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Treadmill Test in Patients with Rheumatic Mitral Regurgitation

Bambang Madiyono, Sabiqun Rusdi, Ismet N. Oesman, Sudigdo Sastroasmoro, Sukman T. Putra, Najib Advani

Abstrak

Telah dilakukan uji jantera pada 48 pasien insufisiensi mitral reumatik dengan menggunakan protokol dari Bruce. Pasien berusia
9 - 18 tahun, terdiri dari 17 anak lekaki dan 31 anak perempuan. Pasien yang disertai dengan gagal jantung atau kelainan katup lain
tidak diikut sertakan dalam penelitian. Hasil penelitian menunjukkan bahwa 79,2% pasien dapat mencapai tingkat 4 atau lebih, yang
terdiri dari 15 anak lelaki (88,2%) dan 23 anak perempuan (74,1%). Anak lelaki atau perempuan yang lebih besar atau yang luas
permukaan tubuhnya lebih luas cenderung mempunyai waktu ketahanan fisik lebih pendek. Pasien dengan kardiomegali pada foto
rontgen dada dapat mencapai tingkat 4 atau lebih pada 83,3% anak lelaki dan 70,0% anak perempuan, sedangkan pada anak tanpa
kardiomegali pada semua anak lelaki dan 76,1% anak perempuan. Pasien dengan hiperirofi ventrikel kiri pada EKG dapat mencapai
tingkat 4 atau lebih pada 87,5% anak lelaki dan 85,7% anak perempuan, sedangkan pasien tanpa hipertrofi ventrikel kiri pada 88,8%
anak lelaki dan 70,0% anak perempuan. Diambil kesimpulan bahwa: (1) uji jantera cukup aman pada anak dengan insufisiensi mitral
ringan sampai sedang; (2) waktu ketahanan fisik yang lebih pendek cenderung dijumpai terutama pada anak perempuan yang lebih
tua dan dengan luas permukaan tubuh lebih besar; (3) kardiomegali dapat digunakan sebagai kriteria untuk pembatasan keaktifan
pasien sedangkan hipertrofi ventrikel kiri tidak.

Abstract

Treadmill tests were performed in 48 patients with rhewmatic mitral regurgitation ranging in age from 9 to 18 years, consisted of
17 boys and 31 girls. The method used was Bruce protocol. Patients with heart failure or other valvular defects were excluded from this
study. Thirty-eight (79.2%) patients, 15 boys and 23 girls, could reach stage 4 or more. Shorter endurance time was associated with
increasing age and larger body surface area, both in boys and girls. In the group of patients with cardiomegaly in their x-ray photos,
83.3% of the boys and 70.0% of the girls could reach stage 4 or more in, while in those without cardiomegaly 100% of the boys and
76.1% of the girls could achieve stage 4 or more. Patients with LVH on their ECGs could reach stage 4 or more in 87.5% of the boys
and 85.7% of the girls, while patients without LVH could reach stage 4 or more in 88.8% of the boys and 70.0% of the girls. We conclude
that: (1) treadmill test is quite safe for children with mild and moderate rheumatic mitral regurgitation; (2) older age and larger body
surface area are associated with lower endurance, (3) cardiomegaly on chest X-ray can be used as a guide for exercise restriction in
that group, but this is not true with ECG-LVH.
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Exercise testing has long provided a means to measure
cardiovascular and physical fitness, and is improved
by relatively recent addition of the electrocardio-
graphic response to exertion.' The Bruce teadmill test
is a commonly used exercise test to assess exercise
capacity and the elcctrocardlographlc response to ex-
ercise stress in adult.”® Extensive use of this test has
shown that it is to be suitable for children aged 4 years
and older.’ Exercise testing in children has been ap-
plied to a variety of clinical problems, e.g., for com-
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paring maximal endurance between normal children
and those with structural heart lesmns for comparing
preoperative and postoperative states in congenital
heart disease,”” and for evaluating the functional
capacity of children with wide variety of structural
heart diseases.”” '

