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Objective - Exercise training programs have been
proposed as adjuncts to treatment of heart failure. The
effects of a 3-month-exer cise-training-programwith 3
exer cise sessions per week wer e assessed in patientswith
stable systolic chronic heart failure.

Methods- We studied 24 patientswith final left ventri-
clediastolic diameter of 70£10mm and left ventricular
ejection fraction of 37+4%. Mean age was 52+16 years.
Twel ve patientswere assigned to an exercisetraining group
(G1), and 12 patients were assigned to a control group
(G2). Patientsunderwent treadmill testing, beforeand after
exercisetraining, to assess distance walked, heart rate,
systolic blood pressure, and double product.

Results- In G2 group, before and after 3 months, we
observed, respectively distance walked, 623+553 and
561+ 460m (ns); peak heart rate, 142+23 and 146+ 33b/
min (ns); systolic blood pressure, 154+36 and 164+26
mmHg (ns); and double product, 22211+ 6454 and
24293+7373 (ns). In G1 group, before and after exercise,
we observed: distance walked, 615+394 and 970+ 537m
(p<0.003) peak heart rate, 143+24 and 143+29b/min
(ns); systolic blood pressure, 136+33 and 133+24 mmHg
(ns); and double product, 19907+ 7323 and 1911545776,
respectively. Comparing thegroups, asignificant differen-
ce existed regarding the variation in the doubl e product,
and in distance walked.

Conclusion —Exercisetraining programsin patients
with heart failure can bring about an improvement in
physical capacity.
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Heart failureis currently an important public health
problem. Onepercent of the popul ationisestimated to have
itand 1/5dieevery year, at theratio of 3/1,000inhabitants/
year. Inthe United States, heart failure occursin about 2.2
million people, and contributesto over 500 thousand shos-
pitalizationsand, approximately, 250 thousand deathsevery
year 12, Inthe State of Mato Grosso, these val uesrepresent
anaverageof 9,000 hospitalizationsand 350 deathsannual -
ly, according to SistemaUnico de Salide(SingleHealth Sys-
tem) (SecretariaEstadual de Saidedo Mato Grosso) (State
Heath Ministry).

Despitethe progressin the treatment of heart failure,
high mortality and morbidity still occur 3. Exercisetraining
programsareamong therecommended proceduresto redu-
cemorbidity and, insomesituations, mortaity “¢. Generally,
procedures, which arenot alwaysavailable, and areexpen-
siveand complex areused for individual assessment of the
benefits of the programs, such as ergospirometry, among
others. Thishaslimited their broad usein the community.
On the other hand, in our community, no investigations
have been performed and published about the beneficial
roleof exercisetraining programsin patientswith heart failu-
reapart fromisolated cases, without acontrol group. Cultu-
ral factors and patients’ own characteristics, such as age,
ethnicity, etc., couldinfluence possible beneficial results.

The objective of thisinvestigation wasto study the
effect of exerciseon the physical capacity of patientswith
heart failure, using aprogram of easy application and low
cost inthecommunity instead of complex investigations.

M ethods

Theinvestigationwasperformed from October 1997 to
March 1999, at theambulatory cardiol ogy unit of theHospi-
tal Université&rio JalioMller (HUJIM), at theUniversidade
Federal deMato Grosso (Federal University of Mato Gros-
s0), and at the Instituto de Cardiologia do Mato Grosso
(Instituteof Cardiology of Mato Grosso). Patientswerere-
ferred primarily from 3 screening services, the University
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Hospital JulioMdiller, Cardiology | nstitute of Mato Grosso,
and Posto de Salidedo Bairro Osmar Cabral (Public health
serviceof Osmar Cabral Court).

