressdo, dadas as suas

consequéncias clinicas e potencial impacto no desenho e implementacdo de programas de
MFR em doentes criticos COVID-19.

As lesdes por presséo sdo complicagdes comuns nos doentes criticos, com uma prevaléncia
estimada de até 30%119. 120. 190, 191 Pela sua significativa prevaléncia, e associado impacto na
morbilidade e mortalidade intra-hospitalar, a prevencdo e tratamento destas complicacGes

cutaneas sédo objetivos clinicamente muito relevantes?®2,

No universo de doentes COVID-19 criticos, esta questdo é ainda mais importante: a
hipoxemia, a hipotensao, a lesdo microvascular trombogénica sistémica, as altera¢des da perfuséo
e a imobilidade séo fatores preponderantes para uma maior predisposi¢ao??2 123, Deste modo, a
prevaléncia descrita nesta populacdo especifica de doentes criticos assume valores

marcadamente superiores, de até 80%121. 123, 193-135,

A MFR apresenta um papel importante na abordagem preventiva e terapéutica as lesdes por

pressao.

No que se refere a prevencgéo destas complicagdes, as mais recentes recomendacdes clinicas
de prevencao de lesdes por pressdo em contexto de UCI sdo baseadas nos modelos “ABCDEF”
- “Awaken from sedation, Breathe independently of the ventilator, Choice of sedation, Delirium

management, Early Mobilization and Exercise, and Family engagement and empowerment” — e

“PADIS” - “Pain, Agitation/sedation, Delirium, Immobility (rehabilitation/mobilization), and Sleep

(disruptions)”196.197, Em suma, a intervengéo de MFR em UCI é apontada, em ambos os modelos,

como um dos fatores-chave na prevengao destas complicagdes.

Relativamente ao tratamento das lesdes por pressé@o, os programas integrados de MFR,
incluindo modalidades como a eletro-estimulacdo’®8, o LASER' e os ultrassons2% constituem

uma opc¢ao adjuvante pertinente na abordagem terapéutica a esta complicagao?0!.

Deste modo, existe evidéncia de beneficio das estratégias integradas de MFR na abordagem
as lesdes por pressdo, nomeadamente no dmbito da sua prevengéo e tratamento. No entanto,

quando os programas de MFR tém como principais objetivos o tratamento de outras sequelas
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impactantes na autonomia, funcionalidade e participagdo, como sendo os défices motores, as
alteracOes do equilibrio em sedestacao e ortostatismo e a incapacidade ou alteragdes do padrao
de marcha, a presenca de lesdes por pressao implica frequentemente adaptagfes no desenho e
implementacdo dos programas de MFR. Adicionalmente, existe evidéncia de que a presenca
destas complicagdes se associa a uma maior frequéncia de interrupgao dos programas de MFR,
menores ganhos em outcomes funcionais (nomeadamente motores) e menor recuperagdo da
autonomia e da qualidade de vida com a intervencdo de MFR202-204, Neste contexto, é ainda de
realcar que a presenca de lesdes por pressé@o se associa a uma maior probabilidade de o doente

ser institucionalizado ap6s alta hospitalar 203.204,

Assim sendo, a capacidade de identificar quais os doentes em maior risco de desenvolverem
lesGes por pressao reveste-se de particular importancia. Entre os modelos preditivos de risco
existentes, destaca-se a escala de Braden?2%. Este é um instrumento estandardizado e validado
que prediz adequadamente o risco de lesdes por pressdo em multiplos contextoss.
Especificamente entre doentes criticos, apresenta uma validade preditiva moderada, com elevada
sensibilidade, mas reduzida especificidade2%. No entanto, na populagédo de COVID-19 criticos
esta ferramenta ndo parecer ter o mesmo poder preditivo, pelo que fatores adicionais deverao ser
considerados, nomeadamente sociodemograficos (como a idade), comorbilidades (como a
hipertensao, a diabetes mellitus, a obesidade, entre outros), pardmetros laboratoriais a admissao
da UCI (albumina, proteina C reativa, D-dimeros, fibrinogénio, entre outros) e caracteristicas
relacionadas com a gravidade da doenca critica (como a duragao do internamento, a necessidade

e duragéo do suporte vasopressor, o nivel de oxigenagao, entre outras)127. 193,207,

A inexisténcia de modelos preditivos de lesbes por pressdo para doentes COVID-19 criticos,
facilmente aplicaveis a admissao da UCI e com um adequado poder preditivo, foi a motivagéo para

a definicdo deste objetivo integrado na Tese.

