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RESUMO

As doencas cerebrovasculares representam a segunda maior causa de
Obitos no Brasil e na América Latina e constituem o reflexo de vida sécio-econémico
do mundo moderno. A hemiplegia, sequela comum dos acidentes vasculares
encefélicos, estd acompanhada de hipertonia do lado afetado que prejudica o
controle motor do troco. Portanto o comprometimento dos musculos respiratérios
induz o paciente a alteracdes eletromiograficas do lado plégico, de padréao
respiratorio, hemogasimétricos, espirométricos e cinematica diafragmatica. O
objetivo deste estudo foi avaliar a repercussdo especifica da hemiplegia sobre a
funcdo pulmonar e a mobilidade das hemiclapulas diafragmaticas. Em 20
hemiplégicos e 8 pacientes controle, foram avaliados a capacidade inspiratéria com
o ventildmetro e simultaneamente a mobilidade diafragmatica com a ultra-sonografia.
A forca dos mausculos inspiratérios (Pimax) foi avaliada com o manovacuémetro.
Para os hemiplégicos, utilizada a escala MAS (Motor Assessment Scale) para
quantificar a funcdo motora. Na hemiplegia a direita, a mobilidade foi 4,97+0,78cm e
4,20+1,45cm e na hemiplegia a esquerda 4,42+0,92cm e 4,66t1,17cm para as
hemicupulas direita e esquerda, respectivamente. A Pimax nos hemiplégicos a
direita foi -48,75+27,5cmH,O e a esquerda, -74,17+13,57 cmH,O. O volume
expiratério forcado no primeiro segundo (VEF;) foi 0,75+0,14 na hemiplegia a direita
e o pico de fluxo expiratério (PFE) e o fluxo expiratorio forcado entre 25 e 75% da
capacidade vital forcada (FEF2s.759,) foram menores que o grupo controle em ambos
os grupos de hemiplégicos. Desta forma, a hemiplegia a direita apresenta maior
comprometimento dos musculos respiratérios em relacdo a hemiplegia a esquerda
devido ao posicionamento fisiolégico das hemicupulas diafragmaticas que pode ser

afetado pela hemiplegia.



Palavras-chave: Hemiplegia, mobilidade diafragmatica, ultra-sonografia
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ABSTRACT

The cerebrovascular diseases is the second-most cause of death in Brazil and
Latin America and is a refection of an economic and social lifestyle in the modern
world. The Hemiplegia, common complication of stroke, is accompanied by
hypertonic tonus in the affect side compromises the motor control of the entire body.
Therefore the respiratory muscles compromited muscles causes electromyographic
abnormalities on the paralyzed side as well as abnormalities in breathing pattern,
blood gas variables, spirometric variables and diaphragm kinematics. The aim of the
present study was to assess the specific repercussion of the hemiplegia regarding
lung function and movement of the domes of the diaphragm. Inspiratory capacity
(with ventilometer) and diaphragmatic movement (with ultrasonography) were
assessed in 20 hemiplegic patients and eight controls. The inspiratory muscles force
(Plmax) was assessed using a manovacuometer. For the hemiplegics patients, the
MAS scale (Motor Assessment Scale) was used to assessment motor function. In
right-side hemiplegia, movement was 4.97+0.78cm and 4.20+1.45cm for the right
and left domes of the diaphragm, respectively, whereas these values were
4.42+0.92cm and 4.66x1.17cm in left-side hemiplegia. Plnax was -48.75+£27.5 cmH,0
in right-side hemiplegic patients and -74.17+13.57 cmH,0 in left-side hemiplegic
patients. The forced expiratory volume in the first second (FEV;) was 0.75+0.14 in
right-side hemiplegia. The peak expiratory flow (PEF) and the mean forced expiratory
flow between 25 and 75% of the forced vital capacity (FEF,s.750,) were lower in both
hemiplegic groups than in the control group. Thus, right-side hemiplegia exhibited
greater impairment of the respiratory muscles than left-side hemiplegia due to the
physiologic positioning of the domes of the diaphragm wich may be compromised for

hemiplegia.



Keywords: Hemiplegia, diaphragmatic movement, ultrasound
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Introducéo

A hemiplegia constitui a mais frequente sequela motora resultante de eventos
isquémicos ou hemorragicos no SNC. Na maior parte dos pacientes, a hemiplegia
apresenta-se acompanhada de hipertonia do lado afetado e provoca um importante
déficit motor que compromete o controle do tronco e a realizagdo dos movimentos

gue compdem o ciclo respiratério.

Como consequéncia, estas alteracdes predispdem o paciente as infeccdes
respiratorias e provocam alteracbes de padrdo respiratorio, parametros
hemogasimétricos, espirométricos, do sinal eletromiografico dos musculos
respiratorios envolvidos com o lado plégico e até cineméatica diafragmatica

comprometida.

Vérios estudos tentam mostrar o grau de comprometimento do sistema
respiratério na hemiplegia, entretanto, n&o avaliam a magnitude do
comprometimento motor da hemiplegia e suas repercussbes sobre o sistema

respiratorio.

Este estudo avaliou pacientes com hemiplegia a direita e hemiplegia a
esquerda na tentativa de verificar como comprometem especificamente o sistema

respiratorio.
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Dados Epidemiolégicos

As doencas cerebrovasculares no Brasil apresentam-se como um reflexo do
estilo de vida econdémico e social e constituem a segunda causa de morte em todo
pais e na América Latina (Dornelas de Andrade e Dean, 2008). De acordo com a
Organizacdo Mundial de Saude (OMS), o Acidente Vascular Encefalico (AVE)
constitui a terceira maior causa de Obitos em todo o mundo (cerca de 5 milhdes de
Obitos ao ano) e estima-se que em 2030 este numero ultrapasse os 8 milhdes de
Obitos ao ano (cerca de 12% das causas de morte em todo o mundo (World Health
Organization, 2008).

Dados do Ministério da Saude revelam que no ano de 2004 a Taxa de
Mortalidade Especifica (TME), calculada pelos o6bitos ocorridos a cada 100.000
habitantes, foi de 90.930 mortes por comprometimento vascular cerebral (Brasil,
Ministério da Saude, 2007). Estas taxas refletem apenas os 6bitos que foram
informados ao Sistema de Informagbes de Mortalidade (SIM). Neste mesmo ano, no
estado de Pernambuco a TME foi de 4.679 O&bitos atribuidos a doencas
cerebrovasculares (Brasil, Ministério da Saude, 2007).

