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OBJECTIVES  This study sought to evaluate the effects of inspiratory muscle training in inspiratory muscle
strength, as well as in functional capacity, ventilatory responses to exercise, recovery oxygen
uptake kinetics, and quality of life in patients with chronic heart failure (CHF) and inspiratory
muscle weakness.

BACKGROUND Partients with CHF may have reduced strength and endurance in inspiratory muscles, which
may contribute to exercise intolerance and is associated with a poor prognosis.

METHODS Thirty-two patients with CHF and weakness of inspiratory muscles (maximal inspiratory
pressure [Pr,.] <<70% of predicted) were randomly assigned to a 12-week program of
inspiratory muscle training (IMT, 16 patients) or to a placebo-inspiratory muscle training
(P-IMT, 16 patients). The following measures were obtained before and atter the program:
Pr,... at rest and 10 min after maximal exercise; peak oxvgen uptake, circulatory power,
ventilatory oscillations, and oxygen kinetics during early recovery (Vo,/t—slope); 6-min walk
test, and quality of life scores.

RESULTS The IMT resulted in a 115% increment P1,, ., 17% increase in peak oxygen uptake, and 19%
increase in the 6-min walk distance. Likewise, circulatory power increased and ventilatory
oscillations were reduced. The Vo,/t—slope was improved during the recoverv period, and
quality of life scores improved.

CONCLUSIONS In patients with CHF and inspiratory muscle weakness, IMT results in marked improvement
in inspiratory muscle strength, as well as improvement in functional capacity, ventilatory
response to exercise, recovery oxygen uptake kinetics, and quality of life. (] Am Coll Cardiol
2006,47:757-63) © 2006 by the American College of Cardiology Foundation
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Figura 1 — Quanto mais elevados os niveils pressoricos, maior a mmcidéncia de
quadros de insuficiéncia cardiaca. Dados do estudo de Framingham.
PA = pressdo arterial; HA = hipertensio arterial.
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diminuida Pi .
« A resisténcia muscular diminuida dos
musculos Inspiratorios pode estar

relacionada a limitacao a atividade fisica;

« As causas relacionadas a alteracao muscular
ainda sao especulativas.



submetidos a um programa de TMI
melhoram a cinética do consumo de
oxigénio no periodo da recuperacao,
capacidade funcional e qualidade de
vida.



estabilidade clinica ;

e Criterios de  exclusdo: 1nstabilidade
hemodinamica,  alteracoes  cognitivas,
angina, doencas pulmonares prévias e
infarto agudo do miocardio prévio



Teste de caminhada de 6 minutos;
Ergoespirometria;
Questionario de qualidade de vida;

Treinamento da musculatura
Inspiratoria.
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P-IMT or IMT

Talde 1. Baseline Characteristics of Patients Bandomized to

P-IMT IMT
Group Group
Characteristic {n = 16) (m = 16) p Value*
Gender, male/fernale 10/6 1145 060t
Age, ¥13 Bx2 42 0.21
Body mass indesx, kgom ™ 27 £ 5 27+ 4 (.86
Ericlogy of heart failure, n
Lschemic 7 s 0904
Mon-ischemic e 100 .60
Ejection fraction, % B3 K 0.79*
Forced expiratory volume m - %001 + 126 B3.7 £ 14.5 0.20*
1 s, % predicted
Forced wvital capacity, 24.7 + B.8 B2 x 1534 096"
% predicred
Pl EFa 57 x0.1 5909 0.29*
P %0 predicred 59.8 x 2 5.5 2.2 0.89*
Vo,peak, mlkg ™ min~! 17 = 0.7 17.2 = 0.5 0.7 5"
Digs, %
Dimretics 80 B 0.821
Diigroecin 50 7 0.79%%
Angiotensin-converting Ve B3 0.86t
enzymne nhibitors
Beta-blocker 50 42 010+

Values are expressed as mean X standard deviation. *Stadent ¢ test. tFisher exact test.
IMT = inspiratcry muscle training; P-IMT = placebo-inspiratory muscle
training; Pl = mmodmal static irspiratory pressare; Viogpeak = peak coggen uptake.
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Figure 1. "Weekly values of maxmmal inspiratory pressure (P1,,,., mean *
5D for the placebo-mspiratory muscle training group (P-IMT ) and for the
inspiratory muscle training group (IMT)L Afrer 12 weeks in the program,
all traming was stopped, and 11 patients from each group were re-evaluated
ar 48 weeks. *Two-way AMOVA for repeated measures p <2 0.01 for
group, traming, and mteraction effects. +5ignificantly (p == 0.05) different
from baseline evaluation by the Tukey test.
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Figure 2 The P .. values (mean = 5D at rest and on the 5th and the
10th min of recovery after maximal cardiopulmonary exercise test. (A}
Values before and (B) after intervention for the placebo inspiratory muscle
training group (P-IMT} and the inspiratory mscle training group (IMT).
Travo—way AMNOYV A for repeared measuremenes: §IMT versus P-IMT (p ==
0,01 for group, traming, and interaction effects). Multiple comparisons by
the Tulkey test: *5th minute versus rest (p <2 0.05); +10th minute wersus rest
ip < 0.05% $10th minube wersus Sth min (p << 0.05).




