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Respiratory muscle strength in chronic stroke survivors and its
relation with the 6-minute walk test
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Abstract

Objectives. To compare respiratory muscle strength in stroke survivors (SS) with that in a control group (CG) of
healthy people matched by age and sex, as well as to investigate any relation between respiratory muscle strength and
the distance walked during the 6-minute walk test (EMWT).

Design. Cross-sectional study.

Setting. This study comprised patients from a private neurological rehabilitation center and a public association for
patients with acquired brain injury.

Participants. Chronic SS with a diagnosis of hemiplegia/hemiparesis who were able to walk (n=30) and healthy
individuals matched by sex and age (n=30) (N=60).

Interventions. Not applicable.

Main Outcome Measures. Respiratory muscle strength was assessed using maximal expiratory pressure (MEP) and
maximal inspiratory pressure (MIP) with a pressure transducer and a diver nozzle. The distance walked during the
6MWT was also registered for both groups. The motricity index and the Scale Impact of Stroke version 16.0 were
also measured in SS.

Results. The Student t test revealed significantly lower values of MIP and MEP in SS than in the CG (MEP,
95.93+43.12cmH,0 in SS vs 158.43+41.6cmH,0 in the CG; MIP, 58.7+24.67cmH,0 in SS vs 105.7+23.14cmH,0 in
the CG; P<.001). Moreover, these findings were clinically relevant because both MIP and MEP in SS were <60% of
the predicted values. A positive correlation between the 6MWT and MIP was found using the Pearson coefficient
(r=.43; P<.018).

Conclusions. Respiratory muscle weakness should be considered in a holistic approach to stroke rehabilitation.
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Stroke is a major cause of disability in adults worldwide and is a key social health concern in Spain,
where an estimated annual incidence is 252 per 100,000 people.’®2 Some respiratory problems have
been identified immediately after the stroke during the acute and subacute period, such as sleep
disorders,® altered ventilatory patterns,*®"® and risk of aspiration.® However, neurological rehabilitation
approaches to chronic stroke survivors (SS) rarely take into account assessment and treatment of
respiratory muscles. A literature review’ carried out in 2011 showed that patients with chronic
hemiplegia/hemiparesis after a stroke have limitations in their static and dynamic volumes and present
respiratory muscle alterations and concluded that these responses should be considered during patient
rehabilitation. Few studies® * *°@! published in the past 10 years have assessed respiratory muscle
strength in patients with stroke, gauging maximal expiratory pressure (MEP) and maximal inspiratory
pressure (MIP). A systematic review'” published in 2013 concluded that SS have respiratory muscle
weakness, which could be correlated with a higher risk of chest infections in that population. A
significant decrease in peak cough flow has also been observed in subacute®® and chronic'* SS compared
with a control group (CG) of healthy individuals, which has been related to a lack of respiratory muscle
strength and coordination.™® Respiratory muscle strength has been poorly studied in chronic SS, and there
are several differences in the methodology and protocols for its measurement. A decrease in MEP in
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I, whereas a lower value of MIP has

patients with hemiplegia has been related to a lack of trunk contro
been correlated with a decrease in gait speed.*’

The primary aim of this study was to compare respiratory muscle strength in SS with that in a CG of
healthy people matched by age and sex. The secondary aim was to investigate any relation between

respiratory muscle strength and the distance walked during the 6-minute walk test (6MWT).

Methods
Study design

Data in this article are a subset of baseline data from a cross-sectional study of pulmonary function in
patients with chronic hemiplegia/hemiparesis after a stroke as compared with a CG of healthy people
matched by age and sex.

Participants and setting

The present study was conducted with patients from a private neurological rehabilitation center and a
public association for patients with acquired brain injury, both located in Galicia, Spain. The recruitment
was carried out from January 15, 2012 to October 15, 2014. Thirty-three patients with chronic
hemiplegia/hemiparesis were recruited from a potential sample of 146 SS and filtered using the following
criteria in accordance with the principal study.

Inclusion criteria

We included individuals if they had a diagnosis of hemiplegia/hemiparesis and >6 months have passed
since the onset of the stroke; were aged >18 years; were receiving neurological rehabilitation treatment;
were able to walk with or without assistance (assistive device, orthotic device, and/or physical aid from
another person); were able to understand instructions for several tests; demonstrated a willingness to
participate in the study.