In most developing countries, including Indonesia,
rheumatic fever (RF) and rheumatic heart disease
(RHD) are still a public health problem.'*'® Our data
indicates that within the last decade, the number of
RHD in 5-15 years age group visiting Pediatric Car-
diology Outpatient Clinic, Department of Child
Health, Medical School University of Indonesia, has
not shown a tendency to decline.!”"?* There were on
the average 50 new cases each year.zo'n
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Simple guidelines based on physical, chest x-ray and
electrocardiographic examinations can be used to
predict the prognosis, to determine the severity of the
disease, and to consider an exercise restriction for
RHD cases.!7"!%22 By echocardiographic examination
the organic lesion and the prediction of functional
capacity can be evaluated.'® For clinical purposes en-
durance time alone is a satisfactory indicator of exer-
cise performance in children.’ To the best of our
knowledge there has been no study that evaluated the
functional capacity by exercise test in patients with
RHD. This study was aimed to describe and analyze
the functional capacity of patients with mild to
moderate rheumatic mitral regurgitation by treadmill
test.

METHODS

Patient selection

Treadmill tests were performed in 48 patients with
mild to moderate rheumatic mitral regurgitation rang-
ing inage form 9 to 18 years. They consisted of 17 boys
and 31 girls. Study subjects were selected from RHD
patients treated at the Outpatient Clinic, Cardiology
Division, Department of Child Health, Cipto Ma-
ngunkusumo Hospital, Jakarta, Indonesia from
January 1 to December 1994,

Patients who had a past history of dyspnea on exertion,
those who showed evidence of hypertension, anemia,
severe cardiomegaly or congestive heart failure based
on physical, hematologic, chest x-ray, electrocar-
diographic, and echocardiographic examination
(ALOKA SSD 870) were excluded from the study. We
also exclude patients with severe mitral regurgitation
or those who had other valvular defects, i.e., mitral
stenosis, aortic regurgitation, or aortic stenosis. No
child was physically trained.

Exercise tests

All patients were exercised on a treadmill (AVIONIC
1981-USA), using Bruce protoco].2'24'26 The treadmill
was programmed for a progressive increase in grade
and speed every 3 minutes as outlined by Bruce et al.
(Table 1).

Callibrations for grade and belt speed were checked at
frequent intervals. The equipment was completed with
continuous electrocardiographic monitoring by oscil-
loscope and electrocardiographic print out.
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Table 1. Bruce treadmill test protocol

Stage Speed Grade Approximate Equivalent ergometer

(miles/ (%) oxygen cost loads (kilopond-
hour) ml/kg per min)  meter/ min per kg
body weight)

1 1.7 10 18 7

2 2.5 12 25 11

3 34 14 36 16

4 4.2 16 46 21

5 5.0 18 56 26

6 5.5 20 63 30

7 6.0 22 70 34

All tests were performed in an air-conditioned
laboratory at 23-25° C and 50 percent relative
humidity. Before exercise, heart rate, blood pressure
and standard 12-lead electrocardiogram were
recorded. A nurse was always available beside the
child for support on the guard trail. Lead CMs of the
electrocardiogram was recorded at the end of each
exercise stage, at the end of maximal exercise and at 2
and 5 minutes of the recovery period. Heart rate was
obtained by measuring the interval between five R
waves.

Heart rates, blood pressure, and the duration of exer-
tion were recorded. In all subjects an attempt was made
to achieve maximal duration of exertion. Exercise was
terminated with a winding down, when the patients
complained of tire or precordial pain. After peak effort
was reached, a walk-down period of 2 to 3 minutes was
allowed at level grade with a very slow treadmill speed
to prevent exaggerated vagal responses.

Data management

Nominal data were presented in tables. The subjects

were categorized as follows, according to several vari-

ables:

a. Gender: male and female

b. Age group: (1) 9 -12 years, (2) 13 - 15 years, and
(3) 16-18 years.

¢. Maximal duration of endurance time: (1) stage 3 or
less, (2) stage 4 or more

d. Body surface area: (1) 0.72-1.09 m2, (2) 1.10-1.39
m?, and (3) 1.40-1.89 m2.'2

e. Maximal heart rate: (1) 150-169 beats/min, (2)
170-189 beats/min, and (3) 190- 209 beats/min.

f. Cardiothoracic ratio: (1) no cardiomegaly, (2) with
cardiomegaly.

g. Left ventricular hypertrophy (LVH): (1) no LVH,
(2) with LVH.



Vol 4, No 4, October - December 1995

RESULTS AND DISCUSSION

Fourty eight patients were enrolled in this study. All
patients maintained sinus rhythm throughout the test.
At fast heart rates, such as those achieved during
exercise, a J- point depression often occurred. No child
had a flat or downward S-T segment after QRS com-
plex. These findings were in accordance with other
report of treadmill exercise test in normal children.!?