A hipertenséo tem sido relacionada como o principal fator de risco, seguidos
de: diabetes, tabagismo, consumo frequente de alcool e drogas, estresse,
hipercolesterolemia, doencas cardiovasculares (arritmia, infarto do miocardio e
Doenca de Chagas), sedentarismo e doencas hematoldgicas. Dentre estes, alguns
sdo passiveis de modificacBes, enquanto outros ndo, como a idade avancada e o
historico familiar (Dornelas de Andrade e Dean, 2008).

Ha evidéncias de que a deteccdo, o tratamento e controle da Hipertensao
Arterial Sistémica (HAS) estdo associados com a reducdo da mortalidade e

morbidade por AVC. Entretanto, a redugdo ou até mesmo o tratamento dos outros
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fatores de risco também poderia estar associado com o declinio da mortalidade por
AVC (Desmond et al., 1993).

Em relacdo ao tabagismo, sdo controversas as associacfes entre este e 0
declinio da mortalidade por AVC, apesar de ser um fator de risco tdo prevalente
guanto a HAS para a ocorréncia das doencas cardiovasculares. Do mesmo modo, a
obesidade, a hipercolesterolemia, e a diabetes mellitus possuem associacfes
positivas para a ocorréncia das doencas cerebrovasculares. A ingestdo aumentada
de sodio e a dependéncia de alcool possuem forte associacdo com o AVC pela

prevaléncia aumentada da HAS nestes individuos (Desmond et al., 1993).

Repercussdes do Acidente Vascular Encefalico sobre o Sistema Respiratério

Os acidentes cerebrovasculares (AVC) podem ser decorrentes de eventos
hemorragicos ou isquémicos no sistema nervoso central. A hemiplegia secundaria a
um dano focal e contralateral no SNC é caracterizada por paralisia de um hemicorpo
gerada por dano neurolégico no lado do cérebro oposto (geralmente com
envolvimento do coértex motor primario contralateral ou do trato piramidal) ao
paralisado podendo estar acompanhada de hipertonia muscular do lado
comprometido durante a realizagdo de atividades motoras voluntarias (Nelles et

al.,1999).

A hemiplegia gera varias alteracfes posturais, tbnicas e de controle motor que
implicam na inadequada funcionalidade de todo o corpo, incluindo o tronco, pois,
mesmo sendo plégico, somente em um dos lados ocorre falta de uma acéo
estabilizadora quando €& desempenhado algum movimento corporal. Em

consequéncia, os atos motores aparecem como padrées anormais de movimento,
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caracterizados como movimentos estereotipados em virtude da perda da sinergia
entre os musculos flexores e extensores conforme observado na Escala de
Avaliacdo de Funcdo Motora (MAS- Motor Assessment Scale) (Carr et al., 1985;
Summerhill et al., 2008).

Sendo a respiracdo um ato motor intensamente coordenado, a hemiplegia
pode comprometer o controle motor necessario para a manutencao da sinergia entre
todos os musculos que sdo responsaveis para a realizacdo de um ciclo respiratorio
eficaz (Howard et al., 2001).

Durante a fase aguda do AVC, grande parte destes pacientes desenvolve
hipoxemia, perda da protecdo das vias aéreas observada principalmente pelo débil
reflexo de tosse, dificuldades de degluticéo, risco elevado de broncoaspiracéo, além
de alguns ainda apresentarem importante comprometimento do nivel de consciéncia
(Houston et al., 1995; Hamdy et al., 2000; Roffe et al., 2001; Tyson e Nightingale,
2004). Por estas razbes, freqlientemente ha necessidade de assisténcia ventilatoria
mecanica durante esta fase. Ja na fase crbnica, além das alteracdes neuromotoras
(como hipertonia, por exemplo), hd o comprometimento dos musculos respiratorios
em diferentes graus prejudicando a dinamica do sistema respiratorio, de acordo com
o local e extensdo da lesédo neuroldgica (Polkey et al., 1999; Howard et al., 2001;

Lanini et al., 2003).

Ja& que a respiracdo resulta de uma a¢do motora coordenada envolvendo os
musculos dos dois dimidios, além da contribuicdo das propriedades mecénicas
pulmonares, ha relatos de que a hemiplegia possa comprometer a coordenacao da
contracdo muscular que prové os movimentos respiratérios tendo em vista que as
duas porc¢Bes do diafragma (costal e crural) também participam do controle postural

de diversas formas (McMahon e Heyman, 1974; Brichant e De Troyer, 1997; Polkey
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et al., 1999; Roffe et al., 2001; Lanini et al., 2002; Laghi e Tobin, 2003; Lanini et al.,

2003).

Ha evidéncias de que a hemiplegia secundaria ao AVC esteja associada a
elevado risco de morte, que em parte deve-se as causas respiratdrias, em sua
maioria, as infeccbes pulmonares. O risco destas infeccfes se torna ainda mais
elevado se considerarmos as alteracbes motoras presentes na degluticdo, o que
acarreta elevado risco de broncoaspiracdes e de infeccdo recidivante do trato
respiratério, como consequéncia (Cao et al., 1998; Polkey et al., 1999).

Além do risco elevado de infec¢bes respiratorias, varios estudos tém relatado
alteracdes funcionais sobre o sistema respiratorio decorrentes das sequelas motoras
que o AVC acarreta (McMahon e Heyman, 1974; Lanini et al., 2002; Laghi e Tobin,
2003; Lanini et al.,, 2003; Strauss et al.,, 2004). No entanto, determinados
componentes do sistema neuronal que compdem o controle ventilatério e como o
fazem ainda permanecem pouco esclarecidos, o que dificulta a determinacdo das
alteracdes ventilatérias presentes nos diversos tipos de les6es que envolvem o AVC
(Colebatch et al., 1991; Maskill et al., 1991; Bianchi, Denavit-Saubié, Champagnat,
1995; Evans, Shea, Saykin, 1999).

