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I nfluence of Skeletal Muscle Mass on Ventilatory and
Hemodynamic Variables During Exercisein Patientswith
Chronic Heart Failure

Ricardo Vivacqua Cardoso Costa, Antonio Claudio Lucas da Nobrega, Salvador Manoel Serra,
Salete Rego, Mauricio Wajngarten

Sao Paulo, SP - Rio de Janeiro, RJ - Brazil

Objective - To assesstheinfluence of skeletal muscle
mass on ventilatory and hemodynamic variables during
exercisein patientswith chronic heart failure (CHF).

M ethods- Twenty-five mal e pati ents underwent maxi-
mum car diopulmonary exer cise testing on a treadmill
with a ramp protocol and measurement of the skel etal
muscle mass of their thighs by using magnetic resonance
imaging. Theclinically stable, noncachectic patientswere
assessed and compared with 14 healthy individuals (S)
paired by ageand body massindex, who underwent the sa-
me examinations.

Results- Smilar valuesof skeletal musclemasswere
found in both groups (CHF group: 3863+ 874 g; Sgroup:
3743+ 540¢; p= 0.32). Sgnificant correlationsof oxygen
consumption in the anaerobic threshold (CHF: r = 0.39;
P=0.02and S r = 0.14; P= 0.31) and of oxygen pulseal so
intheanaerobicthreshold (CHF: r = 0.49; P=0.0land S
r =0.12; P= 0.36) werefound onlyinthegroup of patients
with chronic heart failure.

Conclusion - Theresultsobtained indicatethat skele-
tal muscle massmay influencethe capacity of patientswith
CHF to withstand submaximal effort, duetolimitationsin
their physical condition, even maintaining avaluesimilar
to that of healthy individuals. This suggests qualitative
changesin the musculature.
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Despitethemarked reductioninmortality and morbidi-
ty of cardiovascular diseases observed in recent decades,
theincidenceand prevalenceof heart failure(HF) havesig-
nificantly increased in both developed and developing
countries?.

Heart failureinitschronicform manifestswith severa
signsand symptoms; itsmost significant clinical characte-
risticistheincapacity totolerate progressively milder phy-
sicd effort, whichisanindicator of theseverity of heart fai-
lureitself 2. Thehemodynamic parametersat rest of patients
with heart failurehave been shown not to correl atewith tho-
seduring effort 3, the latter having an independent prog-
nostic power for overall and cardiovascular mortality 4. In
addition, the symptoms usually reported by CHF patients
underestimate their true physical capacity, which may be
better assessed on cardiopul monary exercisetesting > that
providesan assessment of theintegrated cardiopulmonary
function 8,

Inthegenesisof heart failuresyndrome, central hemo-
dynamic abnormalitiesarepresent, asarechangesin skele-
tal muscle function, which have been held responsiblefor
fatigue and its conseguent exercise limitation *°. These
muscle changesreflexly activate the autonomous nervous
system, playing animportant role not only in the origin of
theexerciselimiting symptoms, but alsointhe progression
of heartfailure12,

Degspitetheexistenceof somestudiesontheinfluence
of theskeletal muscul ature on thefunctional capacity of pa-
tientswith heart failure, no report exists about the relation
between skel etal muscle massand ventilatory and hemody-
namic variables, such as anaerobic threshold and oxygen
pulse, which have been considered important functional
and risk markersin that syndrome. Therefore, the present
study aimed at assessing the influence of skeletal muscle
masson different ventilatory and hemodynamicvariablesin
patientswith chronic heart failureduring exercise.
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Methods

This study selected 25 male patients with chronic
heartfailureinNYHA functional classl Il withthefollowing
etiologies: idiopathic (44%), arterial hypertension (32%),
andalcoholism (24%). Patientswiththefollowing characte-
risticswereexcluded fromthestudy: hospitalization or the-
rapeutic change, or both, withinlessthan 3 months; neuro-
logicor locomotor afflictions, or another diseasethat could
interferewith theteststo be performed; epi sodesof nonsus-
tained ventricular tachycardiaat rest; intracavitary throm-
buswith emboligenic potential; and cachexia.

All patientswereusing angiotensin-converting enzy-
meinhibitors, digoxin, and furosemide, in addition to the
following medications: carvedilol (24%), spironolactone
(40%), amiodarone (20%), and warfarin sodium (12%).

