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Gas Exchange During Exercise in Different Evolutional Stages
of Chronic Chagas’ Heart Disease
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Objective — To compare gas exchange at rest and du-
ring exercise in patients with chronic Chagas’ heart disea-
se grouped according to the Los Andes clinical/hemody-
namic classification.

Methods — We studied 15 healthy volunteers and 52
patients grouped according to the Los Andes clinical/he-
modynamic classification as follows. 17 patients in group
14 (normal electrocardiogram/echocardiogram), 9 pa-
tients in group IB (normal electrocardiogram and abnor-
mal echocardiogram), 14 patients in group II (abnormal
electrocardiogram/echocardiogram, without congestive
heart failure), and 12 patients in group 111 (abnormal elec-
trocardiogram/echocardiogram with congestive heart
failure). The following variables were analyzed: oxygen
consumption (V ), carbon dioxide production (V ), gas
exchange rate (R), inspiratory current volume (V, ), expi-
ratory currentvolume (V, ), respiratory frequency, minute
volume (V), heartrate (HR), maximum load, O , pulse, and
ventilatory anaerobic threshold (AT).

Results — When compared with the healthy group, pa-
tients in groups Il and Il showed significant changes in the
f OZZOWing Variables : VO2]7euk’ VCOZ]I(‘H/(’ VI Cpeak’ VE Cpeak’ E’ HR’
and maximum load. Group IA showed significantly better

results for these same variables as compared with group I11.

Conclusion — The functional capacity of patients in the
initial phase of chronic Chagas’ heart disease is higher than
that of patients in an advanced phase and shows a decrease
that follows the loss in cardiac-hemodynamic performance.
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Even though quantifying the responseto exercisein
patientswith heart diseases of different etiol ogieshasbeen
the aim of many studies, those studing alterationsin the
functional capacity of patientswiththecardiacform of Cha-
gas diseasearescarce. However, quantification and analy-
sisof thefunctional capacity indifferent phasesof chronic
chagasic heart disease are of practical interest because
they generate preciseinformation about the oxygen capa-
city of transportation and use, i.e., thefunctional capacity of
thelungsand the cardiovascul ar, muscular, and metabolic
systemscombined. Thisassessment providestheclinician
with datafor establishing aprognosist, anditisimportantin
thefollow-up of thetherapeutical responseand evaluation
of the adaptation of these patients during arehabilitation
program. Based on oxygen consumption (V) andtheana-
erobicthreshold reached during the cardiopul monary exer-
cisetest, theclinician can decidewhether thepatientisqua-
lified or not for astudy 2 and can orient the appropriatelevel
of thepatient’ sdaily activities. Thisalongwiththeanalysis
of other parametersmay providetheclinicianwithinforma
tion for deciding whether a cardiac transplantation is
necessary 34,

The present study aimsto quantify and analyze the
gas exchange at rest and during exercise in patients with
chronic Chagas' heart disease relating the resultsto the
stage of the disease according to the modified Los Andes
clinical/hemodynamicclassifications® (diagraml).

Methods

Aspart of the present study developed during 1997
and 1998, we evaluated 15 healthy male volunteers (age
range: from 22 to 51 years; mean age = 3619 years) who
congtituted the control group (N). Thesevolunteersdid not
takepartinany systematic physical training program, even
though somereported the practice of sporadic physical ac-
tivities. Thisgroup comprised 4 postgraduate students, 8
fromthestaff of thefedera university of RiodeJaneiro, and
3remaining volunteerswho did not belong tothe university
community. These healthy volunteersunderwent 2 cardio-

Arq Bras Cardiol, volume 75 (n° 6), 490-498, 2000

490



Arq Bras Cardiol
volume 75, (n° 6), 2000

Oliveira et al
Exercise in different evolutional stages of chronic Chagas' disease

Diagram I - Los Andes clinical-hemodynamic classification
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Abnormal electrocardiogram

}

Echocardiogram
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Grupo 11 Grupo 11
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(n=14) (n=12)

Normal electrocardiogram
Echocardiogram Echocardiogram
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v
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No Mild
cardiac cardiac
impairment impairment
(n=17) (n=9)
CHF — congestive heart failure

pulmonary exercise tests one week apart. The results of
these 2 testswereused for analyzing thereproducibility of
themeasurementsof gasexchange performed at thelabora-
tory, which generated satisfactory resultsallowing the pa-
tientsto start their tests. Theresult of thefirst test in the
healthy group was used for comparison with the results of
the patientsin the other groups.

Patients for the study were selected among the 200
patientsfollowed upin the cardiology outpatient clinicsfor
Chagas' heart disease of the HUCFF and was based on the
following exclusion criteria: patientswith hypertension,
chronic obstructive pulmonary disease, cardiomyopathy of
any other typeor cause, thyroid dysfunction, knownimmu-
nological dysfunction, rheumatic valvar disease, congeni-
tal heart disease, coronary artery disease, patientswith car-
diac pacemakers, patients with neuromuscul ar disorders,
athletes, and patientswho did not reach the anaerobic thre-
shold when undergoing the test.

