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Abstract

This study aimed to review published literature concerning the major changes that occur in the respiratory system
after stroke, and also the impact of respiratory muscle training in these patients. The literature search was conducted
through electronic databases (PubMed, SciELO and Pedro) in Portuguese and English languages on themes related
to changes in the respiratory system and methods of assessment and rehabilitation of respiratory muscle strength in
individuals affected by stroke. There is scientific evidence that individuals affected by stroke may show decreased
inspiratory and expiratory muscle strength. Studies suggest that respiratory muscle training through threshold
load can bring benefits by improving respiratory function and respiratory muscle strength. However, more studies
should be conducted to deepen the knowledge about the benefits and long-term effects of pulmonary rehabilitation
in patients with stroke.

Keywords: Stroke, Respiratory Muscle Strength, Maximum Respiratory Pressure and Respiratory Muscle
Training.

Resumo

O objetivo deste estudo foi realizar uma revisdo de literatura sobre as principais alteragdes que ocorrem no sistema respiratorio
apos o Acidente Vascular Cerebral (AVC) e também sobre os efeitos de treino muscular respiratorio nestes pacientes. A
metodologia adotada foi a pesquisa de artigos através das bases de dados electronicas (Pubmed, Scielo e Pedro) em lingua
portuguesa e inglesa relacionando os temas: alteragdes do sistema respiratorio e métodos de avaliagdo e reabilitacdo da forga
muscular respiratoria em individuos acometidos pelo AVC. Existe evidéncia cientifica de que individuos acometidos pelo AVC
podem apresentar diminuigdo da for¢a muscular inspiratoria e expiratoria. Estudos sugerem que o treino muscular respiratorio,
através de carga limiar, pode trazer beneficios quanto a melhora da fung@o respiratoria e da forga dos musculos respiratorios.
Porém, mais estudos devem ser realizados para o aprofundamento do conhecimento sobre os beneficios e efeitos a longo prazo
da reabilitagdo respiratoria em pacientes com AVC.

Palavras-chave: Acidente Vascular Cerebral, Forca Muscular Respiratoria, Pressdo Respiratoria Maxima e Treino Muscular
Respiratorio.
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Introduction

Globally, stroke is a major cause of mortality and dis-
ability *» worldwide. The World Health Organization
defines stroke as rapidly developing clinical signs of
focal (or global) disturbance of cerebral function, with
symptoms lasting for more than 24 hours or leading to
death with no apparent other cause than vascular origin
®, Consequences depend on the location of the lesion,
size, and the amount of collateral blood flow. The most
common physical change is hemiplegia or hemipare-
sis, corresponding to motor impairment characterized
by total or partial loss of movement in the hemisphere
contralateral to the brain lesion . It can also be ac-
companied by sensory changes, including cognitive,
visual, perceptual, and language ©, as well as changes
in respiratory muscles, the latter being important and
yet little discussed in the literature. Recent studies have
reported changes in respiratory muscle strength in in-
dividuals affected by stroke in the acute and chronic
disease when compared to healthy subjects &7, Res-
piratory muscle strength can be evaluated through non-
volitional tests that are performed through electrical or
magnetic stimulation of the phrenic nerve. These eval-
uations are usually performed in specific pulmonary
function laboratories ©. Alternatively, volitional tests
may be conducted that require the understanding and
cooperation of the individual for the correct execution
of the test. These might be achieved invasively by plac-
ing a catheter in the medial region of the esophagus or
stomach for measurement of transdiaphragmatic pres-
sure, or noninvasively, by means of an analog or digi-
tal manometer (mouth pressure meter) which assesses
maximal inspiratory and expiratory pressures ‘%!,

Respiratory assessment in individuals with stroke is
crucial during the neurological rehabilitation process,
but, often, little attention is given to it in clinical prac-
tice, possibly because these individuals generally do not
have a history of pulmonary disease or because obvious
signs and symptoms of respiratory dysfunction are sim-
ply absent ¢7#12_ The aim of this study was to review
the published literature concerning the major changes
occurring in the respiratory system after stroke, with a
focus on respiratory muscles and on the impact of res-
piratory muscle training programs in these patients.

Materials and Methods

The research literature search was conducted through
electronic databases (PubMed, SciELO and Pedro) in
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Introducao

O Acidente Vascular Cerebral ¢ mundialmente uma das
principais causas de mortalidade e incapacidade fun-
cional 2,

A Organizagdo Mundial de Satde define o AVC como o
desenvolvimento rapido de sinais clinicos de distirbios
focais (ou globais) da funcdo cerebral, com sintomas
que perduram durante um tempo maior que 24 horas
ou conduzem a morte, sem outra causa aparente que a
origem vascular ©.

As sequelas dependem da localizagdo, do tamanho da
lesdao e da quantidade de fluxo sanguineo colateral. A
alteracdo fisica mais comum ¢é a hemiplegia ou hemi-
paresia, correspondente a deficiéncia motora caracteri-
zada por perda total ou parcial do movimento no hemi-
corpo contralateral a lesdo encefalica . Também pode
ser acompanhada por alteragdes sensitivas, cognitivas,
visuais, perceptivas, da linguagem © e dos musculos
respiratorios, sendo este tltimo importante e ainda pou-
co discutido na literatura cientifica.

Estudos recentes evidenciaram altera¢des da forca mus-
cular respiratoria em individuos acometidos pelo AVC
tanto na fase aguda como cronica da doenga comparati-
vamente a individuos saudaveis ¢679.