Exclusion criteria

We excluded individuals who were current or ex-smokers for >1 year; had a diagnosis of pulmonary
disease; had a diagnosis of severe cardiovascular disease; had any other neurological impairment; had
experienced thoracic or abdominal surgery in the previous 3 months; had severe facial paralysis; had
severe kyphoscoliosis; and were receiving specific cardiovascular training or respiratory physiotherapy.

Thirty-three individuals in the CG were selected from the staff of the University of A Corufia and
from the users of a local residential home for the elderly by using the same criteria described for SS. The
individuals in the CG were matched by age and sex with SS because those variables can influence the
results of maximal respiratory pressures."®

This project was approved by the Clinical Research Ethics Committee of Galicia. All individuals gave
their written consent to participate.

Procedure

Participant assessments were carried out in the Faculty of Physiotherapy, University of A Corufia. A
specially trained physiotherapist conducted all measurements in 2 sessions.

First visit

All participants underwent a standardized interview about their demographic and clinical
characteristics and rehabilitation procedure details. Anthropometric and vital signs (heart rate, breath rate,
oxygen saturation level, blood pressure) were also noted. Two 6MWTs were conducted in both groups in
an indoor corridor (30m long, with each meter marked) that was seldom traveled, in line with the
international statements.'® Before starting, clear indications for the test were given to the participants. The
principal instruction was to “walk as fast as you can without running.” Standardized verbal
encouragement, described for the validated Spanish version,? was given. The participants in the SS group
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were allowed to use their customary assistive/orthotic devices. When physical or supervision aid from
another person was needed, we trained a companion (normally a relative) to walk with the participant
without influencing his/her gait speed. Individuals had to rest for >30 minutes before starting the second
test. Distance (in meters) and speed gait (in meters per second) were calculated.

To characterize the sample, additional tests were performed. Motor function in patients with stroke
was assessed through the motricity index?! using the protocol described by Collin et al.?* We used the
Scale Impact of Stroke version 16.0% to assess the consequences of the stroke. The Scale Impact of
Stroke version 16.0 has been validated for the Spanish population.?*

Second visit

MEP and MIP were measured, in line with the international statements, using a pressure transducer
(model 511-8D0-MU1% with an operating interval of £300cmH,0 and a precision of 3% connected to a
spirometer Datospir 120C.2 Equipment calibration was performed according to the international
standards.”®> All measurements were taken in a sitting position with a rubber diver nozzle (scuba
mouthpiece) and a nose clip, with participants asked to sustain pressures for 3 to 5 seconds.?® The
pressure transducer calculated the maximal peak pressure generated after the first second (the first second
is discounted because of inertia). Participants were asked to hold their cheeks rigid with their hands to
avoid leaks and to minimize buccinator muscle contributions during the maneuvers. In the case of a
subject with moderate facial paralysis, as described in the literature,?” an assistant physiotherapist held the
participant's lips around the mouthpiece to ensure a perfect seal between lips and the nozzle. When an SS
was unable to adequately move an upper limb, an assistant would manually support the patient's cheeks.
We performed a maximum of 10 repetitions to measure MEP and MIP values, with a minimum of 6
acceptable maneuvers, 3 of them with variability <5% (repeatability criteria).?® We chose the highest
reading of the 3 reproducible maneuvers. The participants had to rest for 1 minute between each repetition
of MEP and 5 minutes before starting the MIP repetitions. The Morales' predictive equations,? created
from a healthy sample of Spanish people, were used in this study.

Data analysis

A descriptive analysis of registered variables was performed. Demographic quantitative variables are
presented as mean + SD, whereas qualitative variables are presented as absolute values. MIP and MEP
were also expressed as percentages of predictive values. After testing for normal distribution of
quantitative variables using the Kolmogorov-Smirnov test, the Student t test was used to determine
differences in maximal respiratory pressures between SS and the CG. Moreover, Student t tests were
performed to determine whether there were any differences between groups with regard to age, weight,
height, and reference values of MEP and MIP. The significant level was set at P<.05.

To test correlations between MEP and MIP and the distance walked during the 6MWT, the Pearson
coefficient was used with the accepted significance level of P<.05. Dancey and Reidy's categorization 2°
was subsequently used to interpret the strength of the correlation.