A doenca vascular cerebral pode estar associada com uma variedade de
alteracdes no sistema respiratorio. Dentre estas, o ritmo ataxico, de Cheyne-Stokes,
apnéustico e a hiperventilacdo neurogénica séo observadas com frequiéncia, embora
seus mecanismos exatos ainda sejam pouco entendidos (Khedr et al., 2000;
Mamming et al., 2000; Brack et al., 2005; Tarulli et al., 2005).

Estes distirbios podem afetar as fungbBes respiratérias em termos de
anormalidades no padrao respiratorio, concentracdo dos gases do sangue arterial e

musculos respiratérios. Possivelmente, as propriedades mecanicas (como
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complascéncia e resisténcia de vias aéreas) do pulmao do lado plégico ndo sofrem
alteracdes (McMahon e Heyman, 1974).

Estas anormalidades podem estar associadas com o déficit de forca dos
musculos respiratorios e a reducdo dos movimentos da caixa toracica, também
afetados pela perda do sinergismo e controle postural normal do tronco corporal,
além do indiscutivel papel desempenhado por alguns muasculos respiratérios no
controle postural (Ward, Ward, McKlem, 1992; Sharshar et al., 2005).

Estudos recentes sugerem que o drive neural alterado para os musculos
afetados em pacientes com AVC possa causar mudancas neuromusculares além da
espasticidade, como fraqueza, fadiga, alteracdes contrateis, reducdo das unidades
motoras além da reducdo da taxa dos disparos para esta unidades (Macefield e

Gandevia, 1991, Butler, Mckenzie, Gandevia, 2001; Butler et al., 2007).

LesBes isquémicas nos hemisférios cerebrais podem induzir a alteracdes
ventilatorias em grau moderado além de disfuncbes nos musculos respiratorios
contralaterais (McMahon e Heyman, 1974; Polkey et al., 1999; Howard et al., 2001;
Lanini et al., 2003; Laghi e Tobin, 2003). Estudos de estimulacdo elétrica
transcraniana demonstram que para cada hemidiafragma, existe uma representacéo
no cortex motor contralateral através das vias oligossinapticas do coértex ao
diafragma (incluindo o coértex motor primario e a area motora suplementar)
(Similowsky et al., 1996; Khedr et al., 2000). Similares consideracdes tém sido
aplicadas para os musculos paraesternais e intercostais. Ha relatos clinicos de que a
doenca do neurdnio motor superior com envolvimento bulbar possa levar a
anormalidades de controle e forca dos musculos laringeos e faringeos, o que pode

causar oscilacoes de fluxo durante a inspiracdo ou expiracao, refletindo um padrao
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de obstrucdo de vias aéreas superiores (Garcia-Pachén et al.,, 1994; Paton e
Dutschmann, 2002).

Dentre as principais alteracfes ventilatérias presentes em individuos
hemiplégicos, a disfuncdo diafragmética tem sido extensamente relatada (Lee,
Classen, Resch, 1974; Teitelbaum et al., 1993; Brichant e De Troyer, 1997; Polkey et
al., 1999; Scillia, Campelo, De Troyer, 2002; Laghi e Tobin, 2003; Lanini et al.,
2003). Como o diafragma contribui em torno de 70% da ventilacdo total em
individuos saudaveis na posicdo supina, patologias que cursam com disfungéo
ventilatoria do diafragma causam déficit de funcéo respiratoria associada (Xu e
Frazier, 1995).

Em pacientes com sequelas de AVC, as alteracdes de funcdo ventilatéria
podem causar sérias complicacdes e freqiientemente estdo associadas as infeccdes
do trato respiratério. Ha relatos de reducdes da capacidade vital forcada (CVF),
volume expiratorio forcado no primeiro segundo (VEF1) e pico de fluxo expiratério
(PFE) em até 50% do valor predito para individuos nao afetados. Isto basea-se no
fato de que, sendo o diafragma o principal masculo ventilatorio, a reducéo da forca e
da mobilidade do diafragma associadas a disfuncdo dos musculos abdominais no
hemicorpo afetado possam afetar a funcéo respiratéria (Xu e Frazier, 1995; Howard
et al., 2001).

Alteracbes eletromiograficas dos musculos da caixa toracica, reducdes da
excursdo diafragmatica e dos movimentos toracicos tem sido bastante relatados
durante os movimentos respiratérios voluntarios (Verschakelen, Deschepper,
Demedts, 1992; Cohen et al., 1994a; Houston et al., 1994; Xu e Frazier, 1995;
Howard et al., 2001). Neste contexto, estudos realizados com mensuracdes

fluoroscépicas e ultrassonograficas relatam a reducdo do volume corrente e dos
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movimentos diafragmaticos durante a respiracdo voluntaria no eixo cranio-caudal
entretanto durante os movimentos ventilatérios automaticos estas alteracfes sao
muito pouco relatadas (McMahon e Heyman, 1974; Xu e Frazier, 1995; Houston ,
1995). Adicionalmente, em alguns pacientes com hemiplegia, as radiografias
toracicas apresentam elevacdo da cupula diafragmatica do hemicorpo afetado em
relacdo ao hemitérax ndo afetado, embora existam estudos que nédo relatam
alteracOes significativas (McMahon e Heyman, 1974; Howard et al., 2001; Lanini et
al., 2003).

Alguns estudos ainda descrevem que possa haver paralisia do
hemidiafragma afetado e que a ocorréncia da hipoxia esta diretamente associada a
disfuncdo ventilatéria instalada. Pacientes com de paralisia diafragmatica
apresentam elevacao da hemicupula do lado acometido, entretanto, em casos de
paresia diafragmatica (comum nos hemiplégicos) esta elevacdo pode ndo estar
presente (Scillia, Campelo, De Troyer, 2002; Hu, Tong, Tong, 2007). A paralisia de
uma hemicupula pode ser detectada pela auséncia de movimento ou mobilidade
paradoxal do lado afetado através do ultra-som (Houston et al., 1995; Gandevia et
al., 2006).