Assim, desenvolvemos um estudo retrospetivo incluindo doentes COVID-19 criticos, em que
foram avaliados 33 potenciais preditores da ocorréncia de les6es por pressao (socio-demograficos,

comorbilidades, fatores clinicos e laboratoriais).

A prevaléncia de lesdes por pressdo na amostra analisada foi elevada, com afegao de mais
de 50% dos doentes, sendo que na maioria dos casos foram descritas lesdes multiplas e de
gravidade consideravel. De facto, estes dados sdo compativeis com a literatura e consistentes

com a percegao de que os doentes COVID-19 criticos apresentam maior prevaléncia de lesdes
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por pressao, bem como lesdes com apresentagdes atipicas, maltiplas, de inicio precoce e de maior

gravidade'?s,

Em analise multivariada, incluindo no modelo fatores com uma associagao no minimo marginal
(p<0,100) a variavel de resultado, identificamos como preditores independentes para o
desenvolvimento de lesdes por pressdo quatro fatores: sexo masculino, hipertensao
(comorbilidade) e os valores de hemoglobina e albumina @ admissao na UCI. Estes fatores
constituiram o modelo PRINCOVID. De modo a facilitar a aplicabilidade deste modelo num
contexto real de pratica clinica, convertemo-lo num score, no qual cada um destes preditores tinha
uma pontuacéo especifica atribuida: sexo masculino: 4 pontos; presenca de hipertensao: 2 pontos;
hemoglobina < 8 g/dL: 6 pontos; hemoglobina 8-10 g/dL: 4 pontos; albumina < 34 g/dL: 3 pontos.
Assim, o score PRINCOVID varia entre 0 e 15 pontos, incluindo quatro preditores independentes

facilmente avaliaveis a admissao da UCI.

Pela relevancia da identificagcdo precoce de doentes em maior risco de lesdes por presséo,
construindo e utilizando uma arvore de decisdo, foi possivel identificar dois grupos de risco
distintos: doentes “em risco” (pontuagdes no PRINCOVID < 7 pontos; risco de 45% de desenvolver
uma leséo por presséo) e doentes de “alto risco” (pontuagdes no PRINCOVID > 7 pontos; risco de

72% de desenvolver uma leséo por pressao).

Neste estudo, fizemos também uma comparagao direta entre 0 PRINCOVID e o standard da
pratica clinica (escala de Braden): de facto, 0 modelo PRINCOVID apresentou um poder preditivo

significativamente superior.

Parece-nos, assim, que o score PRINCOVID pode ser uma ferramenta potencialmente (til na
pratica clinica em UCI dada a sua facilidade de aplicacdo (apenas 4 fatores faciimente
identificaveis a admissdo na UCI, com pontuagdes pré-definidas e grupos de risco determinados)
e poder preditivo moderado, mas significativamente superior ao instrumento atualmente mais

utilizado neste &mbito (escala de Braden).

Essencialmente, e num contexto primariamente clinico, este trabalho acrescenta
conhecimento no ambito da capacidade de identificagéo precoce (logo a admisséo da UCI) de
doentes de “alto risco” para desenvolver lesdes por pressao. Esta ferramenta podera assim ser (il
na otimizacéo da vigilancia das caracteristicas cuténeas destes individuos de elevado risco, e

ulterior instituicdo atempada de medidas adicionais as uniformemente aplicadas em UCI,
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minimizando assim o desenvolvimento e a progressao das lesdes por pressdo em doentes criticos
COVID-19.

4) Caracterizar as consequéncias a longo termo da infecéo critica a SARS-CoV-2

Apesar da extensa investigacdo clinica realizada no ambito da COVID-19, o caracter
emergente desta doenga justifica a menor abundéncia de estudos dirigidos & avaliagéo e
intervencdo nas suas sequelas a médio e longo prazo. No entanto, a importancia deste topico &
sustentada pelo crescente nimero de sobreviventes a infegao por SARS-CoV-2, nomeadamente
as formas de doenga critica. De facto, o grau, evolugdo e duragdo dos sintomas séo alguns dos
aspetos que carecem melhor caracterizagdo?%®. Associadamente, o impacto destas sequelas,
especificamente de indole fisica, mental e cognitiva sobre a funcionalidade, autonomia e
participacdo, bem como na qualidade de vida dos doentes, séo questdes essenciais nesta area

do conhecimento209,

Efetivamente, os doentes criticos tém um risco acrescido de complicagdes a médio e longo
prazo relacionadas com a doenca critica, iatrogenia e/ou com o proprio ambiente da UCI, sendo a