All patients sel ected were males with ages ranging
from20to 72 years(mean of 50+11 years). They had positive
indirect hemaggl utination reaction and indirect immuno-
fluorescence for T. cruzi. They had no other associated
diseases and had a stable clinical condition for the last 3
months. They were grouped according to the Los Andes
clinical/hemodynamic classification (diagraml), whichis
based on el ectrocardiographic, echocardiographic (M-
mode and two-dimensional echocardiogramwithintracavi-
tary Doppler), and physical examination findings. Electro-
cardiographic changeswereclassified accordingtotheNew
York Heart Association criteria. The Minnesota code
modified for Chagas' heart disease” was used to standar-
dizetheelectrocardiogram interpretation. Theechocardio-
graphic assessment consisted of the analysis of the seg-
mentary cardiac function of the patients, and it wasexpres-
sed assystolicthinning or deficit of thickening. Thediasto-
lic dysfunction was expressed according to the standard
“deficit of relaxation” and“restrictivepattern” 8. L eft ventri-
cular gjection fraction was calcul ated by the method of

Teicholzeta °. Threeobserversanayzed thetests (echocar-
diogramand el ectrocardiogram) and, in caseof discordance
betweenthem, another readingwasperformed by oneof the
researchersto get adefinitiveresult. Thediagnosisof con-
gestive heart failure met the criteria of the Framingham
Heart Study *°.

The patientswere classified into groups according to
the Los Andes classification as follows: 17 patientsin
group A (normal e ectrocardiogram and echocardiogram—
no heartinvolvement), 9 patientsingroup 1B (hormal elec-
trocardiogram and abnormal echocardiogram—mild heart
involvement), 14 patientsingroup |1 (abnormal electrocar-
diogram and echocardiogram, without congestive heart fai-
lure — advanced heart involvement), and 12 patientsin
group 1 (abnormal e ectrocardiogram and echocardiogram
with congestive heart failure—severe heart involvement).
These patientswereliving in Rio de Janeiro at the time of
the study but had been born in endemic areasfor Chagas
disease (47% had beenbornin BahiaState, 25%in Paraiba
State, 16%in Ceard State, 5%in MinasGerais State, and 1
patient had been bornin Rio de Janeiro State) and had been
away fromendemicareasfor morethan 20 years. Inthemedi-
cal visit prior to the cardiopulmonary exercisetest, the pa-
tients using medications wereinstructed to suspend them
48 hours prior to the test. No clinical problems occurred
during the study.

This study was approved by the local Ethics Com-
mittee (HUCFF) abiding by the national and international
guidelinesfor research on human beings(1995), whichre-
gulate experimentswith humans. The patientsunderwent
thetestsonly after written consent.

Protocol of exercise—A Monark mechanical cycloer-
gometer was used in a continuous test with loads increa-
sing (15watts) every minute. Thisprotocol waschosen be-
causeitisbetter tolerated by the patientsand becauseit al -
lowsreachinghigh _, valueswith atotal test durationof 8to
10 minutes™. Thepedal frequency wasfixed as60rotations
per minute. Theexercise period waspreceded by a4-minute
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rest and a2-minutewarm-up with zeroload, and followed by
al2-minuterecovery, 3minutesof whichwereintheactive
form (25watts) and 9 minutesinthepassveform. Electrocar-
diographicsignals(SDM 2000, Dixtal) and heart ratewerere-
corded during the entiretest, which wasinterrupted inthe
presenceof symptomshinderingitscontinuity or that repre-
sented risk for the patient, or both. We analyzed only the
testsin which the patientsreached the anaerobic threshold
to assureall patientsreached asubmaximal exerciselevel
during thetest.

Temporal concentrations of inspired and expired ga-
ses at each respiratory cycle were measured with arapid
gasanayzer (Airspec MGA 2000 respiratory massspectro-
meter) from the sampl e suctioned continuously nexttothe
mouthpiece used by the patient. Therespiratory massspec-
trometer wascalibrated by linear adjustment with 2known
gasmixtures.

Flow measurement was performed with a Fleisch
number 3 pneumotachographwarmed to 36°C coupled with
atransducer of differential pressure (Micro-Switch —
163PC01D36). Equipment calibration (respiratory mass
spectrometer, pneumotachograph, and cycloergometer)
wasperformed onadaily basisbeforeeachtest. AnIBM-PC
486 microcomputer was used for experiment acquisition,
analysis, andrecording.