Adicionalmente, estudos realizados em cdes com paralisia especifica de um
dos hemidiafragmas relatam que o deslocamento do hemidiafragma paralisado &
determinado tanto pelas variacfes na pressao pleural quanto pelo encurtamento do
hemidiafragma intacto, o que pode ser atribuido também a humanos, de acordo com
estes autores (Bricnat e De Troyer, 1997). Ainda ha relatos de que a atividade dos
musculos paraesternais possa estar aumentada nesta ocasido, 0 que causa um
aumento do deslocamento anterior do gradil costal (Lee, Classen, Resch, 1974;

Ward, Ward, MacKelem, 1992; Butler, Mckenzie, Gandevia, 2001; Gandevia et al.,
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2006). E freqiiente que pacientes hemiplégicos apresentem queda da saturacéo
arterial de oxigénio, hipoxia e hipocapnia (Roffe et al., 2003). Frente a hipoventilacao
unilateral, havera uma desigualdade entre ventilacdo e perfusdo no hemitdrax
afetado, o que pode acarretar em shunt pulmonar e posterior hipdxia, sendo este,
por si s6, um estimulo que pode estar relacionado a hiperventilagdo presente em
pacientes com AVC (Tarulli et al., 2005).

A hiperventilacdo secundaria a hipoxia tende a produzir um padréo
hemogasimétrico de alcalose respiratéria, que pode ser compensada com uma
acidose metabdlica dentro de algumas horas. Isto justifica a tendéncia de que em
individuos hemiplégicos ha uma baixa concentracdo sérica de bicarbonato. Além
disso, a hipocapnia na fase recente do AVC pode comprometer a circulacéo cerebral
e a plasticidade neuronal, tendo em vista que a hipocapnia pode reduzir o fluxo
sanguineo cerebral em até 35% (Xu e Frazier, 1995).

Semelhante a hiperventilacdo presente em hemiplégicos, a hiperventilacdo
central neurogénica ocorre em lesées com comprometimento da formacéo reticular
na ponte ou ainda aquelas que comprometem as vias neurais descendentes que se
dirigem aos musculos respiratorios (Roffe et al., 2001; Brack et al., 2005; Freeman et
al., 2006).

O controle inibitorio do cortex é unilateral e cada hemisfério cerebral inibe a
resposta ventilatéria ao didxido de carbono (CO;) no lado oposto, ou seja, a inibicdo
da resposta ventilatoria ao CO, pode ser menor no lado parético em pacientes com
AVC no hemisfério unilateral (Classen et al., 1997; Haouzi, Chenuel, Whipp, 2007).

Infartos no territorio completo da artéria cerebral média e infartos capsulares
podem cursar com aumento do tempo de conducéo neuronal ou até auséncia deste

para o hemidiafragma comprometido, o que ndo ocorre em lesfes corticais. Lesdes
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corticais podem até apresentar este padrao devido a dispersdo das vias motoras na
regido cortical, se comparadas a capsula interna (Howard et al., 2001).

Observando este contexto, alguns destes estudos ainda relatam a importancia
da Fisioterapia com énfase sobre os musculos afetados na tentativa de melhoria da
oxigenacao e recuperacéo do quadro agudo do AVC (McMahon e Heyman, 1974; Xu

e Frazier, 1995).

AlteracOes Fisiopatoldgicas Pertinentes ao Acidente Vascular Encefélico

As lesdes focais nos hemisférios determinam disfuncdo ventilatéria
contralateral. Entretanto, como determinados componentes do sistema neuronal
que compdem o controle ventilatério permanecem pouco compreendidos, as
alteracOes ventilatorias presentes nos diversos tipos de lesdes que envolvem o SNC
também permanecem pouco esclarecidas (Macefield e Gandevia, 1991; Butler,

2007).

O controle neural da respiracdo em alguns animais e humanos depende de
um controle central que exerce controle sobre os musculos respiratérios e que é
modulado por impulsos aferentes relativos a alteragbes quimicas e mecéanicas
(Mellen, Roham, Feldman, 2004; Shashar, 2004). Pequenas lesdes isquémicas
podem ocasionalmente produzir desordens do controle ventilatério (distarbios na
geracdo do ritmo central respiratério), interrupcdes na transmissdo dos impulsos
eferentes pelas vias descendentes causando uma reducgdo do drive ventilatério e até
causando desordens bulbares que podem predispor o paciente a broncoaspiracdes
(Houston et al., 1995; Hamdy et al., 2000; Roffe et al., 2003).

O sistema automatico da respiracdo, também chamado de metabdlico,

constitui uma via homeostética juntamente com a ventilacao e que pode ser mediada



36
Almeida, I.C.I. Repercussoes...

pela manutencdo do equilibrio acido-basico e oxigenacdo para as demandas
metabolicas corporais (Aardweg e Karemaker, 2002; Haouzi, Chenuel, Wipp, 2007).
Este controle € mediado por areas localizadas no tegumento dorsolateral da ponte e
medula, na regido do nucleo do trato solitario e nucleo retroambigual. As lesdes
desta area interrompem o controle automatico da respiracéo e os pacientes mantém
a capacidade de respiracao voluntaria para manter seu padrdo ventilatorio durante a
vigilia, no entanto, durante o sono, ha um declinio progressivo do volume corrente e
da freqUéncia respiratéria, culminado com a apnéia (Cohen et al., 1994b).

Este modelo obedece a um controle central realizado principalmente pelo
tronco cerebral, sem a participacdo de centros superiores, entretanto, este padréo
automatico pode ser iniciado por um ato voluntario, através da ativacdo das vias

cortico-espinhais (McKay et al., 2003).

Infartos na regido bilateral tegumentar da ponte tem sido relacionada ao
modelo de respiracdo apneustico no qual ha uma longa pausa apés uma inspiracdo
completa ou ainda alternando entre uma longa pausa ap0s a expiracdao (McMahon e
Heyman, 1974; Howard et al., 2001). Deterioracdes medulares, acidentes vasculares
encefalicos (AVE) ou compressao propria de lesdes expansivas podem ocasionar o
ritmo atdxico em que o paciente apresenta uma respiracao irregular em termos de
frequéncia respiratéria e volume corrente alternando com periodos de apnéia
(Mamming e Leiter, 2000).

LesOes estruturais da medula oblonga, como infarto na regido da artéria
celebelar péstero-inferior que acarreta danos estruturais ou funcionais nas conexdes
aferentes ou eferentes com os musculos respiratérios, ocasiona no modelo de

hiperventilacdo central neurogénica na qual ha intensa atividade inspiratoria
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envolvendo o diafragma e intercostais inspiratorios, havendo inibicdo reciproca dos
intercostais expiratérios (Lanini et al., 2003; Brack et al., 2005; Freeman et al., 2006).