Al statistical analyses were performed using SPSS version 22.0.°

Results

Sixty-six participants were recruited for this study (33 per group). After the first interview, 2
individuals in each group were withdrawn because they presented contraindications for the performance
of maximal respiratory pressures (problems in the eardrum and recent ocular surgery). One subject in
each group was not included in the final analysis because they were not able to adequately achieve MEP
and MIP values after 10 repetitions of each. We present in this article a sample of 60 participants, 22
(73%) men and 8 (27%) women per group. Table 1 shows that there were no significant differences
between groups with regard to age, weight, height, and body mass index. Among SS, 11 participants had
an affected right side whereas 19 had an affected left side. The average length of time since the stroke
was 45.55+66.08 months (range, 6-324mo). Most SS were inactive (unemployed, retired, or receiving a
disability pension), and only 2 were employed. All SS were recipients of physiotherapy treatment, with an
average treatment of 2.47+1.27h/wk. Moreover, 19 participants were receiving occupational therapy in
the same centers, with an average treatment of 1.58+1.3h/wk. Further details and outcomes achieved in
the BMWT, the motricity index, and the Scale Impact of Stroke version 16.0 are given in table 1.
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Table 1. Characteristics of the individuals (n=60)

SS (n=30) CG (n=30) Differences Between

Variable SS and CG
Mean + SD n Mean + SD n Diff. Means P
Sex: male/female NA 22/8 NA 22/8 NA NA
Age (y) 55.60+15.84 NA 55.33+14.61  NA 27 .95
Height (cm) 166.27+£9.5 NA 169.07+9.07 NA -2.8 .25
Weight (kg) 77.79+15.1 NA 77.82+13.95 NA -.027 .99
BMI (kg/m2) 28.02+4.74 NA 27.15+3.97 NA .87 44
Type of stroke: I/H NA 23/7 NA NA NA NA
Lesion location
MCAJ/ACA/MCA + ACA NA 21/2/1 NA NA NA NA
Lobar/BG/BS NA 3/2/1 NA NA NA NA
Affected side: right/left NA 11/19 NA NA NA NA
Months since the stroke 45.55+66.08 NA NA NA NA NA
Distance walked during the 6SMWT (m) 270.67+129.18 NA 702.93+88.28 NA —432.27 <.001*
Speed 6MWT (m/s) 0.75+.36 NA 1.95+0.25 NA -1.2 <.001
LL_MI 69.4+20.86 NA NA NA NA NA
UL_MI 57.77+33.18 NA NA NA NA NA
Global_MI 64.55+22.89 NA NA NA NA NA
SIS-16 66.73+8.35 NA NA NA NA NA

Abbreviations: ACA, anterior cerebral artery; BG, basal ganglia; BMI, body mass index; BS, brain stem; Diff. Means, difference
between means of both groups; I/H, ischemic/hemorrhagic; LL, lower limb; MCA, middle cerebral artery; M1, motricity index; NA,
not applicable; SIS-16.0, Scale Impact of Stroke version 16.0; Speed 6MWT, speed gait during the 6MWT; UL, upper limb.

* Statistical significance.

Even though none of them were active smokers, 18 SS and 14 people in the CG were ex-smokers. The
average length of time since stopping smoking was 13.29+11.92 years in SS and 20.5+10.55 years in the
CG.

Twelve SS needed an assistive device to walk (straight cane, n=6; crutch, n=4; a tripod, n=2). Five
patients used a foot Dictus® drop brace. Seven participants needed some kind of physical assistance to
walk (2 required physical support, whereas 5 needed only supervision).

Table 2 shows the results of MEP and MIP for both groups as a mean of absolute value and as a
percentage of the predictive value, calculated using the Morales' equations.?®
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Table 2. Maximal respiratory pressures in the SS and CG (n=60)

Variable SS (n=30) CG (n=30) Diff. Means P 95% ClI
MEP (cmH0) 95.93+43.12 158.43+41.60 -62.5 <.001+ 40.60 to 84.39
r.v. MEP (cmH,0)* 174.24+31.42 173.07+£32.43 1.17 .889 —17.96 to 15.62
Obs MEP/r.v. MEP (%) 51.56+20.83 95.62+19.06 —41.35 <.001* 33.56 to 54.56
MIP (cmH;0) 58.7+24.67 105.7+23.14 —47 <.001+ 34.64 10 59.36
r.v. MIP (cmH,0)" 116.38+20.63 115.28+18.89 11 .833 -11.51t09.3
Obs MEP/r.v. MIP (%) 51.41+20.85 93.1+19.69 -39.91 <.001* 30.94 to 52.46

NOTE. Values are mean + SD.

Abbreviations: Cl, confidence interval; Diff. Means, difference between means of both groups; Obs, observed value; r.v., reference
value.

* Statistical significance.