Signalsof gasflow and concentration were sampled at
arateof 60 Hz by theana ogical-digital converter of theres-
piratory massspectrometer. TheVIT 2000 softwareemplo-
yed for processing the signals and cal culating the cardio-
pulmonary exercise test parameters was devel oped and
tested in the laboratory of pulmonary engineering of the
Biomedica Engineering Program of COPPE-UFRJ™. The
flow signal wascal culated with athird-order polynomia ad-
justment 3, and the gas sampl e suctioned during theanaly-
sisof gas concentrations was compensated by the respira-
tory massspectrometer (1mL.s?).V, .andV . werecalcu-
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lated through trapezoidal numerical integrationand expres-
sedinBTPS(37°C, 760mmHg, and saturated withwater va-
por) for each respiratory cycle. Instantaneousgasviscosity
was cal culated and employed to correct its effect in gas
flows and volumes 3, and to estimate the time delay be-
tween gasflow and concentrations* necessary for calcula-
ting thepartial respiratory gasvolumes. Thesewereexpres-
sedin STPD (0°C, 760mmHg, dry) and obtained by nume-
rical integration of the product of thegasflow and fractions,
and these signal swere previously synchronized. Asthese
measurementsweretaken at themouth, theestimation of al-
veolar gasexchangeswasperformed compensating theva-
riationsinthefunctional residual capacity through measu-
rementsof thenitrogengas®™. TheV_,and V__, werecalcu-
lated through the product of thevolumesat each cycleand
theinstant respiratory frequency, and expressedin STPD.

Diagram Il showsthevariablesanalyzed (9at restand
17 during exercise). Thevaluescomputed for thevariables
at rest correspond to the mean of thelast 30 seconds of the
period, which hasatotal length of 4 minutes, when therespi-
ratory signalsareaready stabilized.

The response to exercise of patientswith heart di-
sease is usually deficient because of limitationsinthe O,
transport system inherent to these patients, leading to an
early commencement of fatigueandinterruption of thetest.
Therefore, toreach V_max, whichisdefined asthesaturati-
on of the capacity of O, uptake and transport for the mus-
clesduring exercise, isdifficult and involvessomerisksin
some cases. Therefore, in our study we adopted V ,
(mean of thelast 30 secondsof thelast |oad of theexercise)
asanindex of responseto exerciseof patientswith Chagas
heart disease.

Theanaerobicthreshold (AT) wasexpressedinregard
to V_, inmL.min™* (STPD) and wasidentified by 2 ventilato-
ry methods and denominated anaerobic threshold in all
stagesof thestudy: AT1—valueof V_,inwhichtherespira-

Diagram II - Description of the controlled variables

- O2peak
Maximum load

Variable Abbreviation Unit

Absolute oxygen consumption Vo, ml.min* (STPD)
Relative oxygen consumption V,/body mass ml.kg*.min* (STPD)
%do V.. expectedforage 90 Ve EXPECtE %

Carbon dioxide production oo ml/min* (STPD)
Gas exchange rate R=V_IV.

Inspiratory current volume ; ml (BTPS)
Expiratory current volume Vee ml (BTPS)
Respiratory frequency Respiratory frequency breaths.min*
Minute volume Ve ml.min (BTPS)
Heart rate HR bpm

% maximum heart rate expected for age % HRmax expected %

Oxygen pulse O, pulse =70, / HR mL.beatsmin
Absolute anaerobic threshold AT ml.min* (STPD)
Relative anaerobic threshold AT/body mass ml.kg*.min* (STPD)
% AT expected for age % AT expected %

Anaerobic threshold in % 7/ AT %V, %

Maximum load Watts

Theword “pesk” refers to the greatest value reached at the end of exerciseand “rest” refersto rest values. ¥, . expected for age = (-0.38 age) + 52.1; Itoh et a. (1989);
HRmax expected for age = 220 - age; AT expected for age = (-0.22 - age) + 32.3, Itoh et a. (1989).
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tory exchangerate (R=V__/V,) isequal to or higher than
1.0 and continues to increase in subsequent respiratory
cycles's1718; and AT2 —the point in which the ventilatory
equivalent of O, (V/V,) increaseswithout aconcomitant
increaseintheventilatory equivaent of CO, (V/V_,) *.In
thefirst method (AT 1), wewereabletoidentify theanaero-
bicthresholdfor all patients, but inthe second method, be-
causeof very noisy signals, wecould only identify theanae-
robicthreshold for 30 patients. Wecompared thetwo results
(AT1land AT2) by the paired Student t test, which did not
show asignificant difference between thetwo measuresfor
the5% significancelevel (p=0.29). Therefore, for Satistical
purpose, we adopted AT 1.

Thestatistical treatment was performed with the Sta-
tistical Analysis System (SAS). We used the one-way
ANOV A analysisof varianceand the Dunnet (N x patients)
and Tukey (patient x patient) testsof multiple comparisons
to specify which groups differed from each other. The sta-
tistical significancelevel adopted intheseanalyseswas5%

(PE0.05).
Results

Tables| and |1 show the clinical and laboratory fin-
dings of the groups studied.