All patientswho were sent to the cardiology ambula-
tory unit had on echocardiography final left ventricledias-
tolicdiameter >60mm and g ection fraction <45%, withsigns
and symptoms of heart failure. They wereinvited to take
part in the study by the cardiologist aslong asthey did not
haveany of theexclusion criteria, whichwereclinical insta-
bility inthelast 3months, uncontrolled atrial or ventricular
arrhythmia, myocardia infarctioninthelast 3months, angi-
naor any other manifestation of ischemia, hypertrophic
myocardiopathy, restrictive myocardiopathy, cardiopathy
that required surgical correction, pulmonary disease, pri-
mary val vul opathy, associated diseaseinvolving theability
to exercise, blood hypertension, and difficulty incomplying
withtheprotocol. Of the 35 patientsselected, 24 (18 menand
6 women) agreed to take part in the research and were sent
to the Cardiology Institute of Mato Grosso to undergo in-
vestigation for diagnosis, improvement of the available
therapeutics, and treadmill testing. Afterwards, they were
sent to the physical trainer to devel op the study. Patients
characteristicsarefound in tablel. All patients gave their
written consent to take part in the study, approved by the
ethicscommittee of the Federal University of Mato Grosso.
M edi cation remai ned unchanged during the appli cation of
theexercise programin both groups.

The 24 patientsin the study were randomly assigned
to 2 different groups: group 1 was formed by 12 patients
undergoing theexercise-training program, and group 2 was
formed by 12 patientswho were not undergoing the exerci-
se-training program. Both groupswerefollowed equal ly by
thesametreatment team, except regarding thetraining. Se-
lection of groupswasperformed using systematic probabili-
ty sampling’. Groupswerecomparableintheir characteris-
tics(tab. ). Wedeterminedin both groupsat the beginning
of theinvestigationand at theend of thetrai ning period ma-
ximum distancewa ked onthetreadmill (inmeters), heart rate
(inb/min) at rest and at peak exercise, systolic blood pressu-
reat rest and at pesk exercise(inmmHg), and cal cul ation of
doubleproduct (systolic blood pressurex heart rate).

Thetreadmill protocol used to assess patientswasthe
modified Naugthon®. Weused the €l ectric treadmill Ecafix,
model EG 700X, for thetreadmill test, connected to an Acer
Mate computer, with the program Ecafix cardio perfect
(Ecafix3-4 ST), mode number A25374, with continuousmo-
nitoring of heart rate and of an electrocardiogram. Blood
pressure was assessed with theauscultatory method with a
mercury column sphygmomanometer. After 2 minutesinthe
upright position without exercise, patients were encoura
ged to perform exercises until symptoms (fatigue or dysp-
nea) made them unableto continuethetest.

The exercise training program of patients lasted 3
months, at 3timesaweek. Each sessionlasted 30to 60 minu-
tes®1!. Exerciseswereperformed at theHospital SantaCruz
during themorning.

Based on the results obtained on the initial treadmill
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Tablel - Characteristics of the patientswho did and did not
participate in the exercise-training program in the beginning of
the investigation

Variable Exercise training Control group
Age (years) 48+ 14 56 + 16
Gender (M/F) 9/3 9/3
Functional Class-pts 1-4.11-4.111- 4 1-3.11-6.111-3
Medication (%)
Diuretics 75 67
ACE inhibitor 67 67
Digitalis 83 75
Antiarrhythmic drugs 8 17
Potassium chloride 33 42
Etiology (%)
Ischemic 333 16.7
Enlarged idiopathic 16.7 16.7
Hypertensive 16.7 41.7
Chagasic 25 16.7
Valvular 8.3 8.3
FLVDD (mm) (mean) 70 68
Distance (m) 615.3 623.9
SBP at rest (mmhg) 107.9 121.7
Double product 19906.7 22045.8
HR at rest (b/min) 82.2 81.2
LVEF (%) 38.1 37.3
ACE - angiotensin conversion enzyme - LVEF- |ft ventricle gjection frac-
tion; FLVDD- find left ventricle diastolic diameter on echocardiogram;
HR- heart rateat rest; distance, meterswalked intreadmill test; SBP- systolic
blood pressurein mmHg; Double product, heart ratex systolic blood pressure.