SPICI uma entidade cuja prevaléncia ultrapassa 0s 50% nos seis meses apds a alta da UC| 2.
210

Nos sobreviventes da doenga COVID-19 critica, parece existr um maior risco de
desenvolvimento desta sindrome, no entanto os dados da literatura ndo séo unéanimes?3s. 211,
Adicionalmente, existem ainda varias questdes por esclarecer e esferas por analisar,
nomeadamente a analise da extensao e evolugéo das sequelas, particularmente no dominio fisico
e na funcionalidade, nesta populagao?%.212, Além disto, também as caracteristicas da intervencao
de MFR e o seu impacto na trajetéria clinica e funcional nesta populagéo encontra-se também

parcamente explorada e desenvolvida.

Neste sentido, definimos como objetivo desta Tese caracterizar as consequéncias clinicas e
funcionais da doenga COVID-19 critica aos seis e doze meses ap6s alta da UCI. Na nossa
perspetiva, a adequada compreensao das caracteristicas e particularidades das sequelas desta
doenga, e da sua progressdo ao longo do tempo, € importante para adequar as intervengdes
dirigidas no @mbito da MFR para otimizar o estado clinico e funcional dos sobreviventes a COVID-

19 critica.

Optamos, entéo, por desenvolver uma analise compreensiva orientada pelos dominios da

SPICI (fisico, mental e cognitivo) e com particular enfoque na funcionalidade, em conformidade
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com o Stanford Hall consensus??3. Nesta declaragdo de consenso, é realgada a importancia de os
sobreviventes de uma doenga COVID-19 serem alvo de uma avaliagdo especifica da
funcionalidade, visando determinar sequelas relevantes e assim direcionar o programa terapéutico
de MFR numa perspetiva multidisciplinar, com particular enfoque nos trés dominios da SPICI:

fisico, mental e cognitivo?!3.

Para tal, desenvolvemos um estudo de coorte prospetivo incluindo sobreviventes de
internamento em UCI por SDRA a SARS-CoV-2. Estes doentes foram avaliados presencialmente
em Consulta Externa de MFR aos seis e doze meses ap6s a alta da UCI, sendo que nestas
consultas foi utilizada numa abordagem abrangente, compreensiva e estandardizada. Foram
avaliados os dominios fisico, mental e cognitivo da SPICI, bem como varios dos seus subdominios,
através do exame objetivo e multiplas escalas, preferencialmente as previstas no “Core Outcome
Set for Survivors of Acute Respiratory Failure™2'4, De facto, as caracteristicas metodologicas deste
estudo de investigagao constituem uma mais-valia uma vez que a maioria dos estudos publicados
até a data baseava-se em avaliagOes Unicas, feitas maioritariamente por via telefénica, portanto
sem objetivacdo e quantificagao dos défices possiveis, do seu impacto funcional e da sua evolugao

temporal136. 215,

Além da analise detalhada dos trés dominios da SPICI, e apesar de a funcionalidade estar
classicamente incluida no dominio fisico, na nossa analise esta foi considerada separadamente.
De facto, as alteragdes nos trés dominios da SPICI podem constituir barreiras a autonomia e
consubstanciar-se com alteragdes na funcionalidade, motivo pelo qual esta vertente foi avaliada
separadamente. Uma vez que o contexto das avaliagdes destes doentes era uniprofissional e em
ambulatorio, optamos por utilizar a forma auto-reportada da Medida de Independéncia Funcional.
Apesar de esta ser uma limitagdo do estudo, pelo facto de n&o ter sido feita a aplicagdo em
contexto de vida real deste instrumento num ambito idealmente multiprofissional, a sustentagao
cientifica proveniente de outras populagdes de que existe uma correlagdo moderada entre a
avaliagdo direta e a auto-reportada diminui o énus desta limitagdo na validade dos nossos

resultados?'®.