Inregardtothephysical characteristicsof thesample,
individualsin group N had ages significantly (p=0.0001)
lower thanthoseingroupslA, 11, and 111, and their heights
weresignificantly (p=0.04) higher thanthose of theindivi-
dualsingroup|B.

During the resting period, significant differences
between group N and those of patientsin regard to theva
riablesV . _ andV_restandtherespiratory frequency were
observed. We also observed that V_ rest and V rest were
higher intheindividualsingroup N than in the patientsin
other groups. Themean respiratory frequency washigherin
grouplll (Tablelll).

The ages and heights of the patients with Chagas’
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heart disease studied did not differ. The body mass (body
weight) of patientsin groups|A and 11, however, showed
significant differences(p=0.02) (T&ablelll).

During exercise, whengroup N wascompared withthe
groups of patients, those groups with more advanced di-
sease(groupsll and111) showed significant differences. For
the maximum load variable only, asignificant difference
(p=0.004) was observed between the groups N and IA.
Group N wasdifferent fromIB only inregardtothevariables
Ve (P=0.001) and AT% ¥, _, (p=0.05) (TablelV).

Figure2depictstherelationshipV_V,V__ inavolun-
teer fromgroup N and apatient fromgroup 11 showingthe
greater ventilatory work for givenlevel of C_, productionin
comparison to theassymptomatic volunteer.

Heartrateat theend of exerciseshowed meanvaluesin
thegroupsthat had decreasesinthosevariablesreferenced
aboveaccordingtotheincreaseinthedegreeof cardiacin-
volvement (Table1V). The ANOVA analysis of variance,
however, showed no significant difference betweentheme-
an heart rate when comparing the four groups of patients.
No significant differencewasfound between thegroups of
patientsfor thevariablesR__, , respiratory frequency, and
Vepeac (TEDIEIV).

Discussion

Inregardto Chagas' heart diseaseinitschronicform,
itisknown that theintracel lular | esions seen on endomyo-
cardia biopsiesaremoremarkedingroup | B thaningroup
| A, wherethelesionsdetected areminimum. Carrascoet d °
reported ahighincidence (60%) of microscopic changesin
group IA, and the alterationsin the contractile systemin
group IB were more prominent than those in group 1A.
Group |1 showed fibrosisand aninflammeatory process, whi-
chwereevenmoremarkedingrouplll. Despitethemorpho-
logical findingsreported in the study by Carrasco et al *°,
our study did not detect corresponding significant differen-
ces between the functional results of groups A and 1B

Table I - Clinical findings in the groups of chronic chagasic patients
Groups
N (n=15) IA (n=17) IB (n=9) Il (n=14) 11 (n=12)
Echocardiogram
LVDDI (mm/n?) NA 27+4 28+3 34+3 43+4
LVEF (%) NA 68+4 58+3 48+8 28+8
ECG
Intraventricular defects of conduction 0 0 0 10 12
Electrically inactive area 0 0 0 3 9
Symptoms Chest pain 0 2 4 6 9
Pal pitations 0 3 4 5 9
Syncope 0 0 0 3 8
CHF 0 0 0 12
Death 0 0 0 0 2%
LVDDI - left ventricular end-diastolic diameter index (normal £ 32mm/n?, abnormal = 15% above the normal limit - Keren, 1985); LVEF — Ieft ventricular gjection
fraction. Symptoms and electrocardiographic parameters (ECG) refer to the number of patients; n — total of patients in each group; CHF — congestive heart failure.
* One patient had sudden death (tachyventricular) and another died of myocardia failure (the patient did not take his medication). These tests were performed at
the Chagas' Heart Disease Service of HUCFF.
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Table I — Most common laboratory findings in the groups of chronic chagasic patients

rare VES; sdve ES

Electrocardiogram
Tota of patients Group (Los Andes) Rest Exercise Dynamic (24h) (Holter) Echocardiogram
15 Healthy (N) Normal RareVES RareVES Normal intracavitary dimensions
17 1A RareVES RareVES RareVES Within normal limits
Nonrepetitive AT
09 1B RareVES RareVES RareVES Septal and lateral akinesia
14 1} CRBB; LAHB; Rare VES, increasing RareVES; NSVT Inferoapical akinesia; increased
RareVES with exercise intracavitary diameters

12 1 AF; anteroseptal electrically AF with low and AF with low response; Diffuse akinesia; severe systolic

inactive area variable ventricular response rare ESV; sdve ES dysfunction; increased

intracavitary diameters

AF - arid fibrillation; AT- atria tachycardia; LAHB - left anterior hemiblock; CRBB — complete right branch block; NSVT — nonsustained ventricular tachycardia;
VES- ventricular extrasystole; ES- extrasystole. The laboratory tests were performed at the Chagas' Heart Disease Service of HUCFF.