Table 3. Results Obtained in the Maximal Cardiopulmonary Exercise Test for the P-IMT and
the IMT Group

P-IMT IMT
{n = 16) (n = 16)

Aifter Beefore After

Before

Peak ewercize

VE peak, Lmin~! 47+ 3 49 + 4 48+ 2.7 62 + 4%

Vo, peak, mlkg™ " min~! 17 + (L6 17 + (1.8 17 + 0.6 21 + 0.7%
Vo, peak, lmin™?! 1.5 + 01 1.5 =0 1.4 + 0.4 1.5 + 0.4%
R peak 1.0 + 002 1.0 * 002 1.0 =+ 0.01 1.1 + 0.2

Peak circulatory power, 2,714 =+ 505 2,592 + 421 2,829 + 409 2696 = 524%
mm Hg-ml O,k "-min™!
Ventilatory ethciency
Ve Voo, — slope AT +4 AT +4 35+ A5 KT
Oicillations in gas exchange
aVE 006 = (L0035 006 = (L6 007 £ 0,005 003 = 0006
a¥o, 001 = 003 .01 = 04 005 = 0035 004 = 0004
a¥Vioo, 006 = 0L005 007 = e 007 = 0,004 007 = 0008
aVo,/aVE 1.52 + 0.27 1.08 = L37 1.8 =026 212 £ 035
aVioo,/aVE 1.02 + QL5 1+ Q02 1+ Q.06 1.18 = 0.02%
Recovery gas exchange
Vo,t — slope 1st min™! 048 + 012 D48 + 10 0.48 = Q.12 0.81 = 027
T,V (min) 1.55 = Q.22 147 = (L35 1.56 + (.29 104 = 0.16%
T,,,Voo, (min) 160 + 0.3 1.59 = (.2 1.6l + 0.3 1.31 = 0.2%
T,:-VE (min) 163 = 0.1 163 = (0.2 162+ 0.2 132 = 0.2%

The values are expressed as mean £ S0 Two-way AMOVA for rel]:-ﬂ.l:ed measares, “p oo W] for traming and imteraction
effects. tp < 0001 for group effect. *lexpressed in 1- min~! - min~

o = relative amplitude of cscillations; IMT = inspiratory muscle training; F1 | = mo;amal static inspiratory pressure;
P-IMT = placebo inspiratory muscle training; B = respiratory echange ratio; Ty = time required for 30% from peals /v —
slope = kinetics during recovery; VE = minute ventilation; VEVioo; — slope = relationship between change in VE and Vioo,
during incremental exercise; VEVo, = ventilatary equivalent for cupgen uptake; Voo, = carbon dicodde cutput; Viog = coggen
uptake; other abbreviations as in Tablk 1.
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Figure 2. Values of the cogrgen uptake kinetics during the first 2 min of
recovery (mean = 500 afver marxdimal cardiopulmonary escerciss test befors
A) and after (B) interrention for the placebo inspiratcry muscle training
group (P-TWT} and the inspiratory muscle training group (I ). Choecall
tarr-way AMNOWA for repeaced measures: p =C L3E)] for group. oTaining,
and nreracticn efectz. *Significantly ditferent betareen groups (p == OU05%]
by the Tuleey test.



Quality ot lite. The Minnesota Living With Heart Failure
Questionnaire scores improved after IMT (IMT, 27 * 4
betore and 6 * 2 atter; P-IMT, 30 = 13 before and 30 +

13 after [ANOVA =0.001 for group, training, and inter-
action effects]). The global improvement was attnbuted to a
change in physical dimension from 6 = 3 to 3 * 5 because
no changes were observed in the psychological dimension of



CONCLUSIONS

This randomzed, placebo-controlled trial shows that a

short-term, home-based program of IMT results in marked
improvement in inspiratory muscle strength and endurance,
which results in climeally relevant increments of improve-
ment in submaximal and maximal functional capacity, as
well as in quality of life in CHF patients with inspiratory
muscle weakness. Moreover, IMT also improves ventilatory
efficiency and oscillatons during exercise, peak circulatory

power, and oxygen uptake kinetics during recovery in thus
patient population.
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Objectives We tested the hypothesis that inspiratory muscle loading could result in exaggerated peripheral vasoconstriction
in resting and exercising limbs and that inspiratery muscle training (IMT) could attenuate this effect in patients
with chronic heart failure (CHF) and inspiratory muscle weakness.

Background Inspiratory muscle training improves functional capacity of patients with CHF, but the mechanisms of this effect
are unknown.

Methods Eighteen patients with CHF and inspiratory muscle weakness (maximal inspiratory pressure - 70% of predicted)
and 10 healthy volunteers participated in the study. Inspiratory muscle loading was induced by the addition of
inspiratory resistance of 60% of maximal inspiratory pressure, while blood flow to the resting calf (CBF) and ex-
ercising forearm (FBF) were measured by venous occlusion plethyvsmography. For the patients with CHF, blood
flow measurements as well as ultrasound determination of diaphragm thickness were made before and after a
d-week program of IMT.

Results With inspiratory muscle loading, CHF patients demonstrated a more marked reduction in resting CBF and
showed an attenuated rise in exercising FBF when compared with control subjects. After 4 weeks of IMT, CHF
patients presented hypertrophy of the diaphragm and improved resting CBF and exercise FBF with inspiratory
muscle loading.

Conclusions In patients with CHF and inspiratory muscle weakness, inspiratory muscle loading results in marked reduction of
blood flow to resting and exercising limbs. Inspiratory muscle training improves limb blood flow under inspiratory
loading in these patients.  {J Am Coll Cardiol 2008;51:1663-71) © 2008 by the American College of Cardiology
Foundation
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