Os resultados desta investigacéo revelaram que, aos 6 meses apés alta da UCI, sobreviventes
de COVID-19 critica apresentam alteragbes consideraveis no dominio fisico, traduzidas por uma
significativa reducdo na qualidade de vida, for¢a muscular, equilibrio e capacidade de marcha, e
um significativo aumento dos niveis de fadiga. Apesar de todos estes sub-dominios apresentarem

uma evolugdo favoravel ao longo do primeiro ano ap6s alta da UCI, foi constatada uma
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persisténcia de défices significativos de forga muscular, equilibrio e capacidade de marcha aos
doze meses apos alta da UCI. No que se refere ao dominio mental, verificou-se um valor
significativamente superior de ansiedade e depressao aos seis e doze meses pos alta da UCI,
apesar da melhoria expressiva neste periodo. Relativamente a cognicéo, sobreviventes de doenca
critica por SDRA a SARS-CoV-2 apresentaram quadros de disfungdo cognitiva clinicamente
significativa aos seis e doze meses apos alta. No entanto, este dominio evoluiu também de modo
positivo no periodo de estudo. No que se refere a andlise da funcionalidade, é de realgar ainda
que apenas cerca de metade da amostra estava autdnoma seis meses apds a alta da UCI, valor

que aumentou para aproximadamente 70% nos seis meses subsequentes.

De facto, no dominio fisico, foi evidente a persisténcia de sequelas motoras clinicamente
significativas ao longo do primeiro ano po6s alta da UCI. Estas sequelas, particularmente
objetivaveis como défices de forga muscular, de equilibrio e da capacidade de marcha, séo
abordaveis e trataveis em programas de MFR, com intervencao de fisioterapia e enfermagem de

reabilitagdo. A atempada integracéo nestes programas associa-se a beneficios significativos2'7.

Destaca-se ainda que este estudo inclui, no dominio fisico, a analise de dois subdominios nao
comummente explorados na literatura e que se revestem de uma importancia eventualmente

significativa: as alteragdes da sensibilidade e os SDTCS.

No que se refere as alteragbes sensitivas sequelares @ COVID-19, foi formalmente
questionada na entrevista clinica e avaliada ao exame objetivo a presenca de hiperestesia,
hipo/anestesia, disestesias e parestesias nos multiplos dermatomos corporais. Na nossa amostra
as alteragbes sensitivas ndo foram comuns. Apesar disto, € de destacar que estas alteragdes ndo
apresentaram uma evolugao significativa ao longo do tempo. Este € um dado relevante pois
levanta a hipdtese de a caracterizacdo e intervengdo nesta sequela poder ndo estar a ser
adequada e ajustada as necessidades da populagdo. As alteracdes da sensibilidade, apesar de
potencialmente mais dificeis de avaliar e valorizar clinicamente, séo défices neurolégicos com um

significativo impacto na qualidade de vida e funcionalidade dos doentes?'s.

Relativamente aos SDTCS, apesar da sua significativa prevaléncia em doentes criticos
COVID-19 e da documentagdo de alteragBes estruturais no trato cortico-espinhal em estudos
neuro-imagiolégicos realizados em fase aguda, nos sobreviventes de COVID-19 critica este
subdominio néo tem sido analisado formalmente®. 92. 171, No entanto, realgamos a importancia
destas avaliagdes, e da eventual intervengéo dirigida. Por um lado, a alteragdo da normal resposta
clinica na avaliagdo dos SDTCS pode ser uma pista para o precoce diagnéstico de uma possivel
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complicagéo envolvendo o SNC ou o SNP. Por outro, alguns dos SDTCS, nomeadamente as
alteragdes do controlo motor e o clénus, podem ter uma relevancia clinica e funcional significativa.
A titulo de exemplo, o clonus da articulagéo tibiotarsica pode interferir com a marcha
(especificamente condicionando uma menor cadéncia, clearance ou necessidade de utilizar
auxiliares de marcha), com a postura e com o sono?'9. Ademais, pode também condicionar
dificuldade nas transferéncias, fadiga e diminuicdo da performance laboral, com um inerente
impacto nas atividades de vida diaria2'®. A abordagem a esta sequela deve ser idealmente feita
num contexto multiprofissional, com intervengdo de médico de MFR para o desenho de um
programa integrado de reabilitacdo, o qual pode incluir a implementac&o de técnicas cinesioldgicas
por fisioterapeuta, estratégias farmacolégicas, orais ou intra-musculares (como sendo a infiltragéo

de toxina botulinica), entre outras.220,

Relativamente ao dominio mental, verificou-se também a presenca de sintomas compativeis
com quadros ansiosos € depressivos na nossa amostra. Pelo facto de estes sintomas, de acordo
com os dados de Coleman et al, parecerem ser particularmente prevalentes nos primeiros 120
dias apo6s a infegdo por SARS-CoV-2, o rastreio atempado e a ulterior referenciagéo e/ou

discussé@o em contexto multidisciplinar, revela-se particularmente pertinente??1.

