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BRUCE TREADMILL TEST IN HEALTHY TURKISH CHILDREN:
ENDURANCE TIME, HEART RATE, BLOOD PRESSURE AND
ELECTROCARDIOGRAPHIC CHANGES®
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SUMMARY: Lenk MK, Alehan D, Celiker A, Alpay F, Sarci 0. (Department of Pediatrics,
Giilhane Military Medlical Academy and Cardlology Unit, Department of Pediatrics,
Hacettepe University Faculty ot Medicine, Ankara, Turkey). Bruce treadmill test in
healthy Turkish children: endurance time, heart rate, blood pressure and
electrocardiographic changes. Turk J Pedlatr 1998; 40: 167-175.

Heart rate, systolic and diastolic blood pressure and electrocardiographic changes
were studied in 80 healthy children during treadmill exercise with Bruce protocol.
Mean duration of exercise In boys Increased from 10.01 £ 1.61 minutes at age four
to six years with a mean body surface area of 0.75 £ 0.06 m?, to 17.86 = 2.66 minutes
at age 13 to 15 years with a mean body surface area of 1.482 0.10 m?. Mean
endurance time in girls increased from 11,06 = 1.92 minutes at age four to six years
with a mean body surface area of 0.76 + 0.08 m?, to 15.69+2.23 minutes at age
13 to 15 years with a mean body surface area of 1.41 = 0.07 m% Mean maximal heart
rate was 193.38 = 10.89 beats/minute in boys and 196.78 £ 10.99 beats/minute in girls.
The maximum level ot systolic blood pressure attained at peak exercise was lower
in girls. Although data of healthy Turkish children Including mean endurance time,
heart rate and blood pressure responses to exercise were consistent with the results
from several countries using the Bruce protocol, mean maximal heart rates for all
groups were slightly higher than those obtained with the Balke protocol. The dala
obtalned from this study offers age- and slze-appropriate normal data in both sexes
in healthy Turkish children and may be used as reference values during treadmiil
exercise, Key words: treadmill exercise lest, healthy children.

" Exercise, a common physiological stress, can elicit cardiovascular abnormalities
not present at rest and can be used to determine the adequacy of cardiac
function. Hemodynamic and cardiopulmonary responses of children with
congenital heart lesions to exercise have been published for several years'®
Exercise testing was also used as a principal method for exposing an arrhythmia,

* From the Department of Pediatrics, Glilhane Military Medical Academy and Cardiology Unit.
Depariment of Pediatrics, Hacetiepe Universily Faculty of Medicine, Ankara.

** Assistant Professor of Pediatrics and Pediatric Cardiologist, Gdlhane Military Medica! Academy.

*«» Assistant Professor of Pediatrics and Pediatric Cardiologist, Hacettepe University
Faculty of Medicine.

==+~ Professor of Pediatrics and Pediatric Cardiologist, Hacettepe University Faculty of Medicine.,
== Associate Professor of Pediatrics, Galhane Military Medical Academy.
+=+=+* Research Assistant in Pediatrics, Gllhane Military Medical Academy.






Veoluma 40 Bruce Treadmill Test in Heaithy Turkish Chidren 169
Number 2

At the end of the test a tabular final report of speed (mph), grade (%), heart rate
(beats/minute), blood pressure (mm Hg), endurance time {minutes) and
- electrocardiographic ST levels were given in all the stages, minute to minute,
throughout the test. In the analysis and interpretation of ST segment changes on
exercise electrocardiography, a line is drawn from the beginning of one QRS to
the beginning of the next, which is known as the PQ-PQ isoelectric line method".

Continuous values were expressed as mean = standard deviation. Student's t
test was used for direct comparison of mean values of the patient population.
A probability (p) value of < 0.05 was considered statistically significant.

Results

Duration of Exercise (Endurance Time):. Table |1 shows the mean duration of
exercise for each of the four groups based on age, sex and body surface area.
There was an increase in exercise duration from the younger to the older boys
which was not so in girls. Girls in group |l had a longer duration of exercise than
girls in group lll (p < 0.05). Girls had a longer duration of exercise than boys in
groups | and Il and boys had longer endurance times than girls in groups lll and
IV, but the differences were not statistically significant {p > 0.05). The average
duration of exercise was 13.86 + 3.59 minutes in boys; 13.44 1+ 2.5 minutes in girls
{p > 0.05) and 13.63 + 3.08 minutes in all groups. In general there was an increase
in endurance time from the younger ages to the older ages.