Endurance time is influenced by many factors. It is
obviously dependent on the motivation of the child to
near exhaustion and on the skill of the technicians in
handling of young children.’ Physiologic factors that
allow longer endurance time include aerobic and
anaerobic power. The anaerobic system may be totally
depleted of energy sources after 1 minute of super-
maximal work, so that differences in anaerobic power
would not account for major differences in endurance
time. Aerobic power is dependent on the pumping
capacity of the heart, the normal function of the lungs,
the oxygen carrying capacity of the blood and the
perfusmn and oxydatlve metabolism in the working
muscle.’ In this series 36 out 48 patients (79.2%) could
achieve stage 4 or more, they consisted of 15 boys
(88.2%) and 23 girls (74.1%). Girls tended to have
shorter duration of endurance tlme This finding was
concordant with other reports

The distributions of 17 boys and 31 girls based on age
group and stage of endurance time are shown on Tables
2 and 3. Older patients either boys or girls tended to
have shorter endurance time. The efficiency of tread-
mill exercise testing is said to be roughly equal in
different normal subjects. But there were age differen-
ces in efficiency, children at age 7 were up to 15
percent less efficient than older children. In normal
children the peak duration of maximal endurance time
occurred at the age of 13-15 years.’

The distributions of 17 boys and 31 girls studied based
on body surface area and body weight / body height
ratio are shown in Figures 1 and 2. Most of the patients
studied were relatively thin, had the same posture with
body weight / body height ratio of 80%. Children who
are lean and wiry and tall for there age have a longer
endurance time than soft or pudgy children, but the
correlation using the crude measure of weight/height
as an indication of body build showed that build dif-
ferences explained only about 16 percent of the inter-
individual variation in endurance time.>

The distribution of 17 boys and 31 girls studied based
on body surface area and stage of endurance time were
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shown on Tables 4 and 5. Larger body surface area
tended to have shorter duration of endurance time
either in boys or girls. It seems that the shorter endura-
tion time in older and larger body surface patients are
presumably due to the worsening of the course of the
disease.

Tables 6 and 7 depict the distribution of 17 boys and
31 girls studied based on maximal heart rate and stage
of endurance time. At stage 3 or less, heart rate between
150-169, 170-189, and 190-209 beats/min could be
achieved by 50.0%, 50.0%, and 0% of the boys, and
75.0%, 12.5% and 12.5% of the girls, respectively. At
stage 4 or more, heart rate between 150-169, 170-189
and 190-209 beats/min could be achieved by 6.7%,
26.6%, and 66.7% of the boys, and 0%, 43.5% and
56.5% of the girls, respectively.

The data disclosed that most of the boys and girls who
terminated the test at stage 3 or less had heart rate
between 150-169, while those who terminated at stage
4 or more, had heart rate between 190-209. Although
most of the patients who could achieve stage 4 or more
had faster heart rate, actually they had lower heart rate
at stage 3 or less compared with those patients who
could only achieve stage 3 or less. These findings were
in accordance with the finding of others that there was
a negative correlation between maximal heart rate and
endurance time.” Futhermore most of the patients,
especially those with lower endurance time, had faster
heart rate at 5 minutes after exercise than the resting
heart rate. The same phenomenon was reported by
Riopel who correlated faster heart rate with the in-
creased serum cathecholamines after exercise. '

In this series the resting blood pressure in all patients
was normal, without obvious difference between boys
and girls. The systolic presure tended to increase
gradually while the diastolic pressure remained con-
stant during exercise. These findings were in accord
with the other report. 2

Cardiomegaly, as determined by chest x-ray, was
found in 12 out of 17 boys (70.6%) and 10 out of 31
girls (32.3%), respectively. Ten (83.3%) out of 12
boys, and 7 (70.0%) out of 10 girls who showed
cardiomegaly could reach stage 4 or more (Tables 8
and 9). In patients without cardiomegaly, 100% of the
boys and 16 (76.1%) out of 21 girls could achieve stage
4 or more (Tables 6 and 7). Either boys or girls with
cardiomegaly tended to have shorter endurance time.