Table III — Comparison of the resting measurements

Variables Units Healthy 1A 1B 1l 1
(n=15) (n=17) (n=9) (n=14) (n=12)
Age Years 36299 47+ 11 46 + 12 52+ 10 55+9
Body mass kg 71+8 77r+9 67 + 14 65+ 12 68 + 13
Height an 1722+ 7 169 + 6 165 £ 6 165+ 7 168 + 6
V oes ml.min*(STPD) 296 + 119 323+ 78 282 + 53 266 + 90 361 + 133
V el DOy Mass ml .kg"min*(STPD) 427 +1.88 424 + 124 4.28 + 0.68 408 + 1.06 530+ 161
V comes ml.min*(STPD) 263 + 125 267 + 65 222 + 43 220 + 69 297 + 115
Re Veos Vs 087 £ 0.15 086 + 0.13 0.79 £ 0.08 083+ 010 082 + 010
Ve et ml (BTPS) 1058 ¢4+ 360 915 + 293 749 + 68 780 + 161 798 + 262
¥ crea ml (BTPS) 1105 ¢+ 356 969 + 358 804 + 91 816 + 143 835 + 330
Respiratory frequency breths.min-t 169+ 8 179+ 5 18+2 18+5 22+5
et I.min(BTPS) 15+ 5.0 16+5 14+ 2 14+ 2 18+5
HR bpm 77+11 83+ 14 73+10 72+9 77 +26

Symbols as in diagram II; n- total of participants; significance level adopted pEQ.05; a significantly different from group IA; b- significantly different from group
IB; ¢ significantly different from group Il; d- significantly different from group I11.

(patientsintheinitial phaseof thedisease). Likewise, diffe-
rences between groups | A and 1B and group Il were not
evident, becauseonly in2 of the 17 variablesstudied wasa
significant difference observed between these groups.
Consideringtheseresults, onemay assumethat if thetissu-
lar changesreportedin the studiesanalyzing biopsy materi-
al arepresent inasamplestudied, they arenot enough to de-
termine significant changesin the functional capacity of
patientswith theinitial phase of chronic Chagas’ heart di-
sease. In other words, clinical and laboratory findings of
Chagas' diseasedepend onacritical massof heartinvolve-
ment. Another explanation for theresultsobtained could be
that the dysautonomiaobservedin Chagas' heart diseaseis
limited to the efferent control of the heart and, therefore,
doesnot affect regulation of the vascular component, i. e.,
theregulatory disorder caused by dysautonomiaimpairs
mechanisms of fine adjustment of the cardiovascular per-
formance?.

Our study did not detect any significant differencein
regard to the results at the end of exercise (Table V) bet-
weengroupsN and | A and groupsN and IB. Therefore, we
assumethat these patientsin theinitial phaseof the disease
still do not have a significant decrease in the maximum
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functional capacity as compared with healthy individuals.
Thisresult isin accordance with preceding studies?-2 that
also did not show asignificant difference between healthy
individual sand patientsin theundetermined form of Cha-
gas disease(group IA of theLos Andesclassification) for
variablesduring exercise. However, it does not agree with
another study 2. Thisdiscrepancy may reflect agreater
intolerance to exercise in patients of one sample ascom-
pared with those of another sample, and even may result
from factorsrelating to different methodol ogies or equip-
ment used that may interferewith the sampling.
Thevaluesof V oopeck (p=0.003) and V conpeni (p=0.002)
weresignificantly lower ingroupsl!l and 11 thaningroup N,
afact that reflectsthelower functional capacity of thesepa-
tients as compared with the healthy individual s studied.
Thisresultsfromtheinflammatory processes, degeneration,
and continuous and progressive destruction of cardiac
fibers, areasof fibrosiscausing areductioninthe contrac-
tion power of the heart and cardiomegaly, degeneration of
theintramural ganglia, and lesions of the cardiac nerves
causing damageto the autonomic nervous systemthat are
present in the more advanced stages of chronic Chagas’
heart disease (groups!| and 111) 2%, The cardiac degenera-
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Table IV - Comparison of the measurements during exercise
Variables Unts Healthy 1A 1B 1l 1
(n=15) (n=17) (n=9) (n=14) (n=12)