A forga muscular respiratoria pode ser avaliada através
de testes ndo volitivos que sdo realizados através de
estimulag@o elétrica ou magnética do nervo frénico e
sdo geralmente realizados em laboratorios especificos
de fun¢do pulmonar ®. A avaliagdo podem também
ser efetuada através de testes volitivos que necessitam
compreensao e colaboragdo do individuo para a correta
execucdo do teste. E que pode ser realizado de duas ma-
neiras: forma invasiva, com a coloca¢do de um cateter
na regiao medial do es6fago ou do estdmago para a me-
dida da pressdo transdiafragmatica e forma ndo inva-
siva, por meio de um mandmetro (analdgico ou digital)
que avalia as pressOes inspiratoria e expiratoria maxi-
mas ( 10,11)‘

A avaliagdo respiratéria em individuos com AVC em
processo de reabilitagdo neuroldgica ¢ de fundamental
importancia, mas comumente na pratica clinica pouca
aten¢do ¢ dada a mesma, possivelmente pelo facto dos
individuos ndo apresentarem histdrico de doenga pul-
monar prévia ou sinais e sintomas 6bvios de disfungéo
respiratéria ¢7312),

O objetivo deste estudo foi realizar uma revisao de lit-
eratura sobre as principais alteragdes que ocorrem no
sistema respiratorio apos o AVC, com enfoque na mus-
culatura respiratoria e também sobre os efeitos do pro-
grama de treino muscular respiratorio nestes pacientes.

Materiais e Métodos

A pesquisa de artigos foi realizada através das bases de
dados eletronicas (Pubmed, Scielo e Pedro) em lingua



Portuguese and English languages, with a focus toward
research regarding changes in the respiratory system
in patients with stroke and assessment - rehabilitation
methods of respiratory muscle strength in these patients.
Specific keywords, such as Stroke, Respiratory Muscle
Strength, Maximal Respiratory Pressures and Respira-
tory Muscle Training and equivalents were used for the
search. The article search was set from January 2012 to
July 2013. Several original articles and two systematic
reviews were selected, analyzed and reflexively synthe-
tized in order to gather consistent information.

Major Changes of the Respiratory System After Stroke

Stroke can affect the respiratory system function by
causing abnormal breathing ©), affecting pulmonary
function or respiratory muscle activity patterns 49,
The changes that occur in the respiratory system after
stroke depend on the extent and location of the brain
injury and may result from disorders of the central
rhythm generation, disruption of pathways that carry
impulses to the respiratory centers, or bulbar weakness
(3 One major abnormal breathing pattern found in pa-
tients affected by stroke is the Cheyne Stokes rhythm.
However, other patterns can be observed, such as cen-
tral neurogenic hyperventilation, apneustic breathing,
ataxic pattern, sleep apnea !> and nocturnal hypox-
emia Y. Studies have shown that in addition to the
breathing pattern changes, patients affected by stroke
may also show decreased ventilatory function !*!” and
respiratory muscle strength ¢518),

Changes related to respiratory function which were
described in the literature were evaluated by different
methods. A study using X-rays published in the late
1960’s reported that individuals with stroke had de-
creased chest movement on the affected side, indicating
a reduction of respiratory muscle activity independent
of age, gender, ethnicity, and time since lesion onset %)
Decades later, and by more modern methods, studies
have shown a reduced diaphragmatic excursion in these
patients after stroke %2V,

De Troyer et al. (1981) ®® demonstrated by electro-
myography a reduction in diaphragmatic activity of the
hemiplegic side in acute stroke patients and a decrease
in amplitude and action potential of the intercostal mus-
cles in both the hemiplegic and the unaffected sides.
The authors concluded that the inspiratory muscles
were affected due to a unilateral corticospinal lesion,
thus demonstrating a direct relationship with these un-
deractive muscles and hemiplegia.
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portuguesa e inglesa relacionando as alteracdes do sis-
tema respiratorio em pacientes com Acidente Vascular
Cerebral (AVC) e os métodos de avaliacdo e reabili-
tagdo da forca muscular respiratdria nestes pacientes.
Para a busca nas bases de dados, foram utilizadas
palavras-chave especificas como Acidente Vascular
Cerebral, Forca Muscular Respiratoria, Pressdes Res-
piratorias Maximas e Treino Muscular Respiratorio e
seus equivalentes. A selecdo dos artigos ocorreu entre
janeiro de 2012 e julho de 2013, permitindo a analise de
diversos artigos originais e duas revisdes sistematicas.
Os textos foram analisados e sintetizados de forma re-
flexiva a fim de obter informagdes consistentes.

Principais Alteracoes do Sistema Respiratorio Apos
AVC

O AVC pode afetar a fungdo do sistema respiratorio em
termos de anormalidades no padrdo respiratorio ©, na
fung@o pulmonar e nos musculos respiratorios G4

As alteracdes que ocorrem no sistema respiratorio apos
0 AVC dependem do nivel e da localizagdo da lesdo en-
cefalica, podendo ocorrer distirbios na geragdo do rit-
mo central, interrupg¢do das vias que levam os impulsos
aos centros respiratorios ou ainda fraqueza bulbar 9.
Um dos principais padrdes respiratorios anormais en-
contrados em pacientes acometidos pelo AVC € o ritmo
Cheyne Stokes. Entretanto, outros padrdoes podem ser
observados como: hiperventilagdo neurogénica central,
respiracdo apnéustica, padrao ataxico, apneia do sono
(3.9 ¢ hipoxemia noturna %,

Estudos ja evidenciaram que além das alteracdes do
padrao respiratorio, os pacientes acometidos pelo AVC
podem apresentar também redugdo da funcdo venti-
latoria !¢17 ¢ da forga dos musculos respiratorios ¢318),
As alteragdes relacionadas com a funcdo respiratdria
descritas na literatura foram avaliadas através de difer-
entes métodos. No final da década de 60, observou-se
num estudo através de radiografias que individuos com
AVC apresentavam diminui¢do do movimento do térax
do lado afetado, indicando uma redugdo da agdo dos
musculos respiratorios independente da idade, sexo, et-
nia e tempo de inicio da lesdo !?.