test, exercisetraining was programmed over the 3 months
onanindividual basisfor each patient. It was a specific
exercise-training program, seekingto establishanintensity
of variablework at 60% to 80% of the peak heart rate 17,
Theintensity of theexerciseswascontrolled and monitored
through acardiac monitor, Polar model Accurox, program-
medfor thepatienttowalk at atarget heart rate. Target heart
ratewasassessed withtheKarvonem formula, whereval ues
of peak heart ratefound on thetreadmill test and of heart rate
at rest of patientsareal so present, ie, target heart rate= % of
work X (pesk heart rate—heart rateat rest) + heart rateat rest.
Wetriedtoreachthepercentageestimated at traininginrela-
tionto peak heart rateassuring that it wasintheideal inten-
sity and wasnot bel ow or abovethe programmed intensity,
assuring, therefore, greater safety. The machine set off an
aerting deviceautomatically. In additionto heart ratemoni-
toring, the intensity of exercises was assessed with the
Borg scalefor rating of effort 141819, The exercisetraining
method used was at interval s &2,

Exercisetraining consisted of walksandlocalized exer-
cisesinthearmsand extensions of upper and lower limbs,
with their own resistance (arms, legs, and trunk) or with
external resistance (dumb-bell) with performance of i soto-
nic contractions (contraction and relaxation of skeletal
muscle€). These had the purpose of complementing thewal -
king exercises, and al so thestretching exercisesof thegreat
muscle groups and flexibility of the main joints(shoulder,
€elbow, hips, knees, and ankle) of the body 18,

During the exercise training program and with the
improvement of patients' conditioning, someprogramshad
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Fig. 1- Distancewalked before (Pre) and after 3monthsin theexercisetraining group (a) and inthe control group (b).

someadlterations. For example, in performance, thepatientin-
creased walking speed (intensity), or increased distance
walked (trainingvolume) (1) gradually increasing exercise
length up to 60 minutesand (2) increasing the percentage of
workload, also gradually, up to 80% of the maximum heart
rate 19,20.

Analysisof thecomparison of thevariation percenta-
ges between the groupswas performed using the nonpara-
metric Mann-Whitney test°.

Studiesof distancewalked, heart rate, and doubl e pro-
duct wereperformed withthemultivariateanalysisof mean
profilesin both groups of patientswith heart failure (con-
trol and exercisegroup). Assessmentsweremadeat 2 diffe-
rent times (beginning of the study andintheend of the stu-
dy), and weobservedthesimilarity regarding themean pro-
fileof thegroups, effectsof thegroupsat the beginning and
at theend, and the effectsof theinitial and final momentin
each group #. Discussion of data obtained through statis-
tical analysiswasperformed at 5% significance?.

The group comparison was performed at the begin-
ning of theexercisetraining program, through thevariables
age, calculated using the nonparametric Mann-Whitney
test, and gender, cal culated using the Goodman test, for
contrast of multinomial populations?.

Results

In G2 group, the distance walked at the beginning of
thestudy and after 3monthswas 624+553m and 561+460m,
respectively, with avariation of —17+86% (p=ns). In G1
group, the distance walked at the beginning of the study
and after 3monthswas 615+394m and 970+537m, respec-
tively (p<0.003), withavariation of 76+71% (fig. 1).

Of the 12 patientsin G1, 11 increased distancewal ked
at theend of the program in comparison with thebeginning.
InG2group, only 2 patientswereabletoincreasethedistan-

cewalked and the other 10 decreased the distance walked
incomparisonwiththebeginning.