No que se refere ao dominio cognitivo, uma caracteristica também distintiva desta analise foi
ter sido formalmente analisada a fungdo cognitiva através de um instrumento de rastreio
amplamente validado (o Montreal Cognitive Assessment), ao invés de apenas caracterizada a
percecao subjetiva destas alteracdes??2, Esta avaliagdo dirigida permite a melhor compreenséo
dos dominios afetados, tornando possivel a exploragdo diferencial dos varios dominios
possivelmente afetados utilizando ferramentas validadas e especificas para o efeito no ambito da
neuropsicologia. Apds este estudo mais alargado, é a adequada caracterizagéo dos dominios mais
deficitarios que ird ditar os objetivos, componentes e tecnologias utilizadas no @mbito dos
programas terapéuticos de MFR, os quais podem ser unimodais com intervengéo exclusivamente
neuropsicolégica, ou multimodais, em conjunto com a intervengé@o de outras areas terapéuticas

como sendo a terapia da fala e a terapia ocupacional.

Com este estudo conclui-se que existe um impacto fisico, mental e cognitivo significativo da
doenga COVID-19 critica, sendo este objetivavel aos seis e doze meses apos alta da UCI. Este
impacto apresenta uma clara tradugdo na funcionalidade, com alteragdes também expressivas

neste contexto. No entanto, parece existir uma evolug&o paulatina, mas positiva, sustentada e
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significativa, de todos os dominios da SPICI e na funcionalidade ao longo do primeiro ano pos alta
da UCI.

Como tal, propde-se com base nos dados desta anélise que seja mantida a monitorizacao, e
eventualmente a intervencéo, por MFR pelo menos no primeiro ano pos UCI, mas possivelmente
por um periodo mais prolongado. A abrangéncia da Especialidade, com intervengdo num ambito
multiprofissional (incluindo, de acordo com a necessidade, cuidados de enfermagem de
reabilitacdo, de fisioterapia, de terapia da fala, de terapia ocupacional, de ortoprotesia, de
neuropsicologia, entre outros) justifica o seguimento destes doentes por MFR. Adicionalmente, a
proximidade com outras Especialidades clinicas, decorrente da frequente necessidade de
cuidados de MFR nos varios contextos clinicos, podera garantir o sucesso na comunicagao e
discusséo interdisciplinar de cada caso. Dada a diversidade e amplitude dos défices revelados,
propde-se assim a implementagdo de uma abordagem individualizada num contexto

multiprofissional, integral e abrangente.
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Os varios estudos constituintes desta Tese apresentaram limitagdes.

Em primeiro lugar, destaco a natureza observacional dos estudos constituintes desta Tese.
De facto, para tentar atingir os objetivos definidos para os diferentes trabalhos, esta metodologia
pareceu-nos adequada. No entanto, o desenho e implementacéo de estudos experimentais em
continuidade com alguns dos trabalhos desenvolvidos seria importante para melhor caracterizar e

esclarecer as questdes associadas aos mesmos.

Em segundo lugar, é também de realgar o caracter unicéntrico dos estudos como uma
limitagdo. No entanto, realgo que o Centro Hospitalar Universitario de Sdo Jo&o é um centro
terciario, com uma extensa abrangéncia geografica, € que inclui varias UCI especializadas
recebendo, portanto, doentes de outras instituicdes para cuidados intensivos mais diferenciados,

0 que pode potenciar a validade externa dos nossos achados.

Em terceiro lugar, e no que se refere aos métodos de colheita de dados, nos varios estudos
realizados parte ou a totalidade dos dados foram recolhidos a partir dos processos clinicos
eletronicos, ndo permitindo excluir a presenca de vieses de medigdo, de informagdo e de
classificagao. Tal facto é particularmente relevante quando nos debrugamos sobre investigacao
realizada numa época pandémica, em que a sobrelotacdo das UCI obrigou & maior prioriza¢do da
avaliagéo dos doentes em eventual detrimento dos registos clinicos, com potenciais repercussdes
na extenséo, qualidade e completude dos mesmos. De modo a mitigar a existéncia de adicionais
vieses neste processo, a recolha de dados foi feita de modo estandardizado, utilizando formularios

pré-definidos.
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CONCLUSOES

Este projeto visou contribuir para uma melhor compreensdo do doente critico COVID-19,
especificamente numa abordagem de “antes”, “durante” e “depois” do internamento em UCI. A
investigacao foi essencialmente debrugada sobre os tépicos da disfungdo neurolégica e do

impacto funcional da doenga COVID-19 a médio e longo prazo.