Theresting el ectrocardi ogram showed the following
changes: left bundle-branch block (36%), | eft ventricular hy-
pertrophy (32%), |eft bundle-branch anterior divisional
block (12%), atrid fibrillation (12%), and | eft atrial hypertro-
phy (8%).

A control group paired by age and body massindex
was recruited for comparison. This group comprised 14
hedlthy individual saccordingtotheresultsof aclinical exa:
mination, electrocardiography, echocardiography, and car-
diopulmonary exercisetesting. They wereusing no medica-
tionandwerenot engagedinaformal physical exercisepro-
gram. Their characteristicsareshownintablel.

Thisstudy wasapproved by the Committeeon Ethics
for the Analysis of Research Projects of the Hospital das
Clinicasof theMedica School of USPandthe Committeeon
Ethicsin Research of the Hospital Procardiaco (Rio de Ja
neiro). All volunteers signed the formal written consent
after receiving the necessary explanations.

All patientsunderwent treadmill testing (ATL 10200,
Inbramed, Brazil) with smultaneousanalysisof pulmonary
ventilation and expired gases with ametabolic analyzer
(TEEM 100, Aerosport, USA), 12-lead e ectrocardiographic
recordings(Mason Likar system), and blood pressuremea-
surement through sphygmomanometry. Theramp protocol
wasused adjusted to theclinical and biomechanical condi-
tions of the patients, with aprogressiveincreasein thein-
tengity of effort and estimated duration between 8 and 12 mi-
nutes, beinginterrupted by fatigueor dyspnea. Considering

Tablel - Characteristics (mean + sd) of patientswith heart
failure (HF) and healthy individuals

HF Healthy P
n=25 n=14

Age (years) 48 + 12 47 + 11 0.41
Weight (kg) 73+ 12 75+ 11 0.36
Height (metros) 171+ 0.1 1.73+ 0.1 0.29
BMI (kg/m?) 25+ 3 25+ 3 0.42
VSAQ (METs) 55+ 2 12+ 3 < 0.001
Ejection fraction (%) 26+ 8 63+ 4 < 0.001

BMI - body massindex; VSAQ - veterans specific activity questionnaire; MET -
metabolic equivalent: 3.5 ml O,/kg/min.

582

Arq Bras Cardiol
2003; 81: 581-5.

the occurrence of natural adaptation to exercisetesting, 2
testswere performed at an approximateinterval of 1 week,
the results of the second test being used for analysis.

The anaerobic threshold, obtained in all cases, was
determined by 3 experienced examinersand defined when
agreement, at least between 2 of them, occurred. Thecriteria
used for itsdetermination were asfollows 314: anonlinear
increasein ventilation, ie, exponentiation of theventilation
curve; point of beginning of the consistent elevation of the
curve of the oxygen ventilatory equivalent; and curve ele-
vationreferring totheexpired oxygenfraction.

The muscle mass of the thigh was determined with
magneti c resonance imaging with the patient lying in the
dorsal decubitus position. The examinations were perfor-
medinaSigmal.5T HorizonL X 8.2devicewithtorso cail
(General Electric, USA). The sequences processed were
pin-echoT1in5.0-mmthick axid viewsat 8.0-mmintervals.
Topogramwasperformedinthecoronal plane. Theskeletal
muscle mass (MM) of theright and | eft thighs was measu-
redin the spin-echo T1 sequenceusing anirregular cursor
around the muscle groups, excluding thefat ti ssue and bo-
nes 316, The anatomic landmark for thefirst view of the
thighwasthehipjoint, and thelast view wasthat immedia-
tely beforethepatella. All muscle massval ueswere added
and multiplied by 13mmand by muscledensity (1.05); then,
themean musclevolumewascalculated ¥’

All variables had anormal distribution and homoge-
neity of variances. Therefore, parametric procedureswere
used for all analyses. The Student t test for independent
sampleswas used for comparing theresults of the patients
and controls. Thecorrel ation coefficient wasused for mea-
suring the association between 2 variables, 0.323 being the
critical valuefor the number of patientsstudied, and 0.426
for the control group. Linear regression analysis through
theleast squares method was used to determine the first-
degreeequationthat describestherel ation between VE and
VCO, Thecorrelation coefficientwas>0.95inall cases. The
slope calculated was used for analyzing the correlation
with musclemass. Thesignificancelevel adopted was5%.