As lesBes do sistema voluntario levam a um padrdo respiratério
extremamente regular mesmo durante o0 sono e ainda a incapacidade de realizar
respiracdes profundas, pausas respiratorias voluntarias, tosse voluntaria e até iniciar
um padrdo voluntério de respiracdo, o que caracteriza as apraxias respiratérias. O
volume corrente permanece dependente da pressdo parcial de didxido de carbono
(PaCO3) no sangue e o reflexo de tosse esta preservado (Howard et al., 2001).

O ritmo respiratério de Cheyne-Stokes é o exemplo classico das apraxias
(Lanini et al., 2003). Este tipo de respiracdo € caracterizado por periodos de
hiperpnéia (com variacfes de volume corrente e frequéncia respiratoria) intercalados
por periodos de apnéia, sendo este Ultimo periodo muito maior do que o primeiro
(em média um minuto ou mais). As oscilacdes respiratorias relacionadas a este
ritmo também estdo associadas aos niveis de presséo parcial sanguinea de oxigénio
(PaO,), pressao parcial alveolar de oxigénio (PAQO,), pressao parcial alveolar de
diéxido de carbono (PACO;), PaCO,, tdnus muscular inclusive dos musculos
respiratorios, reflexos musculares, débito cardiaco e frequéncia respiratoria (Brack et
al., 2005; Haouzi, Chenuel, Whipp, 2007).

O sistema limbico atua para a manutencdo da respiracdo durante a
ocorréncia dos estimulos emocionais (ansiedade, risada, tosse), sendo que as
influéncias limbicas s&do anatomicamente e funcionalmente independentes do
controle da respiracao (Carr et al., 1985; Straus et al., 1997). LesGes na base da
ponte podem levar a perda do controle voluntario da respiracdo, no entanto, ha
preservacao das influéncias emocionais e voluntarias (Lee et al., 1976; Howard et

al., 2001; Polkey et al., 1999; Butler, 2007).
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Introduction

Cerebrovascular disease is a reflection of an economic and social lifestyle and
is the second-most cause of death in Brazil and Latin America (Dornelas de Andrade
and Dean, 2008). According to the World Health Organization, stroke is the third
greatest cause of death throughout the world (approximately five million deaths per
year) and it is estimated that by the year 2030, this number will surpass eight million
deaths per year — approximately 12% of the causes of death throughout the world

(WHO, 2008).

Stroke is related to hemorrhagic or ischemic events in the central nervous
system (CNS), the most common complication of which is hemiplegia. This condition
is characterized by paralysis on one side of the body caused by neurological damage
affecting the CNS on the opposite side and generally involves the contralateral motor
cortex or pyramidal tract. Consequently, there are postural, muscle tonus and motor
control abnormalities that imply inadequate functioning of the entire body and

compromise voluntary motor actions (Nelles et al., 1999).

Therefore, hemiplegia compromises the motor control necessary for the
maintenance of synergy between all muscles involved in the breathing cycle. These
abnormalities are related to reductions in respiratory muscle strength and
movements of the thoracic cage, which are also affected by the loss of synergy and
normal postural control of the trunk and respiratory muscles (Howard et al., 2001,

Butler, 2007).
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Depending on the location and extension of the neurological lesion, the
coordination of the muscle contractions responsible for respiratory movements may
be compromised (Classen et al., 1997; Benditt, 2006). These lesions may affect the
breathing pattern, concentration of arterial blood gases, pulmonary mechanics and
respiratory muscles (Polkey et al., 1999; Lanini et al., 2003; Lagui and Tobin, 2003;

Haouzi et al., 2007; McKay et al., 2003).

Studies carried out on hemiplegic individuals report reductions in forced vital
capacity (FVC), forced expiratory volume in the first second (FEV:) and peak
expiratory flow (PEF) by as much as 50% of values predicted for unaffected
individuals (Khedr et al., 2000). Electromyographic abnormalities in the muscles of
the thoracic cage as well as reductions in diaphragmatic excursion and thoracic
movements during voluntary respiratory movements have been reported (Garcia-
Pachon et al., 1994; Khedr et al., 2000; Lee et al., 1976). Studies with fluoroscopic
and ultrasound measurements report a reduction in flow volume and diaphragm
movement on the cranial-caudal axis during voluntary breathing. However, there are
few reports of this reduction for automatic breathing. A number of studies have
reported no excursion reduction in the compromised dome of the diaphragm in
approximately 50% of the hemiplegic individuals evaluated (MCMahon and Heyman,
1974; Lee et al., 1974, Teitelbaun et al., 1993; Houston et al., 1995a; Freeman et al.,
2006; Cohen et al., 1994b).

Patients with diaphragmatic paralysis exhibit an elevation in the affected dome
of the diaphragm. However, this elevation may not be present in cases of
diaphragmatic paresis (a common condition among hemiplegic patients). In some

patients, thoracic radiographs reveal an elevation of the diaphragmatic dome on the
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affected side. However, a number of studies have reported non-significant alterations
(Lanini et al., 2003; Laghi and Tobin, 2003).

Ultrasound is as effective as fluoroscopy for the diagnosis of abnormalities in
diaphragm movements (Houston et al., 1995; Cohen et al., 19942, Scott et al., 2006).
Some studies have found that the quantitative and qualitative ultrasound evaluation
of diaphragm movement is actually superior to fluoroscopic analysis (Houston et al.,
1994; Ward et al., 1992; Verschakelen et al., 1992; Summerhill et al., 2008).

However, the specific abnormalities of paralyzed side and the consequences
on the respiratory system were important in the strengthening of the respiratory
muscles affected by improving the mechanics of the respiratory system and
consequently the pulmonary function.

The aim of the present study was to assess the specific repercussions of right
and left-side hemiplegia on lung function and movement of the domes of the
diaphragm through an ultrasound evaluation of dome excursion on the paralyzed
side on the cranial-caudal axis as well as a spirometric assessment of lung volume

and capacity.