Décadas mais tarde e utilizando métodos mais mod-
ernos, estudos demostraram que pacientes apos ser-
em acometidos pelo AVC apresentam redugdo da
mobilidade diafragmatica %21,

De Troyer et al., (1981) @9, através da avaliagdo por
eletromiografia, evidenciaram redugdo na atividade
diafragmatica do lado hemiplégico, além de uma di-
minui¢do da amplitude e potenciais de acdo dos mus-
culos intercostais, tanto do lado hemiplégico como do
lado ndo comprometido, em pacientes na fase aguda
do AVC. Estes autores concluiram que os musculos in-
spiratérios estavam afetados devido a lesdo unilateral
corticoespinal, demostrando assim a existéncia de uma
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Lanini et al. (2003) © evaluated the activity of the res-
piratory muscles through plethysmography in 8 sub-
jects with acute stroke, along with 9 healthy subjects.
It was observed that all stroke patients showed reduced
respiratory movement of the affected hemithorax dur-
ing voluntary hyperventilation when compared with
spontaneous breathing.

Khedr et al. (2000) Y observed by ultrasound a reduc-
tion of the diaphragmatic motion in the paralyzed side
in 41 % of 34 acute stroke participants evaluated. It
was also reported that these hemiplegic patients had a
greater degree of hypocapnia and hypoxia, suggesting
that hemidiaphragmatic paralysis may contribute to hy-
poxemia and general dysfunction in these patients.
Some studies have assessed the respiratory muscle
weakness severity in patients with stroke by measur-
ing maximum respiratory pressures using a manometer.
The use of this device is common in clinical practice
to assess respiratory muscle strength and this facili-
tates diagnosis and prognosis of neuromuscular and
pulmonary disorders ***. Furthermore, it is regarded
as a simple, practical, safe, noninvasive, low cost and
highly reliable procedure ©.

Maximal inspiratory pressure (MIP) reflects the over-
all muscle strength, i.e. evaluates the strength of the
muscles involved in inspiration and may not be iso-
lated from the diaphragm, although 70 % of the ef-
fort involved in inspiration is the work of that muscle.
Maximal expiratory pressure (MEP) reflects the overall
expiratory muscle strength, -2,

In addition to studying the activity of the respiratory
muscles through plethysmography, Lanini et al. (2003)
© also reviewed the maximal respiratory pressure
(MRP). Results have shown that patients with stroke
had a significant reduction (p < 0.05) of the MIP (53.43
cmH,0) and the MEP (61.6 cmH,0) values when com-
pared to those of the control group (99.4 cmH,O MIP
and 121.8 cmH,O MEP).

Harraf et al. (2008) ®¥ evaluated respiratory muscle
strength in 15 patients with acute stroke compared to
16 healthy subjects matched for age and sex. Results
revealed a significant decrease in both maximal inspira-
tory and expiratory pressures in patients of stroke group
(36.7 cmH,0 MIP and 62.6 cmH,0 MEP) compared
to control group (75.8 cmH,0 MIP and 102.7 cmH,O
MEP).

Ward et al. (2010) ™ also observed a significant reduc-
tion (p < 0.05) in MIP (38.9 cmH,0) and MEP values
(52.5 cmH,0) in 18 adults with acute stroke compared
to 19 healthy adults (95. 1 cmH,O MIP and 108.7 cm-
H,0 MEP).

The study of Teixeira - Salmela et al. (2005) ® was the
first toevaluate the MIP and MEP in adults with chron-
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relag@o direta com a hipoatividade destes musculos e a
hemiplegia.

Lanini ef al. (2003) ©® avaliaram a atividade dos mus-
culos respiratorios através de plestimografia em 8§ in-
dividuos na fase aguda do AVC e 9 saudaveis. Foi ob-
servado que todos os pacientes com AVC apresentaram
redu¢do do movimento respiratorio do hemitorax afe-
tado durante a hiperventilacdo voluntaria quando com-
parado com a respirag@o espontanea.

Khedr et al. (2000) @Y, através de ultrassonografia ob-
servaram reducdo da mobilidade diafragmatica no lado
paralisado em 41 % dos 34 participantes avaliados com
AVC agudo. Relataram também que estes pacientes
com hemiplegia tiveram um maior grau de hipoxia e
hipocapnia, sugerindo assim que a paralisia hemidi-
afragmatica pode contribuir para uma hipoxemia e de-
ficiéncia organica prejudicada.

Alguns estudos avaliaram o grau de fraqueza muscular
respiratoria em pacientes com AVC, através de medi-
das das pressdes respiratoria maximas utilizando-se um
manometro. Na pratica clinica, ¢ comum a utilizagao
deste dispositivo para a avaliagdo da forca dos mus-
culos respiratorios, pois este auxilia no diagnostico e
prognostico de desordens neuromusculares e pulmo-
nares ?>?¥ e, além disso, ¢ considerado um método sim-
ples, pratico e seguro, ndo invasivo, de baixo custo e de
grande confiabilidade ©.