Inthecontrol group, heart rateat restin thebeginning
of the study and after 3 monthswas82+13 and 87+16, res-
pectively (p<0.05), withavariation of 7£20%. InG1group,
heart rate at rest in the beginning of the study and after 3
monthswas82+15and 78+14, respectively (p<0.05), witha
variation of -8£-29% (fig. 2). InG2 group, heart rateat peak
exercise at the beginning of the study and after 3 months
was142+23 and 146+33, respectively (p=ns), withavaria-
tionof 3+25%. InG1, heart rateat peak exerciseat thebegin-
ning of the study and after 3 months was 143+24 and
143+29, respectively, with avariation of -0.02+25% (p=ns)
(fig.3).

Although variationin peak heart ratewas not statisti-
cally differentin G1, it decreased on average 15bpm after 3
monthsof trainingin 7 of the 12 patients, whereasin G2, it
increased in 8 patients.

In G2, double product at rest at the beginning of the
study and after 3monthswas9767+1452 and 11102+3012,
respectively, with avariation of 12+24% (p=ns). Intheexer-
cisetraining group, double product at rest at the beginning
of thestudy and after 3 monthswas 8885+1991 and 8269+
1729, respectively (p<0.05), with avariation of —8.47+
23.50%. In G2, double product at the beginning at peak
exercise and after 3 monthswas 22046+6309 and 24293+
7373, respectively, withavariation of 17+68%. InG1, double
product at peak exercise at the beginning of the study and
after 3monthswas19907+7323 and 19115+5776, respective-
ly, withavariationof —19+27% (fig. 4).

In G2, 8 patients had a mean increase of 6295 of the
doubleproduct, whereasin G1, 10 patientshad decreasesin
doubleproduct of 3984.

At peak exercisein G2, distance walked/maximum
exercise heart rateratio before and after the 3 monthswas,
respectively, 4.5+4.2 and 3.9+ 3.3m/b/min(p=ns) (fig. 5). At
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Fig. 2- Heartrateat rest before (Pre) and after 3monthsintheexercisegroup (a) andin
the control group (b).
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Fig. 3- Peak exerciseheart rate before (Pre) and after 3monthsintheexercisetraining
group (a) and in the control group (b).

peak exercisein G1, thedistancewalked/maximumexercise
heart rateratio beforeand after thetraining period was, res-
pectively, 4.6+3.7 and 7.3+4.9m/b/min?(p<0.0003).

During the study period, 5 patientsfrom G1 changed
NYHA Functional Class, and at the end of the exercise
training program, patientswereclassified asthefollowing
Functional Classes: 8wereClassl, 2wereClassl| and2were
Classlll. InG2, 2 patientsrequired hospital admissionand 1
patient died. In the exercise group, none of the patients
required hospital admissionor died.

Discussion
Our results demonstrate that a simple and easy to

apply exerciseprogram canincreasedistancewal ked during
exercise, reduce double product at peak exercise, and in-
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Fig. 5- Distancewalked/heart rateratio before (Pre) and after 3monthsintheexercise
group and in the control group.