Methodology

Sample

Patients were evaluated between July and December, 2007. The project
received approval from the research ethics institutional committee. All participants

were informed as to the procedures of the study and signed terms of consent.
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The volunteers in the control group were selected based on the following
criteria: no history of smoking; no previous lung, kidney, endocrine, orthopedic or
rheumatologic disease or deformities of the spinal column that compromised the
mechanics of the respiratory system; not having undergone a respiratory exercise
program in the previous six months; and not having been submitted to abdominal
surgical procedures in the previous four weeks. The selection of hemiplegic
volunteers was based on the these same criteria and included the presence of
hemiplegia secondary to cerebrovascular disease, with the impairment of one of the
cerebral hemispheres (determined by computed tomography), with muscle
hypertonia on the affected side and sufficient cognitive level for the complete
understanding of the verbal commands and the performance of the voluntary
respiratory movements solicited. Volunteers unable to perform the required
movements, those with muscle hypotonia or in the acute stoke phase, those with
emotional lability that would affect the performance of the movements and those with
facial paralysis were excluded from the study. Patients with hemiplegia were
distributed into two groups: patients with right-side hemiplegia and patients with left-
side hemiplegia. All patients had more than 24 months of stroke episode occurrence.
The lung function tests, the diaphragmatic excursion and volumetric measurement,
the measurement of maximal inspiratory pressure and the quantification of motor

function were evaluated in this order.

Lung function tests

Spirometry (with Vitalography 2010 spirometer) was performed in compliance
with the guidelines of the American Thoracic Society (2005). The following

parameters were assessed during this test: FVC, forced expiratory volume in the first
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second (FEV3), mean forced expiratory flow between 25 and 75% of the FVC
maneuver (FEF2s.754) and peak expiratory flow (PEF); the first two parameters are
expressed in liters and the latter two are expressed in liters per minute (L/min). For
the maximal voluntary ventilation (MVV) maneuver, patients were asked to mobilize

the maximal volume of air in 12 seconds; the result is also expressed in L/min.

Three maneuvers were performed, with a two-minute interval between tests,
with the evaluation of a maximum of five tests and the maneuver was chosen the
most value. A spirometer was used and always calibrated prior to the evaluations.

Assessment of spirometry was performed with the seated positioning.
Diaphragmatic Excursion and Volumetric Measurement

Assessment of diaphragmatic excursion on the cranial-caudal axis was
performed using ultrasound in M mode (format that views the movement in a window
of time) using the LOGIQ™ 100 Pro (Siemens) model C36 and convex transducer
(FOV: 68%, ROC: 50 mm), with variable frequency between 3.5 and 5.0 MHz
depending on the depth of the structure for the best visualization of the image. For
this assessment, the volunteer remained in supine position, with a ten-degree
inclination of the upper part of the body. The movement of each hemidiaphragm was
determined in centimeters on the cranial-caudal axis, starting with the condition of
functional residual capacity until reaching total lung capacity. The volume of the
inspiratory capacity was measured simultaneously on an analog ventilometer
(Wright-Ferraris), using a mouthpiece and nose clip. To obtain the image, the
transducer was positioned on the abdominal wall just below the ribs between the mid
axillary line and mammillary line, forming a 45-degree angle between the transducer

and surface of the abdominal wall in the cephalic direction (Figure 1) (Cohen et al.,
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1994a; Houston et al., 1994). Thus, a hyperechoic chamber was viewed between the
lung and liver, with the point of reference being the intra-hepatic branches of the
portal vein and their movement (Figure 2). Three maneuvers were performed, with
the largest centimeter values chosen and the mean of these values determined.
There was a two-minute interval between measurements. All volumetric
measurements were performed in compliance with the American Thoracic Society

guidelines (2002).

Measurement of Maximal Inspiratory Pressure (Plmax)

Assessment of Plnax was performed with the same positioning used for the
spirometry. Using an analog manovacuometer (Marshal Town) with a mouthpiece
and nose clip, the patient was instructed to inhale with maximal possible force
starting from functional residual capacity and hold the breath for one to two seconds.
The best of three maneuvers was chosen for analysis. There was a two-minute

interval between maneuvers (American Thoracic Society, 2005).

Quantification of Motor Function

The Motor Assessment Scale (MAS) was used to assess motor function in the
hemiplegic individuals. This scale consists of eight items on different motor functions
and one item on muscle tonus. Each item is scored from 0 to 6 points based on
performance. The motor function tests assesses performance in supine to lateral
decubitus position, supine position to sitting on the side of the bed, seated balance,
gait, function of the lower limbs, hand movements, advanced manual activities and
general tonus. The muscles hypertonic were evaluated in the plegic side and were
presents passive resistance in movement handling and fast of the parts of body

evaluated. The items reflect the degree of compromised motor function, including
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control of the trunk of the body and function of the affected limbs, except the last
item, which indicates muscle tonus. The maximal score is 54 points. The score is
expressed as the percentage of the maximal expected score and indicates the

percentage of motor function achieved by each patient (Carr et al., 1985).

Statistical analysis

The Shapiro-Wilk test was applied to test the supposition of normality of the
variables and Bartlett's test was used to test the supposition of homogeneity. The
student’s t-test was used for the analysis of the variables with normal distribuition in
comparisons between two groups (hemiplegics and control). In comparisons among
more than two groups, analysis of variance (ANOVA) and Tukey’s post hoc test were
used to determine significant difference between groups. The chi-square proportion
test was used for the comparative analysis between the qualitative variables.
Pearson’s linear correlation coefficient was used in the correlation analysis. Results

are expressed as mean * standard deviation, with a 95% confidence interval.

Results

Among the 34 individuals evaluated, 20 were hemiplegic and 14 belonged to
the control group. Among the volunteers in the control group, three had flu and three
dropped out of the study. Thus, the overall sample included eight volunteers in the
control group (five men ant three women), eight individuals with right-side hemiplegia
(four men and four women) and twelve with left-side hemiplegia (four men and eight
women). Hemiplegia was secondary to cerebral lesions with a medical diagnosis of
either infarction or intracerebral hemorrhage compromising the territory of the middle

cerebral artery (one patient in each hemiplegic group had experienced a hemorrhage
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event). All hemiplegic patients had reports of initial sudden motor deficit on the
occasion of the diagnosis of stroke, which extended through to the time of the

evaluations.

Table 1 displays the distribution of patients regarding anthropometric,
spirometric and MAS data. For the diaphragmatic movement variables (observed on
the table 2), only the group with right-side hemiplegia had greater movement of the
right dome than the left dome (p= 0.02). There were no statistically significant
differences among the three groups in the movements of the right or left domes of

the diaphragm.