A pressdo inspiratoria maxima (P, ) reflete a forca
muscular inspiratoria total, ou seja, avalia a for¢a dos
musculos que participam da inspiracdo, ndo podendo
ser isolado o diafragma, embora 70 % do esforco re-
alizado na inspiracdo corresponda ao trabalho desse
musculo. Ja a pressdo expiratoria maxima (P, ) reflete
a forca muscular expiratéria avaliando, assim, a forca
total dos musculos expiratorios 12,

Além de estudar a atividade dos musculos respiratorios
através de plestimografia, Lanini et al. (2003)® avali-
aram também as pressdes respiratorias maximas. Os
resultados demostraram que os pacientes com AVC
apresentaram uma redugdo significativa (p<0,05) dos
valores de P, (53,43 cmH,0) e P (61,6 cmH20)
comparativamente aos individuos do grupo controlo
P, .=994cmHOeP  =121,8cmH,O).

Harraf et al. (2008) 49" avaliaram a forga muscular
respiratoria em 15 individuos na fase aguda do AVC
comparativamente a 16 individuos saudaveis pareados
por idade e sexo. Os resultados demostraram uma di-
minuigdo signiﬁcativa das pressoes inspiratoria e ex-
piratéria maximas em individuos do grupo AVC (P, =

max

36,7cmH,O e P = 62,6 cmH,O) comparativamente
ao grupo controlo (P,..= 758 cmH20 epP, =1027
cmH,0).

Ward et al. (2010) ” também verificaram redugio sig-
niﬁcativa (p<0.05) dos valores de P, (38,9 cmH,0)
(52,5 cmH,0) em 18 adultos com AVC agudo
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ic stroke. The stroke group included 16 subjects with
hemiparesis and an after-lesion mean time higher than
9 months, while the control group included 19 healthy
subjects matched for age. Weakness of the inspiratory
and expiratory muscles was observed among the stroke
group, with MIP and MEP values 21 % and 10 % lower
than predicted, respectively.

Pollock et al. (2012) ® conducted a systematic review
to determine the levels of respiratory muscle weakness
in patients with stroke. A meta-analysis of four of pre-
viously cited studies ¢ *7® showed that the MIP was
significantly lower in 57 registered stroke individuals
compared with 64 control individuals (weighted aver-
age of 41.39 cmH, 0, 95 % of confidence interval (CI)
29.03 cmH,0O to 53. 74 cmH, 0, p < 0.00001), as well
as MEP (weighted average of 54.62 cmH,0, 95 % CI,
47.81 cmH,O to 61. 24 cmH, 0, p <0.00001) .

The reduction in respiratory muscle strength in indi-
viduals after stroke is a common and serious complica-
tion, and can lead to impaired lung function @V | with
changes in capacity and ventilatory volumes !9,
According to Teixeira - Salmela et al. (2005) ®, changes
in lung ventilation may occur after stroke due to reduc-
tion of the contribution of the abdominal compartment
during the respiratory cycle. The Tomczak et al. study
(2008)@® demonstrated that, after stroke, those indi-
viduals presented reduced electromyographic activity
of the paretic diaphragm muscle and lower values of
forced vital capacity (FVC), 1% second forced expira-
tory volume (FEV) and tidal volume (V) when com-
pared to predictive values.

Almeida et al. (2011) "9 evaluated the effects of hemi-
plegia on pulmonary function in 20 patients with chron-
ic stroke compared to 14 healthy subjects. Results have
shown that individuals with stroke had significantly re-
duced values of peak expiratory flow (PEF), forced ex-
piratory flow 25 %-75 % (FEF 25 % - 75 %) and FEV1.
The authors concluded that these changes could be at-
tributed to expiratory muscle weakness, whereas MEP
values were significantly reduced in these patients, and
in addition, they did not show any clinical or spiromet-
ric evidence of airflow obstruction, respiratory infec-
tions or lesions of the abdominal muscles.

The acute phase of stroke is associated with an in-
creased risk of death due to respiratory factors, occur-
ring largely from infections such as pneumonia. The
probability of infection increases when aspiration of
pulmonary secretions occurs through an inability to
cough, or by weakness of the respiratory muscles, es-
pecially those in the abdomen'**”, However, McCool
(2006) @ indicated cough may be impaired in individu-
als after stroke both by inspiratory muscle weakness,
resulting in a low lung volume at the start of cough,
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comparativamente a 19 adultos saudaveis P,
cmH,0) P (108,7 cmH,0).

O estudo de Teixeira-Salmela e al. (2005) ® foi o
primeiro a avaliara P, ea P em adultos com AVC
crénico. O grupo AVC foi constituido por 16 individuos
com hemiparesia ¢ tempo médio de lesdo superior a 9
meses € o grupo controlo por 19 individuos saudaveis
parecados por idade. Nos resultados, foi observado
fraqueza da musculatura inspiratoria e expiratoria nos
individuos do grupo AVC, cujos valoresde P, e P
estavam 21 % e 10 %, respetivamente, abaixo dos va-
lores previstos.