Table I: Mean Duration of Exercise in Healthy Turkish Children (Minutes + SD)

Group | Group I Group il Group IV
Boys 10.01 = 1.61 12.67 £ 2.32 1491 +1.98 17.86 + 2.66
Girls 11.06 £ 1.92 14.15 £ 1.79 1273 £ 1.42 15.69+ 223 °
Total 10.53 £ 1.80 13.41 £ 2.15 13.82 + 2.01 16.78 + 2.64

Heart Rate Responses . Table Il shows the heart rates before exercise, at one
minute of exercise and at peak exercise. Aithough girls had slower heart rates
than boys before exercise in groups | and ll, they had faster heart rates in groups
I} and IV, but the differences were not statistically significant (p > 0.05). At peak

exercise, girls had faster heart rates than boys in groups |, Il and IV (p > 0.05).
Figure 1 shows the minute to minute mean heart rates for all groups during and
after exercise. All groups showed a similar trend, with an abrupt increase in
heart rate during the first minute of exercise and a more gradual increase
thereafter. The younger children had faster heart rates during exercise than the
older children. The mean maximal heart rate was 193.38 + 10.89 beats/minute
(median 193) in boys; 196.78 + 10.99 (median 199) in girls and 195.07 + 11.00
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Tables Il and IV list the systolic and diastolic blood pressure values before
exercise, at one minute of exercise and at peak exercise for all the groups.
Differences in systolic pressures of boys and girls of each group and of ali
groups before exercise were not statistically significant (p > 0.05). The maximum
levels attained at peak exercise were lower in girls {p > 0.05).

Table Ill: Mean Systolic Blood Pressure of Both Sexes During Different
Stages of Exercise (mm Hg + SD)

Group | Group |l Group HI Group IV

Boys

Pre exercise 105.2 + 4.2 107.2 £ 4.0 113.0+ 3.7 1196 £ 2.6
1 min exercise 107.7 + 16.0 112.2 £+ 9.2 132.0+x 11.0 127.3+£ 5.9
Peak exercise 160.6 + 32.5 163.7 £+ 6.2 179.2+22.3 176.4 £ 55
Girls

Pre exercise 105.0+ 4.3 106.8 + 3.7 112.1 £ 4.0 117.9 + 2.1
1 min exercise 1044 +7.0 111.5+7.6 123.8 £ 3.7 120.0 £ 4.7
Peak exercise 146.1 £ 4.9 1532+ 7.2 17563+ 265 . 166.5+5.8

1 min exercise; 1 minute of exercise,

Table IV: Mean Diastolic Blood Pressure of Both Sexes
During Different Stages of Exercise (mm Hg + SD)

Group | Group Il Group ill Group IV

Boys :
Pre exercise 63.4+3.2 65.6 £ 3.5 712+ 22 76.1 £ 2.9
1 min exercise 59.7 £ 6.9 629 =x12.2 61.6 £ 3.9 62.6 + 3.5
Peak exercise 578+ 11.9 60.3 £ 5.6 64.1 + 8.0 408 + 3.4
Girls

Pre exercise 619+ 22 64.9 + 3.3 70.8 + 3.2 753 + 25
1 min exercise 58.3 £5.3 62.9 + 4.7 62.1 £ 3.3 62.0+ 2.6
Peak exercise 580+ 5.1 61.0+ 3.7 50.3+93 47.7 + 3.4

1 min exercise: 1 minute of exercise.

E/ecrrocardiographfc Changes : All children were in sinus rhythm before exercise
and maintained sinus rhythm throughout the test.

T Wave: The mean T wave amplitude for all groups increased from 4.2 + 2.8
mm before exercise to 6.8 + 2.4 mm at peak exercise and returned to baseline
values during the recovery period.

J-point Depression . Parallel to increase in heart rates, a J-point depression of
<1 mm occurred in all groups.
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ST Segment Changes: The ST segment was normal in all children before
exercise. Parallel to increase in heart rates during exercise, the ST segment
tended to have an upward slope in all groups. No child had a flat or downsloping
ST segment depression during the exercise.

Discussion

Exercise testing evaluates work performance and identifies mechanisms that
limit the work performance of children with cardiac and other problems. Several
protocols using the cycle ergometer or treadmill have been used in children*?.
As the Bruce treadmill test is a commonly used exercise test to assess exercise
capacity we used the same treadmiil protocol in our study.