There were also no differences among the three groups regarding inspiratory
capacity volume. Plhax was lower in the group with right-side hemiplegia when

compared to the control group (p= 0.04).

The movement of the left dome and the had a strong positive correlation with
inspiratory capacity in both groups of hemiplegic patients (R?=0.79, p= 0.01 for right-
side hemiplegia; R?= 0.61, p= 0.03 for left-side hemiplegia) (Figures 1). Plnax had a
negative correlation with movement of the left dome in the group with left-side

hemiplegia (R*= -0.95, p= 0.002).

For pulmonary function, the values of just six patients with left-side
hemiplegica and four patients with right-side hemiplegia were considered, as the
remaining patients were unable to perform the necessary maneuver for the FVC (six
patients were unable to cover the mouthpiece with their lips and the rest did not
understand the command). For these same patients, the MAS score was
29.25+10.66 for those with right-side hemiplegia and 30.5+9.33 for those with left-

side hemiplegia and all hemiplegic patients presented hypertonicity tonus. FEV;
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values were lower in the group with right-side hemiplegia than the group with left-side
hemiplegia (p=0.02). FEF2s.750, and PEF values were lower in right hemiplegic group
when compared to the control group (p= 0.01 and p=0.009, respectively). In the intra-
group analysis, there was a positive correlation among the patients with hemiplegia
between the movement of the left dome and FEF.s.750 and PEF (R?*=0.68, p=0.04

and R?=0.75, p=0.002, respectively), as see in figure 2.

Discussion

Since the 1980s, ultrasound has been used in the quantitative and qualitative
assessment of functional disorders of the diaphragm. The method is a low-cost, non-
invasive alternative to radiological imaging and offers no potential health risk, as it
does not employ ionizing radiation (Cohen et al., 1994b). The image obtained is
hyperechoic, with the visualization of the right dome of the diaphragm generally
better than the left due to the presence of the liver in contrast to the stomach and
intestinal gases on the left side. In normal respiration, the diaphragm moves
downward from 1 to 3 cm. During forced inspiration, this movement can be as much
as 10 cm. For normal diaphragm movement, there must be cranial-caudal movement
of both domes as well as thoracic stability, which is achieved by the integrity of the

abdominal muscles (Kantarci et al., 2004).

In the present study, the individuals with left-side hemiplegia exhibited no
differences in diaphragm movement between the affected and unaffected sides,
whereas those with right-side hemiplegia exhibited greater movement on the affected
side. Houston et al. (1995a) report a reduction in bilateral excursion of the diaphragm

during deep inspiration in the first 72 hours following a stroke, observing that isolated
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paresis of the hemidiaphragm does not occur in this phase. Cohen et al. (1994a)
report that four of eight patients studied exhibited reduced diaphragmatic excursion
on the paralyzed side. Khedr et al. (2000) found reduced diaphragmatic excursion on
the affected side in just 41% of patients. The author also states that this reduction
was associated to moderate to severe dysfunction of the respiratory system, which

did not occur in the patients of the present study.

Comparing adults and children, Simansky et al. (2002) report that adults
tolerate isolated paralysis of the hemidiaphragm better and are generally more able
to compensate inefficient respiratory mechanics. Brichant and De Troyer (1997) state
that the inspiratory activity of the paraesternal muscles remained augmented even
after isolated paralysis of the diaphragm and that chemical stimuli may also be
involved. The difference in movement of the domes of the diaphragm in the present
study may be attributed to a bilateral cortical symmetrical representation of the
diaphragm, with no change in spirometric data, thereby suggesting that the affected
side does not exhibit damage in these pathways (Lanini et al., 2003). This may also
reflect an anatomical vulnerability in this cortical representation among these
individuals or the distribution of these corticospinal pathways in other areas of the
primary motor cortex. In isolated paralysis of the diaphragm, the integrity of the
intercostal and abdominal muscles is maintained and the mechanics of the thoracic

cage undergoes little harm. The same does not occur with hemiplegia.

Toledo et al. (2006) report that, in normal individuals, the right dome is in a
higher position (close to an intercostal space) than the left dome and exhibits greater
movement in approximately 90% of normal individuals. This situation is accentuated

in individuals over 40 years of age, which was the case of the present sample. Kedhr
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et al. (2000) and Cohen et al. (1994) state that, radiologically, the hemidiafragma on
the paralyzed side is more elevated than the healthy side. The diaphragm is known
to assume an either cephalic or caudal position depending on the thoracic and

abdominal conditions.

Perhaps it is for this reason that the paralyzed hemidiaphragm has greater
downward freedom during maximum inspiration. In an hemiplegic individual with the
right side impaired, the right dome of the diaphragm is even more elevated than the
left dome and there are kinetic disturbances in the thoracic cage caused by a deficit
in the straight and oblique abdominal muscles (compromising the stability of the
lower ribs), paraesternal intercostal muscles, outer intercostals muscles
(compromising thoracic expansibility) and scalene muscles (harming the elevation
and forward expansion of the rib cage). Plmax was lower in the hemiplegic individuals,
but this difference in comparison to the control group was only statistically significant
in the group with right-side hemiplegia. Thus the commitment of inspiratory capacity
and inspiratory muscle strength in hemiplegic not directly linked to the diaphragmatic
excursion (since there was no change), but the weakness of all the respiratory

muscles and postural involved with hemiplegia.

In a study carried out on dogs with unilateral diaphragmatic paralysis, Scillia et
al. (2004) found that the direction of the movement of the paralyzed dome of the
diaphragm is determined by the balance between the variation in the interpleural
pressure developed by the other intact muscles and the degree of shortening of the
contralateral dome. The authors states that this model can be applied to human
beings. However, the central tendon of the human diaphragm is closely linked to the

mediastinal structures and it is therefore expected that a contraction of the healthy
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hemidiaphragm induces additional shortening on the paretic hemidiaphragm through
the central tendon. In the case of right-side hemiplegia, the left dome and all the
intercostal, parasternal and scalene muscles need to develop sufficient tension to
induce diaphragm movement on the paralyzed side. This is hampered by the more
elevated physiologic positioning of the right dome as well as the elevation from the

paresis present in hemiplegia (Kedhr et al., 2000; Cohen et al., 1994).