Results

Theresults of the variables obtained in cardiopulmo-
nary exercisetesting and magnetic resonanceimaging are
shownintablell. Asexpected, theresultsindicate alower
functional capacity in the CHF patients as compared with
that in healthy individuals, although no difference was
foundinregardtotheskel etal musclemass. Figure 1 depicts
the behavior of pulmonary ventilationinrelation to CO,
productioninaCHF patient and inahealthy individual.

Tablelll showsthelinear correl ationsbetween muscle
mass and ventilatory and hemodynamic variables during
exercisein patientsand control individuals. Significant po-
sitive and negative correlations were observed only in the
group of patients. Figure2 depictsthegraphswithindividu-
a resultsand theline of linear regression between skeletal
muscle mass and oxygen consumption at the anaerobic
threshold in patientsand control individuals.
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Tablell - Results (mean + sd) of patientswith heart failure (HF) and healthy individuals
HE Healthy P
n=25 n=14

Metabolic variables
VO, pesk (L/min) 13+ 05 3.1+ 09 < 0.001
VO, anaerobic thresh (L/min) 08 + 0.3 21 £ 0.7 < 0.001
Derived variables
VE/VCO, peak 35+ 8 241 + 45 < 0.001
VE/VCO, anagrobic thresh 33+ 7 238 + 4.1 < 0.001
VExVCO,slope 32+ 9 21 +3 < 0.001
VE/VO, peak 36+ 7 25+5 < 0.001
VE/VO, anaerobic thresh 29+ 6 21 +5 <0.001
O, pulse peak (mL/beat) 86 + 2. 184 + 5 < 0.001
O, pulse anaerobic thresh (mL/beat) 64 + 2 152 + 39 <0.001
Muscle mass of the thighs (g) (RM) 3863 + 874 3743 + 540 0.32
VO, anaerobic thresh (% peak) 62+ 9 66 + 10 0.10
Borg scale peak 18 + 2 19 + 3 0.09
Respiratory quocient 1+ 0.09 11+ 01 0.21
VO, pesk - oxygen consumption at peak effort; VO, thresh - oxygen consumption &t the anaerobic threshold; VE/ VCO, - ventilatory equivalent of carbon dioxide; VE/VO,-
ventilatory equivalent of oxygen; VE x VCO, - linear relation between the volume expired and the ventilatory equivalent of carbon dioxide; O, pulse- oxygen pulse.

Linear regression - patient with HF
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Fig. 1- Examplesof VEx VCO, slope. CHF patients=41; healthy individuals= 19.
Relation between ventilation per minute and production of carbon dioxidein apa-
tient with heart failureand in ahealthy individual. The ventilation necessary to eli-
minate carbon dioxideincreasesearlier inthe patient with heart failure ascompared
with that in the healthy individual.

Talelll - Correlations of the ventilatory hemodynamic variables with
muscle mass of thethighsin patientswith heart failure (HF) and
healthy individuals

HF Healthy
n=25 n=14
r P r P
Variables
VO, peak x MM 0.36 0.04 0.14 0.32
VO, anaerobic threshold x MM 0.39 0.02 -0.14 031
VE/VCO, peak x MM -0.33  0.05 -0.15 0.30
VE/VCO, anaerobic -0.36 0.04 -0.08 0.39
threshold x MM
VEXVCO,slopex MM -0.40 0.02 -0.07 0.40
VE/VO, pesk x MM -0.42  0.02 -0.07 0.30
VE/VO, anaerobic thresholdx MM~ -0.38  0.03 -0.11 0.36
O, pulse peak x MM 047 0.01 0.12 0.36
O, pulse anaerobic threshold x MM~ 0.49  0.01 0.12 0.68
MM - skeletal muscle mass of the thighs.

Discussion

Our study found a correlation between the skel etal
musclemassof thethighsand thevariablesobtainedinthe
cardiopulmonary exercisetest in patientswith heart failure.
A correlation between muscle mass and the variableswas
found not only at the peak of effort, but also at the anaero-
bic threshold.

Quantitativesimilarity inthemusclemassobtained on
magnetic resonanceimagingwasobserved in patientswith
heart failureandinthecontrol group. Thismay beexplained
by the fact that the patients were stable and not cachectic.