Voopico ml.min* (STPD) 2121 ©9+ 682 1882 9+ 354 1593 + 665 1578 + 628 1299 + 373

oame200y mass ml.kg.min* (STPD) 319+ 12 24+5 23+7 24+9 19+5
YouomaEXPPECtEd % 81°+ 33 72+ 10 68 + 17 76 £ 24 62 + 13
Vompico ml .min*(STPD) 2493 ¢+ 843 2161 9+ 422 1805 + 745 1837 + 713 1459 + 499

o 117 + 014 1.15 + 0.06 1,13 + 0,09 1,16 + 0,09 111+ 012
Vpico ml (BTPS) 2587 P-cd+ 526 2251 ¢+ 461 1974 + 470 1875 + 423 1719 + 343

i ml (BTPS) 2651 ¢+ 695 2292 9+ 514 2108 + 529 1895 + 500 1776 + 420
Respiretory  frequency breaths. mint 36+8 39+9 37+7 36+9 37+5
Veso |.min (BTPS) 94¢cd+ 21 89+ 31 77+ 22 69 + 27 66 + 16
HR. bmp 1679+ 13 157+ 21 158 + 18 143+ 24 139+ 25
%HRmax expected % 91+8 91+ 12 91 + 10 86 + 12 85+ 18
O,pulse ml.beats 13+ 4 12+2 10+3 11+4 10+3
AT ml.min*(STPD) 1509 + 579 1577 ¢4+ 278 1406 + 617 1163 + 429 1079 + 312
AT/body mass ml.kg*min* (STPD) 22+9 20+ 4 21+6 18+5 16+4
AT Yo % 73¢9+ 19 84+7 90 + 15 77+20 83+ 10
% AT expected % 91 + 42 94 +13 93+21 87+25 80 + 16
Maximum load Watts 17223bcdy 22 1319+ 31 1339+ 26 109 + 27 92+ 18
Symbols as in diagram II; n- total of participants; significance level adopted pEQ.05; a significantly different from group IA; b- significantly different from group
IB; ¢ significantly different from group Il; d- significantly different from group I11.

tive process observed in chronic Chagas' heart disease
limitsthe patient’ s capacity to adjust hisor her cardiac
output to the necessity of O, supply to the muscles, which
areenlarged during exertion, altering toleranceto exercise.
Thistoleranceseemsto be primarily determined by thereser-
ve of cardiac output . With a decreased capacity of O,
supply tothe musclesduring exercise, the patientsinterrupt
theexerciseat lower levelsof O, consumption than healthy
individualsdo. Thisfact wasevidentintheresultsof thevar
riablemaximum load (p=0.004) reached duringexercise, in
whichthevaluesof group N weresignificantly higher than
those of all the other groups (Table1V). It isworth noting
that the load reached by the patientsin more advanced
stagesof thedisease(group 111) wasa sosignificantly lower
(p=0.001) thanthat of the patientsintheinitial phaseof the
disease (1A and IB). Asthe healthy group had amean age
lower than those of the patients, and considering that O,
uptake decreases as age increases, the difference between
group N andthegroupsof patientsmay bepartially justified
by thevariation in age observed in these groups. Conside-
ring only thegroupsof patients, differencesinresultswere
not influenced by age, because no significant difference
was observed among these groupsin regard to age.

Our study evidenced amarked difference between the
most expressivevariablesobtainedin the cardiopulmonary
exercise test of the groups of patients classified in the
extremesof theLosAndesclassification (1A and111) (Table
IV). Thisfact stressesthedecreasein functional capacity of
patients as disease progresses (fig. 1).

Normality index of V oope and prognosis of chronic
Chagas' heart disease — This concept, which established
thatal, ek above20ml.kg.min*would represent anorma-
lity index for functional capacity in patientswith heart di-
sease? haditsapplicationto chronic Chagas’ heart disease
challenged %. Thisoccurred because the authors observed
that 37% of the patientswith chronic Chagas' heart disease,

Exercise K viCpeak (ml BTPS)
VECpeak (ml BTPS)
& vco2peak (mlmin-1STPD)
[l VO 2peak (ml.min-1STPD)

[]AT (ml.min-1STPD)

3000+

2500+

2000+

1500

1000

500

N 1A 1B n i GROUPS

Fg. 1- Variablesmeasured during exercisein the groups studied. definitionsin diagram |

and heart failure (group 111 of the Los Andesclassification)
reached V/,,, ., abovethisvalue. Confirming thisstudy, we
observed that 50% of the group |11 patients also reached
values of Y oopeck higher than 20ml .kg.min*. Weal so obser-
ved that Voopesk of al the four groups of patientsreached
valuesthat, accordingtoMady et al %, haveagood survival
rate. Only thegroup of patientswith thegreatest heart im-
pairment and congestive heart failure(group 1) obtained a
mean Vo, . below 20ml.kg.min* (TablelV). Only onepa-
tient (group I11) out of the52 studied obtainedal’ , ek lower
than 10ml.kg.min, 34% of the patients reached results
between 10 and 20ml.kg.min?, and 52% reached results
above20ml.kg.min™. Therefore, webedieveagreater number
of studies about the variation of the functional capacity in
patientswith chronic Chagas’ heart diseaseisnecessary to
obtain standards regarding these patients, because
peculiarities of the disease seem to cause aresponse to
exercisedifferent fromthat of other heart diseases.