Hemiplegia is often accompanied by spasticity on the affected side. In these
conditions, the inappropriate active voluntary movement of both the agonist and
antagonist musculature causes deficits in motor control and coordination, which
consequently affects posture and function. Studies on transcranial magnetic
stimulation affirm that the enervation of the costal and crural portions of the
diaphragm do not differ and stress the importance of the two portions to posture
control (Sashar et al., 2005). There are also reports of the participation of the more
caudal intercostal parasternal muscles in the maintenance of posture (Gandevia et

al., 2006).

The hemiplegic individuals in the present study did not exhibit a significant
reduction in FVC or MVV in comparison to the control group. This may be partially
attributed to the distribution of the neural drive to parasternal intercostal muscles
(especially those in a more rostral position), which offers an important mechanical
advantage to inspiration, as well as to the seated position during this evaluation,
which masks the resulting lack of physiological visceral compression. And another
possible explanation would be the various forms of cerebral lesions in the
hemisphere affected, as they probably affect diaphragmatic corticospinal projections

differently in each patient (Gandevia, 2006). Laghi and Tobin (2003) report that the
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ipsilateral projection of corticospinal fibers may be more significant in some patients,

however this aspect wasn’t analised in our study.

In the present study, a reduction in FEV;, PEF and FEF,s.75¢, was found in the
hemiplegic individuals. However, as there was no clinical or spirometric evidence of
obstructions to airflow, respiratory infection or direct lesions in the abdominal
muscles, this may be attributed to the weakness of the expiratory and abdominal
muscles, which also compromises motor control of the trunk. Additionally the MAS
scale reflects the commitment of motor function before the implementation of
voluntary motor activities, noting the trunk control, balance, walking, and muscle
tone, among others (Carr et al., 1985). In our patients, the MAS values show that the

deficit motor function with consequently involvement of the trunk.

There are clinical reports that upper motor neuron disease with bulbar
involvement may lead to abnormalities in control and strength of the laryngeal and
pharyngeal muscles, which may cause flow oscillations during inhalation or
exhalation, thereby reflecting an obstructive pattern, which was not observed in this

sample (Paton and Dutschmann, 2002).

It is very important to consider that the BMI in patients with left-side hemiplegia
was greater than in patients with right-side hemiplegia, however, obesity (BMI greater
than represented by 30) leads to significant reductions in spirometrics parameters,

which was not observed in the sample with left-side hemiplegia.

Conclusion

Due to the physiologic positioning of the domes of the diaphragm and the

entire affected musculature on the paralyzed side, right-side hemiplegia suggests
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greater impairment of the respiratory system in comparison to left-side hemiplegia.
One of limitation of this study was a small number of patients recruited due to
difficulties in the selection of patients who fulfilled the eligibility criteria, which
included hemiplegia without any of the following conditions: deterioration in the
comprehension of the commands, inability to perform the ventilometric and
spirometric tests, weak control of the trunk hindering the postures solicited in the

evaluation, history of smoking or heterogeneous lesions of the CNS.
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Figure 1. Positioning of the ultrasound transducer on the abdominal wall directly
below the ribs for the visualization of diaphragm movement on the cranial-caudal

axis.
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Figure 2. Ultrasound image of diaphragm in the condition of total lung capacity (TLC).
On the left: liver and central branch of the portal vein, indicated by the A arrow. On
the right the measurement of diaphragm movement on the cranial-caudal axis

beginning with residual volume (B arrow) and reaching TLC (C arrow).
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Table 1 — Anthropometric and Spirometric data on Control, Right-Side Hemiplegia
and Left-Side Hemiplegia. The spirometric data is expressed in percentage of
predicted values: Forced Vital Capacity (FVC); Forced Expiratory Volume in the First
Second (FEV,); Forced Expiratory Flow between 25 and 75% of FVC (FEF2s5.75%);
Peak Expiratory Flow (PEF); Maximal Voluntary Ventilation (MVV). The Motor
Assessment Scale (MAS) is expressed as percentage of motor function achieved
and the time of stroke is expressed in moths. The asterisk shows values with

statistical significance.

Control Right-Side Hemiplegia Left-Side Hemiplegia

N 8 8 12

Age 52.12 +7.28 51.25+13.8 55.33 £9.57
Height 1.60 = 0.09 1.59+0.12 1.59+0.12
Wheight 73.05 + 18.09 63.50 + 15.35 75.50 + 18.97
BMI 24.67 £5.75 24.67 £5.75 29.38*+5.71
FVC 0.87+0.14 0.74 £ 0.17 0.94 +£0.20
VEF1 0.99 £0.10 0.75*+0.14 1.07+0.24
FEF25.750% 0.99 + 0.27 0.62* £ 0.16 1.14*+ 041
PFE 0.84 +£0.15 0.35* + 0.07 0.75+0.23
MVV 0.99 + 0.10 0.65+0.21 1.07+0.24
MAS - 29,25 + 10,66 30,5+ 9,33

Months - 30,83 + 3,31 31,58 + 4,99
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Table 2 — Data on Movement of the Right and Left Domes of the Diaphragm,

Inspiratory Capacity (IC) and Plywax in the Control, Right-Side Hemiplegia and Left-

Side Hemiplegia Groups. The asterisk shows values with statistical significance.

Group Dome Movement IC Plmax
Right 5.48 + 0.95
Control
Left 5.46 +0.96 279+0.76 -92.50 + 35.05
Right-Side Right 4.97 +0.78
Hemiplegia Left 4.20 + 1.45 2.86+055 -48.75*+27.5
L eft-Side Right 4.42 +0.92
Hemiplegia Left 466 +1.17 243 +0.75 -74.17 +13.57
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Figure 1 — In A Correlation between Movement of the Left Dome of the Diaphragm
and Volume of Inspiratory Capacity in the Group with Right-Side Hemiplegia and in B
Correlation between Movement of the Left Dome of the Diaphragm and Volume of

Inspiratory Capacity in the Group with Lef-Side Hemiplegia
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Figure 2 — In A Correlation between FEF;s.750, and movement of the left dome of the
diaphragm and in B Correlation between PEF and movement of the left dome of the

diaphragm, both in patients with hemiplegia.