Exercise Endurance Time: The mean endurance time for all children in the study
groups was 13.63 = 3.08 minutes (median 13.45). Endurance times using the
Bruce protocol for children in similar age groups averaged between 12 and 13
minutes®. In another study using the Balke protocol, the average duration of
exercise for all groups was reported to be 10.0 + 1.3 minutes'®. In our series,
older boys had longer endurance times than girls whereas younger girls had
longer endurance times than boys. In general, there was an increase in
endurance time from the younger to the older ages. These findings were similar
to those obtained in previous studies® '°,

Heart Rate Responses . The immediate response of the cardiovascular system
to exercise in our study groups was an increase in heart rate due to a decrease
in vagal tone. Initially, there was a rapid increase in heart rate during the first
minute of exercise, and then a linear increase in heart rate occurred until peak
exercise was reached. Although Cumming et al.® (using the Bruce exercise .
protocol) reported no differences in maximal heart rate between boys and girls,
we found slightly faster heart rates in girls. The younger children had faster
heart rates during exercise than the older children as they compensated for a
smaller heart and lower stroke volume by an increased heart rate at a given
rate of work, thus attaining higher maximal heart rates than the older children,
The mean maximal heart rate for all groups in our study was 195.07 + 11.00
beats/minute (median 196) which is similar to results obtained with the Bruce
protocol® and slightly higher than those obtained with the Balke protocol. It
has been reported that maximal oxygen consumption was approached when
the heart rate was 180 beats/minute or greater'3; therefore, the mean heart rate
of 195.07 £ 11.00 beats/minute attained by our subjects should reflect the
achievement of a level of exercise at or near maximal oxygen consumption.

The mean heart rates returned to preexercise levels in the recovery period within
five minutes after exercise was stopped. As the decrease in resting heart rate
is characteristic of conditioning, our children lying down during the recovery
period might have played a role in the abrupt decrease in the heart rate.
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Blood Pressure Responses: Current guidelines for exercise testing® indicate
the importance of obtaining blood pressures during the test, as blood pressure
recordings during exercise were reported to be important both in adults with
coronary artery disease'® and in children with congenital heart defects'®.

A gradual, but not an abrupt, increase in systolic blood pressure occurred in
all age groups in our study throughout the exercise test. This finding was not
in accordance with the observations of the previous study by Riopel et al.’°.
There was a progressively higher rise in systolic pressures with age. As males
have a higher maximal stroke volume than females, boys in our study had a
higher systolic blood pressure response. Diastolic blood pressures tended to
remain constant or to increase or decrease slightly during exercise. These
circulatory changes can be explained by the dilation of local vascular beds in
skin and muscle during exercise. Systolic blood pressure increases as the
cardiac output increases to a greater degree than the reduction of resistance.
Dilation of the vascular beds, however, causes the diastolic blood pressure to
decrease slightly or remain constant. ' ‘

It was reported that a maximal exercise systolic blood pressure above 220 mm Hg
in adults was considered an excessive rise, and it rarely exceeded 200 mm Hg in
children®. Maximal systolic pressures in our study groups were below 200 mm Hg.

Electrocardiographic Changes: The increase in T wave amplitude during
exercise is a well known entity in normal subjects'®. We observed the same
findings in T wave amplitude during and at peak exercise, which then normalized
in the recovery period. Changes in ST segment during exercise have been well
described in adults'® 7 and in children'*. None of the children in our study met
the criteria for significant ST segment J-point depression (a J-point depression
of =2 mm and an ST depression of > 1 mm with a flat or downsloping ST segment
at 60 milliseconds). These electrocardiographic changes during ventricular
repolarization were reported to be used to identify a mismatch of myocardial
oxygen demand and supply*. Parallel to increase in heart rates, we observed
normal physiological J-point depression and the ST segment tended to have
an upward slope in all groups.

Although our data, including mean endurance time, heart rate and blood pressure
responses to exercise, were similar with the findings from several countries using
the Bruce protocol, mean maximal heart rates for all groups in our study were
slightly higher than those obtained with the Balke protocol.

In conclusion, the data obtained from this study offers age- and size- appropriate
normal data in both sexes in healthy Turkish children and may be used as
reference values during treadmill exercise.
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