T Reference values were calculated using Morales' predictive equations.

SS had significantly lower values of both MEP and MIP than did individuals in the CG (MEP,
95.93+43.12cmH,0 in SS vs 158.43+41.6cmH,0 in the CG; MIP, 58.7+24.67cmH,0O in SS vs
105.7+23.14cmH,0 in the CG; P<.001). Furthermore, in SS, MEP and MIP were <60% of the predicted
values (51.56+20.83 and 51.41+20.85, respectively), which is considered muscle weakness in the
literature, 821 %

SS walked a mean distance of 270.67+129.18m during the 6MWT. A moderate positive correlation
(r=.43; P<.018) between the 6MWT and MIP was found using the Pearson coefficient ( table 3).

Table 3. Correlation between the 6MWT and MEP/MIP in SS

Variable Pearson Coefficient Correlation Strength* P (2-tailed)
MIP 430 Moderate 0187
MEP .245 NC 191

Abbreviation: NC, no correlation.

* Dancey and Reidy's categorization was used to interpret the strength of the
correlation.

T Statistical significance.

Discussion

The results of this study indicate a significant reduction in respiratory muscle strength in chronic SS
as compared with a CG of healthy people measured by maximal static respiratory pressures. Outcomes
also demonstrate a moderate positive relation between inspiratory muscle strength and the distance
walked during the 6MWT.

In general, our findings are consistent with the literature.® ** %" 3> However, it is difficult to compare
the results from the present study with other research findings because patients with stroke are a highly
heterogeneous population. There are few studies conducted within 6 months of the stroke. Moreover,
there are important differences in the methodology and measurement procedures.

One of the main differences between our study and other studies was related to the assessment
procedure, in particular the equipment and performance of MEP and MIP. Studies® * 232 commonly use
a portable manovacuometer requiring participants to sustain maximal pressures for >1 second. Instead of
following the international standards,® we used an electronic pressure transducer requiring the
individuals to sustain the effort for >3 seconds to achieve a plateau on the curves of MEP and MIP.
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Several of the consulted studies® '°®™! have registered 3 acceptable maneuvers, 2 of them
reproducible with a maximum of 10% of variation. However, we aimed for 6 acceptable maneuvers
(without leaks and with a plateau on the curves), 3 of them reproducible with a maximum of 5% of
variation. We followed this procedure®® to achieve more accuracy and to minimize the learning effect
because this can influence the results of MEP and MIP. 3323

Most of the reviewed articles® '* *7#3! have not considered smokers or ex-smokers within the
exclusion criteria. In our study, we excluded smokers and we accepted only ex-smokers (smoking for
>1y), because it has been observed that current smokers have 15% lower MIP than do non- or ex-
smokers.®

In 1983, Fugl-Meyer et al** demonstrated a lack of respiratory muscle strength in 54 SS compared
with a CG of 12 healthy people. They found a decrease in MIP and MEP in the CG, with a difference
between MIP and MEP being ~20% of the predictive values. However, we found similar percentages in
predictive values of MIP and MEP in SS (51%). The results of both studies are not comparable because a
different protocol was used for measurements and the time period after the stroke was not specified. Fugl-
Meyer assessed MIP and MEP in the supine position and compared these outcomes with predictive seated
normal values. MIP and MEP are significantly higher in the sitting position than in the supine position.*

In 2005, Teixeira-Salmela et al® assessed respiratory muscle strength in 16 chronic SS compared with
a CG of healthy people. They found a significant difference between both groups with regard to MEP and
MIP. When they compared results with predictive values, they found an MEP of 90% and an MIP of
~79%. However, in our study, we achieved a clinical relevance of respiratory muscle weakness® because
both maximal respiratory pressures were <60% of the predictive values of both MEP and MIP (51%).
These higher results of Teixeira-Salmela could be attributed to the differences in the aforementioned
procedures as well as to the fact that participants with a restrictive ventilatory pattern were excluded.
Some authors® ®@* have pointed out that patients with chronic hemiplegia can present a restrictive
respiratory pattern poststroke. Moreover, it has been reported that inspiratory muscle weakness could be
responsible for vital capacity <80% of the predictive value.'® The same research group published another
article® with a larger sample of chronic SS (n=98), finding similar maximal respiratory pressures,
expressed as absolute values (MIP, 73.5£29.2cmH,0; MEP, 81.6+37.7cmH,0). However, they did not
show the percentage with respect to reference values using the same procedure as in 2005.