Pollock et al. (2012) @ realizaram uma revisdo sis-
tematica com o objetivo de determinar os niveis de
fraqueza dos musculos respiratorios em pacientes com
AVC. A meta-analise dos quatro estudos citados ante-
riormente ®**7% revelou que a P, foi significativa-
mente menor nos 57 individuos registados com AVC
em comparagdo aos 64 individuos registados no grupo
controlo (média ponderada de 41,39 cmH,0, 95 % de
intervalo de confianca (IC) entre 29,03 cmH, O € 53, 74
cmH,0; p <0,00001), assim como a P__ (medla pon-
derada de 54,62 cmH, 0, IC 95%, entre 47,81 cmH,0 e
61,24 cmH,0O; p <0 00001)

A redugdo da for¢ca dos musculos respiratérios em indi-
viduos com AVC, em qualquer fase da doenga, ¢ uma
complicagdo frequente e séria e pode levar a uma fun-
céo ventilatoria prejudicada @V com alteracao das ca-
pacidades e volumes ventilatorios &9,

De acordo com Teixeira-Salmela et al., (2005) ®, apos
0 AVC, pode ocorrer alteragdes da ventilagao pulmonar
devido a redugao da contribui¢ao do compartimento ab-
dominal durante o ciclo respiratorio. O estudo de Tom-
czak et al., (2008) @9 demostrou que individuos apos
serem acometidos pelo AVC apresentaram diminui¢ao
da atividade eletromiografica do musculo diafrag-
matico do lado parético, bem como valores reduzidos
de capacidade vital forcada (CVF), volume expiratério
maximo ao primeiro segundo (VEMS) e volume cor-
rente comparativamente aos valores preditivos.
Almeida et al. (2011) 19 avaliaram os efeitos da hemi-
plegia sobre a funcao pulmonar em 20 individuos com
AVC crénico comparativamente a 14 individuos sau-
daveis. Os resultados demostraram que os individuos
com AVC apresentaram valores significativamente
reduzidos de débito expiratdrio maximo instantaneo
(DEM]I), débito expiratorio maximo 25 % - 75 % (DEM
25 % -75 % ) e VEMS. Os autores concluiram que tais
alteragdes podem ser atribuidas a fraqueza dos muscu-
los expiratorios, visto que os valores de P estavam
significativamente reduzidos nestes pacientes com AVC
e, além disso, estes ndo apresentaram evidéncia clinica
ou espirométrica de obstrucao do fluxo aéreo, infe¢des
respiratorias ou lesdes dos musculos abdominais.

A fase aguda do AVC esta associada a um elevado risco
de morte devido a fatores respiratdrios e grande parte
ocorre como consequéncia de infec¢des pulmonares

(95,1
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and by expiratory muscles weakness, leading to a re-
duction in the intrathoracic pressure needed to produce
adequate airflow during cough.

In the chronic phase of the disease, individuals have
greater fragility, low resistance during exercise ® and
may have impaired respiratory function as a result of
respiratory muscle weakness and postural dysfunction
of the trunk @9,

Why do these changes occur?

Cortical motor representation of the diaphragm and in-
tercostal muscles is bilateral and, consequently, these
muscles are little influenced by unilateral corticospinal
lesions, as happens with stroke ©. Therefore, it is be-
lieved that in patients affected by stroke, the respiratory
muscle weakness can be directly related to the sequelae
of the stroke.

Changes in postural motor control that can lead to im-
pairment of the motor function and voluntary motor
control required to maintain the synergy of the trunk
muscles do occur as a result of hemiparesis or hemi-
plegia (3143030 Respiratory function is also impaired,
since the trunk muscles, in addition to being responsi-
ble for the stability and mobility of the trunk, also act
in breathing control &3, Pizzi et al. (2001) ©? indicated
that the post-stroke respiratory muscle weakness may
be directly related to the changes that occur in muscle
tone and viscoelastic properties of the trunk muscles,
causing spasm and stiffness in the thoracic cage, thus
leading to loss of capacity and performance of respira-
tory muscle movement.

Teixeira - Salmela et al. (2005) ® described the occur-
rence of a decrease in abdominal muscle activation after
the onset of stroke, and this modifies the thoracic cage
positioning, which tends to remain in an inspiration po-
sition. In this framework, the respiratory muscles do not
work efficiently, leading to a loss of respiratory func-
tion in patients with hemiparesis/hemiplegia. Further-
more, the reduction of the muscular respiratory force
may also be related to the fact that stroked individuals
are more inactive due to their physical conditions ©.

Respiratory Muscle Training

Due to the impact of stroke on respiratory function, af-
fected individuals are prone to serious respiratory com-
plications. Recent studies emphasize the importance
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como a pneumonia. A probabilidade de infec¢do au-
menta nos casos em que ha broncoaspiragdo da secrecao
pulmonar devido a inabilidade em tossir, resultante da
fraqueza dos musculos respiratorios, principalmente,
dos abdominais "'*27, Porém, para McCool (2006) ¥,
em individuos com AVC, a tosse pode estar prejudicada
tanto pela fraqueza dos musculos inspiratorios que re-
sulta em um baixo volume pulmonar no inicio da tosse,
como pela fraqueza dos musculos expiratorios que leva
a reducdo da pressdo intratoracica necessaria para pro-
duzir o fluxo de ar adequado durante a tosse.

Na fase cronica da doenga, os individuos apresentam
maior fragilidade, baixa resisténcia durante o exercicio
® e podem ter funcdo respiratoria prejudicada como
consequéncia da fraqueza muscular respiratoria e da
disfungdo postural do tronco @,

Porque ¢ que essas alteragoes ocorrem?