We also observed that group I11 patients had thelo-
west resultsfor the variable %V foretold for age and

O2peak
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obtained through the equation of Itoh et a ¢, expressing
theearly interruption of theexercisedueto limitationsimpo-
sed by the disease.

V oopenk and body mass— Comparing only the groups of
patients, we observed that even though group |A had asig-
nificantly higher body massthangroup 11, nosignificant dif-
ferencewasobtainedinregardto andysisof O, consumption
per unit of body mass between these two groups of patients
(TablelV), leadingtotheassumptionthat thisdifferencedid
not interferewiththeanalysis. Only group N had asignificant
differenceinregardtogroup 11 for thevariable O, consump-
tion per unit of body mass (TablelV). Thispointsout to a
better capacity of O, absorption per unit of body massin
heslthy individual sascompared with that of patientsinmore
advanced stages of chronic Chagas’ heart disease.

V ecpecr Vicpeac TESPITALOTY frequency, and Ve, —
Patientswith heart di sease often have ventilatory abnorma-
lities that include structural changes, because of thein-
crease in venous pressure, and functional changes 22720,
Intolerance to exercisein patients with heart disease may
occur duetothe presenceof dyspnea, whichisrelatedtota
chypneaand to variationsin ¥_? dueto pulmonary chan-
ges. Inthe present study, we observed that during exercise
therespiratory frequency increasedin all groupsreaching
maximum mean val uesbetween 36 and 39 bresths.min™, but
no significant differencewas observed between thegroups.
Ontheother hand, group N showed thehighest meanvalues
Of Vecpeac ANA V., @nd the lowest values were seen in
grouplll.V, . valuesof patientsingroupsIB, I1,and 111
were significantly decreased as compared with those of
group N. Consequently, Vepeak: which is the product
betweenrespiratory frequency andV ., , wassignifican-
tly lower ingroup Il and I11 patientswhen compared with
that of group N. When comparing the groups of patients,
we observed that the decreaseinV , andV ., isevi-
dentingroupsof patientswith more advanced stages of the
disease (11 and I11). Thisincapacity of the patientsin mo-
bilizingagresater current volumeduring exerdsemay reflect
the presence of ventilatory changesin patientswith severe
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Fig. 2 - Relation between VeV, of ahealthy individual and agroup I
patient during exercise. Note that for same level of V _, the patient has a
higher vV _.
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and advanced cardiacimpairment. In patientswith cardiac
diseasesand pulmonary congestion, therespiratory pattern
may bealtered by interstitial congestion, with anincreased
respiratory frequency and decreased current volumefor a
given ventilatory level, as compared with healthy indivi-
duals?. Studiesof patientswith heart diseasesother than Cha
ges heart diseaseshowedthat, for thesamelevel of 1, these
patients had an increased V_ in relation to healthy indi-
viduals. Change in the anatomical and physiologic dead
spaces, which isusually present in patients with heart di-
Sease, requiresagreater respiratory effort toventilatethese
patients as compared with healthy individual s?*. Accor-
dingto Weber et d #, thisfact may be observed by theana-
lysisof therelation between V_and V__, during exercise. Fi-
gure2 depictsthischangeinthe sampleanayzed with the
curvesof V_inrelationtoV __, of agroup N volunteer anda
group 11 patient. Noticethat V_increaseslinearly with V_,
inboth cases, indicating that the arterial pressureof C_, is
stable, but for the samelevel of V__,, we observemoreele-
vated values of _for the patientingroup I11. Thisfact cha-
racterizestheventilatory limitation of thegroup 11 patient as
comparedwiththehealthy individual .

Heart rate — In regard to heart rate during exercise
(HR ) thesignificant differenceresultsfromthecompara-
tiveanalysisbetweengroup N and groups|l and 11, pictu-
ring an expected response. Aninadequateelevationin heart
rateduring physical exertionisconsidered acharacteristic
of patientsin advanced chronic Chagas' heart disease. It
results from an autonomic dysfunction occurring due to
greater parasympathetic depression ascompared with the
sympathetic depression, which is characteristic of the di-
seaseand aggravated by theventricular dysfunction resul-
ting from chronic Chagas' heart disease®%3,