In 2013, Pollock et al** conducted a systematic review with a meta-analysis, including 4 articles that
compared MEP and MIP of SS with those of a CG of healthy people. They concluded that there was a
significant decrease in respiratory muscle strength in this population as compared with healthy people. It
is worth noting, however, that this systematic review pooled data from acute and chronic SS.

None of the cited original studies have provided the 95% confidence interval. However, the 95%
confidence interval in this study shows that our results can be extrapolated to chronic SS with a high
clinical relevance (see table 2).

The results of Jandt et al*® also confirm a decrease in MEP and MIP in patients with stroke, and Jandt
found a positive significant correlation between MEP and trunk control, assessed with the Trunk
Impairment Scale. Jandt observed a positive correlation between MIP and the Trunk Impairment Scale,
which was near to statistical significance (P=.054). These outcomes suggest a new research line to
investigate whether inspiratory and expiratory muscle training in chronic SS could improve postural
stabilization, which is especially important for functional tasks with these patients.

In 2014, Pinheiro et al*” demonstrated that chronic SS noncommunity ambulators (those who have a
gait speed of <0.8m/s)* have significantly lower MIP values than do community ambulators (those who
have a gait speed of >0.8m/s).*® This is in agreement with our findings of a positive correlation between
MIP and the distance walked during the 6MWT. We wanted to highlight the clinical relevance of that
point. Sutbeyaz etal®® demonstrated, through a randomized controlled trial, that inspiratory muscle
training for the population with subacute stroke had significant improvements in exercise capacity and
quality of life. This is in agreement with the reports by Kim et al,® which showed that respiratory muscle
training produces a significant increase in distance walked during the 6MWT. This is an important factor
in enhancing the social participation of SS. In addition, it has been proved that feedback respiratory
training increases chest expansion and pulmonary function parameters in patients with chronic stroke.*°

Furthermore, a good level of muscle respiratory strength and coordination is needed to have an
effective cough, allowing maintenance of a clear airway and protection against aspiration.”* In the
previous cough phase, inspiratory muscle weakness does not permit the inhalation of sufficient air
volume. Moreover, expiratory muscle weakness compromises the intrathoracic pressure needed to
produce a powerful expiratory airflow.™>®“? High incidence of pneumonia after stroke has been widely
reported.® It is higher in patients with swallowing difficulty (dysphagia) because of aspiration risk.* @45
With these factors in mind, it would be necessary to investigate whether a systematic assessment of
respiratory muscle strength during the rehabilitation program of chronic SS contributes to the prevention
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of the risk of chest infections in that population. There is an emerging pilot study investigating whether
respiratory muscle training in acute SS could improve cough flow and its effectiveness as well as whether
there is a relation with the incidence of pneumonia.* "4

Study limitations

There are some limitations to consider in this study. Although we aimed for 6 acceptable maneuvers
of MIP and MEP with a plateau on pressure curves, we could not achieve them in all participants.
Figure 1 shows an example of the representative graphs of MEP and MIP for matched individuals from
both SS and the CG. While measuring MIP and MEP, we observed that in some SS there is a visible
increase in spasticity in their affected side, which may have restricted maximal efforts. This
inconvenience has not been reported in the consulted literature. Future studies should have a larger
sample, with a classification of different levels of motor impairment after a stroke, to correlate with MEP
and MIP.
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SS. Male, 54 years. CG. Male, 58 years.
MEP: 82 cmH,0 ( 51% of his reference value) MEP: 211 cmH,0 ( 113% of his reference value)
MIP: 63 cmH,0 ( 42% of his reference value) MIP: 97 cmH,0 ( 79% of his reference value)

Fig 1. Example of representative graphs of MEP and MIP for matched individuals from both the
SS group and the CG. (A) A 54-year-old male in the SS group. MEP, 82cmH,0 (51% of his
reference value); MIP, 63cmH,0 (42% of his reference value). (B) A 58-year-old male subject in
the CG. MEP, 211cmH,0 (113% of his reference value); MIP, 97cmH,0 (79% of his reference
value).
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Conclusions

MIP and MEP decreased significantly in SS. Inspiratory and expiratory muscle weakness was

observed as a clinical relevant finding. Moreover, a positive moderate correlation between MIP and the
6MWT has been demonstrated. A systematic assessment of respiratory muscle strength should be

co

nsidered as a part of an integral approach to stroke rehabilitation.

Suppliers

a.
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c.

Sibel Group.
IBM Esparfia S. A.
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