Left ventricular hypertrophy (LVH) was seen in ECG
in 8 (47.1%) out of 17 boys and in 7 (22.6%) out of 31
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girls. Seven (87.5%) out of 8 boys and 6 (85.7%) out
of 7 girls who showed LVH on their ECGs could
achieve stage 4 or more (Tables 10 and 11). On the
other hand, 8 (88.8%) out of 9 boys and 17 (70.8 %) out
of 24 girls without LVH could achieve stage 4 or more
(Table 10 and 11). We suggest that LVH on ECG in
patients with rheumatic mitral regurgitation was not
related with the endurance time.

Shorter endurance time in patients with cardiomegaly
was probably influenced by the severity of the cardiac
lesion. In spite of LVH, cardiomegaly based on chest
X-ray can be used as a guide for exercise restriction in
rheumatic mitral regurgitation. It means that exercise
restriction should be advised for rheumatic mitral
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Table 2. Distribution of 17 boys studied based on age group
and stage of endurance time

Age group (year) Endurance time Total
<stage 3 > stage 3

9-12 0 9 9

13-15 1 5 6

16-18 1 1 2

Total 2 15 17

Table 3. Distribution of 31 girls studied based on age group
and stage of endurance time

Endurance time

regurgitation patients with cardiomegaly. On the other Age group (year) < stage 3 > stage 3 Total
hand patients without cardiomegaly and showed nor-
mal left ventricular function on echocardiogram, 9-12 1 10 11
whom had low endurance time should be encouraged 13-15 3 7 10
for regular exercise training to impprove their en- 16-18 4 6 10
durance time.
Total 8 23 31
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Figure 1. Distribution of 17 boys studied based on body surface area and body weight / body height ratio.
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Figure 2. Distribution of 31 girls studied based on body surface area and body weight / body height ratio.

Table 4. Distribution of 17 boys studied based on body surface Table 6. Distribution of 17 boys studied based on heart rate
area and stage of endurance time and stage of endurance time
Body surface area (m2) Endurance time Total Heart rat.e Endurance time Total
<stage3 > stage 3 (beats/min) <stage 3 > stage 3
0.85-1.09 0 8 8 150-169 1 1 2
1.10-1.39 1 7 170-189 1 4 5
1.40-1.90 3 3 4 190-209 0 10 10
Total 2 15 17 Total 2 15 17
Table 5. Distribution of 31 girls studied based on body surface Table 7. Distribution of 31 girls s.tudied based on heart rate
area and stage of endurance time and stage of endurance time
Endurance time Heart rate Endurance time Total
Body surface area (m2) < stoge 3 > stage 3 Total (beatsfmin) <stage 3 > stage 3
0.85-1.09 1(8%) 11 (92%) 12 (100%) 150-169 6 0 6
1.10-1.39 4(29%) 10(71%) 14 (100%) 170-189 1 10 11
1.40-1.90 3 (60%) 2(40%)  5(100%) 190-209 1 13 14

Total 8 (26%) 23 (74%) 31 (100%) Total 8 23 31
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Table 8. Distribution of 17 boys studied based on cardiomega-
ly and stage of endurance time

Endurance time

Chest X-Ray Total
< stage 3 > stage 3

CTR £0.50 0 5 5

CTR > 0.50 2 10 12

Total 2 15 17

Table 9. Distribution of 31 girls studied based on cardiomega-
ly and stage of endurance time

Endurance time

Chest X-Ray Total
< stage 3 > stage 3

CTR <0.50 5 16 21

CIR > 0.50 3 7 10

Total 8 23 31

Table 10. Distribution of 17 boys studied based on left ventri-
cular hypertrophy and stage of endurance time

Left ventricular Endurance time

Total
hypertrophy <stage3 > stage 3
LVH (-) 1(11,2%) 8 (88,8%) 9 (100%)
LVH (+) 1(11,2%) 787,5%) 8 (100%)
Total 2 (11,8%) 15 (88,2%) 17 (100%)

Table 11. Distribution of 31 girls studied based on left ventri-
cular hypertropliy and stage of endurance time

Left ventricular Endurance time

Total
hypertrophy < stage 3 > stage 3
LVH (-) 7 17 24
LVH (+) 1 6 7
Total 8 23 31

In summary, our data disclose the following: (1) tread-
mill test is quite safe for children with mild and
moderate rheumatic mitral regurgitation; (2) patients
with older age and larger body surface area, especially
the girls tended to have low endurance time; (3) car-
diomegaly based on chest X-ray can be used as a guide
for exercise restriction in that group, but LVH on ECG
cannot.
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