Esta dissertacao oferece uma perspetiva original, mas fundamentada, sobre estes topicos. No
entanto, reconhego que o projeto ndo responde a todas as perguntas sobre este tema. Espero,
contudo, que possa incentivar e integrar um processo que permita fazé-lo, com o objetivo ultimo

de melhorar a qualidade da atividade assistencial prestada a estes doentes.
As principais conclusdes deste trabalho foram:

1. A presenca de comorbilidades neuroldgicas, especificamente a DVC prévia, associa-se a um
risco de mortalidade 2,51 vezes superior em doentes criticos COVID-19.

1.1 Esta comorbilidade é um fator de risco independente para maior mortalidade.

2. Adoenca critica COVID-19 associa-se a um risco 1,98 vezes superior de desenvolver sinais,
sintomas ou sindromes neuroldgicas, em comparagao com outras etiologias infeciosas de
SDRA critica.

3. As lesdes por pressdo sdo comuns em doentes COVID-19 criticos. O sexo (masculino), a
hipertens&o (comorbilidade) e os valores mais baixos de hemoglobina e albumina a admisséo
da UCI s&o preditores independentes para o desenvolvimento de lesdes por pressdo. O
PRINCOVID é um modelo multivariado de predigéo de risco que inclui estes 4 fatores, para 0s
quais esta definida uma pontuagao a atribuir, 0 que permite a classificagcdo dos doentes de
acordo com o seu risco de desenvolver esta complicacao.

3.1 O modelo PRINCOVID tem maior poder, em comparagao com a escala de Braden,
para predizer lesdes por pressdo em doentes criticos COVID-19.

4. Os sobreviventes de doenca critica COVID-19 apresentam sequelas nos dominios fisico,
mental e cognitivo aos seis e doze meses ap6s alta da UCI.

4.1 Estas sequelas evoluem favoravelmente neste periodo; no entanto alguns
subdominios fisicos, 0 dominio mental € o dominio cognitivo mantém-se

significativamente alterados apds este periodo.
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PERSPECTIVAS FUTURAS

A presente dissertacdo resume um longo trabalho de investigacdo, centrado num tdpico

complexo, um caminho feito de imperfeicdes, desafios constantes e aprendizagem continua.

Como acredito que deve ocorrer no término de um processo deste tipo, sdo varios 0s possiveis

caminhos de continuidade desta investigagao.

H& duas linhas essenciais de potencial continuidade deste trabalho: a da relagéo entre a
doenga COVID-19 e a disfungao neuroldgica e a do impacto da MFR nas sequelas da doenga
critica COVID-19.

Relativamente a relagéo entre a doenga COVID-19 e a disfungao neurolégica, destacam-se

alguns potenciais objetivos a seguir:

1. Analisar o efeito de outras comorbilidades neurolégicas na mortalidade destes doentes;

2. Caracterizar o impacto a longo prazo da presenca de manifestagdes neurologicas durante a
permanéncia em UCI na mortalidade e na funcionalidade;

3. Analisar a relagao entre a presenga de SDTCS, sindromes clinicas e alteragdes estruturais
em estudos neuro-imagioldgicos;

4. Avaliar a concordancia inter- e intra-observador na avaliagdo de SDTCS em contexto de UCI.

No que se refere a potencial continuagao da investigacdo no ambito do impacto da MFR na

doenca critica COVID-19, realgam-se também alguns possiveis objetivos:

1. Validar o score PRINCOVID em outras populagdes de doentes COVID-19 criticos;

2. Analisar a aplicabilidade e poder do modelo PRINCOVID em doentes criticos por outras
etiologias;

3. Avaliar a persisténcia e padrao de evolugédo da SPICI em doentes COVID-19 criticos ap6s o
primeiro ano da alta da UCI;

4. ldentificar fatores de risco, e ulteriormente desenvolver modelos preditivos de risco e
prognéstico para a SPICI COVID-19;

5. Auvaliar o efeito da vacinagao e das terapéuticas farmacoldgicas emergentes na morbilidade a
longo prazo dos sobreviventes & COVID-19 critica;

6. Comparar diferentes programas de MFR para compreender qual é a abordagem mais
vantajosa tanto no doente COVID-19 critico agudo como depois na fase subaguda e cronica,

especificamente avaliando a diferenca entre programas intensivos de internamento e de
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ambulatorio, uni e multimodais, bem como o impacto de distintos timings de inicio do

programa, sua intensidade e frequéncia.
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