A representagdo cortical motora dos musculos diafragma
e intercostais ¢ bilateral e, sendo assim, estes musculos
sdo pouco influenciados por lesdes corticoespinais unilat-
erais, como ¢ o caso do AVC ©. Portanto, acredita-se que a
fraqueza dos musculos respiratorios nos pacientes acometi-
dos pelo AVC pode estar diretamente relacionada as sequelas
da propria doenga.

Como consequéncia da hemiplegia ou hemiparesia, ocorre
alteragdes no controlo motor e postural que podem levar ao
comprometimento da fungdo motora voluntaria e do controlo
motor necessario para a manuten¢do da sinergia dos mus-
culos do tronco 3143030 A fungdo respiratoria também fica
prejudicada, uma vez que os musculos do tronco também
atuam no controlo da respiragdo, além de serem responsaveis
pela estabilidade e mobilidade do tronco &%)

Para Pizzi et al. (2001) ©?, a fraqueza dos musculos
respiratorios apds AVC pode estar diretamente relacio-
nada as altera¢des que ocorrem no tonus muscular e nas
propriedades viscoelasticas dos musculos do tronco,
causando contratura e rigidez da caixa toracica e lev-
ando, assim, a perda da capacidade ¢ desempenho dos
movimentos dos musculos respiratorios.

Para Teixeira-Salmela et al, (2005) ®, apo6s a instalagdo
do AVC, ocorre uma diminui¢do da ativacdo dos musculos
abdominais, com consequente alteragdo no posicionamento
da caixa toracica, que tende a permanecer em uma posi¢ao
de inspiracdo. Neste quadro, os musculos respiratorios nao
funcionam eficientemente, levando a um prejuizo da fungéo
respiratoria nos portadores de hemiparesia/plegia.

Além disso, a reducdo da for¢a muscular respiratoria
pode estar relacionada também ao facto de os individu-
os com AVC serem mais inativos devido as suas con-
dicdes fisicas ©.

Treino Muscular Respiratorio

Devido as repercussdes do AVC na fungao respiratoria,
os individuos acometidos pela doenga estdo propensos
a apresentar sérias complicagdes respiratorias. Com o



of respiratory muscle training in these patients ©¥ to
reduce the latter risks and improve respiratory muscle
function.

In order to conduct training of the respiratory muscles,
it is necessary to begin with an assessment of respirato-
ry muscle strength with maximal respiratory pressures.
Inspiratory muscles can be strengthened through a
workout program with threshold load that provides in-
creased strength and “endurance” of these muscles, im-
proving their working condition and avoiding fatigue.
The most common training method with load for the
inspiratory muscles is the Threshold method originally
described by Nickerson and Keens in 1982, in which a
load and a plunger were used to induce the patient to
generate and sustain an inspiratory pressure adequate
to achieve a certain flux ¢, Currently, the Threshold
IMT® is used. It is device which produces a resistance
to inspiration by means of a spring system with a one-
way valve and a nose clip. The more the spring is com-
pressed, the greater the resistance, measured in cmH,O
units @¥. This is a valuable small effective device that
can easily be used in clinics, hospitals or even at home
operated by the patient.

There is published evidence regarding the improvement
of respiratory function, respiratory muscle strength, ex-
ercise capacity, quality of life and functional capacity in
patients with Multiple Sclerosis®**®, Parkinson’s dis-
ease ¢ and Myasthenia Gravis®® after having follow
a program of inspiratory muscle training (IMT) with
threshold load. These results suggest that IMT may be
beneficial for individuals with neurological diseases.
As previously mentioned, studies have shown that in-
dividuals affected by stroke have decreased respiratory
muscle strength. Based on these facts, two articles re-
cently about the effects of a program of TMR in stroke
patients have been published. Sutbeyaz et al. (2010)
© studied the differences between inspiratory muscle
training (IMT) and respiratory exercises (RE) in 45 in-
dividuals after the first stroke episode and with an in-
jury time of less than 12 months. Patients were divided
into three groups - TMI group, RE group, and control
group and each included 15 individuals. Patients with
cardiac or respiratory disease, or cognitive changes of
consciousness were excluded. All individuals, includ-
ing the control group, were assessed for lung function,
respiratory muscle strength, functional capacity by the
Barthel Index, and quality of life. The IMT group pa-
tients were trained with the Threshold IMT® device,
with an initial load of 40 % of the initial MIP . The load
was gradually increased from 5 % to 10 % per day until
it reached the value of 60 % of the MIP. The RE group
performed 15 minutes of diaphragmatic breathing com-
bined with pursed-lip breathing (PLB), followed by 5
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objetivo de reduzir esses riscos e melhorar a fungdo dos
musculos respiratorios, estudos recentes enfatizam na
importancia do treino da musculatura respiratoria nest-
es pacientes %)

Para a realizacdo de treino da musculatura respiratoria,
¢ necessario, primeiramente, que seja avaliada a forca
dos musculos respiratorios através das pressoes res-
piratérias maximas. Os musculos inspiratdrios, podem
ser fortalecidos através de um programa de treino com
carga limiar que proporciona um aumento da forga e
da “endurance” desses musculos, melhorando suas con-
digdes de trabalho e evitando o surgimento de fadiga.
O método mais comum para treino com carga dos mus-
culos inspiratorios ¢ o Threshold descrito primeira-
mente por Nickerson e Keens, em 1982, no qual se
utilizava uma carga e um embolo em que o individuo
deveria gerar e sustentar uma pressao inspiratoria, a fim
de alcangar determinado fluxo ¢4,

Atualmente, utiliza-se o Threshold IMT® que é um
aparelho que produz uma resisténcia ao inspirar, por
meio de um sistema de mola com uma valvula unidire-
cional e utilizacdo de clipe nasal. Quanto mais a mola
estiver comprimida, maior sera a resisténcia, que tem
como unidade de medida cmH20 ©%. Trata-se de um
dispositivo vantajoso, pequeno, eficaz e que pode ser
utilizado com facilidade em clinicas, hospitais ou até
mesmo em casa pelo proprio paciente.