Eventhough no significant differencewasobtained for
theH R variable when the four groups of patientswere
compared, we observed that the p value (0.08) wascloseto
thesignificancelevel adoptedintheanalysis(p£0.05). The
meanHR__, in group 1A was 18 bpm higher than that in
group I11. Theinterpretation of thisresult considering the
approachesfoundintheliteraturein regard to the autono-
mic abnormalitiesin chronic Chagas' heart disease® leads
to the assumption that the samplestudied hasamild reduc-
tioninthechronotropic response, whichisacharacteristic
of chronic Chagas' heart disease®-®2 Thisalterationmakes
itimpossiblefor the patients, mainly thosein advanced sta-
ges of the disease, to widen their tolerance to exercise by
improving the chronotropic competence, i. e., the capacity
of thesinusnodetoincreaseheart ratein responseto meta-
bolic necessities that increase during exerciseis limited.
Therefore, adjustment of the cardiac output to exercise
needs, which is performed through an increasein systolic
volumeandingreater loadsmainly by increasing heart rate,
islimited in chronic Chagas' heart disease, leading to an
early interruption of theexercise. Thelowest valuesreached
by groups|l and 111 for thevariable %6HRmax expected for
age(TablelV) aremoreevidenceof thelimited chronotropic
response of these patients.
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O, pulse —In healthy individuals O, pulse, which
reflects systolic volume and O, arteriovenous difference ™,
hashigher valuesduring exercisethanit doesin patientswith
diseases causing a reduction in systolic volume. The
greatest values are found in athletes because they reach a
higher O, consumptionwithalower heart rateat agiven|oad
of exercise. Eventhough O, pulsedid not show asignificant
difference between the groups in the present study, its
highest valueswerefoundingroup N, andthey decreased as
the degree of cardiac impairment increased. Thisisin
accordance with the characteristics of thegroups studied.

Anaerobic threshold - The inadequate O, supply
during exercise causesan early imbal ance between lactate
production andremoval, leading to metabolic acidosisand,
consequently, apH imbalance. Studies® have shown that
cellular acidosisinterfereswith musclecontractionsandre-
latesto fatigue and, thus, isinvolved with patient’ s tole-
rancetoexercise.

Theresults of the present study show adecreasein
the mean values of the anaerobic threshold of the groups
asthe degree of cardiacinvolvement increasesin patients
(fig. 1). Theabsenceof asignificant difference betweenthe
mean valuesof theanaerobicthresholdingroupslA and 1B
indicates that the patients of the sample have ventilatory
signals of metabolic acidosisin similar levels of O, con-
sumption. Even though the left ventricular echocardio-
graphic changes and gjection fraction (which is slightly
decreasedingroup B ascompared withgroup 1 A) point out
the presence of incipient cardiacimpai rment, they werenot
enough to cause significant changes in the anaerobic
threshold of patientsingroup | B ascompared with thosein
grouplA. Ontheother hand, thesignificant differencesin
the anaerobi c threshol d between themean valuesin group
IA (with no electrocardiographic and echocardiographic
changes) and groups|| (echocardiographic and electrocar-
diographic changes) and 111 (echocardiographic and elec-
trocardiographic changes with congestive heart failure)
(Table1V) indicate that in these groups cardiac changes
resulting from progression of the chronic chagasic heart
diseasesignificantly altered theanaerobic threshol d of the
patients studied.

Analysis of the anaerobic threshold reached by the
patientsstudied ascompared withthat expectedfor their ages
allowed the conclusion that groupsin theinitial phase of
chagasic heart disease (A and I B) were closer to the values
estimated for their ages than the groupsin more advanced
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stagesof thedisease(TablelV). A progressivereductioninthe
anaerobicthresholdwith progression of thediseaseaccording
to the Los Andes classification was observed.
Anaerobicthreshold and body mass—Analysisof the
anaerobic threshold in regard to patients’ body massdid
not show any significant difference between the groups
with chronic chagasic heart disease for the 5% level of
significance. However, asshownintablelV, thislevel was
amost achieved (p=0.06). Itisworthemphasizing that asre-
commended for _/body massinamorecareful anaysisthe
patient’ slean body mass should be considered and not the
total body mass, whichincludesthefatty tissue. Thisvaria-
ble, likewisewiththeothers, decreasesasthe patient’ sde-
greeof cardiacimpairment increases. Theresult of the pre-
sent study for the anaerobic threshold/body massisin ac-
cordancewith apreviousstudy *inwhichasignificant dif-
ferencein the anaerobic threshol d/body mass was found
between theextreme groupsof theL osAndesclassification.
Inconclusion, weobserved that theanalysisof gasex-
changesin patientsat rest did not provideinformationthat al-
owed an identification of responses changed dueto chronic
chagasic heart disease. Therefore, thistechniqueprovidesno
relevant information or advantage to those already used in
medica practicefor ngthesepatientsat rest.
Inregardtotheresponseto exercise, weobserved that
Vozpeek, Vcozp%k, VECM,VICM, anaerobicthreshold, and ma-
ximum load are the variables that best expressed the de-
creasein functiona capacity dueto the evolution of chro-
nic Chagas' heart disease becausetheresultsaresignifican-
tly atered in the groups with more advanced stages of the
disease (according totheL osAndesclassification). These
changes progress with worsening of the disease. Asthese
variables represent the interaction of the entire system of
O, transport and use, we may infer that the results found
reflect aprogressive decreasein thefunctional capacity of
chronic Chagas' heart disease, rendering therefore the
evolutioninthedegreeof cardiacimpairment provided by
theLosAndesclinical/hemodynamic classification.
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