creasedistancewalked/heart rateratioin patientswith heart
failure, incomparison with the control group. Treadmill as-
sessment of exercisebenefitisalso possibleinheart failure.
Application of the programwas safe, had high compliance,
and the exercise group had fewer occurrences of events.
Theincreasein distancewalkedintheexercisegroup,
together with greater effort tolerance and improvement in
physical capacity, issimilar to the results published by
other authors, despitethe small number of patientswithan
ischemic etiology, inour investigation?>%. Increasein exer-
ciseload wassimilar to that described by Widlengaet al %,
Tyni-Lennéet a %, Belardinelli 77, and Oliveiraet a 2. Our
exercise-training programwasal so similar tothat reported
by Wielengaet al %, Tyni-Lennéet a %, who used aerobic
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programswith local exercises. Webelievethat theseresults
are dueto theincreasein muscle mass, greater peripheral
blood flow during exercise, metabolic aterations, including
improvement inthe oxidative capacity of skeletal muscles,
histology and biochemical aterations, aswell asimprove-
ment in ergoreflex 2%, Anincrease also occurred in local
strength and aerobic metabolism efficacy, because these
patients have fatigue and effort intolerance as limiting
factors %2, Additionally, aerobic training enhances phy-
sical capacity, peak oxygen consumption, peak voluntary
ventilation, and respiratory efficacy. Aspreviously shown,
distancewakedisamarker of aworse prognosi sand worse
clinical condition, anditispossiblethat anincreasein dis-
tance walked is accompanied by areduction in patients’
mortality, especially those with an ischemic etiology and
improvementinquality of life. Theseveral mechanismsfrom
whichtraining intheischemic group may reducemortality
includedevel opment of collateral circulation, reductionin
neuro-hormona and anti-inflammatory activity, ateration of
vascular complacence, increasein HDL-cholesterol and
improvementinlipid profile, reduction of other risk factors
for coronary disease, increased number of hospital visits,
and greater compliance with treatment protocol s2.33%,
Our dataon heart ratewith exercisearesimilar tothose
published by other authors?*”. Peak heart ratein our study
wassimilar tothat described by Oliveiraet a 2. Theexpla-
nationfor theuniformity intheresultsof heart rate seemsto
bethe similarity in Functional Classof patientswith heart
failure. In the exercisetraining program, heart rateisthe
sametothat reported by Coatset al *, Sullivan et al %, and
Shephard et al ¥, who used similar exercisetraining pro-
grams. Asalready reported, pati entswhotook partintheae-
robic exercisetrainingtolerated agreater workload without
increasing peak heart rate. The mechanism, which could
explainthereductionin heart rate to the sameworkload, is
probably theincreasein vagal tonusand reductionin cate-
cholaminelevelswith areductionin sympathictonusand
baroreflex improvement, and greater R-R variability ¥4,
Thedecreasein doubleproduct with exercisewassimi-
lar tothat reported by other authors. Uniformity of results
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isexpected, oncethepopul ation wassimilar and therespon-
seswere chronotropic, and blood pressurewas similar. Ho-
wever, itwasdifferent fromthat reported by Shephardeta #,
whichincluded changesin quality of lifedetermined by the
analysisof emotiona aterations, fatigue, or dyspnea. The
mechani smsby which exercisedecreasesdoubleproductis
through again in physical capacity, causing adecreasein
heart rate, without increasing blood pressure, probably be-
cause peripheral blood flow isincreased and atendency
existsfor vascular resistance to decrease during exercise,
enhancing the number of capillaries and reducing fiber/
capillary ratio®.

Thelimitations of this study are the small number of
patients, short follow-up period, and the different etiol ogy
of the patientswith heart failure, even taking into account
the significant results. A short follow-up period does not
show if and how the beneficial effectsaremaintained over
time; however, thesimplicity of our method enablesahigh
compliance rate with thetreatment, which is probably the
great limitation of theselong-term protocols.

The present study shows the possibility of applying
and devel oping with benefitsasimpleprogram of exercise
training at healthinstitutions, with possibilities of monito-
ring results. Exercise-trai ning programscan promote bene-
ficial psychological effectsand abetter quality of life.

Inconclusion, exercise-training programsarerarely re-
commendedinthecommunity for patientswith heart failure,
dueto fear of worsening of the symptomsduring exercise.
Our resultsarethefirst to demonstrate, in our community,
through random study and a control group that exercise-
training programscan enhancephysical capacity in patients
with heart failure, whichisshown by theincreased distance
walked. Thereductionin heart ratecouldindicateadecrease
in neuro-hormonal activation. It hasnot been determinedif
increased physical capacity isassociated with abetter prog-
nosis; however, the small number of adverse eventsin the
exercise group is cause for optimism. Clinical benefits, if
confirmed by other studiesin our community, couldindicate
that exercise- training programsmust beroutinely appliedin
select patientswith heart failure.
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