Na literatura cientifica ja existem evidéncias sobre a
melhora da fungdo respiratoria, da forca dos musculos
respiratorios, capacidade de exercicio, qualidade de
vida e capacidade funcional em pacientes com Escle-
rose Multipla ¢339 ; Doenga de Parkinson ¢? ¢ Mias-
tenia Gravis ©®® submetidos ao um programa de treino
muscular inspiratorio com carga limiar. Tais resultados
sugerem que esse tipo de treino pode ser benéfico em
individuos com doengas neurologicas.

Como citado anteriormente, estudos tém demostrado
que individuos acometidos pelo AVC apresentam uma
diminui¢do da forca dos musculos respiratorios. Ba-
seado neste facto, recentemente foram publicados dois
artigos sobre os efeitos de um programa de treino mus-
cular respiratorio em pacientes com AVC.

Sutbeyaz et al. (2010) © estudaram as diferengas en-
tre treino muscular inspiratdorio (TMI) e exercicios de
cinesioterapia respiratoria (CR) em 45 individuos no
primeiro episodio de AVC e com tempo de lesdo menor
que 12 meses. Os pacientes foram divididos em trés
grupos: grupo TMI, grupo CR, grupo controlo e cada
um foi constituido por 15 individuos. Pacientes com
doenga cardiaca ou respiratoria, alteragdes de conscién-
cia ou cognitiva foram excluidos. Todos os individuos,
inclusive do grupo controlo foram submetidos a aval-
iages da fung@o pulmonar, forga muscular respiratoria,
capacidade funcional pelo Indice de Barthel, e quali-
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minutes of fractionated inspiration and 10 minutes of
maximal inspiration sustained exercise. TMI and RE
groups worked out 30 minutes every day, six times
per week for 6 weeks. The primary results have shown
that IMT group individuals had significantly (p < 0.01)
higher FEVI, FEF 25 % - 75 %, FVC, vital capacity
(VC) and maximal voluntary ventilation (MVV ) when
compared to the RE and control groups. The PEF was
significantly higher (»p < 0.01) in the RE group com-
pared to the other two groups. There was a significant
increase (p < 0.01) of MIP and MEP in the RE group
and MIP in IMT group compared to the control group
and to the predicted values. Regarding the functional
capacity, a significant increase in Barthel Index scores
was found in IMT patients group. This study demon-
strated positive effects of the inspiratory muscular
training program in regard to the respiratory muscle
function, exercise capacity, and functional capacity of
stroke patients.

Britto et al. (2011) ©¥ studied the effects of IMT in 9
individuals with chronic stroke (lesion time higher than
9 months) compared to 9 healthy individuals matched
for sex and age. Patients with cardiac, respiratory, facial
paralysis and other neurological diseases history were
excluded. All subjects underwent assessment of res-
piratory muscle strength and quality of life. The stroke
group applied the Threshold IMT® respiratory training
with a load of 30 % of the initial MIP while the resist-
ance was weekly adjusted according to the new MIP
value of. The same training protocol was applied to the
control group but without the resistance valve proce-
dure. Both groups applied the IMT at home once a day,
with a 30-minute session, five times a week for eight
weeks. After the IMT program, MIP and MEP values
were significantly increased in the stroke group com-
pared to the control group. The authors concluded that
the IMR program significantly impacted, in the short-
term, the inspiratory muscle strength in chronic hemi-
plegic patients.

The clinical trials here described were heterogeneous
regarding injury time, inclusion criteria and number of
evaluated patients. The protocol used for training of the
respiratory muscles, the duration of sessions , the num-
ber of repetitions in each series, the initial load used,
and the total duration of the workout also differed.
Although these trials differ in methodology, all point
to the significant therapeutic potential involved with
inspiratory muscle training for rehabilitation of indi-
viduals with stroke, improvement in respiratory muscle
function, cardiorespiratory fitness, and quality of life.
Xiao et al. (2012) © recently conducted a systematic
review on the inspiratory muscle training in patients
with stroke involving two articles mentioned above.
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dade de vida. Os pacientes do grupo TMI realizaram
treino utilizando o dispositivo Threshold IMT®, com
carga inicial de 40 % do valor de P, __inicial e gradual-
mente a carga era aumentada entre 5 % a 10 % por dia
at€ atingir o valor de 60 % da P,__ . O grupo CR realiza-
va 15 minutos de respiracdo diafragmatica combinada
com freno labial, seguido de 5 minutos de inspiragdo
fracionada e 10 minutos de exercicios de inspiragdo
sustentada. Os grupos TMI e CR realizavam por dia
um treino de 30 minutos, seis vezes por semana du-
rante 6 semanas. Os principais resultados demostraram
que os individuos do grupo TMI tiveram aumento sig-
nificativo (p<0,01) na VEMS, DEM 25 % - 75 %, CVF,
capacidade vital (CV) e ventilagdo maxima voluntaria
(VMV) comparativamente ao grupo CR e controlo. O
DEMI foi significativamente maior (p<0,01) no grupo
CR comparativamente aos outros dois grupos. Houve
um aumento significativo (p<0,01) da P, e P, no
grupo CR e da P, no grupo TMI em comparagao ao
grupo controlo e aos valores preditos. Em relagao a ca-
pacidade funcional, houve um aumento significativo da
pontuagdo do Indice de Barthel, nos pacientes do grupo
TMI. Foi observado neste estudo efeitos positivos do
programa de treino muscular inspiratério em relacao a
funcao muscular respiratoria, capacidade de exercicio e
capacidade funcional de pacientes com AVC.