The anaerobic threshold was used for the functional
assessment of patients, and more el evated valueswere ob-
servedinthecontrol group (P<0.001). Thisparameter isob-
tained in submaximal intensities of effort accompanying
most of theindividuals” daily activitiesandisusedfor pro-
gramming physical activity 1819,
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Fig. 2- Linear correlation betweenV O, at theanaerobic threshold and musclemass of
thethighs. CHF patients: r = 0.39; P=0.02. Healthy individuals: r = 0.14; P=0.31.

Inour study, thebehavior of theVEx VCO,sloperela-
tedtoventilatory inefficiency andintoleranceto exerciseis
worth noting, being anindependent variableto estimatethe
prognosisin patientswith heart failure®. Themeanvalues
of the VE x VCO, slopein the patients studied (32+9) are
bellow 34, avalue confirmedinthestudy by Chuaet a #as
characterizing severity and apoor prognosis.

Other studieshavereported aninverseand significant
relation between muscle mass and the VE x VCO, slope,
confirming theexistence of acorrel ation with theaccentua-
tion of theergoreflex > with val uesequivaent tothose ob-
tained in this study.

The participation of hemodynamic factorsinthisstu-
dy was assessed with oxygen pulse 222, which correl ates
with systolic volume?*. In the group of patientswith heart
failure, adirect and significant relation wasfound between
oxygen pulse and muscle mass at the peak of effort and
anaerobicthreshold. A report on thebehavior of thishemo-
dynamic variablerelated to skeletal muscle has not been
found intheliterature. One may suppose that the reduced
values of oxygen pulseduring exercise obtained in al pa-
tients cause secondary hemodynamic changesthat interfe-
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rewith muscle mass, with elevation in the arterial-venous
oxygen content difference.

A direct and significant rel ation between skel etal mus-
clemassand oxygen consumption at the peak of effort was
obtained in our study, and these values are similar to those
reported by other authors 252¢,

According to themuscle hypothesis?, thefunctional
limitation of these patientscould beattributed to theaction
of metabolicand structural factorsinthe skeletal muscula-
ture, triggering theergoreflex, with elevationin the sympa-
thetic activity consequent to peripheral vasoconstriction,
leading to ventilatory dysfunctions?,

Another study on skeletal musclemassby Toth et al 2
assessed 14 stable and noncachectic patientswith NYHA
functional classl|| heart failureand 52 healthy individuals.
Thevaluesof musclemassintheheart failuregroupandin
thehealthy individual swere, respectively, 3200+400 g and
3300+6009g (NS), andasignificant rel ation to oxygen con-
sumption was found at peak effort. Toth et al 2° used the
same methodol ogy used in our study with almost overlap-
ping results. Those authors concluded that qualitative and
not quantitative factors of skeletal musculature interfere
with the functional condition of these patients; however,
thefactorswere not studied at the anaerobic threshol d.

Theintrinsic changesin skeletal muscleinfluencing
physical activity havebeen showninsevera studies, suchas
that by Massie et al *, who assessed 18 patientsin NY HA
functional classl Il andwithaninverseand significant corre-
lation betweentypell ab musclefibersand pesk VO,. Those
authorsfound ametabolic changein skeletal musclewith a
reductionintheoxidativeactivity of theenzymes.

The study by Okitaet a 3! isworth noting. They as-
sessed 12 patientswith heart failureand 7 control sand cor-
related thetoleranceto exerciseassessed at VO, peak tothe
depletion in phosphocreatine and to the pH reductionin
skeletal musculature. The strong rel ation between oxygen
consumption at peak effort and cellular acidosisconfirmed
that theseintrinsic changesareanimportant limiting factor
toexercise.

The relation between muscle mass and oxygen con-
sumption at the anaerobic threshold wasacharacteristicas-
sessedin our study, but notin other studiespublished. This
relationwasdirect and significant in patientswith heart fai-
lure, but nonsignificant in healthy individuals. Thisshows
that the morealtered themusclemass, thel ower thetol eran-
ceto lactacidemiaduring exercise, with areductionin the
functional capacity of these patients.

Inconclusion, patientswith heart failurehaveacorre-
Iation between the skeletal muscle mass of thethighsand
theventilatory and hemodynamic variablesat theanaerobic
threshold and at the peak effort that participatein the me-
chanismsthat reduce physical capacity.
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