Britto et al. (2011) ©? estudaram os efeitos do TMI em
9 individuos com AVC croénico (tempo de lesdo supe-
rior a 9 meses) comparativamente a 9 individuos sau-
daveis pareados por sexo e idade. Pacientes com doen-
c¢a cardiaca, respiratoria, paralisia facial e historico de
outras doengas neuroldgicas foram excluidos. Todos os
sujeitos foram submetidos a avaliagdo da forga mus-
cular respiratoria e qualidade de vida. O Grupo AVC
realizou o treino respiratorio através Threshold IMT®,
com carga de 30 % da P,__inicial, a resisténcia era
ajustada semanalmente conforme o novo valorde P, __,
o grupo controlo foi submetido ao mesmo protocolo
de treino do grupo AVC, porém sem a valvula de limite
de resisténcia. Ambos os grupos realizaram o TMI em
casa, uma vez por dia com duragdo de 30 minutos a
sessdo, cinco vezes por semana e durante oito sema-
nas. Ap6s o programa de TMI, foi observado aumento
significativo dos valores de P, e P no Grupo AVC
comparativamente ao grupo controlo. Os autores con-
cluiram que houve efeitos significativos a curto prazo
do programa de TMI em relagao a forca muscular in-
spiratéria em pacientes hemiplégicos cronicos.

Os ensaios clinicos descritos acima apresentaram het-
erogeneidade da amostra, quanto ao tempo de lesdo,
critérios de selecdo e numero de pacientes avaliados.
Existe diferenca também quanto ao protocolo utilizado
para treino da musculatura respiratoria, quanto a du-
racdo das sessoes, nimero de repeticdes de cada série,
a carga inicial utilizada e a duragao total do treino.
Embora existam diferencas nas metodologias utilizadas

em cada estudo, estes apontam que o treino da mus-



According to these authors, the recognized methodo-
logical limitations allow them to affirm that there is not
sufficient evidence thus far to classify IMT as an ef-
fective and safe method in the improvement of respira-
tory muscle function in stroke patients. Future research
with controlled, randomized, double- blind clinical tri-
als, applied to wider samples, is needed to evaluate the
efficacy and safety of respiratory muscle training and
its effects on functional capacity and quality of life in
stroke patients.

Conclusions

All of the publications analyzed here have shown that
there is evidence that patients affected by stroke, acute
and chronic, may have decreased inspiratory and ex-
piratory muscle strength which may impair lung func-
tion and cough capacity. Recent studies suggest that the
inclusion of respiratory muscle training might benefit
stroke patients by improving respiratory function and
respiratory muscle strength, particularly in patients with
no history of lung and heart disease or in the absence
of respiratory decompensation signs. However, results
are still limited. Future studies should be conducted to
deepen the knowledge of the benefits, long term effects
and potential negative effects of respiratory rehabilita-
tion in stroke affected patients.
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culatura inspiratéria tém um grande potencial terapéu-
tico para reabilitacao de individuos com AVC, quanto a
melhora da fun¢ao dos musculos respiratorios, aptidao
cardiorrespiratoria e qualidade de vida.

Porém, Xiao et al. (2012) ©? realizaram recentemente uma
revisdo sistematica sobre o treino muscular inspiratorio em
pacientes com AVC, no qual foram avaliaram dois artigos
citados anteriormente. Segundo os autores, ambos estudos
apresentaram limitagdes metodologicas e, até o presente
momento, ndo ha evidéncias suficientes para apoiar o uso
de TMI como método eficaz e seguro na melhora da fungdo
dos musculos respiratérios em pacientes acometidos pelo
AVC. Investigacdes futuras com ensaios clinicos controla-
dos, randomizados, duplo cego e com amostras maiores sdo
necessarias para a avaliar a eficacia e seguranca do treino
muscular respiratorio e seus efeitos sobre a capacidade fun-
cional e qualidade de vida dos pacientes com AVC.

Conclusoes

Os artigos cientificos analisados neste estudo demost-
raram que existem evidéncias de que pacientes acometi-
dos pelo AVC, tanto na fase aguda como croénica, podem
apresentar diminui¢do da for¢a muscular inspiratoria e
expiratdria e como consequéncia desta apresentar piora
da funcao pulmonar e inabilidade de tossir.

Estudos recentes sugerem que a inclusdo de treino
muscular respiratdrio pode trazer beneficios quanto a
melhora da fungdo respiratoria e da for¢a dos muscu-
los respiratorios em pacientes com AVC sem historico
de doenga pulmonar e cardiaca prévia e sem sinais de
descompensacao respiratoria. Porém, os resultados ain-
da sdo escassos. Estudos futuros devem ser realizados
para o aprofundamento do conhecimento sobre os ben-
eficios, efeitos a longo prazo e também possiveis efei-
tos negativos da reabilitagdo respiratoria em pacientes
com AVC.
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